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everywhere. In one sense, the current manifestation of computers and 
communications in cities is just the latest phase of a massive diffusion of digital 
technologies that shows no sign of stopping.  
 
Smart cities essentially enable computers and communications to be embedded in 
the very fabric of the city1. The term smart has long been associated with the fact that 
computers can be used intelligently for many purposes while the recent wave of 
devices that enable us to compute as well as remotely access data enables us to 
demonstrate such smartness through extremely fast access to ever 
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working out the extent to which a city is becoming smart. If the essence of urban 
development is individual action, then a city can only be as smart as its citizens. And 
in a world where more than half the global population has smart phones, then one 
might even state that the answer to the question as to the smartest city is the city that 
has the largest number of smart phones. 
 
It is not possible to answer the question, however, because the very revolution that 
the smart city movement is part of is a wider diffusion of digital technologies which 
are increasingly focussed on the individual. As noted above, the smart cities 
movement is only the latest stage in the all-pervasive revolution in information 
processing where its most tangible form so far has been the embedding of computer 
technologies and their control into physical artefacts – buildings, roads and so on. In 
fact, the miniaturisation of computable devices to the scale of the phone provides a 
very obvious means of accessing computation remotely while on the move. If most of 
the smartness that we are associating with the city is accessible and generated by 
ourselves, then the number of smart phones might superficially seem a good measure 
of this progress. But to an extent this is a mirage because the devices are mobile. In 
short, the intelligence shifts around making the smart city even more of a moving 
target. 
 
Thus the question as to “what and where is the smartest city?” not only has no answer, 
it is also ill-defined largely because smartness or intelligence is a process not an 
artefact or product. There may be answers to questions such as “where can one find 
the greatest concentration of automated public services in cities?”, or “where is the 
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various points in recorded history, it has surfaced but only since the discovery of 
electricity has it become central to our means of representation. In fact with the 
development of mechanical technologies in the first industrial revolution, there were 
serious attempts at building analogue machines that could manipulate such 
elemental codings2, but it was not until the notion that an electrical pulse could be 
used to represent such distinctions that the prospect of the digital computer 
appeared. The ability to represent phenomena in the binary code would not have 
become all pervasive without two key developments. First, the invention of the 
transistor which lead to the dramatic path to miniaturisation now enshrined in Moore’s 
(1965) Law. For the last 50 years, this law has demonstrated that for the chip, memory 
and processing power have doubled and speed has halved every 18 months with 
little sign of slowing, certainly not stopping. Second the convergence of computers 
with telecommunications has enabled equally dramatic access to information which 
is computable. Both developments have been essential for the massive proliferation 
and scaling down of computing devices and their connection to one another, and 
without any of this, we would be unable to speak of an information society, certainly 
not of a smart or automated city.  
 
In some respects, the first and second industrial revolutions associated with 
mechanical power and electric power are essential for the current revolution in 
information processing. A plausible interpretation of industrial development over the 
last 250 years (or even as far back as classical times) now seems to suggest that the 
great divide between the old world and the new is marked by the transition from a 
world of materials and energy to one of data and information. It is likely then that 
cities and societies in the new world will be completely unlike those in the old. This is 
clearly evident in the fact that cities could only grow beyond a million or so people 
after the internal combustion engine emerged due to the invention of mechanical 
technologies, and now with emergence of information technologies, physical limits 
on size are once again being cast in a very different light. 
 
We can summarise these various forces in several clichés which are often referred to 
in the most casual sense as ‘laws’. These are not hard, immutable physical laws for 
they are clearly dependent on social context but they do provide simple rules for 
gauging the past and possibly the future impacts of IT on cities and societies. The 
core of this transition is of course miniaturisation embodied in Moore’s Law, first 
articulated in 1965 from his observations of what had happened at Intel where he 
worked on the development of the integrated circuit. Moore’s Law is crucial to the 
inexorable rise in not only computer memory but also to the extent of computation. 
There is little doubt that current developments in artificial intelligence depending on 
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which traditional functions are automated, substituted for or complemented by these 



	
8	

city. This means that the corporate world is often at the forefront of popularising the 
smart city with the consequence that much of the hype surrounding this involves the 
most obvious aspects of how the city and its parts might be automated.  
 
If you pick up one of the many reports on smart cities written by municipalities, 
governments, large ICT companies, consultants and so on, or examine the many 
conferences that energise discussion on the business of smart cities, you will be struck 
by the somewhat random nature of the topics discussed. The topics rarely have any 
strong internal ordering and invariably simply reflect the most obvious components 
and activities that go on in cities. Moreover this list of topics based on components 
does not really focus on the processes of automation and how these might alter the 
way populations behave with respect to urban markets and forms of governance. 
There is however much speculation about how such technologies might be integrated 
– in terms of sharing hardware, software and the networking capabilities that serve to 
tie various data and computation together – and there is even fanciful talk of building 
entire operating systems for cities. What these might be is anybody’s guess for an 
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comprehensive picture of how the smart city functions or will function once various 
automation of the kind implied here comes up to scale. Interacting with the public 
through various kinds of participatory dialogue and crowdsourcing to elicit everything 
from opinion, personal innovation, and responses to policy to the collection of new 
data is also a feature of the kinds of environment that the smart city can bring. This 
sometimes dominates the debate but all of these perspectives and foci tend to 
emphasise the current and routine operation of the city rather than the longer term 
goals for more liveable and equitable environments.  
 
These kinds of discussion tend to be set against an implicit background of continuous 
economic growth with little discrimination over what might be important, feasible or 
equitable with respect to functions that might be automated. Most contributions tend 
to be silent on what are effective organisational structures that might best enable this 
kind of automation. There is very little discussion about how cities function in terms 
of the way activities are served by markets and how resources are allocated spatially 
with respect to transportation. There is absolutely no discussion of the many new 
networks that have appeared involving information, and it almost as though email, 
the web, and the myriad of other fixed wire and wireless networks as well as GPS and 
related technology do not exist in terms of their influence on the
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and this is likely to revolutionise how we plan and what we plan, notwithstanding the 
largely a-theoretical context into which these ideas are being introduced.  
 
With digital technologies spreading everywhere and all with very different degrees of 
automation and impact, it is not possible to provide a coherent theory of the smart 
city that is all embracing. But at least here we can imply a generic approach that 
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met. This of course has dramatic implications for the city. In fact, the smart city is a 
constellation of networks where real change is coming from the use of these networks. 
When everyone is connected to everyone else, then what we will see is more and 
more variants of network layered on top of one another. This kind of complexity is 
what the smart city is bringing although we barely yet have a science yet to deal with 
its emergence. 
 

 
A Paradigm for the Smart City  

 
Before we examine how information technologies will evolve the city into entirely new 
forms during this century, we will sketch a simple model of the way in which cities are 
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This data because of its volume (and variety) is often termed as ‘big’ in that in principle 
there is no limit to its volume as it is continuously generated (Batty, 2016). 
 
Big data tends to be associated with the very short term whereas most traditional 
sources of data that are used to understand (and in the past even control) the city 
were assembled over years, decades or even longer. Of course big data which is 
assembled second by second will also pertain to the long term when enough of it has 
been collect
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The Continuing Evolution of Information Technologies 
 
Digital technologies include related hardware involving networks, switches, and 
sensors as well as software, data-
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exploited (although their invention might have been much earlier), followed by 
applications usually characterised by rising investment. This was followed by steady 
application in which the profit generated from such inventions declined and this then 
lead to depression where the technology became less attractive and where new 
technologies became noticeable through their invention. From this emerged a period 
of recovery which would lead to the start of a new wave based on new innovations. 
In fact, there is no definitive thinking about the length of these long waves or super-
cycles, nor is there any real agreement about the precise form of the stages within 
each cycle. There is clearly rise and fall which is the mark of a wave but in some 
respects the waves build on each other and in many technologies, the earlier versions 
continue to be improved and are key to the ones that displace them or rather become 
the evident representation of the dominant technologies very often used for the same 
applications as earlier ones. 
 
The fourth and fifth Kondratieff waves have been characterised respectively as 
associated with the automobile and digital (IT) technologies. In terms of the 50-year 
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A useful interpretation of these waves has been presented by Naumer et al. (2010) 
who imply that the amplitude of each wave is getting a little greater (and perhaps the 
periodicity a little shorter) but their picture which we show in Figure 2 is only one of 
several where the actual timing of the cycles differ. In fact, if these waves are getting 
shorter and more pronounced, then this appears consistent with rapid developments 
in information technology which now seem out of step with the general timing 
suggested a century ago by Kondratieff himself and also by Schumpeter. We have 
also plotted the mid-points of each cycle in Figure 2 and this suggests that there is a 
much longer term process at work which we would argue is simply the transition from 
a non-mechanised, non-automated world to our current digital one. In fact, if the 
waves get shorter and larger, then they eventually coalesce to produce a singularity, 
an event horizon of continuous creative destruction. The meaning of such a 
convergence is hard to fathom and we have no experience of such an event or 
environment. This is what makes it unlikely (?) but the prospect of continuous 
invention is certainly possible in a world where everything might be special and 
individual, something which appears to be occurring in limited contexts, particularly 
in social media and crowd-sourced activities.  
 
The idea of a singularity is something that I think we should avoid elaborating much 
further in this paper. The essential notion is that if the rate of change is exponential 
or more likely super-exponential, then one can predict that in finite time – in this 
context during this century, the world would become so different and unsustainable 
that it is simply not useful for informed speculation about the near future, about smart 
cities. Nearly 60 years ago the rate of change in world population reached its 
maximum and at that point it looked at though the global population would increase 
without bound until it reached a crisis – a singularity – in the 2020s (von Foerster et 
al., 1960). None of this could take account of the fact that in the last two decades it 
looks as though a turning point has been reached for world population and that this 
now following the generalised logistic which is associated with the demographic 
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Conclusions: The Future City 
 
There is another question that cannot be answered in any definitive way and that is 
‘what the city will look like in the near, medium or longer term future?’. Our best 
guess is to look back and to simply examine the superficiality of urban form, not 
function. Street patterns tend to be quite inert, the growth of big cities which is 
determined by culture and physiography, and of course communications technology 
tends to be familiar, and although everything looks quaint and old-fashioned, cities 
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grapple with in the past. In this sense, the age of the smart city is one of increasing 
complexity and variety which has always been the case from the earliest cities. This 
makes the prospect of generating informed analysis of the future city ever more 
uncertain. There are some big drivers too that we have not mentioned in this paper 
such as aging and climate change and these need to be factored in. But what is 
certain is that as Haldane (1926) said many years ago: “I have no doubt that in reality 
the future will be vastly more surprising than anything I can imagine”. Our inability to 
predict the form of future cities is largely due to the fact that we are part and parcel 
of their future creation and design.  
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