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ABSTRACT

 In our innovation-driven world we tend to lay ideas that lost their attractiveness to rest and rush to embrace the next giant leap. However, in most fields of creation, patterns of reawakening of old, extinct innovations, can be found. It often looks as if social ideas have a life of their own, survival instincts and adaptive properties: They simply refuse to die. Should these phenomena be resolved on an ad hoc basis or are they grounded in the foundation of social behavior or evolutionary processes? In conditions in which continuum equations would predict the extinction of a population, the presently offered Microscopic Representation proves that individuals self-organize in spatio-temporally localized adaptive patches that ensure their survival, resilience and development as a collective. A similar treatment can explain why so many cultural and social behaviors are inevitably re-born. Accordingly, in assessing the value of social ideas, we ought to consider longer time frames following the decline of innovations, otherwise we might prematurely and erroneously lay successful promising concepts to rest. 

Introduction

We are often amazed to learn about ideas that outlive their human carriers. But we may ask ourselves why the next example does not naturally weld with our mental model of idea life span, and why such an “exception” reoccurs so often? 

In 1700, a Dutch amateur inventor assembled a pair of skating boots with a row of small wheels arranged in a straight line along the sole (1). After the innovation was well diffused and became the common skating method, another inventor by the name of J.L Plimton developed roller skates, with wheels arranged parallely rather than in-line, enabling stability, convenient adjustment to different sizes, and easy learning for beginner skaters. Consequently, the 1700 invention was abandoned and vanished. But not forever: It was in 1980 that the Olson brothers found a pair of in-line skates left in an old toy warehouse. The outcome was the re-making of on-line skates known today as roller blades. Today roller blades are one of the most remarkable market successes, shaping both cultural and sport trends. A search around in products (the VW Beatle), music (the Beatles), technology (the return of the main frame architecture of computers), architecture (e.g. Paladio), and most other fields of creation, reveals similar patterns of reawakening of old, extinct innovations. 

It looks as if ideas have a life of their own, survival instincts and adaptive properties: They simply refuse to die. We can stretch out the lives of innovations, be they business ventures, artists, and the like, before rival forces “creatively destroy” (2) them. However, when they fade away, we tend to lay the old innovation to rest, sometimes even abandon it altogether along with its historical records, and rush to embrace the next giant leap. But then, when it is doomed by the world as useless, its usefulness is retrieved out of nowhere. It seems, therefore, that ideas sometimes enjoy more than one lifetime, albeit in different shapes and forms. 
Clearly, one can always single out an ad hoc explanation for the revival of most of the foregoing examples. However, if viewed from a broader perspective, it turns out that the phenomenon is universal: The vitality of many ideas tends to exceed the life horizon envisioned by its inventors and adopters, even if they follow the life cycle stages of growth, maturity, and decline. Careful analysis of case histories reveals that this dynamics cannot be solely attributed to a specific social-psychological trend or nostalgia. Furthermore, this phenomenon is not easily accommodated, and it even contradicts some of the well-established theories in social science, such as product life cycle (3). Are these exceptional outliers of the normative approach or is there a unique generic dynamics that, in fact, underlies all of them? Should these phenomena be resolved on an ad hoc basis or are they grounded in the foundation of social behavior or evolutionary processes?

Recently, using the Microscopic Representation framework (4,5), it was proven that the “victory of life” is a universal phenomenon 
which emerges generically in stochastic systems composed of individual auto-catalytic elements. Within a simple model a hitherto hidden mechanism was uncovered describing the evolutionary patterns of abstract, mental artifacts under the pressure of environmental forces. The mechanism assumes simple generic features such as the proliferation and dying of the entities composing the system. In contrast, the usual macroscopic view of population density as a continuous function governed by (partial) differential equations misses the crucial mechanism responsible for the emergence, survival, diversification and individuation of populations. Whereas continuum equations predict the extinction of a population, Microscopic Representation proves that individuals self-organize in spatio-temporally localized adaptive patches that ensure their survival, resilience and development as a collective. As will be demonstrated below, a similar treatment can explain why so many cultural and social behaviors are inevitably re-born.

Modeling the Mechanism of Re-Birth of Innovations 
Imagine an area inhabited by a population of agents A consisting, for example, of potential adopters of an innovation or of a set of social concepts (A can also stand for prime matter, innovation adopters, capital, investors, consumers, believers etc.) which are spread out uniformly with an average density nA(0) and move around randomly, with diffusion coefficient DA. For simplicity these A's may be considered immortal but one can introduce also non-vanishing death and birth rates, mutation rates and/or local or global competition. 
Imagine now a second type of agents, B (individual versions of new concepts or innovations), which are also spread over this area, with initial uniform density nB(0). The B's are diffusive too, hopping between neighboring sites at the rate DB. 

The B agents die at a constant rate, μ: 
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 and proliferate with probability rate λ when they meet the ``catalyzator'' A: 
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(Again one may introduce saturation, non-linear and/or competition terms for the B's of the form B+B-> B but they would not change the essence of the phenomenon under discussion here.)
What will happen next?

Based on macroscopic continuity assumptions, it can be concluded that A reaches a spatially homogeneous distribution; nA(x)=nA, whereas the B time variation 
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  is represented by the linear differential equation:

(1) 
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The first term represents the uniformization effect of the B diffusion while the μ term indicates that a certain fraction of B's die per unit time. λnAnB represents the proliferation of  B’s in the presence of  the A's (who provide the resources for B’s existence). The equation is linear in nB and after some time the solution approaches:

 (2) 
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Eq. (2) predicts that when λnA < μ the B population will decrease exponentially to extinction. 

Consequently, if Eq (2) were to govern the real world:

 No innovation would spread.

 Only vitally needed basic products (for local consumption) would survive. 

 No new ideas or trends in art or culture would emerge. 

 No evolution in society would take place.

 The world would be numb and paralyzed. What is wrong here?

In contrast to social science diffusion theories which adhere to continuous conditions, the Microscopic Representation takes into account the quantized character of the elementary components of the various systems (6,7). In particular the correct Microscopic Representation of the A-B system above was studied in (5). In this case, the effect of the discretization is crucial – it represents the difference between life and death: When the mechanism described above is treated in its discrete form, the B population thrives instead of becoming extinct. One way of treating this dynamics is by means of a simulation (8,9): The dynamics described above can be represented by tracking each agent and each death / proliferation event. Figure 1 illustrates the dramatic difference between the predictions of the two approaches. 

Insert Figure 1 about here

Let us now study the dynamics that leads to the cycle of life. In order to simplify the discussion, consider first the evolution of B following a single A representing a certain marketing opportunity (niche). A moves diffusely in time effectuating a random walk that reflects the ever changing market conditions. Clearly, in order to survive, the B population must trace A, and be localized in a patch (island) around the current A position. Note that this occurs in spite of the fact that each individual B doesn't prefer to move in the A direction: The probabilities of B jumping in each direction are always equal. The B collective follows the A's without any of the B individuals "knowing" that this happens. The market is more intelligent and efficient than any of the agents composing it. Each jump of A is followed by a temporal decrease of the B population, but overall B increases exponentially in between the A jumps:

 (3) 
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where λ, μ and 2dDB stand for proliferation, death, and loss due to diffusion, respectively. The estimation is made by neglecting the flow of B's returning back to the A location from neighboring sites. In the same approximation, the ratio between the height of the B density at the A location and the height of the B density at a neighboring site is easily estimated: λ/DB. Consequently, each A jump corresponds to a sudden downward jump by a factor of λ/DB in the height of the B hill. Since on average, there are 2dDA such jumps per time unit, the net effect of proliferation, diffusion and death, provides the B concentration at the A site as a function of time:
(4) 

[image: image7.wmf](

)

(

)

t

D

Ln

dD

B

B

B

B

e

n

t

n

/

2

)

0

(

)

(

l

m

l

-

-

=


In our simulations the results were consistent with Eq. (4): As long as the exponent in Eq. (4) is positive, the system escapes the gloomy death prediction of the continuum analysis Eq.(2). 

The interpretation of this relation is that even without individual awareness and /or communication/coordination, human beings as a group attain greater cohesiveness and offer the new concept’s  vitality to expand, be promoted and grow. This is a more realistic result, compatible with the results of a number of major studies (10,11,12,13), than the mere statement that a product or a species diffuses freely in the "genomic" space.

After understanding that the dynamics of the collective islands is governed mainly by proliferation around "local" opportunities rather than by "inertial" diffusion, we are in a better position to understand the nontrivial spatio-temporal dynamics and the cyclic effects demonstrated by specific products / species. This is achieved by tracking the spatio-temporal propagation evolution of a B population in a randomly changing A (ecological niche, business opportunity, fitness landscape).

The main conceptual barrier that needs to be overcome in order to understand the resilience and "re-birth" of these systems is to considerrealize that the localized B-islands develop spontaneously adaptive features with which the A's and B's were not endowed at the outset. It is therefore hopeless to search for these features in the solutions of the equations acting on the aggregate functions that average over the original microscopic discrete objects A and B. 

Indeed, it has been shown that the naive description of the dynamics in terms of aggregate variables representing the total population is inconsistent with the very emergence and survival of that population (14). Assuming total uniformity of a system cannot appropriately account for this outcome: It was shown that the spontaneous emergence and survival of adaptive collective objects depends crucially on their discrete microscopic structure. For instance, the discrete character of the buy/sell transactions (or of proliferation act in the biological case) may ensure the survival of products (and species) in conditions in which the uniform market (uniform population (15)) approximation predicts extinction.

The survival of the B's as a collective depends on the effective adaptive properties of the aggregatedcollective B objects; on their capability to search and find the A-rich territories. The individual B's are not adaptive and disappear when the basis for their existence is too weak whereas as a collective, some of their descendents may survive in neighboring locations where the prevailing conditions are better. From there, they may re-emerge in force when the conditions improve significantly. Similarly, an adaptive idea will disappear from its original position when its basis is weakened but will reemerge due to its long "tail" (its corollaries) in a nearby location where the new situation is more suited for its existence. If, however, the changes in the underlying A distribution are too rapid this idea is doomed to die. This means that the discrete character of the B's implies that ideas can disappear suddenly and totally (like say extinct languages after their last speaker dies). By contrast, in a continuum-variable description there will always be traces left (one thousandth of a speaker preserving the tradition). 

The effect of cyclicity of social themes has a similar dynamics: The survival and the revival occur as the result of a "localization” (16) process
. The various B agents (ideas, products, art concepts etc.) proliferate within islands of opportunity which emerge and whose effective adaptive dynamics is qualitatively different from the original dynamics characterizing the individuals. This localization is demonstrated in the results (Figure 2). 

The jumps of the population from one "island" to another can take place when the microscopic fluctuations render the old location less advantageous than the new one. The tunneling process from one condition to another may be a painful and lengthy one: The population fluctuations may take a "critical" form implying variations of orders of magnitude in the total population. Moreover the time lapses in species revival may be longer in magnitude than of the individual elementary processes (single sale, single offspring generation).

Figure 3 illustrates that the tunneling between the various locations leads to fluctuations in the total population by orders of magnitude. As long as a location is stable the population is large. When the conditions require change the total population decreases dramatically until the population eventually finds a new advantageous location/niche and the social theme (product, fashion) will then revive.

Note that the dynamics in the “genome” space of the social theme is very different from that implied by simple diffusion in the genome space. Indeed, the dynamics is not governed by masses of individuals moving from one location to another. Rather, the proliferating character of the individuals implies that the collective dynamics is dominated by the arrival of first individuals (Eneas in Latio, Little Johnny Apple-Seed in Mid-West, etc), reaching a "fertile territory" and their proliferation therein. This is consistent with the results on the difference between the diffusion of masses and the proliferation-enhanced propagation (17). 
 While in the first case the frontier between the old and the new population is diffuse and advances as the square root of time, 

 In the second case the frontier is sharp (though it might have a fractal shape) and its advance is proportional to the time itself.

One outcome of this dynamics is illustrated in Figure 4. We see that cycles in social themes, products, and even innovations rather than being exceptional, are an essential part of the evolution of society. Another interesting observation is that such effects have been documented in population dynamics by ecological (18,19) bacteriological (20) and archeological  (21) experiments and measurements. If correct, this dynamics is in fact part of a more general framework which dictates social evolution.

In the context of economics, the formation of islands in search for stochastic fluctuations in the A distribution can be interpreted as the formation of herds of investors looking for exploitable deviations from the optimal market equilibrium (if one interprets it in real space, the islands are "Silicon Valleys"). The natural emergence of herds in our model shows that the herding behavior is not as irrational as one might think: It appears even in systems of agents deprived of any cognitive bias. Of course, in reality the herding effect might be enhanced by psychological factors. But those are not necessary for the herding to emerge. The emergence of herding is as natural and automatic (even in a stochastically optimalefficient market) as the existence of electric insulators. In fact it is almost formally equivalent to Anderson localization. It is an expression of the very non-intuitive but real effect under discussion in this paper: In auto-catalytic systems microscopic noise leads to macroscopic heterogeneity.

On a more quantitative note let us mention that the fate of an idea may fall in one of three regimes according to the particular conditions:

1. All the B's eventually die – this happens when their motion is slow compared with the changes in the environment.

2. The B's fill all the available space until they saturate it (e.g.  TV, computers, telephones, the wheel, capitalism)  

3. The B's exhibit a mechanism of rise and fall (e.g. nylon products and ideas that enjoy several lifetimes of reincarnations).

The noticeable conclusion that cyclicality is expected as a rule rather than exception, emerges from the analysis of the three regimes identified earlier. Specifically, the proposed model indicates inherent conduct of cyclicality within the third regime. While the first two regimes do not characterize long time frame perspectives of social phenomena, the appearance of cyclicality was found universally within the third regime, insensitive to the parameter levels. Parenthetically, the shape shown in Figures 2-4 was a result of a random selection of parameter levels for the purpose of illustration. The analysis implies that we probably ought to consider longer time frames following the decline of innovations, in assessing the value of social ideas, otherwise we might prematurely and erroneously lay foregone successful concepts to rest. 

In the revival race, ideas possessing more components stand a better chance since such a race corresponds to a few independent A's that can each sustain a B population while the others are in eclipse.  The resilience of the microscopic representation models in comparison with the usual differential equations sheds light on the sustainability concerns encountered in the development of the post-industrial society. (22).
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Figure 1: While solving the deferential equations leads to a trivial solution the simulation provides a non-trivial solution.
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Figure 2: The localization effect
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Figure 3: The tunneling effect
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Figure 4: The Cyclicality

� The original setting of Anderson's discovery of noise induced localization was the electron wave functions in semi-conductors. Non-localized electron wave functions are associated with normal conductors: the electrons can move freely throughout the material and carry an electrical current.  Localization leads to the creation of insulators; the electrons cannot travel freely throughout the material and are confined to closed, localized regions. The wave functions of an electron under the influence of a perfectly periodic electric potential or constant potential spread over the entire space. Yet random (noisy) perturbations of the electric potential may destroy this property and lead to highly localized electronic wave functions  (meaning that there are ``islands'' in which the there is a high probability of finding the electron separated by regions where this probability vanishes). 
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