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- Firms use ML/AI algorithms to price and bid. 
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ResearchQuestions: 

1. Howdoreinforcementlearning(RL)algorithmsinfluence 

competitionbids,prices,andprofits? 

2. Whencanalgorithmicpricingbebeneficialforconsumers?Is 

thereanysupportingempiricalevidence? 
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Overview 

- Part 1: Contributions and Intuition 

- Part 2: Conditions for Beneficial Algorithmic Pricing 
- Theoretical Model Setup 
- Reinforcement Learning Simulation of Pricing and Bidding 

- Part 3: Empirical Analysis: Beneficial Algorithmic Pricing on Amazon.com 
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- Conclusion and Managerial Implications 

Contributions 
- Recent research: 
- Calvano et al., 2020; Hansen et al., 2021; Johnson et al., 2023; Wang et al., 2023 - 

Competing algorithms learn to tacitly collude on higher prices. 
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Calvano et al. (2020) Protecting consumers from collusive prices due to AI. Science 
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Contributions 

- Algorithms still collude when pricing and bidding. 

- However, algorithmic prices can be lower when consumers consider fewer 
products. 

- Empirically estimate using Amazon data: 

- Negative interaction of consumer consideration size and algorithms on prices. 
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- In 52% of Electronics keyword markets, algorithms can generate lower prices. 



 

   

ModelSetup 
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- similar products within the 
same keyword 

- different ASINs 

- Heterogeneous consumers 

- consider different numbers of 
products 



 

   

AlgorithmicPricingandBidding 

Reinforcementlearning(RL)algorithmslearnto maximizeprofits via 

dynamic exploration/exploitation of pricesandadvertisingbids . 
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Will the Results Generalize to Different Algorithms? YES! 
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EmpiricalAnalyses: 

ConsumerConsiderationSize  AlgorithmUsage 



 

 

Algorithms and Consideration Size Interaction 
- Negative interaction of consideration size and algorithm usage on pricing. 
- Algorithm index is imputed from pricing correlation (Chen et al., 2016). 



 

 

 Contribution ByCategoryAlgorithmUsageIndex 
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Summary 

- Algorithmic pricing can benefit consumers when the consideration set is small. 

- The results of beneficial algorithmic pricing can generalize to different 
algorithms with an exploration feature. 



 

 

- We find empirical evidence for these benefits on Amazon.com. 

- We consider the platform’s strategic response and find that algorithms can 
create a win-win-win scenario for consumers, sellers, and the platform itself. 
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Thank You 

Email: zhaohc@wharton.upenn.edu 
ronber@wharton.upenn.edu 

 



 

 

Stylized Model of Two Ex-ante Symmetric Sellers 
- In period t, seller i sets price pit and bid bit, and gets profit: 

 ⎛ ⎞ 
πit (pt,bt ) = θ ⋅ Pr(b˜i

t > b˜j
t ) 

® 
Consumers ´ 

¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¶ 

Prob i only con- 
Wins 

sidering 
Auction 

first 
product 



 

 

 + (1 − θ ) ⋅ 
´ ¹¹¹¹¹¹¹¸ ¹¹¹¹¹¹¹¶ 

Consumers 
Considering 
Everything 

⋅ si (pit,ai ) ⋅ ⎜⎜⎜((1 − τ) ⋅ pit − ci ) 
− γi ⋅ E [b˜it ∣ b˜it > b˜jt ]⎟⎟⎟ 

 ⎜ ⎟ 

´ ¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¶ ´ 
¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹
¹¶´ ¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ 
¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¶ 
Logit Demand ⎝ Profit Margin Ad costs per sale ⎠ 

vs an 
Outside Good 

  



 

 

si (pit,pjt,ai,aj ) 
´ 

¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹
¹¹¹¹¹¹¹¹¹¹¹¹¹¸ 

⋅ 

((1 − τ) ⋅ pi
t − ci ) 

´ 
¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹
¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶ 

Profit Margin 

¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹
¹¹¹¹¹¹¹¹¹¹¹¹¹¶ 

Logit Demand 
vs an 

Outside Good 
τ: commission rate, c production cost 

 Micro foundation Asymmetric sellers Back 



 

 

RL Can Benefit Consumers 
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RL Benefits Sellers 
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Would RL Always Lead to Lower Prices? YES! 



 

 

 back 



 

 

Mechanism: Bid Coordination 

- RL can coordinate on lower bids, reducing costs and lowering prices. 
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Algorithms Learn to Price and Bid 

⎡ ⎤ ⎢ ⎥ ⎢⎥ 
⎢⎥ 

 Qt1 (s,a) = (1 − α)Qt (s,a)+ α ⎢⎢πt (s,a) +  δ
maxQt (s,a˜ )⎥⎥ 

´ ¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¸ ¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¶ ® ⎢⎢ ® a˜A
⎥⎥ 

   



 

 

 State-Action Learning ⎢ Discount⎥ 
⎢⎥ 

 Value Rate ⎣ Factor⎦ 
Function 

- With a probability of 1 − ϵt, the algorithms exploit. 



 

 

- With a probability of ϵt = e−βt, the algorithms explore, where β > 0 is the 

experimentation parameter 

Back 

Micro Foundation of θ 

- At each position, consumers compare 



 

 

- the expected incremental utility of continuing their search to the next position, - 
and the cost s. 

- Consumers search the first position but not the second 

 log (1 + δ1 ) − 0 > s > log (1 + δ1 + E [δˆ2 ∣δ1 ]) − log (1 + δ1 ) 

- Consumers search the second 



 

 

 log (1 + δ1 + E [δˆ2 ∣δ1 ]) − log (1 + δ1 ) > s 

Micro Foundation of θ 

- Then θ and 1 − θ can be expressed as 

Fs (log (1 + E [δˆ1 ])) − Fs (log (1 + δ1 + E [δˆ2 ∣δ1 ]) − log (1 + δ1 )) θ = 
 



 

 

Fs (log (1 + E [δˆ1 ])) 

 Fs (log (1 + δ1 + E [δˆ2 ∣δ1 ]) − log (1 + δ1 )) 
 1 − θ =  

Fs (log (1 + E [δˆ1 ])) 
back 



 

 

Model Details 

- Identification: 

- Unobserved quality follows AR(1), ξjt 
= ηjt 

+ ρ ⋅ ξjt−1. 

- Contemporaneous shock of the unobserved quality is uncorrelated with 
previous period organic rank rjt−1 



 

 

E 

back 



 

 

By Category Price 



 

 

 



 

 

By Category Algorithm Usage Index 



 

 

 



 

 

Compute RL Crossing Condition 

- For every keyword k, estimate consumer consideration size pˆk . 



 

 

- Use demand estimates from keyword k and 
the RL simulation to find the crossing 
condition p¯k . 

- If pˆk > p¯k , then algorithms can be 
beneficial in keyword market k. 



 

 

Compare Estimates With RL Crossing Condition 



 

 
 



 

 

- Algorithms can lead to beneficial outcomes in 52% of Electronics markets. 

- Regulation can be useful in markets with consumers considering more 
 products. back Summary 
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- Algorithms can lead to beneficial outcomes in 52% of Electronics markets. 

- Regulation can be useful in markets with consumers considering more 
 products. back Summary 



Platform’s Strategic Response 

 

- The platform has two revenue channels: 

 



Platform’s Strategic Response 
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- We consider two incentive-based instruments for the platform: 



Platform’s Strategic Response 
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Platform’s Strategic Response 

 

- The platform should adjust commission rate, not adjust auction reserve price. 



Platform’s Strategic Response 

  CommissionRate ReservePrice back 



 

 

Reserve Price 
- Adjusting auction reserve price leads algorithms to coordinate on lower bids. 
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Commission Rate 
- Adjusting commission rate recoups ad revenue from commissions. 
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Total Surplus 

- When consumer search costs are high, algorithms increase total welfare. 
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