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Creating Agents for Large Domains

Large multiagent domains, like Texas Hold’em Poker, are
too big to calculate an optimal strategy. Instead, we derive a
smaller abstract domain, calculate an abstract strategy,
and use it to choose actions in the real domain.
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Abstraction Example:
Percentile Hand Strength (PHS)

Evaluating State-Space Abstractions
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How can we evaluate an abstraction?

¢ In-game performance against a Nash equilibrium
Can’t compute an optimal policy in large games!

o In-game performance against other strategies
Many suboptimal strategies tie, intransitivities are possible

¥ Exploitability (or suboptimality) in the real game
Abstract equilibria are rarely the abstract strategies with the
lowest real-game exploitability
Does not correspond well with in-game performance

Game Solvmg Algorlthms CFR and CFR BR
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CFR is a state-of-the-art algorithm for approximating Nash equilibria.
CFR-BR is a new variant that works well with abstraction: it finds the
abstract strategy with the lowest real-game exploitability. This gives a
new, fourth way to evaluate an abstraction: by its ability to represent
a real game Nash equilibrium.

Three Objectives of This Paper:

¢ Demonstrate the use of CFR-BR for evaluating abstractions.

o Evaluate state-of-the-art poker abstraction techniques.
Expectation-Based versus Potential Aware.
New state features used by a world-class poker agent.

¥ Evaluate the use of Imperfect Recall abstractions.
Popular technique in the Annual Computer Poker Competition.
No proof of convergence, but effective in practice.

in Extensive-Form Games

zano and Michael Bowling

versity of Alberta, Canada

Perfect Recall
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Imperfect Recall discards chosen old state information to focus the
abstraction on more recent and important state information.

New Poker Distance Metrlcs
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4049 [ 669 | TAIA | QAKA | 44649 66V | TAIA | QAKA | 4649 | 6A6Y | TAIA | QAKA
4449 | - | 0063 | 0005 & 0064 ~ 13101 6212 | 5143 ~ | 0066 : 0095 : 0.104
6469 | 0063 | ~ | 0015 | 0001 | 3101 | - 6462 | 5286 | 0066 | - | 0117 | 0105
| TAJM | 0005 | 0015 | 0059 | 6212 | 6462 . -~ | 3408 | 0095 . 0M7 | - . 0098
| QAK# | 0064 | 0001 | 0059 | -~ | 5143 | 5286 | 3108 : - | 0104 | 0105 | 0098 | -

Forming Abstractions with k-Means Clustering

After choosing a distance metric (Earthmover or

OCHS), we use k-Means clustering to group poker Perfect Imperfect
hands into buckets to form an abstraction for each Recall Recall
round. Either Perfect Recall (PR) or Imperfect Preflop 10 169
Recall (IR) can be used. This choice determines k, Buckets
the number of buckets, as listed in the table. Flop 10*10 9000
o Buckets
Combining a recall type (PR or IR), an early-game
abstraction (PHS, KE or KO) and an end-game Turn 10710 9000
abstraction (PHS or KO) gives a full game Buckets
abstraction, which can be solved with CFR or River 103*10 9000
CFR-BR to generate strategies. Buckets
. . Game Size 57,330,780| 57,331,352
Evaluating the strategies allows us to evaluate the :
. . (infosets)
abstraction technique.
In-game Performance (CFR)
Perfect Recall (PR) Imperfect Recall (IR) Mean
PHS- PHS PHS- KO KO- PHS KO-KO KE-PHS KE-KO | PHS- PHS PHS- KO KO- PHS KO-KO KE-PHS KE-KO
PHS-PHS -0.95 14.3' 145 1.9 2.7 88 -14.8' 19.1 224 211! 25.7 8.1
PHS-KO | 09; 142; 185  -03; 23| 87, 147, 176  222; 210  263| 77
KO-PHS | 143 142 | 169 -152i  -169| 257 808 326 373 349  -39.9| 239
koo | 145, 185,  169. .  -145.  -163| 254 -80.2. 318 B87.2. 348,  39.6| 233
KE-PHS | 19i 03] 152, 145 i 24| 65,  -180;  -161;  216; -180. 242| 64
CKEKO | 27{ 23, 169,  163; 24i | - 66i 125 -158 2100  -186i -248| 53
PHS-PHS 8.8 8.7 25.7 25.1 6.5 6.6 -5.5 -10.8 -15.0 i -15.5 18.9 1.4
PHS-KO | 148, 147,  803; 802,  130;  125| 55{ . -60i -04; 96, -146| 73
KO-PHS | 191: 176! 326: 818 161  158| 108  60i i 720  -26i 93| 19
" koo | 24, 222, 873, 872 216,  210| 150, 104, 72 38, 28| 178
KE-PHS | 214 210, 849 348, 180,  186| 155, 96, 26; 88, - 67| 151
KEKO | 257, 263, 399  39.6; 242, 248 189 146, 03:  28i  &7i | 212

Results are in milli-big-blinds/game and are accurate to 1.1 mbb/g

CFR and CFR-BR Exploitability

In perfect recall abstractions, CFR-BR

measures the ability of an abstraction to
represent a Nash equilibrium. The
imperfect recall strategies found by CFR-BR
are often even less exploitable.

Varying the Abstraction Size

CFR CFR-BR 2102 " PR-PHS-PHS ——

m | m | e | w RS S —
PHS-PHS | 288.942| 358.188| 89.632| 94.841 E’ IR-KE-KO —&—
PHS-KO | 289.152| 318.197| 90.371| 85.275 g (02
KO-PHS | 335.902| 355.881| 105.389| 88.547 _g_ f
KO-KO 330.319| 291.574| 105.523| 73.091 h E\S\S\S\ﬂ
KE-PHS 281.63| 339.872| 90.720| 80.557
KE-KO | 282856| 282.395| 84030| 64.820) 510 H
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Game Size (Information Sets)

The Imperfect Recall KE-KO abstraction
IS less exploitable at every abstraction
Size measured.
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