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1. Model Summary
Motivated by Akkus and Hortacsu (2008), we model bank mergers in a two-sided one to one matching framework. The two sides are formed by buyers and targets. We denote buyers by b = 1,.…, Nm  and  targets by t = 1,…, Nm  where Nm is the number of matches observed in market m. We assume that markets are independent of each other. For the sake of simplicity, we assume that there are no banks with multi-market presence. In other words, every bank operates only in a single market, and every bank is uniquely identified by a combination of market id and buyer id (or target id) – i.e. (m,b) or (m,t).

Once a buyer b and a target t merge in a market m, they realize a post merger value denoted by fm(b,t).
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where x1bm and x1tm are asset sizes for buyer b and target t in market m, x2bm and x2tm are branch numbers for buyer b and target t in market m, lbm and ltm are locations (i.e. x coordinates) of the headquarters of buyer b and target t on a line segment in market m. btm is a match-specific error term with median 0. 
The goal is to estimate  and , which measure the relative importance of branch number sorting or geographic proximity to asset size sorting. Notice that the coefficient for asset size sorting term is normalized to 1.  
In order to estimate parameters, we will use the Matching estimator by Fox (2008). This estimator is based on a pair-wise stability condition:
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in  market m
In other words, for any two pairs of observed matches, the sum of post merger value created by these matches exceeds the sum of the value that can be created if these pairs exchange their partners. This condition allows us to use a semi-parametric maximum score estimator to estimate parameters for the match value function. Without transfer matching estimator maximizes the following score function:
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where (b,t) and (b’,t’) are observed matches in the data and 1[.]  is an indicator function.

You have to find a set of parameters which maximizes
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2. Estimation Exercise
2.1. Data description

There are 50 independent markets where 10 buyers and 10 targets are in each market. A unique key is assigned to each firm, which is defined by market id/buyer id combination or market id/target id combination. There are three data sets: (1) matching outcome data set, (2) buyer characteristics data set, and (3) target characteristics data set respectively.

· MATCH.TXT: Matching outcome data has three arguments (m,b,t) : m: market id, b: buyer id in market m, t : target id in market m.

· BUYER_CHAR.TXT: Buyer characteristics data set has the following 5 columns: market id, buyer id in market m, x1bm, x2bm, lbm.

· TARGET_CHAR.TXT: Target characteristics data set has the following 5 columns: market id, target id in market m, x1tm, x2tm, ltm.
2.2. Parameters to recover

You need to recover 2 parameters (,), which measure the relative importance of branch number sorting and geographic proximity compared to asset size sorting. 
3. Estimation Tips
· The true parameters are single-digit integers. 
· Maximum score objective function is not smooth and differentiable. Therefore, you need a global optimization algorithm for nonlinear and non-differentiable objective functions for estimation. Storn and Price (1996) developed a global optimization algorithm titled as “differential evolution.” You can download MATLAB functions for “differential evolution” from the following link. 
http://www.icsi.berkeley.edu/~storn/code.html
· Among the available pre-written functions for “differential evolution”, please use “devec3.m”, which is similar to “fminsearch” or “fminunc” functions in standard optimization cases. You have to specify an objective function (i.e. maximum score function), data array, and parameters to estimate as arguments to this function.      
· Estimation requires comparisons of “observed” matches with “counterfactual” matches. Therefore, the data array you need for estimation is different from the provided raw datasets. In the final dataset that you need to put into the objective function, there are 2,250 (50 x 10 x 9 / 2 = 2250) unique comparisons of observed and counterfactual matches. For details on the construction of a data array required for estimation, please refer to page 8 – 9 of Santiago and Fox (2008). “A Toolkit for Matching Maximum Score Estimation and Point and Set Identified Sub-sampling Inference” by Santiago and Fox (2008) contains details of Mathematica implementation of matching estimator. This would help you to implement matching estimator with MATLAB. The paper can be downloaded at:  
 http://home.uchicago.edu/~fox/
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