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Reinforcement learning model of agent behavior
$2 |06s.a,)Q(s..2,)Q(s..2,)

Assumptions in this technique?
"gk] ® s« M«« { ki ®~ ak{k{fk? «~{k ~ 7~z Kk

Based on these values, agent probabilistically chooses which action to play
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Motivation

{ Literature modeling learning behavior of economic agents is large:
- Brenner (2006), Duffy (2006), and Vriend (2000)
- Fudenberg and Levine (1998)
- Mookherjee and Sopher (1997)
 Q-learning as a technique has received little attention
- Watkins (1989), Watkins and Dayan (1992)
- Roth and Erev (1995)

Cournot oligopoly simulations (Kimbrough and Lu 2003) void explanation of firms'
behavior
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Motivationi Research Question

Expanding on Kimbrough and Lu (2003), analyzing Q-learning behavior in a

Cournot oligopoly game and providing explanation for firm’s behavior

- With and Without Memory of past state

Research Question: Do Q-learning agents show collusive behavior in iterated

prisoner’'s dilemma game?
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Literature

Two types of Models: Individual and Social Learning Models
Individual Learning Model approaches:

Belief Based Models - Cournot adjustment and fictitious play (Fudenberg and
Levine, 1998)

Reinforcement Learning - Artificial Intelligence (Sutton and Barto (1998)),

Mookherjee and Sopher (1997) and Sarin and Vahid (1999, 2001)
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Literature Continued

Social Learning Model
Vega-Redondo (1997) - Firms convergence to Walrasian Equlibrium
Bergin and Bernhardt (2005) - Model with Memory

Arifovic (1994) and Vriend (2000) - Genetic algorithms to predict convergence

Dixon (2000) and Oechssler (2002) -> Aspiration levels
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Model - Structure

Starting at stage game in period t, agent’'s memory is in state s;

Considering the state, agent chooses action a; (modeled using Boltzmann

exploration strategy)

exp(Qt(st,a)/pB)

Pr(a) = Yarea €xp(Qt(st,ar)/pB)

Playing action a; , agent obtains payoff m;

Agent uses the experience gained to update its Q-values
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Algorithm Structure Explained

10/12/2021

Initialize ()(s,a) arbitrarily
Repeat (for each episode):
Initialize s

Repeat (for each step of episode):
Choose a from s using policy derived from () (e.g., e-greedy)

Take action a. observe r, &

Q(s.a) «— Q(s,a) + a|r + ymax, Q(s',d)

§+— §';

until s is terminal

Q(s,0)]
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Model Outputs Form
(Aggregate)

Inverse Demand:

Cournot (6 V)¢
quantity i’ VE p
n
p = max (u = vz q;, 0) Cournot 0O U €
i=1 Profit “ * DE p
Total Costs: Collusive 0O U
c; = wgq; guantity n 0
Profits CoIIt_Jsive O U
Profit “ 0
= Walrasian (6 0)
Ty =pq; — ¢ =qmax{u —w — UZ qi, =W quantity n ¥
i=1
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Computer Simulation

f Focusing on all agents are modeled using Q-learning
1 3 Types of firms: 6 0o Q0o Q T T
1. Firms Without memory 0 01 £ QOQWQQI Q¢ 0 QHO Q¢ ¢
2. Myopic Firm with memory 0 OOl OGEEG SO .
3. Non-myopic firm with memory P08 & G TS 4 | -
 Beta Decay: B(t) = 1000 % 0.99999 ¢ — =

F'Qed € eadwe NI A i T80

1 Initial Q-values assumed to be zero
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Results: Firms with No Memory
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Table 1

Results of computer simulations with firms that did not have a memory

Nash x = 0.05 ax=0.25 x = 0.50 a2 = 1.00
n=>2 Quantity 24.0 228 (1.3) 21.2(1.4) 20.8 (1.2) 20.8 (1.4)
Profit 288.0 299.1 (11.6) 312.0 (10.2) 314.7 (6.2) 3143 (7.0)
n=3 Quantity 27.0 25.1 (1.6) 22.0 (1.8) 21.5 (1.9) 22.1 (1.9)
Profit 243.0 270.7 (22.9) 304.6 (14.5) 3078 (14.3) 303.7 (16.6)
n=4 Quantity 28.8 260.3 (1.8) 22,6 (1.9) 22,1 (2.4) 22.9 (2.6)
Profit 207.4 252.1 (29.8) 299.0 (18.7) 301.4(19.2) 293.2 (25.8)
n=>5 Quantity 30.0 27.6 (1.6) 23.2 (1.8) 22.2 (2.2) 23.3 (2.5)
Profit 180.0 229.3 (30.0) 294.1 (17.3) 3011 (19.2) 290.2 (28.7)
n==o Quantity 30.9 28.3 (L.5) 23.3(2.2) 22.6 (2.6) 23.1 (3.1)
Profit 158.7 2154 (32.2) 290.7 (23.5) 296.3 (27.1) 289.1 (34.8)
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Results: Firms with Memory

10/12/2021

Table 2

Results of computer simulations with firms that had a memory

Nash Myopic (y = 0.0) Non-myopic (7 = 0.9)
n=2 Quantity 24.0 2008 (0.9 19.6 (1.2)
Profit 288.0 314.2(7.3) 318.0 (6.8)
n=>3 Quantity 27.0 22.9(1.3) 21.5(L.T)
Profit 243.0 297.3 (15.8) 304.8 (18.5)
n=4 Quantity 28.8 24.1 (1.4) 238 (L.T)
Profit 207.4 284.2 (19.8) 277.5 (41.3)
n=2>35 Quantity 30.0 244 (1.4 23.6(2.1)
Profit 180.0 280.1 (20.5) 271.6 (75.8)
n==~0 Quantity 30.9 24.7 (1.6) 21.9 (2.0
Profit 158.7 274.5 (29.2) 288.5 (51.00
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