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LinUCB Applied to Monte Carlo Tree Search

YUsakU MANDAI®  ToMmoyUkl KANEKO!

Abstract: Monte Carlo Tree Search (MCTS) is an algorithm widely used in various domains. In game tree
search, UCT (UCB applied to Trees), which employs a value called UCB, has been studied well. LinUCB is
a variant of UCB specialized for contextual multi-armed bandit problem, and it should be effective in game
tree search. In this study, we propose a brand new MCTS method employing LinUCB instead of UCB, called
LinUCT and its variants. Also we applied LinUCB to estimating move probabilities in simulation. In order
to show the effectiveness of the presented methods, several experiments were conducted with artificial game
trees as well as game of othello. The results showed that our method outperformed UCT in artificial trees,
but that, the performance was limited due to the difficulties in the construction of proper feature vectors in
practical game.
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Algorithm 1 LinUCB

fort=1,2,3,...,7 do
Observe features of all arms:
for a in all amrs do
if a is new then
Aa < Id
ba «— Od
end if
0o +— A3 bg
Pria < Bazi o +ay/al, Azia
Choose arm a; = arg max p¢,q with ties broken arbitarily,
and observe a real—va?ued payoff r¢
Aqg,  Aa, +2f, ®t,q,
bat <— bat -+ TtLt,a,
end for
end for
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Algorithm 2 LinUCT

fort=0,1,.. 7T do
1+ 0
path[i] < root node
while path[i] is not leaf nor terminal node do
for a in all children of path[i] do

O — AT b,
Pt,a éawg‘ + [e2Vi E?;Aglma
end for

path[i + 1] < arg maxp; q
141+ 1
end while
if path[i] should be expanded then
Expand pathli]
end if
Playout from path[i] and observe the reward r;
for a in path do
Ag +— Ag + ozl
ba — ba —+ rix,
end for
end for
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Algorithm 3 LinUCTgpared

{ values with prefix s mean the shared value }
fort=0,1,...,7 do
1+ 0
path[i] < root node
while pathli] is not leaf nor terminal node do
for a in all children of path[i] do
“Oa,s + Aa,sba,s
*Pria ¢ Oa,sl + /2l Ag e,
end for
path[i + 1] < arg maxp; o
i 1+1
end while
if path[i] should be expanded then
Expand pathl[i]
end if
Playout from path[i] and observe the reward r;
for a in path do
*Aa,s — Aa,s + Tax
*ba,s < ba,s + Ttxa
end for

T
a

end for
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