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2013: Author’s Updated Note 

 

This book was first published in 2003, although the reason for publishing was always to simply 

impose some form of self-discipline on the ideas being developed prior to any possible wider review. 

However, over time, the format of the book has been superseded by the content of the Mysearch 

website: www.mysearch.org.uk, which expanded an original interest in AI into other fields of scientific,  

philosophical and theological thinking linked to the fundamental issue of human evolution. The 

subsequent development of this website also used an essay by William Clifford (1845-1879),  entitled 

the ‘Ethics of Belief’, as a guiding principle. Clifford’s essay can be summarised in terms of three lines 

of arguments that can be applied to all information before acceptance as fact: 

 

1) Duty of Inquiry: It is wrong in all cases to believe on insufficient evidence. In this respect, It is 

better to doubt and to investigate than to simply believe. 

 

2) Weight of Authority: We may believe the statement of another person, when there is reasonable 

grounds for supposing that this person is knowledgeable and speaks the truth, so far as it is 

known. 

 

3) Limits of Inference: We may believe in that which goes beyond our experience, only when it is 

inferred from our experience and supported by the assumption that what we do not know is like 

what we already know. 

 

The original book has been reviewed, after some 10 years, in order to judge whether any of the 

predictions have proved to be too far wide of the mark. In this respect, this document still represents 

the original book, although its format has been changed to A4 and some additional footnotes 

inserted.. On reflection, the original predictions of the book are still preferred to some of the very 

optimistic statements that could be found at the start of the new millennium. However, the 

development and uptake of mobile technology has undoubtedly had a profound impact on modern life 

styles within this same timeframe. It is also clear that many other developments have occurred in 

associated fields of research, which may ultimately help realise the goal of some form of artificial 

intelligence. This said, the basic underlying computing paradigm still seems to only reflect what has 

been described as ‘codified human reasoning’, i.e. it is without any real independent cognitive ability, 

despite the fact that processing hardware has continued to improved in-line with Moore’s Laws. Of 

course, we may see another breakthrough ‘any day’, although it is more probable that we will have to 

wait another 10 years, at least, to see any significant progress being made on the idea of ‘cognitive 

computing’ that is required to underpin the next paradigm shift towards AI. 
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2003: Author’s Original Note 

 

This book has been written for anybody wishing to get a broader understanding of the issues 

surrounding Artificial Intelligence (AI) and the wider implications on the future of humanity. For this 

reason, it was felt important that the book should adopted a style that does not require a degree in 

mathematics, or any other science, to understand the issues that could grow to threaten humanity in 

the next 50-500 years. However, an interest in the topics and an open mind could still be essential. 

 

The premise of book is that the development of AI should not be considered in technical isolation, but 

rather seen as the next potential step in the evolution of intelligent life on Earth. The book starts by 

introducing a broad range of predictions associated with AI, which may have already influenced the 

perception of AI. However, subsequent sections then go on to gain a wider perspective, inclusive of 

not only the technology issues, but also the philosophical and social issues, as the implications of AI 

go well beyond the confines of science. While important issues are not treated lightly, it was 

considered more important to try and see the ‘bigger picture’. As such, the book does cover a wide 

sweep of topics that are believed to be relevant to the potential development of a concept being called 

‘Hybrid AI’ and its eventual impact on the future of humanity. 

 

The term ‘paradigm’ is also used, as in science, to describe a conceptual model of operation. 

Throughout history, scientists have developed new paradigms that have completely overturned an 

earlier model of how we view the universe. This book reviews some of the most important historical 

paradigms because they provide a perspective on how society has come to perceive the world, at this 

point in time. However, the core of the book is primarily focused on a new paradigm in which hybrid AI 

could evolve and ultimately supersede what we currently understand humanity to be, while still 

challenging the assumptions that underpin this model at every stage. 
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 1 

1 PROLOGUE 

Carl Gustav Jung: 1875-1961 

“As far as we are able to understand, the only aim of 

human existence is to kindle a light in the darkness of 

mere being.”  

 

Somewhere back along the path of evolution, life began as little more than a cluster of replicating 

cells. After eons, spanning thousands of millions of years, life has evolved and intelligence emerged 

to help DNA preserve its existence. Over what appears to be a seemingly impossible amount of time, 

intelligence has grown to become self-aware, conscious of its own existence. But yet even more time 

had to pass before sentience was capable of articulating itself through an explosion of languages that 

allowed knowledge to be preserved and built upon over hundreds of thousands of generations. 

However, despite all progress, our sentient minds still seek answers that will explain the purpose of 

existence. Some have looked to God for an answer, while others have turned to science, only to 

discover a universe of ever increasing size, age and complexity. 

 

After some three and a half thousand million years, mankind has evolved to become the predominant 

intelligent life on planet Earth. A small, possibly insignificant planet, circling a small unremarkable star 

in a universe of countless stars within countless galaxies, which are receding outwards at near light-

speed; a legacy of the primordial Big Bang event some 15 billion years in the past. On this scale, it 

would seem inconceivable that mankind should be the only life form that is sentient, self-aware and 

intelligent enough to signal between the stars. However, despite years of searching, no sign of other 

intelligence has yet been found and it sometimes appears that the very laws of the universe conspire 

to make the distances between the stars impossibly large.  

 

So what is the purpose and future of sentient, intelligent life on Earth? Is mere existence enough or do 

we kindle the flames so that the light may shine further? 
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2 PREMISE 

The goal of artificial intelligence (AI) is the creation of a machine that can think. However, this then 

raises an important question:   

 

If a machine can think, is it alive?  

 

Certainly, one day, an AI sentient life form may exist, however it is not a foregone certainty. At this 

point in time, in spite of all the technical achievements that have led to the information age, computers 

are still essentially only very fast computational engines without intelligence or self-awareness. One of 

the biggest problems is that we do not yet really understand how our own intelligence works or what 

we really mean by sentience. Therefore, the development of AI will involve a journey of discovery 

about the very essence of humanity. However, if we can develop artificial intelligence, we may also 

have to consider whether such life forms would, either in part or in totality, live in an extended or 

artificial reality (AR). 

 

If so, would such an existence question our own perception of reality? 

 

Initially, this book set out to evaluate whether artificial intelligence (AI) and artificial reality (AR) would 

be possible, based on extrapolating future advances in computer technology. However, in the process 

of researching the technical potential to create an artificial intelligence, the question of the sentience 

of that life form also arises. If AI were sentient, issues of morality would have to be addressed. 

Likewise, the ability to create an artificial reality that was indistinguishable from the physical reality 

that surrounds us would also raise further fundamental questions. All of a sudden, the research was 

generating more questions than answers and the scope of the questions was becoming increasingly 

broad in nature. These questions encompass issues of theology and philosophy and require an 

evaluation of the changes in science, technology and society that would allow the concept of AI and 

AR to evolve. 

 

While this book is not attempting to provide answers to ‘Life, the Universe & Everything’, the subject 

does demand some discussion of many accepted and possibly profound beliefs, both in theology and 

science. Therefore, an attempt is made to understand the true scope of the changes that would have 

to take place for AI & AR to develop. However, equally important, this discussion also tries to consider 

the potential implications should such developments occur. It is highlighted that many people might 

not like some of the implications drawn, not because they are necessarily that wide of the mark, but 

because the implications for mankind in such a future may not appear promising from our present 

perspective. Unfortunately, just because we do not like the consequences does not necessarily make 
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the conclusions wrong. It is in the nature of paradigm shifts that they are often unpalatable to the 

majority, when initially presented. 

 

A paradigm is a term often used in physics to describe a new model of how ‘things’ work. For 

example, Copernicus overturned the view of the universe by placing the Sun, rather than the Earth, at 

the centre of our solar system. Today, most people accept this paradigm as a statement of fact, but 

when first introduced in 1514, it started a process that shook the belief system of contemporary 

society. In order to accept Copernicus’ idea, society had to undergo a paradigm shift of thinking from 

one model to another. Different generations and cultures grow up within a ‘belief system’ 

encompassing various theological, philosophical and scientific paradigms. These belief systems can 

be the bedrock that gives meaning to people’s lives. Therefore, challenging any established belief 

system with a new paradigm can be both difficult and possibly dangerous. However, paradigm shifts 

are a mechanism through which mankind has evolved and developed its ideas from initial concept to 

accepted reality. 

 

Undoubtedly, in order to truly understand the potential implications that AI and AR may have on the 

future of the human race will involve further fundamental paradigm shifts. It has been the nature of 

human thinking to place itself at the centre of the universe. But, as we grow from childhood, we learn 

to accept that we are not the axis on which the world spins, equally our world is but a satellite within a 

solar system that is but one of millions in the Milky Way that is, in turn, but one of millions of galaxies. 

While most of us come to accept these humbling facts, many still hold to the notion that mankind will 

simply continue to evolve in order that one day, according to the creed of science fiction, we may 

‘bravely go where no man has gone before’ and in so doing, come to understand the meaning of 

existence. Of course, many religions will argue that the meaning of life will never be found through 

science, as life is simply the first step in a larger journey.  
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.  

Figure 1: Ascent of Homo Primus 

 

The potential of successive AI paradigm shifts may not only come to underline mankind’s peripheral 

position in a very large universe, but also come to challenge our ability to remain the dominant 

intelligent sentient race on planet Earth. Within a future paradigm, Homo Sapien could become the 

first species ever to have to accept its own biological extinction, in fact, it may have already 

happened. 

 

 

All great truths start as blasphemy. 

George Bernard Shaw  

(1856-1950) 
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3 PREDICTIONS 

What are the implications of AI and when will it happen? 

 

Well, there is probably not a definitive answer to such a question, but it is possible that the seeds of AI 

have already been sown, initially through science fiction and then more specifically through science 

future predictions. At the start of the 21st century, the World-Wide Web (WWW) has already grown to 

become a global database of information of unparalleled size and accessibility. If information is the 

catalyst for change, then the next century could bring about some remarkable paradigm shifts. 

Therefore, in this initial section, we will explore some of the information and opinions of a broad cross-

section of people across the world, which are accessible on the WWW. This process of review will be 

divided into 2 broad sections: 

 

o Technology Predictions 

o Technology & Computers 

o Evolution 

o Cyber Minds 

o Cyber Universe 

 

o Social Predictions 

o People & Society 

o Economy 

o Globalisation 

o New Life 

o Dangers 

 

The scope of these predictions extrapolates the potential ability of technology over the next 50-500 

years to determine the future evolution of Homo Sapien intelligence and the ability to construct 

alternative realities within cyberspace. Having established a broad base of technology predictions, the 

second stage will then be to review complementary opinions concerning the social and political 

changes that might be required to support the overall development of AI. 
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3.1 Technology Predictions 

 

The timeline for many of the predictions to occur is as little as 50-100 years, although this optimism 

will be challenged in later sections. However, it is clear that many now believe that it is not a matter of 

whether these predictions will happen, simply a question of when. The bottom line is that there is the 

potential for the extinction of Homo Sapiens, as the dominant intelligence on the planet, within the 

next 500 years.   

 

3.1.1 Technology & Computers 

 

Technology has been a major catalyst for change for the last 200 years.  Given reasonable social & 

economic stability, computer based technology could further accelerate the rate of change over the 

next 200 years. 

 

o By 2030, artificial parts could replace about 98% of the weight of the human body. 

 

o In the same time it takes a biological nerve signal to get from a surgeon's fingertip to the brain, an 

electrical signal could cross the Atlantic on an optical fibre. 

 

o Developments in machine-enhanced intelligence will cause knock-on developments in 

biotechnology, materials, genetics, nano-technology and energy research. 

 

o Over the next few decades, with cheap chips and easy networking, every device that can be 

connected to the network will be connected.  

 

o A decade ago, computers began to assist with the layout of circuits. They now do this far faster 

than people. By 2015, they will start designing their own ‘offspring’.  

 

o Binary is already the dominant language on planet Earth with today's machines having more 

‘conversations’ in 24 hours than the entire human race in all history. 

 

o The growing understanding of genetics will change evolution from Darwinian to Lamarckian 

evolution. However, the implications of a direct brain-computer-interface (BCI), expected around 

2030, could cause the most profound step in evolution. 

 

o By 2015, it will be possible to make links to the peripheral nervous system. By 2030, this will have 

evolved to the point where the human mind and machine-based intelligence are directly linked. 

The computer will effectively offer an extension to the human brain. 
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o Machines will probably surpass overall human intellectual capability by the mid 21st century and 

be capable of emotional feelings. 

 

In the majority, most predictions imply human and computer evolution converging to some future point 

where a new species, ‘Homo Machinus’, effectively evolves and has the capability to utilise both 

human and machine knowledge. This new species would have a shared consciousness by virtue of 

being linked via a global network.  

 

3.1.2 Evolution 

 

The rapid development of both silicon and biotechnology could soon bring the human race to a critical 

point in its evolution where it can start to break free of its biological roots. As a consequence, the 

remaining lifetime of Homo Sapiens could be limited.  

 

o Homo Sapiens have now reached a position where three significant developments could radically 

change the evolutionary mechanisms.  

 

 Humanity is beginning to understand the fundamental concepts of evolution and can therefore 

start to manipulate evolution rather than be driven by it.   

 

 As humanity becomes more capable of directly manipulating its own genome, artificial rather 

than natural evolution becomes the new driving force. 

 

 Humanity is beginning to create artificial life systems that may eventually supplant the whole 

notion of carbon-based life.  

  

o It is often believed that the natural process of evolution can continue to progress indefinitely, 

however there may be biological limits to the development of Homo Sapiens: 

 

 Humanity needs to improve the power of its central nervous system and the processing 

capacity of its brain.  

 

 Calculations suggest that a brain based on cell-based neurones is limited to about 20cm in 

diameter. As such, its maximum effective intelligence may only be 20-50% greater than we 

currently possess.   

 

 Maximum intelligence is the result of trade-offs between synaptic density, signal transmission 

speed, processing speed, interconnectivity and thermal limits. 
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 Synaptic processing takes 1-2ms. Therefore, the more synapses, the slower the processing. 

It is estimated that there are 1014 synapse connections in the brain. 

 

o In contrast to human evolution, we can expect the descendants of the desktop computers to be 

thousands of times faster with comparable increases in memory capacity. By 2015, a typical 

machine may be capable of processing at about 5 million instructions per second with about 1 

terabyte of memory1. This would compare to the human brain having around 1000 million 

operations per second, with a memory of 10 terabytes.  

 

o It is often a mistake to assume progress will continue at today's rates. Technology feedback could 

make succeeding generations of computers arrive faster, with each successive generation 

helping in the development of the next. So it is being predicted that some computers may be 

millions of times ‘smarter’ than Homo Sapiens by 2030. What they might ultimately achieve is 

guesswork. 

 

o The past has shown us that evolutionary dominance can pass to new species. Therefore, the 

future of intelligence and sentience may outgrow the potential of Homo Sapiens and give rise to 

new life forms: 

 

 Homo Optimus: Created by the manipulation of the human genome to maximise the potential 

of a cell-based brain. 

 

 Homo Cyberneticus: Created by the development of a direct brain-computer-interface 

allowing the artificial enhancement of intelligence. This interface would also effectively allow 

‘telepathic’ communication of all individuals connected to the network. 

 

 Homo Hybridus: Produced as a combination of both genome and computer enhancements. 

This sentient being may start to lose many of its human characteristics. 

 

 Homo Machinus: As the human mind gradually moves further into the machine world, the 

organic body might become redundant. 

 

 Homo Primus: At some point, sentient intelligence may break free of any human connection 

and become an artificially intelligent (AI) life form that is both intelligent and sentient. The 

consciousness of Homo Primus may reside in a large central system capable of supporting 

dozens of robotic peripherals or persona. 

                                                 

1 2013: Direct CPU performance comparisons can now be quite complex given with multiple core architectures. However, 

the Intel i7 core processors in many laptops will already have a MIPs rating well in excess of 5MIPs. However, while such 
improvements have led to the perception of ‘smarter’ devices, the underlying software methodology has not radically 
changed in the last 20 years, i.e. it is still ‘codified human reasoning’. 
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It is certain that there will be strong reaction to ‘tinkering’ with the human species. Not everyone will 

welcome it, either for religious or ethical reasons, or for reasons of personal preference. However, the 

predictions suggest that once free of cell-based evolution, and aided directly by silicon, the whole 

pace and nature of evolution will change forever. If so, intelligence provided by the cerebral volume of 

the left-right lobes could be augmented by a third lobe, the machine. Unlike Darwinian evolution that 

takes millions of years, this process may take place in the next 50-500 years. Clearly, such sentient 

beings could think in new ways that may seem alien to present-day humanity. So the question is 

whether mankind will seek to develop a symbiotic relationship with these ‘machines’ or be wiped out 

in conflict. 

 

3.1.3 Cyber Minds 

 

The next few centuries may see the accelerated evolution of several sub-species of humanity plus a 

new AI life form trying to co-exist on a planet with finite resources. However, cyber-minds may elect to 

live in cyber-space, supporting their own artificial reality (AR), which is literally an additional dimension 

that will require further consideration. 

 

o Homo Sapiens evolved to meet the survival challenges of a physical universe2. However, as 

intelligent life developed, it evolved the capability to conceptualise the physical universe, thereby 

giving rise to the notion of ‘mental space’.  

 

o When it became possible to link together computers that were physically separated; cyberspace 

was created.  In the future, new enhanced sentient beings could also be linked to cyberspace, 

thereby sharing either an extended or alternative reality.  

 

o Intuitively, Homo Sapiens evolved to interact within physical space comprising of spatial and time 

dimensions. While physical space is diverse, it is entirely governed by the laws of physics and as 

such limited by these laws. 

 

o The ability to make mental models of physical space has provided the ability to conceptualise 

fictional entities that do not actually exist. Therefore, mental space has grown to be much more 

than just a representation of physical space by including imaginary or abstract concepts.  

 

o Within cyberspace there are no fundamental laws of the universe defining (or restricting) how 

things should behave or interact. Imagination would be the only limit. 

 

                                                 

2 2013: This statement needs to be qualified as humanity has not directly evolved to meet the challenges of the physical 

universe, at large, only the finite challenges of planet Earth. This limitation may drive the need for both hybrid AI and AR. 
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o Human mental space continuously grows. For example, no one in the 12th century could have 

imagined the full extent of modern technology, because they did not possess the basic building 

blocks of understanding. Therefore, future paradigm shifts in mental space will require the 

understanding and sharing of new concepts that may not currently exist. 

 

In evolutionary terms, there is no difference in intelligence between a person in the 12th & 21st century. 

This may not be the case when comparing sentient beings in the 23rd century and beyond. There is 

the obvious possibility that machine intelligence will invent its own concepts that cannot be readily 

understood by comparatively limited human senses and intelligence.  

 

3.1.4 Cyber Universe 

 

The previous predictions of the future have been extrapolated based on computer technology 

achieving sentient intelligence; first as an extension of Homo Sapiens, but eventually as an 

independent AI life form.   

 

So how would such sentient beings view the physical universe? 

 

o A by-product of intelligence appears to be the ability to perceive abstract concepts. Computer 

technology controlling all sensory inputs could provide the ability to construct the perception of an 

effective artificial reality (AR). 

 

o In principle, a cyber universe could be but one of an infinite number of universes existing in AR. 

Each AR could provide the perceptual environment for a single person or community.  

 

The other by-product of human intelligence is communication and the need to form social groupings, 

both for pleasure and protection. So while speculative, there is no reason to assume that increased 

intelligence alone would change the basic need to form social groups, varying from close friendships 

to nation states. 

 

3.1.5 Summary 

 

In the appendix of this book are a number of timelines covering the scope of human achievements. 

While the achievements up until the 20th century are remarkable, it has been the achievements of the 

20th century that have truly transformed human society. In no small part, the computer and information 

technology have played a pivotal role in this transformation. Today, in modern societies, most people 

have developed sufficient technical literacy to accept and operate the day-to-day technology we meet 

in the home or work. Of course, several generations have now grown up having been surrounded by 

technology gadgets and ‘fed on a staple diet’ of science fiction since infancy.  
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So surely, at least, these generations are well equipped to accept whatever future technology has in 

store? 

 

Well, it is entirely possible that a future driven by technology alone may have more surprises that we 

care to really think about. The almost subliminal message in most of the technology predictions is that 

rate of change of society is now linked to the increasing capability of machines to think and solve 

problems on our behalf, but which may one-day evolve independently of humanity.  

 

Why would humanity develop a technology that might make itself obsolete? 

 

Well it is possible that while mankind assumes a self-image of sophistication; it is still driven by the 

primitive instinct to survive in what remains a competitive, and possibly more dangerous, world. As 

such, one could predict that people and society will continue to accept new technology that appears to 

give them ‘an edge’ over the competition. The idea behind the nuclear arms race is a chilling 

testimony to the logic behind this type of thinking3.  

                                                 

3 2013: Most people might now accept that many of the ideas outlined in this section are not just ‘science fantasy’, but 

something possibly better described as ‘science future’, although the timescales might still be subject to much debate.    



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 12 ©Copyright 2004  

3.2 Social Predictions  

 

Initially, human society evolved to meet the most fundamental needs; these being the physiological 

need for food, warmth and shelter plus the need for safety, protection and suppression of fear. These 

needs have also helped define the physical structure of our societies in terms of the need for villages, 

towns, cities, and nations. However, beyond these physical structures, our social needs have also 

helped to evolve the cultural structures through which we learn and acquire knowledge about the 

world around us. Today, as we evolve towards a global, multicultural world, human society has 

become a collective mosaic of hundreds of diverse views and beliefs. Any technology projections 

cannot be considered outside the complexity of the society in which it is evolving. Today, we are 

evolving towards a global society with nearly 6 billion people, which is highly dependent on 

technology. Without a major catastrophe, it will be very difficult to put technology into reverse.  

  

3.2.1 People & Society 

 

History suggests that while people can affect the rate of change to some degree, they cannot stop it, 

i.e. a Pandora’s box dilemma. 

 

o If society reflects the need of its inhabitants, then it is possible that society may block the 

evolution of new types of sentient beings. However, it is not clear that all societies will reach the 

same decision. 

 

o The reduced number of people dying is causing a major change in the age demographics of the 

population. People once classed as old are now in the majority and hold significant power and 

wealth, while having increasing expectations about their quality of life. 

 

o The population growth rates in first world countries are declining rapidly. At the same time, these 

societies are under pressure to transition from manufacturing to service based economies. As 

such, robotics may become a decisive competitive factor in both economy types.  

 

o By 2020, robots could be capable of doing almost any physical or mental job. What people do for 

a living is then a matter of debate, but more and more people could be forced to examine what 

they really want out of life. 

 

o Expectations of life continue to increase, but there are physical limits in terms of resources. Virtual 

reality is already showing glimpses of a world of infinite possibilities constructed from only ‘bits & 

bytes’ 

 

o It is said that politicians ignore things until they become major problems. In reality, it is we, the 

people, who refuse to accept the imposition of solutions that affect our lives in terms of monetary 
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cost or personal freedoms. This is especially true of problems that require long-term solutions, 

greater than a human lifetime. 

 

o Geography will become less and less important in our relationships and interactions. The Internet 

has already shown its latent ability to allow people to socialise across all geographies. The 

continued development of virtual reality interfaces and persona avatars4 could radically change 

society in the richer countries controlling advance research. 

 

The nature of many of the predictions in this section raises the fundamental question as to whether 

people and society really have any effective control over their long-term destiny? 

 

3.2.2 Economy 

 

If people and society are changing as a result of developments in computer systems, it probably will 

not surprise anybody that predictions relating to the economy follow a similar line. 

 

o 20th century economics will simply not work in the future. Consequently, our current concepts of 

wealth, money and ownership will undergo radical change.  

 

o The stock exchange has already stopped being a trading floor involving personal interactions and 

become a distributed computer environment. It has already effectively moved into cyberspace.  

 

o Given huge increases in processing speeds, computers will be able to make decisions within 

microseconds of receiving information. Differences in distance from the information source will 

become increasingly important. For example, being just 200m closer to the source of financial 

information makes one microsecond difference to the time of its arrival, which although seemingly 

insignificant in human terms, is of a sufficient duration for a fast computer to buy or sell before a 

competitor has even received the information.  

 

o In such a world, the current concept of a stock exchange would cease to exist. Already, private 

individuals are beginning to suffer because institutions are better positioned with the latest (and 

more expensive) expert system software.  

 

The implications of such change may be the fundamental redistribution of money and wealth. Those 

professions and institutions that are slow to adapt to the new economy will vanish. Many of today’s 

accepted professions could simply become redundant and again people will be forced to re-evaluate 

the purpose of their lives. 

                                                 

4 In computer technology, an avatar is often seen as a graphical icon used to represent a person in an Internet chat-room. 

In the future, an avatar could develop as a complete alter-ego visualised in artificial reality. 
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3.2.3 Globalisation 

 

At the start of the 21st century, we have a world population of nearly 6 billion people.  While wealth re-

distribution is occurring through the migration of manufacturing industries from developed to 

developing countries, expectation is possibly spreading faster as a result of TV and the Web. As such, 

it is not clear that the expectations of 6 billion people can be met.  

 

o Urban life was brought about a few hundred years ago with the onset of the industrial revolution. 

However, information technology could reverse the need for many people to be in close proximity 

to a factory or office located in the city. Once people can be physically separated from their place 

of work by virtual and robotic interfaces, they could in theory live anywhere. 

 

o Currently, tourism is one of the world's fastest growing industries, but at what cost? Transporting 

millions of people to exotic locations has a downside in terms of personal stress, natural 

resources and overcrowding. The alternative, if we cannot go to the real place, could be to take a 

virtual trip, especially if this technology could directly stimulate all our senses, i.e. sight, sounds, 

smell, taste and touch. 

 

o Political systems are already changing as a result of today’s Internet system. As more and more 

people have access to information, their life expectations will change accordingly. Again, adding 

virtual interactive interfaces to the Internet may allow people and ideas to consolidate into cyber-

communities, independent of geography. 

 

In essence, information networks are already starting to create fledging cyber-communities. These 

virtual communities may grow to have populations as large as nations, but have instantaneous 

communication with their entire population and have easier means of policing their population. 

Whether cyber-communities with conflicting interests can peacefully coexist remains to be seen. 

 

3.2.4 New Life 

 

Some research is already setting the expectation that people can live to 120. However, at the same 

time, people do not want to be old for 60 years; therefore quality of life issues will increase. 

 

o Neural networks are a developing computer technology based on similar principles to that of 

neurons in the brain. As this field develops, we may be able eventually to make a good emulation 

of biological neurons.  

 

o Scientists are already looking to produce an almost perfect electronic equivalent of the human 

brain, neuron by neuron.  
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o In the brain's neurons, signals travel at hundreds of metres per second. In optical connections, 

they travel at hundreds of millions of metres per second, millions of times faster. This means that 

while the emulation of the brain may behave in a similar way, it could be much faster, maybe 

millions of times faster. 

 

o The brain is limited in size by a variety of biological constraints. Equally, many learning processes 

in the brain stop soon after birth or in childhood.  

 

o Our brains can be likened to computers before the Internet, i.e. they are useful, but 

communication between them can be slow and inefficient. If a brain could be directly connected to 

a machine, and those machines connected to the network, then the human brain could also 

become part of a larger networked intelligence. 

 

o Not all creatures require a physical presence. Some may know nothing about the physical world, 

and have no physical manifestation other than bits stored in memory somewhere, but still be 

‘alive’ with a perception of existence. For example, we may create pets that live their lives 

exclusively in cyberspace. Artificial life researchers have already created and evolved whole rain 

forests full of synthetic organisms with complex interactions.  

 

According to these predictions, the first generation of life forms has already been born in cyberspace. 

Although nobody is claiming these ‘creations’ have either intelligence or sentience, they are a 

reflection of the mind-set that would see technology evolve along these lines. 

 

3.2.5 The Dangers  

 

History would suggest that ‘goodness’ has not necessarily emerged as a result of increased 

intelligence or knowledge. Therefore, future sentient beings, no matter how intelligent or 

knowledgeable, may not be ‘nice people’. As such, the future may never be a techno-utopia.  

 

o Many future developments will be more secretive, more cunningly disguised, better marketed and 

packaged so that we simply accept them into our lifestyles without protest.  

 

o As a result, public accountability may fall. It may become increasingly difficult to find unbiased 

information about any new development, so informed public debate will also become increasingly 

difficult. 

 

o We may have very little input to computer design by 2010. Smart computers may start to design 

their own offspring in an evolutionary process that will result in creations we are not capable of 

understanding.  
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o Automated crime will continue to develop, evolving and adapting viruses to cause network 

instability through widespread malicious attacks on the system that further the interests of 

pressure groups of all kinds. 

 

o Industrial espionage will develop robotic insects to transport miniaturised surveillance equipment 

into a competitor's office to both look and listen in on their activities. These devices may come 

and go entirely unnoticed by the human inhabitants or intruder warning systems. 

 

o Surveillance under the disguise of law and order starts to restrict personal freedom. We are all 

subjects of ‘Reality TV’. 

 

Overall there is a danger that the real or physical world may become an unpleasant place to live for 

many people. As such, many people may find cyberspace an increasingly attractive proposition, so 

much so that some people might want to live there. 

 

3.2.6 Summary5 

 

The overall implication of both the technology and social predictions appears to suggest that almost 

every institution we know today will be changed dramatically by intelligent computer systems. As a 

result, even by the end of the 21st century, human society may be barely recognizable to those of us 

born in the 20th century. There is perhaps also a sense that we are no longer in control of technology, 

but rather simply dependent on it.  

 

Many of the people responsible for these predictions may insist that they were not meant to be 

interpreted in a pessimistic manner. However, the intention is not to be either pessimistic or optimistic, 

but rather realistic. Therefore, within the scope of this book, we are attempting to review the changes, 

in both technology and society, which could bring about the necessary paradigm shifts in thinking that 

would allow AI and AR to be both developed and accepted. While most of us accept the general 

notion of change that is going on around us, it is still difficult for us to truly understand what the mind-

set of society might be like in the next 50-100 years. In order to get some perspective on this issue, it 

is sometimes easier for us to consider our current perspective of historical events that were, at the 

time, major catalysts for change. Many of these events are now accepted as a ‘good thing’, but were 

initially viewed with mistrust and even horror. Therefore, in the next section, we will review a broad 

cross-section of paradigm shifts that ultimately had a major effect on some of the beliefs of present-

day society.   

                                                 

5 2013: Again, while many may accept the possibility of many of these social predictions, the last decade has also 

highlighted the dangers for increased fragmentation due to ever growing differences in cultural and religious values. This 
situation could be compounded in the future as key resources become subject to increasing demand caused by population 
growth and climate change. 
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4 PARADIGM SHIFTS 

It needs to be understood that there is a big difference between a prediction and a paradigm. 

Predictions are often seen as a bit of thought provoking fun without necessarily being threatening, 

because generally they do not affect the ‘here-and-now’. In contrast, a paradigm shift can be both 

difficult and dangerous, because it is often seen as a direct attack on an existing belief system. This 

may be particularly true of any of the potential AI paradigm shifts to be discussed throughout this 

book. There are 3 primary attributes associated with AI that may invoke reaction: 

 

o Intelligence 

o Sentience 

o Life 

 

Intelligence is linked to the ability to learn and solve problems, while sentience is linked to an ability to 

feel emotion and a sense of self-awareness. Many might accept that AI could be classed as 

intelligent; some may even accept a degree of sentience, but the combination of intelligence and 

sentience that implies the creation of a new life form is an all-together different proposition. All of a 

sudden, the paradigm shifts are not just within the scientific communities, but can cut across almost 

every aspect of human existence. So before addressing the issues associated with a specific AI 

paradigm shift, it is important that paradigms that influence how people currently view the world be 

reviewed and considered. The scope of these paradigms will cover a broad spread of human 

thinking6: 

 

o Evolution 

o Cosmology 

o Astronomy 

o Physics 

o Theology 

 

                                                 

6 2013: Later, within the development of the Mysearch website, the idea of paradigm shifts was developed into the section 

called ‘Worldviews’. How a person is said to come to a given worldview can be described as either education or 
indoctrination depending on your own worldview. 
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4.1 The Classical Universe  

 

Various descriptions of the universe have existed in theology and mythology texts for many thousands 

of years. However, Aristotle provided one of the earliest scientific, albeit classical descriptions of the 

universe:  

 

Region Acceptance Description 

Earth 
Believers & 

Non-believer 

Material universe built of four elements; earth, 

water, air & fire. 

Heaven Believers 
Heavenly universe is made of a fifth element 

called aether or quintessence 

 

Table 1: Aristotle’s Classical Universe 

 

At a fundamental level, two distinct views exist concerning the nature of universe that can be 

described in terms of a ‘believer’ or ‘non-believer’ paradigm.  

 

o A non-believer only views the universe in terms of its material substance that operates according 

to the laws of nature.  

 

o In contrast, a believer, while accepting the material universe and laws of nature, also believes in 

some form of divine intervention at work within the universe.   

 

As such, the non-believer assumes that there are no miracles, other than the unexplained ‘miracle’ of 

the material universe. Ultimately, everything in the non-believer’s universe must be explained using 

the laws of physics. In contrast, the believer accepts the possibility of ‘miracles’ that allow events to 

occur outside the normal laws of nature. In effect, the believer accepts the existence of an additional 

‘dimension’ that exists outside the normal material universe. However, the real issue of importance 

that separates these two basic paradigms, in respect to AI, concerns the issue of an immortal spirit or 

soul. Within the believer paradigm, an immortal spirit is a gift from God that cannot be imbued by man 

into an AI life form. However, there appears to be some ambiguity as to whether sentience could be 

refuted solely on the basis that it was created artificially. 



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 19 ©Copyright 2004  

4.2 Evolution 

 

4.2.1 Modern Cosmology 

 

We will deal with evolution, not only in the sense of human evolution, but the evolution of the universe 

as a whole7. One of the central themes behind many of the paradigm shifts to be discussed involves 

mankind’s position with respect to the rest of the universe. The modern cosmology paradigm suggests 

a universe evolving in terms of its expansion in both time and space. The current accepted cosmology 

paradigm forwards a model of a universe expanding from a singularity since the ‘Big Bang’ event 

some 15 billion years ago. As such, the visible universe can be described as a sphere expanding in 

all directions at the speed of light for all this time, so let us put some numbers to the size of this 

universe: 

 

o Radius = 15,000,000,000 light years 

o One light year = 5,865,696,000,000 miles 

o Diameter = 180,000,000,000,000,000,000,000 miles 

o Volume = 4/3  R3 = big, big, big, big, big number 

 

In Figure 2 overleaf, the evolution of the material universe is put into some perspective by cross-

referencing some of the key evolutionary events. As stated, based on current cosmology, the universe 

is believed to have started some 15 billion years ago. In comparison, recorded human history is less 

than 10,000 years. On this scale, human history accounts for less than 1/millionth of the age of the 

universe. Clearly, natural evolution appears to be in no rush when working on a cosmic timeframe. 

Therefore, a paradigm that suggests that a new AI sentient life form could become the predominant 

intelligence on planet Earth in the next 500 years is all the more astounding and possibly alarming. 

  

                                                 

7 2013: The Mysearch website has a fairly large section on cosmology plus a number of javascript calculators that provide 

comparative models for both the macroscopic and microscopic universes. 
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Figure 2: Evolution in the Cosmos 
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4.2.2 Natural Evolution 

 

Through his books ‘Origin of Species by Means of Natural Selection (1859)’ and ‘The Descent of Man 

(1871)’, Darwin created what was effectively a new paradigm that was to eventually change the way 

that most people viewed the world.  

 

 

 

Figure 3: Charles Darwin 

 

Today, Darwin’s paradigm is considered nature’s model for the evolution of the species. However, this 

was not always the case and little over a hundred years ago, most people would have believed that all 

species had existed since the moment of their creation, which according to some biblical references 

was around 6000 years ago. Therefore, Darwin’s idea of natural evolution was a very recent and 

profound paradigm shift based on the following principles: 

 

1. Biological species do not have a fixed, static existence rather they are in a permanent state of 

change. 

 

2. All biological life struggles for existence and to produce the greatest number of offspring. 

 

3. The struggle for existence culls out those organisms less well adapted to any particular 

ecology and allows those better adapted to flourish via a process called ‘Natural Selection’. 

 

4. Natural selection and evolution require enormously long periods of time. So much so that that 

process is barely perceptible in terms of human history. 
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5. The genetic variations that ultimately produce increased survivability are random and not 

caused by God or by the organism's own striving for perfection.  

 

Many people may still dispute the implication within the last bullet, i.e. that God is not involved in 

evolution; either by rejecting the very suggestion or by the argument that God was the architect of the 

very mechanisms by which natural selection works. However, putting aside the religious debate for 

now, Darwin’s idea of natural selection has become the predominant paradigm supported by the 

subsequent discovery of the double-helix mechanism of DNA. By way of an additional comment, the 

fourth bullet suggests that evolution has taken place over an enormous timescale and this is certainly 

borne out by the timeframes suggested in Figure 2. One can only be struck by the fact that 

intelligence and sentience, as associated with Homo Sapiens, has only appeared within the last 

100,000 years. In comparison to the age of the universe, these attributes of life have existed for only 

one-millionth of the assumed life of the universe.  

 

4.2.3 Artificial Evolution  

 

Somewhat surprisingly, artificial evolution has been accepted for much longer that natural evolution, 

although it would not have been understood as such. For example, people have been breeding dogs, 

pigeons and flowers for centuries and, in so doing, creating new sub-species with very specific traits. 

However, in the context of AI, much of the discussion of artificial evolution is in the guise of technical 

development. Therefore, to be clear on this point from the outset, while artificial intelligence may be 

described as a technical development, the goal of artificial life must be described as evolution. This 

process is only artificial in the sense that it transcends normal biological evolution; both in the 

mechanisms used and the timeframe in which it may occur. This will be one of the axioms of our AI 

paradigm, which covers sentient intelligent life. 

 

Jean-Baptiste Lamarck (1744-1829) is usually remembered today mainly in connection with a 

discredited theory of heredity called the ‘inheritance of acquired traits’. As such, his paradigm was 

never accepted. Lamarck's theory of evolution was based on the idea that individuals adapt during 

their own lifetime and transmit traits they acquire to their offspring. Offspring then adapt from where 

the parents left off, enabling evolution to advance. As a mechanism for adaptation, Lamarck proposed 

that individuals developed specific capabilities by exercising them, while losing others through disuse. 

While this concept of evolution did not originate wholly with Lamarck, he has come to personify pre-

Darwinian ideas about biological evolution, now called Lamarckism. 

 

4.2.4 Summary 

 

While Darwinian evolution superseded Lamarck’s theory and became the accepted paradigm for 

biological life forms, this model may not be directly applicable to AI life forms. In fact many believe that 

Lamarckian or artificial evolution is the more appropriate model. However, this position may also be 
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making premature assumptions about the ultimate nature of AI sentience and its underlying survival 

and reproduction mechanisms. For example, it may eventually turn out that AI technology is closer to 

biology than electronics. 

 

Darwinian evolution works through ‘random’ changes to the genome as contributed by both parents of 

the offspring. While the process of AI reproduction may be asexual, it could still be possible to change 

the equivalent AI genome8, although this would be by design rather than left to random chance. 

Equally, the principle of natural selection may still apply, although this may be more akin to ‘market 

forces’ as initial developments may be driven by commercial payback. However, the greatest 

difference in the AI evolution paradigm will be its potential rate of change.  

 

The actual science through which AI will evolve has not yet been developed. However, those who 

assume that it is just a question of waiting for faster computers to develop may be fundamentally 

mistaken. The very premise of future computers just being an ever faster computational engine may 

be flawed in respect to AI. If AI is to have intelligence and sentience, it is highly likely that it will have 

to replicate processes found in our biological brain. While we undoubtedly know less than we think we 

do about our own brains, especially in connection to our perception of intelligence and sentience, it is 

a working model from which we can learn. However, we not only have to understand the ‘nuts & bolts’ 

of the physical brain, but the more subtle workings of the mind through which intelligence and 

sentience emerges. In this respect, AI evolution may take much longer than some of the earlier 

predictions suggested. 

 

By way of as a footnote to this section, a factor in the timeframe of AI evolution may be the 

business model needed to fund its long-term development. Clearly, academic research may 

fund the pioneers, and expert systems and robotics could provide some initial business 

opportunities, but what will be the business case for AI in the timeframes being discussed, and 

will such a question even make sense?  

 

                                                 

8 The AI genome would be based on its neural map and the technology supporting and contributing to the AI life form. 



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 24 ©Copyright 2004  

4.3 Science 

 

In a scientific context, a paradigm is simply a model through which we try to articulate our 

understanding of the world. However, at the start of this section, it is important to understand (and 

respect) that some paradigms are so fundamental that they are accepted as a matter of faith. Clearly, 

there is an inference to religious belief in this statement that will be discussed further in the 

subsequent section on ‘Theology’.  

 

The paradigm shift examples selected come from just two main branches of science, i.e. astronomy 

and physics, because they are representative of the scale of the paradigm shifts in the physical 

sciences over the last 2000 years. This is also comparable to the timeframe in which many of the 

major theologies have become established. The examples also continue the theme of evolution in 

terms of intellectual achievement of the human mind. 

 

While physics and astronomy are sciences orientated towards the study of the material universe, it 

does not follow that all scientists in these fields only believe in the material universe. Many scientists 

throughout history have been devout in their religious beliefs and some were even horrified at the 

implications of the paradigm shifts they themselves introduced. So, while it is true to say that the 

physical sciences assume the laws of physics to be valid throughout the material space-time universe; 

science should always strive to be both open-minded and agnostic in its approach. This said; history 

has shown scientists to be as capable as any other section of society of blindly defending their 

paradigm beliefs until the evidence is so overwhelming that their ideas are eventually brushed aside. 

The point being made is that our belief systems, whether religious, scientific or both, are very 

important to most of us and some people regard alternative paradigms almost as an attack that must 

be repelled. Therefore, on this note, there are two questions for the reader to simply reflect on at this 

stage: 

 

If you knew that AI was ultimately better equipped to continue the intellectual evolution of life would 

you support this goal? 

 

What would be your reaction if you knew that AI was going to supersede mankind as the dominant 

intelligent life on Earth? 

 

4.3.1 Astronomy 

 

Astronomy is the science of ‘heavenly bodies’, whilst cosmology is the science of the universe. Today, 

the boundaries of these two branches of science overlap physics, which is the science of matter and 

energy. Collectively, these sciences provide the accepted paradigm of the material workings of the 

universe.  
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4.3.1.1 Aristotle 

 

Through his books, Aristotle (384-322 BCE9) put forward a paradigm of an ordered universe that was 

divided into two distinct parts, the earthly region and the heavens. The former was a place of change, 

where things came into being, grew, matured, decayed, and died. The latter was the region of 

perfection, where there was no change. In the earthly region, substances were made up of the four 

elements: 

 

o Earth 

o Water  

o Air 

o Fire 

 

Earth was the heaviest, and therefore its natural place was the centre of the universe. Consequently, 

the natural places of water, air, and fire, were concentric spherical shells around the sphere of earth. 

As the earthly region was not perfect, areas of land protruded above the water, but objects still sought 

the natural place of the elements within them. Thus stones, in which earth predominated, move down 

towards the earth, while fire moves up. The four elements differed from each other only in their 

qualities. Thus, earth was cold and dry, while air was warm and moist. Changing one or both of its 

qualities, transmuted one element into another. Such transmutations were going on constantly, 

contributing to the changes in the earthly region.  

 

In contrast, the heavens were made of a fifth element that was an immutable substance called aether 

or quintessence. Heavenly bodies were part of the spherical shells of aether that fit tightly around 

each other, i.e. Moon, Mercury, Venus, Sun, Mars, Jupiter, Saturn plus the stars. Each spherical shell 

or sphere had its particular rotation that accounted for the motion of the heavenly body contained in it. 

The natural motion of heavenly bodies and their spheres was perfectly circular, neither speeding up 

nor slowing down. While Aristotle’s paradigm was undoubtedly ingenious, it proved incapable of 

predicting some astronomical observations. For example, the heavenly bodies did not move with 

perfect circular motions, they sped up and slowed down, and in the cases of the planets even stopped 

and reversed their motions. Aristotle tried to account for these ‘anomalies’ through various 

modifications to the central paradigm, however they were both complex and ultimately doomed to 

failure.  

 

                                                 

9 BCE = Before Common Era; CE = Common Era 
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4.3.1.2 Ptolemy 

 

Aristotle's model was the accepted paradigm for a very long time, however mathematicians who 

wished to make geometric models to predict the actual motions of heavenly bodies began using 

different approaches within a century of his death.  

 

 

Figure 4: Ptolemy 

 

Ptolemy, who lived in the second century, is attributed with the next major paradigm shift based on his 

work called ‘Almagest’. In this work, Ptolemy presented a complete system of mathematical 

constructs that accounted for the observed motion of each heavenly body using three basic 

constructs called: 

 

o The eccentric,  

o The epicycle, and  

o The equant.  

 

An eccentric construct is one in which the Earth is placed outside the centre of a geometric 

construct. In this system, the Earth is displaced slightly from the centre of the universe. Although this 

construct violated the rule that the Earth was the centre of the universe, the displacement was very 

small and was therefore considered to bend, rather than break, the rule.  
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Figure 5: The Ptolemaic System 

 

The significance of the Ptolemaic system in comparison to the Aristotle system lies not in the actual 

detail of the method, but in the overall approach. Aristotle’s solution is more of a philosophy than 

proven physics, whereas Ptolemy’s solution was based on mathematics and subject to the rigor of 

observation. In this respect, Ptolemy’s solution was a significant paradigm shift in scientific thinking. 

As such, Ptolemy’s approach was to provide the foundations of astronomy for well over a thousand 

years. 

 

4.3.1.3 Copernicus 

 

Copernicus (1473-1543) was born in Poland and studied mathematics at Cracow University. In later 

life, he was appointed as a canon in the cathedral of Frauenburg, where he lived an apparently 

sheltered and academic life until he died.  

 

 

Figure 6: Copernicus 
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However, in 1514, he distributed a hand written book to a few friends called the ‘Little Commentary’ in 

which he outlined one of the most fundamental paradigm shifts in the history of mankind. Later, this 

outline was developed into his major work called ‘De Revolutionibus’, the major points being 

summarised as follows: 

 

1. There is no one centre in the universe. 

 

2. The Earth is not the centre of the universe. 

 

3. The centre of the universe is near the sun. 

 

4. The distance from the Earth to the Sun is imperceptible compared with the distance to the stars. 

 

5. The rotation of the Earth accounts for the apparent daily rotation of the stars. 

 

6. The Earth revolving round the Sun causes the apparent annual cycle of the Sun’s movement.  

 

7. The motion of the Earth, from which observations are made, causes the apparent retrograde 

motion of the planets. 

 

At the time of Copernicus, Aristotle's cosmology was still considered to address all philosophical and 

theological questions, while Ptolemy's astronomy addressed the mathematical issues associated with 

calendar and positional predictions. In this context, Copernicus's paradigm shift not only put the Sun 

in the centre of the universe, but also changed the traditional boundary between cosmology and 

astronomy. 

 

When Copernicus died in 1543, he was unaware of the effect his work would have on philosophical 

and religious beliefs of his time. In the 16th century, it was generally believed, and still believed by 

some, that God made man in His image and that Man held a special place in creation by being given 

a soul that existed outside the material world. Indirectly, Copernicus' paradigm would remove man 

from the centre of the universe that ran counter to the doctrine of the church. The effects of 

Copernicus’ paradigm are reflected in the subsequent work of Galileo and Bruno, who dared to 

suggest that space was boundless and that the Sun and its planets were but one of any number of 

similar systems. They even suggested that there might be other inhabited worlds with rational beings 

equal or possibly superior to us. At the time, this was blasphemy and Bruno was condemned and 

burned at the stake in 1600. In 1633, Galileo was forced to renounce all belief in Copernican theories, 

and was sentenced to imprisonment for the remainder of his days. However, Pandora’s Box had been 

opened and not even the power of the church could suppress the new ideas emerging. A new 

paradigm was beginning to change man’s position in the universe, forever. 
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Tribute to Copernicus by Goethe: 

 

Of all discoveries and opinions, none may have exerted a greater effect on the 

human spirit than the doctrine of Copernicus. The world had scarcely become 

known as round and complete in itself when it was asked to waive the tremendous 

privilege of being the centre of the universe. Never, perhaps, was a greater demand 

made on mankind - for by this admission so many things vanished in mist and 

smoke! What became of our Eden, our world of innocence, piety and poetry; the 

testimony of the senses; the conviction of a poetic - religious faith? No wonder his 

contemporaries did not wish to let all this go and offered every possible resistance 

to a doctrine which in its converts authorized and demanded a freedom of view and 

greatness of thought so far unknown, indeed not even dreamed of.  
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4.3.2 Physics  

 

We will now try to contrast the nature of the paradigm shifts in astronomy with those in physics. While 

Copernicus’s paradigm was to shine light on a new era of science, the rest of Copernicus’ life was 

entrenched in an older world. Sir Isaac Newton was born in 1642; some 100 years after the death of 

Copernicus, but just 9 years after Galileo was forced to renounce all belief in Copernicus’ theories. 

However, Newton appears to be part of a new world in which he was to go on to lay the foundations 

of modern physics. Some 200 years later, Einstein’s paradigm shift would go onto change our very 

concepts of space and time. However, a concept called Quantum Mechanics would barely allow the 

ink to dry on Einstein’s work before introducing a universe based on probability. Now, as we enter the 

21st century, a new paradigm called ‘String Theory’ is starting to emerge, although some argue that, at 

this stage, it is still more of a philosophy than science10. 

 

 

4.3.2.1 Newton 

 

Sir Isaac Newton (1642-1727) made many contributions to the society of his day ranging from the 

building of the first reflecting telescope, the development of calculus, Member of Parliament, Master of 

the Royal Mint and President of the Royal Society.  

 

 

Figure 7: Sir Isaac Newton 

 

                                                 

10 2013: The Mysearch website extends the discussion of modern theoretical science and further questions whether the 

basic principle of Newton’s scientific methodology, founded on empirical verification, has now been stretched beyond the 
limits of inference. 
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However, it was his contribution to theoretical physics that produced the most profound paradigm 

shifts.  Newton's major work called ‘Mathematical Principles of Natural Philosophy’ was published in 

1687 and is considered by many to be the foundation stone of modern theoretical physics. In this 

work, Newton defined three fundamental laws of motion: 

 

1. Every body continues in its state of rest, or of uniform motion in a straight line, unless acted on by 

a force. 

 

2. The acceleration of an object is directly proportional to the force acting on the object, is in the 

direction of the force and is inversely proportional to the mass of the object. 

 

3. To every action there is an equal and opposite reaction. 

 

Newton also determined that there existed an attractive force, i.e. gravity, which exists between any 

two particles of matter, anywhere in the universe. It therefore became known as Newton's Law of 

Universal Gravitation and states: 

 

The force between any two bodies is directly proportional to the product of their masses 

and inversely proportional to the square of the distance between them. 

 

It could be argued that Newton’s insights into the workings of the universe created another paradigm 

shift that went beyond physics, which was not necessarily well understood by the establishment at the 

time. The implication being that the universe worked in accordance to a set of consistent laws of 

physics rather than constantly varying due to divine intervention. Newton’s works, in combination with 

that of Copernicus, changed both the science and philosophy as laid down by Aristotle and created a 

paradigm shift in theoretical physics that it would stand unchallenged until the beginning of the 20th 

century.11 

 

 

                                                 

11 It is possibly difficult to overstate the significant change in the way people would start to look at the universe as a result 

of Newton’s paradigm. However, it is entirely possible that for AI to become a reality, a similar fundamental change in 
established thinking must occur, which not only affects our current scientific paradigms, but also our deeply rooted social 
paradigms. 
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4.3.2.2 Einstein 

 

If Newton laid the foundation stones of modern theoretical physics, then according to history, Albert 

Einstein (1879-1955) was responsible for the next revolution in the ‘intellectual construction industry’. 

Einstein’s theories were undoubtedly an extremely radical paradigm shift in that they still challenge 

our very notion of time and space.  

 

 

Figure 8: Albert Einstein 

 

Einstein's theory of relativity is based on two works commonly referred to as ‘Special Theory of 

Relativity’ published in 1905 and the ‘General Theory of Relativity’ published in 1916. The special 

theory is based on two main postulates:  

 

1. The laws of physics are the same in all reference frames that move uniformly and without 

rotation. 

 

2. The speed of light in a vacuum has the same constant value in all inertial systems. 

 

Einstein’s special theory suggested that both space and time are relative, rather than absolute 

concepts, in the absence of a gravitational field. However, the second postulate, which implied 

nothing could travel faster than the speed of light was incompatible with Newton’s Law of Universal 

Gravitation. It took Einstein a further 11 years to resolve this conflict. Eventually, in his General 

Theory of Relativity, Einstein suggested that matter causes space to curve and that gravity is not a 

force, as understood by Newtonian physics, but a curved field or area of space under the influence of 

a force. In essence, Einstein’s theory suggested that two observers in motion could have a different 

perception of time and space, although the laws of physics would remain the same. As such, the 

speed of light remains constant to all observers, but time and space change as an object approaches 

the speed of light. 
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As paradigm shifts go, the relativity of space and time was (and still is) difficult for most people to 

understand, let alone accept. However, there were implications in the general theory that even 

Einstein could not initially accept. When applied to the universe as a whole, general relativity 

suggested that the universe must either be expanding or contracting, but could not be static. This 

suggestion ran contrary to the belief of all previously accepted paradigms that assumed the universe 

was created complete, rather than being work in progress. Again, this issue goes beyond just the 

realm of physics, and is an obvious point of debate for both theologians and philosophers.  However, 

Edwin Hubble and others subsequently proved that our universe does indeed appear to be expanding 

from a point in space-time that was created some 15 billion years ago. 

 

The theory of relativity will be discussed further in the context of space travel for a couple of different 

reasons. The first reason is connected with an effect called time dilation, which falls out of the special 

theory, which could have some major implications on the future of humanity in the area of space 

exploration. The second reason is to further examine the implications of Einstein’s theory and possibly 

dare suggest that Einstein might have been wrong. The reason for making, what might seem like, a 

very audacious suggestion is so that we might examine our own reticence to challenge accepted 

paradigms. 

 

4.3.2.3 Quantum Mechanics 

 

Einstein’s paradigm continues to challenge our understanding of the space-time universe. However, 

in our day-to-day world operating far below the speed of light, Newton’s classical laws of motion still 

remained valid. However, before the dust had even settled on Einstein’s famous equation E=mc2, 

another paradigm called Quantum Mechanics had started to emerge to address the new microscopic 

universe of the atom. Again, the established classical paradigms of physics were under attack 

because they failed to explain a number of new observations connected with: 

 

o The discreteness of energy  

o The wave-particle duality of light and matter  

o The quantum tunnelling effect 

o The Heisenberg uncertainty principle  

o And spin of a particle 

 

The following points only attempt to outline the essence of the quantum paradigm shift in order to give 

some indication of what has sometimes been called the ‘quantum weirdness’: 

 

1. In classical or Newtonian mechanics, a particle can have any energy or speed. In quantum 

mechanics, a particle can only have quantum or discrete value of energy and momentum.  
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2. Classical physics allows the exact location and velocity of a particle to be determined. In contrast, 

one of the central axioms of quantum mechanics is known as the ‘Heisenberg Uncertainty 

Principle’. This principle states that it is impossible to know both the location and velocity of a 

quantum particle. The better you know the particle's location, the more uncertain you must be 

about its velocity, and vice versa. However, the level of uncertainty is so small that it is only 

noticeable when you are dealing with very tiny things like atoms. This is why we cannot see the 

effects of the Uncertainty Principle in our daily lives.  

 

You will not be alone in thinking that these ideas seem very strange, as even Einstein, who created 

one of the greatest paradigm shifts in history could not accept the central tenet of quantum probability. 

In fact he is attributed with having said that ‘God does not play dice with the universe’ in connection to 

the issue of quantum probability. However, it was Einstein’s famous equation E=mc2 that provided the 

basic insight into the paradigm shift being forwarded by quantum mechanics. The equation shows that 

there is a direct relationship between matter and energy, therefore light energy in quantum mechanics 

can be simultaneously described in terms of an energy waveform and/or a particle with mass. 

However, lest we forget, the focus of this section is only to provide a broad introduction to some of the 

key paradigm shifts of the last 2000 years, which have fundamentally changed the way we view the 

universe around us. Equally, we should not forget that people have not evolved in any significant way, 

especially in intelligence, over this timeframe. Therefore, the acceptance of new paradigms must be 

down to access to, and understanding of, new knowledge. However, while most of us can follow the 

logic of Newton’s laws of motion, and some may follow the convolutions of Einstein’s space-time, it is 

said that there are few who truly understand quantum mechanics. In 1965, Richard Feynman, who 

was considered by many as the greatest physicist of his generation, wrote something along the 

following lines: 

 

There was a time when the newspapers said that only twelve men understood 

the theory of relativity. I do not believe that there ever was such a time. On the 

other hand I think I can safely say that nobody understands quantum 

mechanics. 

 

The implication of this quote is actually quite a serious issue for the future of humanity. Many facets of 

the universe (and technology) that surrounds us are seemingly becoming so complex that even the 

brightest individuals are now struggling to fully comprehend the issues. However, Darwinian or natural 

evolution is so slow in comparison to the current rate of change of technology that it may offer no 

practical solution to humanity, thereby increasing the probability of artificial evolution towards AI12. 

  

                                                 

12 There are aspects of quantum mechanics that are just starting to emerge in the field of AI. An outline of some of these 

issues is given in 9.1.3- Faith and Science. 
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4.3.2.4 String Theory 

 

For much of his life, Einstein was attempting to create a unified theory that would link all the forces of 

nature. At the time, Einstein only knew of gravity and electromagnetism, but believed that nature 

should have the elegance of one underlying principle of design. The ‘Theory of Everything (ToE)’, as it 

is sometimes known, would allow the properties of all matter and energy to be expressed as a single 

equation. However, while Einstein has gone down in history as one of the greatest minds to have ever 

lived, he failed in his quest to find the ‘holy grail of physics’.  Throughout the 20th century, the search 

for the ToE has continued, but the problem has become increasingly difficult with the discovery of two 

additional forces called the strong and weak nuclear forces. These forces are part of the atomic 

structure that has expanded from the original Greek paradigm of an indivisible atom to include 

protons, neutrons, electrons, quarks, neutrinos, muons and numerous other exotic particles.  

 

As we enter the 21st century, a new paradigm is emerging called ‘String Theory’. It is not easy to 

provide an executive summary of this evolving paradigm; but briefly, the sub-structure of the atom is 

still based on a central nucleus consisting of protons and neutrons that are in turn made up of quarks. 

However, string theory suggests that quarks are made of incredibly small and indivisible units of 

energy that are analogous to a vibrating string. At the sub-atomic level being discussed, the very 

fabric of time and space is different; in fact, string theory requires 10 rather than just 3 spatial 

dimensions in addition to time. Within the string paradigm, all particles, and therefore everything and 

everybody, are a result of the vibration patterns of energy strings. 

 

It was stated in the introduction to this section on physics that String Theory was possibly still more of 

a philosophy than a science at this stage. So the following philosophical quote from 1975 may be an 

appropriately thought provoking way to close out this section: 

 

We are perceivers. We are an awareness; we are not objects; we have no solidity. We 

are boundless. The world of objects and solidity is a way of making our passage on earth 

convenient. It is only a description that was created to help us. We, or rather our reason, 

forget that the description is only a description and thus we entrap the totality of ourselves 

in a vicious circle from which we rarely emerge in our lifetime – Carlos Castaneda. 
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4.3.3 Summary 

 

This section on scientific paradigms has tried to show, by examples, how science is continually 

creating new paradigms that try to help us better understand the nature of the universe. Currently, 

accepted paradigms suggest a universe of incredible age and complexity that seemingly ranges from 

the infinitely small to the infinitely large, governed by increasingly complex concepts that underpin the 

laws of physics. Throughout the evolution of these paradigm shifts, mankind has also shifted from a 

central starring role to a minor walk-on part on the edge of a very large stage. However, at the same 

time, growing scientific knowledge has helped elevate man from an existence of simple survival and 

reproduction to a point where we can contemplate deep philosophical issues, such as, the meaning of 

life and the universe. For all we know, our intelligence and sentience may be unique in the universe, 

as the ‘Search for Extraterrestrial Intelligence (SETI)’ has yet to prove otherwise.  

 

In the next section, we will turn our attention towards alternative theological paradigms or belief 

systems that in many cases work outside the material universe. However, the following quote by 

Angela Tilby, an Anglican priest, lecturer and television producer, may be an appropriate way to 

bridge these two discussions: 

 

When I first learnt about quantum physics I thought this is absolutely wonderful because it 

frees me from all kinds of hang-ups about the inexorable will of God and it suggests that the 

universe has a part to play in building itself under God's guidance. That God in a way asks 

the universe a question, which we then have to answer as conscious beings. This is an 

evolving universe: it's not a place where the answer is laid out in the question. Because the 

universe is so open I find it much easier to believe in a God who might actually care what 

happens to it. 

 

Of course, a question that our AI discussion may wish to consider at this point is the definition and 

true nature of the ‘conscious beings’ that may ultimately come to understand and answer the question 

that the universe might be asking. 
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4.4 Theology13 

 

Of all the belief systems that affect the way we act, religious belief can be the most fundamental and 

the most powerful. From the very dawn of human history, mankind has struggled to make sense of its 

life and death existence and to better understand its place and purpose in the universe. In its many 

forms, religious belief gives comfort and solace to millions of people; to millions more, religious belief 

should not be described as paradigm, because it is the very word of God. Therefore, any attempt to 

discuss religious beliefs can invoke cries of heresy and blasphemy. However, it is in the nature of 

mankind to question and challenge; therefore providing due consideration and respect is given, 

intolerance should not be allowed to suppress legitimate debate. 

 

Figure 9: The Creation of Man? 

 

In the context of an AI paradigm shift, consideration of religious beliefs is not only legitimate, but also 

essential, as there are important moral issues associated with creating an AI life form. However, 

because the consequence of AI development could have such a profound effect on the future of all 

life on our planet, the views of both believers and non-believers alike have to be put into some sort of 

perspective. As touched on, at the beginning of this section, AI has the potential to evolve the 

attributes of intelligence and sentience. Based on our history to-date, even when these attributes are 

                                                 

13 2013: To some,  any contradiction of their faith may be characterised as blasphemous. However, it was and still is argued 

that honest inquiry in the face of conflicting beliefs across the spectrum of all religions scriptures, and the many doubts 
raised against their authorship, must allow the historical and scientific evidence to be fully examined. This said, it is also 
recognised that religious belief is a very basic human need to many, which should not be dismissed, which is why a ‘personal 
perspective’ was added to the Mysearch website: 
  

http://www.mysearch.org.uk/website1/html/455.Personal.html 
 
 

http://www.mysearch.org.uk/website1/html/455.Personal.html
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not in doubt, it does not guarantee good and just treatment. Whilst most religious creeds protect the 

sanctity of life, it appears that belief in an afterlife and the fear of eternal damnation can override 

normal morality in this life. It is feared that AI life forms would only compound this situation, as many 

religions may reject artificial sentience and find it impossible to reconcile any position within their faith 

for any AI creation. At best, we may only hope that should true AI sentience develop, religions would, 

at least, be tolerant rather than antagonistic towards such life forms. As will be explored, AI evolution 

would not be constrained by Darwinian evolution and, if we assume that AI will strive for survival, it 

may also become very capable of defending itself.  

 

This book is not trying to take any specific theological stance. It is about trying to determine the scope 

of any paradigm shifts involved in respect to AI. As such, the size of the paradigm shift will depend on 

an individual’s current beliefs. Clearly, each religious viewpoint could reach a different conclusion; 

therefore in the interest of better understanding the basic beliefs of the world’s major religions, each 

will be briefly outlined. While it is accepted that each summary is a gross simplification, it is hoped that 

the basic tenets of belief are not misrepresented. Clearly, there are a very large number of separate 

religions in the world and so we will start by outlining some basic statistics concerning the broad base 

of religions throughout the world. 

 

4.4.1 Statistics 

 

It has been said that ‘there are lies, damn lies and statistics’ and so some care must be taken when 

drawing any conclusions from statistics. In all the paradigm shifts discussed so far, each started as a 

minority view that only became accepted by a majority over time. Equally, it appears to be in the 

nature of paradigms that they can become entrenched as ‘absolute truths’ until finally over-turned by 

the next paradigm shift. Many people will not accept their faith being described as a paradigm, 

because they believe it represents a more fundamental truth. However, in the totality of all religious 

beliefs, all faiths represent only a minority view. There are apparently 19 major world religions that 

are, in turn, subdivided into about 270 large religious groups. It has also been estimated that there 

may be over 34,000 separate Christian groups with over half having independent churches that are 

not linked to any major denomination. The following table attempts to give some overall perspective of 

the world’s major religions: 
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Table 2: Religious Statistics 

 

Religion 
Date  

Founded 
Sacred Texts 

Membership  

In Millions 
%  

Christianity 30 CE The Bible 2,015 33.7% 

Islam 622 CE Qur'an & Hadith 1,215 20.3% 

No religion No date None 925 15.5% 

Hinduism 1,500 BCE The Veda 786 13.1% 

Buddhism 523 BCE The Tripitaka 362 6.0% 

Atheists No date None 211 3.5% 

Chinese 270 BCE None 188 3.1% 

New Asian  Various Various 106 1.8% 

Animism Prehistory Oral tradition 91 1.5% 

Other Various Various 19 0.3% 

Judaism No consensus Torah, Talmud 18 0.3% 

Sikhism 1500 CE Guru Granth Sahib 16 0.3% 

Shamanists Prehistory Oral Tradition 12 0.2% 

Spiritism   7 0.1% 

Confucianism 520 BCE Lun Yu 5 0.1% 

Baha'I Faith 1863 CE Most Holy Book 4 0.1% 

Jainism 570 BCE Siddhanta, Pakrit 3 0.1% 

Shinto 500 CE Kojiki, Nohon Shoki 3 0.1% 

 

It is not possible to provide an outline of all religions, however the beliefs selected are considered to 

either represent a specific position in the broad spectrum of religious debate and/or a significant 

portion of the world’s population. 



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 40 ©Copyright 2004  

Table 3: Types of Religions 

 

Many Gods One God No Gods 

Mythology Judaism Buddhism 

Animism Islam Agnostic 

Hinduism Christianity Atheist 

 

It is recognised that the classification of beliefs into 3 broad categories as shown in Table-3 is 

simplistic, but hopefully it still provides a sufficient framework by which we might better understand the 

broad principles of faith. 

 

4.4.2 Many Gods 

 

In this first category, which includes some of the oldest religions, people often believed in the 

manifestation of many gods or spirits having power over some aspect of nature. 

 

4.4.2.1 Mythology 

 

While there is a clear distinction between mythology and theology, there is a process analogous to a 

scientific paradigm, in which an idea is superseded and passes into history. In many cases, a creation 

mythology probably started as a primitive theology that we, in today’s world, only consider as a story 

or possibly a parable or even metaphor describing the universe in terms that could be comprehended 

by our ancestors.  

 

Comanche Creation 

One day the Great Spirit collected swirls of dust from the four directions in order to create the 

Comanche people. These people formed from the earth had the strength of mighty storms. 

Unfortunately, a shape-shifting demon was also created and began to torment the people. The 

Great Spirit cast the demon into a bottomless pit. To seek revenge the demon took refuge in 

the fangs and stingers of poisonous creatures and continues to harm people every chance it 

gets.  

 

However, knowledge should not be confused with intelligence, as there has been virtually no 

evolution of the human brain in the last 100,000 years. As such, our forebears were equally as 

intelligent, and in many cases more so, and certainly more resourceful. However, 5000 generations of 

accumulated human knowledge has given us a heightened comprehension. Considering our own 

attitudes to myths can give us a perspective on how the future may judge our own current belief 

systems. Beliefs and paradigms, like Darwinian evolution, are in a permanent state of change, 

although change may sometimes be very slow and difficult to detect. Like a myth, our belief systems 

are sometimes only meant as a metaphor that makes the real complexity of the universe easier to 
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comprehend. As such, they exist to be challenged and superseded, although many will continue to 

defend their belief system irrespective of the evidence produced. 

 

4.4.2.2 Animism 

 

Animism can be described as one of the original human religions based on the belief in the existence 

of spiritual beings. It dates back to the pre-history of mankind, but still continues to exist to this day, 

making it the oldest form of religious belief on Earth. Aboriginal and native cultures are characteristic 

of this belief system, however it can be practiced by anyone who believes in spirituality and does not 

prescribe to any specific organized religion. The basis of animism defines a spiritual realm that exists 

as an extension of the material universe and that humans possess souls and those souls have 

existence separate from any physical body, before and after death. In addition, it is believed that 

animals, plants, and celestial bodies also have spirits. In many cases, animistic gods have also 

become part of mythology explaining the creation of fire, wind, water, man, animals, and other natural 

earthly things. However, specific beliefs within animism can vary widely.  

 

4.4.2.3 Hinduism 

 

Hinduism believes that human and animal spirits reincarnate and come back to live many times in 

different forms. Within this belief, the soul moves up and down a hierarchy depending on their 

behaviour in life.  As such, the caste system survives and charity is restricted because each individual 

is considered to deserve the social class in which they are born. By this logic, a person is born into a 

high caste because they behaved well in their past life, whilst a person born into poverty and shame 

has misbehaved in their past life. 

 

While included in the ‘Many-God’ category, Hinduism can be also monotheistic (one god), agnostic 

(unsure if god exists), or atheistic (no god). This open theology makes it difficult to summarise basic 

beliefs, but central to Hinduism are:   

 

o Concepts of reincarnation 

o Caste system 

o Merging with Brahman or the ultimate reality 

o Finding morality 

o Nirvana and escape from the cycle of reincarnation 

 

Religious documents include Sruti, (what is heard) and Smriti, (what is remembered). The Hindu 

paths to salvation include the way of works (rituals), the way of knowledge (realization of reality and 

self-reflection), and the way of devotion (devotion to the god that you choose to follow). If the 

practitioner follows the paths of these ways, salvation can be achieved. 
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4.4.3 One God 

 

In today’s world, we are very conscious of the differences between Islam, Judaism and Christianity in 

their many forms. However, for all the apparent differences, they share not only a common theological 

position of ‘One God’, but also a common creation paradigm – Genesis, which according to statistics 

represents the story of creation to over 50% of the world’s population. 

 

4.4.3.1 Genesis  

 

The story of Genesis is taken from the ‘The First Book of Moses’ in the Old Testament, which is an 

accepted sacred script in Judaism, Islam and Christian faiths. The following version is only intended to 

be representative of the original text: 

 

Day-1: In the beginning God created the heaven and the earth. The earth was without 

form and void; and darkness was upon the face of the deep. The Spirit of God moved 

upon the face of the waters and God said, let there be light and there was light. God 

saw the light and that it was good and God divided the light from the darkness. And 

God called the light Day, and the darkness Night.  

 

Day-2: God said, let there be a firmament in the midst of the waters and let it divide the 

waters from the waters. God made the firmament and divided the waters, which were 

under the firmament from the waters, which were above the firmament. God called the 

firmament Heaven.  

 

Day-3: God said, let the waters under the heaven be gathered together in one place 

and let the dry land appear. God called the dry land Earth and the gathering together of 

the waters the Seas. God said, let the earth bring forth grass, the herb yielding seed 

and the fruit tree yielding fruit. 

 

Day-4: God said, let there be lights in the firmament of the heaven to divide the day 

from the night; and let them be for signs, and for seasons, and for days, and years. 

God made two great lights; the greater light to rule the day, and the lesser light to rule 

the night: he also made the stars. And God set them in the firmament of the heaven to 

give light upon the earth and to rule over the day and over the night, and to divide the 

light from the darkness..  

 

Day-5: God said, let the waters bring forth abundantly the moving creature that hath 

life, and fowl that may fly above the earth in the open firmament of heaven. God 

created great whales, and every living creature that moved, which the waters brought 

forth abundantly, and every winged fowl. God blessed them, saying, be fruitful, and 
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multiply, and fill the waters in the seas, and let fowl multiply in the earth.  

 

Day-6: God said, let the earth bring forth the living creature, cattle, and creeping thing, 

and beast of the earth. God made the beast of the earth and cattle and every thing that 

creeps upon the earth. God said, let us make man in our image, after our likeness: and 

let them have dominion over the fish of the sea, and over the fowl of the air, and over 

the cattle, and over all the earth, and over every creeping thing that creeps upon the 

earth. So God created man in his own image, in the image of God created he him; 

male and female created he them. God blessed them, and God said unto them, be 

fruitful, and multiply, and replenish the earth, and subdue it and have dominion over the 

fish of the sea, and over the fowl of the air, and over every living thing that moves upon 

the earth. God said, behold, I have given you every herb bearing seed, which is upon 

the face of all the earth, and every tree, which is the fruit of a tree yielding seed; to you 

it shall be for meat. And to every beast of the earth, and to every fowl of the air, and to 

every thing that creeps upon the earth, wherein there is life, I have given every green 

herb for meat: and it was so. God saw everything that he had made and behold, it was 

very good.  

 

Day-7: Thus the heavens and the earth were finished. On the seventh day God ended 

his work, which he had made; and he rested on the seventh day from all his work, 

which he had made. 

 

Whether Genesis was intended as a statement of fact or as a parable that described creation in terms 

of what people could understand is not the key issue. It is reflective of how deeply rooted belief 

systems can become, enduring for thousands of years and accepted as a matter of faith by millions of 

people around the world.  

 

4.4.3.2 Islam 

 

The teachings of Islam comprise of both faith and duty. One branch of Muslim learning (Tawhid) 

defines what a man should believe, while the other branch (Shari'a), everything that he should do. 

Islamic doctrine is based on the Qur'an (Koran), written by Muhammad and his disciples as dictated 

by the Angel Gabriel. As such, it is considered infallible and without error. For Muslims, the Qur'an is 

the word of God, and the revelation of Muhammad, who they consider to be the last and most perfect 

of God's messengers to mankind. Islam is centred on five articles of faith that all Muslims are 

expected to believe:  
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o God: There is one true God and his name is Allah.  

 

o Angels: Angels exist and interact with human lives. They are comprised of light, and each has a 

different purpose or message to bring to Earth. Each man or woman has two angels who record 

his actions; one records good deeds, the other bad deeds.  

 

o Scripture: There are four inspired books, the Torah of Moses, the Psalms (Zabin) of David, the 

Gospel of Jesus Christ (Injil) and the Qur'an. All but the Qur'an have been corrupted by Jews and 

Christians.  

 

o Prophets: God has spoken through numerous prophets throughout time. The six greatest are: 

Adam, Noah, Abraham, Moses, Jesus, and Muhammad. Muhammad is the last and greatest of 

Allah's messengers.  

 

o Last Days: On the last day there will be a time of resurrection and judgment. Those who follow 

Allah and Muhammad will go to Islamic heaven, or Paradise. Those who do not will go to hell.  

 

4.4.3.3 Judaism 

 

Judaism believes that the world was created by a single, all-knowing divinity. God revealed his 

purpose for humanity to Moses at Mount Sinai. Through the commandments, God told humanity how 

to live their lives according to His will. In the 12th century, the basic beliefs of Judaism were 

condensed into the form of a creed, the essence of which is hopefully captured in the following 

bullets: 

 

o The Creator created everything that has been created; and He alone has made, does make, and 

will make all things. 

 

o The Creator is One; and He alone is our God, who was, and is, and always will be. 

 

o The Creator is not a body and is free from all the properties of matter and has not any form 

whatever. 

 

o The Creator is the first and the last.  

 

o It is right to pray to only Him. 

 

o All the works of the prophets are true. 
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o The prophecy of Moses was true, and that he was the chief of the prophets, both of those who 

preceded and of those who followed him. 

 

o The whole Torah is the same that was given to Moses. 

 

o This Torah will not be changed, and that there will never be any other Law from the Creator. 

 

o The Creator knows every deed of the children of men, and all their thoughts. It is He that 

fashioned the hearts of them all, that gives heed to all their works. 

 

o The Creator rewards those that keep His commandments and punishes those that transgress 

them. 

 

o Believe in and wait for the coming of the Messiah. 

 

o Believe that there will be a revival of the dead at a time chosen by the Creator. 

 

 

4.4.3.4 Christianity 

 

The central figure in Christianity is Jesus Christ, who Christians believe was not only a man, but also 

the Son of God and lived his life without sin. Following his death, Christians believe that Jesus rose 

from the grave and returned to the Earth, appearing to his followers and telling them of the kingdom of 

God to which he was going. He also promised his disciples that he would return one day to bring all 

believers with him to that kingdom, to enjoy eternal life in the presence of God. 

 

The Christian holy text is the Bible and consists of the Old Testament, which is also considered 

sacred to Judaism and Islam, and the New Testament. The Old Testament chronicles the lives of 

Jews and others who lived before Jesus, who had been promised a saviour by God. The New 

Testament is unique to Christianity and centres around the life of Jesus and his effect on the world. 

Christians believe that Jesus is the one that the Old Testament foretold, so instead of looking for a 

saviour, they await the return of Jesus so that he can take them to his kingdom, or heaven. The 

beliefs of Christianity are summaried in the words of the Apostles' Creed, which was written to 

distinguish Christianity from other religions.  
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I believe in God the Father Almighty, 

Maker of heaven and earth.  

And in Jesus Christ,  

His only Son, our Lord;  

Who was conceived by the Holy Spirit, 

Born of the Virgin Mary, 

Suffered under Pontius Pilate, 

Was crucified, died and was buried.  

He descended into hell; 

The third day He rose again from the dead; 

He ascended into heaven  

And is seated at the right hand of God the Father Almighty; 

From there He shall come to judge the living and the dead.  

I believe in the Holy Spirit, 

The holy Christian Church, 

The Communion of Saints, 

The Forgiveness of sins,  

The Resurrection of the body, 

And the Life everlasting.  

Amen. 

 

4.4.4 No God 

 

In the last category, a number of faiths and belief systems have been grouped together that do not 

necessarily make any presumptions about the existence of God. 

 

4.4.4.1 Buddhism 

 

Buddha was not a God and nor did he claim to be. He was a man who taught a path to enlightenment 

from his own experience. As Siddhartha Gotama, he was born into a royal family in what is now 

Nepal, in 563 BCE. At 29, he realised that wealth and luxury did not guarantee happiness, so he 

explored the different teachings, religions and philosophies of his day to find the key to human 

happiness. After six years of study and meditation he found 'the middle path' and was enlightened. 

After enlightenment, Buddha spent the rest of his life teaching the principles of Buddhism until his 

death at the age of 80. The basic beliefs of Buddhism are described in terms of ‘Four Noble Truths’ 

and the ‘Eight Fold Path’. 
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4.4.4.1.1 The Four Noble Truths 

 

1. The existence of suffering. Birth is painful and death is painful; disease and old age are 

painful. Not having what we desire is painful and having what we do not desire is also painful.  

 

2. The cause of suffering. The craving desire for the pleasures of the senses, which seeks 

satisfaction and the craving for happiness and prosperity in this life and in future lives. 

 

3. The ending of suffering. To be free of suffering one must give up, get rid of; extinguish this 

very craving, so that no passion and no desire remain. 

 

4. The fourth noble truth leads to the ending of all pain by way of the ‘Eightfold Path’. 

 

4.4.4.1.2 The Eightfold Path  

 

1. Right Views: You must accept the Four Noble Truths and the Eightfold Path. 

 

2. Right Resolve: You must renounce the pleasures of the senses; you must harbour no ill will 

toward anyone and harm no living creature. 

 

3. Right Speech: Do not lie; do not slander or abuse anyone. Do not indulge in idle talk.  

 

4. Right Behaviour: Do not destroy any living creature; take only what is given to you; do not 

commit any unlawful sexual act. 

 

5. Right Occupation: You must earn your livelihood in a way that will harm no one. 

 

6. Right Effort: You must resolve and strive heroically to prevent any evil qualities from arising in 

you and to abandon any evil qualities that you may possess. Strive to acquire good qualities 

and encourage those you do possess to grow, increase, and be perfected. 

 

7. Right Contemplation: Be observant, strenuous, alert, contemplative, and free of desire and of 

sorrow. 

 

8. Right Meditation: When you have abandoned all sensuous pleasures, all evil qualities, both 

joy and sorrow, you must then enter the four degrees of meditation, which are produced by 

concentration. 
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4.4.4.2 Agnostics and Atheists 

 

An agnostic holds the position that nothing is known, or likely to be known, about God. As such, an 

agnostic does not deny that God might exist; simply that mankind’s knowledge is constrained to the 

material universe. In contrast, an atheist does not believe in the existence of God or anything outside 

the material universe.  

 

Dr. Carl Sagan was the founder and first president of ‘The Planetary Society’ and played a leading 

role in the American space program since its inception. He wrote the following poignant words in 

October 1996, just before his death in December 1996. These words eloquently express the sincere 

position that some people come to believe based on the evidence that their mind and senses 

presents to them throughout their lives: 

 

I would love to believe that when I die I will live again, that some thinking, feeling, 

remembering part of me will continue.  But as much as I want to believe that, and despite 

the ancient and worldwide cultural traditions that assert an afterlife, I know of nothing to 

suggest that it is more than wishful thinking – Carl Sagan. 

 

4.4.5 Summary 

 

This section has tried to cover a broad base of paradigm shifts that have shaped and influenced our 

understanding of both the material and ethereal universes in which we perceive we live our lives. As 

such, they are representative of the highest pinnacles of human thought and stand as a testament to 

human existence to-date.  

 

So where might humanity go from here? 

 

Well, the optimist would probably say ever onwards and upwards, while the pessimist may dwell of 

the dangers of self-destruction, but what of the realist? To answer this question, let us quickly reflect 

on the conclusions a realist might have come to concerning the five areas of paradigms considered so 

far: 

  

o Cosmology 

o Evolution 

o Astronomy 

o Physics  

o Theology 

 

Based on current evidence, cosmology would suggest that, in human terms, the material universe is 

both incredibly old and large. On this scale, the realist might conclude that human existence is 
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insignificant to the point that our original perception of central importance was almost laughable. 

However, this conclusion might be premature, as humanity’s search of the universe to-date appears 

to show no obvious signs of any advanced, intelligent galactic civilisations. Equally, evolution on Earth 

also suggests that life has taken a very, very long time to become both intelligent and sentient. 

Therefore, on this issue, the realist might ponder the purpose of the thousands of millions of years of 

evolution in which life simply gave birth to another generation without any apparent understanding of 

the universe it was fighting to survive within. Therefore, while humanity may still be insignificant in 

comparison to the size and age of the universe, the evolution of its intelligence and sentience may be 

a very rare and special event; to the point that it defies probability. 

 

Reflecting on the physical sciences in the form of astronomy and physics, the realist might first 

consider the genius of individuals such as Aristotle, Ptolemy, Newton and Einstein. Their brilliance 

has provided humanity with possible insights into the true wonder and complexity of the universe. 

However, on further reflection, the realist may return to the words of Richard Feynman, himself a 

brilliant 20th century physicist: 

 

There was a time when the newspapers said that only twelve men understood the 

theory of relativity. I do not believe that there ever was such a time.  On the other hand I 

think I can safely say that nobody understands quantum mechanics. 

 

Knowing that natural evolution works on such a long timeframe, the realist may wonder if human 

biological intelligence can really keep up with its own technology advances. If not, the realist may 

conclude that humanity might be forced down the path of artificial evolution towards AI, which may in-

turn ultimately supersede mankind as the predominant sentient intelligence on planet Earth. Finally, 

on the issue of theology, a realist may accept that the value of faith cannot be judged in terms of 

absolute truth, because for millions of people, faith provides support and meaning to their lives. 

However, the realist would also probably have to accept that problems will continue to arise because 

people, certain of their own faith, will continue to judge others outside their faith by their own religious 

values. Therefore, it is possible that religious doctrines, such as Judaism, Islam and Christianity may 

all present fundamental objections to the development of AI; as they share a common theme that only 

God can create life. However, history has shown that scientific paradigms have still developed in the 

face of extreme theological objections. Therefore, the realist might be more concerned that scientists 

have not always taken sufficient moral responsibility for their creations. So, on this note, we will now 

turn our attention to describing the scope of an AI creation paradigm. 
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5 THE AI PARADIGM? 

In an earlier section, we reviewed a range of predictions associated with the potential development of 

AI. However, predictions of this nature tend to be more akin to ‘sound-bites’ in that they give a flavour 

of the issues without really attempting to justify themselves. Therefore, the goal of this section is to 

establish a paradigm or model in which AI might actually develop; or possibly it is more appropriate to 

say evolve.  

 

It was also said in the introduction to this book that some, even most, people may not like the 

implications of a paradigm shift towards AI, but this would not necessarily make the implications 

wrong. In part, the purpose in reviewing such a broad section of fundamental paradigm shifts in our 

history was to reflect on how our predecessors might view our own society. It is suggested that if you 

could go back in time, the further back you went, the greater would be the rejection of our present 

values and society. We appear to be products of time and place, which makes it difficult for us to 

really ‘feel at home’ in other cultures and societies. 

 

In order that we might best understand how humanity may choose or be driven towards AI, the 

paradigm will be presented as an evolutionary process from present day to a time, possibly some 500 

years14 into the future. This timeframe is much larger than the 50 years suggested by the earlier 

predictions. Justification of this extended timeframe will be made throughout the rest of the book, 

which will also use the paradigm outlined in this section as a frame of reference to discuss other 

technical matters in more detail. 

 

Our paradigm starts with Homo Sapien as the root of an evolutionary tree that then branches out in 

different directions and that one-day eventually leads to full sentient AI. Of course, at the current state 

of knowledge, it is still only speculation as to whether science will ever replicate the attributes of 

consciousness required for life and self-awareness. However, with this assumption clearly identified, 

our evolutionary paradigm can be used as a framework for discussion of the current state of 

technology and the scope of complexity still to be addressed. The summary of each stage of evolution 

should not be taken too literally, although there is a possibility that they may not be that far from the 

truth. The main point being forwarded is that it is highly improbable that sentient AI will just one day 

appear from the back of a computer research laboratory after a freak lighting strike; but rather be a 

staged process of evolution, e.g. 

 

                                                 

14 In part, the justification for extending the timeframe of AI evolution is based on the complexity of human consciousness 

and the underlying structure of the brain. At this stage, even the basic principles have not yet been agreed. 
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o Homo Sapiens 

o Homo Computerus 

o Homo Optimus 

o Homo Cyberneticus   

o Homo Hybridus 

o Homo Machinus   

o Homo Primus 

 

Of course, the ‘scientific’ names are completely fictitious, but hopefully help to convey the essence of 

the change-taking place. While many are predicting the road to sentient AI in as little as 50 years, this 

may be so grossly over optimistic that one can only assume the source of such predictions to be the 

‘AI marketing department’.  However, the first few steps on our AI evolutionary tree could be taken in 

this timeframe. Certainly, within the life of this generation’s children and grandchildren, the impact of 

intelligent systems could accelerate the process of change that will eventually alter society (and life) 

beyond our current recognition. Even if sentient AI were to take another millennium, which may be 

equally pessimistic, this would still be less than one millionth of 1% of time taken for Homo Sapien life 

to evolve on Earth.  
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5.1 Evolutionary Stages 

 

In reality, the figure below might be giving the wrong impression that the evolution towards AI intends 

to mimic the physical appearance of humanity. In practice, the physical embodiment of AI could take 

on many forms. 

Figure 10: Man-AI Evolution?  

 

 

 

However, the initially evolutionary transitions towards AI, based on augmenting humanity with 

technology, might continue to retain human appearance as a matter of necessity and preference. 

 

5.1.1 Homo Sapiens 

 

Catalyst for Change: Writing; Printed Books; Industrial Revolution 

 

Homo Sapiens were essentially fully evolved over some 100,000 years ago in terms of their brain 

capacity. The development of writing, some 5,000 years ago, was the start of a process that allowed 

increased information storage. Storage capacity was significantly increased by the subsequent 

invention of the printing press (1436) and further improved by mechanisation brought about by the 



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 53 ©Copyright 2004  

industrial revolution. In terms of Maslow’s15 hierarchy, the basic survival needs of a significant portion 

of the population were being met by some developing nations by the start of 20th century. Therefore, 

conditions were right for the next evolutionary step, although it would not be Darwinian in nature. 

 

5.1.2 Homo Computerus 

 

Catalyst for Change: Computers; Networks and Internet 

 

It is suggested that we have already taken the next evolutionary step. Although computers are not an 

integral part of our biological DNA, they are an integral part of our global society and critical to 

supporting a world population of some 6 billion people. Homo Computerus has an information storage 

capacity that is billions of times greater than Homo Sapien. However, more importantly, Homo 

Computerus has the enhanced capability to process and distribute the massive increase in 

information on a global scale. In practice, this species can be split into two broad sub-groups: 

 

o Homo Computerus Illiterus 

o Homo Computerus Literus 

 

Although very few people live totally outside the influence of computers, the former sub-group still 

accounts for a large percentage of the population. The lives of this group are affected by computers 

and may even be dependent on them, but they are effectively computer illiterate. However, the growth 

rate of the latter sub-group is growing in comparison to the former. It is estimated that some 200-300 

million personal computers are now in use worldwide from which literacy is expanding rapidly to every 

corner of the globe. 

 

5.1.3 Homo Optimus 

 

Catalyst for Change: Human genome; DNA research 

 

At the end of the 20th century, the first mapping of the human genome was completed, some 3 years 

ahead of schedule, thanks largely to improvements in computer processing. Over the next 50 years, 

increased knowledge of human DNA will also be accompanied by a similar improvement in our 

knowledge of the brain and its many functions. The application of this knowledge to improve our own 

genome and mental capacity will start to see the birth of a new species, referred to as Homo Optimus. 

Evolution will still be based on biological enhancements to the basic human genome, but the rate of 

change is man-made. In practice, the improvements in our brain capacity may be limited by its 

biological design. However, the quality and length of life may greatly improve overall creativity and the 

                                                 

15 A more detailed description of Maslow’s hierarchy is cross-referenced in the index, but relates to a hierarchy of human 

needs and emotions. 
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productivity of human lives. In parallel, society will be undergoing similar changes as increasingly 

intelligent computer systems take over many of today’s established and respected professions.  

 

So, over time, Homo Optimus comes to represent the peak of human evolution in its biological form. 

Of course, there will be resistance to any meddling with natural evolution. However, in the same way 

that we have come to accept plastic surgery to improve our physical appearance, we may gradually 

come to accept more fundamental improvements, especially if they help us to compete in a 

competitive world. Today, some people might be horrified by the changes implied by Homo Optimus. 

However, humanity may eventually be forced to look for new solutions, if its ambition to explore and 

understand the universe is to be satisfied.   

 

5.1.4 Homo Cyberneticus    

 

Catalyst for Change: Direct Brain-Computer Interfacing 

 

Although remarkable enhancements to the human genome may lead to increased brain capacity, the 

biological limits of the brain may not be able to compete with future computer technology. However, 

while computer processing will have evolved, by the end of the 21st century, to be basically self-

learning within restricted problem spaces, it will not be sentient. Therefore, Homo Cyberneticus may 

represent the next, and more logical, step in evolution by the fusing of human sentience and creative 

imagination with the incredible processing and storage capacity of computers via a direct brain-

computer interface.  

 

For mobility reasons, the direct brain-computer interface may be wireless, but still capable of very 

high-speed to allow the biological brain fast access to its third lobe, the computer. Although, high-

speed telecommunications of the day will be much improved over our current perception of mobile 

telephony, transmission delays are still limited by the speed of light. For many mental processes, a 

delay of a few hundred milliseconds may be acceptable, although real-time vision enhancements 

would require very fast response times. Today, geo-stationary orbiting satellites can incur several 

hundred milliseconds of delay, although low-orbiting satellites are already envisaged that will reduce 

the delay to a few tens of milliseconds. Further advances that have stations in the upper atmosphere, 

just a few miles above the Earth, could reduce delays even further. 

 

At this point, there are still many characteristics of human intelligence, creativity and imagination 

residing in the biological brain. However, an integrated computer interface allowing access to 

extended information recall, processing and storage could have profound benefits in terms of the 

productivity of human thought processes, especially as a collective group. For example, a by-product 

of the brain-computer interface is that Homo Cyberneticus becomes effectively telepathic in the sense 

that it can directly communicate both thoughts and ideas with other members of its species. This fact 

represents a significant crossroad in evolution, because earlier evolutionary species now find it 
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increasingly difficult to communicate effectively with Homo Cyberneticus, who is rapidly submerging 

into a world of enhanced reality. 

 

The ability of Homo Cyberneticus to seamlessly enter cyberspace will start a process of even more 

fundamental change. In many interactions, Homo Cyberneticus will be able to assume an alter ego or 

avatar persona. Let us imagine what an interaction between two Homo Cyberneticus persona might 

be like. Jenny is a 20-year woman living in England and Kado is a 62-year-old man living in Japan. 

Jenny speaks no Japanese and Kado speaks no English. For many reasons, Jenny often selects a 

Japanese male persona when doing business in Japan and initiates a connection to Kado via her 

mental interface. Kado accepts the connection, selecting the persona of a 35-year-old Japanese man. 

The visual persona or avatars are perceived directly in the visual cortex. When Jenny speaks, her 

words are converted to text, time-stamped and stored in her local database for future reference, then 

translated to a common text language and forwarded to Kado with her avatar profile. As Kado 

receives the common text it is converted to Japanese text and stored in Kado’s database for his future 

reference. At the same time, Jenny’s words are translated into Japanese before being received by 

Kado’s auditory system. Dialogue in the other direction undergoes a similar process. To Jenny and 

Kado, the process is effectively instantaneous and seamless. In a Homo Cyberneticus world, people 

have many identities to meet the requirements of cyberspace. This anecdote might initially seem a 

little unreal in our world, but aspects of this story such as avatar persona are already being played out 

in Internet chat-rooms and text translation is possible, as is text-speech conversion, albeit in a 

restricted context.  

 

5.1.5 Homo Hybridus 

 

Catalyst for Change: Robotics 

 

While the scope of change up to this point is significant, external appearance may be essentially 

unchanged. Homo Hybridus is the start of a physical evolution to accompany the mental evolution 

within. It may therefore be surprising that the beginning of this evolutionary process has already 

started. Today, in medical research laboratories around the world, people are already working on 

biomechanical systems to address disabilities due to limb amputation and/or paralysis. However, 

significant integration of biomechanical replacements will only take place, as and when, direct brain-

computer-interface allows the biomechanical anatomy to be fully controlled. With Homo Cyberneticus 

having already stepped over the man-machine threshold by enhancing the human brain with direct 

and extended computer capacity, Homo Hybridus embraces extensive prosthetic enhancements to 

the body. 

 

In practice, many future predictions tend to gloss over the real social implications of the brave new 

world that technology is just about to create. Two hundred years ago, the industrial revolution was 

going to free mankind from manual slavery. In fairness, machines did remove much of the burden of 



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 56 ©Copyright 2004  

manual labour from humanity, but at a price that was not understood in the beginning. Fifty years ago, 

computers were going to remove the drudgery of repetitive tasks and give us more leisure-time. 

Again, in part, some of the marketing claims were true, but you had to read the small-print disclaimer 

that came along with this deal. Today, it may be almost impossible for us to imagine a global society 

comprising of what could amount to four sub-species of vastly different appearances and capabilities. 

At the same time, this world may have doubled in population and many of today’s manual and 

professional jobs are being carried out by intelligent expert systems. Clearly, there would appear to be 

the potential for a major breakdown of society, as we know it. To be honest, it not clear, how this 

conflict will or can be avoided, only that there will be winners and losers. 

 

5.1.6 Homo Machinus   

 

Catalyst for Change: Cyborg, AR 

 

It was suggested that the initial impetus for Homo Hybridus was biomechanical replacement of 

damaged or defective human anatomy. However, one of the earlier predictions suggested that 98% of 

the human body could be replaceable by 2030. While some of these timeframe claims can be 

challenged, what is clear is that there is considerable potential to change the human anatomy. While 

today, the term ‘cyborg’ may conjure up negative images from science fiction, the eventual reality may 

be, at least visually, quite different. Again, over time, increasingly exotic enhancements may become 

accepted. However, the side effect of this process is that many human characteristics could start to be 

lost. Ultimately, the biological body could become redundant and the sentient mind preserved as a 

central intelligence controlling hundreds of potential drone-like extensions. Today, it may be difficult 

for many not to recoil from such a vision of the future, however this may be because our views about 

the world are based on our perceptions of reality linked to a physical world. However, in the future, it 

may be possible not only to re-structure our entire anatomy, but also to live our lives in both physical 

and artificial realities.  

 

Let us attempt to put this world into some context, where Homo Machinus has developed the 

technology for deep space exploration, allowing the physical solar system and neighbouring star 

systems to be explored and mined for mineral resources. While much of this operation is carried out 

by intelligent systems, some aspects still need Homo Machinus to be collocated within a mothership 

in space. In order to survive the rigours of a life in space, while also minimising the cost and resources 

to maintain their on-board life-support, Homo Machinus has adapted itself by replacing much its 

original biological anatomy. In this form, Homo Machinus has an extended life expectancy of some 

300 years based on its core biological brain cells and can survive extended periods of high ‘G’ 

acceleration. However, while Homo Machinus lives and works in this sparse physical reality, it also 

lives and enjoys much of its leisure time in a far richer artificial reality. Over time, the brain-computer 

interface has also evolved to provide direct stimulus of all primary sensory systems. As such, what 

Homo Machinus sees, hears, tastes, smells and touches in an artificial reality (AR) could be as real, in 
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all practical terms, as what we perceive in our current physical reality. However, in AR, there is no 

requirement for physical resources and therefore leisure pursuits are limited only by their imagination 

and the computer systems to generate the AR simulations. 

 

5.1.7 Homo Primus 

 

Catalyst for Change: AI, AR 

 

So, over time, the DNA blueprint of Homo Sapien is continuously subjected to upgrade. Even the 

apparent complexities of the trillions of neuron connections in the human brain are emulated. And so, 

AI in the form of Homo Primus finally emerges, not through some freak lighting strike, but through the 

total upgrade of the original Homo Sapien blueprint. While, from our current perspective, we may 

consider Homo Primus as technology similar to a computer, this technology could be as far removed 

from today’s computers, as Homo Primus will be from Homo Sapien. Further into the future, sentience 

and intelligence of multiple minds could merge together due to the near telepathic communication 

between them. Having finally broken completely free of Darwinian evolution, the rate of intellectual 

development could be phenomenal, as could life expectancy. 

 

To some extent, the most difficult transitions in this evolutionary paradigm may be in its earlier stages. 

The major transition being from Homo Optimus to Homo Cyberneticus because not only is it the point 

where humanity starts to shed its biological persona, but computers in the form of intelligent systems 

are obsolescing many key professions. After this threshold is crossed, the new sub-species start to 

live their lives on multiple levels of reality, i.e. physical plus multiple artificial realities. It is probable 

that Homo Hybridus and Homo Machinus will be just intermediary stages in which the final complexity 

of our biological blueprint is re-engineered to complete Homo Primus.  
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5.2 Timeframes 

 

5.2.1 Technical Perspective 

 

In case we forget, it is in the nature of paradigms that they are, at best, only ever partially correct. 

Subsequent research and knowledge combined with other insights always eventually overturns an 

earlier model. Equally, the evolutionary paradigm under discussion is not to be taken too seriously, as 

it is only intended to act as a framework. Therefore, the following diagram is only an illustration of the 

salient stages discussed in respect to providing some estimate of the timeframe in which these 

evolutions might take place. 

 

 

Figure 11: Artificial Evolutionary Tree 

 

Each of the numbered circles corresponds to a branch in the evolutionary tree. The lettered squares 

indicate key technology(s) triggering or associated with the next evolutionary stage. The time axis is 

shown across the page with technology advances listed down the page. The thick grey line 

represents one path where AI (Homo Primus) is achieved as a hybrid evolution based on human 
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biological systems. However, there is also a second path, shown as a grey dotted line, where AI is 

achieved directly through technology. 

 

Homo Sapien represents the 100,000 years during which the brain has remained effectively 

unchanged. Homo Computerus has augmented Homo Sapien intelligence using computers that 

indirectly provide the massive increase in present day information processing, distribution and storage 

capacity. At stage 2, the tree splits into two distinct branches represented by Homo Optimus and 

Homo Cyberneticus. It can be seen that these stages are dependent on a number of critical 

technology developments that are projected to come about in the next 100 years: 

 

o Intelligent Systems 

o DNA & Brain Mapping 

o Robotics 

o Brain-Computer Interface 

 

Homo Optimus represents the main evolutionary branch for biologically based humanity. As such, 

many sections of global society may see this as the preferred path, which may therefore endure far 

into the future. However, progress may be tied to changes being accepted over many successive 

generations and in comparison to Homo Cyberneticus, evolutionary progress may appear relatively 

slow. The evolution towards Homo Cyberneticus is predicated on the development of a brain-

computer interface, which may prove to be a very difficult technical milestone, however it is likely that 

partial solutions could start to appear quite quickly in the area of medical research. There is also the 

possibility that research in this area could be well funded by the military. Even for those willing to 

accept augmentation of their minds, many may prefer to retain their biological form. Therefore, Homo 

Cyberneticus could also evolve into the future as separate sub-species. 

 

The continued and synchronised development of intelligent systems and the brain-computer interface, 

in conjunction with robotics, will underpin the augmentation of human anatomy in Homo Hybridus and 

lay the foundations for further developments: 

 

o Cyborgnetics  

o Artificial Reality 

 

However, these technologies will require advances across a broad spectrum of disciplines and it is 

expected to take another 100-150 years to bring these technologies to any sort of maturity, even 

assuming accelerated development capabilities in all fields. Homo Machinus is the next evolutionary 

step toward AI and by this stage; the brain may be the only major biological component of Homo 

Sapien remaining.  
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One has to assume by this stage that technology is accelerating at a rate that may be difficult for us to 

comprehend. Even so, the final step to AI, that provides the evolution to Homo Primus, may still take 

several hundred years. At this point, it may have been noted that there appears to have been little 

discussion of the alternative technology path to Homo Primus. Although the complexity of the 

technology developments appears to be essentially the same, it is believed that the hybrid path may 

be the preferred route for the following reasons: 

 

o It may be impossible to stop intermediate use of the technology for human augmentation prior to 

the emergence of any AI life form. 

 

o The process of convergence between humanity and AI may be inherently more stable, if 

essentially intertwined. 

 

The inference of this last point is now expanded in the next section as we try to initially analyse how 

society may view the development of technology that could one day lead to its extinction. 

 

5.2.2 Social Perspective 

 

Irrespective of whether the rate of change of technology implied by many of the predictions can be 

achieved or not, the actual rate of change may still be governed by a social perspective. However, 

there is a question as to whether the perspective of society is actually the cause or effect of change. 

Clearly, if society does not prevent the development of a technology, then that technology may cause 

fundamental changes in a society. As a consequence, the post-change society may have a different 

perspective on a subsequent technology than the pre-change society. We often call this progress. 

With reference back to Figure 11, there are a number of technologies shown as the primary catalyst 

for evolutionary change that would not necessarily be accepted today. However, the perspective of 

our current society is not being asked to make all these future choices, so the question is more about 

what social changes will be required to get from where we are now, to where the technology might 

take us in the future. It has been argued that we have already taken the evolutionary step to Homo 

Computerus and that this change is self-evident and now a historical fact that cannot be changed 

without a major collapse of the current world order.  

 

So what social changes in our societies have accompanied this evolutionary step?   

 

Well, at the beginning of the 20th century, people had only limited access to information; science was 

still looked upon in wonder and amazement by many. Today, we are bombard with information 

through 24-hour news channels and access to almost unlimited commentary via the Internet. 

However, the by-product of this information is that many are now more cynical of their political 

leaderships and just as sceptical as to the benefits that science might bring. Genetically Modified 
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(GM) crops may be an example of the change in social perspective towards science. The evolutionary 

paradigm has suggested that two branches could evolve during the 21st century: 

 

o Homo Optimus 

o Homo Cyberneticus 

 

Although artificial evolution is very, very much faster than natural evolution, change is still not 

instantaneous and new species will not appear over night. In this respect, some initial steps that could 

lead to Homo Optimus have already been taken. Medical science has already given life to plants, 

animals and humans that would not have been born by natural selection. However, we should also 

remember that many of us would not be alive today, if natural selection, through illness, had been 

allowed to run its course without the intervention of medical science. At first, the development of DNA 

technology could be seen as benign in the sense that it seeks only to rectify flaws in DNA that would 

otherwise cause illness. While some sections of society may resist any manipulation of our natural 

blueprint, a broader social perspective may begin to accept this line of research. However, there is a 

fine line between DNA manipulation that could lead to beneficial enhancements of nature’s blueprint 

and the darker side of eugenics that could become a major concern. However, in technical terms, we 

may have the understanding and ability to start to significantly alter our DNA blueprint over the next 2-

3 generations.  

 

So what may affect the social perspective to allow Homo Optimus to evolve?  

 

Well, one aspect that may change the current status quo is the development of today’s computer 

systems into expert systems, with robotic extensions that can carry out many functions that we would 

associate with highly qualified professionals, such as doctors and engineers. If this does come about, 

there could be increased competition for professional careers with very demanding selection criteria 

on each applicant. Survival of the fittest, changes to survival of the smartest and in a world where 

many couples may only plan for 1 or 2 children, they might then consider any new approach that 

helps their children survive in a competitive world. 

 

Alternatively, Homo Cyberneticus may initially circumvent the issue of genetic manipulation by opting 

for increased mental capabilities through a direct brain-computer interface. For this reason, there may 

be less opposition from some sections of society against this approach. Again, medical applications, 

such as restoring mobility to paralysis victims, are based on augmenting the natural connections 

between the  brain and nervous system with an artificial system that includes built-in microprocessors. 

Of course, it may still taken another 50-100 years for this technology to mature to the point where a 

computer system can act as a third lobe to the brain. The basic rationale for Homo Cyberneticus may 

be similar to Homo Optimus, i.e. enhanced capability, but somewhat different in scope. The 

implication is that Homo Optimus changes its DNA blueprint before a child is born, which also has the 

implication that some of this change would be passed on to any future generations. In contrast, Homo 
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Cyberneticus may be a choice that can be taken after birth without directly affecting the DNA of that 

person and so would not be hereditary. However, in practice, the choice may have to be taken quite 

early in life, if the brain is to be allowed to truly adapt to the computer interface while still in the 

process of forming the majority of its neural connections.  

 

Are there both moral and legal issues associated with making any artificial changes to either an 

unborn child or legal minor? 

 

Evolution to-date has been driven by the genetics of the parents and a good deal of random chance. 

At the beginning of the 21st century, we are at a crossroads in the sense that humanity is now 

increasingly capable of directing its own evolution. However, it is not clear that society, let alone 

individuals, are particularly well equipped to make such decisions. Therefore, this capability will raise 

many moral and legal issues, which need to be addressed. However, there are already important 

precedents being made in the area of artificial fertilisation and genetic manipulation to correct known 

hereditary defects, which may affect the life of the unborn child. Equally, parents have the right to 

make many important decisions concerning the health of their children, e.g. blood transfusions and 

immunisations etc. What seems certain is that advances in technology will only expand the scope of 

these choices. In the case of Homo Cyberneticus, there may be perceived benefits in fitting some 

neural implants at a relatively young age. While pure speculation at this stage, the development of 

nano-technology may eventually put this process on the same level as an immunisation injection. 

Equally, if the process is reversible in the sense that future generations are not affected, then society 

may be more passive to this sort of adaptation.  However, if the technological seeds of change are 

already sown, as has been suggested for both Homo Optimus and Homo Cyberneticus, then maybe, 

in these cases, social perspective is little more than a process of market acceptance. Either these 

changes are perceived to impart benefits to society or not. However, this view is probably too 

simplistic, as history is littered with moral injustices that were quite beneficial to some sections of 

society, while abhorrent to others. 

 

So far, we have discussed the social perspective to evolutionary change that does not necessarily 

change the outward appearance of an individual. However, as we move into the future, this would not 

be the case for either Homo Hybridus or Homo Machinus. These evolutionary steps might appear 

extreme to present day society, but how would Victorian society in 1890 have viewed punk rock 

society in 1990? Yes, it is accepted that the scope of evolutionary change being discussed is very 

different from a cult fashion, but it does reflect how some sections of society can change its attitude to 

appearance in just 100 years. However, a more fundamental issue that may force social perspective 

to change is survival. We have already indicated that many disabled people may forego aspects of 

their physical appearance in order to re-gain their mobility and self-sufficiency and, in so doing, 

improve the quality of their lives. In future, the quality of life on Earth for many may come under threat 

either through natural or man-made disasters. So, for practical reasons and the desire to explore the 

universe, future generations may continue to develop the ability to not only travel, but also live in 
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space. However, the conditions for life outside the confines of planet Earth are extremely hostile and 

long-term survival in our current biological form may be viewed as too precarious to risk exposure on 

a day-to-day basis.   

 

An even more radical catalyst for change may be artificial reality (AR). Many of us have had the 

experience of getting ‘lost’ in a novel. Some of us may even have experienced video games with 

virtual reality interfaces that have fooled our senses into believing we were immersed in another 

world.  However, in comparison, AR could offer total immersion of all senses into a new reality and 

this technology could be available to any evolutionary sub-specie equipped with a brain-computer 

interface. So, having crossed this technology threshold, appearance in the physical universe may be 

driven more by the need to survive, have extended life expectancy and greater range of physical 

capabilities. Other aspects of our lives and society, such as fun and pleasure, are transferred into AR.  

 

5.2.3 Summary 

 

As already stated, from our current perspective, many people may view the AI paradigm presented as 

possibly both unpalatable and even an unacceptable vision of the future. If so, then the following 

table, giving some estimate of the probability of each step occurring, may be even more worrying. 

 

Step Evolution % Comment 

1 Homo Sapiens 100% Simply a question of survival 

2 Homo Computerus 90% Essentially there already  

3 Homo Optimus 70% In part, already started 

4 Homo Cyberneticus 50% Early experiments beginning 

5 Homo Hybridus 40% Step 4 plus prosthetics 

6 Homo Machinus 30% Natural progression of 5 

7 Homo Primus 10% Still a big unknown step 

 

Table 4: Probabilities of AI Evolution 

 

The brief comments in Table-4 are expanded as follows:  

 

o Steps 1 & 2 are essentially the current status quo, although Homo Computerus is not necessarily 

accepted as a separate sub-species.  

 

o Steps 3 & 4 have already begun in terms of medical research, although the present focus is 

primarily on disease and disability. However, advances under this more acceptable guise could 

lead to more radical spinout applications, in the same way as cosmetic surgery has evolved out of 



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 64 ©Copyright 2004  

corrective face surgery.  The main debate simply being how far will humanity go towards the 

description given in this paradigm? 

 

o Step 5 is essentially an extension of step 4 with the additional acceptance of prosthetic 

replacements or extensions to the human physiology. Again, this could start off in a low-key 

manner in which internal organs are replaced that have little obvious impact on personal 

appearance, although these augmentations do start to dramatically increase life expectancy. 

 

o Step 6 is the natural evolution of step 5. As suggested by the paradigm, this type of evolution may 

be primarily motivated by survival in environments that would be either very hostile or fatal to 

normal human physiology.  If other benefits were perceived, then acceptance could become more 

wide spread. 

 

o Step 7 is a low probability because the human brain is still the only working model that is known 

to produce sentient intelligence and the truth is that we do not have much idea how it works. 

Therefore, until we better understand human consciousness and the functions of the brain, the 

probability of sentient AI may remain low, but not necessarily impossible. 

 

The adverse reaction of some people to a future, as described by the paradigm, may be based on the 

innate instinct of all species to fight for survival and see their offspring flourish. On this point, our 

future evolution can still be described as promising, although it ends up being very different from what 

we currently understand as humanity. However, AI could still be described as our intellectual 

offspring, rather than our biological offspring.  

 

The question we therefore have to answer is ‘does this really matter?16 

 

                                                 

16 2013: On first reading, it is suspected that most people may reject the hybrid AI paradigm, at least, within their own 

lifetime. However, the future may put many unforeseen pressures on humanity to adapt to a changing world, hence this 
footnote comment. In today’s world, 29,000 children under the age of five die every day from causes that are mainly 
preventable. Equally, many of the 11 million child deaths every year could be prevented given access to modern medical 
treatment. So despite the veneer of civilisation that we in the developed countries would like to view the world, it would 
seem that the idea of the ‘survival of the fittest’ still persists within the world at large. Reviewing the last 10 years of world 
events, e.g. wars, religious divides, global warming plus ever-increasing resource demands due to population growth, 
suggests that this situation is unlikely to change at any time in the near future. So while wishing for a better world, future 
generations may simply be forced down the path of profound ‘evolutionary change’ or face extinction, as so many species 
of the past that failed to ‘adapt’ fast enough. Of course, this does not mean that there could not be many potential 
unforeseen consequences in the pursuit of the ‘hybrid’ path, which is now the subject of the next section.  
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6 CURIOSITY AND CONSEQUENCES 

Legend has it that Pandora was so seized by curiosity that she opened a box, sent from the Gods, 

allowing all the evil within it to escape. However, on a note of optimism, Pandora is also said to have 

opened the box a second time and, in so doing, allowed Hope to escape.  

 

 

Figure 12: Curiosity and Consequences 

 

In today’s world, Pandora is often cast in the role of a scientist who, we fear, will in curiosity unleash a 

technology with disastrous and unforeseen consequences. While the moral of the story appears to be 

relatively straightforward, in practice, there is no easy solution to Pandora’s curiosity, as implied by 

the following options: 

 

o Suffer the consequences – not acceptable 

o Outlaw curiosity – not reasonable 

o Rely on Hope – not sensible 

o Consider the consequences – not easy  

 

History has shown us that scientific paradigm shifts have often faced powerful theological opposition 

from religious bodies that effectively acted as part of the political and social establishment. However, 

with the ‘help’ of free enterprise, the balance of power between religious establishments and scientific 

institutions has shifted throughout 20th century, leaving many concerned about how moral and ethical 

guidelines can be imposed in the future.  
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Prior to the 20th century, the immediate consequence of scientific and industrial developments was 

relatively localised. However, as we start the 21st century, our scientific curiosity now has the potential 

to destroy both our global environment and economy. Without the desire to more fully analyse the 

impact of our developing technology, the consequences of our curiosity will be hidden behind 

arguments such as ‘we can’t turn back the clock’ or ‘if we don’t, they will’ or worst still, simply get 

corrupted by short-term political machinations. So, given the technical nature of any AI paradigm shift, 

the responsibility for leading the AI debate, and its undoubted social consequence, needs to be taken 

up by the scientific community. Therefore, in the spirit of open debate, this section will consider some 

of the implications in three areas: 

 

o Philosophy 

Putting aside whether AI, which is both intelligent and sentient, is possible for one moment, what 

would be the moral, ethical and philosophical issues associated with its creation?  

 

o Society 

If it is decided that the development of AI is morally acceptable, what will be the consequence of 

developing AI on society? 

 

o Technology 

Finally, if the goal of AI is both morally and socially acceptable, what technologies will be the key 

catalysts that drive its development?  

 

To be clear on one point before starting this discussion, moral and social norms will also evolve in 

parallel to any technical developments. Therefore, what may or may not be acceptable today may not 

be the case in the future. 
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6.1 Philosophy 

 

Getting straight to the point, it seems inconceivable that sentient AI could be considered just as a 

technology, therefore what would be our moral justification for its development?  

 

While the realisation of AI in this form may still be hundreds of years away, or eventually be proved to 

be technically impossible, this issue must be discussed as a matter of philosophical priority. In today’s 

world, technology is often marketed as being ‘neat & cool’’ to generate the desire to buy the latest 

gizmo, irrespective of whether we really need it. Not surprisingly, the next generation of questioning 

minds, as with the previous, will see AI as an almost irresistible technical challenge. As with Pandora, 

we are drawn by curiosity, which appears to be such a powerful, and possibly essential, human trait 

that any attempt to limit it would be futile.  

 

So are we always destined to make Pandora’s mistake?  

 

Well possibly not, because although Pandora’s curiosity was driven by a desire to know, it was also 

done in ignorance. Therefore, it may be possible for humanity to satisfy its desire to understand, but 

avoid the worst of any unforeseen consequences created by ignorance. However, considering the 

consequence is easier said than done for some of the following reasons: 

 

o Indifference 

o Lack of control 

o Complexity 

o Avarice  

 

Philosophically, we have to accept that these traits are part of the current human condition. Whether 

this will always be the case remains to be seen, as the process of evolution may yet play a part. It is 

believed that AI will not just appear, but instead, will be a complex process of evolution intertwined 

with humanity. 
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6.1.1 Evolving New Life  

 

There is potential to enhance Homo Sapiens using both genetic manipulation and a direct brain-

computer interface to produce a hybrid AI species. While hybrid AI could retain the essence of a 

human biological brain it would be a significant step towards the subsequent development of true 

artificial intelligence (AI). In-line with AI developments, artificial reality (AR) may also evolve to 

become an extension to the reality in which hybrid AI could effectively live the greater part of its life.   

 

So what would be the consequences of these developments? 

 

Well, one of the most profound consequences of AI would be the need to develop a new definition of 

‘life’ that may challenge our existing concepts and strain society to breaking point. 

 

6.1.2 So what is Life? 

 

Traditionally, a definition of life included characteristics such as reproduction and biological 

metabolism. In the future, such a definition may be too narrow, not only for the universe at large, but 

even here on Earth. Within the general concept of hybrid AI, it has been assumed that some aspect of 

the biological metabolism is retained based on the human brain. However, the concept of the human 

mind being copied into a computer as a complex pattern of neurons is already being conceived. In 

this case, no biological metabolism would be associated with this entity, which may be reproduced in 

a way more analogous to a computer file copy. As such, this computer-based life form might be AI 

sentient. 

 

Whether the sentience of the human mind is simply the result of the working complexity of the some 

1014 neurons within the brain or a spiritual soul is still an open debate. However, it is assumed that 

given the current rate of growth in computer technology, it may be possible to emulate the complexity 

of the brain within the next century or so. By this time, AI may give every appearance of sentience, as 

required by Alan Turing’s criteria17, and AR could develop to be indistinguishable from physical reality. 

 

6.1.3 Why the Transition to AI? 

 

Homo Sapiens have now reached a technology position where future developments could start to 

radically change the normal evolutionary mechanism: 

 

o Mankind has learnt the fundamental concepts of evolution allowing the manipulation of its own 

genome.  

 

                                                 

17 The Turing Test is explained in more detail later in the book and can be cross-referenced via the index. 
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o Mankind has begun to conceive of artificial life systems that may eventually supplant carbon-

based life with silicon life forms.  

 

Such developments could change natural evolution from a process normally measured in millions of 

years to an accelerated process in which fundamental changes may occur within a single decade. 

There may be many rational reasons as to why Homo Sapiens might take this path: 

 

o The desire to improve or evolve is built into our DNA survival instincts. 

 

o Many people no longer accept the notion of immortality of a soul. Therefore, the death of the brain 

signals the termination of sentience and existence. 

 

o Mankind perceives the limitations of its life span and intelligence in terms of its ability to 

understand the purpose of the universe and its own existence. 

 

These reasons are presented as profound philosophical choices on which mankind will have to 

decide. However, this choice may not be a rational process, but more akin to a path steam-rolled by 

technology advances that nobody is really controlling.  

 

6.1.4 How will AI sentience be treated? 

 

As an evolutionary process, it may be easier for human society to accept hybrid AI sentience that is 

still linked to humanity via its biological mind, albeit potentially enhanced with non-biological 

peripherals, i.e. cyborg robotics. However, the step to full AI based on a copy of a human neuron 

brain pattern could be more difficult, as it would then only be a small step to create an entirely new 

neuron mind map.  

 

If, to all extent and purpose, an AI entity appeared as self-aware and sentient as a human being, 

would it be morally necessary to confer on it the same rights in law as a human sentient being?  

 

One would hope our moral conscious would take the right decision on this issue. However, from 

another perspective, hybrid AI could quickly become more superior in intelligence and therefore may 

not be interested in Homo Sapien laws or perceptions. So the more pertinent question might be: 

 

How will AI treat Homo Sapiens? 
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6.1.5 The Issue of Personal Identity 

 

If it is possible to make a copy of a person so that there are now two, where previously there was only 

one, then a number of key philosophical (and legal) questions would arise, e.g. 

  

Is the copy a real person, equal to the original? 

Is the copy a new sentient entity, different from the original? 

 

Before jumping to an immediate conclusion, it is worth thinking about the 2 basic options in a broader 

context. As a person ages from baby to old age, changes occur in their identity and memories due to 

differences in neuron connectivity within the brain that involves the replacement of every cell within 

their physical body. So the identification of a person based on a continuity of its physical metabolism 

and sentient memories from cradle to grave is already somewhat of a false perception. 

 

However, as in cloning, AI may have to accept that each subsequent copy of a copy could become 

progressively different from the original. So while it might be virtually impossible to distinguish the first 

copy from the original via its sentient identity, option-2 may have to prevail, especially in law. 

 

6.1.6 Should Duplication Be Permitted? 

 

As alluded to in the previous section, duplication may be physical, as in the case of cloning, or 

metaphysical as in the case of AI replication of your mind’s neuron connectivity. Even if physical and 

metaphysical duplication was near prefect, it has been argued that the copy should be classed as a 

separate and different person, although in practical terms, nobody may be able to tell the difference. 

In fact, even the ‘copy’ might not know it was a copy. Clearly, there would be some ethical concerns 

surrounding duplication, for example:  

 

Is there a subtle, but important difference between duplication and replacement, as in the case of 

somebody dying?  

 

Would somebody be allowed to make an AI backup of all his or her memories in case of brain 

damage at a later date?  

 

It has been argued that an AI copy should be considered as a new sentient person with independent 

rights in law. Therefore, creating a sentient being as a living duplicate that might be unable to come to 

terms with the purpose of its existence may be considered an act of mental cruelty against that new 

entity and therefore illegal without the appropriate safe guards. However, this would not necessarily 

preclude this activity from taking place. 
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6.1.7 Summary 

 

The previous section has attempted to outline some of the key areas of general philosophical debate. 

However, it is suggested that the main issues are really to do with the moral and ethical dilemmas 

associated with creating AI. To summarise this point: 

 

While it is possibly still too early to say whether AI may one-day become fully sentient, if it were, 

should and could we explain why, and for what purpose, we had created a new life form? 

 

We do need to answer this question; not only for ourselves, but also for the AI entities we might one-

day create. Of course, we can hardly give AI an absolute answer to the questions about life, the 

universe and everything, when we still seek such answers ourselves. However, there are practical 

issues of social acceptance and civil rights, if AI is to become integrated into human society. Of 

course, one consequence of our curiosity may be that we might end up creating our own evolutionary 

replacement as the dominant, intelligent life form on planet Earth. If this were the case, the more 

practical question might be:  

 

How would we integrate into AI society? 

 

So, on this point, the next section will start to consider the consequences on society, based on the 

paradigm shifts described. 
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6.2 Society 

 

To say that society will change as a result of AI may be the understatement of all time, but in itself, 

change cannot be used as a reason to block AI development. In reality, all developments cause 

change, much of which is unwelcomed at the time, but eventually can become accepted as the new 

norm. It is probably true to say that most people born just 100 years ago would feel both out-of-time 

and out-of-place in a modern urban city. The fact is that social norms are constantly changing and 

people have to adapt in order to prosper, if not survive. 

 

So what is the basic function and purpose of society? 

 

Evolutionary evidence would suggest that human societies evolved to meet the physiological needs to 

hunt for food in hunter-gatherer groups, which in turn provided some greater degree of safety. As 

humanity evolved, the sophistication of society and its institutions have also evolved, e.g. 

 

o State – Legislature and Judiciary 

o Military – Armed Forces 

o Beliefs – Churches 

o Jobs – Economy 

o Social – Clubs 

 

Over time, society has grown to encompass nationhood, which in-turn has provided people with an 

extended identity and a sense of belonging. In fact, it could be argued that the structures of present-

day society go far beyond survival needs and have become the new reality in which we live our lives.   

 

The question is whether this form of society would really mean anything to AI? 

 

Of course, the answer to this question might depend on the nature of AI being considered. Therefore, 

we will use the paradigm, outlined in Chapter 5, in which there was a transition to AI through various 

intermediary stages that we are collectively calling hybrid AI: 

 

o Homo Sapiens: Original humanity 

o Homo Computerus: Human, plus computers 

o Homo Optimus: Human, genetically modified. 

o Homo Cyberneticus: Human, with direct computer interface 

o Homo Hybridus: Human, with prosthetic enhancements 

o Homo Machinus: Cyborg, human brain with prosthetic anatomy 

o Homo Primus: AI, new sentient life. 
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Even with such a transition, the impact on human society will still be profound, but may allow more 

time for social change to be accepted. Equally, the scope of change from one stage to the next will 

not appear so radical to the previous, at least in contrast to a direct evolution from Homo Sapien to AI. 

Based on the paradigm model introduced, artificial reality (AR) could also become an increasingly 

important part of the fabric of society as evolution progresses towards full AI. As such, there might be 

a number of aspects relating to AR, that hybrid AI may view differently, e.g. 

 

o Hybrid AI could choose to live partly or solely in AR. 

 

o Living in AR would not necessarily mean isolation from physical reality (PR), especially if 

interactions with people in PR are maintained in a manner analogous to a videophone 

conversation. 

 

o However, AR might be perceived as a major step towards AI, especially when the original 

intelligence of the biological brain is enhanced with AI peripherals, as in the case of Homo 

Cyberneticus. This aspect could also raise legal issues as to whether an AI enhanced person was 

effectively a new or different sentient being. 

 

Of course, there are other aspects to hybrid AI that could dramatically affect their relationship with the 

rest of PR society. As mentioned earlier, hybrid AI could have the opportunity to increase its 

intelligence via the accelerated evolution of technology rather than via natural Darwinian evolution. To 

put this into perspective, the processing power of the brain has changed little in the last 100,000 

years, whilst computers continue to effectively double their processing power every 18 months. 

Therefore, 50 years of computers doubling in capacity every 18 months would make them 4 billion 

times as powerful in comparison to today’s processors. As such, there is a real chance that hybrid AI 

might, at best, only tolerate human society. In much the same way as Homo Sapiens branched off 

from Neanderthals, hybrid AI could create its own society and laws. In such a scenario, Homo 

Sapiens would either be allowed to live their own limited lives or decline into extinction. 

 

6.2.1 The Catalyst for Change 

 

Within the scope of our AI paradigm, how might hybrid and full AI interact with the institutions of 

mainstream society?  

 

o State:  

The legislature and judiciary represent the values of a society. The relevance of these bodies to 

AI may ultimately depend on the amount of integration between human & AI society. However, it 

is entirely possible that AI could still hold allegiance to the principles of these institutions. The 

main test would be whether the principles of society were considered fair and consistent towards 
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AI. If not, the consequences may be fairly obvious, at least, within the perspective of past human 

history. 

 

o Military:  

It is clear that the military will be very interested in AI, but probably as a technology that does 

what it is told rather than an independent, sentient intelligence. Therefore, it may only be the 

humanity within hybrid AI that would retain any allegiance to the principles of a state’s military 

institutions. However, this conclusion may be premature, as the concept of military institutions 

may be considered necessary to any intelligent life. The development of full AI would not 

necessarily change the fact that the universe can be a dangerous place. Also, it is probably true 

to say that changes in the state would also be reflected in the military. Of course, under a military 

dictatorship this knock-on effect still works, only in the opposite direction. 

 

o Beliefs:  

Potentially, it may be difficult for many of today’s mainstream theologies to accept AI. This does 

not discount that AI might wish to establish its own belief systems in order to answer its own 

questions about existence. There is also the major issue of whether the existence of AI life itself 

would question the very nature of human life? As illustrated in the section covering historical 

paradigms, advances in physics appear to have pushed humanity from centre stage to a 

peripheral position within the material universe.  

 

Would the creation of artificial life start to cause major paradigm shifts in theology? 

 

o Jobs:  

Even before sentient AI in any form exists, more intelligent expert or weak AI systems18 will be 

capable of doing many manual and professional jobs currently only undertaken by humans. 

Therefore, this is an area of potential conflict, but in a Catch-22 way, it may also be one of the 

primary catalysts for humanity going down the road of hybrid AI. In reality, human society may 

well have to adapt to this change long before full AI appears. 

 

o Social:  

If hybrid AI is considered a race apart from humanity, in terms of its role within the key institutions 

of society, then social interaction may be just as difficult. This lack of social interaction might be 

compounded by the inability of mainstream humanity to interact and communicate ideas 

effectively via AR. Again; history would suggest that when there is little interaction or common 

interests between societies, they become increasingly alienated. Such situations are never good. 

 

                                                 

18 The concept of  ‘Weak AI’ is explained later in the book. See index. 
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If hybrid AI becomes a race apart, they might also be considered ‘illegal aliens’ in the sense that they 

would have no implicit rights in law. However, it is possible that the evolutionary nature of the 

paradigm described may afford hybrid AI time to leverage a position of power and influence in society, 

prior to full AI, which may then give them the ability to moderate opinion.  In practise, the state does 

not always reflect the moral standards we wish to project as individuals and may work covertly to gain 

advantages, both at home and abroad. In many cases, the state may seek to form public opinion and 

assess the security risks to the status quo of their society. Therefore, as such, hybrid AI may even be 

forwarded as a benefit to society. 

 

What other implications are there to society?  

 

Obviously, it is possible to envisage any number of AI scenarios that will cause major social change. 

However, it is possibly worth some further consideration of the consequence associated with artificial 

reality (AR). For example, in some areas, the state may actually require or force people to enter AR:   

 

o Dangerous or perverted criminals could be sentenced to long-term imprisonment within AR to 

protect the rest of society.  

 

o AR might prove to be a cost-effective treatment for many chronic medical conditions in which the 

quality of life of the patient could be dramatically improved. 

 

On this last point, one consequence of AR might be that healthy people may also start to choose to 

enter AR, in order, to escape the harsh realities of latter-day society and the physical universe. In this 

context, AR could offer an almost endless choice of life styles to millions of people with little demand 

on limited physical resources. 

 

6.2.2 Population & Demographics 

 

At the beginning of the 21st century, the world population is increasing towards 6 billion, as reflected in 

Figure 13. This chart also shows the projected forecast of the world’s population for the years 1950 to 

2250. While this chart still shows the world population growing, the global annual increment, i.e. the 

number of people being added to the world’s population each year, is thought to have peaked 

between 1985 and 1990 at about 87 million per year. Estimates for 1990-95 were 81 million. The 

populations of most developed countries are now stabilising, as also reflected in Figure 13 by the 

almost flat projected population growth for the USA. Many developing countries have not yet achieved 

this goal, but demographic experts believe the shift from high to low birth rates, and from low to high 

life expectancy can be brought about by the continued global modernization of societies. 
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Figure 13: World Population Forecast 

 

Figure 14 illustrates this phenomenon by showing the relatively low growth rates that have already 

been achieved in Europe, while Latin America is following a similar trend, albeit from a higher rate, as 

the structure of its society continues its modernisation. 

 

Figure 14: World Population Growth 

 



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 77 ©Copyright 2004  

There are obvious benefits in stabilising the world population, in the region of 10-15 billion, which 

technological advances in agriculture could be reasonably expected to support by the 22nd century.19 

However, there is still concern expressed over what all these people would do to support themselves. 

In part, the disparity between developed and developing countries may be initially helped by the re-

distribution of some manufacturing and service jobs to countries with lower salaries. However, 

advances in robotics and intelligent expert systems may offset this trend, as we move into the 21st 

century. Of course, if these intelligent systems ultimately become capable of doing a high percentage 

of ‘blue’ and ‘white’ collar jobs, social problems in employment could grow in all countries.  

 

So what happens if AI based technology essentially makes billions of people redundant; what will be 

their function in society? 

 

History shows that the promise of more leisure time has failed to materialise as a result of advances in 

computer technology, unless we class unemployment as leisure. At present, most industrialised 

economies appear to have no concept of zero growth as a goal; in fact, it would probably be 

worryingly described as stagnation. The only real solution to this situation may be a reduction in the 

population in-line with the ability of a society or country to support itself. As such, current economic 

strategies may have to be radically revised. However, in the same timeframe that we are discussing, 

advances in medical science may actually be able to offer the possibility of a significant increase in life 

expectancy. If so, we could see an even more significant shift in the age demographics of society.  

 

So would hybrid AI affect this situation? 

 

Although it is not possible today, the development of AI and AR based technology may conceivably 

allow people to transfer all or part of their existence into AR. In part, advances in space exploration 

and colonisation may accelerate this requirement, but we will address this aspect in more detail when 

we discuss technology in the next section. So for now, we will simply introduce the idea that living an 

extended life in AR, which can offer almost any life style imaginable with minimal use of physical 

resources may become increasingly attractive. Of course, should such technology become available 

and accepted, its impact could completely reshape society, at least, as it is understood today. While it 

may appear cold and analytical, the development of the AI paradigm does not depend on peace and 

harmony in the world. In fact, conflict has often led to increased investment in technology in order that 

                                                 

19 2013: On further reflection, it might be argued that the actual global population is not the key problem, but rather the 

resources demanded per person. For example, a person in the USA can consume 50 times the resources of a person in the 
poorest country. If everybody aspires to  the resource consumption of the USA, then the use of resources on a global basis 
would exceed any growth in the global population by orders of magnitude. If so, the options, as outlined below, might be 
discussed, although the probability of the rich nations accepting option-1 appears highly unlikely:  
 
1) get the richest nations to reduce their standard of living. 
2) tell the poorest nation not to aspire to a higher standard of living, 
3) reduce the global population to a sustainable level.  
4) assume that the principle of the ‘survival of the fittest’ will simply continue. 
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the developed countries may maintain their ‘way of life’. So providing society does not completely 

collapse due to widespread anarchy causing the destabilisation of investment via financial institutions, 

then there may be little slow down in advanced research, which may one-day underpin the AI 

developments described. 

 

6.2.3 Understanding The Consequences  

 

It is obviously impossible to envisage every conceivable consequence of the paradigm shifts being 

discussed, now or in the future. However, more open discussion and debate of these issues will 

hopefully go some way to reducing the probability of opening Pandora’s Box in ignorance. Therefore, 

this section will simply outline some other possibilities for further debate: 

 

o While the development of hybrid AI may increase the world’s population of sentient minds, the 

number of Homo Sapiens could reduce, thereby reducing the ecological demands on the Earth. 

 

o Adapted sentient life in AR could be physically located in many environments currently unsuitable 

for biological life. However, a non-biological, AI sentient life form could adapt to even more 

extreme environments such as on the surface of the moon or in unpressurized orbiting habitats. 

 

o On a metaphysical level, AR could be infinitely larger on the inside than on the outside. For 

example, an orbiting computer, a few hundred metres across could house billions of AI sentient 

minds living in multiple, diverse societies.  

 

o As such, sentient minds in AR could experience anything without the use of physical resources, 

other than energy to run the AR system itself. This energy could quite easily be derived from solar 

power, especially if located in an orbiting satellite. 

 

o There is a danger that AR sentient beings might not care so much for the physical environment. 

Although, such beings might simply allow nature to reclaim the physical environment. It can only 

be hoped that any intelligent beings would still wish the physical universe to be respected.  

 

o While Homo Sapiens would have limited interfaces to AR, this would not mean that they would be 

totally excluded from some aspects of the AR experience. Extrapolating today’s VR technology in 

connection with advances in Internet and wireless technology could lead to a situation in which 

every sentient being on the planet could communicate. The addition of VR/AR would add the 

sensation of 3-D visualisation to global communication. 

 

o AR developments could have a profound impact on the need to travel, at least for business.  
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o The economy on which a society operates in AR may require links to its equivalents in PR. 

However, there may be many new economic developments in AR. 

 

According to the AI paradigm presented, evolution proceeds through four stages of Human-AI 

hybrids. However, before making any more assumptions, let us take a little time to reflect on the 

principles by which we are trying to draw our conclusions. All too often, the predictions of our future 

can be overwhelmed by naïve technical optimism in which everything becomes bigger, faster, better, 

but society remain essentially unchanged. For example, it was not so long ago that futurologists were 

predicting that the man of the house would be going to work by helicopter, talking to his wife and 2.4 

children at home via the videophone, while a humanoid robot did all the housework leaving the 

parents free to arrange their next vacation to the Moon. 

 

So why did this type of prediction not come true? 

 

It is important to reflect on this question, as we could be about to make the same mistake. Predictions 

fail because they ignore limits on material resources and economic costs, they do not foresee the 

changes in social structures or the possibility of technical progress redefining the original requirement. 

With hindsight, we can see that helicopters are too expensive, the traditional family unit is changing 

beyond recognition, the wife has become a partner who works rather than sits at home and it is more 

cost-effective to build automation into household appliances rather than build a humanoid robot to 

operate them.   

 

Evolution is no longer taking place in the confines of nature. We, humanity, are already living in a form 

of virtual reality, in a society whose structures comprise of social, political, and business institutions. 

These structures are the fabric of the world we now live in, but which is now having to face up to all 

manner of unforeseen problems: 

 

o Better food production and lower child mortality has led to population explosions, especially in 

some under-developed countries. 

 

o A rapid increase in populations has caused knock-on problems with pollution and other forms of 

environmental deterioration.  

 

o Industrial expansion, essential to maintain wealth, has led to global warming and beneficial 

appliances, such as refrigerators, have indirectly created holes in the ozone. 

 

o The acceleration of change is also producing side effects. People are under greater stress; 

organizations and societies are suffering from information overload.  
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o The evolution of ideas, theories, cultures and ideologies is leading to fragmentation of knowledge, 

society and value systems. 

 

Of course, the list of ‘cause and effect’ examples is almost endless and, at times, it seems that we 

have become trapped within a chaotic system, where the ‘wing beat of a butterfly’ could change our 

future. The reality of the 21st century is that human society has evolved to become a vast array of 

disparate communities and organisations that communicate and control information, essential to our 

lives, but appear to lack the science to understand and control the growing complexity. In truth, with a 

population of 6 billion people, it would seem that we do not have the choice to return to a simpler time, 

even if it ever existed. If so, we will have to look for new and more sophisticated solutions to manage 

our society. 

 

6.2.4 Cybernetics 

 

Cybernetics was formalised in 1948 and is a science covering the control and communication in 

animals, men and machines. As such, cybernetics can be considered as a relatively new science, but 

one that crosses the boundaries of many traditional sciences, e.g. physics, chemistry, biology, etc. In 

some ways, cybernetics is the science of how systems organise themselves, especially dynamic 

systems. A system that is both dynamic and organised can be both physical and meta-physical in 

structure. For example, the human brain is a complex organisation of communicating neurons, which 

qualifies it as a physical cybernetic system, but metaphysical systems such as a business corporation 

can also be described as an information processing and control system.  

 

However, in the context of this discussion, the question being raised is whether cybernetics can be 

applied to the organisation of society as a whole? 

 

Ironically, in a world becoming overloaded with information, one of the roots of bad decisions is a lack 

of information. However, this is an issue of quality not quantity, especially if the scope of information 

has to encompass multiple domains of expertise. With the development of AI knowledge systems, one 

strategy could be the use of more sophisticated information and control models. The goal of the 

model would be to reflect the complexity of communicating and controlling information that influences 

decision-making. This framework could also help to highlight the need for new policies and 

technologies required to tackle the fragmentation of knowledge and information overload, whilst 

promoting a more open and accountable society. While possibly contentious, this goal seems 

generally compatible with those of cybernetics, which have been grossly simplified as follows: 

 

o To develop a theory, preferably using a working model, by which the behaviour of that system can 

be simulated. 
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o The theory and model should derive the behaviour of the system in a way that is representative of 

how the original system really works. 

 

Although this is true of many system approaches, cybernetics focuses more on how systems function, 

how actions are controlled and how systems communicate with other systems rather than necessarily 

focussing on its structural architecture. However, structure and function cannot be understood in 

isolation, therefore cybernetics and systems theory should be viewed as two facets of a single 

approach. 

 

But have cybernetic solutions ever been applied in the real world? 

 

Even as far back as the 1970s, cybernetic principles were used to try to help redesign the social 

economy in a few countries. One system was based on eleven levels of recursion ranging from the 

head of state down to villages and enterprises. The system was designed to operate in real-time and 

no management information was to be more than 24 hours out of date at any level and each level was 

to be regulated. The system apparently used statistical theory, so that large amounts of data could not 

only be processed, but presented daily to the appropriate level of management in a useful and 

appropriate format. The system recognised the problem of overloading management with trivia, but 

strove not to allow any level of management to act in isolation or ignorance. However, many of these 

early systems were destined to failure due to political instability, lack of sufficient processing power 

and any real concept of AI automation. 

 

Is the time right to try again? 

 

By themselves, computers and telecommunications have led to an explosion of information without 

necessarily providing an effective means to control it. However, cybernetics in conjunction with a new 

generation of AI systems could dramatically help manage the control of information. AI systems offer 

the potential to automate the collection of information and then intelligently filter and organise that 

information into an appropriate knowledge base. In addition, new ways of presenting and interacting 

with information are emerging in the form of virtual reality, which may facilitate more creativity and 

eliminate many errors. In part, this is not a prediction, but simply an extrapolation of what is already 

happening. 
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6.2.5 Summary 

 

It is clear that the development of the AI paradigm, as described, could eventually change society 

beyond all recognition. However, the fundamental needs that created societies in the first place may 

still remain and therefore society may simply be restructured rather than dismantled.  

 

What is the probability that this change will occur? 

 

While ultimately the transition to full AI is still debatable, it can be argued that some aspects of the 

transition towards hybrid AI have already started. Therefore, in part, Pandora’s Box has already been 

opened and future generations will have to live with the consequence of present-day scientific 

curiosity. It is for this reason that today’s generation must take moral responsibility for its actions. 

Although, from our current perspective, some or possibly all of the changes discussed may be 

worrying, history suggests that people and society can adapt very quickly to even radical change: 

 

o The 19th century saw the continued transition of western society from rural agriculture to urban 

industrialisation. While rural life was never as idyllic as suggested by a Constable painting, the 

contrast of the growing city slums, in which millions of people were forced to live, was stark. The 

moral dilemma is whether we would still accept the consequences of the undoubted suffering that 

millions of people endured in these urban slums, so that we might one day reap the benefits of 

modern society? 

 

o The 20th century continued the pace of profound change, although this time, the changes were 

more driven by technology. In little over 100 years, society had to adapt from gaslight and the 

horse and cart, to one in which aircraft could span the globe and man land on the Moon. At the 

same time, electronics and computers were quietly going about changing the very structure of our 

society. So what was the critical consequence of all these technology benefits? In a word 

‘dependency’. Modern society is now so dependent on technology that if it were to disappear over 

night, it is suspected that millions, if not, billions of people might die through starvation or illness 

now prevented by technology. As a result, we may have already passed the point where we can 

fully control our technology-based future. 

 

After all the profound change of the last two centuries, it might be both surprising, and worrying, that 

change in the 21st century could be even more radical. However, it is predicted that this may indeed 

be the case. Therefore, in the next section, we will take a closer look at some areas of 21st century 

technology that may be the catalyst for more changes that may eventually lead to AI. 
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6.3 Technology 

 

Today, much of the technology that may one-day lead to AI & AR is still in the realm of theoretical 

applied science, because there is not yet the means to produce all the components that would make 

up the system as a whole. While, at this stage, any new AI paradigm is just conjecture, it may appear 

more plausible if submitted to some degree of technical scrutiny. So while many advances will 

undoubtedly occur across all fields of science and technology over the next 50-500 years, five specific 

areas of development have been selected, which it is believed may prove critical to the AI/AR 

paradigm outlined so far: 

 

o Molecular Biology 

o Neurology 

o Computing 

o Military 

o Space 

 

6.3.1 Molecular Biology 

 

James Watson and Francis Crick are associated with the beginnings of modern-day molecular biology 

through their discovery of the structure DeoxyriboNucleic-Acid (DNA) in 1953. Their technique used 

X-ray crystallography to produce a scatter pattern of X-rays after hitting the DNA molecule. 

 

Figure 15: DNA Double-Helix 

 

 

From the scatter patterns, Watson and Crick constructed the detailed atomic structure of DNA that 

eventually led to the discovery of its double-helix nature. Subsequently, molecular biology has 

evolved to a point that the entire human genome was decoded in 2001. As molecular biology 
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continues to map the genome of other organisms, it is predicted that a new era of understanding and 

research will emerge early on in the 21st century20. However, before rushing forward into the brave 

new world of molecular biology, it is worth reflecting on the paradigm shift that must have occurred 

between 1953 and 2001. In 1953, the general public probably considered the achievement of Watson 

and Crick closer to science fiction than science. However, even biologists of the day, aware of the 

complexity of the science, would have been overwhelmed by the task of decoding the sequences of 

the millions of genes that make up human DNA and provide the blueprint of life.  

 

So what changed to make this apparently impossible task achievable in less than 50 years? 

 

The answer in a word is ‘computers’. In the same timeframe, computers have developed from 

mainframe machines to Personalised Digital Assistants (PDAs)21. Today, we can slip a PDA into our 

pocket that has more processing power than the room sized machine from 1950, while still being 

wireless connected to the Internet and the World Wide Web. In the future, molecular biology may 

repay such synergy by providing the basis of a new paradigm by which to construct the next 

generation of AI processors, based on the principles of neuron brain cells; but more of that later. 

 

6.3.1.1 The Human Genome 

 

DNA, as partly illustrated in Figure-15,  forms 23 pairs of chromosomes containing some 100,000 

genes. The nucleic acids making up DNA come in 4 types referred to by letters of the alphabet: A, T, 

C and G. Like rungs on a ladder, these nucleic acids form base pairs along the double helix of DNA, 

with each gene made up of thousands of different base pairs. The following table gives some idea of 

the size of the problem when trying to decode the entire genome:  

 

Table 5: DNA Base Pairs: Examples 

 

Organism Base Pairs  

Virus 10,000 

E.Coli 5,000,000 

Yeast 12,000,000 

Worm 100,000,000 

Human 3,000,000,000 

                                                 

20 2013: In 2010, scientists in the US succeeded in developing the first living cell to be controlled entirely by synthetic DNA. 

The researchers constructed a bacterium's ‘genetic software’ and transplanted it into a host cell. 

21 2013: Today, the acronym (PDA) has been overtaken by ‘smartphones’ that now have more processing power than a 

desktop computer 10 years ago and wireless access to ever-higher broadband speeds. 
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Understandably, sequencing the order of such a large number of base pairs initially seemed 

insurmountable in both time and cost. In the early 1980’s, it would have taken about 1 year to 

sequence 10,000 base pairs, but by 1992 this had fallen to one day. Even so, by 1994, only the 

location of about 5% of the human genes was known. However, with the introduction of computers, 

robotic procedures and neural networks to automate the process, efficiency rose by a factor of 

thousands within a single decade. Equally, the cost per base pair was falling through computer 

automation. Originally the cost of locating a base pair was hundreds of dollars, which has now fallen 

to less than 50 cents. Such incredible technical advancement would seemingly reflect that Homo 

Sapiens are indeed a species set apart from any other on planet Earth. However, the results have 

actually showed a surprising percentage overlap of DNA shared by humans and other life forms as 

indicated in the next table: 

 

Organism % Overlap 

E.Coli 15.00% 

Yeast 30.00% 

Worm 40.00% 

Mouse 75.00% 

Chimpanzee 98.40% 

Another Human 99.90% 

Sibling 99.95% 

 

Table 6: DNA Re-Use 

 

What this table is telling us is that ‘Mother Nature’ is very frugal with her genetic inventions, preferring 

to adapt existing genetic sequences rather than starting with a clean sheet design. It also suggests 

that rather than being a special species created outside nature, humans just happen to be the species 

that got to the top of the tree first by virtue of the evolution of its brain. Another fact that can be 

estimated from the rate of divergence of human genes is that the Homo Sapien branch of evolution 

probably emerged some 300,000 years ago. The implication being that no significant change in our 

genome has occurred in this period of time. So ‘Mother Nature’ also likes to take her time when it 

comes to change. 

 

6.3.1.2 Whatever Next? 

 

In comparison to nature, human technology appears to be changing at breakneck speeds with 

apparently little time given to cause-effect. Advocating consideration of the consequences is not 

necessarily attempting to slow progress, but simply reflecting on the fact that saying sorry after the 

event can no longer be considered socially acceptable or morally responsible. Even as we briefly 

review just a few of the key areas of science that might significantly contribute to AI, it is clear that we 
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are dealing with a potentially dangerous cocktail of developments. However, on the positive side, 

molecular biology has the potential to improve the human condition in many aspects of society: 

 

o Paternity Claims 

o Exposing Fraud 

o Historical Detection 

o Criminal Justice 

o Medical Disorders 

o Food Production 

o Life Longevity 

 

Without attempting to discuss how developments in molecular biology might assist in all potential 

applications, a few words about the importance of the last 3 items is worthy of some comment: 

 

o Advancements in molecular biology have the potential to address many human diseases and 

improve the quality of life like nothing else in history. If the goal of medicine is prevention rather 

than cure, the modification, or repairing, of damaged genes, could certainly help prevent many of 

the major illnesses inflicted on humanity today.  

 

o The issue of Genetically Modified (GM) crops is a concern to many. However, humanity currently 

is very vulnerable to even minor disruptions to its food supply chains. Approximately, some 

250,000 species of flowering plants exist on Earth, but only 150 are cultivated for agricultural use. 

However, of these, only 9 plant types provide 75% of the world’s food energy. 

 

o For 99% of its existence on Earth, the life expectancy for a human being was only 18 years. Not 

wishing to confuse life expectancy with life span, this figure is based on very high mortality rates 

during childbirth and infancy. However, there is now scientific evidence emerging that life span 

may be genetically encoded into the species of every life form. If so, molecular biology could hold 

the promise of significantly increasing life span by its ability to manipulate the DNA code. 

 

The saying goes that there is ‘no gain without pain’ and for all the positive benefits, there are the 

fears of unforeseen Frankenstein creations and the fear of secret eugenics programmes. So let us 

be clear on this point, once Pandora’s Box is opened, it may be impossible for the contents to be put 

back. 
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6.3.2 Neurology 

 

6.3.2.1 Mind over Matter 

 

With computing power doubling every 18 months, there is speculation that AI could be realised within 

50 years. However, this projection could fail to materialise, as the true complexity of the human brain 

becomes better understood. There are two fundamental questions that the proponents of AI science, 

both for and against, need to address: 

 

How does the brain work as a physical system? 

How does the mind work as a metaphysical system? 

 

The brain is made up of biological matter, i.e. cells; as such it can be described as a physical system 

analogous to computer hardware. So while it may be the most extraordinarily complex system, never 

the less it should be possible to eventually decipher its blueprint of operation. However, while the 

operation of the brain can be described in terms of the physical interactions between cells, the 

process of thought that we call the mind is more difficult to describe in just these terms. Of course, it is 

possible to extend the computer analogy and describe the mind as the software system operating 

within the brain. As a result, human intelligence and behaviour will just be a matter of developing the 

right algorithms and system programming. It is not difficult to see why so many paradigms and belief 

systems may collide at this point. Of course, those involved in the theological and philosophical 

sciences will continue to debate the metaphysical issues, but if we ask the physical sciences to adopt 

an agnostic position, the challenge for these sciences is to prove that a physical system can indeed 

develop metaphysical thought processes. 

 

A human brain contains a mind-boggling 100 billion neurons in conjunction with over a trillion 

supporting cells. However, the sheer complexity of the brain is only realised after understanding that 

each neuron may support as many as 10,000 receptor branches called dendrites. Based on these 

numbers, it is estimated that the brain may contain in excess of 100 trillion (1014) connections. Other 

important aspects include the relationships between hormones and neural functions, and the sensory 

input and motor output functions. 
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Figure 16: Brain Neuron 

 

Somehow, over hundreds of millions of years, evolution has nurtured a sentient intelligence that may 

be potentially unique within the universe. Therefore, the replication of this feat may have to be revised 

as a longer-term goal. In a similar task to that of mapping the human genome at the end of the 20th 

century, mankind could embark on a new endeavour in the 21st century to start the process of 

accurately mapping the neural functions of the brain22,23.  

 

Figure 17: Brain Map 

 

Early models tried to assign basic attributes such as speech and sight to specific centres within the 

brain. However, it is now realised that many functions of the human mind are reflective of the 

integrated operation of the brain as a whole. For example, our vision is an image projected onto each 

retina of the eye. This image is upside down, without depth of field and subject to a large blind spot 

caused by the optic nerve exiting the back of the eye. The real perception of vision is a construct of 

numerous discrete functions within the brain that use previous visual experience laid down in our 

memory connections since birth. In this context, our perception of reality is but a construct of the mind 

                                                 

22 2 April 2013: US President Barack Obama unveils an initial $100m investment program into brain research and to provide 

insight into diseases. The President compared the initiative to the Human Genome Project, which had transformed genetics. 
The project has adopted the acronym ‘Brain Research Advancing Innovative Neurotechnologies (BRAIN)’. 

23 10 October 2013: The discovery of the first chemical to prevent the death of brain tissue in a neurodegenerative disease 

has been hailed as an exciting and historic moment in medical research.  
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not that dissimilar to dreams that can be thought of as an alternative reality generated within the mind 

projected back towards the optic nerves. 

 

Side note: For AR to be achieved, a person needs to be able to experience the constructed 

reality through their 5 basic senses, i.e. sight, hearing, touch, taste and smell. However, 

auxiliary sensations can also be built using the basic senses, for example, sight linked to the 

auditory system provides an additional sense of motion and touch can enrich this sensation 

by allowing you to feel the wind on your face.  

 

6.3.2.2 Scanning Technology 

 

Any AI/AR proposal will require the detailed mapping of neural tissue. Current technology cannot 

achieve both the resolution and sample size needed for this task.  It is estimated that a minimum 

resolution in the order of 1-10nm is required. Although ‘Electron Microscopy (EM)’ has adequate 

resolution, the samples are required to be both small and very thin.  In contrast, ‘Magnetic Resonance 

Imaging (MRI)’ can achieve roughly 1 mm resolution of an intact human brain.  

 

Figure 18: Brain Scans 

 

 

After scanning the brain, another major requirement will be the automated processing of images 

associated with brain tissue, e.g. mitochondria, nucleus and nucleolus, vesicles, synapses etc. This 

will require establishing 3-D structures from 2-D information that today is still manually derived. 

Advances in computing would suggest that this process could be automated though a combination of 

image recognition and signal processing algorithms. Such automation could be vital if the huge 

amount of neural tissue is to be scanned in any reasonable amount of time.  

 

Messages from the senses travel so swiftly through the brain that imaging machines, such as MRI, 

cannot keep up with them. To track these messages in real time, scientists now use faster methods, 

such as ‘Magneto-Encephalography (MEG)’ or ‘Electro-Encephalography (EEG)’. These techniques 
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rely on large arrays of sensors or electrodes that are placed on the scalp to record the firing of brain 

cells. This data may then be combined with anatomical information obtained by structural MRI scans. 

 

The next generation of scanner technology could use ‘functional MRI24 (fMRI)’ in various 

combinations with MEG and EEG. Functional MRI will allow activity deep in the brain to be shown with 

high spatial resolution. However, it is relatively slow, since it is based on blood-flow responses, which 

takes about 450 milliseconds. In contrast, EEG's spatial resolution is relatively poor, but because of its 

speed it may help to better reveal the sequence of events. It is the hope that continued development 

in this area of medical science will help researchers determine how the various parts of the brain 

exchange information and, most intriguing, how sensory information leads to thought. 

 

6.3.2.3 Micro and Nano-Technology 

 

The development of micro and nano-technology is not directly linked to neurology, but the potential of 

this technology in the field of neurology and the wider fields of medicine is enormous. Today, the first 

generation of ‘Micro-Electro-Mechanical Systems (MEMS)’ are already being developed, e.g. the 

Denso Corporation has made the smallest motor in the world, measuring less than 1mm in size. 

However, not only could this technology open the door for new applications that would otherwise be 

impossible, but it also promises to dramatically reduce the cost of some technologies that would 

otherwise be out of reach of some of our brightest researchers. However, it needs to be said that 

nano-technology is still very much an idea rather than a technology at this stage. However, the 

eventual goal of this technology is to be able build ‘machines’ the size of molecules. With such 

technology, researchers believe that it could be possible to build micro-machines, less than one-tenth 

of a micron in size that would be capable of manipulating individual atoms. 

 

 

Figure 19: Nano Technology 

  

                                                 

24 Jan. 6, 2011: An international team of physicists and neuroscientists has reported a breakthrough in magnetic resonance 

imaging that allows brain scans more than seven times faster than currently possible. 
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If we put aside the issue of AI for one second, micro and nano-technology could provide a way of 

constructing the millions of neural implants required by a human mind to experience full AR. In this 

context, this technology would be linked to very advanced computer monitoring systems that allow 

nano-probes to be installed as an interface between biological neuron cells within the brain. These AR 

systems would then be able to provide coordinated neural stimulation that might one-day be able 

mimic normal sensory inputs.  

 

6.3.2.4 Brain Enhancements 

 

If the brain could be equipped with nano-probe interfaces, it would then be possible to enhance and 

extend the brain. These enhancements could strain the definition of ‘human’ as already discussed. 

Brain enhancements include both added or extended senses, e.g. seeing ultraviolet light; increased 

working memory capacity; mental calculators or databases; language modules, which allow you to 

speak and understand many languages; and a form of telepathy as provided by people being directly 

inter-connected via a network. Some people may want to go further and more fully integrate their 

minds with computers, changing their very thought processes.  

 

6.3.2.4.1 Redundant Instincts 

 

Some people may want to remove or suppress redundant animal instincts, which they feel they no 

longer need. These could include food, sex, anger/violence, fear, and so on. Some may even try to 

remove all emotions. Although it may, or may not, be true that emotions would no longer serve any 

logical purpose in an AR/AI person; they appear to be an integral part of what we currently 

understand sentience to require. 

 

6.3.2.4.2 Memory Alterations 

 

If mechanisms underpinning human memory were better understood, it may be possible to manipulate 

our memories almost as easily as we manipulate disk files. This includes procedural memory, e.g. the 

ability to drive; and episodic memory, e.g. your last vacation. Memories could possibly be deleted, 

added, or swapped between people. Of course, this would only complicate the issue of personal 

identity even further. However, as in the aging process, we both gain and lose memories. Our 

memories were never written on tablets of stone, but their sum total at any point in time are the basis 

of our identity. Clearly, like any other mind alterations, these changes would need to be carefully 

considered. However, one benefit may be selective communal memories that give us first-hand 

experience of certain events, e.g. being a victim of bullying. 

 

  

http://www.ibiblio.org/jstrout/uploading/personalidentity.html
http://www.ibiblio.org/jstrout/uploading/personalidentity.html
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6.3.2.4.3 Mind Probing 

 

A spin-off of memory technology would be a device that can search a person's memories for 

knowledge related to a specific event. This could be used to establish guilt or innocence of a crime, 

for example. However, if there were memory-altering techniques as discussed, then mind probing 

would no longer be conclusive. Also, mind probing has frequently been discussed in terms of it being 

an invasion of privacy, rather than just a sophisticated polygraph test. 

 

6.3.3 Computer Science 

 

Fifty years ago, you probably could have counted the number of electric motors in your home on one 

hand. Today, you probably have no idea of the number. In the next fifty years, you will be in the same 

position with computers.  

 

Figure 20: Transistors to Integrated Circuits 

 

Given the current fall in the cost of processing, microprocessors could become as cheap as scrap 

paper and just as ubiquitous. According to Moore’s Law, processing power has increased by over a 

factor of one trillion since 1950. 

 

6.3.3.1 Micro-Processing 

 

Despite all the growth in processing power, today's computers still do not even begin to achieve the 

processing capacity needed to implement an AR/AI system. Unfortunately, we cannot just sit around 

and wait for Moore’s Law25 to double processing power every 18 months to solve this problem. 

Current technology is based on etching silicon using light beams, and as processing speeds increase 

it is necessary to use light with ever-shorter wavelengths. Using Moore’s Law to extrapolate the future 

increase in processing speed intersects a limit for this technology in about 2020, based on a 0.1-

micron wavelength corresponding to light in the deep ultra-violet range. At this point, a new 

technology solution will be required:  

 

                                                 

25 See Figure 57: Exponential Growth based on Moore’s Law 
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o Replacing silicon with gallium arsenide could make chips up to 10 times faster given lower 

impedance due to its crystal lattice structure. 

 

o X-ray etching could support smaller wavelengths, but the nature of X-rays is extremely difficult to 

control in mass production. 

 

o 3-D chips would in principle allow chips to be stacked on top of each other. Unfortunately, the 

doubling of the chip size would increase the volume by a factor of 8, but the surface area by only 

a factor of 4. Heat dissipation problems could soon become a major problem. 

 

The speed and storage capacity required by AI are simply too vast to be realistically addressed by 

these approaches and so a new processing paradigm will be required26. However, there are some 

developments on the horizon that may prove useful: 

 

o Protein-based computers are based on recent work with bacteriorhodopsin, a light-sensitive 

bacterial protein that has been applied to optical data storage and computing. Cubes of material 

can theoretically store nearly 100 trillion bits per cubic centimetre.  

 

o Nano-computers would be the molecular equivalent of simple mechanical computers, with 

switches implemented by interacting rods and knobs. With conservative assumptions, switch 

density is estimated in the order of 15 trillion switches per cubic centimetre in a CPU with a 1 GHz 

clock speed, processing about a billion instructions per second (1000 MIPS).  

 

o A DNA computer would be a synergy between two sciences, computing and molecular biology. 

While silicon chips are very, very fast, they are essentially sequential and generate lots of heat. In 

contrast, DNA processing would be much slower, but would calculate in parallel on an 

astronomical scale with very good heat efficiency. Without going into speculative details, it has 

been estimated that one pound of DNA suspended in about 1 cubic metre of liquid would have 

more memory than all the computers ever made and be about 100,000 times faster than the 

fastest supercomputer ever built to-date.  

 

o Quantum computers consists of arrays composed of quantum dots, nuclear spins, localized 

electronic states in a polymer, or any other multi-state quantum system which interacts with its 

neighbours. The units are switched from one state to another by pulses of coherent light, and 

read in an analogous manner. It has been shown that such a computer could perform both as a 

parallel digital computer, and as a quantum computer. 

                                                 

26 8 August 2013: Scientists believe we are one step closer to creating an artificial mind. IBM announces a new 

programming architecture for chips inspired by the human brain. The company claims the chips could pave the way for 
smart sensor networks that mimic the brain’s capacity for perception, action, and thought. 

http://www.fourmilab.ch/autofile/www/section2_84_18.html#SECTION008418000000000000000
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6.3.3.2 Computer Paradigms 

 

In the early days of computing, the computer was a large, stand-alone device fussed over by an 

apparent army of acolyte technicians that prevented access to mere mortals. In the 1970’s, the PC 

revolution started with the promise of putting a computer on every desktop. Moore’s Law predicted 

that processors would also retail at ever lower prices, so computer developments of the last thirty 

years were not so surprising, although still impressive. However, during this time, there was an 

important paradigm shift in computing that has not yet been mentioned – the Internet. 

 

The Internet is the fusion of computing with telecommunications to create a new paradigm in which no 

device has to be considered a stand-alone system. In the early days, all computers were stand-alone 

devices in which programs were keyed in and solutions printed out within the confines of a large 

room. Initially, the linking of computers was based on practical necessity to give wider access to the 

large and expensive centralised machines. However, this requirement was quickly superseded in a 

world of increasing numbers of distributed computers, e.g. PC’s, whose users wanted to communicate 

electronically via software applications, such as e-mail. In 1995, a CERN researcher called Tim 

Berners-Lee, devised the basic syntax for linking pages of information and in so doing helped create 

the paradigm shift that was to become the World-Wide Web (WWW).  

 

 

Figure 21: Web Search Engine 

 

Today, we face the reality of almost every new electronic device having an integral processor 

capable, in principle, of supporting a wireless link to the Internet. In such a world, you could fly to the 

other side of the world, take out your mobile phone or Personal Digital Assistant (PDA) and, via a 

remote web-cam, check the inside of your house or the contents of your fridge. At the same time, the 
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WWW has grown to become a system comprised of millions of host computers and literally billions of 

web pages. There is now more information added to the Internet each day than any one person could 

read in a lifetime, albeit that most of this information could be classed as rubbish. 

 

As a result, humanity is now suffering from information overload and information should not be 

confused with knowledge. Therefore, research is now looking at new solutions that will allow 

information garbage to be filtered out and useful information selectively collated into personalised 

knowledge bases. New generations of intelligent search engines are needed; otherwise the WWW 

may simply sink under the volume of trivia being added each day. However, just searching on key 

words without any semantic context or understanding is a problem still requiring a solution. Anybody 

who uses a Web search engine has probably been surprised, and possibly embarrassed, by some of 

the returned results. While we may have initially laughed off some of the things we have stumbled 

across on the Web, there is a more serious and darker side that needs to be considered. Increasing 

surveillance and monitoring of Web usage has already started to hold people accountable for the 

information they have downloaded. Therefore, another growing issue is the need for intelligent and 

interactive security vetting of users, which could detect the usages and abuses of the system. People 

are increasingly using the Web for legitimate commercial reasons; however, such activities will also 

attract the attention of organised crime. Today, criminals are able to duplicate a person’s electronic 

identity and through this means effectively steal from their line of credit. Therefore, it is more than 

likely that the monitoring of Internet usage will become ever more sophisticated and frequently used 

by both law enforcement agencies and criminals alike. 

 

On an even larger scale, more and more of our social and economic infrastructure will become both 

automated and on-line over the next 50 years. The initial threat to these systems by teenage hackers 

was bad enough, but could pale into insignificance, if organised terrorists attack critical computerised 

control systems around the world. The biggest problem for the current computer paradigm is that the 

software protection algorithms have to be designed and developed to try and safeguard against 

almost every conceivable type of attack imaginable. Without intelligence to interpret and extrapolate, 

computers cannot think, laterally or otherwise, in order to devise new real-time solutions to, as yet, 

unknown threats.27 

                                                 

27 2013: The development of a ‘one-size-fits-all’ global internet has had a profound impact  on human society, especially 

over the last 10 years. However, along with the many benefits that came with the  global distribution and accessibility of 
information, we have also seen an unhealthy rise in pornography and cyber crime plus the proliferation of misinformation 
and the banal. The level of these problems appears to be  quickly  escalating beyond the ability of humans to address 
manually, such that any ‘next-generation’ internet will probably have to adopt a level of intelligent automation [IA) based 
on a concept of artificial intelligence (AI). 
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6.3.3.3 Biometrics 

 

If we accept that the world cannot/will not switch off its computer systems, new approaches will be 

required simply to try to stay one step ahead. Biometrics is a paradigm within computer science to 

provide additional security in the form of identity verification by means of any number of human 

biological metrics: 

 

o Finger prints 

o Voice recognition 

o Eye Scan 

o Handwriting Analysis 

o Lie Detectors 

o DNA sampling 

 

Today, access to many computers is only protected by a username and password combination. While 

financial applications are starting to introduce Personal Identification Numbers (PINs), this still relies 

on the user remembering this information, and worst still, periodically changing them. This becomes 

increasingly problematic as people access more and more on-line systems or exposes the user to the 

risk of reusing the same password/PIN for more than one application. In contrast, a biometric system 

would attempt to ascertain a person’s identity through a combination of one or more physical 

attributes. At this stage, this approach is far from foolproof. We have all probably seen a film in which 

the ‘bad guys’ have removed a finger or hand or even an eyeball to help them fool the biometric 

security. It is also worth noting that over 70% of all security breaches are as a result of access by 

internal staff with privileged access to security information. There is also the real problem that any 

attempt to make a system 100% secure would only make it unusable in any practical day-to-day 

operation. There is much historical evidence to show that people simply turn off security systems that 

become too invasive or cumbersome to use. 

 

 

Figure 22: Biometrics 

 

While at an early stage of development, biometrics is an interesting area where there is a fusing of 

knowledge relating to both computer and biological systems. However, there also appears to be a 
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recurring issue in which any computerised system needs to apply a lot of common-sense intelligence 

to any information collected before determining its best course of action. 

 

6.3.3.4 Hybrid Systems 

 

Neural networks are linked to the study of artificial systems of neuron-like processing elements. 

Networks of these simple devices have been shown to exhibit a variety of robust behaviours, 

including some which are notoriously difficult for conventional computers, e.g. vision and learning from 

examples. They are based on the idea that while there is nothing magical about individual neurons; 

their connectivity can give rise to complex processes like the mind. 

 

Figure 23: Neural Network 

  

However, the elements of neural networks are still currently simplistic in comparison to the complexity 

of the hundreds of different types of neuron cells. The subsequent problem of linking billions of these 

elements into a coordinated network comparable to the brain is certainly beyond any immediately 

foreseeable technology. Still, there are now a growing number of AI researchers working with new 

biological models that may eventually lead to duplication of some aspects of the brain’s functions. So 

while AI may have been initially considered to be an idea within the remit of computer science, the 

best possibility of developing an AI system might depend on the convergence of science from many 

different fields. At this point, it is probably useful to clarify a distinction between sentience and 

intelligence: 

 

o Many biological life forms are deemed to be sentient, based solely on their ability to feel emotions, 

although many would argue that self-awareness and perception are also required.  

 

o In contrast, intelligence relates to the ability to learn, understand and problem solve. 
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As such, an AI system may be classed as very intelligent but not sentient, while many mammals may 

be classed as sentient without necessarily being very intelligent. Therefore, one approach to 

achieving both sentience and intelligence may be to augment a biological brain with a direct computer 

interface28. This technology is currently in its infancy with very primitive connections being made 

between silicon technology and biological brain tissue. In part, this idea is supported in the AI 

paradigm introduced in Chapter 5. The idea of a hybrid path of evolution would also allow for more 

intelligent and sentient systems in a comparatively short space of time. 

 

Another aspect of a hybrid development linking human biology and computer systems is the concept 

of artificial reality (AR). Virtual Reality (VR) is already an established concept based on current 

computer technology. However, AR would be a very advanced form of computer application that 

could directly access the human brain via neural implants, through which the mind would then 

perceive a computer-constructed reality. In the future, ‘reality programmers’ may be able to create 

new and totally artificial realities in which an AR participant could experience a universe with a 

completely new set of rules. The constructed reality would allow AR participants to directly access 

information or communicate with other participants within the rules of that reality universe. In fact, 

direct brain interfaces connected to the AR network would appear very similar to what we would 

currently perceive as telepathy. In a wider context, the direct connection of thousands of minds could 

ultimately evolve into a collective sentient consciousness, a case of the whole, truly being greater 

than the sum of the parts. 

 

6.3.4 Military 

 

People may well believe that if there was ever an evil that escaped from Pandora’s Box, then war 

must have been it. So while people do refer to the science, and art, of war, the presence of this 

section within the discussion of technology development may initially seem out of place. However, the 

reason for its inclusion is that the military budget for the applied sciences probably dwarves almost 

any other single source of research funding and therefore military applications in the field of AI are 

important considerations. When decisions have to be made very, very quickly, which involve the 

assessment of an enormous amount of information in a life and death situation; AI could provide the 

crucial difference. From developing intricate flight plans to implementing complex supply systems or 

creating training simulation exercises to automated fighter planes, AI could be a key component of the 

modern military. The scope of the global military budget is so large that the number of AI related 

                                                 

28 4 March  2013: Researchers at Brown University have succeeded in creating the first wireless, implantable, rechargeable, 

long-term brain-computer interface. The wireless BCIs have been implanted in pigs and monkeys for over 13 months 
without issue, and human subjects are next. 
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projects are probably counted in the thousands and deserving of a library of books. Therefore, the 

selection of just four areas of AI development constitutes a very small sample29: 

 

o Network Centric Warfare 

o Fly by AI 

o Swarm Systems 

o Smart Dust 

 

However, it is believed that the topics selected are representative of current and forward-looking ideas 

that reflect an evolution of military thinking towards AI. Given that the focus of this book is AI, and not 

current military thinking, the emphasis of the following sections is very much on the general concepts 

and how they might contribute to the development of AI.  

 

6.3.4.1 Network Centric Warfare (NCW)30 

 

As in almost every other area of human endeavour, warfare has undergone some profound paradigm 

shifts in the 20th century. The development of effective, low-cost computing power in combination with 

mobile wireless communication, has changed not only the rules of engagement for the fighting forces, 

but the very nature of where the battle lines are now being drawn. The principles of NCW are based 

on improving the accessibility and quality of information to enable the integration of all battlefield 

activities. The goal is to facilitate an effective improvement in the efficiency of armed forces in terms of 

their survivability, speed and synchronisation. To this end, NCW redefines the nature of a number of 

distinct domains of operational activity:  

 

o The physical domain 

o The technology domain 

o The cognitive domain 

 

The physical domain is still the arena of physical combat activity. However, the modern battlefield now 

encompasses a technology domain requiring the creation, communication and processing of huge 

amounts of information. As the volume and rate of information continues to expand exponentially in 

the technology domain, there is a requirement for a new type of cognitive domain. Without real-time 

cognitive interpretation or understanding of battlefield information, the command network will simply 

be overwhelmed with data. Given the importance of both the technology and cognitive domains to the 

overall effectiveness of military operation, these metaphysical domains can and will be attacked via 

                                                 

29 2013: The military development of robotics has accelerated significantly over the last decade.  

30 2013: It is possibly worth updating  the idea of Net-Centric Warfare to the more generic idea of cyber-warfare, which 

uses the Internet to launch  politically motivated attacks on information and information systems. As such, cyber-warfare 
attacks can be  designed to undermine websites and networks, disrupt or disable essential services, steal or alter data and 
cripple financial systems along with anything else that might cause disruption to ‘the enemy’. 
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the network they operate within and therefore require their own battlefield strategies. A new 

generation of ‘smart’ virus software could cripple not only the military infrastructure, but also the very 

social and commercial infrastructure it seeks to defend. While AI based systems could provide 

improvements in all aspects of NCW, the cognitive domain is probably a key area of development. 

The changing face of modern warfare is increasingly dependent on automated systems, not only to 

collate battlefield telemetry, but also to interpret the information that allows appropriate command 

decisions to be taken quickly. 

 

Figure 24: Network Centric Warfare 

 

As will be illustrated in the following examples, battlefields systems are already developing to a point 

where they outstrip both human physiology and mental processing in many real-time battlefield 

situations. 

 

6.3.4.2 Fly by AI 

 

Most people are aware that modern jets, both military and commercial, now use fly-by-wire systems 

linked to sophisticated on-board computer systems. These systems are becoming essential, as the 

modern plane design is often unstable without constant adjustment to the trim of the aircraft by the 

on-board computer systems. A human pilot is simply not capable, either mentally or physically, of 

carrying out the necessary high-speed adjustments.  

 

The environment in the cockpit of a leading edge military plane is also becoming increasingly hostile 

to the human physiology in terms of G-forces. However, the cost of providing an environment that will 

help protect the human pilot in the plane’s natural theatre of operation is enormous. Despite all this 

cost, there are increasing encounters between piloted aircraft and unmanned missiles seeking to 

destroy them, matching man against machine. According to recent accounts, there is growing concern 

about the air-to-air missile gap, with some arguing for cheaper, smarter missiles that can use radar 
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and infrared seekers to respond rapidly to evasive manoeuvres that would be outside the G-force 

tolerance of the human physiology. Given even current developments, a $200,000 missile could soon 

make a $20 million fighter aircraft obsolete. 

 

 

Figure 25: Unmanned Airborne Vehicle (UAV) 

 

The concept of an Unmanned Airborne Vehicle (UAV) has been around for many years. Up to now, 

the UAV has been mainly used for reconnaissance, but is increasingly being developed for a more 

direct combat role. It is already clear that without the overhead of providing a sophisticated life-

support cockpit plus the array of man-machine interfaces; the UAV can be developed faster, and at 

less cost, than the traditional military plane. Some observers of military developments are already 

predicting that the next generation of UAVs will take over the role of the fighter pilot by the middle of 

this century. Initially, a human operative could still remotely control the UAV, but as response times 

decrease to milliseconds, autonomous, on-board AI decision-making will become increasingly 

necessary. 

 

6.3.4.3 Swarm Systems 

 

A swarm system is one that would emulate the characteristic behaviour of some birds and insects that 

move and act as a collective swarm. A swarm has four distinct characteristics: 

 

o They are self-organizing.  

o They have little or no centralized control.  

o The members are effectively autonomous. 

o There is high connectivity between the members 

 

For example, a flock of birds appear to move together as if under the direction of some central 

command. A swarm can speed up in one direction and then suddenly turn to follow a different route. 

The birds stay close together without colliding and without any apparent leadership. Researchers 
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have found that they can replicate this behaviour with computer-simulated birds called ‘boids’ with 

only three simple behavioural rules:  

 

o Separation: do not get too close to any other boids or objects. 

 

o Alignment: try to match the speed and direction of nearby boids. 

 

o Cohesion: head for the perceived centre of the boids in your immediate neighbourhood. 

 

Clearly, if some aspects of this behaviour could be integrated into an AI controlled UAV, there could 

be a large number of military applications. The Autonomous Intelligent Network and Systems (AINS) 

initiative is probably one of the most significant AI experiments currently being carried out by the US 

Navy. AINS is tackling the challenge of implementing autonomous behaviour using distributed 

computers linked via wireless networks. Their goal is to have thousands of intelligent robotic drones, 

e.g. submarines, satellites, ground vehicles, ships, helicopters, and planes under the control of a 

single human commander who may be thousands of miles away.  

 

Clearly, the military appear interested in adopting and deploying swarms of unmanned robotic drones 

on the ground, in the air and underwater. These machines could, with the development of AI, be 

capable of independently handling real-time situations in a hostile combat zone, initially for 

surveillance, but with the potential to undertake combat and capture missions. Obviously, the ability to 

create an adaptive, dynamic, self-healing network of AI drones would cause a profound paradigm shift 

in future military thinking. 

 

6.3.4.4 Smart Dust 

 

In the previous outline of swarm technology, it may have naturally been assumed that the size of the 

AI devices within the swarm would also be similar in size to birds or possibly larger. However, as 

indicated by a new emerging technology called ‘Smart Dust’, there is the potential for the elements of 

a swarm to be very small. Smart dust relies on the convergence of three technologies in order to 

create an active device possibly less than one cubic millimetre in size: 

 

o Digital circuitry,  

o Laser-driven wireless communications 

o Micro Electro-Mechanical Systems (MEMS) 

 

Smart dust devices would be tiny wireless MEMS sensors that could detect a range of physical 

effects, such as light, vibration, heat etc. Each grain within the dust would contain sensors, computing 

circuits, bi-directional wireless communications technology and a power supply. As such, the dust 

could gather telemetry data, run computations and communicate the information via its wireless link to 
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neighbours that then relay the information forwards, across the network. Although smart dust does not 

have any in-built ability to move as characterised by the swarm description, it would be small enough 

to be blown by the wind or integrated into larger swarm devices. 

 

 

Figure 26: Smart Dust 

 

While smart dust may never be an AI device in itself, it could be a catalyst for new paradigm shifts in 

this field. When describing human intelligence, we often focus on the brain as the centre. However, it 

is possibly more accurate to liken human intelligence to a distributed network with the brain analogous 

to an array of parallel processors interconnected to thousands of sensors via the nervous system. 

Based on a network paradigm, smart dust sensors could physically span the planet, but would require 

a very sophisticated network of AI systems to act as the brain in order to process the colossal amount 

of sensory input into something meaningful. Again, AI applications of this nature would be of key 

interest to both military and commercial organisations worldwide. 

 

6.3.5 Space 

 

It does appear that many of the applications discussed within the military context could be applied to 

space exploration and vice versa. Therefore, rather than essentially replicate another discussion of 

yet more potential AI applications, this section will attempt to discuss the implications of space 

exploration in the much broader context of the on-going evolution of humanity, possibly towards AI. 

6.3.5.1 Overview 

 

There have always been multiple reasons behind space exploration ranging from hard-nosed political 

one-upmanship through to the ‘bravely go where no man has gone before’ factor. However, given the 

lack of success in the ‘Search for ExtraTerrestrial Intelligence (SETI)’, many are now revising the 

probability of finding other sentient beings within any meaningful space-time frame.  To put earlier 
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comments about space-time into perspective, it has taken the evolution of life on Earth nearly 4 billion 

years to achieve its current level of technology. This is approximately one-third of the estimated age of 

the universe. In comparison to this time frame, the actual length of the technology era is almost 

insignificantly small. Equally, the size of the universe can be described as a sphere that has been 

expanding at the speed of light for some 15 billion years31. On this scale, the probability of another 

intelligent sentient species being within our reachable space-time frame may be very, very low, 

especially if faster than light travel only remains science fiction32. However, even if it were known that 

no other sentient intelligence existed, an argument for mankind venturing into space can still be 

constructed based on any number of reasons, e.g. 

 

o Scientific Research 

o Resource Mining 

o Commercial Travel 

o Population Expansion 

o Survival – Alternative Habitats 

 

While the Moon, at just some 250,000 miles from the Earth, has proved to be a reachable goal within 

the early days of space travel, its sustainable and longer-term habitation has proved to be more 

difficult than initially imagined. Again, the universe at large appears positively hostile to human 

physiology. As a consequence, the problems of cost and logistics of sending large numbers of people 

into space may remain prohibitive for the immediate future. So while it may be possible to travel to 

Mars by the mid 21st century, the trip may take years to complete and incur incredible costs and 

possibly offer little in the way of an immediate return on humanity’s investment. Therefore, the 

prospect of a manned space flight to the edge of the solar system at some 4000 million miles and 

onwards to the nearest star, Alpha Centuri at 4.3 light-year33 may be considered impractical in terms 

of its political and economic rationale for some considerable time to come. 

                                                 

31 2013: This statement about the size and expansion of the visible universe comes with many caveats discussed in more 

detail within the Mysearch website section addressing cosmology in general. 

32 2013: Recently it was announced that Voyager-I was on the edge of our solar system about to enter interstellar space on 

its onwards journey to the stars. However, Voyager-I has covered less than 1/1000th of the distance to the nearest star in 
its 36 year journey since its launch in 1977. As such, it would take Voyager some +36,000 years to travel the distance of 
nearest star, assuming it survives the journey, which is far longer than the entire recorded history of humanity. 

33 1 light year = 5,865,696,000,000 miles 
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Figure 27: The Milky Way 

 

This apparent pessimism does not mean that the various space agencies and research centres 

around the world will not continue to work on near light speed propulsion systems.  However, even 

with such drives, the round trip to even the nearest stars could extend beyond normal human life 

expectancy. Therefore, in future, more research may start to focus on the use of AI robotics and the 

even longer-term use of cyborg life forms that could survive very long periods of high-G acceleration 

and deceleration plus require little energy expenditure in the way of their life support systems. There 

is a clear analogy of this position to that currently being argued in military circles concerning UAVs. 

Therefore, over a period of time, possibly measured in hundreds of years, deep space probes could 

evolve as autonomous intelligent cyborg-systems. The central system may still be centred on a 

human biological brain, but now enhanced with specific computer sub-systems operating the ship’s 

hardware. In essence, the ship would act as the body and nervous system to an embedded 

intelligence. While it may appear surprising, some people may volunteer to become a cyborg-system 

for a variety of reasons: - 

 

o Imminent death due to failure of their human bodies 

o A second life in which they could experience space 

o Money to finance a future AR existence 

 

It is possible that the design of these ships might comprise of a central space-born mothership 

containing the intelligent cyborg-system with the capability of transporting many semi-autonomous 

robot drones that would be capable of both landing and taking off from a planetary body. Obviously, 

the cost of such systems would be enormous and would require more than just idle curiosity to fund 

its development. However, a world with a population moving towards 15 billion could be consuming a 

huge amount of natural resources and starting to demand physical expansion beyond planet Earth. 

Therefore, mining and transportation within the solar system and potentially nearby stars might 

become increasingly economically viable over the next few centuries, if AI continues to develop. 
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6.3.5.2 The Space-Time Universe 

 

Two thousand years ago, the Earth was the centre of a universe enclosed within a firmament across 

which heavenly bodies, i.e. sun and stars, traversed. This view of the universe remained essentially 

unchanged until Copernicus published his revolutionary paradigm in 1514 and relegated the Earth to 

being a planet orbiting the Sun and in so doing created a new paradigm for our universe. The 

following table provides an initial frame of reference for the distances between our Sun and its planets 

within our local solar system: 

 

Planet Light Years Miles 

Mercury 0.000006 36,200,000 

Venus 0.000011 67,200,000 

Earth 0.000016 93,500,000 

Mars 0.000024 142,400,000 

Jupiter 0.000084 486,400,000 

Saturn 0.000150 892,300,000 

Uranus 0.000310 1,793,800,000 

Neptune 0.000480 2,799,400,000 

Pluto 0.000640 3,687,500,000 

 

Table 7: Solar Distances 

 

As the science of astronomy developed, it was discovered that our sun was but one of billions of stars 

within a relatively large galaxy called the Milky Way, some 100,000 light years in diameter. At this 

level, our nearest neighbour is a star called Alpha Centauri. In comparison to the overall size of our 

galaxy, all the stars in the next table can be considered to be within our local neighbourhood. 

 

Star Light-Years Miles 

Alpha Centauri 4.3 25,300,000,000,000 

Sirius 8.9 52,300,000,000,000 

Procyon 11 64,700,000,000,000 

Vega 27 158,700,000,000,000 

Aldebaran 61 358,700,000,000,000 

Antares 127 746,800,000,000,000 

Polaris 483 2,840,000,000,000,000 

Canopus 670 3,940,000,000,000,000 

 

Table 8: Distances of Stars in the Milky Way 
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Today, we now know that while galaxies are very large systems of stars and interstellar matter that 

can contain billions of stars, they are far from unique. The nearest significant galaxy to the Milky Way 

is the Andromeda Galaxy at a distance of some 2.3 million light years. However, no matter how large 

galaxies, and the distances that separate them might appear, they are lost within a universe that 

contains billions of galaxies. Within the last 50 years, a paradigm called the Big Bang has postulated 

that the universe has been expanding from a point singularity at the speed of light for some 15 billion 

years. As such, the visible universe would be a sphere with a diameter of some 30 billion light years 

or alternative 180,000,000,000,000,000,000,000 miles for the people who like to see big numbers. 

 

To put the vastness of these distances into some sort of human perspective of space exploration, let 

us assume a space rocket can maintain an average speed of 20,000 miles per hour. Even the most 

direct route to Mars would be in excess of 50 million miles and would therefore take approximately 3-6 

months. Pluto at the edge of the solar system would take over 20 years to reach. However, it would 

take the same rocket, 144,406 years to reach the nearest star, assuming it could carry enough fuel, 

the descendants of the original occupants were still alive and the rocket had not disintegrated with 

time.  

 

6.3.5.3 Propulsion Systems 

 

Of course, the basic issue remains, without the development of a new system of propulsion, space 

exploration will be limited, either in distance or will have to be planned to last for decades or even 

centuries. In distance terms, the asteroid belt may well fulfil the needs for mineral resources for the 

foreseeable future, while Mars could possibly be terra-formed in some limited way to provide a place 

of human habitation. If so, even a modest improvement to existing propulsion technology could satisfy 

these goals. To address the issue of time, there are two basic approaches outside time dilation. The 

first is suspended animation in order to  ‘fool’ the human aging process. The second approach is to 

view a deep space vessel as an ‘Ark’ in which the concept of a spaceship becomes that of a moving, 

space-borne, self-sustaining colony. The Ark would be a place where people lived, and died, over 

multiple generations in order to reach their final destination.  

 

It has been suggested that spacecrafts of the future might evolve as AI systems. If this were the case, 

then the propulsion systems would be equivalent to the ‘muscles’ of such systems. However, without 

further development of the propulsion muscle, the distances between Earth and other planets will 

literally be astronomical and the distance to stars, all but impossible. 
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Figure 28: The Future of Space Travel? 

 

Ultimately, if space exploration is to move beyond the backyard of our own solar system, propulsion 

systems require a new paradigm. The following list reflects some ideas that are currently being 

considered: 

 

o Ion Drives 

o Nuclear Pulse 

o Fusion Ram Scoops 

o Warp Drives 

 

Before briefly discussing each of these possible propulsion systems in turn, it may be useful to 

introduce the concept of ‘Total and Specific Impulse’. The ‘total impulse’ (thrust*duration) produced by 

any propulsion system per unit of fuel is called the ‘specific impulse’ and is expressed in seconds. 

Today, chemical rockets can produce enormous amounts of thrust, but for only a comparatively small 

amount of time. As a frame of reference, the specific impulse of today’s chemical rocket is 

approximately 500 seconds, however it would take a specific impulse, in the order, of 30,000,000 

seconds to achieve near light speed. 

 

6.3.5.3.1 Ion Drives 

 

The principle behind the ion drive is based on known physics in which a gas is first ionised to give it 

an electrical charge, which can then be accelerated by means of an electrical field. The ions are then 

expelled via the engine nozzle, producing a thrust in the opposite direction. Operating in the near 

vacuum of space, ions are expelled much faster than the jet of a chemical rocket. Although ion 

engines could deliver about ten times as much thrust per kilogram of fuel as a conventional rocket 

engine, they are very low-thrust devices. As such, ion engines could not be used to take-off from the 

surface of a planet. For similar reasons, ion engines would not be able to accelerate very fast, but 
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could sustain thrust for much longer periods of time and achieve specific impulses from 10,000 

seconds, up to a theoretical maximum of 400,000 seconds. Unfortunately, these figures are still a 

good way short of a specific impulse of a million seconds considered necessary to approach any 

reasonable percentage of light speed. 

 

6.3.5.3.2 Nuclear Pulse 

 

The idea behind this approach has been developed from nuclear-weapons research and works on a 

surprisingly simple, albeit disconcerting premise. Every few seconds, a small nuclear bomb would be 

released from the spacecraft and detonated a short distance behind it. The vessel would be equipped 

with an enormous shielding plate attached to the ship into which vaporised debris from the explosions 

would slam, thereby propelling the ship forward.  

 

It has been estimated that a refined version of this basic idea could produce an engine with a specific 

impulse approaching one million seconds that would convert to an eventual velocity of well over 10% 

of light speed, i.e. 18,600 miles per second. This is well over 3000 times faster than today’s rocket 

propulsion systems. In fact, if acceleration and deceleration time is ignored, such an engine could 

reduce the one-way time to Alpha Centauri from 144,406 years to 43 years. Unfortunately, even at 

this speed, the effects of time dilations would only reduce the on-board time to 42.7 years. 

 

6.3.5.3.3 Fusion Ram Scoops 

 

One of the key requirements to travelling the vast distances between the stars is fuel-efficiency. 

Otherwise, the vessel would simply be a huge fuel supply with a tiny ship bolted onto it. Equally, if 

space exploration is to aspire to travel to the stars, then speeds nearing the speed of light will be 

necessary. The design parameters of propulsion systems such as fusion ram scoops could potentially 

meet both of these requirements. 

 

A ram scoop vessel would collect charged particles from interstellar space using a large magnetic 

scoop and funnel them into an onboard fusion reactor, where they would be converted to fuel. 

Calculations suggest that a 1000-ton ship with a high-efficiency reactor could accelerate almost 

indefinitely at 1G towards the speed of light. At 1G acceleration, it would take approximately 1 year to 

approach near light speed. Assuming that 99% of the speed of light could be attained, then time 

dilation would become a factor. For every hour passed on Earth, only 9 minutes would pass in the 

ship. As an example, ignoring the acceleration and deceleration time just for now, the 127 light years 

to the star Antares would take 18 years according to the clocks on board the ship at 99% of the speed 

of light. Of course, time dilation only affects the moving vessel and over 127 years will still have 

passed on Earth. The implication being that it would be unlikely that anybody who saw the ship leave 

Earth would be alive when it reached Antares, even though the crew were only 18 years older. 
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Before getting too carried away with the idea that light speed travel is now just a matter of working out 

the details, it is probably worth remembering that there are a few major problems with this proposal. 

First, while Einstein’s Theory of Relativity seems beneficial in terms of time dilation, the theory also 

predicts that mass will increase as the craft approaches the speed of light. Increased mass needs 

increased energy to move it and, at light speed, infinite energy would be required. Other major factors 

are the complexity of the fusion process in deep space, the density of interstellar matter, the drag of 

the magnetic field and the braking of the incoming protons, to mention just a few. We will also 

completely ignore the possibility and effects of colliding with interstellar debris at these speeds.  

 

6.3.5.3.4 Warp Drives 

 

Of course, we cannot conclude this discussion without, at least mentioning warp-drives. In principle, a 

warp drive is a mechanism that would use exotic matter with a negative energy density to warp space-

time, such that an object may appear to move faster than light. However, the ‘wormhole’ may better 

be described as creating a short cut between two points in normal space, such that a spaceship 

could, in theory, enter at one point and effectively appear almost immediately at the other end. Unlike 

time dilation, the journey would take the same time as measured in the spacecraft and by a stationary 

observer. 

 

It is realised that some people might by now believe that we have entered the realm of science fiction 

rather than science future. However, it is worth remembering that Sir Isaac Newton could have 

calculated the Earth’s escape velocity of 25,000 mile per hour back in 1687, even though the fastest 

transport available to him was still the horse and cart. The possibility that the escape velocity would 

be achieved in less than 300 years would have been considered as nothing other than science fiction, 

even to a visionary like Newton. However, today, the warping of the fabric of space-time to create an 

advanced propulsion technology is still science fiction, as the energy required would be astronomical 

in terms of our current ‘horse and cart’ technology34. 

 

                                                 

34 2013: Any discussion of future advances in space propulsion systems may serve as a prime example where Clifford’s 

argument for a ‘limit of inference’ has to be applied. 
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6.3.6 Summary 

 

Before discussing some of the wider issues covered in this overall section, let us first try to 

immediately summarise some of the technology implications:  

 

o In just the last 50 years, molecular biology has become an established science. It is believed that 

the human genome project has laid the foundations for further developments that could now start 

to change the very nature of biological evolution. As a consequence, the probability of this 

technology being used to enhance human DNA as described by Homo Optimus is considered 

high. 

 

o In contrast, neurology is essentially still in its infancy. While much progress is being made in 

studying the functions of the physical brain, the metaphysical functions, such as consciousness, 

are still at a very early stage of research. However, advances in areas such as nano-technology 

could start to underpin a new era of understanding from which AI could start to emerge. Still, 

without further understanding of the higher brain functions, the probability of Homo Primus 

evolving must remain low for now. 

 

o While computing is now an established engineering discipline, AI is still a new and emerging field 

of science. There is a sense that early research has relied too heavily on brute-force, 

computational power that has only created an illusion of intelligence. However, new insights are 

starting to lead to the design of a new generation of processors that replicate the brain’s neural 

network model, which in combination with new ideas about self-generating, self-learning software 

could start to revolutionise AI science in the 21st century. Specifically, there is incredible potential 

for a synergy between molecular biology, neurology and AI computing to help evolve new AI 

paradigms in the next 50-100 years that would then lead to the evolution of Homo Cyberneticus. 

 

o Military applications, whether we like it or not, will continue to fund leading-edge AI technology. 

While remote controlled drones and robots may be an initial goal, a consequence of deploying 

this technology may be the requirement for increased AI autonomy. At this stage, there would 

appear to be a reasonable probability that some form of Homo Hybridus could evolve to help 

increase survivability in frontline conflicts. However, the use of AI systems in military conflicts may 

lead to other consequences that are more difficult to predict. For example, would the removal of 

humanity from the frontline, increase or decrease the probability of a conflict escalating?  

 

o Space is an expensive and hostile environment. Not surprisingly, state-funded research is 

politically sensitive in term of both cost and the potential for any loss of life. Initially, AI robotic 

space probes could provide a cost-effective solution to both problems. As costs fall, commercial 

space applications could grow throughout the 21st century and help inject new focus and funding 

into this area of AI and robotic development. In the longer term, deep space exploration may 
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require a more radical solution involving either Homo Primus or Homo Machinus in order to 

survive the rigors of a life in space. Of course, one consequence may be that the goals of these 

beings will have already diverged from those of humanity. 

 

In order to be objective, the review of technology has tried not to be optimistic or pessimistic, but 

rather realistic in its interpretations. Of course, it is recognised that the areas of developments were 

selected because they were thought to have the potential to underpin further paradigm shifts towards 

AI in the timeframe of the next 50-500 years. Even with this in mind, the overall conclusion is that 

developments in many critical areas of technology appear to support the potential for an evolutionary 

paradigm shift towards AI, especially via the hybrid approach in which human sentience could be 

enhanced by AI-based technology. 

 

So is humanity destined to evolve towards AI as a consequence of its own curiosity? 

 

Of course, the answer to the question as to whether humanity goes down the evolutionary path 

towards AI may still depend on the level of philosophical and social objections raised. However, the 

moral of Pandora’s story seems to suggest that it may be futile to try and stop the consequences of 

an evolution towards AI, once curiosity has already developed the technology to do so. Therefore, 

there may be less time than people realise for these objections to be raised. 

 

So is there any purpose in debating these issues now?  

 

While the hybrid model is undoubtedly leading towards the concept of an independent and sentient 

AI, it may initially avoid many of the key philosophical objections raised, in so far as creating new life. 

However, this position presupposes that the sentient, biological brain at the core of this branch of 

evolution has given its consent and was created naturally. Clearly, even today, one could imagine that 

cloned brain cells could be developed just for such applications. Undoubtedly, there is, and will be, 

potential for AI technology to be abused and misused as with any other technology. While it will be 

very difficult, the philosophical debate regarding the morality and ethical use of technology must keep 

pace; and if possible try to lead the way. 

 

Surely, society can simply reject AI, if they do not like what they see? 

 

While not wishing to be both pessimistic and fatalistic, it could be argued that social acceptance is 

now simply the effect, rather than the cause, of change. In other words, society may be losing control 

of the technology on which society itself depends and is therefore becoming increasingly resigned to 

the consequences. Strangely, in a world full of 24-hour news channels and an apparently endless 

source of information, courtesy of the Internet, public opinion may simply continue to fragment, as 

society itself evolves towards a myriad of micro-cultures. Additionally, the increasing role of political 

spin-doctors and the corporate hard sell may only make the problem of separating fact from fiction 
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more difficult. While it is recognised that these conclusions may be incorrect, it is suggested that few 

people would necessarily discount the probability that some aspects might come true. If so, humanity 

may find itself coming under increasing pressure to evolve in order to regain control of its technology, 

but in doing so, it may lose some aspects of its humanity.  

 

So is further evolution of humanity not only inevitable, but also essential? 

 

It is suspected that there might be several reactions to such a question. As an initial reaction, few may 

argue that humanity is perfect, either from a theological, philosophical or physiological perspective. 

Therefore, the main issue of contention may centre on whether future evolution is seen to occur by 

natural or artificial means. In this context, artificial evolution implies changes designed by humanity 

and its descendants. Others may query the timeframe in which this evolution is predicted to occur, as 

even those who do not oppose artificial evolution on the grounds of their theological beliefs may feel 

threatened by an AI paradigm, in which major evolutionary steps could take place within a single 

lifetime. So, before leaving this topic, let us attempt to gain one final perspective on the issue of 

evolutionary change, but this time, in terms of entire civilisations. In the 1960’s, a Russian scientist 

called Nikolai Kardashev defined three classes of civilizations, which he suggested could evolve 

within the universe as a whole: 

 

o Type-1 civilisation is one that controls the energy resources of an entire planet. This civilization 

can control the weather, prevent earthquakes, mine its planet and harvest its oceans plus have 

the capability to explore its local solar system. 

 

o Type-2 civilization is one that controls the power of its local sun. This does not mean passively 

harnessing solar energy, but rather the active ability to extract resources from the sun. The 

energy needs of this civilization are so large that it directly consumes the power of the sun to drive 

the engines of its society. This civilization will have begun the colonization of other local star 

systems. 

 

o Type-3 civilization is one that controls the power of an entire galaxy. For a power source, it 

harnesses the power of billions of star systems and can manipulate space-time and can therefore 

travel astronomical distances in an instance. 

 

Somewhat surprisingly, there is often general acceptance that technology-driven civilisations could 

indeed evolve in this fashion. In fact, many scientists are predicting that the Earth could support a 

Type-1 civilisation within the next 200-300 years, and possibly a Type-2 civilisation within 2000-3000 

years35. Yet, there is normally little discussion of the evolution of the sentient beings that accompany 

                                                 

35 As a footnote, so far, there is no observational evidence of any type-1, 2 or 3 civilisations on the Kardashev scale. Equally, 

while some parts of Earth’s society may be classified as a type-1 civilisation within the 200-300 years, it is unlikely, given the 
diversity of current cultural developments, that this will be a unified civilisation. 
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these quantum jumps in civilisation. For example, in science fiction, the Star Trek series is set in an 

era where its civilisation is on the brink of becoming a Type-2 civilisation, but other than a few 

superficial social differences, humanity appears little changed from today. Of course, this is not so 

surprising, as the story is to be enjoyed, and understood, in the context of present-day society. 

However, it is probably true to say that much of mainstream science fiction, especially that seen on 

television, enforces the idea that human evolution is essentially unaffected by advances in 

technology. Therefore, it is possible that the repeated enforcement of this stereotyped view of the 

future will only make an alternative evolutionary paradigm, leading towards AI, all the more shocking.  

 

So what overall conclusions can be drawn? 

 

It is suggested that provided sufficient social cohesion is maintained, technology will only continue to 

develop. Equally, it would appear almost inevitable that these developments will only lead to a further 

acceleration of technology. If so, somewhere along this path, it seems almost inconceivable that 

technology will not make natural evolution obsolete. However, as we begin to better understand the 

true complexity of biological life and the process of sentient intelligence, we may come to the 

realisation that the timeframe in which full AI may develop has been under-estimated. Therefore, in 

the following sections, we will start to review the complexity of the systems that underpins biological 

life. 
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7 BIOLOGICAL LIFE 

In the prologue to this book, the question regarding the purpose and future of sentient, intelligent life 

on Earth was raised. However, much of the discussion so far, has centred only on the future evolution 

of intelligent life, via technology, without really considering its biological roots or its wider purpose. 

This could be a mistake, as it may be presumptuous to think that technology will provide all the 

answers, although it may help us look for some of them. Of course, some theologies may dispute 

even this assumption. Be that as it may, scientific evidence, in the form of the fossil records, suggests 

that biological life has existed on Earth for some 3.5 billion years. For almost all of this time, there 

appears to have been only one, all consuming purpose to existence – survive. So it has taken 3.5 

billion years for sentient intelligence to evolve from single-celled bacteria to the point where we can 

now question the purpose of existence in broader terms: 

 

What is life? 

How did life start? 

How did life evolve? 

Does life have to die? 

Can life continue to evolve? 

 

There are several reasons for raising these issues at this point. First, we may need to reflect on the 

fact that these questions may be just as relevant to AI, even if it does eventually evolve to contain no 

inherited biology. Second, before reviewing the details of current AI research, an examination of the 

complexity and diversity of biological life will put the enormity of what AI may have to emulate into 

better perspective. Third, while science does not have the answers to these questions, on-going 

research is constantly giving us new perspectives on some of these issues that may come to 

ultimately influence our decisions on AI. 
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7.1 The Structure of Life 

 

It is not the intention to look too closely at all the complex details of molecular biology. However, it is 

useful to have some appreciation of the basic mechanisms and structures that have evolved to 

underpin all biological life on Earth. Given the diversity of biological life, it may surprise some that all 

life has evolved from just two basic types of cells:  

 

o Prokaryotic:  

These are very small (1 to 10 microns) and comparatively simple cells. These cells have no 

nucleus and no complex organelles.  

 

o Eukaryotic: 

These are relatively large cells (10 to 100 microns) and are very complex.  

 

The first cells were prokaryotic cells and they originated about 3.5 billion years ago. The first 

eukaryotic cells appeared about 1.5 billion years ago and have a structure supported by organelles. 

Organelles perform specialized functions and can act as containers, separating parts of the cell from 

other parts of the cell, i.e. 

 

o Function: 

An example of the first type of organelle is cilia, these short filaments act as ‘paddles’ to help 

some cells move.  

 

o Container: 

At any one time, hundreds of incompatible chemical reactions are occurring in a cell. Organelles 

surround these chemical reactions with membranes that act as individual protective 

compartments. 

 

Bacteria are prokaryotes. They do have DNA, but it is not organized into a nucleus. They also lack 

many other internal organelles such as mitochondria and chloroplasts. In contrast, all animals, plants, 

and fungi are eukaryotes. Their DNA is organized into a nucleus surrounded by an envelope 

consisting of two membranes. The nucleus of eukaryotic cells contains the genetic material, which 

chemically directs all cell activity.  

 

7.1.1 Cell Structure 

 

The more complex eukaryotic cells keep DNA within the nucleus. If you consider the cell as the 

workshop of life, then DNA is a set of instruction manuals. When the cell needs directions, the DNA 

makes a copy of the particular pages from the instruction manual in a form called ‘messenger RNA’, 
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which is a short, single strand of ribonucleic acid that is small enough to leave the nucleus through 

tiny ‘pores’.  

 

 

Figure 29: Basic Cell Structures 

 

Figure 29 illustrates only a few of the key components within the cell and the process by which the 

DNA instruction manual is read to generate proteins. Information encoded within DNA is extracted 

and transcribed into messager RNA. However, before describing this process any further, let us first 

outline the function of the key components: 

 

o Mitochondria: 

Found in nearly all eukaryotic cells. They burn sugar for fuel in a process called ‘cellular 

respiration’ and, as such, are the powerhouse of the cell. As sugar is burnt for fuel, a 

mitochondrion shunts various chemicals back and forth across the inner membrane. 

 

o Chloroplasts: 

Are a type of organelle, which is typically found in plants. Chloroplasts convert light energy to 

chemical energy via the process of photosynthesis.  

 

o DeoxyriboNucleic Acid (DNA) 

The double-stranded chemical instruction manual for everything a plant or animal does, i.e. grow, 

divide and even when to die. DNA is a structure that has both error detection and repair 

mechanisms, which ensure accurate replication.  
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o RiboNucleic Acid (RNA) 

Single-stranded messenger RNA carries single pages of instructions out of the nucleus to places 

throughout the cell. Unlike DNA, RNA has no error detection or repair mechanisms. Therefore, it 

can make flawed copies of itself, but can evolve ten times faster than DNA. Transfer RNA helps 

translate the mRNA into chains of amino acids in the ribosomes. 

 

o Ribosomes: 

Ribosomes are a special type of organelle that are directly involved in protein synthesis, which 

are made of RNA and protein. Ribosomes are manufactured in the nucleus, but go out into the 

cytoplasm to function.  

 

From an overall perspective, message centres throughout the cell can receive information from DNA, 

locked inside the nucleus, in the form of ‘messenger RNA (mRNA)’. Outside the nucleus lies the 

cytoplasm, the structural framework of the cell and mRNA moves through the cell looking for the 

nearest relay station, i.e. a ribosome. However, before a ribosome can act on the mRNA, it must use 

‘transfer RNA (tRNA)’ to decode the message. DNA instructions tell the ribosome to make proteins 

required to help carry out the specific function of the cell. 

 

7.1.2 DNA Structure 

 

The structure and functional organisation of a cell is determined by its chromosomes, which are 

located within the nucleus of a cell. Chromosomes are composed of DNA and it is DNA that provides 

the blueprint for an organism. DNA itself is arranged into a double helix structure, but the following 

diagram shows the outline of a single nucleotide, i.e. the basic building block of DNA.  

 

 

Figure 30: DNA Nucleotide 

 

There are four different types of nucleotide possible in a DNA sequence, based on adenine, cytosine, 

guanine and thymine, commonly referred to as A, C, G and T. There are billions of these nucleotides 

in our genome and it is these permutations that make every life unique. Nucleotides are situated in 

adjacent pairs in the double helix of DNA and follow strict rules regarding what nucleotides can pair 

with one another. 
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o Thymine and adenine can only make up a base pair  

o Guanine and cytosine can only make up a base pair 

o Other base pairs are not allowed  

 

Figure 31 attempts to reflect the double-helix nature of DNA using the base-pairings of the 

nucleotides. This sequential structure of DNA ultimately determines the physical structure of an 

organism. 

 

Figure 31: 3-D DNA Representation 

 

Cells do not live forever and therefore require a mechanism by which to replicate in order to pass their 

genetic information to new cells. As alluded to earlier, fragments of DNA, i.e. genes, have to be 

copied in order to support various cellular functions. This process cannot be error prone, otherwise 

the cell would most likely malfunction, and therefore has some specific operational requirements for 

replication: 

 

o An exact DNA template  

o A pool of available nucleotides  

o A supply of enzymes to stimulate reaction  

o Energy for these reactions to take place 

 

When replicating, DNA uncoils its double helix structure so that each strand is exposed. When 

uncoiled, freely available nucleotides can pair up with a new partner. When all nucleotide pair bonds 

are complete, DNA recovers its double helix structure. As there are two strands of DNA involved in 

replication, the first double helix produces two copies of itself based on each original strand. These 

two new copies have the exact DNA that was in the previous one. This template technique allows 

genetic information to be passed from one cell to another and from parents to offspring. 
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7.2 The Purpose of Life 

 

Although we have barely done any justice to the scope of molecular biology, we can still have some 

appreciation of the complexity and marvels of the structure of just one biological cell. However, life is 

made up of organisms with thousands, millions and billions of cells, so we now have to face up to 

some of the bigger questions. 

 

7.2.1 What is Life? 

 

In this context, the question ‘what is life’ is not meant to be rhetorical, but simply a straightforward 

question ‘what is it?’ Unfortunately, simple questions do not always have simple answers, but given 

that this question is central to any perspective on AI, let us make some attempt to answer it. In very 

basic terms, we can divide the universe into two fundamentally different types of matter: 

 

o Living 

o Non-Living 

 

Of course, Einstein’s equation e=mc2 has told us that all matter is energy with an atomic structure. So 

what are the observable attributes that separate ‘living’ matter from ‘non-living’ matter? On initial 

reflection it can be surprisingly difficult to be concise on this issue: 

 

o Complexity: 

We may initially assume that life must be more complex, but there are many examples in which 

non-life is just as, if not more complex than non-life, e.g. cellular processes in bacteria in 

comparison to the atomic fusion processes within a galaxy. 

 

o Structural: 

At the lowest level, everything has atomic structure, which combines to build larger molecular 

structures. From these molecular structures, life builds its cellular structures, which can grow and 

multiply, but so do crystalline structures in a sense. So structure itself does not appear to be the 

key attribute in isolation. 

 

o Organisation: 

Life has functional organisation, while non-life only has structural organisation. This does appear 

to go some way to encapsulating a fundamental difference between life and non-life. Initially, 

function may have been very limited in early single-celled life; but it had the inherent ability to 

evolve. It had purpose. 

 

As such, the structural organization of non-living matter can be considered to be the probable 

outcome of a system that evolves according to the ordinary laws of physics. In contrast, it will be 
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argued that the key distinguishing attribute of life, is its ‘purpose’. This purpose may be constrained by 

the laws of physics, but is not defined by these laws. Initially, this purpose was neither intelligent nor 

sentient, and possibly little more than a ‘cause and effect’ chemical reaction triggered by the 

surrounding environment. However, in evolutionary terms, this purpose appeared to want to survive, 

which in-turn led to adaptation of the functional organisation of life to better meet the challenges of 

survival in a changing environment.  

 

7.2.2 How did Life Start? 

 

By mass, volume and age, it is almost true to say that the universe is only made of non-living matter. 

In percentage terms, living matter would appear to be irrelevant, but philosophically, it could be 

argued that without the purpose and perception of living matter, the non-living universe is equally 

irrelevant. 

 

So how did life start? 

 

Biological life on Earth is based on the element carbon. Very early in the formation of the Earth, 

carbon was made available as volcanoes spewed out many key elements into the Earth's 

atmosphere. As a consequence, various chemical reactions began to take place, which resulted in the 

creation of new compounds and elements. Science suggests that one of a family of compounds 

created over time were the amino acids, the building blocks of protein. In 1953, Stanley Miller and 

Harold Urey showed that basic amino acids could be formed, when an electrical field was applied to a 

certain mixture of gases, similar in proportion to Earth’s early atmosphere. The amino acids are one of 

the building blocks of proteins and living matter. However, it should be noted that some have likened 

this experiment to creating a few words that by chance appear in a Shakespeare play.  

 

Of course, there are alternative strategies that suggest that life did not start on Earth at all, but simply 

arrived here as cosmic debris. While this is possible, it does not address the central question as to 

how living matter evolved, irrespective of where36. At this time, the existence of functionally organised 

matter, i.e. life, is still an inexplicable property of the universe, because it is not an obvious 

consequence of the physical laws of the universe. Debating this argument will always return to a point 

of creation that cannot be explained, however, the question as to whether living matter evolved after 

the creation of the universe or as a consequence of the creation of the universe can be tabled for 

further scientific and theological debate. For now, just because we do not know how, does not mean 

that it was not statistically possible for the building blocks of life to have emerged at some point(s) 

                                                 

36 2013: It is thought that the age of stars will  extends some  10
14

 year. Therefore, at 13.7 billion years, our universe is only 

0.01% into this era. The fact that life has already evolved to sentient intelligence here on Earth may be both remarkable and 
unique. Therefore, maybe we should consider the possibility that we are very first lifeform to  ever to reach this stage. In the 
great scheme of things, something has to be first and it is interesting to speculate whether it might be humanity.  
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after the creation of the space-time universe. Based on this assumption, once created, the structure of 

life had a unique and inherent purpose – survival. 

 

7.2.3 How did Life Evolve? 

 

We shall try to examine this question in two parts. The first part tries to address the emergence of 

primitive, single-celled life. However, as fossil evidence dating back beyond 3.5 billion years is almost 

non-existent, some conclusions have to be treated as speculative. The second part covers the now 

well-established timeline of the natural selection paradigm. Again, remembering that no paradigm has 

ever been totally correct, concerns of some scientists are highlighted for further consideration.  

 

7.2.3.1 The Initial Step 

 

The latest advances in science have pushed the beginnings of life on Earth back beyond 3.5 billion 

years; although it might be more accurate to describe this life as living matter, because its existence 

appears to be little more than a chemical process.  However, over a very, very long period of time, 

living matter has grown and become ever more complex and diverse in its nature, although this 

assumption needs to be examined in more detail. The unravelling of evolution has been, and will 

continue to be, one of the greatest scientific challenges of mankind.  

 

o Some 4.6 billion years ago, the Earth had solidified within the solar system. However, radioactive 

and gravitational heating of the Earth was still creating its interior structure, as well as out-gassing 

lighter molecules, such as water, methane, ammonia, hydrogen, nitrogen and carbon dioxide. 

 

o By some 3.8 billion years ago, the crust of the Earth had solidified and the oldest rocks found on 

Earth were formed. At the same time, condensation of water in the atmosphere was forming the 

first oceans. Surprisingly, there is some fossil evidence that single-celled prokaryotic organisms 

must have appeared almost immediately in the primordial oceans. 

 

o These initial organisms were heterotrophs, which are a class of life that needs to feed off other 

forms of life. These organisms that inhabited the sea are believed to have absorbed organic 

material, e.g. amino acids. When they died, the organic material from which they were made, 

would break down and be returned to the 'organic soup'. The building blocks of life that were 

creating these organisms, were also acting as its food source. Life had evolved the ‘food chain’. 

 

o As suggested, the initial purpose of life was survival and survival required that life adapted to the 

changes in its surroundings. If life did not have this purpose, it simply died out and so ‘survival of 

the fittest’ had begun.  
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o Around 3 billion years ago, fossil evidence starts to suggest that a new class of life called 

autotrophs was also evolving in response to competitive pressure for resources. This adaptation 

was capable of synthesising energy from inorganic material, which allowed life to generate energy 

by absorbing carbon and sunlight. As a result, CO2 started to be absorbed and oxygen was 

released as a by-product. As a consequence, oxygen began to build up, which in-turn created 

further environmental changes to which life had to respond. 

 

o This symbiotic relationship would suggest that the evolution of Earth’s environment was linked to 

the very life it was causing to evolve. Over time, organisms continued to evolve in order to take 

advantage of these new environments, as they emerged. However, natural resources were 

always limited and life had to literally start to 'fight for survival’. Pathogens are an example that 

were capable of killing single cell hosts in order to extract resources required for their own 

continued survival, before moving onto the next host after multiplying.  

 

o Another significant step in evolution were eukaryotic cell organisms called protocists. These 

organisms were significant because they possessed a cell nucleus, which contained the genetic 

information about the cell and the organism. Life was starting to evolve a cell structure. 

Mitochondria are a key element present in both animal and plant cells, which suggests it evolved 

before the evolutionary split into plants and animals.  

 

o Still, it would take nearly 3 billion years for life to evolve from primitive one-celled organisms, as 

just outlined, to become multi-cellular organisms in the form of sponges. At this time, clusters of 

cells started to take on specific functions, which simply helped in the survival of the larger 

organism.  

 

o Another milestone in early evolution was the development of sexual reproduction. Previously, the 

cell division that produced a new organism was based on cell replication that caused mutations, 

i.e. errors, to drive evolution. In contrast, sexual reproduction allowed genetic information to be 

inherited from both ‘parents’, which although different, were both proven blueprints of survival, 

rather than just random errors. After the evolution of sexual reproduction, the rate and diversity of 

genetic variation began to increase to compete for every niche in the ecosystem.  

 

The initial step, up to this stage, had taken nearly four billion years from the formation of Earth within 

the solar system to the early appearance of multi-celled organisms. We have arrived at the start of the 

Cambrian period, some 500 million years ago; the stage was set for life on Earth. It did not disappoint. 
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7.2.3.2 The Evolutionary Paradigm 

 

For completeness, the next section summarises all the major eras and periods of evolution. One issue 

that some scientists are now taking up regarding this model is the implication that evolution favours 

complexity and that mammals were the winner in this selective process. However, before discussing 

this issue, let us try to ‘quickly’ review 4.5 billion years of evolution: 

 

1) Archaezoic Era: 2500-4500 million years ago 

Over the totality of this era, microbial life flourished in the primordial oceans. One type of 

organism, the cyanobacteria (blue-green algae) started to produce oxygen as a metabolic by-

product. The eventual build-up of this highly reactive gas was to eventually prove fatal to many 

life forms and was a major catalyst for change.  

 

2) Proterzoic Era: 545-2500 million years ago 

This era saw the atmosphere stabilise to near present-day levels that enabled the rise of 

aerobic life. The original anaerobic inhabitants of the Earth had to retreat into more restricted 

habitats. The more complex eukaryotic cell organisms benefited from the increase in oxygen. 

Multi-celled organisms had started to appear between 600-1600 million years ago. 

 

3) Paleozoic Era: 245-545 million years ago 

This era is sub-divided into a number of distinct periods. 

 

Period Millions of Years Ago 

Cambrian 505-545 

Ordovian 438-505 

Silurian 408-438 

Devonian 360-408 

Carboniferous 286-360 

Permian 245-286 

 

By the start of this era, the stage was set and life seems to have almost exploded in both 

complexity and diversity. Atmospheric oxygen was approaching present-day levels and 

generating the ozone shield that would screen out ultraviolet radiation. This change to the 

ecosystem would allow complex life to live in the shallow seas and finally on land. By the 

Cambrian period, trilobites were dominant, with lichen and mosses developing. The Ordovian 

period saw primitive vertebrates emerge along with fungi and plants. During the Silurian and 

Devonian periods, bony fish led to amphibians that started the colonization of the land along 

with insects. Later, in the Carboniferous and Permian period, the first reptiles started to appear. 

However, the Paleozoic era was brought to an end by mass-extinction, perhaps the most 

severe extinction the planet has seen. 
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4) Mesozoic Era: 65-245 million years ago 

This era is also sub-divided into a number of distinct periods. 

 

Period Millions of Years Ago  

Triassic 208-245 

Jurassic 145-208 

Cretaceous 65-145 

 

This era was the dawn of the great age of the dinosaurs. The generalized reptiles of the 

Triassic gave way to the dinosaurs and terrestrial fauna, which the Earth has not seen before or 

since. The dinosaurs ruled the land and a diversity of sea-reptiles ruled the oceans. In addition, 

Pterosaurs were taking to the sky, followed by the birds. Although mammals existed, they were 

still small and insignificant. During this era, evolution continued to produce new insects, fishes 

and finally flowering plants. Again, as with the Paleozoic Era, this era was marked by another 

mass extinction, which effectively closes the age of the dinosaurs. 

 

5) Cenozoic Era: 2-65 million years ago 

This era is sub-divided into the following periods. 

 

Period Millions of Years Ago 

Palaeocene 54-65 

Eocene 38-54 

Oligocene 26-38 

Miocene 7-26 

Pliocene 2 

 

Following the extinction of the dinosaurs at the end of the Mesozoic era, space in the 

ecosystem emerged that allowed the mammals to evolve. The appearance of grass gave rise to 

a broad range of grazing herbivores and hunting carnivores. However, possibly more significant 

to our story, was the emergence of anthropoid apes that culminated in the hominids of Africa. 

Finally, after 3.5 billion years, Homo Erectus, Neanderthal and Cro Magnon had started to learn 

how to use stone tools and make fire. However, the birth of any meaningful civilisations would 

still have to wait for Homo Sapien to appear, possibly only some 200-300 thousand years ago, 

which is virtually no time at all in terms of the geological time being discussed. 
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Let us defer from drawing too many conclusions at this stage, but simply highlight some key facts for 

consideration: 

 

o Life appeared almost as soon as the Earth’s ecosystem stabilised.  

 

o For 85% of the time life has existed, it has been in the form of single-celled organisms like 

bacteria. 

 

o If the only purpose of life is survival, bacteria must be considered the role model to follow. They 

are diverse, adaptable and virtually indestructible. 

 

o Multi-celled organisms started to appear about 500 million years ago. This appeared to be a 

catalyst for an explosion of evolutionary invention.  

 

o All major anatomical design was laid down in a relatively brief period of the Cambrian age. In 

comparison, all subsequent evolution has been more about diversification, not invention. 

 

o Natural selection is not the only process driving evolution. At the microscopic level, random 

changes still occur in the DNA base pairs. At the macroscopic level, luck and chaos has played a 

major role through mass extinctions. 

 

o The assumption that mankind is centre-stage and the rightful winner of natural selection may be 

both premature and false. 

 

7.2.4 Does Life have to Die? 

 

Life teaches us that each species has a different lifespan and, in the case of humanity, this lifespan is 

stated to be three score years and ten. In some respects, we are conditioned to accept that all life is a 

process that ends in death after an allotted time. 

 

But why do different species have different life spans? 

 

Strangely, the process of aging and dying appears to have evolved. The earliest life forms were 

essentially immortal in the sense that they reproduced by dividing, with no difference between parent 

and offspring. Both continued to survive and undergo further division without any apparent aging.  

 

So why, if the fundamental purpose of life is to survive, did it evolve a process that leads to death?  

 

Before attempting to try to answer this question and the previous one, let us quickly review some 

facts. In most multi-cellular organisms there is a profound division between two principle kinds of cells.  
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o Germinal Cells: 

These cells are the egg or sperm-forming cells of the ovary or testis. They are responsible for 

transmitting genetic information to the next generation.  

 

o Somatic Cells: 

These cells make up all the other organs within the body. 

 

In the early stages of life on planet Earth, before the distinction between germinal and somatic cells 

had evolved, the ability to replicate was built into every cell. This is not so surprising as initially all 

organisms were single-celled. However, as the evolutionary evidence has shown us, some 500-600 

million years ago, multi-celled organisms started to evolve. This step in evolution required some cells 

to be organised into functional groups. As a result, the somatic cells were no longer required to 

directly support procreation and slowly, over time, the somatic cells evolved very specialised 

functions, e.g. 

 

o Red blood cells transport oxygen and other constituents around the body.  

 

o White blood cells police the body for intruders and destroy them.  

 

o Brain and nerve cells conduct electrical signals.  

 

o Cells within the lens of an eye are translucent in order to transmit and focus light upon the retina. 

 

The distinction between germinal and somatic cells may have been one of the most significant steps 

in evolution, but it appears to have come at a high price – death by aging. In this model, it is only the 

germinal cells that are responsible for the underlying function of life – reproductive survival. If germinal 

cells accumulated damage to their DNA sequences, they would rapidly become extinct. In contrast, 

damage to the somatic cells does not affect the survival of the next generation, only the individual 

organism. So, in this model, only the germinal cells can trace their ancestry back 500 million years to 

the first multi-celled organisms. No somatic cells are passed to the offspring and as a result, evolution 

appears to have no fundamental requirement for somatic cells to keep their DNA in good shape 

indefinitely. As a consequence, the mechanism of evolution by natural selection has determined that 

somatic cells need only retain sufficient integrity until the organism reaches sexual maturity. As a 

result, the primary cause of aging and death is the gradual build-up of faults in the somatic cells that 

support vital functions within the organism, which includes humans. In this model, sexual reproduction 

appears to be an evolutionary step that provides wider genetic permutations, plus the repair and 

correction of genetic information. However, this process focuses only on our germinal cells and 

ignores our somatic cells that are apparently left to die. From a human perspective, there is an irony in 
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this situation, as the mind that has now evolved to perceive the concept of immortality, is a construct 

of the brain that is itself a functional cluster of somatic cells, programmed to die. 

 

Is there any rationale for this situation? 

Is humanity destined to only three score years and ten? 

 

From a genetic perspective, an individual organism could be considered simply as a containment 

vehicle for the information within its genes. As long as the genes survive, the survival of the individual 

organism is not so important. Therefore, the main criterion is that the individual organism survives 

long enough to reproduce and pass on its genes. Of course, there is an alternative; the organism 

could live longer, thereby producing more offspring. However, the lifespan of an organism depends on 

at least two different factors:  

 

o Environmental death can act on cells in any number of ways causing fatal injury. 

 

o Programmed death is built into the DNA of a cell and is more analogous to suicide. 

 

So the question of approach may have more to do with which is more cost-effective in terms of 

energy, i.e. quality or quantity? Each life form exists (or existed) in an environment for which the 

probability of death by any external environmental cause can be calculated. From this, the average 

life expectancy can also be calculated. In practical terms, there may be no advantage in evolution 

spending time and resources on combating the aging effect, so that programmed death might be 

deferred for a 1000 years, if it is highly probable that the organism would succumb to an 

environmental death within 25 years. Of course, there is the implication that if the probability of 

environmental death reduces for a given species, then evolution could respond, albeit over millions of 

years, by increasing the age of programmed death for that species; should it survive for that long. To 

some extent, the variation of life spans in the animal kingdom might support this notion.  

 

So while all life may ultimately succumb to death in one form or another, it may be possible that the 

process of programmed death, built into our DNA, can be altered by genetic engineering. In 2003, 

scientists identified a generic mutation found in people over 100 years old. A subsequent study has 

shown that centenarians are five times more likely to have the same mutation in their mitochondrial 

DNA. 
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7.2.5 Summary 

 

To some extent, we have tried to look for some sort of answer to all the questions raised at the 

beginning of this section, but one:  

 

Can life continue to evolve? 

 

Well, you might reasonably assume that given enough time and without any major disasters causing 

mass extinction - yes. However, the presentation of evolution as a timeline of progression may be 

misleading. Any premise that natural selection was pre-programmed for increased complexity and 

mankind destined to take centre-stage in creation from the start needs to be questioned.  

 

In reality, some of the evidence appears to show the contrary and that evolution is biased to life’s 

most basic purpose – survival, with higher life forms only being another diverse containment vehicle 

for genetic information. For 85% of the time life has existed on Earth, it has existed as single-cell 

bacteria. There are more bacteria in the gut of a single human being than the number of humans that 

have ever lived. Bacteria are virtually indestructible and contrary to the ever onwards and upwards 

school of natural selection, bacteria-like organisms have continued to evolve and adapt throughout. 

So what conclusion is being drawn here – that humanity is just a chance accident that occurred in the 

chaos of evolution and that the world belongs to bacteria? No. 

 

It has been stated that pure science should be agnostic. What this statement means is that science 

must try to look at the facts as they really are, not as we would like them to be. However, irrespective 

of whether humanity arrived by accident, it has evolved an attribute that no other life form has 

previously possessed – a higher purpose. As such, sentient intelligence may be very, very rare, not 

only in the history of Earth, but also in the universe at large.  

 

So possibly the real question being presented to humanity is not whether it will continue to evolve, but 

whether humanity wishes to wait a few million years and leave its evolution to chance? 
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8 HUMAN LIFE 

Despite some of the implications of earlier sections, the probability of sentient AI evolving without first 

achieving a better understanding of all the components of human life is still considered low. 

Therefore, this section will attempt to provide an overview of some of the key factors of human life that 

could also be part of the blueprint of AI. This blueprint will be considered in three parts: 

 

o Physical Anatomy 

o Neuro-Physiology 

o Sentience 

 

Due to the importance of our sight sense, we identify life through its physical form. Our bodies and 

facial expressions identify us, and people make assumptions about personalities, rightly or wrongly, 

based on physical appearance. However, more importantly, our bodies provide the means through 

which we interact with the physical world. As such, our ‘shape and form’ has a profound effect on our 

physical capability and persona. Understanding the anatomical functions of our body is therefore 

important to AI research, especially if one path to AI may be achieved through humanoid robotics. 

 

Although the human body is undoubtedly amazing, it would not have much purpose without the spark 

of intelligence guiding its actions. Therefore, some would say the bigger challenge is the 

understanding of human neuro-physiology. The level of evolution of the human brain is unique on 

planet Earth and appears, so far, not to have any parallel in our solar system or possibly even within 

our own galaxy, the Milky Way. The uniqueness is not just based on our higher intelligence to solve 

problems, but our perception of sentience or self-awareness that makes us question our purpose in 

the universe. Without understanding of what sentience is or how it came about, we may only be 

destined to develop automatons that can merely mimic the characteristics of life. 
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8.1 Physical Anatomy 

 

The scope of this section is restricted to the physical anatomy of the body and excludes the anatomy 

of the nervous system and our senses. This aspect will be covered separately in the next section.  

 

When considering AI, initial developments will undoubtedly start with robotic systems that only 

emulate some of the functions of the human anatomy, rather than trying to faithfully replicate them all. 

Initially, robotic systems will be electromechanical, not biomechanical. This raises the interesting issue 

of AI reproduction and whether the concept of growth will ever be relevant. Reproduction is a 

mechanism by which biological evolution has taken place via the genetic code embedded in DNA. 

However, this process is linked to Darwinian evolution, whereas AI evolution may better be described 

as Lamarckian evolution. As such, reproduction and growth of the physical body may eventually 

become an obsolete concept in the evolution of AI.  

 

So why even discuss human anatomy?  

 

The human body is the result of a large number of anatomical systems that have successfully evolved 

in response to survival needs over a very, very long period of time. Some aspects of our physiology 

pre-date our Homo Sapien existence, inherited from our mammalian ancestry and even earlier. As 

such, the Darwinian school of anatomy never starts from a clean sheet, but prefers to adapt from 

some earlier successful life form. In this context, AI anatomy should at least consider the working 

blueprint of human anatomy before opting for a different path. However, the physical requirements of 

AI life may quickly start to depart from those of its biological counterpart. For example, the intelligence 

in AI would not necessarily have to be physically collocated with its body. Rather, AI may evolve as a 

centralised intelligent system whose ‘body’ is actually a network of interchangeable and replaceable 

drone peripherals.  

 

8.1.1 Primary Systems  

 

At a very basic level, our physical anatomy is a transportation system for the brain, which is being 

carried around perched on the top of our bodies in the skull. This transportation system has some 

‘auxiliary features’ that allow us to breathe air, gather food and convert the food into the necessary 

nutrients to sustain life. We also have a built-in waste disposal system; part of which is inter-linked to 

a reproductive system that seems to imply a sense of humour somewhere in the design process. Yes, 

of course, this is a miserable and woefully inadequate description of our physical anatomy. It 

completely overlooks the complexity of our hand movements, facial expressions and myriad other 

facets that give us the sense of life and personal identity. However, it does help us to focus on what 

might be the essential features critical to sentient AI. In the following sections, a brief introduction of 

just 6 key anatomical systems will be provided, which will then be discussed from an AI perspective. 
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Figure 32: Human Anatomy 

 

8.1.1.1 Skeletal System 

 

The average human is born with over 300 bones, but as we grow to maturity some of these bones 

begin to fuse together. As a result, a normal adult is left with 206 bones joined by ligaments and 

tendons to form a protective and supportive framework for the attached muscles and the soft tissues. 

The skeleton also produces red blood cells from the marrow of certain bones and white cells from the 

marrow of other bones to destroy harmful bacteria as part of the body’s wider immune system. 

  

8.1.1.2 Muscular System 

 

The human body has more than 600 muscles connected via nerves and the spinal cord to our brain. 

By control of our muscles we are capable of an incredible number of complex actions from delicate 

touch to brute-force survival. 

 

8.1.1.3 Digestive System 

 

When eating, our body digests food so that our body cells can use it to make energy. Acids and 

enzymes in the stomach and intestine break down the food into molecules tiny enough for the body 

cells to use. These molecules are then taken into the blood and distributed around the body. 
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8.1.1.4 Circulatory System 

 

Our arteries are vessels that carry blood away from the heart. The heart is a pump that pushes the 

blood around the body. Red blood cells carry oxygen from the lungs to all the cells of the body. Our 

veins are vessels that carry blood back to the heart. Blood circulates around the body in about one or 

two minutes and also carries white blood cells that protect the body via a complex immune system. 

 

8.1.1.5 Respiratory System 

  

The primary function of the respiratory system is to supply the blood with oxygen in order for the blood 

to deliver oxygen to all parts of the body. When we breathe through the lungs, we inhale oxygen and 

exhale carbon dioxide. This exchange of gases is the way the respiratory system gets oxygen into the 

circulatory system 

 

8.1.1.6 Excretory System 

  

The volume of our blood, approximately 8 pints, passes through the kidneys 300 times a day. 

Nephrons clean the blood in 45 minutes and send about six cups of urine to the bladder every day. 

.  

8.1.2 The AI Perspective 

 

Clearly, thousands of volumes can and have been written about the human anatomy, but that is not 

the purpose of this book. The question this book is considering is whether; given a clean sheet of 

paper, sentient AI would need or want to replicate the complexity of the physical human anatomy?  

 

 

Figure 33: Homo Primus Anatomy? 



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 134 ©Copyright 2004  

With this question in mind, let us review each of the 6 anatomical systems again: 

 

o Skeletal System: 

While life on Earth comes in many shapes and sizes, the brain of each creature is always 

collocated with its physical body. Therefore, it is part of an in-built paradigm that we identify most 

creatures through their physical form. In humans, the sense of identity is even more strongly tied 

to the physical structure and expressions of the face. For example, we can form first-impressions 

of a person’s personality simply based on whether we like the ‘look’ of them or not.  

 

However, the ‘brain’ of AI need not necessarily be collocated with any physical embodiment. This 

opens up the possibility of a radically different ‘anatomical’ paradigm in which the brain resides as 

a central system interconnected to a network of sensory peripherals. In this respect, the skeleton 

or structural framework may only be an issue of design for the peripheral drones. However, the 

question of AI’s identity or persona is then left unanswered for now.  

  

o Muscular System: 

While our muscular anatomy is also responsible for our physical appearance, this point has been 

outlined above. Muscles provide both the strength and dexterity to our actions that involve 

movement. They also make demands on our digestive and circulatory system by requiring protein 

and oxygen to be delivered to all parts of the body.  

 

However, even today, some aspects of strength and dexterity of movement can be replicated by 

robotic systems. In fact, many of the requirements of modern life now make demands that exceed 

the capability of our physical anatomy. Therefore, AI might not necessarily wish to replicate the 

complexity of biological muscle, especially if an alternative approach provided greater strength 

without ever having to go to the gym. 

 

o Digestive System: 

In basic terms, our digestive system provides nutrients that in turn provide energy to the cells that 

make up our bodies. The food we eat can be broken into three key groups:   

 

o Protein 

o Carbohydrates  

o Fats 

 

Proteins are essential to maintaining muscle mass, while the brain is a sugar-only junkie that 

derives energy from carbohydrates. There are many types of fats, some good and some bad, but 

necessary in maintaining a balanced diet. The breakdown of food to energy is also tightly coupled 

to our hormone systems, such as the endocrine system, that helps control the blood sugar levels. 
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It is highly unlikely that the transition from Homo Sapien to AI will take place in a single step. 

Although AI may eventually contain no human biology, it may certainly start off as a hybrid system 

that ultimately evolves its own equivalent biological systems. The key fact being highlighted is that 

these systems may not be sustainable through electrical or solar energy alone. While, at this 

stage, the nature of an AI system is somewhat speculative, they may require nutrients to be 

derived from the equivalent of a digestive system.  

 

o Circulatory System 

This system distributes oxygen around the body and supports our immune system by distributing 

white blood cells to the points of infection. Again, the requirements for a circulatory system 

depend on the evolutionary transition of AI from a life form containing some biological 

components to one requiring none at all. However, even if AI should end up containing no 

biological components, it is highly probable that some equivalent of the circulatory system may 

still be required. There is an inherent belief that AI systems will have to be just as complex, if not 

more so, than their biological human counterparts. If so, such complexity will have to be protected 

by some level of self-healing, although this equivalent immune system might be based on nano-

technology rather than white blood cells. 

 

o Excretory & Respiratory System 

Again, the same argument can be made for both these biological systems. AI requirements will 

depend on the nature of any biological equivalence. However, the scope of these AI requirements 

may only apply to the central system in which the equivalent of the brain resides. While biological 

peripherals may be developed for specific requirements, it is more likely that AI life adapted for 

space travel may wish its peripheral sensors to be more robust. 

 

8.1.3 Summary 

 

Human anatomy has evolved to meet the specific challenges of survival in the physical world in which 

it lived. It is now recognised that some basic aspects of human physiology are a result of evolutionary 

design laid down hundreds of millions of years ago and shared by almost every life form, especially 

mammals. However, humans have evolved physical characteristics that separate us from our nearest 

DNA cousins, the apes. The most important possibly being an opposable thumb, in conjunction with 

an enlarged brain, which gives humans an extended ability to manipulate tools in a far more effective 

way than any other species of mammal. Even so, it is not clear whether human anatomy is the 

blueprint for AI. 

 

So what might AI look like? 
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To some extent, it may be possible for AI to select its physical appearance to best meet the job at 

hand, especially if its intelligence was centralised and its body regarded more as a tool-kit of 

replaceable parts. 

 

 

Figure 34: The Shape of AI? 

 

In Figure 34, the inset photograph in the bottom left shows a small robot that obviously does not 

frighten the many children surrounding it. In fact, just the opposite appears to be true, which could 

probably be explained away by various psychological reasons, such as its small, non-threatening size 

or its bright friendly colour etc. In contrast, the larger robot on the right may invoke a completely 

different reaction, especially if it towered over both children and adults alike. Of course, if the function 

of this robot was security or planetary exploration, this might be either a requirement or a non-issue. 

However, it is probably a premature conclusion to suggest that the shape and aesthetics may be a 

low priority to AI.  

 

Could AI become both beautiful and vain? 

 

Thanks to the science fiction, the term ‘The Borg’ probably conjures up an image of an intelligent, but 

humanoid monstrosity of spare parts. As such, any future cyborgs may wish to consider hiring one of 

Ferrari’s bodywork designers and a PR agent to help restore their public image. In all seriousness, 
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while AI may be different, there is no reason to assume that it would not evolve a sense of what is 

aesthetically beautiful and aspire to incorporate those features into its own physical form and society. 

 

Are there any practical constraints on the physical form of AI? 

 

Yes, undoubtedly the evolution of the AI physical form will run into many practical constraints. While 

the possibility of AI being a centralised intelligent system interconnecting many peripheral extensions 

has been outlined, the latency of signals between the peripheral extensions and the central system 

may restrict this approach. Equally, the energy requirements of AI need to be considered in terms of 

portability and survivability. Again, it is probably premature to consider AI only operating via a solar 

panel stuck on the top of its head with a couple of batteries as backup. While many aspects of AI 

anatomy will be initially developed in conjunction with robotic applications, it is suggested that the 

anatomical requirements for AI need to be considered in a much wider context. Intelligent, sentient AI 

may grow to have a unique personality and, as such, have very specific and individual ideas on its 

role in society and how it wishes to be perceived by others. 
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8.2 Neuro-Physiology 

 

The human nervous system is a complex internal network that allows a person to ‘sense’ its 

environment. The network includes sensory components that detect changes in the environment and 

motor components that help generate physical movement, contract cardiac muscles and initiate 

glandular secretions. Collectively, the nervous system receives, stores and processes sensory 

information and then coordinates the appropriate motor response. Within the scope of this section, we 

are aiming to get some basic, but overall appreciation of the functions that AI may have to replicate. 

The nervous system comprises of two divisions: 

 

o Central Nervous System (CNS) 

o Peripheral Nervous System (PNS) 

 

The former includes the brain and spinal cord, while the latter includes the sensory receptors, sensory 

nerves and ganglia. A further division can also be made between the sensory and motor components 

of the nervous system. The sensory components bring information into the nervous system, which is 

ultimately channelled to the higher levels of the cerebral cortex. In contrast, the motor components 

carry information out of the nervous system resulting in muscle contractions or various glandular 

secretions.  

 

Figure 35: The Human Nervous System 

 

The hemispheres of the brain consist of the cerebral cortex and three nuclei called the basal ganglia, 

hippocampus and amygdala. The functions of the cerebral hemispheres are perception, higher motor 

functions, cognition, memory and emotions. The cerebral cortex  consists of four lobes called: 
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o Frontal Lobes 

o Parietal Lobes 

o Temporal Lobes 

o Occipital Lobes 

 

Again, the evidence suggests that the human brain has evolved as an effective network of cells and 

nerves with specific functions that helped meet the challenges of survival. Research has shown that 

many of the major neural systems present in man are also present in most mammals; therefore it 

would appear that the basic neural functions have evolved over a very long period of time, e.g. 

millions of years.  

 

1) Senses allow both the sensation and detection of events in the surrounding environment:  

i) Sight  

ii) Hearing 

iii) Touch 

iv) Olfaction (smell) 

v) Taste  

vi) Pain  

 

2) Basic instincts and emotions: 

i) Hunger  

ii) Love, lust and sex  

iii) Anger, hate & fear  

iv) Territoriality, possessiveness  

v) Dominance, submissiveness  

vi) Irritability and serenity.  

vii) Social, parenting & family ties  

 

3) Cognitive capabilities: 

i) Arousal, Attention,  

ii) Thinking, Evaluating, Insight,  

iii) Abstraction, Creativity,  

iv) Choice, Purpose,  

v) Seeking, Planning, Generalization,  

vi) Judgement, Introspection, Programming,  

vii) Interest, Preference, Discrimination,  

viii) Learning, Memory, Recognition, Retention, Knowledge. 
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4) Basic behavioural repertoire: 

i) Reflexes & Basic Action sequences  

ii) Instincts; integrated action sequences  

iii) Learned action sequences.  

iv) Play & Exploratory behaviour  

v) Goal Directed behaviours   

 

According to the science of evolution it has taken a long time to discover the functions that allow life to 

survive independently. Equally, intelligence and self-awareness may only have been an accidental by-

product of this process. However, while AI may not need to slavishly replicate all these functions, 

human neuro-physiology is currently the only known blueprint that has led to both intelligence and 

sentience.37,38  

 

8.2.1 The Brain 

 

Over the last 50 years, a large number of neural cell groups, circuits and connections have been 

identified and named in various regions of the brain. More importantly, the functions of these different 

cell groups and circuits are now starting to be identified. Moreover, the anatomical and chemical 

mechanisms by which these circuits operate are also being clarified. Although, much remains to be 

done, it has been estimated that within the next few decades, modern technology may obtain a 

considerable insight into how the circuits of the brain perform many of their central functions. 

 

                                                 

37 2013: In terms of AI ever emulating the human brain and its sensory system, it might be useful to have some initial idea 

as to the amount of data being transmitted within this system. To-date, sources of information on this subject appear to be 
thin on the ground, although in a  2010 article "Two Views of Brain Function" the following statement is made: 
 
"It might surprise some to learn that visual information is significantly degraded as it passes from the eye to the visual 
cortex. Thus, of the unlimited information available from the environment, only about 10

10
 bits/sec are deposited in the 

retina. Because of a limited number of axons in the optic nerves, i.e. there are ~ 1 million axons in each eye,  only about 
6x10

6
 bits/sec leave the retina and only 10

4
 make it to layer 4 of 6. This data clearly leave the impression that the visual 

cortex receives an impoverished representation of the world, a subject of more than passing interest to those interested in 
the processing of visual information. Parenthetically, it should be noted that estimates of the bandwidth of conscious 
awareness itself. i.e. what we ‘see’, are in the range of 100 bits/sec or less." 
 

38 2013: As a tangential issue to the note above, might we accurately calculate the total amount of information transmitted 

and processed by the brain from its sensory system and to its motor systems? If so, might we estimate the size of a data 
archive that was representative of an entire lifetime? Now comes the highly speculative corollary to these questions – could 
an artificial mind ever process this data in sequence to emulate a person at some given point in their lives. Of course, what 
appears to be missing from this line of thought  is any detailed understanding of the  structure and operation of the ‘mind’ 
that processes all this data. This point will be touched upon, in the section summary, in terms the physical and meta-
physical functions of the brain. 
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Figure 36: The Brain 

8.2.1.1 Brainstem 

 

The brainstem is the lower section of the brain and where it connects to the spinal cord. It is described 

as being comprised of 3 component parts: 

 

o Midbrain: the auditory & visual reflex centres 

o Pons: the respiratory centre 

o Medulla Oblongata: the cardiac centre 

 

Neurological functions located in the brainstem include those necessary for survival, i.e. breathing, 

digestion, heart rate, blood pressure and being awake and alert. Most of the cranial nerves come from 

the brainstem. The brainstem is the pathway for all fibre tracts passing up and down from peripheral 

nerves and spinal cord to the highest parts of the brain.  

 

8.2.1.2 Cerebellum   

 

This portion of the brain helps coordinate and control voluntary movement, i.e. balance and muscle 

coordination. Damage may result in ataxia, a problem of muscle coordination, which can interfere with 

a person's ability to walk, talk, and eat plus other key functions. 
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8.2.1.3 Frontal Lobe  

 

As the name implies, this part of the brain sits within the front of the skull and is involved in planning, 

organizing, problem solving, selective attention, personality and a variety of higher cognitive functions, 

including behaviour and emotions. 

 

o The front portion of the lobe is called the prefrontal cortex and considered key to the higher 

cognitive functions and the determination of personality and emotional traits. 

 

o The back portion of the lobe consists of nerve cells that control various motor activities.  

 

8.2.1.4 Occipital Lobe 

 

This lobe is located at the back of the brain and is the primary processor of visual information. Not 

only is the occipital lobe mainly responsible for visual reception, it also contains associated areas that 

help in the visual recognition of shapes and colours. Not surprisingly, damage to this lobe can cause 

acute visual defects. 

 

8.2.1.5 Parietal Lobe  

 

There are two parietal lobes of the brain, each located behind the frontal lobe at the top of the brain. 

 

o Right Lobe - Damage to this area can cause spatial defects causing a person to have difficulty 

finding their way around new, or even familiar, places. 

 

o Left Lobe - Damage to this area may disrupt a person’s ability to understand spoken and/or 

written language. 

 

The parietal lobes contain the primary sensory cortex that controls sensation, such as touch and 

pressure. Behind the primary sensory cortex is a large area that controls fine sensation allowing the 

judgment of texture, weight, size and shape of an object.  

 

8.2.1.6 Temporal Lobe 

 

There are also two temporal lobes, one on each side of the brain located at about the level of the 

ears. These lobes allow a person to tell one smell from another and one sound from another. They 

also help in sorting new information and are believed to be responsible for short-term memory. 

 

o Right Lobe - Mainly involved in visual memory. As such it is a primary centre for facial recognition.  
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o Left Lobe - Mainly involved in verbal memory and supports the recall of names and words.  

 

8.2.2 The Senses 

 

Our senses provide the input information that the brain needs to process a mental picture of the world 

and our surroundings. Although, we typically define humans as only having five senses, as originally 

defined by Aristotle, medically it is agreed that there are at least nine different senses in humans.  The 

relative proportion of the somatosensory cortex, which lies between the frontal and occipital lobes, 

given over to our senses is reflected in Figure 37. 

 

Figure 37: The Somatosensory Homuculus 

 

In the context of AI, there is scope to develop more senses that are adapted to meet the requirements 

of new environments. However, emulation of the human senses would be more than a good starting 

point. 

 

8.2.2.1 Sight 

 

o Stimulus: Light Waves 

o Sense Organ: Eye 

o Receptor: Rods and Cones of the Retina 

o Sensation: Colours, Patterns, Textures, Motion, Field Depth   

  

The human eye is the organ that helps provide the sense of sight, which allows us to assimilate more 

about the surrounding world than any other sense.  The eyes help see and interpret the shapes, 

colours, and dimensions of objects in the world by processing the light they reflect or emit.  The eye is 

able to see in bright light or in dim light, but it cannot see objects when light is absent. 
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The process of vision allows light waves from an object to enter the eye first through the clear cornea 

and then through the pupil, the circular opening in the iris.  The light waves are converged first by the 

cornea, and then further by the crystalline lens, to a point located immediately behind the back 

surface of the lens.  At that point, the image becomes inverted. In the retina, light impulses are 

changed into electrical signals and then sent along the optic nerve and back to the occipital lobe of 

the brain, which interprets these electrical signals as visual images.  Therefore, we do not ‘see’ with 

our eyes but, rather, with our brains; our eyes merely assist with the visual process. 

 

8.2.2.2 Hearing 

 

o Stimulus: Sound Waves 

o Sense Organ: Ear 

o Receptor: Hair Cells of the Inner Ear 

o Sensation: Noises, Tones 

 

In human beings, hearing is performed by the ears, which also perform the function of balance, a 

sense in itself but not one traditionally listed. This is in common with most mammals. Normal human 

ears are said to be sensitive in the range of frequency of 30Hz to 12KHz. Some individuals are able to 

hear up to 22KHz, and high-quality sound reproduction equipment often goes up to 16KHz or even 

beyond. Frequencies within the range of human hearing are called audio. Frequencies higher than 

audio are called ultrasonic, while frequencies below audio are called infrasonic. There is some 

evidence of human ability to unconsciously detect ultrasound and infrasound. Infrasound has been 

found to affect the emotions. 

 

8.2.2.3 Touch 

 

o Stimulus: External Contact 

o Sense Organ: Skin 

o Receptor: Nerve Endings in the Skin 

o Sensation: Touch, Pain, Warmth, Cold 

  

Tactition is the sense of pressure perception. This definition is the one that differs the most from 

Aristotle’s model, as it specifically excludes the perception of pain and temperature. Even within the 

limited field of pressure, there is still disagreement as to how many distinct senses there actually are. 

In the skin, for example, there are different receptors responsible for the detection of light versus 

heavy pressure, as well as brief versus sustained pressure. Adding to the complexity is the fact that 

there are also distinct receptors that detect pressure in the visceral organs, e.g. a full stomach, and 

endocrinal receptors that cause the feeling of tension, e.g. anxiety or excessive caffeine consumption. 
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Thermoception is the sense by which an organism perceives temperature. In larger animals, the skin 

does most thermoception. The details of how temperature receptors work is still being investigated. 

Mammals have at least two types of sensor; those that detect heat, i.e. temperatures above body 

temperature, and those that detect cold, i.e. temperatures below body temperature. 

8.2.2.4 Smell 

 

o Stimulus: Volatile Substances 

o Sense Organ: Nose 

o Receptor: Hair Cells of Olfactory Membrane 

o Sensation: Odours (musky, flowery, burnt, mint) 

  

Olfaction, the sense of smell, is the detection of chemicals dissolved in air. In vertebrates it is located 

in the nose. The importance and sensitivity of smell varies among different organisms; most mammals 

have a good sense of smell, whereas most birds do not. Among mammals, it is well developed in the 

carnivores, who must always be aware of each other, and in those, such as moles, who smell for their 

food. It is less well developed in the primates. Mammals generally have about 1000 genes for odour 

receptors. Each receptor cell in the nose expresses one of these genes. Each gene is expressed by 

thousands of cells, whose axons converge in the olfactory bulb. Humans have 347 functional odour 

receptor genes; this number was determined by analysing the genome in the Human Genome 

Project, although the number may vary among ethnic groups, as well as individuals.  

 

8.2.2.5 Taste 

 

o Stimulus:  Soluble Substances 

o Sense Organ: Tongue 

o Receptor: Taste Buds of the Tongue 

o Sensation: Flavours (sweet, sour, salty, bitter) 

  

Taste is the direct detection of chemical composition, usually through contact with chemoreceptor 

cells. Taste is very similar to the sense of smell, in which chemical composition is detected by 

chemoreceptors. In humans, the sense of taste is conveyed via three of the twelve cranial nerves.  

 

8.2.2.6 Vestibular Sense 

 

o Stimulus:  Acceleration and Gravitational Forces 

o Sense Organ: Inner Ear 

o Receptor: Hair Cells of semicircular canals and vestibule 

o Sensation: Spatial Movement, gravitational pull 
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The vestibular sense interprets cues from gravity and acceleration. In practice, those cues are 

equivalent, meaning that the vestibular organ cannot tell them apart. The vestibular organ is in the 

inner ear, but it has nothing to do with hearing. It consists of three semicircular canals filled with fluid. 

That fluid moves under acceleration or deceleration, but not under constant velocity. That fluid 

movement provides the cues for perceptions about gravity and acceleration.  

 

8.2.2.7 Kinesthesis 

 

o Stimulus:  Body Movement 

o Sense Organ: Muscles, Tendons and Joints 

o Receptor: Nerve Fibres in muscles, tendons and joints 

o Sensation: Movement and position of body parts 

 

The kinesthetic sense receptors are located in the joints, muscles, and body. The kinesthetic sense 

allows us to locate parts of our bodies without having to see them. Adolescents, in the midst of growth 

spurt, may show clumsiness caused by the fact that they are growing so fast their kinesthetic sense 

has not had time to adjust to their new body dimensions. A more dramatic example of the kinesthetic 

sense is a phantom limb. Many amputees report that they can still feel their limbs even though they 

have been removed. Typical sensations are itching or burning pains. The limb is gone, but the brain 

still thinks it is there because kinesthetic senses are still being triggered. 

 

8.2.2.8 Pain 

 

Nociception is the term sometimes used to refer to the perception of physiological pain. Pain in this 

context can be defined as a harmful stimulus that signals tissue damage. So despite its 

unpleasantness, pain is nonetheless an important sense and a vital component of the body's defence 

system.  

 

The very unpleasantness of pain encourages an animal to disengage from the action causing the 

pain. The interpretation of pain occurs in the brain, primarily in the thalamus. Interestingly, the brain 

cannot experience pain, thus headache is not pain in the brain itself. Some evolutionary biologists 

have speculated that this lack of nociceptive tissue in the brain might be due to the fact that any injury 

of sufficient magnitude to cause pain in the brain will incapacitate the organism and prevent it from 

taking appropriate action, which is the actual purpose of pain.  

 

o Acute pain is defined as short-term pain or pain with an easily identifiable cause. Acute pain is the 

body's warning of current damage to tissue or disease. It is often fast and sharp followed by 

aching pain. Acute pain is centralized in one area before becoming somewhat spread out.  
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o Chronic pain is defined as long-term pain or pain that is not necessarily associated with any form 

of injury or disease. This constant or intermittent pain has no known purpose, as it does not help 

the body to prevent injury. It often does not respond well to medications.  

 

o Cutaneous pain is caused by injury to the skin or superficial tissues. Cutaneous nociceptors 

terminate just below the skin, and due to the high concentration of nerve endings, produce a well-

defined, localised pain of short duration. Example injuries that produce cutaneous pain include 

paper cuts, minor burns and lacerations.  

 

o Somatic pain originates from ligaments, tendons, bones, blood vessels, and even nerves 

themselves, and is detected with somatic nociceptors. The scarcity of pain receptors in these 

areas produces a dull, poorly localised pain of longer duration than cutaneous pain; examples 

include sprained ankle and broken bones.  

 

o Visceral pain originates from body organs. Visceral nociceptors are located within body organs 

and internal cavities. The even greater scarcity of nociceptors in these areas produces a pain 

usually more aching and of a longer duration than somatic pain. Myocardial ischaemia. I.e. the 

loss of blood flow to a part of the heart muscle tissue, is possibly the best known example of 

visceral pain; the sensation can occur in the upper chest as a restricted feeling, or as an ache in 

the left shoulder, arm or even hand.  

 

8.2.3 Summary 

 

Clearly, the goal of this section is not that of a medical textbook, but more simply to provide an 

overview of the complexity that AI, in part, must seek to replicate. While there is nothing wrong in 

technology being a bit bullish in both its achievements and capability, there is also a place for some 

humility when we look at what nature has achieved, albeit over a very, very long period of time. 

 

With all the technical advances to-date, we are not, as yet, even remotely capable of building an AI 

anatomy that would compare to the physical sophistication of a human gymnast. However, we can 

make a start on the basic physiology, even though there would be no subtlety of movement, requiring 

control from higher brain functions, of which we still know too little to replicate. Therefore, the issue of 

transposing the human anatomical blueprint to AI will be a major challenge, but even this may pale 

into insignificance in comparison with the issues within neuro-physiology. Clearly, just understanding 

the basic physical mechanisms at work within the central and peripheral nervous systems, inclusive of 

the brain, is a very complex task. However, this in-turn, will only be the first step along a much longer 

path, which may one-day lead to an understanding of how the higher brain functions work: 

 

o Senses 

o Instincts 
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o Emotions 

o Cognition 

o Behaviour 

 

If we compare neuro-physiology to the system design of AI, we could liken our human senses to the 

Input-Output (I/O) of a computer system, while the rest of the higher functions are more analogous to 

software programs running within a processor. 

 

 

Figure 38: Neuron-Computer Model 

 

As such, our input senses provide the means through which we collect information and interact with 

the physical universe around us. In contrast, other higher functions assimilate and process sensory 

information that affects the meta-physical state(s) of our conscious thought. If we extrapolate this 

algorithmic model, the sum of all program states gives rise to an identifiable form of behaviour in a 

given situation. However, there should be a note of extreme caution in pushing the analogy of the 

human brain and computer system too far, as there is simply still too much that we do not really 

understand. However, the development of these models does help raise some important and central 

questions concerning AI: 

 

Can intelligence be replicated by a non-biological system? 

 

If yes, then the path to AI, no matter how arduous, may simply be a matter of time, money and 

ingenuity. Alternatively, what if intelligence is impossible without some ‘divine’ component, is that the 

end of AI? Well, not necessarily, as the previous question can be asked in a slightly different way: 
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Can human intelligence be augmented by a non-biological system? 

 

If yes, then much of evolutionary paradigm outlined in Section-5 could still be achieved. Equally, the 

next question could suggest an alternative route toward AI:   

 

Can AI be based on a non-human, biologically derived system? 

 

Clearly, some people might be concerned about the direction this last question is taking. However, 

there is a possibility that the longer-term development of intelligent computer systems may involve the 

use of synthetic neuron cells derived from a non-human source. Actually, all these questions are 

related to the more fundamental distinction between the brain and the mind. In principle, the brain is a 

physical structure, albeit an incredibly complex one, which the physical sciences might therefore 

argue can be replicated and emulated in other forms. In contrast, the mind only has a meta-physical 

existence, which cannot be directly seen or touched, only inferred from actions and observations. 

 

Table 9: The Physical & Meta-Physical  

 

Physical Meta-Physical 

  

Sub-atomic States  

Atomic Functions 

Molecular Intelligence 

Intra-cellular Consciousness 

Multi-cellular Self-awareness 

Organ Sentience 

 

Clearly, further understanding is required of both sides of Table 9. However, while the problems of 

understanding the physical brain are complex, to say the least, they are tangible and open to normal 

cause and effect experimentation. In addition, advances in brain scanning technology, as discussed in 

Section-6.3.2.2, offer the possibility of new breakthroughs in the foreseeable future. In contrast, the 

understanding of the meta-physical states and functions of the mind may prove more difficult and 

subjective. Some of the complexity of this area of research is now covered in the next section. 
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8.3 Sentience 

 

What is sentient, self-aware, intelligent life?  

 

From the viewpoint of many theologies, life is a gift from God and would suggest that man-made life 

or sentient AI life is therefore impossible. It is possible to be respectful to this viewpoint, while not 

necessarily accepting it. If this specific theological viewpoint is correct, as it may well be, then the 

long-term thrust of AI research is destined to failure. If an alternative viewpoint holds true, artificial 

sentient life will start to evolve and in so doing trigger the greatest paradigm shift in the way humanity 

views itself and the rest of the universe. Time will tell. 

 

While the richness of life encompasses both mind and body, it is the mind that is the centre point of 

our perceptions. Somewhere within the physical structure of our brains, we create our mental picture 

of the world and universe in which we live. The use of the word ‘picture’ is deliberate as our 

perception of a setting sun could be described only in terms of electro-magnetic waves in the visible 

spectrum of light. Thankfully, we do not see things in this one-dimensional way because the world is 

perceived through the collective resolutions of our five, or is it nine, basic senses. We say that ‘seeing 

is believing’, but if we actually ‘saw’ what our eyes actually projected onto our retinas we would be left 

with a crude image that was flat, inverted and interrupted by two large blind spots caused by the optic 

nerve exiting the back of the eye. Again, what we see is only a construct of our mind and in no 

absolute sense, the only physical reality. Unfortunately, the reality of our mental process can be 

equally ambiguous as we become overwhelmed with the semantic implications of the various 

functions: 

 

o Consciousness, Cognition, Self, Me, I 

o Sentience, Senses, Sensations 

o Intelligence, Creativity, Imagination 

o Motivations, Needs, Perceptions 

o Knowledge, Understanding, Memories  

o Experience, Emotions, Expressions 

 

In the scope of this book, we are attempting to review the breadth of ideas surrounding AI that could 

potentially bring about other fundamental paradigm shifts in human perception. As such, we now need 

to introduce a number of key issues, related to sentience, into the discussion39. 

 

                                                 

39 2013: From an AI perspective, the idea of sentience raises the question as to whether such a concept arises purely from 

an algorithmic process within the brain, i.e. like present-day computer software. Current research would suggest this  is not 
the case and therefore a new processing paradigm would be required and not just faster processors. 
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8.3.1 Self-Awareness 

 

Biological life does not have to be very intelligent or sentient and therefore, in isolation, life itself does 

not infer implicit self-awareness. While intelligence alludes to an ability to learn, understand and solve 

problems, it does not necessarily infer any ability to feel emotion. On the other hand, while sentience 

is used to infer emotion and perception that, in part, implies some level of self-awareness and it is 

unlikely that self-awareness could exist independently of some basic level of intelligence. The 

following diagram attempts to try to clarify this seemingly elusive circular relationship. 

  

Figure 39: Intelligence & Sentience 

 

 

The diagram implies threshold levels existing between intelligence and sentience. The lower threshold 

reflects a line between sentience based on instincts and emotions through to intelligent logic. The 

upper threshold defines a region between it and the lower threshold in which many animals may have 

various degrees of self-awareness, e.g. cats, dogs, dolphins, whales and primates. Above the upper 

threshold, full self-aware, conscious thought exists and is motivated by higher goals, such as the 

sciences and art. Based on evolutionary evidence, Homo Sapien were the first and only known 

species to have significantly crossed this threshold. Therefore, on this basis, it would seem 

reasonable to use Homo Sapiens as the initial model for any requirements for artificial intelligent, 

sentient life. 

 

8.3.2 Consciousness & Cognition 

 

Defining what we mean by consciousness is still one of the largest obstacles confronting the 

development of AI. For although progress is being made in the study of cognition, consciousness 

itself is still more a matter of philosophical debate than a science. One of the most fundamental 

problems is that ‘consciousness’ is not a single mechanism or function. Truly, it is a case where the 
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whole appears to be greater than the sum of its parts. Mainly to give a feel for the debate rather than 

add to it, the study of consciousness has been characterised by two basic approaches: 

 

o First-Person 

o Third-Person 

 

In essence, the third-person approach treats consciousness as a physical problem, while the first-

person approach treats it as a metaphysical problem. In practise, it might eventually require both 

approaches to understand this key issue. 

 

8.3.2.1 Third-person Approach 

 

In the third-person approach, consciousness is viewed as a scientific problem in which raw data is 

gathered by observation. Observations can be based on the examination of behaviour and the 

physical structure of the brain and its functions. However, potentially one of the most useful methods, 

especially in the context of AI, is based on cognitive modelling of the mind as a complex system. As 

such, cognitive modelling is beginning to significantly increase our understanding of the diverse 

aspects of cognition, such as vision, memory and language comprehension. Therefore, it is hoped 

that such an approach might be extremely useful in developing our understanding of consciousness.  

 

8.3.2.2 First-person Approach 

 

While the third-person approach appears to offer the potential of scientific progress, some argue that 

it does so by avoiding the more problematic subjective issues. For example: 

 

Why do I need a sense of consciousness?  

Could I survive without it? 

 

Without answers to these questions, the issue of consciousness may remain either a mystery or just a 

matter of subjective philosophical debate. In fact, this approach could be described as an attempt to 

rationalise our subjective states by considering the effects of sensory input on our state of 

consciousness. For example, what effect would the following sensory inputs have on your state of 

mind? 

 

o The taste of a chocolate  

o The smell of manure 

 

Clearly, sensory input can lead to changes in our mental states, but the more fundamental question is 

why does the pattern of neurons firing in our brains cause such a rich array of subjective sensations. 

In part, first-person proponents argue that the third-person approach is like asking a blind man to 
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describe a sunset. Of course, there are many other issues concerning the nature of our subjective 

states, e.g. 

 

What is the purpose of subjective states? 

Why are they like they are? 

Does AI need them? 

 

8.3.2.3 A Rational Approach 

 

It is possible that a combination of both the 1st and 3rd person approaches may eventually start to form 

a better overall understanding of consciousness and begin to address the many fundamental 

questions raised: 

 

What is consciousness? 

What is self-awareness? 

What is personal identity? 

 

Within the debate concerning our self-awareness and personal identity, we must also address, and 

understand, our moral consciousness and rationale for life. Somewhere along the path of Darwinian 

evolution, consciousness and cognition started to break the cycle of mindless survival. While our 

animal instincts still survive in our DNA, and possibly in much of our behaviour, we are now motivated 

by higher ideals that include compassion and morality.  

 

Without an understanding of how these high traits of consciousness work, can we seriously consider 

creating life that might otherwise turn into some Frankenstein horror rather than sentient AI life? 

 

Initially, it may appear that the third-person approach could be used to model human behaviour; and if 

our behaviour is only a physical phenomenon, then it may only have a physical explanation. In some 

respects, this approach may be analogous to Newton’s Universal Law of Gravitation, as discussed 

earlier, in the sense that practical laws can be developed without a full understanding of the actual 

phenomena. However, we may still have to wait for the new Einstein in this field to trigger the next 

paradigm shift before true progress can begin.  

 

8.3.2.3.1 Patterns & Information 

  

One new idea emerging is that all information can be encoded as a pattern and as such, patterns and 

information represent two aspects of the same thing. Extending this basic idea, conscious thought can 

be described as pattern processing within the brain’s network of neurons, typically triggered by 

sensory input, i.e. raw information. Our personal identity emerges from the unique configuration of 

each ‘pattern processor’ within the brain and the information previously received and stored as 
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coherent patterns. So, within this paradigm, the brain could be modelled as a network of functional 

neural cells, which collectively processes raw information received via the input senses. This 

information is then stored as either new memory patterns or to trigger previously learnt motor 

response patterns. The concept of a conscious state could also be modelled as an information pattern 

that causes other emotional response patterns to be triggered. In the case of logical or lateral 

thinking, new and existing information patterns, i.e. knowledge and memories, could be linked to form 

new associated information patterns. 

 

Again, let us use the human eye to try to illustrate just one facet of this pattern-processing model. 

Colour perception is based on light of different wavelengths entering the eye. Immediately, our retinal 

cones abstract the information about how much light is present in the various wavelength-ranges. 

This information travels down the optic nerve, as a sensory input pattern, where it gets transformed by 

neural processing into further abstracted patterns relating to how much intensity is present on the red-

green, yellow-blue, and achromatic scales. What happens after this is not fully understood, but by the 

time the central processing region of the brain is reached, the pattern may have undergone many 

transformations and so the only information that remains is a unique neural pattern for that pattern 

processor, i.e. the brain. In terms of conscious experience, we have no access to the original sensory 

data or internal processes, only the perception of colour, e.g. red. 

 

8.3.3 Motivation & Needs 

 

In the previous section, we touched on the issue of human existence being motivated by higher ideals 

that includes compassion and morality. Therefore, let us examine a paradigm that might account for 

the behaviour that separates us from our basic survival instincts. Abraham Maslow (1908-1970) 

described human motivation in terms of a hierarchy of needs based on 5 broad categories as 

illustrated in the following diagram. 

 

 

Figure 40: Maslow Hierarchy of Needs 
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Within the scope of this discussion, we will only summarise the essence of Maslow’s definition of each 

level in the hierarchy and the wider implications of his work:  

 

o Physiological needs are primarily related to animal needs and include things such as warmth, 

shelter, food and sex. 

 

o Safety needs are required to provide security and suppress fear.  

 

o Social needs cover interaction with other people, including the strong need for family and friends. 

 

o Esteem needs satisfy a human desire to be well regarded and appreciated by other people. 

 

The preceding four levels are called deficit or survival needs that Maslow described as homeostasis, 

which is a process that converges towards stability. In this context, we only strive for these needs 

when we do not have them. As we develop from newborn infants, we move through these levels in 

stages.  For example, as newborns, our focus is on physiological needs, but we soon learn the 

importance of safety and quickly strive for attention and affection; followed later by self-esteem. 

However, under stressful conditions, when survival is threatened, we can regress to a lower level of 

basic need. In fact, Maslow believed that under certain conditions, e.g. wars, people could become 

fixated on specific needs for which they were forced to continually strive to the point of neurosis.  

 

o Self-actualization is somewhat different from the previous needs and relates to realising potential 

in terms of winning and achieving.  

 

Maslow referred to this level as a growth need and as such it does not involve balance or 

homeostasis.  Therefore, self-actualisation needs can become stronger as we ‘feed’ them, but 

continue to depend on the lower needs being met40. From an evolutionary and historical perspective, 

it is easy to see, in percentage terms, why so few Homo Sapiens have achieved some of the more 

noble motivations associated with this level. However, the concept of ‘Noble Motivations’ could be 

described as an idea that goes beyond the requirements of natural evolution and, as such, may not 

be achieved without humanity directing the path of its own evolution. The following list tries to reflect 

some noble motivations that could enrich life for any sentient intelligent being, but not necessarily be 

essential for the mere survival of life: 

 

  

                                                 

40 2013: Maslow's hierarchy of needs was first published in 1943. Over the years, Maslow’s hierarchy has been subject to 

much criticism in terms of the supporting evidence, the order of the hierarchy and omitted factors. However, in the current 
general context it is still believed to provide a useful framework.  
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o Truth rather than dishonesty.  

o Good rather than evil.  

o Beauty, not vulgarity.  

o Unity and transcendence, not arbitrariness or force.  

o Uniqueness, not bland uniformity.  

o Perfection and necessity, not sloppiness or accident.  

o Justice and order, not injustice and lawlessness.  

o Simplicity, rather than unnecessary complexity.  

o Effortlessness, not strain.  

o Playfulness, not grim, humourless, drudgery.  

o Self-sufficiency rather than dependency.  

o Meaningfulness rather than senselessness.  

 

 

8.3.4 Logic, Emotions & Personality 

 

Basically, we all like to believe that our personality is driven by intellect and that there is logic in what 

we do and say. If so, when faced with a difficult situation, we should make a logical assessment and 

determine the best course of action. Unfortunately, as much as we would like this to be the case, 

there are times when logic flies out the window and our response can be almost entirely driven by 

emotion, i.e. anger, fear and even love. At times, emotions appear to be both a blessing and a curse, 

because for every emotion, there seems to be an equal and opposite one, a bit like Newton’s 3rd law 

of (e)motion: 

 

 

Figure 41: Emotions 

 

Clearly, it is possible to list hundreds of emotions, but what is their purpose and how do they work?  

 

Well, while life based only on logic may be much more calm and ordered, it is very difficult for humans 

to imagine life without emotions. Our personality, for better or worse, is a reflection of our inner 
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emotions and we would probably consider anybody without any emotions to be boring or cold. As to 

their purpose, at one level, our emotions must have evolved to help survival and even with a 

superficial review, it is possible to see some benefits in most emotion, e.g.   

 

o Fear and anger are very much associated with the flight or fight strategy of survival. Fear is an 

emotion that wants to avoid conflict, while anger can emerge when the option for flight has been 

lost. 

 

o Love and nurture help provide stability within a social unit, increasing the survival chances of the 

offspring. As Homo Sapien brains evolved, so did the need for these emotions to bond family 

units for a longer period of time to allow children to reach maturity. 

 

The actual mechanisms through which emotions work may be very complex and involve a 

combination of our senses, brain and the natural (or unnatural) levels of key chemicals within our 

body. For it would appear that depth of an emotion could be triggered, not only by external stimuli, but 

also by specific chemicals in our brain. While many of these chemicals are produced as part of a 

natural process within the body, others are essentially drugs that induce an emotional effect: 

 

o Dopamine makes us feel good. 

 

o Norepinephrine stimulates the production of adrenaline, which in-turn causes our hearts to pound. 

 

o Phenylethylamine, found in chocolate, can create a feeling of bliss.  

 

o A person in love may experience flushed skin, heavy breathing, and sweaty palms, due to the 

rush of dopamine, norepinephrine and phenylethylamine, the chemical cousins of amphetamines. 

 

o Irrational romantic sentiments can be caused by oxytocin, a primary sexual arousal hormone. 

 

o Stress can lead to low levels of serotonin and high levels of norepinephrine.  

 

o Low levels of serotonin can create aggression, because serotonin acts as an inhibitor and low 

levels make it hard to retain control.  

 

Emotions also play an important role when memories are being established. The strength of the 

synaptic connection formed when a memory is created is directly proportional to the strength of the 

emotions at the time. This is why trivial events are easily forgotten and why emotional patterns are 

hard to change. The relationship between emotions, logic and chemical stimulant raises some 

interesting questions regarding the nature of our personality: 
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Is the stability of our personality dependent on the natural balance of chemical stimulants in our 

brains? 

 

Certainly, if the natural balance of key chemicals in our body is changed, a person could act either 

illogically, e.g. drunk, or totally deranged, e.g. psychedelic drugs.  

 

If the natural balance is changed, do we in effect become a different person? 

 

The process of maturing to adulthood, especially puberty, is a natural process in which the chemical 

balance in the body changes. Of course, the balance of certain key chemicals changes throughout 

our life, giving rise to exuberance in youth and a degree of grumpiness in old age. Undoubtedly, 

personality can be changed so dramatically that a person may be barely recognisable. 

 

So what do we really mean by personal identity or sense of self? 

 

In Table 9, it was implied that neuro-physiology had to develop a deeper understanding of both 

physical and meta-physical processes in order to make progress. Observation has shown that the 

meta-physical states of the mind are altered by the physical chemistry of the body and brain. 

Therefore, if the physical structure of the body and brain is constantly changing at the atomic, 

molecular and cellular levels, we should not be surprised that higher meta-physical functions are in a 

similar state of flux. Possibly we should be more surprised that we have any sense of continuity of self 

or personality, if in reality, we are always constantly changing, at least physically. 

 

As they say, that’s life, but will it be true of AI life?  

 

It is difficult to imagine that intelligent logic will be sufficient in itself to constitute life, certainly as we 

know it. Human life appears to be a cocktail of intelligence and emotions that provides us with the 

apparent awareness of being, in which logic analyses the problems of everyday life, while emotions 

provide us with the ability to laugh or cry at the results. 

 

8.3.5 Summary  

 

Physiology and neurology, covering both human and AI aspects, requires expert understanding of 

many fields within the physical and meta-physical sciences. However, few are expert in even one field 

of technology or science, let alone two or more. Therefore, the perspective from just one field of 

expertise can be somewhat distorted. As a gross generalisation, the physical sciences, such as 

computing and robotics may have a tendency to only understand the AI problem in terms of system 

architecture. In contrast, the meta-physical sciences, such as philosophy and psychology attempt to 

define abstract models in which concepts such as consciousness and sentience can be rationalised. 

As another broad generalisation, it is possible that the more optimistic predictions about the timeframe 
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of AI development have come from experts in the physical sciences. While, in contrast, some experts 

in the metaphysical sciences appear quite pessimistic about progress, especially in areas dealing with 

consciousness and sentience.  

 

So what, if any, conclusions can be drawn at this stage? 

 

Section-5 set out the basis of an evolutionary AI paradigm with the understanding that it could be 

referenced, challenged and overturned at any point. The central tenet of the paradigm was that AI 

would not simply appear one-day from within a research laboratory, but evolve in-line with human 

society. In fact, it suggests that should sentient AI eventually emerge, it will do so only as a result of 

an evolutionary process intertwined with humanity. It also rejects the predictions that AI could become 

a reality within the next 50 years, opting for a more conservative timeframe of 500 years, although it 

does suggest that some aspects of AI evolution will appear this century. For ease of reference, Table-

4 is reproduced below so that we may re-evaluate the probability and timeframes of AI evolution in 

light of the information subsequently reviewed. 

 

 Evolution % Timeframe 

1 Homo Sapiens 100% 20th century, but still continues 

2 Homo Computerus 90% Now, supersedes Homo Sapiens 

3 Homo Optimus 70% Late 21st century & beyond 

4 Homo Cyberneticus 50% 22nd century & beyond 

5 Homo Hybridus 40% Starts 23rd century 

6 Homo Machinus 30% Starts 24th century  

7 Homo Primus 10% Probability too low to estimate 

 

Table 10: Probabilities of AI Evolution Revisited 

 

By way of an overall comment on the timeframes suggested for each stage. The estimates are 

primarily based on the time necessary for the technology to develop to a point that the associated 

evolutionary stage could begin. It is suspected that some stages will start by way of restricted 

research trials or even secret applications associated with the military or space programmes. If 

successful, the technology will then start to ‘leak’ into wider use, which will then require another period 

of social acceptance. Today, it is almost impossible to estimate how long social acceptance might 

take, but an initial analysis will be given against each stage described below: 

 

o Essentially, Homo Sapien and Homo Computerus (stages 1 & 2) are a definition of humanity 

transitioning from a computer independent to a computer dependent society. It is believed that 

most developed societies would already collapse without any computer automation. Of course, 

many sections of society may reject any further encroachment of technology into their lives, 
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especially the kind implied by the AI paradigm. For although technology has brought many 

benefits, much of humanity still dreams of a simpler time, which in reality probably never existed. 

As such, the sections of society that reject AI technology could continue indefinitely, but may 

become increasingly marginalized in terms of having control or even influence on the ‘leading-

edge’ of social evolution.  

 

o Many of the issues surrounding Homo Optimus (stage-3) were covered in Section-6.3.1 

addressing the developments in molecular biology. While there are major social and ethical 

implications associated with manipulating human DNA to bring about evolutionary change; there 

appears to be no major reasons to suggest that this technology would not be capable of doing so 

by the end of this century. So how might society react to this possibility? Clearly, some sections of 

society will also reject this stage of evolution; but there is evidence that other sections may 

broadly accept the benefits. Cosmetic surgery, while possibly a weak analogy, was initially 

scorned by most, but is now becoming broadly accepted by both men and women of all ages. 

However, this form of evolution may be relatively slow, requiring generations of genetic 

modifications in order to secure any real sustainable benefits. Therefore, while Homo Optimus 

may continue to evolve far into the future, it may not necessarily be the mainstream of evolution. 

 

Before continuing the analysis, there is another general, but important issue that the AI paradigm has 

not fully addressed in connection with the next stages of artificial evolution, as described in Table-10.  

 

While the evolution towards Homo Optimus is artificial, it is encoded in DNA and therefore hereditary. 

This is not the case with Homo Cyberneticus, and other subsequent hybrid evolutions, and therefore 

are they not better described as an individual life-style choice or a social evolution? 

 

This is a question that possibly only has a partial answer at this stage. From a historical perspective, 

evolution has essentially been described in terms of permanent change to physical features. 

Although, in the case of Homo Sapien, physical changes to the brain, also led to profound meta-

physical changes in our ability to think and abstract the world around us. It is therefore argued that it 

was really the meta-physical changes, and not just the physical changes, which led to the collective 

evolution of society and civilisations. Therefore, while the changes to Homo Cyberneticus may not be 

permanent on an individual basis, if the changes endure collectively and its society tangibly evolves 

as a result, then that change can be effectively described as evolution.  

 

However, this does not answer the question of how do these evolutionary stages procreate? 

 

Well, initially we could assume that procreation within these evolutionary stages is still based on 

biological reproduction, i.e. male sperm and female egg. Of course, the exact method of conception 

may also be subject to some fairly radical developments, as might the views of society to the whole 

issue of the natural ‘cycle of life’. In such societies, life might evolve to become a multi-stage process, 
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in which a child first matures to adulthood in a relatively normal way. At this point, the young adult 

may choose to accept the necessary implants to fully enter Homo Cyberneticus society. Finally, as 

biological systems start to fail with age, a person may choose to accept more extensive artificial 

replacements associated with Homo Hybridus and Homo Machinus. In principle, life may by this time 

be extended to many hundreds of years. In the longer-term, further advances in molecular biology 

may allow cloning with sufficient diversification of base DNA to become a procreation option.  

However, in the final stage, AI might not necessarily retain any biological components, and therefore 

the issue of diversification of the ‘gene pool’ becomes a somewhat irrelevant one41. 

 

o Homo Cyberneticus (stage-4) will require considerable technical advances in computing, nano-

technology and neurology, aided by new generations of brain scanners. Given that primitive bio-

silicon interfaces have already been developed, the estimate of 150 years for this technology to 

mature to this level is considered a realistic guess. From today’s perspective, we may predict 

considerable social resistance to this potential step in evolution based on our current perception 

of ‘cyborg’ technology. Without trying to be too melodramatic, this stage could be ‘the’ major 

turning point in human history. However, even if society rejected this approach, it would not 

necessarily be the end of AI development, as there would still be the technology path described in 

Figure 11 via robotics42. 

 

o Within this section on ‘Human Life’, we have considered and accepted the complexity of human 

physiology, but within the context of Table-10, wholesale replacement of human physiology would 

not start to take place until Homo Hybridus (stage-5). As such, it is believed that the technical 

advances in AI physiology in the next 200 years could be considerable. Without doubt, Homo 

Hybridus could be a major departure from what we currently consider humanity, at least, in terms 

of its physical appearance. Of course, prosthetic replacements in the field of medicine may not 

only be accepted, but be considered essential, where otherwise life or the quality of life would be 

lost. However, the wider implication is that Homo Hybridus could start to evolve in order to survive 

in environments, which would otherwise be inaccessible, such as deep space. If so, this branch of 

humanity may evolve as a specialised, self-contained society, outside and isolated from 

mainstream society. 

 

o At Homo Machinus (stage-6), evolution has started to rapidly converge towards sentient AI. Much 

of the human physiology may have been replaced and considerable augmentation of the brain 

has occurred. Obviously, for this to happen, neuro-physiology has become a mature science with 

most of the meta-physical functions of the mind mapped to physical regions within the brain. 

                                                 

41From our current perspective, there is a possible tendency to think of AI as just an advanced machine. Early in this section, 

the question was asked whether AI could be both vain and beautiful. The reason being that sentient AI might be closer to 
biology than technology, at least, as we currently understand the terms. 

42 While highly speculative, even if stage-4 (homo Cyberneticus) was rejected by mainstream society, it is still possible that 

both space and military programs could still actively pursue research in this area. 
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Nano-technology has continued to develop and neural implants allow biological brain functions to 

be enhanced by embedded nano-processors that are possibly billions of times more powerful 

than today, but also link the brain to even more powerful central systems. The estimate of some 

300-400 years for the development of this technology is not necessarily optimistic given that the 

rate of technical advancement is predicted to increase due to a process of positive feedback. 

Surprisingly, it may well be that the transition from Homo Hybridus to Homo Machinus will raise 

little additional concern, as by now, society has itself evolved to another point of no return. 

 

Finally, Homo Primus (stage-7) would imply the replacement of the last piece of the original 

human blueprint. AI would have become not only intelligent, but also sentient. Of course, there 

are many aspects to sentience of which we do not, as yet, have any real understanding. 

Therefore, Table-10 has not revised the low probability or made any further estimate of the 

timeframe in which this final stage may occur. However, it is worth repeating that, if and when AI 

does emerge, it may quickly evolve to a point where its physical systems and meta-physical 

thought processes are far superior to present-day humanity. Therefore, rather than envisaging AI 

as some robotic drone, slavishly going about its programmed existence, Homo Primus may be 

further ahead of present-day humanity than humanity currently believe itself ahead of its DNA 

cousins, the ‘Great Apes’.  

 

However, while logic may seem to support the AI paradigm, it is not necessarily being suggested that 

human life is simply brushed aside by AI. Humanity has somehow lifted itself above the task of mere 

survival and created the spark of enlightenment through its understanding of the sciences and the 

arts. So while still imperfect, humanity has dreamed of noble goals of which it can be rightly proud; 

and we can only hope that this aspect of humanity goes into AI, rather than too many of its 

imperfections. If so, AI may possibly be better equipped to fulfil some of these goals; otherwise it 

could turn out to be our worst nightmare43. 

                                                 

43 2013: If this section is reviewed in terms of a  +10 year retrospective in a 500 year development program, it may not be 

so surprising that little modification to the original predictions is felt necessary at this stage. While this statement is not 
intended to dismiss the progress that has undoubtedly been made across many fields of research and development, it is 
reiterated that  without significant further progress in what has been termed ‘cognitive computing’, it would seem that AI 
developments will remain within the definition of ‘weak AI’ and continue to reflect ‘codified human reasoning’ rather than 
independent intelligence. Of course, on a more optimistic note, there are still some 490 years left within the span of 
predictions being covered in which many of issues of ‘artificial life’ might be addressed. However the scope of weak and 
strong AI that might one-day lead to artificial life will now be the subject of the next section. although the prefix of the word 
‘artificial’ in front of life now appears to be contradiction of any definition of  intelligent sentient life. 
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9 ARTIFICIAL LIFE 

We have covered quite a lot of diverse material to reach this point and it is probably worth outlining 

why this approach has been taken. When undertaking any development, there are two fundamental 

approaches: 

 

o Bottom-Up Approach: Works on the principle that all management of invention is bureaucracy that 

only stifles innovation and progress. This approach can be beneficial in the earliest stage of 

development before any coherent objectives have been set. 

 

o Top-Down Approach: Works on the principle that if you do not know where you are going, do not 

be surprised if you end up somewhere else. This approach requires discipline, which is often 

problematic when applied to creative invention. 

 

Our scientific capability has now reached a level where the consequence of our decisions can affect 

the very future of our planet and everybody on it. Therefore, while there are many examples in history, 

where invention has been best served by bottom-up pragmatism, this may not be the required 

approach for AI in the future. The preceding sections have not been intended as some kind of 

doomsday warning, but have attempted to highlight some of the real issues that have to be 

considered as we embark on a process that could lead to intelligent systems with the potential to 

ultimately evolve into a new sentient life form. Of course, while it is hoped that science would aspire to 

be altruistic in this matter, there is also the very important issue of self-preservation; should we ever 

create an artificial life form that has the potential to be both smarter and stronger than us. While the 

images of artificial life as presented in films such as ‘The Terminator’ and ‘The Matrix’ are still science 

fiction, they reflect the potential consequences of opening Pandora’s Box in ignorance. On this 

cautionary note, let us now begin to review the state-of-play within artificial intelligence research. 
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9.1 Issues and Concepts 

 

Advocating a top-down approach does not imply that we should try to build the roof before the 

foundations of AI have been laid. The argument is more analogous with laying foundations, which will 

support the concept of AI we really wish to build. At this time, it is probably true to say that many AI 

researchers may not necessarily accept this approach, as some will argue that resources should not 

be wasted on philosophical debate, before the basic principles of AI have been proved.  

 

So what is the scope of AI? 

 

The AI acronym is often used to encompass not only the development of artificial intelligence, but 

artificial life, simply because AI has the latent potential to become more than just a machine. 

However, it has also to be recognised that there are people working in AI who believe that artificial life 

is not the goal of their work, either because it is impossible, unethical or both. As we have tried to 

show, there are many belief systems that attempt to define a standard of morality by which people 

and society should live; but no standard is universally accepted and all standards adapt to changing 

social perspectives. Of course, it is this very change that will drive further paradigm shifts and 

therefore the scope of AI will continue to adapt in-line with advancing technology and changing social 

norms.  

 

So how can the question of approach and future direction be reconciled, if the scope of AI means 

different things to different people at different times? 

 

Clearly, it is difficult to give a definitive answer to such a question, but currently much of the AI 

research is being funded within a ‘capitalist’ paradigm, where market forces, which also account for 

social norms, are allowed to resolve these issues. However, in the future, the evolution of AI itself may 

actually change the structure of society and thereby come to influence the direction of its own longer-

term evolution. In 1956, John McCarthy first introduced the term Artificial Intelligence (AI), when he 

proposed that "intelligence can in principle be so precisely described that a machine can be made to 

simulate it." Originally, AI was conceived as a computer science, but has since expanded to include 

many other branches of science, such as Maths, Psychology, Cognition, Biology, Philosophy and 

many others. However, while the overall goal is the creation of a ‘machine’ that can think, the exact 

definition of how that machine may be constructed is changing. As such, the scope of artificial 

Intelligence is often divided into two classes: 

 

o Strong AI 

o Weak AI 
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Within this classification, ‘Strong AI’ makes the claim that computers can be made to think on a level 

at least equal to humans. In contrast, ‘Weak AI’ simply states that some thinking-like features can be 

added to computers to make them more useful tools, but control is still retained by humans.  

 

9.1.1 Weak AI 

 

The scope of creating a machine that can think does not necessarily imply the creation of an 

independent life form. The weak AI position is working towards AI systems that provide an additional 

intelligence to computers that allows them to more effectively solve existing problems:  

 

o Banking systems that detect credit card fraud  

o Telephone systems that understand speech 

o Software systems that offer advice  

 

In general, these AI systems will not be independent systems, but rather add increased knowledge 

and reasoning to existing applications, such as databases, to make them smarter and more sensitive 

to user requirements and adaptable to changes in their environments. The following AI systems are 

currently evolving: 

 

o Autonomous Vehicles: Onboard computer systems that can drive goods vehicles from A to B. 

 

o Interactive Games: Deep Blue, a chess computer built by IBM researchers that defeated world 

champion Gary Kasparov is probably representative of the leading edge of this AI technology. 

 

o Mathematics: There are several computer systems developing    mathematical methods that 

would be considered creative, even if done by humans. 

 

o Space Research: These systems are capable of classifying very faint signals that would normally 

be done by experts.  

 

However, science future articles have long predicted that the world would be permeated by systems 

that effectively control key aspects of our daily lives: 

 

o Home & Office Appliances 

o Smart Vehicles 

o Road Traffic Control 

o Air Traffic Control 
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Possibly without it being generally understood by society at large, we are now at a point, where 

systems with AI components are starting to monitor and control much of the key infrastructure of 

modern society: 

 

o Financial Transactions 

o Weather Forecasts 

o Economic Trends 

o Transportation Systems 

o Industrial Operations 

o Military Planning 

 

This process will only expand at an ever-increasing rate as AI research develops greater ‘intelligent 

faculties’ such as: 

 

o Common Sense Reasoning 

o Expert Knowledge Systems 

o Senses and Perception 

o Self-Learning and Planning 

 

Of course, as computers and the network infrastructure becomes ever more pervasive by becoming 

cheaper, smaller and more powerful, AI capabilities will simply spread further and faster into virtually 

all industrial, governmental, and consumer systems. Eventually, there may be no such thing as a 

stand-alone device, as everything will be connected to an AI computer system via the network. 

Although some of these predictions have still to occur, most people working in almost any field of 

technology would recognise that they are no longer science fiction; this is our science future. Again, 

this sort of prediction is not meant to be an apocalyptic warning of disaster, but it does express 

concern that some scientists and engineers take the position that resources should not be wasted on 

philosophical AI debate. Clearly, it would appear that the bottom-up approach has already taken us 

to the point where weak AI is almost here.  

 

At what point should we debate the consequence of strong AI? 

 

9.1.2 Strong AI 

 

In truth, many of the present-day systems that are classed as weak AI are simply machines that are 

programmed with ‘codified human reasoning’ and do not have any ‘licence’ to make creative 

decisions, especially in mission critical systems. However, the effects of weak AI systems are already 

being felt and will undoubtedly have a major impact on society over the next 50 years. In contrast, 

strong AI makes the claim that computers can be made to think on a level at least equal to humans. If 



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 167 ©Copyright 2004  

you add physical agility and strength to intelligence in the form of strong AI robots, then we are clearly 

stepping over an important threshold.  

 

 

Figure 42: AI – Past, Present & Future? 

 

Figure 42 is reflective of the fact that AI has the potential to be child-like, monstrous, worrying, 

repugnant and beautiful. Which, if any, AI ultimately becomes our future reality is down to whether 

humanity can control the direction of its own technology developments. So before continuing this 

debate, let us try to separate fact from fiction by first getting some perspective of AI developments.  

 

o We need to examine how computer intelligence has evolved so far, and then compare this model 

against the structure of human intelligence. This is important because although weak AI may 

initially evolve through an extrapolation of the computer model, it is possible that strong AI may 

have to evolve along an entirely new path of technology, closer in form to the biological model. 

 

o Today, there are many differences of opinion and approach as to how best to model AI as a 

system. While many are focused on the practical issues surrounding intelligent systems, such as 

the ‘common-sense problem’, others are now turning their attention to the emotional aspect of 

human intelligence. 

 

o Human intelligence evolved within a physical form and many researchers are now starting to 

believe that AI cannot evolve as a disembodied intelligence; it also needs a physical shape and 

form to experience and learn from the world around it. Therefore, we will need to review what 

work is being carried out in the field of AI anatomy. 
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9.1.3 Faith and Science 

 

Often, it is assumed that faith and science are somehow in conflict with each other. History would 

suggest that there is some truth in this view, but part of the purpose of taking the time to review the 

wider implications of AI was to recognize the diversity of opinion that makes up our world. It has been 

argued that science should be agnostic and focus on the factual evidence provided by the material 

universe. As a generalization, most faiths are based on a belief of existence that transcends the 

material universe. In principle, these positions do not have to be in conflict, but can become polarized 

when discussing AI. 

 

Why is this so? 

 

When discussing intelligent life, be it ‘natural’ or ‘artificial’, we have to confront the issue of physical 

and metaphysical concepts that relate to the brain and mind. At one level, the brain is a physical 

structure and, as such, we will assume that its operation conforms to the laws of physics and can 

therefore be explained by them. On the other hand, the mind appears to be a metaphysical structure, 

which may or may not transcend the laws of the physical universe44. Today, there are many important 

debates taking place concerning the scientific feasibility of AI, which go beyond the scope and 

purpose of this book. Therefore, the following summary is simply to provide an outline of these issues:  

 

o Physics is the science of matter and energy, which includes all matter, irrespective of whether it is 

classified as ‘living’ or ‘non-living’. If living cells are constructed of matter, then we must assume 

that they have to conform to the laws of physics, as defined by both classical physics and 

quantum mechanics.  

 

o One of the most fundamental laws of physics is known as the ‘Second Law of Thermodynamics’, 

which is based on the concept that order in the universe is decaying. Normally, this is expressed 

in terms of the disorder or ‘entropy’ of any system45, which increases with time. However, this law 

can be reversed in localized systems through the use of energy, provided that other neighbouring 

systems maintain the overall increase in entropy, typically through the emission of heat.  

 

o Living matter is an ordered system that uses energy, typically from food or sunlight, to maintain 

the order of its structure. However, this ability does not uniquely define life, as non-living 

structures can also maintain the entropy of their system through the use of energy. Alternatively, 

living matter could be defined in terms of its ability to reproduce itself, which requires a set of 

                                                 

44 2013: By way of an example of  the use of ‘meta-physical’, if you hold a pebble in your hand, what laws of physics 

determines when or if you will drop it? If none can be defined, then it would appear that this decision transcends normal 
physical laws. 

45 2013: Personally, the description of entropy being associated with disorder seems to be misleading for it would seem that 

the 2
nd

 law of thermodynamics is just progressing a system towards its lowest energy state.  
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instructions plus the energy and process by which those instructions can be carried out. In 

biological systems, this would correspond to DNA and the metabolic process.  

 

o However, physics does not rule out other approaches. A virus could be considered an interesting 

anomaly. A carbon-based virus does not have the metabolism to reproduce itself, but hi-jacks the 

metabolism of the infected cell, while a silicon-based computer virus can reproduce by making 

copies of itself. Does this imply that a biological virus is not alive, while a computer virus is? 

 

o On another level, life can be described in terms of its chemistry based on the element ‘carbon’. Of 

course, it is possible to consider life forms, which use a different chemical base, such as ‘silicon’. 

However, there are still open questions about how any of the heavier elements came to exist in 

the first place. The structure of these atoms depends on the seemingly improbable ‘constants’ 

required by the laws of physics to maintain the universe. In part, initial evidence of this improbable 

fine-tuning of the universe led some scientists to believe that there had to be some ‘grand design’ 

at work within the universe. 

 

o An alternative paradigm that developed to explain this apparent design of the universe is called 

the ‘Anthropic Principle’. As a very broad description, the anthropic principle is based on the idea 

that if the universe had not been suitable for life, we would not be here to ask questions of its 

improbable nature. However, there are two variants of the anthropic principle, also referred to as 

‘Strong’ and ‘Weak’. 

 

o The strong variant basically assumes an infinite number of parallel universes in which the 

probability of everything becomes 1. Alternatively, the weak variant tries to explain how the 

universe evolved to produce the atomic elements, which eventually supported life.  

 

o In this context, the ‘Big Bang’ paradigm is an explanation of the evolution of the universe. Within 

this paradigm, the universe began as a point singularity, but expanded to create space-time and 

subsequently matter in the primitive form of protons and neutrons. As the universe cooled 

following this primordial event, the fundamental particles fused to create the lighter atoms, e.g. 

hydrogen and helium. During this process, the early stars were formed, which in-turn created 

heavier elements through the process of fusion. The question as to what caused the Big Bang in 

the first place is still open to debate46. 

 

o Our solar system formed some 10 billion years after the Big Bang event. By this time, earlier stars 

had created the heavier elements, such as carbon, which are the building blocks of life, at least, 

                                                 

46 2013: Subsequent investigation of modern cosmology would suggest that the ‘Big Bang’ has quite a few problems to 

resolve and that this is possibly another subject that requires an open-mind at this stage. 
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as we know it. However, we do not really know how DNA molecules came to be formed, which is 

another point of debate. 

 

At this point, we have arrived at the timeline of evolution on Earth covered by an earlier section. 

However, while the creation of life within the universe is a critical point of debate, the creation of 

sentient intelligence is still the primary focus of our interest and the next area of debate to be outlined.   

 

o From the perspective of the physical sciences, intelligent sentience appears to have taken in the 

order of 4 billion years to evolve from a primitive single cell organism. However, there is no 

obvious evidence of a grand design leading to intelligent sentient life forms. To-date, there is no 

definitive evidence that any other intelligent life exists in our solar system, our local galaxy (the 

Milky Way), or for that matter the rest of the entire universe.  

 

o However, physics does not rule out intelligent life evolving using a different base chemistry, e.g. 

silicon, although there is now a debate concerning the ability of current silicon-based computers 

to ever have the ability to support intelligence and self-aware thought.  

 

o Descartes is credited with the idea that there are two aspects to the world, matter and the mind 

that also encompasses the spirit. Although this belief called ‘dualism’ does, in some ways, bridge 

theology and science, it is often linked with spiritualism and therefore considered to be outside the 

field of science. However, one recent corollary to this idea is that quantum waves and fields may 

be the ‘spiritual’ portion of the universe and so science may already be studying the spiritual 

aspect of life without knowing it. 

 

o A number of researchers have proposed that the brain already supports some level of quantum 

computing and that quantum effects are responsible for the phenomenon of creative thought. 

Some have even suggested that quantum computing is happening in the microtubules of cells, 

which are the hollow tubes that serve as a skeleton for a cell, i.e. cytoskeleton. The theory is that 

the cytoskeleton is the nervous system of the paramecium and the cytoskeleton is a miniature 

quantum computer. 

 

o Some physicists have argued that consciousness is also a quantum effect. If no evidence 

emerges that supports consciousness based on the complexity of neural mechanisms and 

classical physics cannot produce an adequate explanation, then possibly quantum physics may 

be required to unlock the door that is currently blocking progress in this field. 
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o At this time, it is believed that most AI research will continue to be based on the digital computer 

or neural network models. However, while there is, as yet, too little evidence to support the 

quantum position, it has the potential to create one of the biggest paradigm shifts in AI.47 

 

One final thought for consideration before we begin the more pragmatic review of AI. Those who have 

spent a lifetime working to understand an older accepted paradigm rarely welcome new paradigms, 

especially as complex as quantum mechanics. However, on the other hand, it is fool that accepts 

every idea that comes along. The study of AI is possibly one of the greatest challenges undertaken by 

mankind. Not surprisingly, the implications of its development could change humanity beyond all 

recognition. Whether this will be for the better, is one of the questions we now need to consider. 

 

 

                                                 

47 2013: As far as it is known, the debate about conscious free-will being linked to quantum effect  still continues. Given the 

current bias of theoretical physics towards mathematics that cannot necessarily be empirically verified, it is likely that this 
situation will continue for some time to come. 
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9.2 The Structure of Intelligence 

 

Humanity has long been fascinated with the creation of devices that appear to act in a human or 

intelligent way. Long before robots and computers had even been conceived, people built toys and 

mechanisms that gave the illusion of life or intelligence. However, the birth of AI really had to wait for 

the development of the computer in mid 20th century. Shortly after, computer programs appeared to 

start exhibiting some of the characteristics of intelligence, and subsequent AI research was initially 

focused on 3 areas of ability: 

 

o Language Translation: 

Although there was some initial breakthrough in simple language translation, the complexity of 

human syntax and semantics was under-estimated. One of the key problems was that humans 

sometimes appeared to resolve as much meaning from the context in which language was used, 

as from the words themselves.  

 

o General Problem Solving: 

After some initial progress, this area of research also ran into problems. Again, the issue 

appeared to be linked to the way humans are able to transfer knowledge and skills to solve 

problems in another domain. In contrast, a chess program has little or no ability to solve any 

problems outside the local domain of a chess game.  

 

o Pattern Recognition  

This area of research faired no better than the other two. Only in the most controlled 

environments were any meaningful results obtained. The ability to decipher handwriting appeared 

to require the ability to interpret an almost unlimited variation in the writing of each letter of the 

alphabet, let alone collective sequences of words. 

 

Unsurprisingly, some people were quick to draw negative conclusions from this research. Although 

computer programs had developed some ability to apply general logic to a problem, it appeared that 

brute force computational power was only creating the illusion of intelligence. We had only built a 

more sophisticated toy, a mechanism, not intelligence and certainly not sentience. 
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9.2.1 Computer Intelligence  

 

Although, at the time, the failure of computers to pass what appeared to be fairly fundamental 

benchmarks was considered as a major setback, it had the advantage that it caused some people to 

question their initial assumptions about the nature of intelligence. Initially, these assumptions were 

based on a paradigm that suggested intelligence would simply emerge as we built bigger, faster 

computers. However, without first understanding the nature of intelligence, it became increasingly 

difficult to see how it was going to be replicated.  

 

In 1951, English mathematician, Alan Turing devised the ‘Imitation Game’ in which a man and woman 

try to fool the questioner as to their real genre identity. The basic Turing test is only a slight 

modification of this game, in which one set of answers comes from a computer. 

 

Turing's Test 

Questions-> <- Answers 

Aims to discover if A or B 

is the Computer 

(A) Computer: aims to fool the questioner 

(B) Human: aims to help the questioner 

 

The job of the questioner is to try to determine whether the answers are coming from a computer or 

human. Of course, the real challenge is for the computer to be ‘intelligent’ enough to play and win. 

The basic rationale behind this test being that intelligence may or may not be locked within the box, 

but as long as the responses from the box appear intelligent it must, for all practical purposes, be 

considered intelligent. Although Turing devised his test back in 1951 and the Loebner prize of 

$100,000 was offered in 1991, no program has yet achieved the necessary success rate. However, 

even if a program were to pass, there has always been much debate surrounding the Turing Test and 

what it really proves in terms of intelligence. So, although the Turing Test has not been passed in its 

original format, many already want it to be extended so that true AI has to replicate not only 

intelligence, but also the total human persona. Yet others believe that a test based on human criteria 

is misleading, as the important issue is that the computer demonstrates its cognitive ability regardless 

of behaviour. In 1980, John Searle devised another test called the ‘The Chinese Room’ in order to 

demonstrate the weakness of Turing’s test by showing that a box could appear to respond intelligently 

without any real understanding. 

 

Searle’s Chinese Room Experiment 

Questions-> <- Answers 

Questioner only 

speaks Chinese 

Answerer only speaks English. 

Answerer uses instructions in English to respond to 

specific Chinese ideograms 
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In this thought experiment, a man who speaks no Chinese is trapped inside a room. However, in the 

room is a book that provides the rules on how to produce new Chinese symbols, based on the ones 

received. On receiving a slip of paper with Chinese symbols, the man responds according to the rules. 

At no time does the man understand the questions or answers that are always in Chinese. However, 

to the world outside the room, the responses appear intelligent. The essence of Searle’s argument 

was that the computer in Turing’s test is only playing the role of the man who speaks no Chinese. This 

man does not create the rules that allow his responses to appear intelligent; he is only mechanically 

following the instructions or program. Even today, it is still true that computers only act out what we 

will call ‘codified human reasoning’ that is, in essence, aligned to the following programming 

principles: 

 

If (x=y) then do <this task> 

Else do <this other task> 

 

While this is a gross simplification of the real complexity within computer science, it is representative 

of the type of logic that drives a program to perform different tasks. The limitation of this type of logic 

quickly becomes self-evident when you try to instruct your AI robot to go and make a cup of coffee: 

 

o What is the current location of your robot? 

o Where is the facility to make coffee? 

o How does the robot get there? 

o What could prevent it getting there? 

o Having got there, where are the cups? 

o What happens if the cups are dirty? 

o Where are the coffee, sugar and milk? 

o Where is the water and kettle? 

 

OK, that is enough to get the idea. Unless every possible contingency is covered, this type of 

computer logic has no capability to apply any common sense. However, even today, complex 

software programs are still developed using essentially this type of logic that requires millions of lines 

of instructions. After having designed and written all this code, there is an even bigger problem: 

 

How do you ensure that every logic path through the total maze of computer instructions actually 

works?  

 

Of course, computer science has made incredible advances, especially in terms of the speed, size 

and cost of hardware. There are now computer chips that can perform tens of millions of instructions 

per second at the cost of a few hundred dollars. While there are some physical limitations that may 

slow further hardware progress by 2020, this could still allow a 1000-fold increase in computer 

performance by this date. However, speed alone only adds to the problem by allowing software 
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programs to become ever bigger and more complex. Microsoft Windows stands, as an obvious 

example of the potential to create an ever-larger software system that is taxing even this corporate 

giant to be released bug-free. So it would appear that the critical path in computer science must now 

focus on the software methodology. There are some fundamental approaches that might provide the 

step-function required: 

 

o Software automation 

o New Methodologies 

o Self-Learning 

o All of the above 

 

9.2.1.1 Software Automation 

 

Today, programming is still a skilled profession, although it can be very laborious to design, write and 

test millions of lines of coded instructions to meet the specification requirements that often change 

throughout the process of development. As such, program development is still very much dependent 

on human creativity and invention, but equally susceptible to human error. To help minimise human 

error, programming is becoming increasingly automated through the use of development tools with 

graphical interfaces, libraries of standard routines, compilers that detect static code errors and 

debuggers that detect run-time errors. Of course, this is an area that weak AI could start to improve 

dramatically over the next decade. By replacing humans in many of the stages, i.e. specification, 

design, code and test, this would allow larger and more complex programs to be developed in a 

shorter time, for less cost and more importantly with fewer errors. This process in turn could then lead 

to an even more sophisticated and automated system of program development through a process of 

positive feedback. 

 

9.2.1.2 Software Methodologies 

 

Originally, most programs were designed and written in a data-centric fashion. In this method, data 

variables were defined and stored independently of the instruction that worked on the data. For 

example, a program to draw a circle might have a variable called ‘radius’ and a constant called ‘Pi’. 

Separately, a function would be developed to use radius and Pi and output the appropriate sized 

circle to a screen. However, even a small modification to colour the circle would still require an 

understanding of the original design of the data structures and programming before the modification 

could be considered.  

 

In recent years, there has been growing support for an alternative methodology called ‘object-

orientated programming (OOP)’. Using the previous example, the original design would have 

produced an object called ‘circle’ that contained the variable ‘radius’, the constant ‘Pi’ and the code to 

draw the circle. Any subsequent modification need only define a new object called ‘colour circle’ that 
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inherited the attributes of the original object ‘circle’. There are a number of advantages to this 

methodology that go beyond the scope of this book, but suffice to say that containment of data and 

code plus the inheritance mechanism would, at least, appear more compatible with biological 

developments48. Other potential development areas are listed for further reference: 

 

o Rule-based, Procedural Representation 

o Associative Databases, Semantic Indexing 

o Conceptual Dependency, Action Scripts 

o Fuzzy Logic, Belief Nets 

 

9.2.1.3 Adaptive, Self-Learning 

 

As outlined, the original ‘if-else’ logic is intrinsically limited by complexity because it is virtually 

impossible for the programmer to envisage every possible permutation that might occur. This 

approach can only create the ‘illusion of intelligence’ through the brute force of hardware processing 

power, as the program learns nothing and so there can be no adaptation from the logic scripted. 

However, given developments to-date, it is not inconceivable that programs may learn from 

experience and adapt their own code based on the results of real-time operation, and in so doing 

evolve. If so, AI may take the next important step towards cognitive intelligence.  

 

9.2.2 Human Intelligence 

 

Without wishing to jump into the debate about Turing’s test, there is a feeling that many of the 

programs entered for the Loebner prize are simply trying to mimic intelligence rather than replicate it. 

While no inference is being made that only the human brain model can lead to true intelligence, it is a 

model that appears to work and has stood the test of evolution. Therefore, it is seen as a positive 

development that new lines of AI research have expanded to include research into human or 

biological intelligence, although this approach is also turning out to be more complex than originally 

perceived. However, the study of human intelligence has already highlighted, what might prove to be, 

a number of conceptual errors in some of the original AI models: 

 

o Change Models: 

Humans appear not to build complete models of the world they see. Experiments have shown that 

when the environment around us is changed, we only notice the more drastic changes. As such, 

we do not keep all the information in our head, but instead refer back to the environment for more 

detail. Equally, humans tend to only represent what is immediately relevant from their 

                                                 

48 2013: The analogy between object-orientated design and natural evolution is also highlighted in terms of inheritance. If 

you re-use an earlier building-block, be it hardware, software of biological, it not only inherits some of the benefits but also 
its short-comings. 
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environment, and somewhat surprisingly some of these representations are even independent of 

one another. 

 

o Distributed Control: 

In the early days of computing, most systems were based on a central processing unit and initially 

the brain was seen as the equivalent central controller. However, the human brain is actually 

comprised of distributed control systems, rather than a single central one. Again, this conclusion 

has been derived from numerous experiments on subjects suffering from a range of brain 

disorders or abnormalities. 

 

o General Purpose Processing: 

While humans are adept at solving a range of different problems, our brains are not general-

purpose machines. Again, experiments have demonstrated the specialized nature of human 

computational processes that evolved to solve the problem of survival. Furthermore, humans are 

often more emotional than rational, and there is evidence that our emotions are an important 

aspect of our decision making. 

 

In order to simplify the building of intelligent systems, one initial AI approach was to simply ignore or 

avoid many of the more complex aspects of human intelligence. However, these elements are 

undoubtedly essential to human intelligence and so considerable research is now going into 

understanding their role in AI: 

 

o Learning and development: 

Forms the framework by which humans successfully acquire new and increasingly more complex 

skills and competencies. 

 

o Social interaction: 

Allow humans to exploit other humans for assistance, teaching, and knowledge. 

 

o Physical interaction: 

Anatomy and senses allow humans to use the world around them to organize and manipulate 

knowledge. 

 

o Integration: 

Allow humans to act with focus or purpose by integrated control of their sensory and motor 

systems. 

 

If these are some of the central elements of human intelligence it is probably a reasonable 

assumption to say that the solution is not confined to computer science. The corollary of the argument 
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is that if human intelligence goes beyond computer science, AI may also have to go beyond 

computers in their current form.  

 

9.2.2.1 Learning and Development 

 

Humans are not born complete and our reasoning, motor and sensory systems all have to undergo a 

considerable learning process, as we develop towards adulthood. Development involves 

incrementally mastering ever more difficult tasks in ever more complex environments. So 

development is an incremental process with learned skills laying the foundations for the further 

acquisition of more advanced skills.   

 

Newborn infants do not have full control over their limbs, but through a gradual process of learning, 

their motor control develops to allow extremely complex movements of their bodies to be coordinated. 

A process, in which the control of both the sensory and motor systems is gradually increased, is 

believed to significantly reduce the difficulty of learning such complexity in one step. In turn, this 

process increases our ability to solve more complex problems. In effect, humans are adaptive, self-

learning systems rather than pre-programmed mechanisms. 

 

9.2.2.2 Social Interaction 

 

Human babies enter the world with their brains still far from fully developed for various physiological 

reasons. Of course, while the human brain is capable of incredible learning and development after its 

birth, this takes time, during which the infant is extremely vulnerable. As a consequence, humans 

have evolved complex social environments, not only to protect their young, but also to provide for 

their long-term intellectual development. However, without the ability to interact socially, an infant may 

be severely limited in the range of new skills it can learn from those around it.  

 

Many of the basic physical coordination skills are learnt from the social environment through play, 

involving both mimicry and imitation. The quality of play is often dependent on the level of social 

interaction with other children. However, the mastering of a language skill (vocal and visual) is the 

critical development to deeper social interaction and knowledge acquisition skills. 

 

Initially, building social skills into AI may start off being little more than defining some mechanical rules 

of etiquette. However, the issue of the development of more advanced social interaction will be more 

complex and involve the development and association of AI emotions to learnt experiences. It is said 

that children reach half their IQ levels by the age of four; however an adult entering a pre-school 

playgroup is not struck by structured social interactions and learning, but rather something closer to 

chaos. In emotional terms, this chaos is actually children being motivated to learn through fun. As 

humans develop, other emotions provide additional motivation to learn and develop new skills. 

 



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 179 ©Copyright 2004  

9.2.2.3 Physical Interaction 

 

Although it was not directly addressed, social interaction also requires physical interaction. However, 

this aspect of the development of human intelligence is often overlooked. The physical embodiment of 

the human brain provides the ability to move and sense its surroundings. This ability appears to be 

directly linked to the way the human brain then comprehends its surroundings. For example, the 

human brain does not form a complete picture of its surroundings, but rather continuously monitors for 

important changes through its physical senses.  

 

This approach to real-time data processing is very efficient and is emulated in many computer 

systems. Differential systems are based on building larger models from small pieces of incremental 

data. Equally, most computer systems have a hierarchy of interrupt signals with each signal having a 

priority with respect to another. Low-priority actions can either be deferred or handed off to sub-

system processors, while high-priority signals demand immediate attention by the central 

management system.  

 

9.2.2.4 Sensory Integration: 

 

Humans receive an enormous amount of information from the world via their senses. These senses 

are processed to provide us with a view of the surrounding world. It may not be too surprising that 

many of the sensory inputs are integrated together to provide a more coherent perception of our 

surrounding reality. Sensory integration can also simplify the computation of any given task. 

Attempting to perform the task using only one sense may be either awkward or impossible and 

invariably requires more concentration, i.e. processing power.  

 

As in the case of differential processes, the integration of smaller bits of individual sensory information 

can allow a more complex perception model to be efficiently created. This multi-sensory model can 

also facilitate new types of associative learning that may otherwise not occur. For example, objects 

that make noise often move, the speed in which the brain can make this perceptual link could mean 

the difference between life and death.  
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9.2.3 Summary 

 

The idea to create artificial life has been around for centuries, but only with the development of the 

modern computer, in the 1950’s, did this become a tangible possibility. In fact, it appears that people 

started to extrapolate their ideas about the possibility of strong AI, even before weak AI. With 

hindsight, this initial exuberance has been overtaken by pragmatism, as the real difficulty of strong 

and weak AI has become better understood. As previously outlined, human intelligence has both 

physical and meta-physical structures. At this time, we barely have little more than a rudimentary 

understanding of the former, and the latter is still a matter of philosophical debate. There is absolutely 

no evidence that artificial intelligence is going to be any simpler than biological intelligence, unless it is 

inferior. Of course, there is every possibility that AI will initially be an inferior intelligence, which is 

something to be considered, as we hand-over more and more control of our society’s critical systems 

to AI.  

 

The structure of human intelligence is a result of a very lengthy process of evolution. In addition, the 

process of brain development continues after birth with neural pathways adapting to assimilate new 

knowledge throughout a person’s lifetime. The challenge facing AI research is what aspects of the 

human model are essential and can any of it be reproduced and ultimately improved. History 

suggests that some of the early pioneers in AI were too optimistic about future progress and the blunt 

truth is that despite over 50 years of incredible technical advancement; AI is still just an elusive 

concept. This statement is not a denial of the progress now being made, but simply seeks to keep this 

progress in perspective when looking at the long road ahead. 
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9.3 The Development of Intelligence 

 

There is a tendency for the development of any idea to follow a certain pattern in which the early 

expectations are wildly optimistic, after which there is the inevitable disappointment followed by a 

period of pessimism. However, if the idea is sound and adequate financial support available, the 

onset of pessimism can be reversed as new foundation technologies start to mature. This is especially 

true for big ideas, and AI is a very big idea that has now entered a new millennium somewhat 

battered, but hopefully wiser for the experience. 

 

In this more realistic mode, weak and strong AI provide a practical separation of what may be 

achieved in the next 10-50 years and the next 50-500 years. Much of the foundation technology for 

strong AI has yet to be set down and may still require computing to undergo several paradigm shifts 

rather than just assuming that faster computers will eventually lead to sentient intelligence. While 

weak AI can be considered as a separate goal without reference to strong AI, it seems unlikely that 

strong AI can develop without weak AI first being achieved. However, there is also an important 

philosophical issue that separates these two modes of AI that should not be forgotten: 

 

o Weak AI is meant to be ‘subservient’ to human society 

o Strong AI may grow to be ‘independent’ of human society 

 

Describing weak AI as subservient does not imply that a weak AI system cannot be considered 

intelligent, simply that it is not self-aware with the ability to define its own goals. However, given the 

undoubted complexity of future weak AI systems, it should not be assumed that humans would 

always be able to predict, or control, the output of such systems. Weak AI systems are the natural 

evolution of present-day computers that become capable of solving both general and specific 

problems.  Some of these systems may initially support only limited sensory (I/O) interfaces with 

which to directly interact with the real world. However, developing the ability to solve problems is one 

of the essential prerequisites of intelligence, along with the ability to learn and understand. Therefore, 

this aspect of the AI problem space is critical. 

 

9.3.1 Philosophical Approaches 

 

There are aspects of AI development that appear to be more an issue of philosophical debate rather 

than clear-cut physics. One school of thought called ‘Symbolic AI’ has long held the opinion that the 

key to higher intellectual processes of the brain is dependent on an ability to manipulate symbols. In 

contrast, another school of thought, referred to as  ‘Connectionist AI’, believes the brain is analogous 

to a neural network of connections, which processes patterns. In reality, either approach in isolation 

may prove to be too polarised in the sense that intelligent systems may have to support both 

approaches. 
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9.3.1.1 Symbolic AI 

 

Historically, symbolic or classical AI has dominated with its view that human cognition is analogous to 

symbolic processing in digital computers. As such, human knowledge is represented in a declarative 

form: 

 

o Facts – data 

o Rules – programming 

 

If such an approach is to be successful in producing human-like intelligence then it is necessary to 

translate implicit or procedural knowledge possessed by humans, i.e. knowledge and skills not readily 

accessible to conscious awareness, into an explicit form using symbols and rules for their 

manipulation. Problem solving systems that mimic human expertise are already emerging in a variety 

of fields, albeit in relatively narrow, but deep knowledge domains. For example, game playing 

programs are being written that challenge the best human experts. However, there are fundamental 

difficulties encountered by symbolic AI that may be insurmountable in isolation. One of the most 

difficult problems encountered has come to be known as the common sense knowledge problem. In 

addition, areas which rely on procedural or implicit knowledge such as sensory/motor processes, are 

much more difficult to handle within the Symbolic AI framework.  

 

9.3.2 Connectionist AI 

 

In contrast, connectionist AI models provide an alternate paradigm for understanding how information 

might be represented in the brain. The connectionist claims that information is stored, not 

symbolically, but by the connection strengths between neurons that can also be represented by a 

digital equivalent called a neural network. The connectionist AI model also reflects what we know 

about the workings of the brain as neurons interlinked by synaptic connections. The neural network 

also models some important properties of human cognitive processing. For example, neural networks 

are robust in the sense of their tolerance of noisy input or damage to part of the network. In contrast, 

noise and damage to a classical computer model would typically result in catastrophic failure or data 

loss. Neural networks are also considered well suited to problems that require the resolution of many 

conflicting constraints in parallel. As such, neural network technology is being applied to AI cognitive 

problems that require associative pattern processing such as object recognition, planning, and even 

coordinated motion. 

 

Clearly, symbolic and connectionist AI are very different paradigms. On one hand, connectionist 

neural networks are seen as deficient in their abilities to reason well. On the other hand, symbolic 

logical systems are seen as deficient in their ability to represent the association patterns that help us 

link ideas and be creative. Therefore, some researchers are now arguing that these models should be 

combined. The argument being that the brain’s neural network supports a symbolic processor. In this 
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model, the brain is physically structured as a neural network; but the mind operates as a symbolic 

processor at its higher functions. Therefore, one of current development challenges is to discover how 

a symbolic processor can be implemented within the neural network architecture. 

 

9.3.3 The Common Sense Problem 

 

One of the fundamental problems encountered has come to be known as the common sense 

problem. Researchers have long been aware that AI systems would have to assimilate a large 

amount of explicit knowledge. However, what was not originally anticipated was the even greater 

amount of implicit or associative knowledge we require to operate in the world, e.g. 

 

o Explicit Knowledge: John is Jake’s father. 

o Implicit Knowledge: John is older than Jake. 

o Implicit Knowledge: John will always be older than Jake. 

 

In practice, humans acquire both explicit and implicit information and then learn how to apply 

associative rules on this information to create new knowledge as and when required. This latent ability 

of the human brain is considered an essential prerequisite for any general-purpose intelligent system. 

Therefore, the following questions are currently the focus of much AI research:  

 

What is the best approach to represent knowledge?  

Are dictionary or encyclopaedia-like entries the best approach?  

Should everything be formulated as a series of if-else rules?  

Should multiple forms of representation be used?  

 

Clearly, these types of questions are just scratching the surface of a very large problem space that 

current developments in AI are just starting to address. While there is a link between intelligence and 

knowledge, the relationship may be analogous to a car engine and gearbox. Some people appear to 

be highly intelligent, i.e. very high revving engines, but may appear to have little common sense, i.e. 

no gearbox for forward motion. This aspect of the intellect-knowledge balance can be considered in 

terms of what is commonly referred to as lateral thinking or the interaction between explicit and 

implicit knowledge. Some people have the memory capacity to accumulate a large amount of explicit 

knowledge, but appear to have only a limited ability to apply this knowledge. However, without good 

explicit knowledge, any amount of lateral thinking may be equally ineffective. 

 

Present day computer systems have the ability to store incredible amounts of explicit information. The 

first challenge is to develop the rules and procedures that allow information to be converted to 

knowledge. However, the big challenge lies in developing the mechanism that allows explicit 

knowledge to be linked to implicit knowledge, which in-turn, may allow AI to evolve the attribute of 
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common sense. Without common sense or the ability to ‘think laterally’, the intelligence in AI will 

always be weak. 

 

9.3.3.1 En(cyc)lopaedia 

  

CYC, short for encyclopaedia, was conceived as a concept back in 1984. In 1994, Cycorp was 

founded to develop and market a commercial version of CYC. Although intelligence implies an ability 

to learn, understand and solve problems, the definition does not stipulate how a weak AI system 

might acquire both explicit and implicit knowledge. The CYC approach is to manually programme in 

millions of items of general knowledge that humans acquire, over many years, through the processes 

previously described, i.e. 

 

o Learning & Development 

o Social Interaction 

o Physical Interaction 

o Integration 

 

The project employs people to enter volumes of common sense data into an ever-growing database 

that currently contains over 1,000,000 facts and rules. John McCarthy, professor of computer science 

at Stanford, and attributed with coining the term AI, has advised on the project. He has also set an 

effective test benchmark for CYC in the form of two sentences: 

 

o Napoleon died on St. Helena.  

o Wellington was greatly saddened. 

 

Humans infer meaning from these sentences by using both explicit and implicit knowledge associated 

with concepts such as time, space, politics, history, mortality and the complexities of human 

motivation to understand why Wellington, Napoleon's enemy, mourned the passing of his old enemy. 

The only way CYC can mimic this understanding is for sufficient human explicit and implicit 

knowledge to be entered into its database. To give some idea of the huge scale of this task, here are 

some of the more quirky examples of the type of entries apparently required by CYC: 

 

o Etiquette: While a person is driving a car, eye contact is not socially required during 

conversations. 

 

o Romantic: You can usually see people's noses, but not their hearts. 

 

o Theological: When people die, they stay dead 
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There are obviously parallels to be drawn with Searle’s ‘Chinese Room Experiment’ in that it can be 

argued that CYC can have no conscious understanding of its knowledge and is simply following a set 

of pre-processed rules. However, as a building block for future weak AI systems, CYC could be a 

major breakthrough. In a world that is becoming increasingly overloaded with information, the ability 

for automated systems to intelligently filter and consolidate raw information into more useable 

knowledge centric formats could be the catalyst for major breakthroughs in many areas of future 

research. The thing to bear in mind about CYC is that it is a commercial enterprise, rather than 

academic research. Some very astute organisations have backed Cycorp. 

 

9.3.3.2 Expert Systems 

An expert system, like its human counterparts, is typically an expert in one given field and therefore 

highly domain specific. However, unlike human experts, once set up, they need not be expensive, 

can be easily and cheaply replicated and do not grow tired and as a consequence start making 

serious mistakes. In principle, an expert system is typically a computer program designed around a 

rule database with an interface that facilitates the appropriate exchange of information between the 

user and expert. As such, an expert system can be designed to do any number of tasks: 

advise analyse categorise communicate 

consult design diagnose explain 

explore forecast identify interpret 

justify manage monitor plan 

present retrieve schedule test 

  

Practical operation of an expert system is often restricted by the size of the database required to 

maintain the many thousands of rules necessary to emulate the ‘expert’. Of course, extracting these 

rules and procedures is a major undertaking, because of the common sense problem. While most 

human experts can be prompted for their explicit knowledge, the issue of implicit or associative 

knowledge is far more problematic. To be effective, an expert system must appear responsive to its 

users. This is a function of both the processing power of the underlying computer system and the 

operational efficiency of the database mechanisms. In principle, the increasing speed of computer 

processing and advances in database design are negating many of the initial problems in this area of 

operation. Increasingly sophisticated expert systems now require many thousands of rules and 

procedures to represent the explicit and implicit knowledge of an expert. As a consequence, a 

secondary problem can arise when the number of rules increases to the point that sets of conflicting 

rules then have to be resolved. However, the biggest problem that has to be resolved by any AI 

expert system is responsibility. For example, if an expert system is used by a doctor to help 

administer drugs to patients, who is responsible in the case of a fatal error? 
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o The doctor 

o The health authority  

o The suppliers of the Expert System 

o The designers of the Expert System 

 

In many respects, the term weak AI is very misleading, as these systems will undoubtedly evolve to 

become increasingly powerful and take more and more control of our vital technology infrastructure. 

So while weak AI was initially described as subservient to human society, the practical reality is that 

human society may quickly become totally dependent on weak AI to operate effectively.  

 

9.3.3.3 Game Playing 

 

The ability of AI to play games has been a natural line of development from the outset. People like to 

learn and play games and a computer opponent can be both infinitely patient and challenging. The 

last decade has seen a new generation of children growing up apparently addicted to their play-

station consoles. Clearly, this type of technology could continue to advance rapidly, if commercial 

revenue can be maintained. For AI to beat a human opponent is also a useful benchmark of progress.  

However, it is important to note that while some AI game playing programs have beaten a human 

expert, they have done so by using fundamentally different processes. Typically, a human expert will 

utilize a vast amount of domain specific knowledge to generate a few promising moves for each game 

situation in which irrelevant moves are usually ignored. In contrast, a game playing program typically 

exploits brute-force computational speed to explore as many alternative moves and consequences as 

possible. As the computational speed of the modern computer has increased, so the balance of 

human knowledge versus computation speed has started to swing in favour of the computer in this 

specific field of operation.  

 

It is natural that human players use a parallel technique to play chess as the human brain operates as 

a parallel machine, consisting of about 100 billion neurons, each capable of operating approximately a 

thousand times a second. The neurons are laid out in layers of the cortex making up the outer folds of 

the human brain. As such, the human brain is good at recognizing associated patterns, but is 

challenged by serial calculations, such as sequential searching. In contrast, Deep Blue contains 480 

chess-specific processors, each of which is capable of examining about two million chess positions 

per second. This approach enables it to search many positions in a very short time. When humans 

play a game that depends on a brute-force searching through an enormous number of positions and 

strategies, we cannot use methods that depend on executing a billion instructions a second; the 

neurons in our brain fire at a millionth of that rate. Equally, unlike the human brain that essentially has 

a fixed processing capacity, computer processing has been doubling in speed every 18 months. While 

increasing processing speed in isolation may produce the perception of ‘smarter’ computer game-

players, it is not AI. However, there is every reason to believe that current AI research will lead to 

more sophisticated and interactive game-playing techniques that may help underpin the development 
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of more advanced AI systems. These incremental advancements are the equivalent of technology’s 

process of evolution, however instead of taking millions of years, some of these changes are 

seemingly occurring before our eyes. 

 

9.3.3.4 Neural Networks 

 

We have touched upon neural networks or ‘neural nets’ on several occasions throughout the book 

and to some extent suggested that they might be the way forward in AI. Much of the hope for neural 

nets is based on the fact that they are an initial attempt to emulate the cellular operation of neurons 

within the brain. However, before we get too excited about this development, the relative size of 

today’s neural nets are minuscule in comparison to the human brain49: 

 

Size of Human Brain: 100,000,000,000 Biological Neurons 

Size of Neural Net:  1,000 Artificial Neurons 

 

Equally, while the connectionist model, based on neural nets, has advantages over the symbolic 

model in the area of pattern processing, it is still deficient in the area of logical reasoning. So while AI 

is progressing on many fronts, the potential success or failure of neural nets is clearly an important, 

but unresolved issue. 

 

9.3.3.4.1 Basic Neuron Model 

 

As we have discussed, neuroscience is still developing, but is starting to make considerable in-roads 

into understanding the operation of the brain, at least, in terms of the operation of its most basic 

element, the neuron. However, neurons are still complicated. Therefore, Figure 43 is only illustrative 

of the actual complexity of the many types of neurons in the brain and scope of interconnection 

between them.  

 

                                                 

49 2013: A quick search of the web suggests that the number connections within the largest neural networks is continuing  

increasing rapidly. A posting in June 2013 suggests that Stanford University have succeeded in developing a neural net with 
some 11 billion connections, which still has to be seen in comparison to the 100 trillion connections in  the human brain. It 
might so be  pertinent to ask what these neural networks are capable of doing and how long did it take for them to ‘learn’ a 
given task. 
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Figure 43: Neuron Model 

 

In practise, neurons have a myriad of parts, sub-systems, and control mechanisms and convey 

information via a host of electrochemical pathways. Collectively, neurons and their connections form a 

process that is neither binary, nor stable, nor synchronous. As such, they are nothing like our current 

computer processing paradigm. However, as indicated in the diagram, research is pointing to a 

number of important characteristics, which artificial neural nets are now attempting to emulate: 

 

o Connections: 

The brain appears to store information as patterns overlaid onto the neuron connections. The 

connection is defined by the synapse, which is the point of output of one neuron that is then 

received by the dendrite of the next. 

 

o Connection Strength: 

The concept of connection strength is considered central to the development of neural nets and 

reflects the influence one neuron has over another. The stimulus of new or continuing inputs can 

cause the neuron connection strengths to change with some synaptic connections becoming 

reinforced, new ones created, and others weakening or disappearing. 

 

o Inhibit or Excite: 

A neuron connection can either excite or inhibit the rate of firing of interconnected neurons. The 

level of excitation or inhibition produced is linked to the connection strength, i.e. strong 

connections have more effect, while weaker connections less so. 

 

o Transfer Function 

From input to output, the neuron carries out a collective transfer function of ‘N’ inputs to ‘M’ 

outputs. The synapse is the point at which the connection takes place and the strength of the 
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individual connection defined. The soma can then aggregate its inputs in many different ways, 

which can be described in the form of a mathematical function. 

 

The process of storing information as patterns and then solving problems is essentially a new field in 

computing. As such, it is already starting to introduce new terms such as behave, react, self-organize, 

learn, generalize, and forget into computer science. The processing power of the human brain comes 

not only from the sheer number of neurons, but the even more staggering number of connections. 

Each neuron is capable of connecting with up to 200,000 other neurons, although 1,000 to 10,000 

connections are more typical. Therefore, this new field requires the creation of massively parallel 

networks and the training of those networks to solve specific problems. At this time, the power of 

artificial neural nets would have to increase by a factor of 108 in order to compare with the brain’s 

neural net. 

 

Figure 44: Artificial Neuron 

 

Figure 44 tries to superimpose the structure of a biological neuron with the essential elements of its 

artificial counterpart. A basic description of each component is briefly outlined for reference: 

 

o Weighting Factors:  

A neuron can receive many inputs; with each input having its own relative weight. These weights 

emulate the synaptic strengths in biological neurons. In both cases, some inputs can become 

more important than others and they reflect the input connection strength. These strengths can be 

modified in response to various training sets or through its learning function.  

 

o Summing Function:  

This function first computes the weighted sum of all inputs. A simplistic summing function could 

just multiply each input by its weight and then sum the weighted inputs. Of course, the summing 
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function can be more complex with the inputs and weightings combined in many different ways 

before the result is passed to the transfer function.  

 

o Transfer Function:  

In the transfer function, the summation total can be compared with a threshold to determine the 

neural output. If the sum is greater than the threshold value, the function generates an output. If 

the sum of the inputs and weights is less than the threshold, no signal or even an inhibitory signal 

can be generated.  

 

o Output Function:  

Each neural node generates one result that may be output to hundreds of other neural nodes. 

This also emulates the operation of biological neurons, where there are many inputs and only one 

output action. Normally, the output is directly equivalent to the result of the transfer function; 

however, some designs modify the transfer result to incorporate competition among neighbouring 

neural nodes.  

 

o Back-Propagated Value:  

In most learning networks, the difference between the current output and the desired output is 

calculated. This difference can be propagated into the learning function of another processing 

element.  

 

o Learning Function:  

The purpose of the learning function is to modify the connection weights on the inputs to each 

node according to some algorithm. This process of changing the weights of the input connections 

to achieve some desired result could also be called the adaptation function, as well as the 

learning mode. There are two types of learning:  

 

o Supervised  

o Unsupervised  

 

Supervised learning is typically based on training sets of data or an observer who grades the 

performance of the network results. Either way, learning is by reinforcement towards a desired 

result. In contrast, an unsupervised neural net must organize itself by some internal criteria 

designed into the network50.  

 

                                                 

50 2013: In terms of the human analogy, the supervised mode might be seen to parallel what we learn from life after birth, 

while the unsupervised mode might be likened to the information passed via biological DNA before birth. Clearly, the role of 
DNA in the brain development of any animal is more than just chemistry, at least, in the traditional sense. In an article 
dated August 2012, the Harvard Weiss institute claimed to have stored about 700 terabytes in 1 gram of DNA. As such, all 
animals inherit more than physical attributes from their ancestors, if they  are also passed survival knowledge. 



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 191 ©Copyright 2004  

9.3.3.4.2 Basic Neural Network Model 

 

Of course, the other critical aspect of any neural network involves how the neural nodes are 

interconnected to form a network. The biological neural network model is constructed from 

microscopic components, i.e. the neurons, into a three-dimensional structure, i.e. the brain. Within this 

model, the neurons can be clustered and appear capable of nearly unrestricted interconnections. 

However, this clustering within the human brain occurs in such a way that information is 

compartmentalised and can be processed in dynamic, interactive, and self-organizing ways. At this 

stage of development, man-made neural networks are based on integrated circuits that are essentially 

two-dimensional devices with a very limited capability for interconnection. This structure constrains 

the type and scope of neural networks that can be implemented and, as a consequence, neural 

networks can best be described as a simple clustering of the primitive artificial neurons. 

 

  

Figure 45: Neural Net Architecture 

 

 Figure 45 is representative of this typical network architecture comprising of: 

 

o A set of input nodes  

o One or more layers of hidden nodes 

o A set of output nodes.  

 

The input nodes receive information and could equate to a sensory organ in the biological model. 

However, the input information could also be in the form of a digitised picture, which the neural net is 

required to analyse. This information is then passed through the network, where connection strengths, 

inhibition/excitation conditions, and transfer functions determine the results passed on to the next 

node. Each node in turn sums the inputs received and determines the output result to be passed 

along to the next nodes in the network. If a network is properly trained, this output should reflect the 
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input in some meaningful way and trigger an appropriate response. Of course, the neural net must 

acquire the knowledge to interpret the information it receives in order to have meaning. In this 

respect, the connection strengths effectively store this knowledge in the neural net’s own architecture. 

Therefore, the process of ‘learning’ in neural nets is primarily a process of adjusting the connection 

strengths. While the learning process in these terms might appear fairly straightforward, in practise it 

is the key issue to neural nets taking the next step. So, although we have barely done any justice to 

the work that has gone into the development of neural nets, thus far, let us jump to one of the central 

questions of concern in this book: 

 

Could neural nets provide the technical path to sentient AI? 

 

Clearly, it is possibly too early to say whether neural nets can truly emulate the complexity of a single 

biological neuron, let alone go on to reproduce the complexity on the scale of the brain’s network 

architecture. At this point, it might be worth again reflecting on what the task of sequencing the some 

3 billion base-pairs in the human genome must have looked like back in 1953, when Crick and 

Watson discovered DNA. However, within 50 years, the first phase of the human genome project had 

been completed, due in no small part to advances in computer processing and programming: 

 

o Initially programs were written directly in machine code, which was extremely laborious, time 

consuming and error prone.  

 

o As a result, low-level assembler languages and compilers started to abstract programs from the 

underlying hardware. 

 

o Subsequently, high-level programming languages evolved, supported by graphics applications, 

which in-turn supported sophisticated visual object-orientated methodologies, compilers and run-

time debugging tools. 

 

Today, the process for developing neural nets is still analogous to writing machine code 50 years ago, 

i.e. it is hard work and not very productive. However, it seems a reasonable extrapolation of current 

technology to assume that intelligent (weak AI) systems could evolve in a relatively short period of 

time that would help support a new generation of automated tools that could revolutionise the design 

of neural nets. At the same time, molecular biology could also continue to unravel more of the 

mysteries of the DNA blueprint that appears to support the ability to configure the basic biological 

neural nets of the brain while still in embryonic development. 

 

So while there are grounds for some optimism, we are also trying to be realistic. Currently, the largest 

artificial neural net is of the order of a few thousand nodes. The assumption of a 1000-fold 

improvement in this technology in the next 50 years would then support a neural-net function requiring 

a million nodes. However, an artificial brain may require millions of these building block functions to be 
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interconnected and, as yet, we do not even understand the blueprint of this collective operation. So 

the task is daunting, but the question as to whether it is impossible, is still open. 

 

9.3.4 Emotional Intelligence 

 

Often, we think of an emotion as a reaction to external events. These events can change our moods 

and even mould our personality, but we normally do not think of our emotions being connected to 

intelligence. However, emotional intelligence is described as the ability to monitor emotions, in 

ourselves and others, and then use that information to intelligently adjust our thinking and actions, 

e.g. 

 

o Motivation: Emotions can be channelled towards a goal. 

o Empathy: Allows us to understand the feelings of others. 

o Relationships: Managing emotions leads to greater social skills. 

 

We know that emotions play an important role in the formation of memories, which underpins our 

ability to learn. This effect is based on the strength of a synaptic connection being linked to the 

strength of an emotion. We also know that emotions are a function of our chemical make-up and can 

be induced by chemical stimulants. However, our emotional senses also represent a profound aspect 

of our humanity. The following quote is taken from a book called ‘Why We Feel: The Science of 

Human Emotions51 ’: 

 

Most of us believe that the world is full of light, colours, sounds, sweet tastes, noxious 

smells, ugliness, and beauty, but this is undoubtedly a grand illusion. Certainly the world 

is full of electromagnetic radiation, air pressure waves, and chemicals dissolved in air or 

water, but that non-biological world is pitch dark, silent, tasteless, and odourless. All 

conscious experiences are emergent properties of biological brains, and they do not exist 

outside of those brains. 

 

At face value, the quote might suggest that our emotional senses and feelings are nothing more than 

illusions generated within our brains. However, an alternative interpretation is that the ‘grand illusion’ 

is in fact our adapted perception of physical reality and without it, our form of intelligence could not 

have emerged. This position is also reflected in the following quote and comes from a paper 

published in 1992 entitled ‘Differentiating Affect, Mood, and Emotion52’: 

  

                                                 

51 Author: Victor S. Johnston 

52 Authors: C. Daniel Batson, Laura L. Shaw & Kathryn C. Oleson 
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It is clear, however, that, without the preferences reflected by positive and negative 

affect, our experiences would be a neutral grey. We would care no more what happens 

to us or what we do with our time than does a computer. 

 

Obviously, in the context of AI, the last sentence seems to imply that computer intelligence has no 

emotion and, as such, is missing a vital ingredient of life. Clearly, this is a matter of importance to AI, 

as the implication is that without emotional intelligence to create the ‘grand illusion’, AI will not be able 

to perceive the world as we do. In part, emotional intelligence appears to be a key element, which in 

some way provides a degree of cohesion to our perceptions and subsequent thoughts and actions. 

Some emotions, such as happiness, can act as positive encouragement, while others, such as fear, 

may curb the excesses of our curiosity that would otherwise put our survival at risk. However, our 

ability to feel emotion and empathise with others appears to be especially important in that it allows us 

to interact socially and thereby learn from others. Again, like in so many other facets of AI, we have 

barely started to understand all the complexity associated with the human condition. However, as the 

saying goes, ‘every journey starts with the first step’. 

 

9.3.4.1 Kismet – MIT53 

 

 Kismet is a robotic research program at MIT. The work started in 1997 and was primarily influenced 

by child development psychology. As such, the project has focused not on the mechanics of robotic 

anatomy, but rather on the construction of a robot that engages in social and emotional exchanges 

with humans. Kismet is the tangible result of a project to develop a sociable robot, which can engage 

in natural and expressive face-to-face interaction. 

 

 

Figure 46: Kismet 

 

                                                 

53 2013: Kismet is now ‘retired’ but the central focus of the project still continues at MIT. 
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As stated, the project is heavily influenced by how a child develops and to some extent Kismet is 

emulating how children interact socially in order to learn. To this end, Kismet was designed to 

interpret a variety of social cues from its visual and auditory channels, and then learn to deliver 

corresponding signals through gaze direction, facial expression, body posture, and vocal sounds. To 

achieve this goal, Kismet was designed with six key engineering subsystems:  

 

o Low-level feature extraction system: 

As the name might imply, this system extracts key features from its surroundings. 

 

o High-level perception system: 

This system encapsulates features as a perceptual stimulus that can subsequently influence 

behaviour, motivation, and motor processes.  

 

o Attention system: 

This system determines which of the stimuli are salient and relevant at the time to trigger a 

behavioural reaction. 

 

o Motivation system: 

This system tries to regulate the emotional state of the robot towards a stable sense of ‘well-

being’, while triggering appropriate emotive responses. 

 

o Behaviour system: 

This system attempts to arbitrate between competing behaviours. Given that Kismet has many 

behaviours in its repertoire, its goals and emotions vary over time. 

 

o Motor system: 

This system provides the ability to produce the appropriate emotional behaviour in terms of an 

expression. 

 

What makes this project so interesting is that it is trying to look at the larger problem of how we might 

eventually build more general-purpose robots. Today, much of the work in robotics, especially in the 

industrial and commercial sectors, is targeted at training a robot to learn a specific task. These tasks 

can be meticulously defined and the robot trained to perform the task to a required degree of 

accuracy. However, this process can be very complex, time consuming and expensive. In contrast, a 

human child develops skills and competencies in an incremental manner, which are then 

subsequently adapted and diversified to build new, more complex skills and competencies. However, 

it is not clear whether human learning can be emulated using fixed function processors and traditional 

programming techniques. As such, Kismet may need to develop more adaptive techniques in both 

hardware and software before true emotional intelligence can emerge. 
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9.3.5 Summary 

 

We can all see that major advances in computer technology are taking place at an incredible rate. 

Therefore, it can sometimes be tempting to simply extrapolate the exponential progression implied by 

Moore’s Law into a future, where all probabilities become 1. This train of thought is analogous to an 

infinite universe philosophy in which anything and everything must eventually happen, if you are 

prepared to wait long enough. However, it is not clear whether this line of reasoning produces any 

clarity of vision or helps in understanding what it is we are waiting for. Fortunately, the situation in AI 

research appears to be adopting a more positive approach, with much work now going into 

understanding the fundamental processes that lead to intelligence. 

 

Today, it is probably true to say that research is still only emulating some of the characteristics that we 

associate with intelligence in humans. However, this work could lead to the development of weak AI 

systems with degrees of autonomous thinking and creativity within the next 10-50 years. The 

importance of weak AI may be under-estimated, as it has the potential to elevate the efficiency of 

human thinking and productivity by orders of magnitude. As has been predicted, if weak AI leads to 

accelerating developments in other fields of science, such as molecular biology, genetics, neuro-

physiology and nano-technology, this in-turn may advance progress towards strong AI. Weak AI could 

reasonably develop using ‘go-faster’ processors utilising adaptive, self-learning software techniques. 

Equally, encyclopaedia-like databases that contain sufficient explicit and implicit knowledge for a 

given application could provide an initial way forward. However, it would appear that true AI must wait 

for a new paradigm shift in computer processing. At this time, neural networks appear to offer the 

greatest promise, especially if a way could be found to overlay symbolic functions onto the underlying 

neural network architecture.  

 

In many other fields of science, on-going research opens our eyes to the real complexity of the 

physical universe. What is now being realised is that the meta-physical universe created within our 

brains is equally as complex. If the goal of strong AI is to create intelligence equal or greater than 

humans, it is difficult to see how this will be achieved unless we also come to understand the 

complexity of the many attributes we associate with being alive:  

 

o Self-identity plus recognition of self and others 

o Personality and friendship 

o Social and physical interaction 

o Memories, learning and understanding 

o Senses and feelings 

o Emotions and empathy  

o Ethics and morals 
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In this respect, the development of strong AI cannot just be about creating intelligence. If strong AI is 

a goal, we have to answer some profound questions, before and not after the fact, e.g. 

 

What would be the implications of creating intelligence with no sense of morality or compassion? 
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9.4 The Anatomy of AI 

 

In the biological model of life, intelligence and physiology are closely coupled. While intelligence is a 

function of the brain, it is totally dependent on both the central and peripheral nervous systems to 

provide information. This information is initially received as sensory input, processed and then 

translated into some motor response. This response can be as subtle as a small change in facial 

expression through to a person doing a cartwheel. As such, mind and body are part of an integrated 

system that has apparently evolved from a single-celled organism to solve one overriding problem in 

the natural world, survival. While we can only be amazed at the complexity of physiology in the 

biological model and the time it took to evolve, it is not necessarily the right model for AI. In our 

discussion, we have used the accepted distinction of weak and strong AI. This distinction will also 

have a bearing on the development of AI physiology.  

 

The word ‘robot’ comes from the Czech word for forced labour or serf; initial steps towards AI will 

include robotic ‘anatomical’ systems. In 1979, the Robot Institute of America produced the following 

functional definition of a robot: 

 

A robot is a re-programmable multifunctional manipulator designed to move 

material parts, tools or specialized devices through various programmed motions 

for the performance of a variety of tasks. 

 

While this may have been a technically accurate description at that time, in terms of the evolution of 

AI, science fiction has already conjured up more futuristic visions of androids, robots with humanoid 

form, having both intelligence and manual dexterity. However, for this vision to progress, robotic 

systems not only have to evolve to become more intelligent, but also have the capability to process 

real-time sensory information from the surrounding environment. However, should AI eventually 

evolve to become a sentient intelligence; its physiology may eventually owe more to aesthetics and 

fashion rather than just functionality of purpose. 

 

9.4.1 Shape and Form 

 

Before attempting to discuss the anatomy of AI, it is worth thinking about the rationale behind its 

shape and form. Physical form is important, especially to people, who can form first impressions of 

‘like’ or ‘dislike’ based solely on physical appearance.  
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Figure 47: Aesthetics of Shape 

 

However, there are also many practical considerations that will determine the form of any artificial 

physiology. In order to get some initial perspective on the short and long-term development 

requirements of AI physiology, we will use the weak and strong AI classification as a guideline for 

shape and form.  

 

 

 

Figure 48: Practicality of Form 

 

From an evolutionary perspective, it is a reasonable assumption that the weak AI variant would 

develop first, based on an extrapolation of existing robotic technology. In contrast, the physiology of 

strong AI may be little more than conjecture at this stage, although some speculative requirements 

can still be outlined. However, in parallel to weak AI robots, a third variant could emerge as outlined in 

the AI paradigm, which allows for a series of human-AI hybrids. 
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9.4.1.1 Weak Variant 

 

At this point, all that is meant by the weak variant is a system, which has some ‘thinking-like’ features 

plus the interactive motor skills to carry out specific tasks. Today, we are familiar with robots being 

used in manufacturing; where the robot may be little more than a mechanical arm, pre-programmed to 

perform a range of repetitive engineering tasks. In contrast, the space industry has already started to 

use robots as highly specialized, planetary explorers. In these applications, the explorer needs some 

degree of autonomy to act independently when out of direct communication with an orbiting spaceship 

or an Earth ground station. In order to be autonomous, the robot requires some sensory inputs, the 

necessary processing to interpret the inputs, and a way of modifying its actions in response to a 

changing environment. As such, we can already imagine robots covering the gamut of applications 

from industry and commerce through to the military and medicine. The benefits of these robotic 

developments are often promoted in one or more of the following categories:  

 

o Tedious:  

There are many tasks that people just find tedious, because they are repetitive. Today, robots can 

really only address tasks that are very well defined. However, in the future, robots could not only 

be carrying out almost all assembly line functions, but be increasingly used in the home and office 

for a variety of tasks from security monitoring to filing. 

 

o Unpleasant: 

Certain tasks are simply unpleasant, either due to the nature of the task, the environment or both. 

For example, there are many tasks in the construction, farming and service industries that could 

and would use robots, if cost-effective to do so. 

 

o Dangerous: 

Today, there are some remote-controlled robotic systems used for tasks that are extremely 

dangerous, such as land mine detection and bomb disposal. The next 50 years could see the 

development of weak AI systems with robotic appendages that could start to address a much 

broader range of dangerous tasks from fire-fighting and law enforcement through to space 

exploration and military combat. 

 

However, this type of presentation of future robotic applications is best left to the marketing 

department of ‘Robots-R-Us’. As, in reality, it avoids the myriad of technical problems that robotics still 

have to resolve; plus it skips over the social impact that robots will undoubtedly have on human 

society, as they evolve. Initially, weak AI robots will be viewed as ‘tools’, whose success, or failure, 

might be determined solely in terms of their cost-effectiveness. Therefore, each robot will evolve a 

physical ‘anatomy’ that best matches the requirements of its operational environment, with little regard 

for aesthetics, unless demanded by market forces. Today, robotic systems are not just weak, but very 

weak, in the sense that they are only ‘intelligent’ enough to operate in very controlled environments; 
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otherwise they become too unreliable or too expensive. However, developments over the next 50 

years in weak AI could expand the horizons of weak robotic systems. Let us try to make the 

implications of such developments more meaningful to anybody planning to start their chosen career 

tomorrow morning: 

 

Could a robotic system do your job better than you? 

 

If only half the predictions about weak AI come true, then the majority of people starting their careers 

tomorrow may have to answer ‘yes’ to this question before they reach their normal retirement age. 

The implication of this situation on the global economy and society in general could be very profound 

and disruptive. The other implication within this question is that robotic systems do not just evolve to 

do the tedious, unpleasant or dangerous jobs, but also evolve to take over the interesting and 

challenging jobs as well. 

 

Why would humans allow this to happen? 

 

Unfortunately, the answer could be very simple; robots prove themselves to be better and cheaper 

than us. History would suggest that there is little sentiment in business management when it affects 

the balance sheet. Your only bitter consolation may be that the accountant that took the decision 

about your job may also be made redundant by an expert system. Of course, the more chilling 

scenario is that all decisions are eventually taken by AI expert systems. 

 

The shape and form of weak AI will initially be robotic. As such, its physiology will start off being 

electro-mechanical in design. While some general-purpose robots will be developed, they will 

probably be the exception rather than the rule, simply because they will be less cost-effective than 

specific task robotic systems. However, while weak AI, by definition, will never be sentient or self-

determining, its ability to take over aspects of the design of next generation technology may be 

influential in the overall development of AI. Equally, the physiology of weak AI could evolve in a 

cause-and effect cycle in which the greater sophistication of its physiological systems, i.e. senses and 

dexterity, will allow weak AI to take over even more aspects of its own design. At the same time as 

sophistication increases, so will the diversification of weak AI robotic applications. Again, this diversity 

of application will also lead to more diversity of shape and form. Ultimately, there may be almost no 

limit to the shape and form of weak AI, ranging from micro-systems that operate on the molecular 

level through to macro-systems that operate in the enormity of space. 

 

9.4.1.2 Strong Variant 

 

The stated goal of strong AI is to build a system that can think on a level equal or greater than 

humans. It might also be reasonable to assume that strong AI may also require a level of physical 

capability that was equal or greater than humans. However, in both cases, the use of the term ‘equal’ 
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should not necessarily be interpreted as being equivalent to the terms - ‘same as’ or even ‘similar to’. 

Strong AI implies a sentient intelligence, but it may not necessarily resemble humanity in its shape 

and form or even thinking for that matter. 

 

Of course, we could speculate endlessly on any manner of variations in physiology that strong AI 

might adopt. However, by the time technology is capable of creating strong AI, we can only assume 

that it will also be capable of shaping its own physical form to best meet the perceived purpose(s) of 

its existence. Therefore, in order to make any speculation on the physiology of strong AI, we may 

have to speculate on the purpose of its existence. Without wishing to draw specific conclusions at this 

stage, possibly the main purpose (and justification) for creating strong AI is that it has the potential to 

be ‘better’ than humanity and representative of the next major evolutionary step in sentient 

intelligence. An important attribute of intelligence is curiosity and although it has its inherent dangers, 

strong AI may be better equipped to exploit this attribute to more effect. Although human physiology 

has been able to explore most of the surface of planet Earth, it is still an essentially fragile biological 

system, dependent on very specific and stable environmental conditions for its long-term survival. The 

physiology of strong AI could be made far more durable to both hostile environments and the passage 

of time. As such, strong AI would be far more suited to explore and survive in the ocean depths or 

depths of space.  

 

It is obviously too one-dimensional to think that a society of strong AI sentient beings would all wish to 

be explorers. Like human society, there is the probability that individuals might develop in many 

different directions. For example, another attribute of intelligence is creativity and strong AI may well 

evolve many new senses that allow it to appreciate an entirely new form of art and music. However, 

there is also the possibility that the growth of intellect within strong AI may eventually cause it to turn 

away from the physical world and live much of its conscious life in an artificial reality. Such an 

existence may have little need for any coherent physical shape or form, as artificial reality would be 

perceived as mental patterns, artificially created and superimposed onto the neurons of the brain. 

Although the physical universe could still be accessed, it may only be done via weak AI drone 

peripherals. 

 

9.4.1.3 Hybrid Variant 

 

One of the first predictions in Section-3 suggested that artificial parts could replace 98% of the weight 

of the human body by 2030. The AI paradigm outlined in Section-5 is more conservative and suggests 

weak AI robotics and human physiology start to converge in a staged process: 
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o Homo Cyberneticus 

This stage essentially extends the capacity of the human brain by linking it directly to an AI 

system. However, sentient intelligence is still biological in nature with possibly little change in 

human physiology. 

 

o Homo Hybridus 

Although this stage may take several hundred years to produce any significant visible changes to 

human physiology, some medical applications of this technology-led evolution have already 

started. However, it is believed that the acceptance of more wholesale changes to the human 

physiology will have to wait for more sophisticated brain-computer interfaces to be developed, as 

implied by Homo Cyberneticus. 

 

o Homo Machinus 

Having established the technology that allows the previous steps to be taken, humanity will have 

the choice to go down the path of an almost complete re-design of its human physiology. The 

rationale as to why people might follow this path has been partially covered, but in essence, it 

could provide a more durable physiology allowing for a more adventurous life-style plus extended 

lifespan. 

 

o Homo Primus 

This is strong AI. As such, it could design and replace its physiology to meet the requirements 

and demands of any life-style it chooses. 

 

In all probability, weak AI based robotics and hybrid human physiology could develop in parallel. In 

part, the on-going development of weak AI systems and robotics could put increasing pressure on 

humanity to adapt in order to effectively compete on both mental and physical levels with AI. As such, 

the underlying mechanisms of evolution favouring the fittest still operates, although in the future, 

evolution may be driven by technology and not natural selection.  

 

9.4.2 AI Physiology  

 

It is probably time that we took a reality check as to where AI robotics is today. In Section-8.1, we 

briefly reviewed a number of the primary systems within the human anatomy: 

 

o Skeletal  

o Muscular 

o Digestive 

o Circulatory 

o Respiratory 

o Excretory 



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 204 ©Copyright 2004  

o Brain 

o Nervous System 

o Senses 

 

Clearly, all these systems have a purpose without which humans could not survive. Subsequently, in 

Section-8.1.2, we tried to provide a general perspective on each of these systems in terms of the 

longer-term evolution of AI. We will now try to include the development of robotic anatomy of AI into 

this perspective. 

 

9.4.2.1 Structural Framework 

 

In humans, the skeleton provides a rigid structural framework on to which muscles and tendons can 

attach. However, skeletal bones are not just ‘structural scaffolding’, but also an active part of a 

biological system that produces both red and white blood cells. Red blood cells being used to 

transport oxygen around the body via the circulatory system, while white blood cells form a vital 

component of the human immune system. Of course, one of the most important functions associated 

with the human skeleton is its design in terms of shape and form. The human skeleton has evolved to 

carry a relatively large brain in a protective skull on top of an upright body balanced on two legs, 

allowing the arms and hands to be free to manipulate objects and tools. 

 

Figure 49: Human Shape and Form 

 

In contrast, the structural framework of a robot can be considered a clean-sheet design, but may 

initially be little more than the ‘structural scaffolding’ to which other electro-mechanical components 

can be attached. Of course, the frame of a robot can be designed in a much more flexible way to 

meet the demands of its operational environment and designated task. For example, there is more 
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than one material from which to choose, e.g. strong steel, light alloys or even modern plastics and 

polymers. In turn, each class of robot may have a completely different body design, incorporating 

additional structural features and appendages that could never evolve via natural selection. As such, 

it may be difficult to associate any specific shape or form to early generations of weak AI robots. 

Initially, in the commercial and industrial sector, specific task robots will simply be designed to meet 

style, cost and functional requirements of a target market. However, development of humanoid robots 

or androids will still be pursued as a matter of great academic interest, but commercial spin-offs may 

be dependent on a number of caveats: 

 

o Development of general problem solving AI 

o All round advances in sensory processing 

o Specific market applications 

 

To give an example of a ‘specific market application’ that could evolve, as and when the necessary 

advances are made; it is possible that a two-tier hierarchy of robots could emerge. The lower tier 

robots remain cost-effective, functional drones, only supporting machine-to-machine interfaces. The 

upper tier robots evolve the shape and form of androids with the ability to communicate and interact 

with people directly. The upper tier androids would then effectively manage and maintain the lower 

tier drones. In this scenario, the benefit of a robot adopting human shape is that it would have similar 

physical abilities, allowing them to accompany people wherever they went. A relatively small 

humanoid shape may also be more reassuring, especially if required to accompany and protect 

children. 

 

Skeletal bones have two other properties that robotic structures do not have directly. First, they grow 

and secondly they have some limited ability to self-heal when broken. From a physical perspective, 

the only requirement for bone growth may stem purely from the practicalities of childbirth and the 

inherent process of cell division associated with sexual reproduction. In contrast, a robot could be 

essentially ‘born’ fully formed, at least, in terms of its physical form. However, there is always the 

option to adapt its physical structure throughout its ‘life’ time. In part, this could also be the practical 

approach to the problem of broken ‘bones’ i.e. simply replace the broken part. In a wider context, a 

robot may not require any self-healing mechanisms within its structural system, if it develops an 

alternative external repair system. In reality, the life expectancy of humans when totally dependent on 

their internal self-healing mechanisms was much, much lower in comparison to humans that now 

have access to modern medicines and hospitals.  

 

In the earlier stages of weak AI robotics, most will probably adopt a cost-effective structural ‘skeleton’. 

For example, the majority might opt to use wheels as the most practical solution to the problem of 

getting between A and B. However, wheels can be very restrictive in many environments, which 

includes stairs or rough terrain and so there will always be interest in developing walking robots. In 

contrast, the starting pointing of hybrid evolution would be the human anatomy to which structural 
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repairs and modifications could be made. Overall, it is probable that the shape and form of AI could 

evolve along several distinct lines or tiers, based on intelligence and functional hierarchies. In this 

model, the more intelligent tiers of robots do not replicate functionality of other robots; they simply 

control the functional robots to carry out a specific task as required. 

 

9.4.2.2 Drive Mechanisms 

 

The design of the human anatomy uses muscles and tendons to provide motion around pivotal 

skeleton joints. Muscles require proteins and oxygen; the proteins are provided by food broken down 

by the digestive system, while oxygen is delivered by red blood cells to all parts of the body. The 

control of movement provided by muscle, ranges from gentle touch to brute strength. The distribution 

of muscle across the skeletal frame also forms another structural aspect of our appearance. 

 

Figure 50: Muscle Power 

 

Today, robots do not have muscles; instead they invariably have to use electric motors, of which there 

are many types: 

 

o DC motors 

o AC motors 

o Stepper motors 

o Servo motors 
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However, for many anatomical functions, these motors have to convert circular motion into a more 

appropriate form by using pulleys, belts and gearboxes. As such, this approach requires electric 

power, lubrication, maintenance and repair. While a robot with a fixed position in an assembly line, 

simply screwing in bolts, may be designed quite efficiently using motors and gears, it becomes 

increasingly complex as the degrees of freedom (DoF) provided by the structural framework 

increases. For example, the human body has dozens of DoF provided by the collective coordination 

of over 600 muscles that could require as many electric motors, pulleys and gears to replicate, plus a 

very sophisticated control system to coordinate. However, robotics is still at an embryonic stage and 

just because electric motors are currently a cost-effective way of producing ‘muscle’ power, does not 

mean this will always be the only option. The following list simply summarises some of the 

technologies that are currently being researched to provide alternative mechanisms, closer in 

operation to the push-pull principle of a muscle: 

 

o Actuators 

o Pneumatics 

o Hydraulics 

o Memory Alloys 

o Electro-Active Polymers (EAPs) 

 

Some of these approaches are already established technologies that could be revolutionised by 

further miniaturisation and advance control systems. While others relate to new breakthroughs in 

material science. In particular, EAPs are currently believed to show some potential to meet the 

requirements of an artificial muscle, so much so, that a challenge to beat a human arm-wrestler in a 

one-on-one contest is thought to be a real possibility in the 2005-06 timeframe54. However, at this 

point in time, there is no artificial system that offers the range of movement with the appropriate 

power-to-weight ratio and response time that would compare favourably to biological muscle. This 

being said, there is still a feeling that considerable advances could occur in this area of technology 

over the next 50 years. However, the bigger issue may still be the AI system required to coherently 

control all necessary degrees of freedom in any reasonably sophisticated AI anatomy. 

 

9.4.2.3 Energy Systems 

 

Higher forms of biological life have evolved a complex array of chemical, electrical and mechanical 

energy systems. As a basic frame of reference, food is processed by a digestive system and nutrients 

in the form of proteins, carbohydrates, fats, vitamins and minerals absorbed into the circulatory 

system and transported around the body. In addition, oxygen is extracted from the atmosphere via the 

respiratory system and again transported around the body via the circulatory system. However, the 

energy required for muscular activity to take place is derived from the breakdown of a compound 

                                                 

54 It is believe that the first contest did take place in 2005. A human won. 
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called Adenosine Triphosphate (ATP). There are several systems in the human body, which produce 

ATP depending on the type of activity the body is undergoing. For brevity, we shall simply describe 

these as the anaerobic and aerobic systems; the former does not require oxygen, while the latter 

does. In addition, muscle is actually composed of two types of fibres: 

 

o Fast Twitch  

These muscle fibres contract rapidly but fatigue easily. They are responsible for the high speed, 

high power movements over short periods of time. They mainly use carbohydrate for fuel, but 

produce lactic acid that inhibits further contractions as the lactic acid builds up. 

 

o Slow Twitch 

These muscle fibres contract slowly and produce less power, but can continue for longer periods 

of time. They use a combination of carbohydrate and fat burned in the presence of oxygen and 

the main waste product is carbon dioxide that must be removed from the body via the respiratory 

system. 

 

The net result is that biological life has evolved an energy system that can extract its requirement 

directly from the environment that surrounds it. Of course, there is an implication that this environment 

is restricted to planet Earth or some near equivalent.  However, there is still a lot to be learnt by 

studying the human energy systems, as one day there might be a need for an equivalent system in 

robots. However, for the immediate future, the majority of AI robots will have to use an electrical 

energy system based on battery storage. Generally, two types of battery can be used to provide 

power:  

 

o Primary 

o Secondary 

 

Primary batteries can only be used once and then must be discarded. Secondary or rechargeable 

batteries have less energy than primary batteries, but can be recharged up to a thousand times 

depending on their chemistry and environment. In practice, the energy demands of a reasonably 

sized robot would make the use of primary batteries prohibitively expensive. Although rechargeable 

batteries are still expensive, this cost can be amortised over the lifetime of the battery. However, they 

still may only be able to provide sufficient energy for very short periods of time under full load, e.g. 30 

minutes, before having to be recharged. As a consequence, many robot designs often require multiple 

packs of batteries, but the power-to-weight ratio of this solution is very inefficient. In addition, some 

robots require multiple batteries or electronic protection in order to isolate the effects of electrical 

‘noise’ caused by heavy-duty motors. Of course, AI robotics will have to join the queue waiting for a 

new source of energy, such as solar power. However, the concept of a fuel cell may be more 

analogous to the human system, where fuel is ingested and energy produced as a by-product of 

some form of chemical reaction.  
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Fuel cells are electrochemical devices that convert chemical energy directly into electrical energy. 

Consequently, they have high efficiency and no internal moving parts. While they operate in a similar 

fashion to a battery, the important difference is that a battery only stores energy, while a fuel cell can 

produce its energy as long as fuel is supplied. Fuel cells typically combine a fuel like hydrogen and an 

oxidant without burning, which is very efficient and avoids pollutants. When hydrogen is used as the 

basic fuel, reverse hydrolysis occurs, yielding only water and heat as by-products, while converting 

chemical energy directly into electrical energy. It is probably fair to say that currently, AI robotics is 

constrained by the availability and portability of energy systems, both in power and duration of 

operation. However, this is again another area of technology that the next 50 years could 

revolutionise.  

 

9.4.2.4 Control Systems 

 

An earlier section has already covered some of the wider aspects of intelligent control systems 

associated with weak AI. From this review, it is clear that this area presents one of the greatest 

challenges to the next generation of weak AI robots. Today, robots are being developed using both 

central processors and distributed micro-controllers. The principle behind this type of architectures is 

that the central processor normally provides coordination of the higher functions, while lower input 

and reflex functions can be off-loaded onto the micro-controllers.  

 

Currently, AI research into cognitive understanding and general problem solving is still at an early 

stage, although some potentially exciting work is in progress. Of course, as CPU processing speeds 

and memory capacity continue to increase, approaches that use encyclopaedia-like databases, which 

emulate the ability to associate explicit and implicit knowledge, could still have a considerable impact 

on developments in weak AI robotics. This approach can also exploit further improvements in serial 

processing and random access memory to provide some degree of intelligence to robotic systems in 

the near term. In the longer-term, possibly in excess of 50 years, it must be hoped that neural network 

architectures can continue to develop to a point where they can start to emulate some of the 

complexity of the human brain. 

 

In other respects, such as data and control signal distribution, robotic systems could even improve on 

nature’s design, i.e. the nervous system. Modern optical fibres would be capable of carrying terabits of 

information at essentially light speed around the robotic skeleton. Equally, unlike the human anatomy, 

processing capacity can be distributed to any point within the body, which could possibly allow robots 

to develop more as a network of coordinated intelligent systems. In principle, this idea fits into a tiered 

hierarchy, in which intelligent systems could become centralised and served by many peripheral 

sensory and functional drone systems. We have also discussed a number of hybrid cases in which 

humanity and AI converge. In this case, the sentient intelligence is present from the outset, but over 
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time is augmented by additional AI and robotic anatomical features. Again, the basis of this evolution 

is predicated on technology advances, such as neural implants.  

 

9.4.2.5 Sensory Systems 

 

Humanity is a result of natural selection, the primary goal of which appears to be survival via 

procreation. Over the course of some 3.5 billion years, nature has evolved, rather than necessarily 

designed, a number of senses that aid survival: 

 

o Visual: Sight in the visible light spectrum.  

o Auditory: Hearing in the audio sound spectrum. 

o Tactile: Touch and feel responses. 

o Smell: Detection of chemicals dissolved in the air 

o Taste: Detection of flavours on the tongue.  

o Vestibular: Awareness of acceleration & gravitational forces. 

o Kinesthesis: Movement and positional awareness of the limbs. 

o Pain: Feedback mechanism reflecting anatomical damage. 

 

Today, in many cases, robots are attempting to emulate many of these senses, although smell, taste 

and pain are possibly of lower priority at this time. However, robots are not necessarily restricted to 

human senses and there are many other examples in nature that could be replicated, if considered 

beneficial to the operation and ‘survival’ of the robot.  

 

o Stimulus sensors  

o Proximity sensors  

o Infrared (IR) sensors 

o Electromagnetic field sensors 

 

As a broad generalisation, a robot could incorporate any type of sensor that receives energy and then 

uses a transducer to change the input signal, i.e. sound, light, pressure, temperature; into a digital 

signal.  One or more of the internal systems within the robot could then interpret this data stream. In 

addition, most robotic systems will require a sense of time; but unlike a biological clock, the built-in 

clock of a robot could provide precision time and duration features. 

 

However, in most cases, the sensor technology itself will probably not be on the critical path. For 

example, modification of existing digital camera technology could provide a reasonable approximation 

of visual data, as provided by the eye to the brain, but the eye is only one small component of sight. 

The biggest aspect of sight is the pattern recognition processing carried out by relatively large 

sections of the brain. So, although we have the basis of much of the required sensor technology, the 

critical path is still the development of intelligent processing through which the brain supports the total 
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integration of these senses. To summarise, today robotics is still finding it very difficult to replicate the 

subtlety of the human physical anatomy, but in comparison, the problems of human neuro-physiology 

remain, as yet, virtually unchallenged. 

 

9.4.3 AI in Development55 

 

To researchers around the world, an unchallenged problem can possibly be likened to ‘a red rag to a 

bull’. Over time, new solutions will start to appear to what are currently perceived to be 

insurmountable problems.  So, in order to get a better perspective of where robotics really is today, 

we need to review how some of the leading-edge research and development programs are 

progressing and how they are addressing specific problems. For our purpose, we will assess progress 

in terms of the components of AI robotic anatomy, as previously described: 

 

o Structural Framework: Materials and aesthetics 

o Drive Mechanisms: Types and innovations 

o Energy System: Portability and duration 

o Control System: Autonomy and intelligence 

o Sensors Systems: Function and Integration 

 

To some extent, we are endeavouring to get some critical perspective on the overall progress towards 

longer-term AI goals, however there is no intention to be critical of the innovative and groundbreaking 

work that is obviously taking place within all these programs. 

 

9.4.3.1 QRIO - SONY56,57 

 

Sony’s QRIO robot program has been selected for a number of reasons that go beyond just 

engineering and innovation. First, QRIO was voted one of the coolest products in 2003 by Time 

Magazine. Second, the design of QRIO has considered the aesthetics image of a robot. Something 

that few pure research programs really bother about. 

 

                                                 

55 2013: Most of the projects cited as examples of ‘AI in Development’ over 10 years ago are now effectively obsolete or 

superseded by upgraded versions, such that this section is retained purely as a benchmark of progress during this time. 
However, while many of the projects have been closed or subject to a major ‘face-lift’ of some description, it is felt that 
many of the problems and issues discussed still remain. 

56 2013: Sony pulled the plug on the QRIO robot in 2006 as parts of its move to streamline the company and shed 

unprofitable divisions.  

57 2013: Following the March 2011 earthquake and tsunami that crippled Japan’s Fukushima nuclear plant, Honda 

reportedly received numerous requests to send its humanoid robot ASIMO to help with the recovery. However, ASIMO was 
not designed to work outside a lab or office environment, let alone a highly radioactive rubble-strewn zone. Now it looks 
like Honda is working to address the problem by developing a bigger, beefed-up version of ASIMO that can walk, crawl, and 
perform tasks in a disaster environment. 
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Why is this important? 

 

Many aspects of robotics may grow to be perceived in a negative light. Robotic insects scuttling 

across the floor, subliminal images provided by yet another ‘Terminator’ movie, the further erosion of 

job security as robots become smarter, more capable. Therefore, it is important that robotics also be 

promoted in a positive way that is not only less intimidating to the general public, but puts across the 

fact that robots can be friendly and potentially beneficial. In the context of the long-term evolution of 

robotics towards AI, the acceptance of weak AI robots will be an important ‘hearts and mind’ issue. 

This said, let us take a closer look at the technology. 

 

 

Figure 51: QRIO  

 

Besides being aesthetically pleasing, QRIO is an impressive piece of engineering that is capable of a 

range of humanoid actions and behaviours. According to Sony, QRIO can: 

 

o Walk on two legs in bipedal manner 

o Move around of its own accord 

o Cope with uneven surfaces 

o Get back up, if it does fall over 

o Gather information  

o Recognize faces and voices 

o Have a conversation 

 

In order for QRIO to move smoothly, Sony has developed what they call the ‘Intelligent Servo Actuator 

(ISA)’ system. This system is described as supporting the following features:  

 

o An ability to produce varying levels of torque at varying motor speeds, which can also respond 

quickly.  
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o Sensors that detect the current position of its joints and, based on the posture of the body, drives 

the joints to their calculated target position.  

 

o Determines the maximum amount of torque applied to the actuators and calculates the 

corresponding rise in temperature to allow it to move about safely. 

 

o A built-in governing computer, through which it responds quickly to requests for control of the 

bipedal robot's actuators.  

 

o Uses the latest microchips and software technology to make the system as small as possible. 

 

The net result of this technology is ‘dynamic, as opposed to ‘static’, walking. Static walking relies on 

the robot keeping its centre of gravity within a zone of stability. So when a robot is standing on one 

foot, its centre of gravity would fall within the sole of that foot, and when it is standing on two feet it 

falls within the zone of both feet. This mode of operation typically leads to a slow and cumbersome 

walking style. In contrast, dynamic walking does not limit the centre of gravity to the zone of stability 

and more accurately emulates how people walk.  

 

QRIO is also equipped with a wide range of sensors that detect changes in the walking surface and 

responds accordingly. The underlying control mechanism senses the pressure on the soles of the feet 

and the attitude of the body in order to assess the walking surface. It does this by using four pressure 

sensors in the sole of each foot to gather data on the amount of force being received from the walking 

surface. So when a foot comes in contact with an uneven surface, the sensors detect the slope of the 

ground and the foot is positioned based on the slope and the attitude of the body is adjusted using 

data from position sensors, allowing a stable position to be maintained as it moves. As such, it can 

adjust to reasonable disparities in elevation and slopes. 

 

So how do we assess QRIO against our AI robotic benchmarks?  

 

o Structural Framework: QRIO has considered both its shape and form in terms of pleasing 

aesthetics, which may ultimately be critical in public acceptance. In addition, it has incorporated a 

range of modern materials. 

 

o Drive Mechanisms: Like most robots today, QRIO appears to have used electric motors and 

actuators as the primary source of motion. 

 

o Energy System: QRIO is independently mobile in the sense that it uses rechargeable batteries. It 

is suspected that duration between recharges is still problematic.  
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o Control System: Sony’s ISA is an impressive innovation, which has set a new standard in 

humanoid-like movement. Equally, Sony is also starting to address the important issue of how 

ordinary people can communicate and control the robot. 

 

o Sensors Systems: Sony has attempted to integrate sensory functions in a way that is aesthetically 

pleasing and compatible to a humanoid shape and form. 

 

There are, of course, still many aspects in QRIO’s overall operation, which make it little more than a 

clever automaton, but it would be churlish not to acknowledge what Sony have achieved. On this 

assessment, QRIO has set new standards in overall design of a humanoid robot.  

 

9.4.3.2 COG - MIT58 

 

The Massachusetts Institute of Technology (MIT) is renowned for the quality and quantity of its 

research. It is also one of the leading centres of robotic research, which originated the COG project 

back in 1993.  

 

Figure 52: COG 

 

The general goals of this project are stated to be:  

 

o To build the basis of a general purpose, flexible dextrous autonomous robot 

o To facilitate the investigation and understanding of human cognition. 

 

At its anatomical level, COG is a set of sensors and actuators, which tries to approximate both the 

sensory and motor dynamics of the human anatomy. Although COG does not have legs or a flexible 

spine, it still manages to replicate many degrees of freedom (DoF) found in the human anatomy, e.g. 

                                                 

58 2013: As of 2003, all development of the project had ceased and today Cog has been retired to the Massachusetts 

Institute of Technology museum. Today, MIT’s CSAIL Robotics mission is to conduct cutting-edge, long-term research and 
education in robotics. The research is attempting to address some of the fundamental problems in designing more capable 
robots and controlling them to interact intelligently with people, the environment and each other. They are also attempting 
to  explore how increased capability and intelligence can enable new societal benefits through applications in homes, fields, 
oceans and outer space. 
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In order that COG could obtain information about its surrounding environment, it has been equipped 

with a variety of sensory systems that allow the following senses to be modelled: 

 

o Visual 

o Vestibular 

o Auditory 

o Tactile 

o Kinesthetic 

 

The control system is provided by a network of processors ranging from small micro-controllers that 

facilitate the movements of joints to digital signal processors (DSPs) for processing visual and audio 

inputs. In total, COG is a project that is trying to converge the work in many fields of AI into a tangible 

and demonstrable capability. 

 

But why build a human-like robot? 

 

One assumption that MIT is exploring is that human intelligence is closely linked to the way humans 

physically interact with the world around them. Therefore, if a robot is ever to be built with human-like 

intelligence, it must have a human-like body, in order that it may also experience and learn from the 

physical world, as do humans. Equally, at a higher level, the development of human personality and 

self-awareness may require direct communication and contact with other humans. If a robot is to ever 

gain this experience it must, at least, have some capability to interact with human society. If the robot 

has human shape and form then it may be both easier and more natural for humans to interact with 

the robot in a human-like way. One of the findings of MIT, as a result of working with COG, is that 

even with just a few human-like characteristics, people will start to interact with COG as though it 

were human.  Overall, it is extremely difficult to do any justice to the full scope of all the work carried 

out by MIT. Hopefully, the following summary may give some idea of breadth and depth of AI research 

within this program: 

 

o Visual Systems 

The visual system has been designed to emulate some of the capabilities of the human visual 

system. Each eye can pan and tilt to allow for both a wide field of view and high-resolution vision. 

However, human eye movement involves three voluntary movements and two involuntary 

movements. Mechanical analogues of each of these eye motions have been developed, inclusive 

of orienting the head and neck along the line of sight. 

 

o Vestibular Systems 

The human vestibular system within the ear plays a critical role in the coordination of motor 

responses, eye movement, posture, and balance. To emulate the human vestibular system, three 
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gyroscopes correspond to the semi-circular canals and two accelerometers correspond to the 

otolith59 organs. 

 

o Auditory Systems 

To provide auditory information, two directional microphones are mounted on the head of the 

robot. To facilitate localization, crude pinnae60 were constructed around the microphones. 

 

o Kinesthetic Systems 

Sensors located at each joint provide feedback relating to the state of the motor system. The arm 

joints have the most complex systems that include strain gauges for accurate torque sensing and 

potentiometers for positional feedback. 

 

o Motor Systems 

Overall, the goal is to build a robotic system that can move with the speed, precision, and 

dexterity of a human. Traditional methods often require accurate calibration of all moving parts. 

However, as the number of degrees of freedom increases, this approach can be computationally 

expensive. So new approaches are now being researched 

 

Of course, this level of practical experience in robotic anatomy is critical to future success of weak AI 

robots. However, it is possibly even more critical that research starts to understand how the mind-

body interactions actually work and then tries to implement this understanding into a working robotic 

system.  

 

So how do we assess COG against our AI robotic benchmarks?  

 

o Structural Framework: Not surprisingly, MIT appears to be more interested in the mechanics of 

the structural framework rather than the aesthetics, at least, so far. However, based on the axiom 

that human intelligence is coupled to the attributes of its physical anatomy, it can only be 

assumed that MIT will continue to improve COG towards the humanoid model. 

 

o Drive Mechanisms: Again, electric motors and actuators appear to have been used as the primary 

source of motion. 

 

o Energy System: At this stage, COG does not seem too worried about mobility, i.e. it has no legs, 

and therefore it is assumed that many of its systems are actually mains powered.  

 

                                                 

59 Corresponds to organs with the anatomy of the ear. 

60 External ear structure 
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o Control System: Although COG appears to use a myriad of hardware platforms and processors; 

much of the research is investigating issues of fundamental importance. 

 

o Sensors Systems: MIT appear very focused on developing sensors that accurately emulate 

human senses. 

 

It is probably fair to say that MIT are laying the foundations for a very large construction project that 

may actually have to continue for decades, if not centuries. Therefore, much of the work appears to 

be focused on establishing the basic principles of how this long-term ‘construction’ program can best 

proceed.  

 

9.4.3.3 Robonaut – NASA61 

 

Robonaut has been designed by the Robot Systems Technology Branch at NASA and seeks to 

develop a system that can function as a robotic astronaut on Extra-Vehicular Activity (EVA) missions. 

However, at this stage, Robonaut is still dependent on a human operator via a telepresence control 

system.  

 

 

Figure 53: Robonaut 

 

                                                 

61 2013: The latest Robonaut version (R2) was delivered in Feb 2011 as  a robotic torso designed to assist the space-station 

crew with EVA's. However, despite this stated goal, R2 does not have sufficient protection to operate  outside the space 
station and enhancements will also be required to allow it to move around the station's interior. 
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The goal is to build a robot that can help humans work and explore in space. NASA recognises that 

human performance is beyond the current state of the art in robotics, however, one of the initial 

requirements is to ‘simply’ build a machine with a dexterity that exceeds that of a suited astronaut. To 

achieve this objective, NASA have selected a humanoid shape and form for several reasons: 

 

o Most space hardware is designed for humans in order that they can carry out servicing and 

maintenance. 

 

o A humanoid design allows for more intuitive remote control via the telepresence link.   

 

Therefore, the design of Robonaut is based on a humanoid shape in a spacesuit, configured with two 

arms, two five-fingered hands, a head and a torso, as illustrated in Figure 53. The dexterous hands in 

particular are very sophisticated and representative of the state-of-the-art in electro-mechanic design.  

 

 

Figure 54: Robonaut’s Hand 

 

o Biologically Inspired Design 

As implied, by making Robonaut humanoid in shape and form, this provides compatibility to the 

physical geometry of the EVA access corridors and airlocks built for humans. However, NASA 

has also considered other aspects of human physiology, such as bringing all feedback to a central 

nervous system, where even low-level servo control is performed. This biologically inspired 

neurological approach is extended to left-right computational symmetry, sensor and power duality 

plus kinematical redundancy. Another design decision, which also appears to be based on the 

biological model, is the dexterous five-fingered hand; this approach allows Robonaut to use the 

tools that are also generally available to the human astronauts.  

 

o Sensor and Control Systems 

Robonaut includes a large array of sensors that provides thermal, positional, tactile, force and 

torque data. For example there are over 150 sensors in each arm. The control system is based on 

a real-time CPU with data acquisition and power management in an environmentally hardened 
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body. However, overall operational guidance is delivered by human supervision using a 

telepresence control station. 

 

o Structural Framework 

The design of the robot includes an articulated neck that allows the teleoperator to point 

Robonaut's two small colour cameras as eyes that deliver stereovision with some depth 

perception. The inter-ocular spacing of the cameras is again matched to typical human eye 

spacing, with a fixed vergence at arm's reach. The neck can track the velocities in-line with typical 

human neck motions. 

 

So how do we assess Robonaut against our AI robotic benchmarks?  

 

o Structural Framework: Clearly NASA has focused on a number of important aspects closely linked 

to humanoid biology, although this does not include legs. Of course, the design of robots will 

always be adapted to best meet the requirements of their working environment and, in this case, it 

may not be a priority to have legs in space. However, the design of the hands and vision systems 

appears particularly advanced. 

 

o Drive Mechanisms: Yet again, it appears that electric motors and actuators have been used as 

the primary source of motion. 

 

o Energy System: There are potentially a number of practical approaches to providing energy in the 

environment Robonaut is being designed to work. For most EVA missions, energy could be 

provided via an umbilical power cord. However, there may still be some operational advantages in 

carrying or generating power in a portable manner via batteries, fuel cells or solar cells. 

 

o Control System: Understandably, at this time, it would appear that it is far more practical for 

Robonaut to develop a control system based on telepresence rather than a more autonomous 

approach.  

 

o Sensors Systems: Robonaut has many sensory systems, which collate input data analogous to a 

central nervous system. However, it is assumed that the human telepresence operator is 

responsible for the real-time interpretation key sensory data, who then also determines the 

primary motor response. 

 

NASA has possibly one of the key requirements to develop robotic systems. However, they will be 

under pressure to show some practical return on the investment for this work. Today, it is recognised 

that AI control systems are not sufficiently developed to be given autonomy in mission critical 

situations. Therefore, the focusing on other important features such as the hands seems to be a 

sensible prioritisation, at this stage. 
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9.4.4 Summary 

 

In practise, the anatomy of AI could take on many shapes and forms. So, to some extent, the decision 

to consider robotic anatomy in-line with human anatomy was primarily to provide a framework of 

comparison. 

 

o Senses 

o Brain, Nervous System 

o Skeletal, Muscular 

o Digestive, Circulatory, Respiratory, Excretory 

 

However, it could be argued that the only purpose of AI anatomy is to allow AI to interact with its 

environment in real-time. In this context, the previous breakdown of requirements can be reduced to 

just four major design criteria: 

 

o Sensory Inputs 

o Real-Time Processing 

o Motor Actions 

o Energy Source 

 

Again, this is a gross simplification of the complexity, but when considering any design it is sometimes 

useful to try to get to the essential requirements. Actually, there is also a fifth criterion, which is often 

overlooked when focusing on biological anatomy. This criterion is whether the design of AI anatomy 

should be centralised or distributed. To many, this concept may seem strange as we are accustomed 

to all biological life being centralised, i.e. all the parts are collocated within a single body. However, AI 

does have the option to physically distribute many aspects of its anatomy62. This said; let us not lose 

perspective on the current state-of-play. 

 

o Sensory Inputs: 

Current technology is already capable of delivering a very broad range of sensory devices that 

could provide much of the raw input required. The sophistication of these input devices will 

obviously continue to develop in terms of reduced size, less weight, smaller power consumption 

and lower cost. Today, most sensor devices are based on electronic hardware, although future 

developments may become more of a fusion of electronics and molecular biology. However, the 

key issue associated with developing more sophisticated senses like vision is the control and 

processing systems required to interpret the data in real-time. 

                                                 

62 The only major constraint on a distributed anatomy is the latency between detecting an event at a sensor and 

distributing this information. However, in AI, the latency of information would be a function of the speed of light and 
distance. 
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o Real-Time Processing: 

Unfortunately, intelligent, real-time processing is very much on the critical path of virtually all 

aspects of AI robotics. As discussed in several earlier sections, we have only just started to 

understand the structure of human intelligence. Even if neural networks prove to be a way 

forward, the development of anything approaching the complexity of the human brain is, in truth, 

still just wishful thinking. However, it is possible that weak AI systems could provide sufficient real-

time, intelligence for many robotic applications to be addressed within the next 10-50 years63. The 

other aspect, which is to be addressed further in the next section, is the possibility of human-AI 

hybrids. Today, Robonaut is still a research programme, however its tele-presence control 

systems could be reflective of the near-term future of many robotic systems that use human 

intelligence to extend the limited autonomy of AI in its early stages of evolution. In fact, there 

could be several variations on this theme: 

 

o Exoskeletons containing human operator 

o Physically controlled robots via remote operator 

o Extended Human-AI hybrids 

 

Exoskeletons can provide an extension to the human anatomy by reflecting and amplifying the 

scope of physical movement of the human operator onto a bigger, stronger robotic framework. Of 

course, in some applications, it would not be safe for the human operator to be collocated with the 

robot, however it could still be controlled in a similar fashion to the exoskeleton over a remote 

network link. The third option would require a closer integration of the mental processes of the 

human operator with an extended robotic anatomy via neural implants. The goal of this system 

could be to allow the operator to ‘feel’ via the robot anatomy. Of course, all these systems will still 

require sophisticated control systems to coordinate the myriad of subtle movements in the robot, 

however the human operator would have overall control of actions.  

 

o Motor Actions 

Robots like QRIO are making important improvements in the area of walking; Robonaut is 

developing sophisticated hand movements; COG is addressing the need for the many degrees of 

freedom in humanoid body movement. However, there seems to be no equivalent to the Turing 

test that would provide an integrated benchmark of physical ability. While the grace of a ballerina 

or the agility of a gymnast might come to mind, this may be a little ambitious as an initial 

benchmark. However, the benchmark could cover a range of tasks that require some grace and 

agility plus strength and speed. Of course, it is accepted that some robots will always be designed 

for low-cost functionality, but from a leading-edge perspective of AI physiology, it might be useful 

                                                 

63 This estimate could also be predicated on the general AI business case being accepted by financial institutions of the day. 

Developing these systems will be an expensive undertaking and a return on investment normally has to be proved. 
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to set a challenge more in-line with human capabilities. There is a perception that the vast 

majority of today’s robotic research programmes have to use electric motors, gears and pulleys; 

not because they are always the best approach, but simply because there is no reasonable 

alternative at this stage. For example, the Kismet project at MIT, described earlier, is trying to 

study aspects of human behaviour and interaction, which requires Kismet to be capable of 

producing facial expression. Reference to Figure 46 shows that while Kismet has a certain charm, 

she might benefit from a ‘face-lift’ that could better emulate the push-pull actions of human muscle 

and provide for more aesthetic shape and form. For example, Figure 55 is reflective of the work 

being done at the Jet Propulsion Laboratory (JPL) with Electro-Active Polymers (EAPs): 

 

 

Figure 55: Platform for EAP Demostration 

 

However, even if such a system were fully available today, it would still hit the same critical path 

as the development of better sensory systems, i.e. the real-time, intelligent control capability. 

 

o Energy Source 

Initially, most AI robots will start off as electro-mechanical systems requiring a source of electrical 

energy. Of course, if the application allows it, even a long electrical cable plugged into the mains 

systems could be used. However, on a more serious note, mobility will be an important 

requirement in many robotic applications that can be, in part, addressed by battery sources. The 

problem is that batteries are relatively bulky storage devices, which can be drained of energy very 

quickly, especially by a sophisticated robot requiring hundreds of electric motors. Clearly, if the 

robotic anatomy is to have the same freedom as its human counterpart, it requires an energy 

source that can be renewed from the environment it is designed to operate within. Ideally, the 

robot should be capable of knowing when, and how, to do this itself. In the near-term, fuel and 

solar cells may provide a reasonably efficient solution to this problem. However, it is possible that 

more sophisticated requirements might arise in the future, if robotic systems evolve to include 

some components derived from cellular biology. 
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Although robotics is literally taking its first steps, the general advances in science and engineering can 

probably address many of the basic anatomical problems discussed in this section. However, it is still 

felt that the requirement for an AI control system will remain on the critical path for some time; which 

will limit the general sophistication of robots overall. However, hybrid human-AI control systems may 

be one way to circumvent this restriction, therefore we will now turn our attention to this topic64. 

                                                 

64 2013: As a footnote pointer to current project in robotics, Atlas is a 6-foot, 2-inch-tall humanoid robot designed for a 

contest being held by US Defence Department. The 290-pounds machine is claimed to be one of the most advanced 
humanoid robots ever built and contains28 hydraulic joints that maintain its balance. Unveiled publicly for the first time in 
July 2013, it has been built by Boston Dynamics for the US Department of Defence’s Advanced Research Projects Agency 
(DARPA). Atlas is one of several robots competing in DARPA's Virtual Robotics Challenge, a public contest with a $2 million 
grand prize that DARPA launched in October 2012.  The contest invited researchers from universities and companies across 
the US to design and build the best humanoid robotic systems they could, for the purpose of disaster response. 
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9.5 The Evolution of AI 

 

Any extrapolation of evolution into the future is by its very nature speculation. History would also 

suggest that there is a degree of random chance and natural chaos that has accompanied the 

evolution of life on Earth. There is no reason to assume that the future will not hold just as many 

surprises. 

 

 

Figure 56: Towards AI Evolution 

 

Clearly, there are multiple paths that AI evolution could take and a single unforeseen event could 

deflect humanity in a different direction and in so doing affect AI. One of the purposes of this book 

was to provide a broad base of information that would challenge the rationale behind AI. It is accepted 

that by outlining an AI paradigm so early in the book, it may appear that certain conclusions had 

already been drawn. This was not the case, as throughout the process of writing this book, new 

information emerged that constantly challenged previously held notions. However, now that we have 

had an opportunity to consider more information, it is probably a good point to re-evaluate some of the 

AI evolutionary assumptions with a more critical eye. While chance and chaos are factors that can 

change the future, most predictions fail because they do not foresee the implications of the more 

practical issues that affect how the future unfolds: 

 

o Limits on material resources 

o Eventual economic costs 

o Changes in social structures 

o Technologies that revolutionise the solution 

o The problems are bigger than first realised 

o We are not as smart as we thought  
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Of course, the further a prediction ranges into the future, the greater the probability of error. The AI 

paradigm already outlined has six stages that stretch some 500 years into the future. In all honesty, 

the chance of the details of any prediction being accurate over this period of time will rapidly approach 

zero. Could even the great minds of the 16th and 17th century, such as Copernicus and Newton have 

predicted the nature of life in the 21st century?  Add to this the possibility that AI does change the very 

nature of intelligence, then life and society beyond the 25th century may not only be unrecognisable, 

but possibly incomprehensible to us today.  

 

9.5.1 Which Path to Take? 

 

With reference to Figure 11, the timeline associated with our evolutionary AI paradigm shows that 

there are two paths leading to strong AI or Homo Primus: 

 

o Hybrid Path 

o Technology Path 

 

One of the main assumptions has been that the evolution towards AI could be a hybrid process 

intertwined with humanity. The rationale for this position being that it provides a more stepwise 

approach towards creating artificial intelligence, plus greater social cohesion at each stage of the 

process. However, we need to challenge these assumptions, as it may only be wishful thinking that 

mankind remains central to the development of intelligent life on Earth. The alternative path is 

essentially a technology-led process, where AI evolves based on continued improvements in 

computer technology with weak AI simply getting stronger. While there are many detailed facets to the 

technology-led approach, its main assumption appears to be based on an extrapolation of processing 

power, to a point where processing capacity exceeds that of the human brain. 

 

Our review of human and computer intelligence has suggested that simply increasing sequential 

processing speed, even from millions to billions of instructions per second, will only result in faster 

computation, not necessarily intelligence, and certainly not sentience. Our review also recognised that 

advances in neural networks, which is more analogous to the operation of the brain, could be the 

basis of a more successful approach. However, on initial examination, the size of present-day neural 

networks appears minuscule in comparison to the human brain65: 

 

Table 11: Brain-Neural Net Comparison 

 Neurons Connections Connectivity 

Human Brain 1011 104 1015 

Neural Net 103 101 104 

                                                 

65 2013: The size of leading-edge neural network appears to be increasing rapidly,  although still well short of the human 

brain. 
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At first glance, the difference in total connectivity of the brain and today’s neural networks is of the 

order of 100 billion and one might assume that this colossal difference in capacity is just too big to 

close in any near-term future. However, this position ignores the phenomenal effect of exponential 

growth associated with Moore’s Law. 

 

  

Figure 57: Exponential Growth based on Moore’s Law 

 

In 1965, Gordon Moore was Director of R&D at Fairchild Semiconductors and was asked to write an 

article predicting what would happen in the semiconductor industry over the next 10 years, i.e. up to 

1975. In the article entitled ‘Cramming more components onto Integrated Circuits’, Moore outlined the 

effect of what was to become known as Moore’s Law. Possibly surprising even Moore, his law has 

held true for the last 40 years, over which time the growth in processing capacity is approaching a 

factor of 1 billion. Based on this growth, the 0.1-micron wavelength limit, corresponding to light in the 

ultra-violet range, will be reached by 2020. At this point, Moore’s Law could cease to be valid, unless 

a new architectural approach to fabricating processors is devised. However, this will still account for a 

further 1000-fold increase by that date and this does not preclude the possibility that an alternative 

approach will be found to maintain Moore’s Law for another 50 years or longer. On this basis, many 

have predicted that computers will be smarter than humans by around 2030-2050.  While it is difficult 

to refute the extrapolation of growth based on 40 years of tested observation, the prediction that 

computers will be more intelligent than humans in the next 50 years seems a bit too one-dimensional 

given the complexities involved. The following quote is used to reflect an alternative view: 

 

Science's biggest mystery is the nature of consciousness. It is not that 

we possess bad or imperfect theories of human awareness; we simply 

have no such theories at all - Nick Herbert 

 



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 227 ©Copyright 2004  

While processing capacity is undoubtedly important to any future ability to support AI, in itself, it can 

never be the total answer. Clearly, there is a need for an architecture that would describe how the 

higher functions of intelligence could be supported. At this point in time, AI is exploring two essentially 

difference architectures, but each appears to only provide a partial solution: 

 

o Symbolic processing 

o Neural networking 

 

The symbolic approach goes some way to explaining how humans use knowledge, but does not 

explain how it is acquired or learnt. In contrast, the neural network approach goes some way to 

explaining how knowledge could be acquired through the parallel processing of sensory information, 

but not necessarily how that information is then processed and stored as useable knowledge. Many 

still favour the neural network approach because it appears to be more representative of the human 

model, which is known to work. Therefore, this school of thought argues that it is only a matter of time 

before we discover how the brain solves the problem of supporting higher brain functions. Equally, 

given the potential advances in brain scanners over the next 50 years, we can learn the secrets of the 

brain’s internal architecture by taking it apart, neuron-by-neuron, if necessary.  

 

In some respects, based on only the technical arguments, it is difficult to discount that some form of AI 

might start to emerge from the technology-led path within the next 100 years. However, the nature of 

this intelligence may be difficult to predict, especially if the goal of strong AI is not necessarily to 

replicate humanity, but ultimately to create an intelligence that is superior to humanity. Clearly, before 

embarking down this path, we need to ask ourselves some basic questions that go beyond just 

technology: 

 

What is meant by superior intelligence? 

What is the purpose of this intelligence? 

What is its relationship to humanity? 

What are the implications for humanity? 

 

In an attempt to broadly answer all these concerns in a positive way, there are some who might argue 

that strong AI should be superior only in the sense that it is more capable of solving problems, which 

will be of benefit to humanity. As such, strong AI remains a subservient tool to humanity and there is 

nothing to worry about; but does anybody really believe this line? However, before drawing any 

conclusions, let us take the time to consider some of the possibilities in which both the hybrid and 

technology-led approaches may continue to develop. We will segregate the speculations into three 

stages extending some 500 years into the future. However, in reality, these boundaries will not exist, 

as research in many of the new sciences will run in parallel, although differing in technical maturity 

and social acceptance. 
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9.5.2 Stage-1: 50-100 years 

 

Homo Computerus is the name we have given to the evolutionary stage that follows Homo Sapien. 

This name is fictitious and, to some extent, slightly misleading in the sense that the beginnings of this 

evolutionary stage pre-dates computers. The other aspect, which may be contentious in terms of 

classical evolution, is that Homo Computerus is essentially genetically identical to Homo Sapien. 

Although there has been virtually no major change in human DNA for several hundred thousand 

years, clearly an incredible evolution has taken place in terms of human civilisations over this same 

period. The appendix to this book lists some of the major achievements of humanity starting with 

primitive tools, the ability to make fire, build canoes and construct looms for weaving. These 

achievements were the building blocks of early civilisations, which started to emerge some 5-10 

thousand years ago. By the 16th and 17th centuries, empires spanned the globe and science had 

proved that the Earth was a planet circling the sun. Subsequently, the 18th and 19th centuries saw the 

consolidation of the industrial revolution and the ‘engineering’ of a new type of civilisation. Finally, 

from the current perspective, the evolution of civilisation has now culminated in the ‘Information Age’ 

due to the development of the computer and telecommunication. 

 

So what was the catalyst for all this phenomenal change? 

 

The catalyst that caused the evolutionary step towards Homo Computerus was the ability to better 

communicate information, but more precisely knowledge. Of course, we must give natural selection 

the credit for the increased brain capacity and vocal ability in humans, as it was these capabilities that 

were to start the dramatic increase in the amount of knowledge that could be passed on from one 

generation to the next. Eventually, the development of the written word and the invention of the 

printing press would lead to more fundamental changes in the ability to communicate information 

effectively. The evolution of human civilisation is directly reflected in the ability of each generation to 

assimilate and acquire knowledge. However, it is argued that the emergence of computer technology 

in the 20th century was the major catalyst, which signalled the arrival of Homo Computerus, hence the 

name. Although Homo Computerus is not a new species within any accepted evolutionary 

classification, it is being suggested that unlike Homo Sapien, Homo Computerus would become 

extinct without computers. In a sense, Homo Computerus highlights the fact that a transition from 

natural to artificial evolution has already started to take place. In practice, this transition is not yet 

complete, as its definition will continue to grow and come to encompass the development of weak AI 

systems brought about by the maturing of several new fields of science and technology.  

 

How might the evolution of Homo Computerus be significant? 

 

Although the hybrid combination of human and computer intelligence is not yet physically integrated 

within Homo Computerus, its intellectual capacity is already orders of magnitude greater than Homo 

Sapien in terms of the breadth and depth of knowledge. The ability to maintain, distribute and exploit 
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this knowledge is now one of the key factors to further progress. However, there is considerable 

potential for weak AI systems to develop over the next 50 years.  One of the most significant aspects 

of hybrid AI will be the intelligent management of information by weak AI, which will effectively 

augment the creativity and imagination of human intelligence.  

 

9.5.2.1 Evolving Genius 

 

We are still discussing the first stage of evolution toward AI, but there is a need to step back and ask 

possibly a more a fundamental question relating to intelligence. 

 

What makes a genius? 

 

On one level, we could assume a genius is more intelligent because their brain is simpler larger, 

although physical examination does not really support this notion. In truth, like so many questions 

concerning human intelligence we simply, as of yet, do not know the answer. However, AI research is 

beginning to understand that ‘common sense’ requires an ability to make associations between 

explicit and implicit information to derive a new solution. In these terms, a genius might just be a 

person who has acquired the right combination of explicit and implicit knowledge plus ‘sufficient 

intelligence’ to make a new association. As such, Homo Computerus may appear as a genius to 

Homo Sapien, not because they are intrinsically more intelligent, but because they possess the 

technical ability to store vast amounts of explicit and implicit knowledge and have the capability to 

make millions of automated associations per second. In this respect, the combination of human 

ingenuity and weak AI could create 200 geniuses every year, instead of 1 genius every 200 years. On 

this assumption, let us consider how science is developing its ideas about information: 

 

o Memetics: Theory for understanding the spreading of information 

o Cybernetics: Control of information in organised systems 

 

In biology, DNA information is encoded into ‘genes’ and is physically transferred to future generations 

by way of its direct descendents. In higher life forms, information can also be communicated through 

actions or words. A ‘meme’ is the name given to a unit of transferable information and the collective 

process is called ‘memetics’. Richard Dawkins first introduced the concept of memes and memetics in 

1976, when noting that cultures can evolve in much the same way as organisms, i.e. by passing 

information from one generation to the next. He also noted, that some ideas can increase or reduce 

the probability of survival of an individual, which in so doing, actively filters some of the ideas that get 

passed on to future generations. However, while the process of replication of memes has some 

parallels to genes, the transfer of information is much faster and not restricted to direct descendents. 

In fact, this process of information transfer is more analogous to a viral infection. At this stage, 

memetics is not a science, but more of an idea that could act as an important catalyst for science that 

crosses the traditional subject boundaries. This is particularly important to AI in general, as it is 
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believed that many significant breakthroughs will require knowledge that cuts across today’s vertical 

segregation of the sciences. For example, a biologist or a computer scientist could be equally 

qualified to interpret the following characteristics of information transfer, albeit from different 

perspectives: 

 

o Accuracy: If errors occur in transfer, then information may either become damaged or dangerous. 

 

o Distribution: The spread of information depends on speed and size of the distribution mechanisms 

available.  

 

o Longevity: Can be a function of accuracy and distribution plus the durability of the containment 

vessel sourcing the information.  

 

In the past, the main institutions of society supported great libraries that represented the sum of 

human knowledge. The collation and preservation of this information was a slow and expensive 

process, restricted to the privileged few. Today, the World-Wide-Web (WWW) is starting to emerge 

and presenting information to new generations in revolutionary new formats. However, like much in 

today’s society, the WWW is probably being over-hyped, as it is still only a weak AI system in its early 

infancy. Some critics even complain that the WWW is only delivering junk mail at the speed of light, 

and while there is some truth in this position, it ignores the latent potential. Today, the issue with 

information is one of both quantity and quality; as such, there is a growing requirement for intelligent 

control. Weak AI, in combination with cybernetic principles, could be a major catalyst that effectively 

increases the intelligence on planet Earth. If this is the case, then subsequent generations of the 

Internet could allow huge amounts of information to be semantically indexed and the search for new 

knowledge associations to be automated. These systems would not be intelligent in the true sense of 

the word, but serve to augment the efficiency of intelligence in a hybrid AI world. Hence the potential 

importance of Cybernetics as a science that looks to control and enhance information. 

 

Cybernetics was initially developed to help optimise the transfer of information through 

telecommunication channels via the use of feedback concepts derived from engineering control 

systems. However, cybernetics has grown to encompass many of the leading-edge ideas in computer 

intelligence: 

 

o Machine learning 

o Man-machine interfaces 

o Autonomous agents 

o Neural networks  

o AI 
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While the very term ‘cybernetics’ may conjure up futurist visions of intelligent computer technology, its 

roots are still linked to systems that require the control and distribution of information. However, it is 

clear that weak AI systems could have a profound impact on the design of information control systems 

in the next 50 years: 

 

o Cybernetics is predicting that expert systems, machine learning, and neural networks that contain 

some cognitive processes will automate information management.  

 

o In addition, new computer-based applications will revolutionise the organisation and 

representation of information in the format of useful knowledge. These tools will also support the 

building of information models, such as simulations that also use virtual reality, hypertext, 

multimedia, databases and semantic information retrieval.  

 

These features of weak AI systems will allow knowledge to be intelligently structured to the 

requirements and preference of an individual. At the same time, the automation of communication and 

control will lead to the eventual maturing of the WWW as a network of weak AI systems from which 

the concept of ‘cyberspace’ could truly start to emerge. Of course, all these predictions are predicated 

on a level of computer processing that does not exist today. However, there is good technical 

evidence that computer processors will continue to develop until about 2020. If so, processors will be 

a 1000 times faster than today. It is also reasonable to assume that other aspects of computing; such 

as memory capacity and communication speed would also improve over this period. Beyond 2020, 

further progress may possibly depend on the development of radically new architectures. Although, at 

this time, it would only be speculation, as to which of the possibilities might win the day, it is not 

necessarily wishful thinking to assume that one will emerge. It is also reasonable to assume that new 

software architectures will develop in-line with the capability of the underlying hardware processors, 

especially if accompanied by a better understanding of the symbolic and pattern recognition 

processes within the brain. Therefore, based on the relatively high probability that significant 

improvements in both hardware and software will continue, weak AI systems will continue to improve 

year-on-year.  

 

Although the doubling of computer processors every 18 months is a well talked about factor, 

potentially it is the growth in the breadth and depth of knowledge spawned by computers that will 

become the more significant factor. Even comparatively weak AI systems could revolutionise the 

processing of information and act as a feedback mechanism that leads to a further acceleration of 

progress. Therefore, the timeline proposed for the AI paradigm could be conservative from a technical 

perspective, but the braking effect that some social institutions, not to mention the economy, may 

need to be taken into consideration. However it seems almost inevitable that humanity will continue to 

disappear down the road towards hybrid AI. For now, like the cowboy movies of old, we will assume 

the road leads towards the sunset and a better life. 
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9.5.3 Stage-2: 100-200 years 

 

Although aspects of stage-2 will be developing in parallel to stage-1, there is an assumption that 

stage-2 will only start to take on any significance after stage-1 matures. Whether this takes 50 or 100 

years is probably not the main issue. In comparison to natural evolution, artificial evolution may 

appear almost instantaneous but, in practise, it will still take time. Equally, artificial evolution will still 

be a transitional process, and in many cases, different solutions will exist at the same time, although 

some may be in the ascendancy, while others in decline. The timeline of our AI paradigm suggests 

that Homo Computerus will continue to evolve, as outlined, over the next 100 years and beyond. 

However, during this time, the seeds for the next step in hybrid AI evolution may also be germinating. 

Of all the evolutionary stages being proposed, Homo Cyberneticus could, in some ways, be the most 

controversial, both in terms of its technical complexity and social acceptance. While Homo 

Computerus integrates AI technology into its society to the point that it becomes totally dependent on 

its capability, Homo Cyberneticus would attempt to physically extend the capacity of the human brain 

by integrating it with an AI system. In practise, while the external changes may be minimal, the 

internal changes could be a key step that leads to the re-engineering of the human brain and so a 

possibly more important question needs to be raised: 

 

Would Homo Cyberneticus end up as humanity with an AI extension or AI with biological peripherals? 

 

In truth, there may be no definitive answer to this question at this stage. While in the beginning, the 

impact of brain-computer-interface (BCI) may be minimal; there is clearly the potential for the ‘tail to 

wag the dog’. However, it is highlighted that the path towards Homo Cyberneticus is still highly 

speculative, as amply underlined by the following, and even more speculative abilities:  

 

o The ability of the hybrid brain to process information becomes almost unbounded through the 

fusion of the brain’s creativity and imagination combined with the number crunching and 

information storage ability of sequential and neural processors. 

 

o Homo Cyberneticus will effectively become a society of telepaths in the sense that they can share 

thoughts and ideas in a way that mobile telephony currently allows people to exchange 

conversations. 

 

At this point, let us again stop and reflect on the implications of these speculative abilities. In both 

cases, there is a suggestion that high-level thought processes in the brain, which we currently do not 

really understand, can be intercepted via neural implants and transferred either to a computer 

extension or another person.   

 

Is this statement more science fiction than analytical prediction? 

Is this approach socially acceptable? 
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These are the sort of questions that we must constantly ask ourselves, so let us take another reality 

check in order to assess what is required for the evolution of Homo Cyberneticus to even start. As a 

benchmark, we will try to consider a broad spectrum of issues that are required to take place:  

 

o The maturing of Homo Computerus to facilitate a new era of cross-discipline science and an 

acceleration of knowledge systems.  

  

o A major breakthrough in neural implants that allows human thoughts to be transferred as signals 

or thought patterns. 

 

o Applications to be found that would justify the cost of development and provide a motive for 

pioneering the implant process. 

 

o Society to be convinced of the benefits and accept the implication of further change. 

 

The first bullet highlights the dependency on Homo Computerus being technically possible and 

socially acceptable. Although there are still major issues that do not make this evolutionary step a 

certainty, given that major aspects of Homo Computerus already exist, it would seem to be a 

reasonable assumption that this condition will be met. Therefore, we will turn our attention to the next 

issue of neural implants. 

 

9.5.3.1 Neural Implants 

 

It is probably worth clarifying a number of general points regarding the discussion of neural implants. 

In very general terms, implants will be described as belonging to two major classes or types as 

follows: 

 

o Prosthetic Implants – Motor and Sensory 

o Neural Implants – Passive and Active 

 

What we will infer by a prosthetic implant is a device that connects to an existing motor or sensory 

system. Today, a prosthetic limb tries to replicate some of the basic movements of the original limb, 

but the connections between the prosthetic limb and the brain are still broken. In most cases, we 

know that the brain functions required to move the original limb exists, although neural ‘memory’ does 

decay if not used. Therefore, in principle, a prosthetic limb that supports a neural interface, via 

connections to the original nerve fibres, could offer the hope of an artificial limb controlled by the 

brain. In the case of a sensory prosthetic, such as a cochlear implant, the implant would restore the 

audio input of the ear onto the original nerve fibres. Again, providing the brain function existed in the 

first place, some level of hearing could be restored. 
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In contrast, a neural implant will be described as a device that is connected directly to the brain or 

brain stem, which operates in one of two modes. A passive implant would be able to intercept brain 

activity and convert that activity into a digital stream or pattern. This information could then be used as 

an input by an external AI system to infer some mental state or possibly memories within the brain. An 

active implant would provide the return channel allowing information to be input directly into the brain. 

However, as in the case of the prosthetic implants, this information would only be meaningful, if the 

brain supported an appropriate configuration of neurons to interpret the pattern superimposed on the 

brain via the implants. However, one of the greatest attributes of the neural network within the human 

brain is its ability to adapt and learn. In principle, it has been shown that neurons in the brain can 

adapt to new information received by neural implants and learn to perform new functions66.  

 

At this point, we need to be clear that this is only a statement of requirements rather than a prediction. 

All too often, even the news that a primitive implant has been developed triggers dramatic reports 

along the lines of ‘The Cyborgs have arrived’. We live in a world, where some initial ideas are reported 

and promoted in a way that all perspective on any real progress can be lost. Today, our current reality 

is that humans receive information through their input senses and transmit information through the 

motor control of their muscles, which includes the ability to sign, talk, write, draw and even type badly 

with one finger. In a rational state of mind, the higher thought processes of the brain interpret the 

information and then trigger an appropriate motor response. Within the totality of the process, we call 

life, explicit knowledge is acquired and implicit knowledge inferred from previous experience or logic 

and laid down in memories, constructed from billions of neurons. It is probably fair to say that we 

currently only have a rudimentary understanding of how any of these processes really function; 

especially the higher thought processes.  

 

So will it ever be possible to construct a two-way brain-computer interface (BCI)? 

 

In all honesty, it is not clear that anybody can yet fully answer this question either, but could anybody 

have answered how the human genome could be mapped in 1953, when Crick and Watson first 

discovered the double-helix nature of DNA? Then, as now, breakthroughs will occur in increments, 

some due to brilliance, others by hard work and persistence. Clearly, developments such as weak AI 

and advances in micro and nano-technology linked to a new generation of brain scanners should not 

be overlooked. Such technologies could help transform our understanding of the brain and support 

the ability to insert neural implants over the next few decades. However, let us also be realistic about 

the difficulties, as the ability to both extract and insert coherent thoughts and memories directly into a 

living brain is still in the realms of science fiction. Of course, this does not preclude more pragmatic 

approaches to the implementation of a two-way BCI using both prosthetic and neural implants being 

                                                 

66 The creation of new neural pathways has been observed in some stroke victims. However, it is not clear how far this 

ability could be extended. 
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considered. It is highlighted that we are now entering the realm of almost pure speculation, where 

Figure 58 tries to illustrate a configuration of prosthetic and neural implants that would function as a 

two-way BCI. Initially, neural implants would be limited to the passive mode, which only allows the 

brain to be monitored to determine its overall mental state, e.g. awake or sleeping etc. However, by 

learning to control certain mental states, it might be possible for the brain to actively control the basic 

operational state of other implants, e.g. on/off. 

 

 

Figure 58: Hybrid Implants 

 

The key assumption is that prosthetic implants continue to develop to a point, where within a few 

decades, they start to become capable of not only inputting visual and auditory signals onto the 

appropriate nerve fibres, but also able to intercept and store these signals, which can then be shared 

or played back. So the visual or auditory signal patterns being input into one person’s prosthetic 

implants may have been intercepted from another person’s implants and transferred through a BCI 

via a central AI system for distribution. While this approach would allow Homo Cybernetic to share 

images or sounds with each other, the input could equally be generated by an AI computer simulation 

and provide a form of extended or artificial reality. It is also highlighted that information being output 

as speech would  also be picked up and distributed via the local auditory implants, so that all sights 

and sounds would be a shared experience.  

 

How does this approach differ from virtual reality? 

 

Today, virtual reality can be experienced by receiving images, via special glasses, which are 

synchronised to hand, head or eye movements. Sound can also be integrated into the effect. It is 

expected that this technology will continue to develop and be exploited by Homo Computerus to 
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facilitate greater interaction with informational AI systems. However, this is essentially a receive-only 

system, although some positional information can be fed back into the system. In contrast, even the 

initial hybrid implant system described would allow Homo Cyberneticus to record its own sensory 

information, which could be preserved and indexed within its extended AI system. To some extent, all 

the information that the brain is receiving and subsequently interpreting in order to learn and 

experience life is also being acquired by the extended AI system. However, the memory of the AI 

system will be permanent, less subjective, and capable of intelligent cross-indexing and recalled in 

the form of playback. In essence, a memory could be almost physically relived through playback via 

the sensory implants. In addition, the implants could be extended to provide telemetry monitoring of 

both the brain and body functions. However, by virtue of the physical integration of the implants, 

access to extended AI capabilities is always available. Also, as an approach, the combination of 

prosthetic and neural implants might prove to be more practical for a number of reasons.  

 

o Extracting coherent high-level thoughts via passive implants may prove to be very, very difficult, 

although inserting coherent thoughts via active implants may prove to be even more difficult. One 

of the key problems being that human thought is closely intertwined with sensory interpretation, 

which is being constantly updated by fragmented, differential updates. 

 

o Prosthetic implants on the optic and auditory nerves could effectively by-pass this problem by 

intercepting the raw sensory data, which the brain thought processes interpret as information and 

then stores as knowledge. However, the AI system which also receives this data may evolve to 

carry out enhanced processing functions, which would be impossible for the brain to perform plus 

highlight anomalies in behavioural responses and generally act as a secondary expert opinion on 

any information received. 

 

o Current developments in artificial neural networks suggest that they could one-day be capable of 

decoding and encoding sensory data patterns associated with the primary senses. Therefore, the 

key problem may be the nano-implants required to extract and insert sensory data of sufficient 

quality and resolution. However, while this is a considerable challenge for future generations of 

researchers, it does not appear impossible in concept. 

 

o The system of prosthetic implants can evolve in-line with the ability of AI systems, nano-

technology and our understanding of neuro-physiology. For example, initial implants may do little 

more than monitor vital life functions and the physical location of a person via the Global 

Positioning System (GPS). 

 

OK, even if we could sell this idea to the pioneering technophiles, what about acceptance by the rest 

of society?   
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It is probably true to say that most people today would not be queuing up to undergo what appears to 

be a very radical and potentially risky procedure without some very good reasons. Therefore, our 

predictions must be extended beyond the mere technical ability to provide such functions and include 

some seriously compelling benefits, which can be understood by a broader section of society. 

 

9.5.3.2 Towards a Connected Society 

 

Of course, any evolutionary step will take time to establish a critical mass, which could then 

consolidate to become a new acceptable norm. However, Homo Cyberneticus is not a hereditary 

attribute and therefore it may be more accurate to describe it as a social evolution. In either case, 

change is still invariably driven by need, but clearly such radical change would have to invoke an 

equally compelling need. It is also reasonable to assume that such changes would not necessarily be 

pioneered within the normal framework of society and so we need to identify special cases, ones in 

which the quality of life, or survival itself, may be the compelling need: 

 

o Medical conditions 

Today, we are aware of many medical conditions, which impair the quality of life to a point where 

individuals are already prepared to undergo any risk to help alleviate their condition. Clearly, even 

today, this is one of the driving forces behind prosthetic implants, which could offer the possibility 

of overcoming some major physical disabilities. However, it is also possible that the quality of life 

of many seriously infirmed or mentally disabled patients could be dramatically improved using a 

two-way BCI. For example, it has been suggested that a computer simulation of sensory inputs 

could allow an artificial reality to be created that provided a patient some level of escape from the 

day-to-day confinement of their condition. 

 

o Armed conflicts 

At the other end of the spectrum, armed conflict can put the lives of groups of individuals under 

extreme threat. One of the main defences in modern warfare is information superiority, as 

characterised by military phrases such as network centric warfare. The ability of specialist groups 

of soldiers to communicate and exchange information between themselves and new generations 

of AI military intelligence systems, at the level implied by the BCI, could be the difference between 

life and death. It is probably safe to assume that this strategic possibility is already under serious 

consideration within a defence-funded, research programme somewhere in the world at this very 

moment. 

 

o Extreme environments 

This category also relates to an environment where human life is put at risk, although in this case 

it is associated with exploration. For example, the exploration of space is a challenge that has 

inspired many to risk their lives and although the use of robotics will become increasingly 

important, the vast distances involved requires either a high degree of AI autonomy or closer 
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proximity of human intelligence due to signal latency. Bridging the divide between man and 

machine could be an essential prerequisite of further deep space exploration. 

 

Applications such as these could provide the initial financial and personal impetus required to develop 

implants to the level where they would be capable of supporting a brain-computer-interface. However, 

the broader acceptance of implants by a wider section of society would also depend on the process 

being relatively risk-free and inexpensive. Of course, what people will accept will still depend on the 

expectation of the benefits and their current circumstances. However, the initial acceptance of 

implants may take place in relatively low-key applications rather than as an immediate invitation to join 

‘The Borg’. 

 

o Location Tracking 

Today, society is starting to tag certain types of criminals via mobile GPS trackers that have to be 

strapped to their person. It is not such a large step to imagine that a broader section of society 

might accept an ‘inoculation’ of nano-implants, which allows them to be continuously tracked via 

the wireless GPS network. 

 

o Micro-Positioning 

Research is already taking place into micro-positioning tags that could, in theory, have an 

accuracy measured in millimetres. If they could be injected into a person’s fingertips, such a 

system would allow a person to interact with virtual equipment in the home or at work. For 

example, a light switch could simply become a mark on the wall, if touched in close proximity by a 

positional implant within the fingertips it would trigger the activation of the lights. Clearly, hundreds 

of other applications of this type could be sufficient motivation to accept minor implants in order to 

be able to interact with the evolving environment. 

 

o Nano-Technology 

In the next 100 years, nano-technology could revolutionise the process required to insert implants 

in terms of risk and cost. Equally, these advances could go a long way in minimising the current 

concerns relating to power and radio emission associated with such devices, especially when in 

close proximity to the brain.  

 

So there is an implication that the acceptance of implants, which leads to BCI, is itself an evolutionary 

process. Certain sections of society might begin to weigh up the increasing benefits against falling 

risks and decide that a break-even point for them has been reached. So, at this point, let us get a bit 

more adventurous in our speculations regarding how changes in society might lead to greater 

acceptance of neural implants. 
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o Society and Prisons: 

Freedom of speech (and thought) in conjunction with a right to privacy is considered a basic 

human right, which will be vigorously defended. Unfortunately, such freedoms and rights can be 

abused and used to attack the fabric of the society in which we live. As the population, and 

expectation of life, increases through the 21st century, mounting social pressure leads to more 

aberrant criminal behaviour.  However, the demands for political correctness and the need to treat 

prisoners humanely cause costs to spiral out of control. Equally, the authorities cannot resolve the 

demands of ‘law-abiding’ voters to be protected and the apparent failure of the prison system to 

correct or even deter criminal behaviour. By the end of the 21st century, the system is in crisis and 

a new solution is required. Parole is offered to prisoners who will accept BCI implants, which 

allows vision and hearing to be intercepted plus the overall mental state of a prisoner to be 

monitored by an AI system. Any unusual deviation in mental state, known to be reflective of an 

aberrant behaviour, escalates the AI system to actively process vision and auditory data. Sensory 

data is not only recorded as evidence, but also interpreted in real-time to determine the danger 

level.  Depending on the level of risk, the prisoner can simply be reminded that he is starting to 

infringe the conditions of his parole, but if necessary physically disabled. 

 

o Society and Law Enforcement: 

The rise of global terrorism and organised crime continues to escalate throughout the 21st 

century. Politicians and law enforcement agencies see technology as one effective means to 

combat this threat. As in any conflict, the control and use of information is considered vital and AI 

surveillance systems grow to actively monitor almost every major city and town. However, such 

systems do not make arrests and the initial failure to disseminate information in real-time to law 

enforcement officers on the streets, undermines the effectiveness of these systems. As a result, 

some specialist units start to be formed that require its officers to accept BCI implants as a 

condition of the job. The interception of vision and auditory data, while on operational duty, is up-

loaded to the AI system, which carries out extensive analysis, such as database searches to 

match images with known criminals, plus real-time lie-detection based on face patterns and voice 

inflection. In addition, such systems help purge the force of corruption, while monitoring the 

location and life-signs of all officers while on active duty. Over time, the system is seen as almost 

essential and spreads to many other associated security professions. 

 

o Society and Medical Services: 

Throughout the 21st century, the expectation of the quality and span of life increases. This 

expectation is underpinned by medical services that are under increasing pressure. The 

economics of a society with a growing population of elderly people is also putting more demand 

on the medical services. Medical expert systems develop throughout the 21st century, which go 

some way to satisfying the demand for more immediate access to medical advice, but 

unfortunately, society also becomes more litigious and the cost of medical insurance escalates. 

The stress level in doctors also increases, as after years of intensive training they face a rate of 
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change in medical technology that is almost impossible to keep track of, growing patient demands 

and the worry of legal actions for malpractice, often caused by overwork. By the 22nd century, 

some doctors may begin to accept the necessity for implants. In one scenario, an elderly patient 

has collapsed; basic telemetry implants in the patient have detected the condition and raised the 

alarm. The AI system has determined which doctor can be contacted and provides immediate 

access via the BCI link to the patient’s records, condition and location. The doctor is able to make 

an initial diagnosis and asks the AI system to cross reference the central medical expert system 

for the most appropriate drug available and a second opinion on the suspected condition. The 

drug and a rapid response medical team are dispatched to the patient’s location. 

 

The purpose of these examples has simply been to illustrate how implant technology might both 

evolve and be accepted into society. In some ways, like the special cases addressed earlier, people 

may be compelled by circumstance to accept the technology, not because they want to, but because 

they have to, in order to function in society. However, we should remember that we are speculating 

about developments set some 100-200 years in the future and, by this time, other fields of technology 

could provide alternative solutions to implants.  

 

o AI Systems: 

If the validity of Moore’s Law holds true for the next 100 years, processing and storage capacity 

could be 1020 times greater than today. Alternatively, being more conservative, we might assume 

that the law only holds good until 2020, after which instead of increasing by 100% every 18 

months, the increase is only 25%. If this were the case, processing power would still be a billion 

times greater that today. Either way, it is probably reasonable to infer that AI systems, in 

conjunction with new architectures based on the brain, are to some degree intelligent. The open 

question may then be ‘what would such systems require from humanity?’ 

 

o Virtual Reality: 

Assuming that AI systems are to some extent intelligent, but not sentient, and that humanity still 

has a role to play in terms of its creativity and imagination, then the issue of the man-machine 

interface is important. In the case of Homo Cyberneticus we have assumed that this interface 

begins to be physically integrated into the body and brain via prosthetic and neural implants. 

While there is a reasonable probability that this option will develop, it may not necessarily be the 

preferred route for the majority of society. Based on Pareto’s principle that you can get 80% of 

anything based on 20% effort, virtual reality may continue to develop to the point that it competes 

with neural implants as a man-machine interface of choice. For example, text and voice 

recognition in combination with VR glasses and wireless technology could allow the majority of 

people to access AI systems via VR, whenever required. 
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o Genetic Engineering: 

Our AI paradigm acknowledges that genetic engineering could allow the human blueprint to be 

changed in many ways. While it is believed that this field of science will eventually start to 

manipulate the human genome, as a solution that dramatically increases the intelligence and 

ability of humanity, it cannot compete with AI and robotics. However, some groups will 

undoubtedly select this option, as the preferred way to improve the human condition. In a wider 

context, genetic engineering of agricultural crops will start to become commonplace, in part, due 

to the ability of AI systems to accurately predict and model the impacts of genetic change. 

 

o Robotics: 

As a result of AI systems and advances in new materials and portable power sources, robotics 

comes of age in the 21st century. By the 22nd century, robotics and AI systems are causing 

profound changes in society by making many manual and professional job roles redundant. As a 

whole, humanity is forced to question its future role and purpose. As always, some people may 

embrace the changes, while others may violently reject the imposition that technology appears to 

be putting on their lives and the future of humanity. 

 

The net result is that stage-2, as described, could be the most dangerous transition for intelligent life 

on Earth. While many scientists will continue to enthuse about the exciting prospects new technology 

will bring, the reality could be that over the next 100-200 years, technology begins to simply 

overwhelm the majority of humanity, making many redundant and fearful of the future.  

 

Of course, not all predictions come true, do they? 

 

9.5.4 Stage-3: 200-500 years 

 

At this point, we are in danger of entering the twilight zone, where science future can quickly become 

science fiction. However, we will continue to consider not only the effects of technology advancement, 

but also its impact on society. In fact, we will start by first trying to imagine what the world might be 

like having transitioned through stage-1 and stage-2 evolutions.  

 

  The world of the 23rd century is a fragmented collage of societies, cultures and beliefs, made up of 

some 15 billion people. However, in general, populations are now stable and in many first-world 

countries there is even some concern about the fall in birth rates.  It is a world that still comprises 

of the ‘haves’ and ‘have-nots’ in terms of food and wealth, but the ‘haves’ are also divided into 

those that have accepted AI technology and those that have not. In numbers, the AI technophiles 

are the minority, however given that most large national economies are almost totally dependent 

on AI technology, AI technophiles hold the balance of power in many countries. While national 

borders still exist for security reasons, the sense of national identity is fading, due to a range of 

factors:  
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o Continued migration of people throughout the world,  

o Increase in cross-cultural relationships and marriages 

o The need for global economics and political solutions 

 

  The development of new genetic crops has transformed the desperate plight of cyclic starvation in 

many third-world countries, although their economies remain fragile. Many of these countries are 

still dependent on fossil fuels, which are in short supply, although alternative energy sources are 

starting to satisfy some of their demands. However, in order to meet the huge growth in demand 

for energy, the major economies have to bring on-line more new fusion reactors every year. 

Demand is also growing for mineral resources and a few major multi-national conglomerations 

are investing heavily in semi-automated AI robotic rigs to mine the asteroid belt. In general, AI 

technology in combination with developments in robotics has brought about a form of economic 

stability upon which billions of lives depend. However, for many, there is a new kind of despair, 

based on the perception that they are no longer part of the future being forged by the AI 

technophiles. This sense of despair does not just reside in third-world countries, but also within 

many individuals who live in the first-world countries, who feel that they have a diminishing role in 

their own society. While this does lead to social anarchy in some inner-city areas throughout the 

world, the increasing ability of AI surveillance systems plus the fear of the imposition of neural 

implants as a result of a criminal conviction, has largely kept this problem in check. The side 

effect of this alienation from what appears to be a technophile-led society is an explosion of 

religious cult groups, which seeks to understand the spiritual nature of mankind; from which they 

believed AI is, and should remain, excluded. 

 

As stated at the outset of this section, the future can be reached by many paths, some created by 

random chance, others by chaos. The outline of life in the 23rd century, while possibly disconcerting 

to some, is not necessarily a pessimistic starting point from which to consider the evolution of stage-3 

AI. However, the scenario has been biased to reflect a growing fragmentation of society in which 

humanity either embraces or rejects AI technology. Although there is an implication that an organised 

group called the ‘AI technophiles’ has evolved, in practise, this group simply represents a broad 

spectrum of acceptance. At one level, there is Homo Computerus, who accepts AI, but only as an 

external tool. At the next level is a small, but growing percentage that is evolving towards Homo 

Cyberneticus via the increased acceptance of both prosthetic and neural implants. These two 

evolutions are representative of stage-1 and stage-2 AI. In the 3rd stage, we will try to assess the 

probability of two further evolutionary steps previously outlined by the AI paradigm: 

 

o Homo Hybridus 

o Homo Machinus 
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Up to the end of stage-2, there was a clear distinction between humanity and AI. The rationale that 

links these additional evolutions to stage-3 is that they have the potential to dramatically affect the 

physical appearance of humanity. As always, we will try to consider the probability as to whether the 

technology can be developed in the timeframe suggested. Then we will try to identify some 

applications that could initially drive the development. Finally, we need to consider the benefits that 

might convince certain sections of society to accept further change. 

 

9.5.4.1 Prosthetic Anatomy  

 

To some extent, Homo Hybridus and Homo Machinus are just different degrees of the same 

evolutionary principle, in which human physiology may be repaired, replaced or upgraded. While we 

have naturally become accustomed to our human shape and form, it is in some respects just the 

vehicle by which our brains and sensory equipment are transported from one place to another. This 

statement is not ignoring the aesthetics of beauty, but simply implying that the same goals could 

possibly be achieved in other forms, which are better suited to different environments. Prosthetics, 

which act to repair the human anatomy have been accepted for centuries in the form of glasses, false 

teeth, hearing-aids and artificial limbs etc. However, the ability to link prosthetics to brain via an 

implant has the potential to revolutionise our entire concept of physiology. So while prosthetics were 

initially only used to carry out fairly crude repairs to our existing anatomy, the long-term development 

of prosthetic implants could give us the ability to re-design our physical shape and form. By stage-3, it 

is probable that prosthetic and neural implants will have evolved due to advances in nano-technology 

and neuro-physiology. This technology could also be incorporated into robotic physiology along with 

new portable and renewable power sources that allow artificial muscles to be controlled and powered. 

As such, a prosthetic anatomy could offer the possibility to operate in a much broader spectrum of 

environments. 

 

How does this approach differ from exoskeletons and telepresence? 

 

This question is raised because it has some analogy to a similar question asked about virtual reality in 

the context of Homo Cyberneticus. In part, the answer also has some similarity because both relate to 

the degree of physical integration acceptable. Exoskeleton and telepresence could be viewed as the 

same concept with the exception that the human operator is collocated within the exoskeleton, while 

remotely located in the case of telepresence. However, both essentially allow normal human body 

movements to be amplified onto a robotic framework for the duration of a specific task. In contrast, a 

prosthetic anatomy would replace the original human anatomy on a permanent or semi-permanent 

basis.  
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9.5.4.2 The Self-Made Man 

 

We typically consider the expression ‘a self-made man’ as inferring a person who, possibly born into 

poverty, gains wealth through their own efforts and ability. However, even today, people are becoming 

‘self-made’ in the sense that they are recreating themselves physically in new ways, such as plastic 

surgery, and so the concept of taking on a new form is not without some precedent.    

 

But what sections of society would accept a prosthetic anatomy? 

 

Again, we could speculate that any initial acceptance may be based on special circumstances where 

a person’s quality of life or physical survival was at risk, e.g. 

 

o Medical Condition 

Clearly, a person with a severe physical disability or injury that is beyond the normal bounds of 

help, even with the best medical treatment in the world, could face a life of physical confinement. 

It is clear that many people would forego some aspect of their physical appearance, and even 

personal identity, in order to regain their independence. However, it is again stressed that a 

prosthetic anatomy could evolve, in the timeframe under discussion, to be both functionally 

superior and aesthetically beautiful. In fact, it may be entirely possible, in a case of this type, that 

the original appearance of the person could be replicated. 

 

o Extreme Professions 

Today, it might seem too extreme for somebody to change their physiology just to meet the 

demands of their profession. However, it is possible that the psychology of society beyond the 

23rd century is driven by different needs. It has been suggested that people may have started to 

question whether they have a role in society. As such, people may be more willing to ‘re-invent’ 

themselves both physically and mentally in order to find some role in society beginning to be 

dominated by the advances in AI systems and robotics. Again, if the prosthetic anatomy was 

physically superior in some aspects and aesthetically acceptable, this may not be such a hard 

choice. 

 

o Extreme Environments 

For some, life is not about their own physical form or beauty, but the beauty of exploring the 

universe and experiencing new wonders. However, the universe is a diverse and hostile 

environment and the human physiology has only evolved to meet the limited demands of a very 

small biosphere called Earth. To such people, the apparent sacrifice of giving up some or all of 

their original physical form for one that allows them to personally go out and experience the 

depths of space or the depths of the oceans may not be such a major issue. 
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The classifications we have described as Homo Hybridus and Homo Machinus are again fictitious 

names and simply representative of a process in which human physiology could start to evolve 

beyond its original form. To some extent, it could be argued that this process has already started, but 

the impact of current prosthetics is minimal in comparison to what technology might allow by stage-3. 

Given the nature of this change, it is probable that initial developments would be exclusively 

contained within the type of special cases outlined, although there will undoubtedly be others 

attracted by the potential benefits of improving both mind and body, if and when, the technology can 

deliver. However, unlike earlier evolutionary stages, adaptation of the human physical form may never 

be really accepted by society, at least as we understand it, and as a consequence could trigger the 

start of a major schism in human society and evolution.  

 

From our current perspective, it is probable that most people may reject the view of the future being 

outlined or, at least, hope it never happens. However, the historical review of the major paradigm 

shifts that shaped our current society seems to suggest that contemporary society is never ready to 

openly embrace such radical change. So, at this point, it might be simply worth reflecting on our own 

present-day attitudes to the various communities that totally reject the imposition of any modern 

technology, e.g. electricity, cars, blood transfusions etc. Of course, it is understood that the staged AI 

developments under discussion have the potential to cause a more profound effect on humanity than 

earlier paradigm shifts. Clearly, like some present-day communities, sections of future society will 

reject the imposition of AI technology, as summarised below, on their lives. As a consequence, the 

future evolution of humanity may not necessarily be taken as a democratic, majority decision.  

 

o Stage-1: AI experts systems 

o Stage-2: Neural Implants 

o Stage-3: Prosthetic Anatomy 

 

So which path leads to the future of sentient intelligence on Earth? 

 

9.5.4.3 Towards Immortality 

 

So far, we have been trying to review the potential impact on society caused by evolving AI 

technology that ultimately leads to improvements in intelligence and physiology. However, there is 

another aspect of future technology that has not yet been directly addressed that could have an 

equally dramatic effect on society.  

 

As discussed in an earlier section, the longevity of life is linked to the durability of the somatic cells 

that make up all the vital organs, including the brain. It would appear that natural selection sees little 

benefit in improving the internal mechanism of somatic cell replacement in order to survive a 1000 

years, if the external environment invariably causes death within a much shorter timeframe. While, the 

spread of life spans in the animal kingdom would suggest that natural selection is capable of altering 
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the life span decoded into DNA, the process of any natural evolutionary change that would allow this 

to occur would have to be measured in millions of years. In contrast, advances in genetics and 

molecular biology may provide a way of altering the longevity encoded within human DNA in a matter 

of a few decades. Equally, the acceptance of a prosthetic anatomy upgrade could both protect and 

preserve life expectancy. 

 

By how much could life be extended? 

 

It might be entirely possible to double life expectancy over the next 100 years. However, over the 

timeframe of the next 500 years, it may be possible to extend aspects of a person’s life almost 

indefinitely. At this point, death may become a matter of personal choice to cease self-awareness, 

although the experiences and knowledge accumulated throughout life could still be preserved. 

However, let us consider the potential mechanisms, stage by stage.  

 

o Within stage-1, we will assume longevity can be improved by genetic manipulation. However, 

although the ability to manipulate the genetic code may be possible in a matter of decades, the 

extent by which life expectancy will be passed on to future generations may depend on the DNA 

of both parents. It will also be assumed that this level of genetic manipulation will be subject to 

some legal and financial restrictions that limit the initial availability to a relatively small section of 

society. As such, the natural distribution of the genes that helps increase life expectancy may be 

relatively slow. As a consequence, the overall impact on society in terms of numbers may be 

minimal, even in the 100-200 years required to reach stage-3.  

 

o The development of the brain-computer-interface (BCI) as described in stage-2 does not directly 

increase longevity. However, it could be argued that a degree of immortality could be obtained by 

digitally storing the sensory information a person receives throughout their life. If we assume that 

all sensory information can be compressed onto a digital stream of 250,000 bits per second67, 

then as a rough guide, in current technology terms, a day could be recorded onto 2-3 computer 

compact discs (CDs)68. The CD archive linked to an advanced AI system may, in concept, be able 

to provide an interactive simulation of a person at any time in the future. 

 

o By stage-3, we are assuming that technology, coupled with advances in medicine, is capable of 

producing an increasingly sophisticated prosthetic anatomy, which as a by-product increases 

                                                 

67 2013: Sources of information regarding sensory and brain processing bandwidth are not easy to find. However, one 

source, i.e. Two Views of Brain Function, suggests  that only  about 6x10
6
 bits/sec leave the retina and only 10

4
 make it to 

layer 4 of 6. Finally, it estimates of the bandwidth of conscious awareness itself. i.e. what we ‘see’, are in the range of 100 
bits/sec or less. Therefore an estimate of 250,000 bits/sec plus or minus a factor of 10 might be a reasonable initial guess. 
 

68 2013: Of course, in the timeframe being discussed, CD will be obsolete and memory technology will be capable of storing 

terabytes on micro-chips. 
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overall life expectancy. Unlike genetic manipulation, any increase in life expectancy cannot be 

passed onto future generation, which may reduce the legal objections. However, it is probably 

reasonable to assume that the cost of a prosthetic anatomy could be prohibitively expensive for 

most people, even assuming that sufficient people would want to undergo such a procedure. 

Again, the net increase to the average life expectancy may be relatively small, although specific 

individuals may have life expectancy measured in hundreds of years. 

 

Initially, the implication appears to be that just having the technical capability to extend life expectancy 

may not necessarily have a major impact on society, because the number of people affected is too 

small. Of course, it is possible to argue that over time even relatively small numbers of enhanced 

hybrid AI individuals with extended life expectancy could become extremely influential and powerful. 

However, rather than expanding this concern at this point, let us first consider the general implications 

of an extended life span on society. As a frame of reference, we will discuss the issues against the 

following example: 

Table 12: Life Span 

 

Phase Normal +Genetics +Prosthetics 

Youth 0-20 years 0-20 years 0-20 years 

Prime 20-60 years 20-90 years 
20-60 Years 

60-200 years 

Retirement 60-80 years 90-120 years n/a 

 

For simplicity, we will assume the extended life span does not affect the normal biological process of 

growing to physical maturity in the first 20 years. At this point, the person would be classed as an 

adult having full responsibility for their actions and decisions. However, the implication within Table 12 

is that life span can be increased in two ways: 

 

o Genetics can increase life span by approximately 50%. 

o AI prosthetics can increase active life span to 200 years  

 

Within this model, the manipulation of certain genes leads to increased longevity, but mind and body 

still age throughout life, only at a slower rate. However, the acceptance of AI prosthetics during the 

‘prime phase’ may allow vital body functions not only to be maintained, but also optimised. As a result, 

good body function is retained throughout life, which also leads to further longevity of all brain 

functions. For this reason, there is no retirement phase for individuals enhanced with AI prosthetics. 

 

So who wants and gets more time? 

What impact would an extended life span have on society? 
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It has been suggested that there are a number of ‘exclusivity factors’ linked to many of the technical 

advances under discussion that could fragment human society: 

 

o Access to the technology 

o Cost of the technology 

o Acceptance of the technology 

  

Clearly, many first-world countries may be very aware of the potential of this technology to change the 

balance of power. Therefore, access to leading-edge technology may be restricted within the national 

boundaries of a few countries, which are capable of developing the technology themselves. Of 

course, even if freely available, aspects of this technology will not be cheap and therefore may only 

be an option of governments, corporations or the extremely wealthy. Finally, if access and cost can be 

overcome, it is likely that only a minority, i.e. the AI technophiles, would fully embrace this sort of 

technology. For these reasons, any initial hybrid AI society may evolve outside the normal mainstream 

of the time. Clearly, if these concerns come true, we may not be talking about a split in society, rather 

the branching of a new species with a new range of capabilities: 

 

o Expanded intelligence and knowledge retrieval 

o Extended and adaptable physiology 

o Extended active life span 

o Quasi-telepathic abilities 

 

Clearly, sentient beings with these attributes may have a very different perspective on life, let alone 

the structure of society they choose to live in. It is also unclear how such beings would view the rest of 

humanity. In part, we may simply have to hope that any AI hybrid would retain some empathy towards 

its origins within mainstream humanity. 

 

9.5.5 Summary 

 

At the very beginning of this section, an argument was made that the development of AI should be 

considered in a top-down manner. Having now presented a broad sweep of the issues involved, the 

following question has to be answered: 

 

Why are we trying to develop AI? 

 

Of course, while it may sound trite, there may be some truth in the answer: because we can. 

However, this is not a satisfactory answer considering the potential impact AI could have on millions 

of lives and possibly even the future of humanity. Overall, there is a sense that many believe AI is 

required to help humanity to take the next step in evolution. Some may point out that the separation of 

AI into the weak and strong variants affects how we answer the question above. For example, it can 
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be argued that weak AI is only a tool that helps humanity achieve its goals. However, as much of this 

section has tried to highlight, there could still be considerable impact on humanity due to hybrid AI, 

even if strong AI is never truly achieved. So let us phrase the question in another way: 

 

Why does humanity need AI? 

 

As far as we know, humanity only evolved intelligence to help it better meet its basic survival needs. 

However, the combination of creative intelligence and the motivational needs required to survive 

appears to have broken the cycle of a mere life and death existence. As a result, over the last 

100,000 years, Homo Sapien has acquired the knowledge and skills to build civilisations that span the 

Earth. However, the rate of change now being caused by technology appears to have the potential to 

accelerate beyond our current mental and physical capability. Essentially, natural evolution is being 

outpaced by artificial evolution, hence the perceived need for AI. There are already signs that 

humanity is almost totally dependent on technology, which if removed, would cause the death of 

millions, if not billions of people. If so, humanity may only have limited choices: 

 

o Discard technology 

o Maintain existing technology 

o Extend technology 

 

Given human nature, it is suggested that options-1 and 2 will only be taken if something goes horribly 

wrong with option-3. So, if humanity only has one real choice, we have to look at the implications of 

our curiosity: 

 

o Suffer the consequences – not acceptable 

o Outlaw curiosity – not reasonable 

o Rely on hope – not sensible 

o Consider the consequences – not easy 

 

Again, it is suggested that humanity only has one practical option and that is to consider the 

consequences of its science and technology, but as implied, this is easier said than done. In the 

context of AI, we will try to rationalise the consequences of the three different aspects of AI discussed. 

 

9.5.5.1 Weak AI: external, subservient  

 

At this stage, it seems almost certain that weak AI systems will continue to be developed, and will 

achieve, some degree of automated intelligence within the next 50-100 years. By definition, these 

systems are intended to be external tools of humanity without self-awareness, but as expert systems 

they will be capable of programmed intelligence. However, as already suggested, these systems will 

become increasingly pervasive and could expand to automate almost every aspect of modern society. 
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As a consequence, humanity may still lose effective control because it becomes almost totally 

dependent on machines whose complexity is growing beyond its capacity to fully understand. In some 

respects, while this path may seem the least dangerous to humanity, it could in fact be the most 

dangerous. In effect, humanity creates a global network of weak AI systems, which have no real-

sense of rational intelligence or emotional awareness to judge their actions. 

 

9.5.5.2 Hybrid AI: internal, integrated  

 

While aspects of hybrid AI may be considered as highly speculative, the basis of much of the 

technology is already in the early stages of development.  

 

o The first consequence of this technology is the apparent erosion of what we think of as our 

‘humanity’69. However, there is an almost inevitable implication that in order to control the 

expansion of AI, humanity has to evolve; and evolve quickly.  

 

o The second consequence is that hybrid AI leads to a fragmentation of humanity as defined by 

Homo Cyberneticus, Homo Hybridus and Homo Machinus.  

 

Undoubtedly, such fragmentation could be very dangerous, especially if each develops different 

values and priorities. However, it has been argued that if the neural networks learn via processing 

human sensory and emotional information, their intelligence might be more compatible to humanity. 

Finally, we have to consider the consequence of the attributes that hybrid AI might evolve. Clearly, 

each capability can have both positive and negative implications. However, in order to inject a degree 

of optimism, let us consider some of the more positive aspects at this stage.  

 

o Expanded intelligence and knowledge retrieval: 

While intelligence and knowledge do not necessarily make a ‘nice’ person, there is some reason 

to hope that these attributes are an ingredient of wisdom. 

 

o Extended and adaptable physiology: 

In today’s world, we are all aware how shape, form and even the colour of our features can 

become divisive issues. Therefore, hybrid AI in the form of Homo Machinus could be very 

problematic. However, some extremes of prosthetic anatomy may only be adopted in 

environments outside normal society, e.g. space exploration. Equally, it has been suggested that 

prosthetic anatomy should not be viewed as robotic, as this technology could ultimately be 

aesthetically attractive in both shape and form. 

                                                 

69 2013: The process of erosion may not be that obvious on a year by year basis, but when viewed as a net change  from our 

current perception of humanity, the changes over 100, 200..500 years might shock us, while seeming perfectly acceptable 
and possibly even desirable to those of the day, 
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o Extended active life span: 

Some problems do not have quick-fix solutions and to some extent most political systems are not 

structured to deliver longer-term solutions. There is a saying that ‘the urgent drives out the 

important’ and in some cases important problems are not addressed until it is too late. Possibly, 

just possibly, problems that are being passed onto future generations may get more attention; if 

some people will live long enough to see the results of negligence. 

 

o Quasi-telepathic abilities: 

We have discussed how the brain-computer-interface (BCI) might be developed to monitor 

emotional states and give back-up advice on information being received in real-time. The 

consequences of such a capability may cause concern for those who wish to protect their privacy, 

but could be beneficial in curbing the excesses of anti-social or violent behaviour. 

 

9.5.5.3 Strong AI: external, independent  

 

The AI paradigm that we have been discussing throughout this book has suggested that there might 

be two paths leading to strong AI.  

 

o The first path is the extrapolation of hybrid AI to the point that all biological systems, initially 

inherited from humanity, are replaced.  

 

o The second path is the direct development of strong AI through the continued development of 

weak AI and robotics.  

 

As a result, many of the consequences related to hybrid AI may apply to strong AI. In part, it would be 

hoped that strong AI would retain some understanding of humanity through attributes inherited via the 

hybrid path. In contrast, it is more difficult to outline the consequence of direct strong AI without any 

real understanding of its intellectual and emotional identity. At this stage, all we can say is that one 

consequence might be that strong AI is essentially an alien intelligence with possibly little in common 

with humanity. 

 

9.5.5.4 The Road Ahead 

 

But why are we really trying to develop AI? 

 

Of course, there is a rationale to the argument that humanity needs to develop AI, simply in order to 

retain control of increasingly complex technology, essential to the maintenance of its society. 

However, there is a sense that this may not be the fundamental reason that fuels our curiosity in AI. 

Possibly, in quite a profound way, humanity has always strived to understand its place and purpose in 
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the universe, the working of which appears to almost defy our comprehension. So far, humanity has 

only ventured one light second into our own galaxy, which is 100,000 light years across, which in turn, 

is but one of billions of galaxies in a visible universe that is 30 billion light years across. However, 

without intelligent life, this enormous universe goes unseen and its marvels unperceived.  

 

Based on scientific evidence to-date, the percentage mass of living matter in the universe appears 

almost irrelevantly small; and with most life assumed to be without any real intelligence or self-

awareness. Equally, despite deep founded beliefs about the special place humanity has in creation, 

evolution would suggest that sentient intelligence on Earth may be nothing more than an accident of 

natural selection. However, there is a dichotomy in these statements, in the sense that even if 

sentient intelligence is only a very rare accident, should it not therefore be treated as a very special 

event in the universe. However, whether human life was created by accident or as an act of God, 

humanity is still searching for a higher purpose, as mere survival, mere existence is no longer enough. 

Science and technology have opened a window allowing humanity to see into the universe beyond, 

but to some extent, the door to the wider universe remains closed. The new reality, which we now 

have to face up to, is that humanity has not evolved to survive in this wider universe. So, as a 

consequence, humanity’s physical and intellectual capacity has been put to the test, even within the 

confines of our local solar system. Equally, it seems that evolution does not work according to some 

grand design, but rather by the simpler mechanisms of random chance and survival of the fittest. As 

such, there is no evidence to suggest that life will evolve towards greater complexity in the form of 

intelligent sentience. The majority of life has always been, and probably always will be, in the form of 

simple bacteria. Indeed, if this is the case, it may not be sensible to wait around for natural evolution 

to make humanity smarter and stronger over the course of a few million years. For this reason, it is 

believed that humanity will actively pursue AI, irrespective of the risks70.  

 

 

 

                                                 

70 It is realised that many will not accept the premise of many of the predictions outlined in this section. However, it is 

highlighted that much of this book has argued against the excesses of overly optimistic  AI predictions, which do not fully 
account for the complexity of the human condition. Therefore. while accepting that the future will undoubtedly be different 
than described, there still appears to be a high probability that technology developments in the next 500 years will come to 
profoundly change the nature of humanity, unlike any other period of ‘human’ evolution. Again, while these changes might 
shock us, when viewed from our position in time,  it will not be our current perspective that judges the acceptance of any 
given change in the future. Equally,  history would also suggest that at the end of this period, the majority will look back 
and not wish  to trade places with us because their world may well  be defined by a new perception of ‘reality’. The scope of 
this new ‘reality’ is now the subject of the next section. 
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10 ARTIFICIAL REALITY  

So far, we have progressed the discussion surrounding AI in the context of an evolution of life. From 

its humble beginnings on Earth, some 3.5 billion years ago as a simple prokaryotic cell through to the 

potential of hybrid AI over the next 500 years. While some of these concepts may challenge many of 

our belief systems, they have essentially remained within the accepted notion of what we perceive 

reality to be. In the next paradigm shift to be discussed, we may have to completely let go of any 

existing notion of reality. As a prelude to this discussion, consider your initial reaction to the following 

questions: 

 

How do you know you are a real person? Can you prove that you are not a strong AI 

programme and everything you see, hear, touch, smell and taste is not simply the result 

of input data into your programme? If the programme were simulating all sensory inputs in 

response to your thoughts and responses, how would you know there was any other 

reality? 

 

Questions, such as these are not referring to virtual reality (VR), which allows you to return to physical 

reality (PR) whenever you like, but an artificial reality (AR) that completely replaces any previous 

perception of physical reality (PR). It could be that it is not just time and space that are relative, but 

reality itself. 

 

Figure 59: Artificial Reality (AR) 
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When first exposed to this idea, people may naturally assume that this is just the plot line from a 

science fiction movie like ‘The Matrix’. However, in truth, humanity may be on the verge of seriously 

having to confront and challenge its very understanding of reality, so let us again consider the quote 

taken from a book called ‘Why We Feel: The Science of Human Emotions’ 

 

Most of us believe that the world is full of light, colours, sounds, sweet tastes, 

noxious smells, ugliness, and beauty, but this is undoubtedly a grand illusion. 

Certainly the world is full of electromagnetic radiation, air pressure waves, and 

chemicals dissolved in air or water, but that non-biological world is pitch dark, 

silent, tasteless, and odourless. All conscious experiences are emergent 

properties of biological brains, and they do not exist outside of those brains. 

Over the last 500 years, the paradigms of science have challenged and altered the way in which 

many have come to view the nature of the universe. However, in just the last 100 years, the ideas 

within special relativity, quantum mechanics and now string theory have grown to challenge even our 

perception of space and time. As worrying as it seems, there is a suggestion that what we think of as 

physical reality is nothing more than a product of our limited senses, which could be manipulated to 

perceive any number of alternative realities. So the discussion of artificial reality (AR) is not just a 

matter of idle intellectual curiosity, as the technology in the form of the brain-computer-interface (BCI) 

could be the first step towards AR. There is also an implication that both hybrid and strong AI could 

start to live much of their lives in an extended reality. Equally, the concept of AR opens our eyes to 

the possibility that other life forms, be they artificial, alien or both could perceive the universe in such a 

different way it could make effective communication impossible. 

 

It would seem that reality, like beauty, is in the eye of the beholder and that there may be no one, 

single definitive view of reality. As such, the perception of reality changes in-line with the nature of the 

beholder. For example, each of the following life forms has a different level of intelligence, sentience 

and sensory equipment, therefore they undoubtedly ‘see’ reality in different ways: 

 

o Bacteria 

o Insects 

o Fish 

o Birds 

o Animals 

o Humans 

o Hybrid AI 

 

In this context, we are probably less surprised that the inherent intelligence of humans expands the 

perception of reality in many different ways. For example, humans have a concept of time, i.e. past, 
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present and future, and an imagination that can create new realities in the ‘mental space’ of our 

minds. 

 

So is the extension of reality to encompass AR so strange? 

 

Today, we understand that people ‘get lost’ in a world created by a novel or that some people believe 

deeply in an existence beyond the material universe. Certainly, it would appear that there might be 

more to reality than meets the eye. 

 

What about the total immersion of a life within AR? 

 

Without some further rationale, this question may start to push the boundary of our comfort zone. 

Clearly, there might be some who would be concerned that a person totally immersed in AR was 

trying to hide from some of the harsher realities of life.  

 

Is a harsh reality, a happy reality? 

 

However, before debating the more philosophical issues of AR, let us again first consider the 

technical feasibility, the timeframes and social impact of AR to see whether it is even likely. 
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10.1 The Evolution of Reality 

 

The marketing of technology itself can sometimes seem like a product of an alternative reality, leading 

the actual delivery in the ‘real’ world by many years. However, the foundations of the technologies 

that could eventually lead to AR are starting to be laid down. Of course, much of the technology 

involved in AR is similar in scope to that already outlined in connection with AI, i.e. 

 

o Scanners 

o Neuroscience 

o Computer Science 

o Neural Networks 

o Nano-technology 

o Brain Implants 

 

For this reason, we will concentrate more on the development of existing VR technology towards the 

concept of AR, in which entirely new types of reality could be created. Therefore, let us start by 

defining some different types of reality that technology could create: 

 

o ‘Virtual Reality’ in its most basic form, it is a model of an existing environment that can be 

projected onto one or more of the senses.  

 

o ‘Augmented Reality’ enhances a view of reality by adding information or objects that do not exist 

in the original environment. 

 

o ‘Released Reality’ frees reality from the normal laws of physics, e.g. time can be reversed or 

gravity suspended. 

 

o ‘Artificial Reality’ can, in principle, be whatever the imagination wants, inclusive of any feature 

from the other types of reality. 

 

However, having made this distinction, we will mainly consider augmented and released reality as 

essentially extended options within the broader definition of VR and AR.  
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10.1.1 The Beginnings of a New Reality 

 

The beginnings of VR can be traced back over fifty years to the early development of flight simulators, 

which were designed to help reduce costs and the training time of pilots. However, these early 

simulators were primarily mechanical systems that could only project a relatively poor illusion of flight. 

In 1965, a paper entitled ‘The Ultimate Display’ described the computer as ‘a window through which 

one beholds a virtual world’. Later, several new terms were added to the VR vocabulary including: 

 

o Virtual Cockpits 

o Virtual Environment 

o Virtual World 

 

However, by the start of the 1990’s, the term ‘Virtual Reality’ had consolidated to infer a 3-D graphical 

environment with stereo viewing goggles and reality gloves, which could create the experience of 

being immersed within the virtual environment.  

 

Figure 60: Virtual Reality 

 

Not surprisingly, much of the development of VR has run in parallel with the developments in 

computing and the Internet, but each of these technologies could now be converging towards weak AI 

and ultimately AR: 

 

o Computing: the processing power 

o Internet: the global access mechanism 

o Virtual Reality: the interactive process 

 

Collectively, these technologies have developed over the last 10-15 years to a level of maturity where 

thousands of applications for VR are now being dreamed up every year and which may eventually 

help fund the future development of AR: 
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o Architecture and Construction: 

Today, a building can be created in VR while still in the design phase, allowing both architect and 

client to experience the structure and make changes before construction begins. In the future, AR 

might not only allow people to see the structure, but hear sounds from within it, feel its textures, 

and experience its fragrances.  

 

o Art: 

Even today, it is possible to take a VR visit to a number of actual art galleries and museums via 

the Internet. In the longer term, AR may start to change our concepts of art through its ability to 

extend the degree of interaction. For example, instead of a painting just being appreciated as a 

visual experience, a person could ‘step’ into the painting, in order to ‘touch and feel’ the world of 

the painting. 

 

o Business:  

Many businesses need to visualise trends, e.g. rising costs, falling prices etc. In the past, it would 

have taken a sharp eye to interpret this information from a hand-written ledger, while in contrast 

such patterns can be readily seen when presented graphically. The potential for VR and AR, in 

combination with AI systems, may allow people to design their own virtual offices or market 

places, which can be accessed at any time or place. Of course, in the context of AI, a cautionary 

footnote is necessary in that many business applications could become completely automated, 

avoiding the need for any significant human participation.  

 

o Disabilities:  

When access to ‘physical reality’ is difficult, VR can be both an aid and an escape. Although still 

at an early stage, there are many applications being aimed at people with disabilities that might 

allow them to experience the wider world, which they may not be able to explore themselves, due 

to either physical or mental limitations. In the future, AR may be able to replace their confinement 

in physical reality with an alternative reality in which their disability does not exist. 

 

o Education and training: 

The importance of VR in education and training can probably be summed up by sayings like 

‘seeing is believing’ or ‘a picture paints a thousand words’. VR has the ability to bring information 

to life by allowing interaction with the subject, be it the macroscopic universe of galaxies or the 

microscopic universe of the atom. Equally, VR can create virtual classrooms and libraries that 

extend the opportunity to learn to others who would otherwise be denied. 

 

o Engineering: 

The historical link between VR and the aerospace industry has now extended beyond flight 

simulators into the very engineering processes that build modern aircraft. The Boeing 777 was the 

first aircraft to be designed and tested using VR technology. The ability to build and test any 
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product in VR, prior to physical manufacture, is a cost benefit that few major industries can afford 

to ignore. 

 

o Entertainment: 

There is now a generation that has grown up with interactive video games. While not all of these 

games have VR interfaces, they do effectively allow people to immerse their imagination in an 

alternative reality. Some recent statistics show that some people are logging up to 50 hours a 

week on interactive games, which means that nearly 40% of their waking lives is already 

immersed in an alternative reality. You might be thinking that they need to ‘get a life’, but they 

have a life; it is just in a different reality to yours. 

 

o Marketing: 

As implied on several occasions, marketing departments have always understood the need to 

create a virtual reality in order to sell their products. Finally, technology may have caught up with 

their ideas. To be serious, customers can be invited to see products in VR at an early stage of 

design to solicit reaction and carry out modifications that are of benefit to both the company and 

customer. 

 

o Medicine: 

The potential for VR in medicine is enormous, from the training of new doctors through to virtual 

doctors that provide a personalised ‘human facsimile’ through which a patient can unknowingly be 

communicating with a centralised medical AI expert system71. 

 

o Military: 

The following quote, taken from a sixth century military strategist, also encapsulates the modern 

military dilemma; ‘Many men can see how a battle is won by tactics, however few can see the 

strategy by which victory is achieved’. In the future, every aspect of warfare could be practiced in 

simulation before being conducted in a real-world situation. Simulations will become so real, it will 

become impossible to distinguish the real from the simulated. We can only hope that wars are 

eventually confined to AR. 

 

o Religion: 

The film industry has long been used to conveying the emotional power of religious conviction. If 

VR and AR could create a reality in which ‘miracles’ could actually be experienced, then it is 

probable that this application will be eventually exploited. 

                                                 

71 2013: A recent study of 6,500 UK men and women aged over 52 found that being isolated from family and friends was 

linked with a 26% higher death risk over seven years. Equally, a growing numbers of the elderly and disabled are being 
limited to ‘flying’ visits from social services that last just 15 minutes. Might a conversation with a friendly face, even if it 
existed in artificial reality help in some of these cases? 
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o Sex: 

At the other end of the spectrum, the sex industry has been very quick to exploit the potential of 

the Internet. In fact, reports suggest that much of the revenue from next-generation 

telecommunications is derived from this single source. Today, there is already a company selling 

a ‘cybersex machine’, which when linked to multimedia video, offers a pseudo-VR sexual 

experience. Given the emotional power of this facet of human nature, it is probably safe to 

assume that AR would also exploit this market.  

 

Although attempting to keep the details of each application brief, it can be seen that the scope of 

today’s growing list of VR applications is already very broad. As such, it can be argued that we 

already live in a world that is starting to embrace an extended concept of reality. It is difficult to see 

how the technical advances associated with AI will not simply expand this concept even further. 

 

10.1.2 The Building of Virtual Reality 

 

As always, but especially given the nature of this topic, we need to remind ourselves to do a ‘reality’ 

check. Therefore, it is important that we try to understand some of the technical complexity associated 

with current VR developments, so that we might better comprehend the extreme difficulties associated 

with future AR systems.  

 

10.1.2.1 Types of VR Systems 

 

We have described AR as having an ability to override normal sensory input to the extent that it 

effectively replaces our existing perception of physical reality. Clearly, the technology to do this does 

not exist today; therefore VR systems use a number of different methods that require a little more 

imagination in order to enter virtual reality.  

 

o 2-D Visual Systems: 

For practical reasons, inclusive of cost, many VR systems run on desktop PCs or gaming 

consoles and present the interface to the virtual world via a conventional monitor. The user can 

still interact and control events in VR, but the level of immersion into VR depends on your 

imagination. 

 

o 3-D Visual Systems: 

More sophisticated VR systems use Head Mounted Displays (HMD) that help the user to feel 

more immersed in the world being projected in 3-D. 
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o Telepresence: 

To some extent, telepresence is a specific variant of VR in which the reality being projected exists 

in the physical universe, but is being remotely experienced through robotic sensors via the VR 

system. Such systems may be either 2-D or 3-D in nature. 

 

o Mixed Reality: 

These systems extend our normal definition of VR to include ‘Augmented and Released Reality’. 

In this form of reality, computer-generated simulations enhance the ‘real’ world. 

 

10.1.2.2 Technical Overview 

 

In practice, due to cost and technical constraints, VR systems are still trying to develop towards a 3-D 

graphical environment with stereo viewing goggles and reality gloves. However, irrespective of the 

input-output (I/O) devices, the real complexity lies within the internal architecture: 

 

o Input Process 

o Simulation Process 

o Rendering Process 

o World Database 

 

Again, we will only try to give a general state-of-play update of the progress being made in each area. 

However, today, it is probably true to say that cost and processing power are still the key issues in 

market acceptance of VR systems. However, if the uptake in video game consoles over the past 10 

years is reflective of the potential for general VR solutions, development will not only continue, but 

also accelerate72. Equally, the development of faster processors and weak AI systems can only 

improve the feeling of immersion within VR. 

 

o Input Process: 

This process controls the devices used to input information into the VR system. Currently, there is 

a wide range of possible input devices, such as keyboard, mouse, trackball, joystick and 3-D 

position trackers in the form of gloves, wands and even body suits73. Voice recognition systems 

are also being used to augment VR systems, which frees up the hands for other tasks.  However, 

today, due to processing overheads the input devices still have to be kept relatively simple.  

                                                 

72 July 2012: A series of new reports from DFC Intelligence forecasts that the global market for video games is expected to 

grow from $67 billion in 2012 to $82 billion in 2017. 

73 2013: The last 10 years has seen the addition of motion sensors and camera recognition software. For example,  the 

CAVE Automatic Virtual Environment is a virtual environment in which a person is fully immersed and takes the form of a 
cube-like space in which images are displayed by a series of projectors. A main feature of this system is interaction that 
takes place using a variety of input devices now called a haptics device, which allow a person to interact with objects by 
pulling, twisting or gripping by means of touch. The ability to do this is known as haptics. 
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o Simulation Process: 

This process handles actions and interactions of objects and, as such, enforces the physical laws 

of the VR universe, be they real or imagined. A simulation is essentially a discrete process, 

repeated for each frame of the reality being generated. Not surprisingly, when the simulation is 

extended onto a networked VR application, multiple simulations have to run on different 

machines. As a consequence, synchronisation of these independent processes can be a complex 

task. Finally, it is the simulation process that interprets the user input and determines the resulting 

actions that will take place within the virtual world. 

 

o Rendering Process: 

The rendering process creates the sensory outputs to the user. Essentially, there is a separate 

rendering process for each sense being supported, e.g. visual, auditory, touch etc. However, 

these rendered outputs have also to be synchronised with the overall ‘world state’ as determined 

by the simulation process for each frame of virtual reality. 

 

o World Database: 

As can be imagined, the storage of information about all the objects within the virtual world is a 

major part of the design of a VR system. Invariably, the concept of a World Database is required 

in order to store all the information relating to the objects that inhabit the virtual world, i.e. these 

rules describe the effects and permissible actions of each object. 

 

However, as the saying goes ‘the devil is in the detail’ and we need to extend our overview 

description to include some details, which the designers and developers of VR systems are currently 

trying to overcome: 

 

o Objects: 

Objects in VR can, in principle, have just as many attributes as objects in the physical world. 

However, the basics are geometry and position. Of course, the capability of an object can have a 

significant impact on the structure and design of the overall VR system.  

 

o Lighting: 

Given the importance of the visual sense, the lighting within the virtual world is critical to any 

perception of reality. Generally, lighting is either ambient or localised and may have the attributes 

of position, distribution, colour and intensity. Of course, the more complex the light source(s), the 

more computation is required to simulate its effects.  

 

o Object Behaviour: 

Typically, in order to make VR interesting, objects require a dynamic behaviour. This behaviour is 

often defined by action scripts, which are collectively referred to as ‘World Scripting’. 
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o Modelling and Simulation: 

There are several methods in which the world is modelled and subsequently simulated, e.g. 

procedural and mathematical. Unfortunately, most methods are complex and time consuming, but 

this could be an area in which weak AI could provide some degree of automation require to 

support real-time simulations. 

 

As a generalisation, the design of VR systems needs to be specified as any other computer system, 

i.e. in terms of its requirements, functionality, design, implementation and testing. However, it can also 

be seen that VR systems are going to run into the same problems as any other large computer-based 

system, i.e. complexity and errors. It was suggested earlier in connection with the development of 

computer intelligence that a number of developments may occur that help to alleviate these two key 

problems: 

 

o New Design Methodologies 

o Software Automation 

o Weak AI Self Learning 

 

Clearly, cost and processing power are also an issue, but the analysis seems to suggest that 

significant progress will continue in these areas. Today, VR systems also require a range of specialist 

hardware to assist in the production of the overall system, e.g. 

 

o Image Generators 

o Manipulation and Control Devices 

o Stereo Vision 

o Head Mounted Display (HMD)  

  

In the longer-term, the evolution of VR into AR may by-pass some of these requirements through the 

development of the brain-computer-interface. However, this approach will clearly create new problems 

and may eventually lead to new fields of science being developed74. 

 

  

                                                 

74 May 2013: The following extract was taken from an article entitled the ‘The Future of Gaming’: 

“Gaming as a hobby evokes images of lethargic teenagers huddled over their controllers, submerged in their couch 
surrounded by candy bar wrappers. This image should soon hit the reset button since a more exciting version of gaming is 
coming. It’s called neuro-gaming, and it’s riding on the heels of some exponential technologies that are converging on each 
other. Many of these were on display recently in San Francisco at the Neuro-Gaming Conference and Expo; a first-of-its-kind 
conference whose existence alone signals an inflection point in the industry. Conference founder, Zack Lynch, summarized 
neuro-gaming to those of us in attendance as the interface, “where the mind and body meet to play games.” 
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10.1.3 The Requirements of Artificial Reality 

 

Given the growing number, and scope, of extended reality applications it appears that certain sections 

of society will continue to embrace VR, especially if the technology becomes more cost-effective. If 

so, the general acceptance of artificial reality (AR) may not be the key issue, but rather the perception 

of the invasive nature of the AR technology and its wider implications on society.  

 

 

 

Figure 61: Requirements of AR 

 

Figure 61 is a just a collage of possibilities associated with AR, which we need to understand and 

justify. However, given the level of speculation associated with some of these concepts, it is probably 

sensible to first introduce just the key components: 

 

o Neural Implants: 

Given that we have already discussed the concept of a brain-computer-interface (BCI), based on 

the combination of both neural and prosthetic implants, we will continue to use this basic model 

as the means by which people may initially connect to AR. 
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o Physical Systems: 

Irrespective of any philosophical debate about our current perception of physical reality, we have 

to accept this perception as our starting point for the construction of any other reality. Physical 

systems PR-1 and PR-2 in Figure 61 are representative of enormously powerful computers, at 

least by today’s standards. In practice, there could be hundreds of these systems around the 

world, and in space orbits, interconnected by a global network75, which provide the ‘World 

Database’ and synchronises the interconnection of global AR objects. However, while not 

explicitly shown in Figure 61, the physical systems could also have a distributed AI/AR system for 

each person connected to the overall AR network. As such, the local systems could handle the 

I/O processing associated with each BCI plus the local simulation and rendering processes.  

 

o Reality Simulations: 

Again, using Figure 61 as our frame of reference, the diagram is trying to reflect three distinct AR 

simulations in progress. The top left is a collective reality of space exploration being shared by 

three individuals. In practise, the input could be simulated or being received from a robotic drone. 

In contrast, on the top right hand side is an interactive simulation that allows a person to 

experience travelling to any part of the world. This type of application would allow people to travel 

for both leisure and business and provide real-time interaction with other people on the AR 

network, as permissible by the rules of the ‘World Database’. Finally, the bottom left, is a personal 

reality of reflective mediation that would ensure a person is left undisturbed. In a world of 15 

billion, this form of escape from the pressure of the day-to-day world may become increasingly 

essential. 

 

10.1.3.1 Partial and Full Immersion 

 

Even before the written word, people used to tell stories by word of mouth. So, to some extent, people 

have always had the capability to extend physical reality through their imagination. Of course, while 

books extended the breadth and accessibility of storytelling, the development of photography and 

films, in the form of the ‘movies’ and ‘talkies, extended the sense of realism. Throughout the 20th 

century, new developments have continued to heighten this sense of immersion in another reality: 

 

o Cartoons 

o Stereo and surround sound 

o 3-D, I-Max 

o Game Consoles 

o VR and simulators 

 

                                                 

75 There is a reluctance to use the term ‘Internet’ because the current philosophy of its design is based on ‘best-effort’ data 

delivery, which is inappropriate for the AR applications under consideration. 



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 266 ©Copyright 2004  

In principle, we have already discussed the possibility that neural and prosthetic implants could allow 

the information streaming into our senses to be manipulated or even completely overwritten. If true, 

AR could develop the ultimate sense of immersion by replacing our existing perception of physical 

reality. At this point, some of you might be thinking that it is one thing to escape into virtual reality for a 

few hours, but a completely different thing to ‘emigrate’ into AR. In fact, we can use the term 

‘emigrating into AR’ as an insight to how people may react to the prospect of entering a new reality: 

 

o Full Immersion: 

In the past, people who emigrated to distant and foreign lands were often taking a one-way trip to 

a new reality and leaving behind everything and everybody they ever knew. Emigration meant 

that they had to fully immerse themselves in a new reality of a distant and foreign land. So while 

such journeys were not taken lightly, circumstances or human nature drove many to do so.  

 

o Partial Immersion: 

Today, most people who emigrate retain the option to board a plane and return to their place of 

origin. In a similar fashion, partial immersion is the ability to return to a previous reality at any 

time.  

 

While this analogy may give us an insight into the fact that people will accept radical change, it is 

slightly misleading in that even full immersion in AR does not necessarily mean that physical reality is 

lost. However, we will expand how different modes of reality could interact later in the section. The 

other important aspect of AR acceptance may be that it is not the primary motivation for changing life 

styles, but more of a by-product of AI evolution. For example, some people may accept the brain-

computer-interface for the reasons associated with the evolution to Homo Cyberneticus. If so, they 

would also have implicit access to partial AR in that their new reality could be constructed from 

augmented and enhanced sensory information. Equally, we have discussed how circumstances may 

compel some people down the path towards Homo Hybridus and Homo Machinus; in which case, the 

transition to full AR may be a more natural outcome. The following items are just some of the reasons, 

which may eventually motivate individuals down this path: 

 

o Faced with the prospect of either a terminal illness, the loss of the quality of life or simply new 

social demands, some people may accept prosthetic upgrades that allows access to AR features. 

 

o Some people may accept prosthetic upgrades in the hopes of an increased life expectancy. If so, 

they would also have access to AR features. 

 

o Thousands, if not millions, of people feel trapped within a body that does not reflect their inner 

self. AR offers them the prospect of assuming a different gender, appearance or persona. In a 

sense, AR could help some people escape the confines of a reality in which they are simply 

unhappy or downright miserable.  
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10.1.3.2 Reliability, Redundancy and Immortality 

 

In the longer-term, the acceptance of any form of AR may depend on the degree of realism that can 

be produced and reliably maintained by the AI/AR systems. Therefore, we need to turn our attention 

towards some of the practical issues, which may present major obstacles to people accepting AR. 

Today, in the design of telecommunication networks, there is a concept called five nine’s, which 

corresponds to a reliability of 99.999% or 6 minutes of downtime per year. However, in the context of 

AR and AI systems, availability may have to effectively approach 100% with no loss of data. While we 

recognise that we are already dependent on technology, AI and AR could dramatically increase this 

dependency to a level where life itself might be immediately threatened if any critical component fails. 

 

 

 

Figure 62: AR Reliability and Redundancy76 

                                                 

76 2013: The diagram above is illustrative of present-day network design and an approach that might become obsolete by 

technology advances. However, it is difficult to imagine any technology becoming 100% reliable or immune to damage or 
attack. Therefore, the issue of both network reliability and redundancy may always be an issue and one that the current  
Internet is now struggling to resolve. 
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In a sense, this is almost a contradiction of the suggestion that AI could attain a degree of immortality 

by preserving the essence of a person in digital form, if that technology fails and digital data were lost. 

We will now use Figure 62 as a frame of reference to discuss some of the implications of reliability 

and redundancy: 

 

o Reliability: 

The reliability of a system is based on the probability of failure. However, the amount of downtime 

of a single system is a function of the number of failures multiplied by the time taken to repair or 

replace the system. The most effective way of reducing downtime is to have a redundant system 

waiting to taking over as soon as the primary system fails. 

 

o Redundancy: 

There is another important consideration linked to redundancy. Even if a single system were 

incredibly reliable, it can still be destroyed by a local disaster, e.g. fire or flood. If the redundant 

system is physically located in a different geography, the likelihood of the same disaster effecting 

both primary and secondary systems is remote.  

 

Even in our relatively simple configuration of Figure 62, it is clear that these concepts can introduce 

considerable complexity and cost. However, it also highlights that certain ‘components’ of the system 

may be essentially unique and therefore cannot support the concept of a backup. 

 

o Level-1: 

Within the hierarchy of the illustrated system, hybrid AI (P1 & P2) sits at Level-1. As such, these 

systems are essentially unique individuals to which it is impossible to apply the concept of a 

redundant backup. Even if the concept of redundancy could be applied, this would raise the moral 

conflict of creating a duplicate individual. This leads to the conclusion that AI immortality may only 

be protected by the reliability of its prosthetic anatomy or the good fortune to avoid any disasters, 

natural or man-made. 

 

o Level-2: 

It has been suggested that the evolution of Homo Cyberneticus could effectively augment 

humanity by providing access to a third brain lobe, i.e. an AI computer. As such, these systems, 

e.g. AR-P1 and AR-P2, are extensions of the AI individual. Of course, it is possible that this 

processing could be collocated within the prosthetic anatomy of AI, but could still have a 

secondary redundant system accessed via a wireless communications link. In the case of death 

or destruction of the AI individual, the secondary system could provide sufficient backup 

information so as to allow an AI avatar to be constructed, in which case a degree of immortality 

could be maintained. In the case of AR, the level-2 system would also be responsible for the local 

AR simulations and rendering processes synchronised to the world databases at Level-4. Without 
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backup, failure of these primary systems could cause partial or total failure of that individual’s 

perception of reality. 

 

o Level-3: 

Within the speculative hierarchy of our system, level-3 provides a coordinated and shared AR 

environment for a group of individuals. As with any hierarchical system, the higher a system is 

within the hierarchy, the greater the implications of its failure. Therefore, such systems have to be 

protected by both reliability and redundancy. The advantage of centralising these systems is that 

they can be maintained in more secure environments. Clearly, such systems could become the 

targets of attack and could be especially vulnerable to Electro-Magnetic Pulses (EMPs) and 

computer viruses that can cause catastrophic failure of today’s electronic computer systems. Of 

course, by the time AI systems start to emerge, they may be based on entirely new principles of 

operation; however it is equally likely that old threats are simply replaced by new threats. 

 

o Level-4: 

In general, everything said about level-3 systems will apply to Level-4 systems.  

 

To conclude, networked systems appear to be an essential component of both AI and AR 

architectures. However, networked systems are both a blessing and a curse in the sense that while 

meshed networks provide the ability to design more robust solutions that can avoid single-points-of-

failure, they can also provide multiple points of attacks. Today, there is not one single public network 

that would come close to the requirements of AI/AR in terms of reliability and redundancy77. 

 

  

                                                 

77 2013: Based on only a quick survey of articles, it would seem that most discussion related to the ‘Future of the Internet’ 

are primarily extrapolation of existing technology some 10-20 years into the future, at most. While these ideas may be 
sufficient to maintain the development of VR for a while, they will not be adequate for AR as being described. Certainly, we 
might  expect an increase in wireless technology, ultra-broadband optical fibre  and security encryption plus a general  
overhaul of the many communication protocols now in use. However, the idea of best-effort delivery of data will require a 
more fundamental rethink of the present-day global one-size-fits-all publicly accessible Internet. By way of a personal 
longer-term prediction, it is felt that while global access will be generally retained, the Internet will become far more 
hierarchical in terms of service, reliability and security. This tiered segregation will be met by some resistance from idealist 
who perceive the political and social benefits that the Internet initially brought about. However, as the dependency and 
requirements on a network infrastructure continus to grow, the Internet  will become ‘fragmented’ by highly sophisticated 
AI portal firewalls that protect and define the boundaries of specific national and commercial networks to which general 
traffic will be prohibited. The type of applications on these tiered networks will require specific point-to-point encrypted 
connections with a guaranteed throughput on both the primary and redundant paths. The overall maintenance of these 
application-specific networks will be managed and protected by highly sophisticated AI system, which in-turn will be subject 
to redundancy cross-checks to ensure the operational integrity and efficiency of the network  as a whole.  
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10.1.3.3 Modes of Reality 

 

So far, the discussion of AR may have given the impression that AR existence means isolation from 

physical reality. While this could be the case, there is no reason why artificial reality cannot be a 

composite of all types of reality, i.e. both physical and virtual. In fact, it is clear that life in AR will 

always remain dependent on systems that reside only in physical reality and, as such, might fail 

without real-world maintenance. Therefore, although we might perceive that AI robotic drones could 

do much of this maintenance, it is assumed that any intelligent being would retain the requirement to 

access all levels of reality, as and when required.   

 

 

 

Figure 63: Modes of Reality 

 

At this stage, the different modes of reality are just speculation, however it is assumed that the ability 

to transition between these modes, in a manner reflective of the social etiquette of the day, would be 

an important requirement. In this respect, Figure 63 is only illustrative of the lines of communication 

and transitions that could exist between potential modes of reality. At the most fundamental level, 

there are two primary modes of realities: 

 

o Physical Reality (PR) 

o Artificial Reality (AR) 
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One major difference between these modes of reality may be the fact that AR is dependent on PR, 

while the opposite is not true. Of course, philosophically it could be argued that all intelligent thought, 

including the perception of PR, exists in mental space and so PR only exists by virtue of AR. 

However, it is not clear that this circular argument gets us anywhere and, in practise, the boundary 

between these realities could be effectively seamless to AI. Therefore, we will run with the assumption 

that there is a physical embodiment of both technology and biological systems in PR on which AR 

depends. Equally, all other modes of reality are simply the way in which PR and AR activities are 

allowed to overlap: 

Table 13: Modes of Reality 

 PR/AR AR 

Interactive Mode-1 Mode-2 

Immersed Mode-4 Mode-3 

   

PR/AR: Physical presence in both PR and AR 

AR: Physical presence in AR only 

Interactive: Operates across PR/AR boundaries 

Immersed: Immersed in AR only 

 

The mode permutations outlined in Table 13 are not intended to be definitive, but simply reflective of 

some of the fundamental possibilities being shown in Figure 63.   

 

o Mode-1: PR/AR; Interactive 

In this mode, participants can interact with objects and people in both PR and AR and, as such, 

this reality is comprised of both PR and AR. In Figure 63, AR-1 defines the scope of a simulated 

reality shared by AI-1, AI-2 and AI-3, however these individuals are hybrid AI and therefore have 

a physical presence in PR. In this context, the scope of AR-1 may be little more than the ability to 

augment physical reality, although the option to become more immersed in AR is available. 

 

o Mode-2: AR only; Interactive 

The main difference in this mode is that the participants, as defined by AI-4 and AI-5, do not have 

any effective physical presence in PR. However, these individuals are still interactive in the sense 

that they can communicate with other individuals in both PR and AR. In fact, although the 

perception of reality is now being totally defined by AR-2, this simulation could include real-time 

modelling of PR. In Figure 63, it can be seen that AR-1 and AR-2 are connected by a dotted line, 

which is indicating that there is some shared overlap of these simulated realities. For example, 

the individual AI-4 supports several alternative persona or avatars and chooses AI-4a when 

talking to AI-3 in another AR. In this case, the overlap of two different AR simulations may be as 

simple as a coordinated voice-only call or a more complex interactive meeting in a single AR 

environment shared by both AR-1 and AR-2.  
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o Mode-3: AR only; Immersed  

This may appear to be quite an extreme mode of reality in the sense that AI-6 has no physical 

presence and lives totally within the reality created by AR-3. Of course, there could be either 

medical or social reasons why AI-6 is fully immersed in this way, although this AR could be 

populated with all manner of simulations of people and animals, even magical make-believe 

characters, e.g. S-1. 

 

o Mode-4: PR/AR; Immersed 

In this mode of reality the telepresence robot provides the access to PR. However, AI-7 may be 

as fully immersed in AR as AI-6 in mode-3, but with the caveat that it retains the ability to access 

PR via the robotic extension R-1, as and when required. Both AI individuals and AI simulations, 

as per S-2, could populate this reality. 

 

Clearly, the definition of these modes of reality is neither rigorous nor absolute. However, it is hoped 

they provide a sufficient framework within which we may now consider how AR might develop in 

conjunction with AI technology, the timeframe in which it may occur and the social changes required 

for its acceptance. 

 

10.1.3.4 Transitioning towards AR  

 

While AR has its historical roots in VR technology, the projected integration of man and machine 

required by AR means that the future of AR might become more entwined with the evolution of AI. 

Today, there is every indication that technology will continue to pursue the goal of AI; although it is far 

from certain that it will succeed, especially in the context of strong AI. However, to some extent, we 

have by-passed the issue of strong AI by considering the evolution of hybrid AI in a stepwise manner. 

While the technical feasibility of this approach is still beyond present-day technology, there is good 

reason to believe that progress can and will be made in the following important areas: 

 

o Increased processing power 

o Neural networks and weak AI 

o Neural and prosthetic implants 

 

So, in the context of the evolutionary model we have created, AR could emerge in conjunction with AI. 

For this to occur, not only would the technology listed above have to develop, but also the concept of 

distributed systems or networking. However, this approach would be a major departure from the 

current blueprint of all higher forms of biological life, which are essentially self-contained entities, at 

least, in terms of their mental processes and physiology being collocated. Of course, arguments can 

be made that this self-containment is limited, as all animals have a critical dependency on external 

resources, such as air, food and water. Equally, it can be argued that many animals, especially 
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humans, are also critically dependent on social networks; without which they would not have won the 

initial battle for survival. While hybrid AI could follow the ‘stand-alone’ model by collocating additional 

micro-processors within the brain, many of the key features of AI and AR would be lost, because they 

are dependent on the ability to distribute and access information on a global scale. Clearly, huge 

advances have been made in network technology, but the issues of reliability and redundancy, as 

introduced earlier, would have to be fully addressed. 

 

Would you be prepared to distribute your intelligence and ability to function across today’s Internet? 

 

The reason for raising this issue in this way is because it could have a fundamental effect on how AI 

and AR might evolve and also influence the social environment in which this evolution might take 

place. Today, the concept of the Internet as a global network, accessible to all, is seen as one of the 

technical achievements of the 20th century. However, the global cohesion of the Internet, as 

apparently provided by the WWW is, in part, another illusion that belies the reality of its physical 

implementation. In system terms, the Internet is a best-effort network of many un-vetted systems that 

can give no guarantees about reliability or the integrity of its security.  

 

But surely these are just technical issues that can be solved? 

 

Of course, improvements can and will be made, as new business applications demand better quality 

of service and security guarantees, but this will come at a cost. Equally, it is one thing to risk your 

account PIN number on the Internet, but whether you would risk your existence may be an entirely 

different matter. 

 

So how does this affect the evolution of AI and AR? 

 

For AI and AR to become dependent on networks, these networks must be totally reliable and secure 

from attack. It is not clear that this will ever be a cost-effective goal of a public network infrastructure. 

If so, the features of AI and AR discussed would only develop on secure, private and possibly 

localised networks. Again, exclusivity could develop based on the ability to pay or by putting these 

networks out of the reach of mere mortals or, at least, the poor malicious mortals78,79,80,81.  

                                                 

78 June 2010: Advocates of Internet safety urged the US Congress to ensure that obscenity laws are enforced so that 

children are not exposed to pornography. They claimed that because obscenity laws have not been upheld or enforced, 
illegal adult pornography has flooded and polluted the Internet. 

79 2013: Today, the fear of teenagers hacking into systems, just for the fun of it, has broadly given way to the recognition of 

a far more serious threat of state-sponsored cyber-attacks and organised crime syndicates 

80 2013: We might also recognise the desire of an increasing number of ‘mere-mortal’ to flood the public Internet with the 

details of almost every facet of their lives via an myriad of social media apps. 

81 2013: At some point, the safety and growth of a nation’s infrastructure, e.g.  utilities and commerce, may demand a far 

more strict segregation of the Internet into public and private quality of service demands.  
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With some of the previous thoughts in mind, let us now review the implications of the different ‘modes 

of reality’ we have associated with AR in the wider context of social acceptance.  

 

o Mode-0: PR/VR; Interactive  

We did not discuss this pre-AR mode, but it represents the situation today. Homo Computerus 

can augment its physical reality (PR) with interactive virtual reality (VR). In terms of social impact, 

interactive video gaming has already grown into a multi-billion dollar business that is now starting 

to rival the film industry in terms of the amounts spent on production and subsequent revenues. 

While this revenue is specifically linked to the entertainment industry, it will undoubtedly benefit 

VR applications in other market sectors. Overall, there appears to be no major obstacle to the 

continued growing social acceptance of VR applications, especially as younger generations, 

brought up en-masse on video games, start to assume the positions of decision-makers across all 

industries. Of course, there is still a need for VR technology to improve, but developments in 

weak AI systems over the next few decades could help in the production of VR in almost every 

aspect. In fact, VR could develop to such as extent that it becomes one of the major social 

catalysts behind humanity’s desire to fuse PR and AR in the form of Homo Cyberneticus. 

 

o Mode-1: PR/AR; Interactive 

We have linked the evolution of Homo Cyberneticus to the development of sophisticated neural 

and prosthetic implants that allow sensory information to be intercepted and inserted. If this point 

is ever reached, the potential to superimpose AR on PR could become feasible, although at the 

same time, the concerns about uploading and downloading prosthetic information via a wireless 

channel become more apparent. Of course, initially this information may only provide minor 

augmentations to PR, rather than replacing it, therefore loss of AR information would not 

necessarily be life threatening. In addition, network procedures that allow the source of 

information to be authenticated and encrypted, could be further developed. In these terms, AR 

becomes a by-product of AI evolution, but one that could start to enhance the perception of reality 

in some sections of society. While, from the current social perspective, this mode of reality would 

seem very different, PR could still remain the primary reality and therefore hybrid AI could also 

remain actively involved in PR society, if allowed to do so. However, the step from Homo 

Computerus with VR to Homo Cyberneticus with AR may be potentially the most difficult one in 

our AI paradigm. It is acknowledged that this evolutionary step may be one that few individuals 

initially want or are able to take; therefore it is possible that Homo Cyberneticus society would 

have to develop outside normal Homo Computerus society, at least, in the initial stages. Later, if 

the technology delivers even some of the AI/AR possibilities discussed, numbers could grow to a 

level whereby Homo Cyberneticus becomes a significant and influential minority. Of course, it is 

important to bear in mind that Homo Computerus society, augmented by next-generation VR, may 

be closer to Homo Cyberneticus society than it is to present-day society. 
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o Mode-2: AR only; Interactive 

While the implication of an existence defined by AR may seem to be an existence that abandons 

PR, this need not be the case. It is true that in this mode, a hybrid AI individual would not retain 

any active physical presence in PR, either by choice or accident. It is also equally true that 

individuals within this mode would have to rely on others to maintain their dependency on PR. 

However, this dependency needs to be put into context: 

 

Today, how many individuals are truly self-sufficient? 

 

If few, then the dependency of individuals in AR mode-2 may not be so different from any other 

individual’s dependency on the collective machinery of society. Individuals in AR-2 would simply 

depend on services provided by Homo Computerus operating in mode-0 or hybrid AI operating in 

mode-1 or mode-4. Equally, individuals living in mode-2 could communicate and have virtual 

interaction with individuals operating in PR.  

 

Why would any individual choose mode-2? 

 

In practise, some people may have little choice in the matter as a terminal illness or major 

physical disability may have trapped their conscious mind inside a physical anatomy that will 

become or is already prevented from any extensive interaction with PR. Of course, others may 

actively choose mode-2 because it could dramatically extend life expectancy and offer a quality of 

life that could never be realised in PR.  

 

Why do people immerse themselves in VR games today? 

 

In many case, they can experience sensations, albeit in a limited way with VR, which they could 

never afford or have the physical skills to undertake in PR. In principle, mode-2 could allow 

people to actually live in their fantasies. We also have to accept that many people today live very 

unhappy lives trapped inside a physical identity that does not match their mental aspirations. As 

alluded to in Figure 63, AI-4 can assume different persona in the form of avatars AI-4a and AI-4b. 

In AR, a persona could be rendered as a complete new anatomy that can be seen, heard and 

most importantly touched. As such, it would be possible to take on an outer identity that matched 

the inner identity. Of course, whether this would be healthy for the individual or society in the long-

term is another matter. However, the intention of mode-2 is not to lose contact with PR, simply 

that interaction would take place via AR simulations or PR playback that ‘feels as real’ as any 

mode of reality. 
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o Mode-3: AR only; Immersed  

In part, the selection and definitions of the different modes of AR have been made because they 

highlight distinct choices on which either the individual or society must decide. In this particular 

mode, an individual is totally immersed in AR, although it is entirely possible that the individual 

may not even be able to understand or detect the difference between AR and PR. In the context 

of our discussion of the social acceptance of AR, it is possible that some choices may be made 

on behalf of some individuals for either their own well-being or the well-being and protection of 

society. We shall consider two extremes, although both may be considered unacceptable by 

present-day standards: 

 

o Severe Mental Disability 

o Dangerous Criminal Insanity 

 

Many people are either born with, or through accidents develop severe mental disabilities. These 

disabilities can be so severe that these individual may be incapable of comprehending the 

physical reality that surrounds them. In a sense, they may have already become trapped in their 

own personal alternative reality, which they may not understand and therefore as a result may not 

only be confused, but even frightened by their perception of PR. 

  

If AR could provide a kinder reality tailored to the personal needs and capability of these 

individuals, would it be ethnically right to do so? 

 

How a person might immediately react to this question will probably depend on their existing 

beliefs and ethics. There would also be the consideration of numerous legal issues to overcome 

in respect of their human rights. However, when the conceptual debate about the ‘right to life’ 

completes, it is still a sad fact that many of these individuals often end up in long-term care 

institutions with little contact with the outside world.  

 

So, in the context of a hypothetical question, in which only the best interests of the individual are 

being considered, should mode-3 AR be rejected as a possible option in these cases?  

 

Given the sheer complexity of the human brain it is not so surprising that there are many types 

and degrees of mental disorder. Some individuals, while apparently both intelligent and rational, 

end up posing an unacceptable danger to society. Again, many of these individuals can end up in 

long-term institutions for the criminally insane. Of course, by the time that AR is even a possibility, 

medical science may be capable of directly ‘repairing’ the affected areas of the brain, which are 

causing such extremes of anti-social behaviour. However, this may only be wishful thinking and 

eventually a more humane alternative to life-long incarceration may have to be considered.  
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o Mode-4: PR/AR; Immersed 

In this final mode, individuals may again be immersed in AR, but there are several important 

exceptions. The first, and possibly most important, is that we will assume this to be a personal 

life-style choice and second, an individual in mode-4 AR retains the ability to directly access PR 

via robotic peripherals. Again, with reference to Figure 63, AI-7 has chosen to immerse itself in a 

reality defined by AR-4, but in a similar fashion to AI-4 in mode-2, can adopt different persona. In 

this case, AI-7 has a physical avatar, in the form of R-1, which is a robotic drone in PR.  

 

How is this different from mode-1? 

 

In some respects, the difference between mode-1 and mode-4 may only be one of emphasis. In 

mode-1, hybrid AI operates more as a physically embodied individual in PR, while in mode-4, 

hybrid AI operates more as a distributed individual in AR. For example, the on-going AI evolution 

towards Homo Machinus may result in little external difference between hybrid AI and a tele-

presence robot operated by hybrid AI immersed in AR. In a way, reality evolves in-line with AI to a 

point where PR and AR effectively merge to become one extended reality. 

 

So what would be the preference of AI society? 

 

In practise, preference may be based on life-style choices. However, we have discussed the 

possibility of long-term space travel in which hybrid AI is confined to a very limited physical 

environment defined by the size of the spaceship. In this case, hybrid AI may choose mode-4 in 

order to escape the confines of PR, while still retaining the ability to access any of the ship’s 

physical systems, essential to the preservation of AR. Equally, as a centralised intelligence with a 

distributed anatomy, mode-4 may offer greater protection from the harsh conditions of long-term 

space travel and accidental death because only the distributed robotic extensions are exposed to 

high risk excursion in PR. 

 

Obviously, as all our discussions have indicated, the transition towards AI and AR could take many 

different paths. Therefore, at this point in time, the goal has been to outline only a few of the potential 

future concepts and motivation, which might drive AR towards some level of social acceptance in the 

future. However, it would appear that further development of VR is almost inevitable, but whether this 

ultimately results in AR depends on the evolution and acceptance of AI. Clearly, many will not like the 

idea of AI, hybrid or otherwise. Equally, a concept like AR, which challenges our very notion of reality 

will not be accepted readily, but in truth, the expression of ‘What You See Is What You Get 

(WYSIWYG)’ may be more profound than intended. Two thousand years ago, humanity had started to 

become secure in the belief that the physical world was made in 7 days containing all the creatures of 

creation. This world was reassuringly flat and solid and the heavens moved around it like clockwork. 

However, based on the acquisition of scientific evidence, especially over the last 500 years, this view 
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of reality is now perceived as an illusion; although given the nature of the current discussion can 

anybody really question another person’s perception of reality? 

 

10.1.4 Summary 

 

In essence, we have been discussing the fact that it may not only be life that is undergoing the next 

stage in evolution, but also our very perception of reality. As humanity continues to climb out of the 

darkness of mere survival, a new perspective of reality may emerge. Yes, at one level, the universe 

may only be built of quantum probability and electro-magnetic waves, but somehow the brain is 

capable of perceiving other universes. However, up until this point, these other universes were 

restricted to day-dreams, but now AR presents the possibility of extending the notion of interactive 

reality to include many other forms of reality. Naturally, such concepts raise many fundamental 

questions: 

 

How do you define reality? 

How would you know what is real? 

 

It is suspected that the philosophers and the physicists might happily debate this type of question for 

the rest of eternity without necessarily reaching any definitive conclusions. However, from a pragmatic 

viewpoint, while reality appears to be a construct of each and every mind, there is a collective sense 

of reality. For example, we sometimes describe a person as ‘living in a world of their own’, reflecting 

the fact that they see the world in a way that differs from the collective majority. Of course, while we 

often have to defer to the majority, history suggests that the majority can be wrong. Equally, in the 

context of AR, hybrid AI could be living in a collective society that shares a common perception of an 

extended reality. If we follow this line of thought, we may have to accept that any view of reality is 

simply subjective and to some extent shaped by collective consensus. 

 

What are the dangers of building an artificial reality? 

 

In the context of our discussion, we have assumed that AR systems are dependent on the 

environment in PR. As such, events in PR could endanger life in AR and those dangers may not even 

be perceived. Clearly, the total immersion of all intelligent life in AR could be a very dangerous 

proposition. However, for the reasons outlined, it is unlikely that this would occur, the more likely 

scenario being that AI might simply want to extend the perception of PR with AR. However, there are 

many other concerns connected to AR and its effects on society that we may need to worry about; 

assuming AR becomes a possibility. 

 

Would an AR society become more integrated or more polarised? 
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The politically correct answer is that we need society to become more integrated in the sense that 

there is a healthy mixture, not only in terms of being multi-cultural, but young and old. However, in 

practise, people like to gravitate into communities that share common beliefs, values and traditions. 

Equally, many older people do not always want to be surrounded by noisy children, often preferring a 

more reflective and calm community. If people could choose any reality in which to live, it is possible 

that AR society could become polarised into like-minded communities with little reason, need or desire 

to communicate with different types of communities. However, a more fundamental issue may 

overshadow the nature of this concern. 

 

How many of the world’s population, projected to approach 15 billion by 2250, would be likely to have 

access to AI or AR technology? 

 

If, for just one minute, we assume that AI and AR is the future of humanity, then the majority of the 

world’s population could be excluded from this future. If so, the branching of small sections of 

humanity onto different evolutionary paths, as suggested by the AI paradigm could take place. 

Clearly, such issues could either cause long-term social conflict or an accelerated polarisation of 

humanity into effectively different sub-species, which live in isolation of each other. Equally, if AI/AR 

does become a selective and exclusive path, caused either by costs or politics, any attempt to project 

the general evolution of AI/AR society from present-day society may be almost impossible.   

 

So can we extrapolate anything from current AI/AR developments? 

 

Today, much of the visible research into AI is linked to academic institutions, although there are many 

applications for robotic systems and expert systems that are being developed in the commercial 

sector. Given the enormous commercial potential for weak AI systems, interest in the business sector 

will undoubtedly continue to grow over the next few decades. However, it would surprise no one, if 

there were even more AI research programmes being funded in connection with government and 

military applications. However, because the rate of change of technology is now so fast and costly, 

many military applications have to be developed using ‘off-the-shelf’ technology. As such, the leading 

edge of many technologies can now usually be extrapolated from current academic research and 

associated in-house commercial research. As a consequence, it is now more difficult to hide the 

general advances in technology within secretive programmes, of which society is totally unaware. In 

the case of AR, this is a concept that is still very much in the academic domain because of its 

dependency on neural implants. However, VR commercial applications associated with interactive 

video games are laying down many important concepts in respect to processes that may eventually 

be required by AR, e.g. 

 

o Reality Simulation  

o Sensory Rendering  

o Reality Databases 
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Today, much of the leading edge work into neural implants appears to be in the public domain and 

linked to medical applications, such as motor or sensory prosthetic implants. Some of this work is 

being made highly visible due to the direct sponsorship and involvement of some famous people, 

unfortunate enough to have been paralysed by accidents. Given the demands by many influential 

people in society for a cure for disabilities such as paralysis, deafness and blindness, much of the 

prerequisite technology required by AR may stay in the public domain. Therefore, one conclusion may 

be that developments in AI/AR do remain visible to society at large, although costs may be prohibitive 

to all except the rich and powerful. However, even if people can access AI/AR technology, there may 

still be too many implications and problems to overcome, which contrive to marginalize the 

acceptance of this technology. 

 

Would personal identity have any meaning in AR? 

 

In principle, an individual immersed in AR could project the identity of one or more avatars to suit a 

particular preference or function. If AR were capable of simulating all sensory inputs, an avatar could 

be much more than a symbolic representation of a person, as the avatar would be the equivalent of a 

‘physical identity’ in AR. While this ability to take on different persona, at will, may initially appear to 

make life interesting, it could clearly make nonsense of any accepted notion of personal identity. This 

could be very problematic because most relationships, i.e. friends, family and partners, are normally 

built on recognition and familiarity. However, on the other hand, few people are satisfied with their 

self-image and some are even unhappy about their gender. Of course, rules can always be made, 

restricting an AR avatar to the same shape and form as their original PR identity, but this might not be 

very satisfactory, as reflected in the following hypothetical questions: 

 

Should a disabled person in a wheelchair have to assume an avatar that is chair bound? 

What about a person who has lost a limb or has been disfigured? 

Should a ninety-year-old woman have to assume an avatar of the same age? 

 

In practise, there could be so many caveats and exceptions to any restrictions on AR identity(s) as to 

make control impossible. An alternative approach could be to allow the AR system to provide the 

original identity of any individual on request, irrespective of their current avatar. However, in the 

context of present-day society, we are very protective of personal information. In fact, the issue of 

personal identity could be just the ‘tip of the iceberg’ in respect to building a workable AR society. 

 

So who would determine the laws of nature and social rules in an immersed AR world shared by 

multiple individuals? 

 

Before trying to answer this question directly, let us try to get some perspective from the current world 

of interactive video games. The scope of these games is enormous, ranging from pure fantasy worlds 
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though to simulations of the ‘real’ world.  In the early days, many of these games were restricted to 

single players; later developments associated with the game console allow not only multiple players, 

but also interactive network games. Clearly, for any game to be fair, the players must agree and abide 

by a common set of rules. However, most of these games have hidden ‘cheats’ in the sense that a 

player can type in a code that then invokes super-human powers for that player. While this might be 

acceptable in a game, it is a completely different story in the context of an AR based society. Clearly, 

somebody changing the rules of reality could undermine even a society partially immersed in AR. 

 

Is there a risk that somebody could play God in AR? 

 

If somebody were immersed in AR, a very advanced programmed simulation would be generating 

their perception of reality. As such, there are two immediate risks that come to mind. The first is that 

somebody could ‘play God’ within AR by having the ability to invoke a ‘cheat’ that changes the laws of 

nature for only that individual. While these cheats could be relatively benign, such as an ability to fly, 

other abilities could be seen as a threat to other inhabitants of AR. Equally, somebody had to 

programme these cheats into the system, which leads to the second risk. Any ability to attack the AR 

system via a ‘back-door’ point of entry that could be used by a malicious person to wreak havoc on an 

unsuspecting AR community. 

 

So would there be a business case for AR? 

 

It is possible that the concept of a business case may be meaningless in the timeframe under 

discussion; however it is probably reasonable to assume that some rationale will have to be made in 

order to motivate the resources to be put into AR. Today, people can buy a commercial service in 

which their body will be frozen, after their death, in the hope that future advances in medicine will be 

able to revive them and cure any associated illness. Although this example might appear tangential to 

the AR discussion, it is reflective of a commercial market for services that can offer the hope of 

continued life. Although AR would not be directly extending lifespan, it could offer the potential for 

people to live what might in effect be multiple lives in a range of diverse universes, where the laws of 

nature could be much more benign. At face value, such a proposition might be very marketable and 

command a very high price, if the only other option facing some people was a debilitating illness or 

extended old age or even death.  

 

If lifespan were extended to 200-300 years, would people still accept the current norms of society? 

 

If we assume that lifespan could be extended by a factor of 3 or 4, it is not clear that people would 

necessarily want to stretch out the current phases of life to ‘fill out’ the extra time. While the following 

life phases are not necessarily representative of everybody, they are possibly recognisable to many: 
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Phase Years Description 

1 0-20 Maturing to adulthood 

2 20-40 Develop career, start family 

3 40-60 Career matures, family grows up 

4 60-80 Thoughts turn to retirement 

 

Table 14: Life Phases 

 

Based on this simple four-phase model, phase-1 and 2 might broadly remain the same, but phase-3 

might eventually be extended from 20 years to 200 years. Clearly, if this were possible, people may 

not be content with life repeating itself for this period of time. In this context, AR could offer the 

opportunity to use this extra time in almost any way imaginable. Of course, this does assume that they 

can afford the costs involved. This summary could have raised hundreds of such issues, but hopefully 

the issues that have been raised are sufficiently reflective of some of the problems associated with 

AR, even assuming that such technology becomes possible. However, it is probably safe to say that 

this concept will attract curiosity and as a result the consequences will have to be eventually 

addressed, if we continue down the road of AI evolution.82 

 

                                                 

82 2013: In an earlier section of this book, discussing the state-of-play and possible future of space propulsion systems, 

some of the real problems of achieving even fractional light-speed were outlined, which might be seen in stark contrast to 
the normal predictions of science fiction. While getting close to light-speed might lead to an effect of time-dilation onboard 
the moving spacecraft, the roundtrip to even the nearest star, as measured on Earth, would still take decades with no 
promise of finding an inhabitable planet compatible to human life, as currently understood. The reason for raising this issue 
at this point is because it could suggest that any ambitions humanity might have about spreading out into stars may exceed 
the ability of any practical science for thousands of years to come. If so, many may turn away from the harsh reality of 
exploring physical space  and use the technology available to explore the infinite possibilities of cyberspace. While many 
today might see this as a denial of reality, and possibly a betrayal of human ambition, it may be less important in a world 
where the definition of physical reality (PR) and artificial reality (AR) has begun  to merge. Of course, should artificial 
sentience in the form of Homo Primus eventually appear on the evolutionary horizon, then spending a few decades reaching 
the next star might be of little consequence in a life measured in millennium and where the limitation of PR can be 
augmented by AR at any time. Of course, the ultimate irony of this outcome would be that via AI/AR evolution, Homo 
Primus becomes the sentient life form that is  capable of taking up the challenge of humanity’s ambition to explore the 
wider physical universe. 
 
 



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 283 ©Copyright 2004  

11 EPILOGUE 

It is possible that science and technology may ultimately be responsible for the creation of artificial 

intelligence (AI). However, the consequence of achieving AI depends on the scope of its definition. To 

some, AI may only encompass the goal of making smarter machines; while to others AI is a process 

that could lead to the evolution of a new type of sentient intelligence. Hybrid AI aligns itself to the 

second definition and therefore may come to affect all of humanity and determine the very future of its 

existence. As a result, the goal of this book has been to present a broader discussion of some of the 

many and varied issues surrounding hybrid AI in a format closer to an open and on-going discussion. 

As such, many of the key issues discussed have not just been about AI, but the wider issues 

associated with the evolution of sentient, intelligent life and its expanding perception of the universe 

and reality.  

 

We are now just beginning to understand that what the universe is, and what the universe is 

perceived to be, can be two very different things. Just 500 years ago, the Earth was known to be flat 

and mankind was assured of its special place in creation. However, science has now created a new 

perception of the universe that is both wondrous and daunting in its apparent size, age and 

complexity. Within this new paradigm, life emerged some 3.5 billion years ago, as little more than a 

chemical reaction with a simple functional purpose to survive. It took 3 billion years for life to become 

a multi-celled organism, followed by a further 500 million years for humanity to appear. Even more 

worrying, there is no evidence to suggest that higher life forms evolved for any other purpose than to 

meet the changing needs of survival on a small insignificant planet, orbiting an equally insignificant 

star, at the edge of a galaxy containing billions of stars within the vastness of a space-time universe.  

 

On this scale, humanity can only appear small and insignificant, but we should also recognise that 

sentient intelligence may be a very, very rare phenomena in the universe. So while philosophers and 

theologians will continue to debate the purpose of life, it can be argued that what now separates 

sentient intelligence from other life is that survival, in itself, is no longer the only goal. If humanity 

accepts that its existence may be nothing more than luck within the lottery of natural evolution, 

humanity may come to accept that artificial evolution is the only practical solution to meet the 

challenges of the larger universe that exists beyond the Earth. As a consequence, it may also have to 

accept that the price of artificial evolution could be the accelerated extinction of humanity, as it is 

currently understood. However, wishing to close on a note of optimism, it is suggested that hybrid AI 

may not represent the extinction of humanity, simply the transition to the next stage in the evolution of 

sentient, intelligent life. 
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“As far as we are able to 

understand, the only aim of human 

existence is to kindle a light in the 

darkness of mere being.” 

 

Carl Gustav Jung 

1875-1961 

 

 

 



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 285 ©Copyright 2004  

12 TIMELINES & ACHIEVEMENTS 

This appendix tries to put the incredible process of evolution and technology development into some 

sort of perspective by producing comparative timelines. Four timelines have been collated: 

 

o The physical universe 

o Human achievements up to the 20th century 

o Human achievements in the 20th century 

o Human achievement in information technology 

 

As highlighted in the first timeline, the whole of recorded human history is less than 10,000 years in 

comparison to the age of the physical universe; estimated to be some 15 billion years. Therefore 

human history accounts for less than one billionth of 1% of the age of the universe. At this stage, our 

physical exploration of the expanding universe in which we live is essentially non-existent. However, 

despite the almost infinite size of the universe, the SETI programme has yet to find any ‘fingerprints’ in 

the heavens that indicates the activity of other intelligent sentient beings. Even if evidence is found, it 

is possible that time and space may effectively separate us from ever having direct contact. It is 

realised that this picture of our future is in stark contradiction to that provided by science fiction. 

However, a review of the achievements up to and including the 20th century would indicate that we are 

now on the threshold of a new era. This era may see Homo Sapien deliberately sow the seeds of its 

own extinction in order that a new type of sentient life may progress, while also extending its concept 

of reality. 
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12.1 The Physical Universe 

 

Our concept of reality is based on a physical universe that exists in space-time. Current estimates put 

the age of the universe at some 15 billion years and therefore the size of the visible universe is 

defined by the speed of light times the age of the universe, i.e. 15 billion light years in radius. Within 

the visible universe it has been estimated that some 2000 billion billion stars exist. In comparison to 

this mind-boggling definition of space-time, mankind has a recorded existence of less than 10,000 

years and has only travelled to its local Moon, just a few light-seconds from Earth.  

 

12.1.1 The Evolution of the Universe 

 

o -15*109 years:  

The Big Bang is the name give to the primordial event in the universe, estimated to have lasted 

less than 10-35 of a second. 

 

o -15*109 years:  

Universe forms and the concepts of space and time emerge. Duration of this phase is 10-6 of a 

second 

 

o -15*109 years:  

Basic elements formed. The universe is still less than 3 seconds old. 

 

o -15*109 years:  

The ‘matter era’ starts as the universe cools and fusion of matter begins to take on form. This 

phase lasts approximately 300,000 years. 

 

o -15*109 + 300,000 years:  

Stars and galaxies begin to form as matter collapses under the effects of gravity. 

 

o -5*109 years:  

Formation of the solar system and its planets.  

 

12.1.2 The Evolution of Life 

 

o -3.5*109 years:  

The earliest life forms appear on Earth 

 

o -500*106 years:  

Fish appear 
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o -440*106 years:  

First land plants appear 

 

o -400*106 years:  

First amphibians appear 

 

o -360*106 years:  

Early retiles evolve 

 

o -250*106 years:  

First dinosaurs and mammals evolve 

  

o -200*106 years:  

Early birds appear 

 

o -65*106 years:  

Dinosaurs become extinct 

 

12.1.3 The Evolution of Mankind 

 

o -1,000,000 years:  

Early man appears 

 

o -10,000 years:  

This period of recorded human history represents less than one billionth of 1% of the perceived 

age of the universe.  

 

o See subsequent timelines for details of human scientific developments. 

 

12.1.4 The Future of the Universe 

  

o +226*106 years:  

The solar system completes one more orbit around the Milky Way's centre. 

 

o +5*109 years:  

The Sun ends its main sequence of life as a red giant, growing large enough to engulf all the inner 

planets, including Earth, before condensing to become a white dwarf. 

 

o +10*109 years:  

Milky Way and Andromeda galaxies collide. 
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o +1*1014 years:  

Almost all stars stopped shining, having become brown or white dwarfs. Little or no life as we 

known could remain in the universe. 

 

o +1*1014 years:  

Planets have been dislodged from their solar systems by close encounters of stellar kind. 

 

o +1*1020 years:  

The remaining stars (brown or white dwarfs) have all either been dislodged from their galaxies or 

collapsed into central galactic black holes. Dwarf collisions cease and the last few stars stop 

shining. 

 

o +1*1040 years:  

Proton decay has left the universe with only black holes and subatomic particles. 

 

o +1*10100 years:  

The last black hole evaporates, emitting a flash of visible light in what has become a cold dark 

universe.  

 

 

Note: There is an alternative scenario in which the universe contains enough matter to collapse back 

on itself under the force of gravity. However, as yet, not enough matter can be found to substantiate 

this particular paradigm. 
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12.2 Human History of Achievements until 1900 

 

While recorded human history has been infinitesimal small in time compared to the age of the 

universe, mankind’s achievements have added both invention and understanding to the universe. As 

time passes, each generation has added to the knowledge for the next generation, and so knowledge 

has both accumulated and accelerated. 

 

o -1,000,000 years:  

Patterned tools first used by anthropoids 

 

o -400,000 years:  

Man begins to use fire 

  

o -40,000-10,000 years:  

Homo sapiens develop from Neanderthal man and fishhooks and tools made from bone  

 

o -10,000-5000 years:  

Earliest canoe paddle dated. The wheel is invented in the Tigris-Euphrates Basin by Sumerians. 

Earliest dugout canoe dated. Earliest known bricks appear in the Iranian Plateau  

 

o –5000-0 years:  

First loom made in Egypt. First man-made bridge built. Oldest known map appears in 

Mesopotamia. Southwestern Asians begin using bronze. Animal-drawn wheel vehicles. Cuneiform 

alphabet of ideogram pictures is created. Egyptians invent the first black ink. Glass originates in 

Western Asia. Great Pyramid of Cheops built at Giza, Egypt. Sickle invented by the Sumerians for 

harvesting grain. The Iron Age begins in the Middle East. The Minoans of Crete develop the first 

flush toilet. Babylonians create the first windmills, which pump water for irrigation. Chinese begin 

weaving with silk. Egyptians are the first to use the sundial. First canal built merging the Nile and 

the Red Sea. Earliest known musical notation appears in India. Gunpowder first used in Chinese 

rockets. Pharos of Alexandria is one of the first permanent light- houses built. Astronomical 

calculator. Paper first used in China. 

 

o First Millennium:  

First pontoon bridge developed to help Caesar cross the Rhine River. Egyptians develop the first 

leather bookbindings. Assyrians & Babylonians begin using the arch in their architecture. Chess is 

invented in India. Block printing is developed in Japan. Coffee's stimulant properties are 

discovered Chiao Wei-Yo develops the first canal lock. 

 

o 11-15th Century:  



THE PARADIGM SHIFTS TOWARDS AI 

 

www.mysearch.org.uk 290 ©Copyright 2004  

Roger Bacon publishes the composition of gunpowder. First public clock built in Milan. Chaucer 

publishes the Canterbury Tales. Earliest dated engraving is Christ Crowned With Thorns. First 

muzzle-loaded rifles developed in Italy and Germany. DaVinci designs the first parachute, Italy. 

The first bomb is invented  

 

o 16th Century:  

Wooden tramways, the precursor to railroads, are built in Transylvania. First known etching made 

by Urs Graf. First instance of stone bullets. Ambrose Pare, a Frenchman, begins building false 

limbs. Concrete composition publicized. Zacharias Janssen invents compound microscope in the 

Netherlands. Galileo develops the first thermometer, Italy.  

 

o 17th Century:  

Hans Lippershey of the Netherlands develops the telescope. Galileo creates the astronomical 

telescope, Italy. John Napier discovers logarithms. Dud Dudley builds first blast coal-fired iron 

smelting furnace in the UK. Inquisition forces Galileo to recant his belief in Copernician theory. 

Digital calculator, Blaise Pascal, France. Evangelista Torricelli invents the barometer in Italy. Otto 

von Guericke develops first air pump. Peter Borel develops the first formula of invisible ink. 

Pendulum clock, Christian Huygens, Netherlands. Robert Hooke builds the first universal joint. De 

Sivrac, France invents precursor of the bicycle, the “celerifere”. 

 

o 18th Century:  

Steam boilers begin to be developed. Jesuit priest Francesco de Lama publishes the idea of the 

hot air balloon. Machine gun invented by James Puckle, UK. Benjamin Franklin invents the bifocal 

lens. Steam engine invented by James Watt. M. Garsault develops the first paper patterns of 

clothing. First system of factory farming developed by Moody in Nottinghamshire, UK. First design 

for airship by JBM Meusnier. John Greenwood builds first dental drill. A Benedictine monk named 

Luzuel makes the first organ without bellows. Hot air balloon, Joseph and Jacques Montgolfier, 

France. Louis S. Lenormand uses the first working parachute, France. Phillip Vaughn in Wales 

first makes radial ball bearings. N.J. Conte introduces graphite pencils. Edward Jenner, an 

Englishman, develops first system of inoculation. 

 

o 19th Century:  

First suspension bridge, James Finley, USA. First electric arc lamp, Sir Humprehey Davy, UK. 

Richard Trevithick works on the first steam-powered locomotive, UK. Frenchman Joseph Niepce 

begins his work on the photograph. Rene Laennec develops the first stethoscope. Sadi Carnot, 

France establishes theory of the internal combustion engine. Braille invented, Louis Braille, 

France. Lawn mower invented by Edwin Budding and John Farrabee, UK. Work starts on the first 

"analytical engine" by Charles Babbage, UK. Samuel Colt invents the revolver pistol, US. The 

telegraph is invented by Samuel F. B. Morse, US. Louis Daguerre creates the direct positive 

image on silver plate in France. Charles Goodyear discovers the vulcanised rubberin US. First 
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postage stamp created, UK. Robert Thomson designs first pneumatic tyre. Ascanio Soberero 

discovers how to make nitro-glycerine, Italy. Elias Howe creates sewing machine in US. Twining 

& Harrison both work on precursors to the modern refrigerator. Elisha Otis invents a safety device 

for carrying passengers in elevators. Gyroscope invented by Leon Foucault, France. First slot 

machine developed, Denham UK. Edwin L. Drake is the first to make oil wells, US. Modern 

cigarette is developed in UK. Louis Pasteur starts development of  pasteurisation technique. 

Dynamite created by Alfred Nobel, Sweden. Christopher Sholes and Carlos Glider develop the 

first typewriter, US. JP Knight builds first traffic signal in UK. W. McGaffey develops the vacuum 

cleaner. Hippolyte Mege-Mouriez develops margarine. Pianoforte with pedals developed by John 

Broadwood, UK. John P. Holland, an American, begins work on submarines. Alexander Graham 

Bell invents the telephone, US. Thomas A. Edison develops the gramophone and phonograph. 

The French begin using the first pesticide. Electric fan invented by Schuyler Wheeler, USA. 

Electric flat iron invented by Henry W. Seely, USA. First man-made fiber invented by Sir Joseph 

Swann, UK. Edward Butler creates the motorcycle, UK. Lewis E. Waterman creates the fountain 

pen, US. Renard and Krebs build the first practical airship. Karl Benz develops automobile with 

internal combustion engine. Electric transformer developed by William Stanley, US. W. L. Judson 

develops the zipper, US. Thomas Edison is the first to show "moving pictures. X-rays developed 

by Wilhelm Roentgen, Germany. First lie-detector test developed by Cesare Lombroso. Electric 

stove invented by Hadaway, USA. Valdermar Poulsen of Denmark develops the first tape 

recorder. 
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12.3 20th Century Achievements 

 

The rate of change was never so apparent as in the 20th century. Therefore, the broader 

achievements of this unique century have been listed separately. At the beginning of the century, 

heavier than air flight had not occurred, but within 70 years, a man was standing on the Moon. 

However, for all its achievements on entering the 21st century, mankind may not necessarily be wiser. 

 

o I900-09:  

The first radio receiver received a radio transmission. James Mackenzie invents the lie detector. 

The Wright brothers invent the manned airplane. John A Fleming invents a vacuum diode or 

Fleming valve. Albert Einstein published the Theory of Relativity. Lee Deforest invents electronic 

amplifying tube (triode). Leo Baekeland invents the first synthetic plastic called Bakelite. Colour 

photography invented by Auguste and Louis Lumiere. Paul Cornu invented the very first piloted 

helicopter. Cellophane invented by Jacques E. Brandenberger. Model T first sold. 

 

o 1910-19:  

Thomas Edison demonstrated the first talking motion picture. The first tank patented by Australian 

inventor De La Mole. The Merck Chemical Company patented, what is now know as, ecstasy. 

Eugene Sullivan and William Taylor co-invented Pyrex. Radios tuners invented that received 

different stations. Stainless steel invented by Henry Brearly. Short-wave radio invented. The flip-

flop circuit invented. The arc welder invented.  

 

o 1920-29:  

Te first robot built. John Larson invents the lie detector. Insulin invented by Sir Frederick Grant 

Banting. The first 3-D movie is released. The television invented by Vladimir Kosma Zworykin. 

The mechanical television invented by John Logie Baird. Robert H. Goddard invents liquid-fuelled 

rockets.  JWA Morrison invents the first quartz crystal watch. Philo Farnsworth invents a complete 

electronic TV system. Scottish biologist Alexander Fleming discovers penicillin.  

 

o 1930-39:  

Frank Whittle and Dr Hans von Ohain both invent a jet engine. Harold Edgerton invents stop-

action photography. Germans Max Knott and Ernst Ruska co-invent the electron microscope. 

Polaroid photography invented by Edwin Herbert Land. Karl Jansky invents the radio telescope. 

FM radio invented by Edwin Howard Armstrong. Stereo records invented. Joseph Begun invents 

the first tape recorder for broadcasting. Wallace Carothers and DuPont Labs invent nylon. Robert 

Watson-Watt patents radar. Bell Labs invents the voice recognition machine. The first jet engine 

is built. Roy J. Plunkett invents tetrafluoroethylene polymers or Teflon. Igor Sikorsky invents the 

first successful helicopter. The electron microscope invented.  

 

http://inventors.about.com/library/inventors/blmotionpictures.htm
http://inventors.about.com/library/weekly/aa980311.htm
http://inventors.about.com/library/inventors/blradio.htm
http://inventors.about.com/library/inventors/blsteel.htm
http://inventors.about.com/library/inventors/bltools.htm
http://inventors.about.com/library/weekly/aa032197.htm
http://inventors.about.com/library/inventors/blforensic.htm
http://inventors.about.com/library/inventors/bldiabetes.htm
http://inventors.about.com/library/inventors/blbaird.htm
http://inventors.about.com/library/inventors/blrocket.htm
http://inventors.about.com/library/inventors/blrocket.htm
http://inventors.about.com/library/inventors/blclock.htm
http://inventors.about.com/library/inventors/blfarnsworth.htm
http://inventors.about.com/library/inventors/bltelevision.htm
http://inventors.about.com/library/inventors/blpenicillin.htm
http://inventors.about.com/library/inventors/bljetengine.htm
http://inventors.about.com/library/inventors/bl_Harold_Edgerton.htm
http://inventors.about.com/library/inventors/blphotography.htm
http://inventors.about.com/library/inventors/blmicroscope.htm#Germans
http://inventors.about.com/library/inventors/blphotography.htm
http://inventors.about.com/library/inventors/blbegun.htm
http://inventors.about.com/library/inventors/blsoundrecording.htm
http://inventors.about.com/library/weekly/aa980325.htm
http://inventors.about.com/library/inventors/blradar.htm
http://inventors.about.com/library/inventors/bljetengine.htm
http://inventors.about.com/library/inventors/blteflon.htm
http://inventors.about.com/library/inventors/blhelicoptor.htm
http://inventors.about.com/library/inventors/blmicroscope.htm
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o 1940-49:  

Peter Goldmark invents modern color television. Konrad Zuse's Z3, the first computer controlled 

by software. Enrico Fermi invents the neutronic reactor. John Atanasoff and Clifford Berry build 

the first electronic digital computer. Albert Hofmann discovers the hallucinogenic properties of 

LSD. Emile Gagnan and Jacques Cousteau invent the aqualung. The kidney dialysis machine 

invented by Willem Kolff. Synthetic cortisone invented by Percy Lavon Julian. Vannevar Bush 

proposes hypertext. The atomic bomb invented. Dennis Gabor, develop the theory of holography. 

Mobile phones first invented. Bardeen, Brattain, and Shockley invent the transistor.  

 

o 1950-59:  

Charles Ginsburg invented the first videotape recorder (VTR). Edward Teller and team build the 

hydrogen bomb. Transistor radio invented by Texas Instruments. Oral contraceptives invented. 

The solar cell invented by Chaplin, Fuller and Pearson. Optic fiber invented. The first computer 

hard disk used. The hovercraft invented by Christopher Cockerell. Fortran (computer language) 

invented. The modem invented. Gordon Gould invents the laser. The integrated circuit invented 

by Jack Kilby and Robert Noyce. The internal pacemaker invented by Wilson Greatbatch.  Jack 

Kilby and Robert Noyce both invent the microchip.  

 

o 1960-69:  

The halogen lamp invented. Valium invented. The audio cassette invented. Spacewar, the first 

computer video game invented. Dow Corp invents silicone breast implants. The first videodisc 

invented. BASIC is invented by John George Kemeny and Tom Kurtz.  Soft contact lenses 

invented. The compact disk invented by James Russell. Kevlar invented by Stephanie Louise 

Kwolek. Electronic Fuel injection for cars invented. The first handheld calculator invented. The 

computer mouse invented by Douglas Engelbart. The first computer with integrated circuits made. 

Robert Dennard invented RAM (random access memory). The arpanet (first internet) invented. 

The artificial heart invented. The ATM invented. The bar-code scanner is invented.  

 

o 1970-79:  

The floppy disk invented by Alan Shugart. The liquid-crystal display (LCD) invented by James 

Fergason. The microprocessor invented by Faggin, Hoff and Mazor. VCR or videocassette 

recorder invented. The word processor invented. Pong (first video game) invented by Nolan 

Bushnell. Gene splicing invented. The ethernet invented by Robert Metcalfe and Xerox. The 

‘Post-It Note’ invented by Arthur Fry. Giorgio Fischer, a gynecologist from Rome, Italy, invents 

liposuction. The laser printer invented. The push-through tab on a drink can invented. The ink-jet 

printer invented. Magnetic resonance imaging invented by Raymond V. Damadian. Dan Bricklin 

and Bob Frankston invented the VisiCalc spreadsheet. The artificial heart Jarvik-7 invented by 

Robert K. Jarvik. Cellular phones invented. Cray supercomputer invented by Seymour Cray.  

 

http://inventors.about.com/library/inventors/blcolortelevision.htm
http://inventors.about.com/library/weekly/aa050298.htm
http://inventors.about.com/library/inventors/blfermi.htm
http://inventors.about.com/library/weekly/aa050898.htm
http://inventors.about.com/library/inventors/blscuba.htm#Cousteau
http://inventors.about.com/library/inventors/blkidney.htm
http://inventors.about.com/library/inventors/blcortisone.htm
http://inventors.about.com/library/inventors/blhtml.htm
http://inventors.about.com/library/weekly/aa050300a.htm
http://inventors.about.com/library/inventors/blholography.htm
http://inventors.about.com/library/weekly/aa070899.htm
http://inventors.about.com/library/weekly/aa061698.htm
http://inventors.about.com/library/inventors/blvideo.htm
http://inventors.about.com/library/inventors/blnuclear.htm#h-bomb
http://inventors.about.com/library/inventors/blthepill.htm
http://inventors.about.com/library/inventors/blsolarcar.htm
http://inventors.about.com/library/inventors/blfiberoptics.htm
http://inventors.about.com/library/inventors/blhovercraft.htm
http://inventors.about.com/library/inventors/blfortran.htm
http://inventors.about.com/library/inventors/blmodem.htm
http://inventors.about.com/library/inventors/bllaser.htm
http://inventors.about.com/library/weekly/aa080498.htm
http://inventors.about.com/library/inventors/blcardiac.htm
http://inventors.about.com/library/weekly/aa080498.htm
http://inventors.about.com/library/inventors/bllight.htm
http://inventors.about.com/library/inventors/blsoundrecording.htm
http://inventors.about.com/library/weekly/aa090198.htm
http://inventors.about.com/library/inventors/blopticaldisk.htm
http://inventors.about.com/library/inventors/blbasic.htm
http://inventors.about.com/library/inventors/bleyeglass.htm
http://inventors.about.com/library/inventors/blcomputer_peripherals.htm
http://inventors.about.com/library/inventors/blkevlar.htm
http://inventors.about.com/library/inventors/blcalculator.htm
http://inventors.about.com/library/weekly/aa081898.htm
http://inventors.about.com/library/inventors/blram.htm
http://inventors.about.com/library/weekly/aa091598.htm
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http://inventors.about.com/library/inventors/blsupercomputer.htm
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o 1980-89:  

The hepatitis-B vaccine invented. MS-DOS invented. The first IBM-PC invented. The scanning 

tunneling microscope invented. Human growth hormone genetically engineered. Programmer 

Jaron Lanier first coins the term "virtual reality". The CD-ROM invented. Windows program 

invented by Microsoft. A high-temperature super-conductor. Synthetic skin invented by G. 

Gregory Gallico, III.  The first 3-D video game invented. Disposable contact lenses invented. 

Digital cellular phones invented. The abortion pill invented. Doppler radar invented by Christian 

Andreas Doppler. Prozac® invented at the Eli Lilly Company by inventor Ray Fuller. The first 

patent for a genetically engineered animal High-definition television invented.  

 

o 1990-99:  

The World Wide Web/Internet protocol (HTTP/HTML) created. The smart pill invented. The 

pentium processor invented. HIV protease inhibitor invented. The Java computer language 

invented. DVD invented. Web TV invented. The gas-powered fuel cell invented. Viagra invented. 

Tekno Bubbles patented.  

 

 

http://inventors.about.com/library/inventors/blhepatitis.htm
http://inventors.about.com/library/weekly/aa033099.htm
http://inventors.about.com/library/weekly/aa031599.htm
http://inventors.about.com/library/inventors/blstm.htm
http://inventors.about.com/library/inventors/blstm.htm
http://inventors.about.com/library/weekly/aa080499.htm
http://inventors.about.com/library/inventors/blsuperconductors.htm
http://inventors.about.com/library/inventors/blcomputer_videogames.htm
http://inventors.about.com/library/inventors/bleyeglass.htm
http://inventors.about.com/library/weekly/aa072199.htm
http://inventors.about.com/library/inventors/blradar.htm
http://inventors.about.com/library/weekly/aa980225.htm
http://inventors.about.com/library/inventors/blgenetic.htm
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http://inventors.about.com/library/inventors/bldvd.htm
http://inventors.about.com/library/inventors/bl_web_tv.htm
http://inventors.about.com/library/weekly/aa090299.htm
http://inventors.about.com/library/weekly/aa061500a.htm
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12.4 Information Technology Achievements 

 

Finally, the last timeline is dedicated to information technology, incorporating both the developments 

in computing and telecommunication, which in conjunction gave rise to the ‘Information Age’ and the 

‘Internet’ during the 20th century. While not under estimating the achievements of other scientific 

fields, the ability to pursue artificial intelligence (AI) and artificial reality (AR) will owe much to 

computer science.  

 

o 1662: William Oughtred invents the circular slide rule on the basis of Napier’s logarithms. 

 

o 1666: In England, Samuel Morland produces a mechanical calculator that can add and subtract. 

 

o 1777: Philipp-Matthaus Hahn builds and sells a small number of calculating machines precise to 

12 digits. 

 

o 1786: The third Earl of Stanhope invents a multiplying calculator. 

 

o 1801: A linked sequence of punched cards controls the weaving of patterns in Joseph-Marie 

Jacquard’s loom. 

 

o 1811: Luddites destroy machinery that threatens to eliminate jobs. 

 

o 1820: Charles Babbage begins to design and build the Difference Engine. 

 

o 1832: In January Samuel Morse and Alfred Vail demonstrate elements of the telegraph system. 

 

o 1844: Samuel Morse sends a telegraph message from Washington to Baltimore. 

 

o 1854: George Boole publishes “An Investigation of the Laws of Thought,” describing a system for 

symbolic and logical reasoning that will become the basis for computer design. 

 

o 1858: A telegraph cable spans the Atlantic Ocean for the first time and provides service for a few 

days. 

 

o 1861: A transcontinental telegraph line connects the Atlantic and Pacific coasts. 

 

o 1876: Alexander Graham Bell invents and patents the telephone. 

 

o 1889: The first four-function calculator is invented. 
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o 1895: Guglielmo Marconi transmits a radio signal 

 

o 1901: The keypunch appears and changes very little over the next half century. 

 

o 1907: Dutch physicist Kamerlingh Onnes at Leiden University discovers superconductivity. 

 

o 1911: John A. Fleming patents the diode vacuum tube, setting the stage for better radio 

communication. 

 

o 1919: T.J. Watson renames CTR to IBM and popularizes the “Think” slogan he coined at National 

Cash Register. 

 

o 1920: Karel Câpek first uses the word ‘robot’ in his play RUR (Rossum’s Universal Robots). 

 

o 1924: Eccles and Jordan, US physicists, invent the flip-flop electronic switching circuit critical to 

high-speed electronic counting systems. 

 

o 1928: The quartz crystal clock makes possible unprecedented timekeeping accuracy. 

 

o 1929: Herbert Hoover’s face is seen on screen during the first demonstration of television in the 

US. Accompanying voice transmission uses telephone wires. 

 

o 1930: Colour television signals are successfully transmitted. 

 

o 1936: Konrad Zuse realizes that programs composed of bit combinations can be stored, and he 

files a patent application in Germany for the automatic execution of calculations, including a 

‘combination memory’.  

 

o 1937: IBM introduces not only the 601 multiplying punch-card machine but also an electric 

typewriter. George Stibitz develops a binary circuit based on Boolean algebra. 

 

o 1940: In December, Colossus, a British vacuum tube computer, becomes operational at Bletchley 

Park through the combined efforts of Alan Turing, Tommy Flowers, and M.H.A. Newman. It is 

considered the first all-electronic calculating device. 

 

o 1944: The Harvard Mark I (a.k.a. IBM Automatic Sequence Controlled Calculator [ASCC]), 

produced by Howard Aiken, is dedicated at Harvard University on August 7, 1944. Bletchley Park 

Museum 
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o 1945: J. Presper Eckert and John Mauchly sign a contract to build the EDVAC (Electronic 

Discrete Variable Automatic Computer. John von Neumann introduces the concept of a stored 

program in a June 30 draft report on the EDVAC design. Working on a prototype of the Mark II, in 

the summer Grace Murray Hopper finds the first computer “bug,” a moth that had caused a relay 

failure. 

 

o 1946: ENIAC, designed by J. Presper Eckert and John Mauchly, is unveiled at the University of 

Pennsylvania on February 14. 

 

o 1947: On December 23, Bell Labs management is informed by John Bardeen and Walter Brattain 

that along with William Shockley they have developed the first transistor. The magnetic drum 

memory is introduced as a data storage device for computers. 

 

o 1948: Claude Shannon publishes ‘A Mathematical Theory of Communication’, formulating the 

modern understanding of the communication process. 

 

o 1949: The Whirlwind computer, constructed under the leadership of Jay Forrester at MIT to be the 

first real-time computer, is placed in service during the third quarter. It contained 5,000 vacuum 

tubes. Short Order Code, developed by John Mauchly, is thought to be the first high-level 

programming language. 

 

o 1950: Alan Turing publishes an article in the journal Mind establishing the criteria for the Turing 

Test of machine intelligence. 

 

o 1951: William Shockley invents the junction transistor. 

 

o 1952: On television, a Univac-I predicts the outcome of the presidential election and expands the 

public consciousness regarding computers. 

 

o 1953: The IBM 650, known as the Magnetic Drum Calculator, debuts and becomes the first mass 

produced computer. 

 

o 1954: Earl Masterson’s Uniprinter, or line printer, developed for computers, executes 600 lines 

per minute. Texas Instruments introduces the silicon transistor, pointing the way to lower 

manufacturing costs. 

 

o 1956: IBM introduces and begins installing the RAMAC (random-access method of accounting 

and control) for hard disk data storage. 
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o 1957: The Univac 1103A becomes the first commercial machine with a ferrite-core memory. John 

McCarthy and Marvin Minsky chair a meeting at Dartmouth College at which the concept of 

artificial intelligence is developed. John McCarthy forms MIT’s Artificial Intelligence Department. 

Russia launches Sputnik I into orbit on October 4, and the “space race” begins. USSR launches 

Sputnik, first artificial earth satellite. In response, US forms the Advanced Research Projects 

Agency (ARPA), the following year, within the Department of Defense (DoD) to establish US lead 

in science and technology applicable to the military  

 

o 1958: Bell’s development of the modem data phone enables telephone lines to transmit binary 

data. 

 

o 1959: John McCarthy develops Lisp (list processing) for artificial intelligence applications. On July 

30, Robert Noyce and Gordon Moore file a patent application for integrated circuit technology on 

behalf of the Fairchild Semiconductor Corp. 

 

o 1960: At Cornell University, Frank Rosenblatt builds a computer—the Perceptron—that can learn 

by trial and error through a neural network. Working at Rand Corp., Paul Baran develops the 

packet-switching principle for data communications. Fernando Corbató at MIT develops a way for 

multiple users to share computer time. 

 

o 1961: Georg C. Devol patents a robotic device, which Unimation soon markets as the first 

industrial robot. It is first used to automate the manufacture of TV picture tubes. First paper on 

packet-switching (PS) theory. Leonard Kleinrock, MIT: "Information Flow in Large Communication 

Nets" (May 31),  

 

o 1962: The Telstar communications satellite is launched on July 10 and relays the first transatlantic 

television pictures. The first video game is invented by MIT graduate student Steve Russell 

 

o 1963: On the basis of an idea of Alan Turing’s, Joseph Weizenbaum at MIT develops a 

“mechanical psychiatrist” called Eliza that appears to possess intelligence. At the University of 

California, Berkeley, Lotfi Zadeh begins work on fuzzy logic. 

 

o 1964: Basic (Beginner’s All-Purpose Symbolic Instruction Code) is developed at Dartmouthby 

John Kemeny and Thomas Kurtz. It spawns many variations. Doug Engelbart invents the mouse. 

IBM develops a computer aided design system. With a speed of 9 megaflops, Control Data 

Corp.’s CDC 6600,designed by Seymour Cray, claims the title of first commercially successful 

supercomputer. 

 

http://www.arpa.mil/
http://www.arpa.mil/
http://www.arpa.mil/
http://www.arpa.mil/
http://www.lk.cs.ucla.edu/LK/Bib/REPORT/PhD/
http://www.lk.cs.ucla.edu/LK/Bib/REPORT/PhD/
http://www.lk.cs.ucla.edu/LK/Bib/REPORT/PhD/
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o 1965: At the University of Belgrade, Rajko Tomovic makes one of the earliest attempts to develop 

an artificial limb with a sense of touch. ARPA sponsors study on "cooperative network of time-

sharing computers" 

 

o 1966: First ARPANET plan. Lawrence G. Roberts, MIT: "Towards a Cooperative Network of Time-

Shared Computers" (October) 

 

o 1967: First design paper on ARPANET published by Larry Roberts: "Multiple Computer Networks 

and Intercomputer Communication 

 

o 1968: The Seymour Cray-designed CDC 7600 supercomputer achieves 40-megaflops 

performance. 

 

o 1969: The US Department of Defense commissions Arpanet for research networking, and the first 

four nodes become operational at UCLA, UC Santa Barbara, SRI, and the University of Utah. 

DDP-516 mini computer with 12K of memory; AT&T provides 50kbps lines 

 

o 1970: Shakey, developed at SRI International, is the first robot to use artificial intelligence to 

navigate. Dennis Ritchie and Kenneth Thomson develop Unix at Bell Labs. RCA’s MOS (metal-

oxide semiconductor) technology promises cheaper and smaller ICs. The floppy disk and the 

daisywheel printer make their debut. ARPANET hosts start using Network Control Protocol 

(NCP), first host-to-host protocol. First cross-country link installed by AT&T between UCLA and 

BBN at 56kbps. 

 

o 1971: Ray Tomlinson of Bolt Beranek and Newman sends the first network e-mail message. Ray 

Tomlinson of BBN invents email program to send messages across a distributed network 

 

o 1972: Hand-held calculators become popular, making the slide rule obsolete. Researchers at 

Xerox PARC develop an experimental PC called Alto that uses a mouse, Ethernet, and a 

graphical user interface. The @ sign was chosen from the punctuation keys on for its "at" 

meaning (March) 

 

o 1973: Work begins on the Transmission Control Protocol at a Stanford University laboratory 

headed by Vinton Cerf. Through a technique called large-scale integration, 10,000 components 

are placed on a 1-sq-cm chip. A 4-Kbit D-RAM chip becomes commercially available. Bob Kahn 

poses Internet problem, starts Internet research program at ARPA. Vinton Cerf sketches gateway 

architecture in March on back of envelope in a San Francisco hotel lobby. 

 

o 1974: In Stockholm, chess-playing computers engage in their first tournament. At Xexoc PARC, 

Charles Simonyi writes the first WYSIWYG application, Bravo. 
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o 1975: IBM introduces the laser printer. The first PC, an Altair 8800, available as a kit, appears on 

the cover of Popular Electronics in January. Satellite links cross two oceans (to Hawaii and 

UK)and the first TCP tests are run over them by Stanford, BBN, and UCL. 

 

o 1976: IBM develops the ink-jet printer. The Cray-1 from Cray Research is the first supercomputer 

with a vectorial architecture. 

 

o 1977: The Apple II is announced in the spring and establishes the benchmark for personal 

computers. Bill Gates and Paul Allen found Microsoft, setting up shop first in Albuquerque, New 

Mexico. 

 

o 1978: Intel’s first 16-bit processor, the 8086, debuts. TCP split into TCP and IP (March). 

 

o 1979: Cellular telephones are tested in Japan and Chicago. The first electronic spreadsheet 

program, Don Bricklin’s and Bob Franston’s VisiCalc, is unveiled on May 11 and proves to be the 

“killer app” for early PCs. Digital videodisks appear through the efforts of Sony and Philips. 

 

o 1980: IBM selects PC-DOS from upstart Microsoft as the operating system for its new PC. The 

Osborne 1 “portable” computer weighs 24 pounds and is the size of a small suitcase. ARPANET 

grinds to a complete halt on 27 October because of an accidentally-propagated status-message 

virus 

 

o 1981:Japan grabs a big piece of the chip market by producing chips with 64 Kbits of memory. 

 

o 1982: Time magazine names the computer as its “Man of the Year.” Japan launches its “fifth 

generation” computer project, focusing on artificial intelligence. Commercial e-mail service begins 

among 25 cities. First definitions of an "internet" as a connected set of networks, specifically those 

using TCP/IP, and "Internet" as connected TCP/IP internets 

 

o 1983: Completion of the TCP/IP switchover marks the creation of the global Internet. 

 

o 1984: MIDI (Musical Instrument Digital Interface) standards are developed for interfacing 

computers and digital music synthesizers. The CD-ROM, introduced by Sony and Philips, 

provides significantly greater storage capacity for digital data. A motion picture, The Last 

Starfighter, uses extensive supercomputer-generated graphics. NEC manufactures a 256-Kbit 

chip, and IBM introduces a 1-Mbit RAM chip. Motorola introduces the MC68020 with 250,000 

transistors. In Neuromancer, novelist William Gibson coins the term cyberspace. Domain Name 

System (DNS) introduced as number of hosts breaks 1,000  

 

http://www.dns.net/dnsrd/
http://www.dns.net/dnsrd/
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o 1985: Inmos introduces transputers, featuring concurrent processing architecture. Supercomputer 

speeds reach 1 billion operations per second with the release of the Cray 2 and Thinking 

Machines’ parallel processor. The Omnibot 2000 from Tony Kyogo can move, talk, and carry 

objects. In October, Intel introduces the 80386 chip with 32-bit processing and on-chip memory 

management 

 

o 1986: Experimental 4- and 16-Mbit chips are introduced. The four-processor Cray XP performs 

713 million floating-point operations per second. 

 

o 1987: Number of Internet hosts breaks 10,000. 

 

o 1988: Motorola’s 32-bit 88000 series of RISC microprocessors offer processing speeds of up to 

17 million instructions per second. Graduate student Robert Morris Jr. reveals the need for 

greater network security by releasing a worm program into the Internet on November 2. 

 

o 1989: Microsoft introduces Windows 3.0 in May, intensifying its legal dispute with Apple over the 

software’s “look and feel” resemblance to the Macintosh operating system. Intel’s 80486 chip with 

1.2 million transistors is introduced in April. The Japanese Ministry of Trade and Industry 

abandons its program to build a fifth-generation computer and plans instead for a sixth-generation 

computer to be based on neural networks. Number of hosts breaks 100,000. 

 

o 1990: Berners-Lee writes the initial prototype for the World Wide Web, which uses his other 

creations: URLs, HTML, and HTTP. Hewlett-Packard and IBM both announce RISC-based 

computers. Intel’s i486 and iPSC/860, and Motorola’s 68040 become available. Scientists at Bell 

Labs demonstrate the first all-optical processor on January 29. Toaster by John Romkey, 

(controlled via SNMP) makes its debut at Interop.  

 

o 1991: Cray Research unveils the Cray Y-MP C90 with 16 processors and a speed of 16 Gflops. 

NSFNET backbone upgraded to T3 (44.736Mbps) NSFNET traffic passes 1 trillion bytes/month 

and 10 billion packets/month. 

 

o 1992: DEC introduces the first chip to implement its 64-bit RISC Alpha architecture. Number of 

hosts breaks 1,000,000. The term "surfing the Internet" is coined by Jean Armour Polly . 

 

o 1993: Intel’s Pentium is introduced in March.Students and staff at the University of Illinois’ 

National Center for Supercomputing Applications creates a graphical user interface for Internet 

navigation called NCSA Mosaic. US White House comes on-line (http://www.whitehouse.gov/): 

Mosaic takes the Internet by storm (22 Apr); WWW proliferates at a 341,634% annual growth rate 

of service traffic. Gopher's growth is 997%. 

 

http://www.netmom.com/about/surfing_main.htm
http://www.whitehouse.gov/
http://www.whitehouse.gov/
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o 1994: Leonard Adleman of the University of Southern California demonstrates that DNA can be 

used as a computing medium. Netscape’s first browser becomes available in September and 

creates a rapidly growing body of Web surfers. NSFNET traffic passes 10 trillion bytes/month 

 

o 1995: The Intel Pentium Pro is announced. Toy Story is the first full-length feature movie 

completely computer generated. Windows 95 is launched on August 24 with great fanfare. Sun 

launches JAVA on May 23 

 

o 1996: The Java programming language, unveiled in May, enables platform independent 

application development. “Duke” is the first applet. 

 

o 1998: Web size estimates range between 275 (Digital) and 320 (NEC) million pages for 1Q. 

 

o 1999: A forged Web page made to look like a Bloomberg financial news story raised shares of a 

small technology company by 31% on 7 April. 

 

o 2000: A massive denial of service attack is launched against major web sites, including Yahoo, 

Amazon, and eBay in early Februar. Web size estimates by NEC-RI and Inktomi surpass 1 billion 

indexable pages. 

 

o 2001: Viruses of the Year: Code Red (Jul), Nimda (Sep), SirCam (Jul), BadTrans (Apr, Nov) 

 

o 2002: A distributed denial of service (DDoS) attack struck the 13 DNS root servers knocking out 

all but 5 (21-23 Oct). 

 

o 2003: The SQL Slammer worm causes one of the largest and fastest spreading DDoS attacks 

ever. Taking roughly 10 minutes to spread worldwide. The worm took down 5 of the 13 DNS root 

servers along with tens of thousands of other servers, and impacted a multitude of systems 

ranging from (bank) ATM systems to air traffic control to emergency (911) systems (25 Jan). 
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