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Online search is ubiquitous
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How to design online search platforms?
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• Focus on search behavior and product rankings

• Long-run relationships with consumers: maximizing consumer surplus

• Understand search behavior:

• Rich data in search patterns and choices

• A general framework that subsumes several existing models (e.g. Weitzman 1979)

• Ranking optimization (under parametric assumptions):

• Ranking affects salience and thus search patterns

• Computationally tractable
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How do consumers search?
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• A general double index framework (subsuming several popular search models)

• Each product has a search and utility index (𝑠𝑗 , 𝑢𝑗)

• The consumer knows the search indices and the utility of the outside option 𝑢0

• The remaining utilities 𝑢𝑗 𝑗=1

𝐽
are unknown

• Consumer learns 𝑢𝑗 by searching for product 𝑗

• Rank goods according to 𝑠: 𝑠1 ≥ 𝑠2 ≥ ⋯ ≥ 𝑠𝐽
• If 𝑠1 < 𝑢0, stop searching without purchase
• Else, search good 1, then

• If 𝑠2 < max 𝑢0, 𝑢1 , stop searching and maximize utility over goods 0 and 1
• Else, search good 2, then

• … 



Why not rank by “product relevance”?
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• How to best rank the alternatives to maximize consumer surplus?

• Consider an example: 3 products Red, Green, and Blue; 𝑢0 = 0
• Ranking affects search index on top of a “baseline” search index (based on other attributes)

• Further complicated with consumer heterogeneity
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Consumer surplus
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• The product that gets purchased is the one with the highest min{𝑢𝑖𝑗 , 𝑠𝑖𝑗} (modifying Choi, Dai, Kim, 

ECMA 2018) – i.e. both salience and utility matter for choice

• Introduce “double logit”: Let 𝑠𝑖𝑗 = 𝛿𝑗
𝑆 + 𝜖𝑖𝑗

𝑆 and 𝑢𝑖𝑗 = 𝛿𝑗
𝑈 + 𝜖𝑖𝑗

𝑈, where 𝜖’s are distributed Type I EV

• Assume perfect correlation of errors: min{𝑢𝑖𝑗 , 𝑠𝑖𝑗} = 𝑣𝑖𝑗 = 𝛿𝑗
𝑉 + 𝜖𝑖𝑗, where 𝛿𝑗

𝑉 = min{𝛿𝑆, 𝛿𝑈}

• Ex-ante consumer surplus (i.e. prior to the realization of the common logit shock):

𝐸 𝐶𝑆 = 𝑙𝑜𝑔 

𝑗

exp 𝛿𝑗
𝑉 + 

𝑗:𝛿𝑗
𝑈>𝛿𝑗

𝑆

exp 𝛿𝑗
𝑉

σ𝑘 exp 𝛿𝑘
𝑉 𝛿𝑗

𝑈 − 𝛿𝑗
𝑆



Rank optimization
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• Allocate resource 𝑟 from budget 𝑅 to increase salience: 𝛿𝑗
𝑆 = 𝛿𝑗0

𝑆 + 𝑟

• Marginal benefit of rank promotion: let 𝑞𝑗 =
exp 𝛿𝑗

𝑉

σ𝑘 exp 𝛿𝑘
𝑉, when 𝛿𝑗

𝑈 > 𝛿𝑗
𝑆, 

𝜕 𝐸 𝐶𝑆

𝜕𝑟
= 𝑞𝑗 𝛿𝑗

𝑈 − 𝛿𝑗
𝑆 − 𝑞𝑗

𝑘

𝑞𝑘 𝛿𝑘
𝑈 − 𝛿𝑘

𝑆

• “Potential” (=𝛿𝑈 − 𝛿𝑆): Always only promote positive potential products

• Salience: Within the set of positive potential products, baseline market share matters

• Avoid two mistakes:

• Don’t promote products that will be ultimately disappointing

• Don’t promote products that have high potential but very low baseline salience



Rank optimization
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A greedy algorithm
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• Discrete ranks require an algorithm

• For each rank 𝑟 = 1,2, … , 𝐽, let 𝛿𝑗
𝑆 = 𝛿𝑗0

𝑆 + 𝑓 𝑟 if product 𝑗 is ranked at 𝑟

• If only one or no products with potential (𝛿𝑗
𝑈 − 𝛿𝑗0

𝑆 ) greater than 𝑓(𝑟)

⇒ rank product 𝑗 with highest potential at rank 𝑟 (“Minimize waste”)

• If multiple products with potential greater than 𝑓(𝑟)

⇒ rank product 𝑗 with highest 
𝜕 𝐸 𝐶𝑆

𝜕𝑟
among products with potential greater than 𝑓 𝑟



Simulations
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• Base case: 𝛿𝑈, 𝛿𝑆 ∼ 𝑖. 𝑖. 𝑑. 𝑁 0,1
• Ranking technology: 𝑓 𝑟 = 𝐴 ⋅ exp −𝑟 , where A=5

• Normalize CS from worst result (0) to best result (1) across all possible rankings 

• Results hold for many products
• Our algorithm is fast to compute when enumeration is infeasible



Empirical application: Microsoft Partner Center
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• Launched in 2017 to help match Microsoft partners among themselves to exchange goods and services

• The Partner Center generates roughly 1000 matches per day with over 8000 global partners

• Our data contains 7638 unique customer visits and 14066 clicks on partner profiles (searches)

• Half of the customers chose at least one partner (i.e. submitting a referral)

• 42% of the customers search before choosing

• 7% of the customers directly chose partners

• The other half of the customers did not choose any partner:

• 36% of the customers left after some searching

• 16% of the customers left without any search



Microsoft Partner Center
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Microsoft Partner Center
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Microsoft Partner Center
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Microsoft Partner Center
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Microsoft Partner Center
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Microsoft Partner Center
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Empirical specification
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• We formulate the double index model into a discrete choice problem

• Define a consumer 𝑖’s utility and search index for product 𝑗 as

𝑢𝑖𝑗 = 𝑥𝑗𝛽 + 𝜔𝑗𝛾 + 𝜉𝑗 + 𝑣𝑗 + 𝜖𝑖𝑗
𝑈

𝑠𝑖𝑗 = 𝑥𝑗𝛽
𝑆 + 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑗𝛾

𝑆 + 𝜉𝑗
𝑆 + 𝜖𝑖𝑗

𝑆

where
• 𝑥𝑗’s are observed characteristics before search, e.g. endorsement badge, LinkedIn logo

• 𝜔𝑗’s are observed characteristics after search, e.g. endorsement details, partner attributes

• 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑗 include both the vertical groups and horizontal rankings of product 𝑗

• 𝜉𝑗’s are unobserved characteristics before search

• 𝑣𝑗’s are unobserved characteristics after search

• 𝜉𝑗
𝑆’s are unobserved search index

• 𝜖’s are i.i.d. distributed Type I EV



Estimates
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Counterfactual simulations
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Conclusions
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• We propose a double index framework that subsumes several search models

• We propose a rank optimization algorithm to maximize “ex ante” consumer surplus

• We study a real world business platform and improve its ranking algorithm



APPENDIX
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“Ex post” consumer surplus
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Sequential search with recall
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Simultaneous search
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Satisficing
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