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Two great problems in economics

1.   How resources are allocated within markets

2.   How the economy develops — how it forms 
and re-forms
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How does an economy form and re-form? 

Standard theory makes this hard to understand
– The economy merely “adopts” new technologies 

and grows in different sectors
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A different line of thinking …

“In our universe, matter is arranged in a hierarchy 
of structures by successive integrations. Whether 
inanimate or living, the objects found on earth 
are always organizations or systems. Each system 
at a given level uses as its ingredients some 
systems from the simpler level. … The great  

François 
Jacob

diversity of vertebrates results from differences in the arrange-
ment, in the number and distribution, of these few [building 
blocks].” 
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Where does complexity fit in?

These are systems that constantly create new elements 
out of existing ones—new structures by integration 
of previous ones

Need to study such systems more in complexity
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Argument

I. The economy forms from its 
arrangements, its “technologies”
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The economy is the set of arrangements and 
activities by which society fulfills its needs

These arrangements or “technologies” include:  
devices, methods, industrial processes, trading systems, 
markets, distribution systems, banks, regulatory 
systems, legal systems, organizations, businesses
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Argument

II.   Technologies form a vast “chemistry” 
of functionalities, that in combination 

give rise to further functionalities
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We can say  

Novel technologies are constructed from existing 
technologies

                             … and from capturing phenomena

These offer themselves as components—building 
blocks for the construction of further technologies

16



 Technology Builds Itself from Itself

Technology is a vast “chemistry.” It is autopoietic 
or self-creating:  

– New elements build from existing ones 

– Complication builds from simplicity
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Ogburnʼs Claim (1922)

William Fielding Ogburn
Social Change, 1922

“It would seem that the larger the
equipment of material culture, the
greater the number of inventions.
The more there is to invent with,
the greater will be th e number of

inventions. When the existing
material culture is small,
embracing a stone technique and a
knowledge of skins and some
woodwork, the number of
inventions is more limited than
when the culture consists of a
knowledge of a variety of m etals
and chemicals and the use of
steam, electricity, and various
mechanical principles such as the
screw, the wheel, the lever, the
piston, belts, pulleys, etc. The
street car could not h ave been
invented from the material culture
existing at the last glacial period.
The discovery of the power of
steam and the mechanical
technology existing at the time
made possible a l arge number of
inventions.” 18
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How many combinations of N technologies?  

Given technologies A, B, C, D, and E, we can make technologies 
AE, BCD, ABB, DDEE, etc. 

In general, for N possible base elements, we get 2N – N – 1 
possible technologies.

19

Elements              Combinations
10                                      1013
20                              1,048,555
30                       1,073,741,793
40                1,099,511,627,735
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Argument

III.    The economy remakes itself 
constantly as it forms new technologies, 
builds from these, and resolves the 
further challenges these pose

 # # # #
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 The economy builds out as its 
technologies build out

It is both result of and gatekeeper of its 
technologies

And it constantly presents needs
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Technologies arrive in related bodies of 
technology — domains

– Textile machinery
– Railroads and steam
– Heavy engineering, chemicals
– Mass production
– Digital, telecommunications
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Industries encounter these, and transform
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How the economy evolves:  algorithm

1. Novel element forms as combination from 
existing elements. Adds to the substrate of 
elements to construct from

2. Replaces existing technologies it improves on

3. New technologies form that use it, and new 
organizations that contain it
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How the economy evolves:  algorithm

4. Generates new needs for methods to overcome 
technical, economic, social problems it creates

5. The economy readjusts
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Cromptonʼs Mule



© 2012 W. Brian Arthur 28



© 2012 W. Brian Arthur 29



© 2012 W. Brian Arthur

How the economy evolves:  algorithm

1. Novel element forms as combination from 
existing elements. Adds to the substrate of 
elements to construct from

2. Replaces existing technologies it improves on

3. New technologies form that use it, and new 
organizations that contain it

30



© 2012 W. Brian Arthur
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Comments

The process is algorithmic 
(and can therefore be mathematized)

Change is endogenous and never ceases
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Comments

System constantly creates new structures out of 
existing ones which call forth new structures … 

Connects with economic history and political 
economy 
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In summary

1. The economy forms from its arrangements, its 
“technologies”

2. Technologies form a vast “chemistry” of functionalities, 
that in combination give rise to further functionalities

3. The economy remakes itself constantly as it creates new 
technologies, builds from these, and resolves the further 
challenges these pose
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New domains sweep across the economy

Industries encounter these, constantly combine 
their practices with them

— This creates new sub-industries, e.g. derivatives 
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Joseph Schumpeter, 1912 

  “To produce means to 
combine materials and 
forces within our reach. 
To produce other things 
means to combine these 
materials and forces 
differently.”
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The new domain creates needs

And challenges, that lead to further technologies, 
and further challenges …

–  Industrial revolution in England
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 The economy builds out as its technologies build out

     In the beginning, the first phenomena to be harnessed were available directly in nature. 
Certain materials flake when chipped: whence bladed tools. Heavy objects crush materials 
when pounded against hard surfaces: whence the grinding of herbs and seeds. These 
phenomena, lying on the floor of nature as it were, made possible primitive tools and 
techniques. These in turn made possible yet others. Fire made possible cooking, the hollowing 
out of logs for primitive canoes, the firing of pottery. Combinations of elements began to 
occur: thongs or cords of braided fibers were used to haft metal to wood for axes. Clusters of 
technology and crafts of practice—dying, potting, weaving, mining, metal smithing, boat 
building—began to emerge. Wind and water energy were harnessed for power. Combinations 
of levers, pulleys, cranks, ropes, and toothed gears appeared—early machines—and were used 
for milling grains, irrigation, construction, and timekeeping. 
      In time, the chemical, optical, thermodynamic, and electrical phenomena began to be 
understood and captured. The large domains of technology came on line: heat engines, 
industrial chemistry, electricity, electronics. and with these still finer phenomena were captured: 
X-radiation, radio-wave transmission, coherent light. And with laser optics, radio transmission, 
and logic circuit elements in a vast array of different combinations, modern 
telecommunications and computation were born. 
      In this way, the few became many, and the many became specialized, and the specialized 
uncovered still further phenomena and made possible the finer and finer use of nature’s 
principles.
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