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WEB-APPENDIX A
GA approach and Parameter recovery study
Researchers have used a wide range of methods for estimating parameters of a diffusion model. These approaches include the Ordinary Least Squares (Bass, 1969); Maximum-Likelihood (Schmittlein and Mahajan, 1982); sequential search-based non-linear least squares (SSB-NLS) (Srinivasan and Mason, 1986); Hierarchical Bayes (Lenk and Rao, 1990); and Xie et al.’s (1997) augmented Kalman filter-based method. A key issue with all these methods is the requirement to have a closed form representation of the diffusion process such that it could be used in a search algorithm to estimate the best-fit parameters. The actual sales data would be compared against a forecasted sales and optimization approaches are employed to find the set of parameters that has the least forecasting errors. To this end, we use our ABM model as an objective function that can be parametrized to generate a sales forecast. 
We employ a genetic algorithm (GA) based approach for parameter search and estimation (Venkatesan, Krishnan, and Kumar 2004). GA’s were first proposed by Holland (1975) and introduced to marketing (Balakrishnan and Jacob, 1996; Midgley et al., 1997). It involves search of a parameter space with four major steps. First, given a vector V consisting of n parameters, a population of candidate solutions consisting of combinations of these n parameters is created. Each candidate solution is coded as a string of binaries and is referred to as the chromosomes. Each chromosome consists of a collection of genes that represent the individual parameters. For example, in the case of the COI-Bass model, p, qW, qA, m, and r represent genes. A binary string combination of all these genes represents a chromosome[footnoteRef:1]. The population then consists of a set of chromosomes. Once a population is generated the next step is reproduction, where the fittest of the chromosomes based on a predefined fitness function are retained and copied over into a next generation. Typically, a sum of squared errors between observed and predicted data is used as a measure of fitness in diffusion studies (Srinivasan and Mason, 1986). Selection of the fittest chromosomes is typically done using a probabilistic mechanism that may involve any number of approaches, from Queen-Bee to linear ranking system to a tournament-based approach (Balakrishnan, Jacob and Xia 2010, Venkatesan, Krishnan, Kumar, 2004). The fittest chromosomes are then crossed over in pairs, i.e., their genes are exchanged to create a new population of chromosomes. Lastly, randomly chosen chromosomes are altered through random mutation of binary bits (0’s are changed to 1, and 1’s could be changed to 0’s) within a gene. In every round of evaluation, a set of termination criterion, such as a pre-defined change in the fitness value of the solution is checked, and if it is met the process is terminated, else, the evolution of the population based on reproduction, crossover and mutation continues. Due to the random mutation and crossover process, the GA method, unlike gradient-based searches such as the SSB-NLS, can more effectively search a larger parameter space as it is less likely of getting stuck in a local optimum. [1:  For example, the following parameter set of p=0.03, qw and qA=0.38, m= 2000, and r=25, would be converted to a binary string represented by “0011110000101000111101011100001100111110110000110011001100 11001100111110110000110011001100110011001111101000011001”] 

Parameter recovery study. We investigated the accuracy of the parameters estimated by the COI-Bass model using the GA-ABM estimation framework. We conduct a simulation-based study (Van den Bulte and Lilien, 1997)[footnoteRef:2] using a 8-cell experimental design. We cross the true values of p (0.013) with the true values of qA (0.38 and 0.65) selected from a meta-analysis by Sultan et al. (1990). We then cross these two combinations of p x qA with true values of qW (0.35 and 0.69), and r (15 and 25). Like Rand and Rust (2011), we select a value of m of 150. We cross these four cells with the true product release environment using a linear policy with slope b and the intercept a set to 12. These specific levels ensured that there was scarcity. [2:  Van den Bulte and Lilien (1997) conducted a Monte Carlo simulation study to investigate bias and systematic changes in the parameter estimates of macro-level diffusion models. They manipulated three variables within a full-factorial design setup. Particularly, they varied the q/p ratio over four levels and the level of error variance over five levels. They varied the length of the data series over four different levels of 10, 12, 14, and 16.] 

We estimate the parameters for each of the eight cells using the GA framework methodology (see Table 2). We recover the parameters perfectly in every simulated scenario. The only exception was the estimates for the capacity parameter. For all but three out of the eight scenarios involving low reach condition, were able to recover the capacity parameter perfectly –for three cases, we get close but not perfect estimates (values of 10 twice, and 11 once) as compared to the true capacity value of 12. The maximum number of generations to obtain the solution by the GA framework was 58 for the high qA, high qW, high r cell. This also took the longest, 209 minutes, to recover the parameters.
-Insert Table 2 here-


Table 2: Parameter Recovery Results
	Diffusion Environment
(True Values)
	Parameter Estimates
	No. of Generations
	Computation Time
(minutes)

	p
	qA
	qW
	r
	qW’
	qA’
	r’
	C’
	
	

	0.013
	Low 0.38
	Low 
0.35
	Low 15
	0.35
	0.38
	15
	11
	28
	118

	
	
	
	High 25
	0.35
	0.38
	25
	12
	9
	46

	
	
	High 
0.69
	Low 15
	0.69
	0.38
	15
	11
	23
	94

	
	
	
	High 25
	0.69
	0.38
	25
	12
	7
	34

	
	High
0.65
	Low 
0.35
	Low 15
	0.35
	0.65
	15
	12
	35
	153

	
	
	
	High 25
	0.35
	0.65
	25
	12
	12
	50

	
	
	High
0.69
	Low 15
	0.69
	0.65
	15
	10
	7
	33

	
	
	
	High 25
	0.69
	0.65
	25
	12
	58
	209


Legend: The capacity (C) was fixed at 12
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