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                    Abstract
The paper is based on the acknowledgement that properties of markets stemming from features of demand are too frequently overlooked in the economic literature, particularly among evolutionary scholars. The overall goal is to show that “demand matters” to understand properly observed properties of markets not only because of its exogenous (i.e. non-economic) features, but also because of aspects of consumers’ behavior that fully deserve to be considered in the domain of economics. The paper presents a general model of the consumer based on a bounded rational decision algorithm. The model is shown to be compatible with available evidence on consumers’ behavior and adaptable for theoretical as well as empirical applications. The description of the proposed model’s components provides the opportunity to discuss a number of issues the importance of which for the analysis of markets of markets becomes evident taking a demand-oriented perspective. Among these, we propose a formal definition of preferences meant as decision criteria used by consumers and distinct from the actual decisions made by consumers at each purchasing occasion. We also highlight the potential role of firms’ marketing in shaping consumers’ preferences, suggesting an endogenous channel of influence on consumers’ preferences which is possibly highly relevant in certain markets. We use the model to show that the proposed model can easily replicate a generic market demand function, with the advantage of more robust foundations and greater flexibility in respect of standard consumer theory. We also show that limiting to consider distributional properties of markets, neglecting the type of demand, may lead to serious errors of interpretation.
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                    Notes
	For example, optimizing short-term profits may undermine longer term measures of success, and vice-versa.


	For simplicity, in the following we will refer to products only, dropping the reference to services, even though the model proposed, and the results presented, apply to both types of markets.


	We ignore the case of products that may have different uses. In this case, the same product feature may be evaluated in different ways depending on the use considered, complicating the representation (e.g. requiring consumers to be stratified in different classes) but not affecting the theoretical results, which are our main concern.


	For simplicity of exposition and without loss of generality, we assume that all characteristics are positive, so that product X is preferred to Y if \(v_{X}^{i} > v_{Y}^{i}\). For example, a characteristic may not be “price”, but rather “cheapness”, possibly defined as the inverse of price.


	A recent literature questions whether industrial classification systems are valid instruments for competition studies, since producers sharing the same technology may actually target quite different sets of consumers. Similarly, a given user need can be served by products based on rather different technologies, and therefore classified in distant industries. The combined effect of the two errors may generate misleading results from empirical data. For example, firms sharing the same pool of potential consumers should show negative correlation between their market shares, at least in some cases. Conversely, it has been shown that such an event is rare (Sutton 2007) and that the empirical evidence is much more complex than what could be expected (Coad and Valente 2010).


	These constraints form technological paradigms, a change in which leads to new technological trajectories (Dosi 1982).


	For a thought-provoking discussion on the methodological relevance of the endogenous change of vector dimensions in the science of complexity, see Fontana and Buss (1996), who call for a calculus of objects expected to be as revolutionary as the numerical calculus has been in mathematics.


	In case more than one option remains and there are no more characteristics to perform further rounds of filtering, the algorithm mandates choosing randomly from among the surviving options. Alternative tie-breaking rules may easily be devised for particular cases. However, for our purposes, we can ignore this detail, leaving in the implementation the original proposal.


	Notice the difference between preferences and tastes. While preferences are the criteria applied to reach a decision, tastes consist in the ordering of the instances of a characteristic. For example, two different users may give high importance to the characteristic “color” in their preferences. However, they may differ in their tastes, so that the instance “white” is evaluated by one consumer as better than “red”, while another consumer may have opposite tastes. For obvious reasons of simplicity, in the following we will assume that all consumers share the same tastes, using real-valued variables as instances of characteristics. Thanks to Marco Guerzoni for raising this point.


	By this catch-all term we mean every firm’s activity addressing actual or potential customers including advertising, sales promotions, etc.


	At the time of writing, googling “failed marketing” provides about 174 million entries, the first being the self-explaining: http://www.prospectmx.com/15-hilariously-failed-marketing-campaigns/.


	For an application of this implementation in a theoretical model, in Valente (2000) a firm’s marketing strategy is endogenized on the basis of information collected from actual and potential (and failed) sales.


	Variations of the proposed model has been used in several works: to represent the evolution of a market with product-embodied innovations (Valente 2000); to explore demand’s contribution to a series of particular market configurations (Valente 2009); to represent classes of heterogeneous consumers in a micro-founded macro-economic model (Ciarli et al. 2010); to evaluate environmental policies in markets where consumers face the trade-off between polluting and cheap vs green and expensive products (Bleda and Valente 2009).


	We consider the number of households between 15,000$ and 200,000$ of income, generating 37 classes for each 5,000$ bracket. Data from the US Census Bureau for 2010, table HINC-06 (http://www.census.gov/hhes/www/cpstables/032011/hhinc/new06_000.htm). The original figures have been re-proportioned to represent a total of 10,000 households.


	An important technical property of the proposed model is that the results are independent to monotonic changes to the variables. Thus, representing “cheapness” as 1/p or as p
                      max − p makes no difference to the results, since decisions are based on comparisons that are invariant to monotonic functions.


	All the simulations in the paper have been developed with the simulation platform LSD (Valente 1997, 2000, 2008). LSD can be downloaded from www.labsimdev.org. The model’s code and configurations of the experiments are available upon request.


	We do not report the sales level for product Y. However, these values can be induced from the vertical difference between the total sales levels and that for the sales of X, which is clearly narrowing for increasing levels of \(v_{X}^{i}\).


	For reading convenience, we leave out from the text most of the numerical details on the model parameterizations. The complete list of values used for the simulations is reported in the Appendix A. The code and configuration files to replicate the model results are available upon request.


	It would be easy to implement differentiated error terms for different characteristics, so that, for example, even naive consumers could be perfectly able to assess price differences. However, given the goal of this experiment such a concession to realism (as many others that could be easily introduced) would not contribute in any way to the core result we are pursuing.


	The choice adopted for the two values for τ and \(\hat{\Delta}\) is solely motivated by the requirement to compare results under two extreme cases, and there is no implication that these values have some realistic foundation.


	This and the following result concern a single simulation run. Since the model includes several random elements, it is theoretically possible that the results presented are unique and could change significantly when the simulation is repeated using different random values. To show that this is not the case, we report in the Appendix B a statistical test of robustness for the results, showing that the effect of random factors on results is minimal, and therefore individual runs are representative of each model setting.


	Leaving some randomness in the consumer behavior would have increased the apparent similitude between the two results, but would have not contributed in any way to explaining the factors behind the results discussed below.


	To improve the similarity of results between the two experiments, we could have assigned smallish values to τ and \(\hat{\Delta}\) instead of 0, respectively. This choice would have made easier to sustain the similarity of the results, but would have made it more difficult to disentangle the effects of the two parameters and to discuss the contributions of demand to the results in the two experiments.


	On purely theoretical grounds, it may also be possible that the random values used to set the suppliers’ conditions affect the result. For example, that our claim holds only for the very specific distribution used, but not for others. Trivially, for example, if all firms were set to identical values, our claim would not hold. However, considering that we used thousands of random values to set those values, we can safely assume that no bias in our reasoning can be derived from this objection.
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Appendices
Appendix A: Simulation data setting
Table 3 reports the parameters values and variables initializations used in the simulations runs for the market segmentation experiments discussed in the paper. The table also briefly describes the main dynamics of the model not described in the main body of the paper. The code used for the generation of the results presented in the paper is available upon request.

Table 3 Initialization values for simulation runsFull size table


                Appendix B: Robustness
The concept of robustness concerns the persistence of a claimed result varying the initialization of the model. How to support the claim of robustness of a result depends, obviously, on the nature of the result itself. For example, a simulation model may be used to assess properties of the whole time pattern of (some) variables, or only their final values. It may well be possible that simulation runs generated with different parameter values produce widely different patterns, all leading to essentially identical final values. Without a clear specification of the claimed results, one may contradictorily conclude that the results are at the same time robust and not robust. Hence the need to specify in detail the nature of the result and how it may be confirmed or rejected.
In our case, the claim is that two initializations of the model lead to final distribution of sales across firms with similar aggregate distributional properties, but generated by different ranking of firms by sales. We consider this core point as proven by the evidence presented in the main body of the paper. What we still need to show is the claim that the difference between the two cases depends on the two specific parameters differing in the two settings and not, instead, on other differences between the two models.
To reduce to the minimum the possible sources of differentiation between the two settings, the simulation experiments are purposefully built using exactly the same values for almost all parameters in the model. The only difference between the two experiments, besides the behavioral parameters discussed in the text, are the random values used during the simulation run (the random values drawn before starting the simulations, used to initialize product qualities and marketing strategies, are the same in both settings). Therefore, we need to perform a test directed to measure the robustness of our result in respect of the random events occurring during simulation runs.Footnote 24 We consider each of the two settings independently, aiming to show that each of them systematically provides identical results, and therefore it is legitimate to use a single representative run.
The model generates results depending partly on the deterministic structure of the model (initialization and deterministic equations) and partly on random factors. Random events are used in the following functions:

	
                      Time of entry of new consumers.

                    
	
                      Characteristics’ values perceptions

                    
	
                      Preferences’ formation.

                    


                A few sample runs, using the same settings and different random series, show that the structural contributions are dominant in respect of random elements: in each of the test runs performed, every firm obtained almost identical results (i.e. market shares) with only fractional differences between different runs. For the sake of completeness, in this section we provide statistical evidence for the irrelevance of these random variations.
We compute a test for the hypothesis that the final level of sales for each firm is identical across different simulation runs. In other terms, the result would fail the test if we found that, across different repetitions of simulations with the same settings and different random events, firm sales assume very different values. In the following, we formalize the test reporting some statistical indicators computed on the data from different simulation runs.
We consider 10 runs generated with the same initial setting and using different series of random values. We assume that a model outcome (final firms’ sales levels) depends partly on their structural properties (initial values and dynamic equations) and partly on randomness. We consider each firm’s series as an instance of a (partly) stochastic process, the overall variance of which (structural and stochastic) can be approximated by the variance shown by the whole population of firms in a single run. Indicating with \(x^{k}_{i}\) the final level of sales of firm i produced during the k
                  th simulation run, and x
                  k the average of all firms sales produced during simulation run k, we can then define the total variance of our series for simulation k as:

$$ \sigma^{T}_{k}= \frac{\sum^{N}_{i=1} \left(x^{k}_{i}- x^{k}\right)^{2}}{N}$$


                Since we have 10 simulation runs, we can take the average of this variance over different runs to get a more reliable estimate of the total variance of the process generating the firms’ results.

$$ \sigma^{T} = \frac{\sum^{10}_{k=1} \sigma^{T}_{k}}{10} $$


                We can consider this index the intra-simulation variance of our results; it is an estimation of the total variety that firms are subject to during a simulation run as the cumulative effect of structural and random effects.
To estimate the contribution of randomness, we use the values from each specific firm across different simulation runs. The variance computed over these 10 values (data for one firm over all simulation runs) will indicate the variety due to differing random events only, since the structural properties of the firm are the same across all simulations.

$$ \sigma^{R}_{i}= \frac{\sum^{10}_{k=1} \left(x^{k}_{i}- x_{i}\right)^{2}}{10}$$

where x
                  
                    i
                   is the average value for firm i across all the 10 simulation runs. Having 100 firms, we can take the average of 100 cross-simulation variances as an estimation of the variety induced by randomness only.

$$ \sigma^{R} = \frac{\sum^{N}_{i=1} \sigma^{R}_{i}}{N} $$


                We call this index inter-simulation variance, because it indicates the variety generated by comparing structurally identical processes across simulations using different random events.
Table 4 reports the values for these indicators for the two simulation settings discussed in the paper. As a rough indicator of the distribution, we also report the maximum and minimum variance values obtained by the two samples of 10 simulations and 100 firms for the intra- and inter-simulation variance respectively. As an indication of the contribution of randomness to the model results, we report the ratio between inter-simulation variance and intra-simulation variance. This ratio will be 0 in case there were no variance due to randomness, that is, each firm provides perfectly identical results for each run. Conversely, the index would be 1 in case the variance across firms registered during a simulation run is identical to the variance registered by any given firm in different simulation runs.

Table 4 Robustness tests: intra- and inter-simulation variancesFull size table


                The data clearly indicate that the variance generated in any given run across all firms account for more than 99 % of the variance computed also across different runs. This can only be obtained if the values of sales for a firm differ from the values for other firms but is practically constant in different simulation runs.
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