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Expection of Search Depth for
Monte Carlo Softmax Search in Computer Shogi

HIROMASA IWAMOTO'! HARUKAZU IGARASHI'!

Abstract: The search depth is used as a guideline for the reliability of the evaluation of a piece’s move in intellectual games like
chess and shogi. In a full-width search such as the alpha-beta search, it is common to use the depth of the principal variation for
this purpose. However, in the selective search, the depth of the end nodes in the search tree varies, and it is not the best way to
evaluate the depth of the entire search tree based on the depth of the principal variation. In this paper, we propose a “expectation
of search depth” based on the cumulative backup probability in the Monte Carlo softmax search, witch is a kind of selective search.
In addition, we used the index of search depth in a node selection policy and in a move decision after the completion of the search.

The results of our evaluation experiments show the effectiveness of the search depth.
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)/ — RsdKmThsd XX, /—FnzBRETHHER
RKOKMWE ) — FnBHFDOHTHBH DT, depth(s,s) =0XL
DD(s)=0TdHD.

(i) /) — RsBEHEAR ) — KDL X, O+ /) — FDHE
BEC(), FOND 1 D&Ex€C(S)LT5H. /— ROBFH
f% &£V depth(s,]) = depth(x,1) + 1 23K Y SLOD T,

D(x) = {depth(s,D) — 1} P(llx; Ty) ©)]
Leleaf (x)

= depth(s, )P(l|x; Ty) —
Leleaf (x)

P(l|x; T4) (10)
leleaf (x)

ED. ZOFETITIETORMDBIE NNy 77T v THER
DRI THDH-OEIF 1 THD. £72, (10)DOFE—HDOAN
w77y TIEITONWT, S — FOBETERLY,
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. _ mp (x|s; Tg) .
P(llX,Td) —m P(lIx,Td) (11)
= mp(”x: Tq) (12)
RV LD, ZHEA)DHE IR AT S &,
D(x) = m[g@f@ depth(s, 1) P(l|s;Ty) — 1 13)

D) + 1}y (xls; Ta) = depth(s,) P(lls; Ty) (14)
leleaf (x)

LB, RTZT7OMWENS, &TOF /) — KOKE /) —

ROLEEORFNIH 7 — FORM /) — FOELE LS LW
(leaf (s) = lxec(s) leaf (X)) 7=,

D(x) = depth(s, 1) P(l|x; Ty) (15)
x€C(s) leleaf (x)
= ) PW+BmElsT) (08) 16
x€C(s)
DRV LD, HIRHRENEHRTE 5.
fHik A2/ — FRBHRITRO B OB DA
EL(s) = E(s) + e (17)
E2(5) = E(5) + cBo(s) e (18)
E3(s) = E(s) + ¢ ex”p EZ’”()S)) (19)
E*(s) = E(s) + ¢ ") (20)
S - N(s)3+1
E3(s) = E(s) + cEq(s) 1:((1:)(:?1) (21)
ES(s) = E(s) {1 + cljlv((l;])—(:i)l)} (22)
El(s) = E(s) + cEy(s) exp (D(sp)/Z - D(s)) (23)
E8(s) = E(s) + cexp (D(sp)/Z - D(s)) (24)
EJ(s) = E(s) + cEo(s) (25)
EX°(s) = E(s) {1+ cexp (D(s,)/2 - D(s))} (26)
EE(s) = E(s)(1 + ol @7)
_(E(s)—cD(s) if E(s)=0
E*(s) = {E(s) +eD(s) if E(s) <0 (28)
EX(s) = E(s)(1+cD(s)) (29)
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EM(s) = E(s) + ¢ D[()s()sle (30)

EXS(s) = E(s) + cD(s) (31)

ER(s) = E(s) {1 - ﬁ} +Eo() 550 (32)
17 — __<c <

EV©) = E&) {1 - 7= + B0 7 (33)

E15(s) = {E(s) {1—$}+E0(s)$ if D(s) >0 a4
Eo(s) if D(s) =0
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