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Abstract

Docking of models may be the next step for computational social science in order to ensure generalization of their findings. The NK model has been used in hundreds of papers but we still don’t know a lot about the specificity of this simulation tool. On the same side of evolutionist agent-based models and despite few uses in organization sciences (Bruderer & Singh, 1996), the Genetic Algorithm may enrich thoughts about adaptation of complex systems. Do these two models answer the same kind of questions? Are these answer convergent, complementary or opposite? The aim of this paper is to compare major findings of the NK model and the Genetic Algorithm, to help building a coherent family of models able to put into light important issues of our field.
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Simulation of the Adaptation Process: 
Alignement of NK Models and Genetic Algorithms
A docking procedure
Axtell & al. consider that, « it is fundamental […] to be able to determine whether two models claiming to deal with the same phenomena can, or cannot, produce the same results » (1996: 124). Docking consists in testing the « alignment of computational models » (Axtell & al., 1996: 123). The NK model (Kauffman, 1993), one of the most famous in organization science, has been subject to few comparison (Ashworth & Louie, 2002).

The NK model and genetic algorithm (GA) based model (Holland, 1975) have interesting differences and shared construct, which justify a docking procedure:

· Both models come from evolutionary theories, but Kauffman (1993) refuses the dominance of natural selection and  preferes an epigenetic theory.
· Both models deal with adaptation and the impact of interdependencies, based on epistatic interactions in the NK model, and on interaction of variation and selection in the genetic algorithm.
· Fitness landscape is a core concept in both models.
· Sorenson (1997) and Rivkin (2001) demonstrated ontological adequacy and robustness of the NK model, but not its coherence with other models.
To perform docking, we’ve build a GA, running on MATLAB. We use the simulation output from each set of 100 runs. Instead of running the NK model (using for instance the Marco Valente platform), we use Kauffman’s results and some contributions of research in the field of management. 

The two models will be shortly presented, their share constructs and assumption differences exposed. Then, their different facet of convergence, complementarities and divergence will be set. Results of both models appear as interesting answers to fundamental questions in social sciences.

NK and Genetic Algorithm based models
· The NK model is supposed to be known in the field of orgnanization science. The author, Kauffman gived in a 1993’s book a pretty complete description of it, and a number of papers allow to get a pretty good desrpition of it (Levinthal, 1997 ; McKelvey, 1999 ; Rivkin, 2000, 2001).
· The GA makes populations evolving, using a mix of lamarckian transformation and darwinian selection. Agents are chromosomes, made of N genes (a hundred in the basic model). Initialization of the population is randomized. The fitness landscape is a linear function of the values of the genes. Simulations run on a hundred periods. Outputs of the model are mean fitness and diversity. The transformation process is based on random mutation and incremental improvement (agents only adopt better configurations of genes). Individual search depends on the mutation rate. The selection process is based on recombination (agents are randomly selected in the population to create offspring), isomorphism (best agents are duplicated) and oriented mutations.
Table 1 presents shared constructs and assumption differences between the two models.
	Concept
	Model

	
	NK(CS)
	Genetic algorithm

	Fitness landscape
	Randomized
	Simple : linear function of the values of the genes

	Agent’s initialization
	Randomized
	Randomized

	Agent’s complexity
	Number of genes (N)
	Number of genes

	Population size
	Number of agents (S)
	Number of agents

	Individual search
	Local Boolean adaptation
	Random mutation and global optimization

	Internal coevolution
	Epistatic interactions (K)
	Neighbor interactions

	Long jumps
	Random mutation (Levinthal, 1997)
	Crossovers

	Imitation by selection
	Benchmark (Rivkin, 2000)
	Agent’s duplication

	External coevolution
	Interactions between agents (C)
	Oriented mutations

	Performance
	Position on the fitness landscape
	Position on the fitness landscape

	Diversity
	Number of distinct organizational forms
	Dispersion in agent’s characteristics

	Rapidity of change
	Number of iterations to reach a local optima
	0 if change is linear, 1 if improvement is coming exclusively from the first generation


Table 1 - Shared constructs and assumption differences
Convergence of the two models
· Can internal coevolution impede the adaptation process?

In the NK model, average fitness of local optima reached by agents is maximum for a weak level of K (Kauffman, 1993 : 56). In another way, with K rising, the number of iterations to reached a local optima is shrinking (Kauffman, 1993 : 57). In the GA model, internal coevolution favours short term fitness but reduces long terme fitness (figure 1).
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Figure 1 – Internal coevolution, speed and depth of adaptation

In both models, ambivalence of internal coevolution is related to the tradeoff between exploration and exploitation. March moreover notes that « adaptive processes, by refining exploitation more rapidly than exploration, are likely to become effective in the short run but self-destructive in the long run » (1991: 71).
· Is intensity of individual search always a way to perform?
In the NK model, simultaneous changes (more than one gene is changing at the same time) have three consequences on the adaptation process. Kauffman first show that “fitness decreases as the number of simultaneous changes increases”  (1993 : 250). Then, he establishes that nash equilibria aren’t reached faster as number of simultaneous mooves are rising. Finally, he verifies that “as K values increase, the decreases in fitness due to simultaneous moves are less pronounced” (1993 : 251).
In our GA, rising of the mutation rate decreases long term performance (table 2).
	Mutation rate
	0.005
	0.01
	0.025
	0.05
	0.1
	0.25
	0.5

	Fitness after 1000 generations*
	98.33
	99.3
	98.32
	93.31
	85.84
	74.71
	66.00

	Rapidity of the change**
	0.09
	0.20
	0.39
	0.56
	0.69
	0.79
	0.87

	Fitness with internal coevolution
	81.36
	83.02
	83.92
	83.64
	78.28
	69.66
	65.84


* Best performance = 100.
** Slow change = 0, fast change =1.
Table 2 – Mutation rate, long term fitness and rapidity of the change
Models converge on the three questions. Intensity of individual search reduces potential performance but raises the rapidity of the change.

· How does diversity in the population evolve with individual search?

In the NK model, diversity of organizational forms falls during with time, specifically with low level K (Figure 2).
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Figure 2 – Evolution of diversity in the NK model with individual search
Diversity is also decreasing in the GA model.
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Figure 3 – Evolution of diversity in the GA model with individual search
Both models give the same conclusion whatever the adaptation process is: with individual search, agents concentrate around high fitness picks (local or global). This convergence depends on the ruggedness of the fitness landscape.
· How does diversity in the population evolve with selection?

In the NK model, if selection (roulette wheel selection) is introduced, diversity of organizational forms decreases (Figure 4).
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Figure 4 – Evolution of diversity in the NK model with selection
Levinthal shows that “a selection process leads to the emergence of a single organizational form” (1997: 943). Levinthal also notes that “due to the nature of global selection, the number of distinct organizational forms in the population is insensitive to the value of K” (1997: 943). In the GA model, selection drives to a near zero diversity. Furthermore, diversity evolution is independent on internal coevolution (Figure 5). 
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Figure 5 – Evolution of diversity in the GA model with selection

· What is the effect of internal coevolution on the efficiency of imitation via selection?

Rivkin (2000) defines two imitation strategies: incremental improvement and follow-the-leader imitation. In both cases, internal coevolution is a strong barrier to imitation. Rivkin explains that “in a strategy whose pieces are numerous and tightly knit, small probabilities that each element will be replicated incorrectly cumulate to produce a high likelihood that imitators will fare poorly” (2000: 839).

In the GA, internal coevolution negatively moderates positive impact of imitation on the average fitness of agents by 15% (Table 3). 
	
	Fitness without imitation
	Fitness with imitation
	Benefit from imitation

	Without internal coevolution
	73,9
	78,5
	4,7

	With internal coevolution
	72,9
	77,0
	4,1


Table 3 – Moderator effect of internal coevolution on the relation between imitation and performance

Complementarity of the two models
· Is external coevolution favorable to adaptation?

In the NK(C) model, Kauffman notes that “When K>C, Nash equilibria are found rapidly” (1993: 246). C slows down adaptation.
In the GA model, external coevolution slows down adaptation when initial diversity is low. If diversity is high, external coevolution can produce spillover effects and speed up changes in the population. 
· Does size of the population have an impact on its adaptation? 

From the NK(CS) model, McKelvey shows that “the size of a coevolutionary pocket may confound the impact [of interdependencies] (…). Too small an industry group may lead to too little external coevolutionary density to stimulate improved fitness levels. Too large a group, and external coevolutionary density may be [too] diffused” (1999: 306).

In the GA model, a medium size of the population is optimum because of the effect of crossovers and imitation on performance. A too small population does not present enough diversity to allow parallel exploration of the landscape, and a too large population does not manage to benefit from enough exchanges to diffuse “good” genes to every of its members.
Carley et Hill (2001) also identify this size effect with Construct-O. Consequences of the population size are the same in each model, but the GA show that this effect is related to the transfer of genes inside the population.
· What is the impact of internal coevolution on the efficiency of long jumps?

In the NK model, the more rugged the landscape is, the less efficient adaptive walks are. For Levinthal, “with a higher level of K, survival subsequent to a change in the fitness landscape is much more dependant on successful long-jump or reorientation than local adaptation” (1997: 946).

In the GA, crossovers are an efficient way to avoid being stuck on local optima. But this effect only occurs after a long period of time, and needs a high diversity in the population.
Divergence of the two models
· What is the effect of coexistence of internal and external coevolution?
In the NK(C) model, fitness is higher when K and C are close, whether they are high or low. For Kauffman, “Internal epistatic coupling of each member of a species should be important enough to counterbalance the epistatic coupling between partners” (1993 : 280). 
In the GA model, coexistence of internal and external coevolution gives poor results. While external coevolution is an efficient engine of “good” genes diffusion on a smooth landscape, it creates perturbation when rugged landscape implies different path dependencies for each agent.
Even if the specificity of each model prevents from some comparisons, the assessment of this docking is positive. NK models and GA provide the same answers to critical questions in organization science. Their complementarities on some aspects can help to create a family of models, as different maps of reality, to tackle the dynamics of adaptation.
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