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Bertrand and incentive to collude
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Cooperation with quantities

In Bertrand the cooperative gain is large,
deviation profit is also large, and the
punishment hurts
In Cournot the cooperative gain is
moderate, deviation profit is also
moderate, and the punishment is weak

→ The incentive to cooperate is very
different between when prices and
quantities are binding
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Cooperation with quantities: profits

Bertrand: πi + δπi + δ2πi + · · · = 0
Cournot: πC

i + δπC
i + δ2 + · · · > 0

Cooperation: πi + δπi + δπi+...
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Cooperation with quantities: strategies

Grim trigger: pM + 0 + 0 + . . .

Tit-for-tat (1): pM + 0 + pM + . . .

Tit-for-tat (2): pM + pM + 0 + pM + . . .

Stick-and-carrot: pM + p̃ + p̃ + pM + . . .
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Capacity constraints

The firms have a given maximum
capacity/inventory, qi , men compete in
prices
If p1 = min{p1,p2}, and D(p1) > q1,
then D2 = D(p2)− q1 > 0, i.e. both can
sell
Efficient rationing, those with highest
willingness to pay gets served first.
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Price observations

Economic theory abstracts away realistic
distractions
Empirics is limited by the world as it has
been

→ Can simulating unite them in harmony?
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Academic background
Advances in artificial intelligence - AlphaGo, AlphaZero (Silver, Huang et al., 2016;
Silver, Hubert et al., 2018)
Tools used for pricing based on the same technology (Chen, Mislove and Wilson, 2016;
Brown and MacKay, 2023; Assad et al., 2024; Spann et al., 2024)
Should we worry about AIs learning to collude on their own? Ezrachi and Stucke 2016;
2017; 2018, and Mehra, 2016 think so.
Hard to investigate theoretically (Bloembergen et al., 2015) and empirically (Assad
et al., 2024).
Calvano et al. 2020 suggested simulation to investigate possibly collusive AI.
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Problem and what we do
Calvano et al. argue that AIs learn to collude in repeated pricing games 2020; 2021.
There are similar results for dynamic pricing games (Klein, 2021) and first-price
auctions (Banchio and Skrzypacz, 2022).
But the results are not very robust (Eschenbaum, Mellgren and Zahn, 2022; Banchio
and Mantegazza, 2022; Asker, Fershtman and Pakes, 2024).
Models are obviously stylized. Simulation may have little external relevance.
We ask: Do AIs learn to collude when they are constrained in how much they can
sell?

Preview: We find little evidence for collusion, but prices are higher and may be more
dispersed.
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A (somewhat) technical slide
Two firms, represented by two AIs, compete in prices given an external limit on how
much they can sell.
Price setting happens simultaneously, based on past own and opponent price and
what experience the AI already has.
We simulate the model with and without specifying how the AIs should ration demand.
A game is considered converged, i.e., done, once the AIs have played the same prices
for a number of rounds.
Each converged game is subject to a test:

One AI is forced to deviate from whatever price it converged on, while the other AI reacts
according to what it has learned.
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Results



AI pricing - Replication of Calvano et al. 2020
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Collusion? - Replication of Calvano et al. 2020

0 1
Time

Nash

Collusion?

Coop

Pr
ic

es

Impulse response when Player 1 is forced to deviate
Player 1
Player 2

John Sæten Lilletvedt & Ole Kristian Dyskeland Do Capacity Constrained Bots Collude? 5th February 2025 17 / 27



Capacity constrained pricing, no instructions for
rationing

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Player 1

15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
Pla

ye
r 2

Joint distribution of price choices in converged cycles

50

100

150

200

John Sæten Lilletvedt & Ole Kristian Dyskeland Do Capacity Constrained Bots Collude? 5th February 2025 18 / 27



Do capacity constraints facilitate collusion?
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Capacity constrained pricing, high WTP served first
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Capacity constrained pricing, customers served as
they arrive
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Any collusion?

0 1
Time

Nash

Collusion?

Coop

Pr
ic

es

Impulse response when Player 1 is forced to deviate

Player 1
Player 2

John Sæten Lilletvedt & Ole Kristian Dyskeland Do Capacity Constrained Bots Collude? 5th February 2025 22 / 27



Conclusion
We simulate a model where AIs price under an exogenous constraint on how much
they can supply.
The results differ widely depending on the type of instructions the AIs are given.

Not surprising that there are many possible outcomes of a repeated pricing game.
Predictions also vary with the type of rationing/queue assumed.

In two versions of our model the prices are higher on average than in a game without
capacity constraints.
We are hard pressed to interpret our results as being due to collusive strategies.
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