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Application of Saliency Extraction Methods to Neural Networks in
Shogi

TaicHT NAKAYASHIKI®  ToOMOYUKI KANEKO?3:P)

Abstract: Computer shogi programs defeated human experts and it has been said that they outperform
human experts. On the other hand, although prediction of the best move and winning percentage was suc-
cessful to a certain degree, the method is not established yet to explain the reason why they are predicted
so by computer shogi programs themselves. If computer shogi programs were able to explain the reason to
users by itself, they could be used to support human players and be very useful. In this paper, we applied
saliency extraction methods which were devised in image classification to neural networks in a computer
shogi program. In order to compare variations in its implementation, we compared the difference between
visualization methods of the result of saliency extraction methods, which visualize pixels where the neural
network paid attention, because some methods can be conceivable.

W3, — AT, TaoxREOBET R TORNE TS S

L. LTk BISHORE OB, FEOBE TR L

lE LI

EEIVEa— 27075 AR T AR O 7o
TIZBERIUL, AR AMO 7O 2B b T

B KRR E UL ge R
Graduate School of Arts and Sciences, The University of
Tokyo

2 KRG R B
Interfaculty Initiative in Information Studies, the University

FOFRTEHIBRERNLTHZEDD (1], [2], Thh
IZBILZREI NN VD NEEHIET S FEITE S
LI TRV, & U 70 7T A0H B ORI %,
T075 ANEET, 7077 LORHFICHETL L
NTEE, AFEOHEAH EDOYR— N2 EIZHWE Z &
NTEHEHATHD.

of Tokyo 2 4= THoD
3 R AR S X % 53 . FATHRR
JST, PRESTO

a)
b)
*1

tnakayashiki@g.ecc.u-tokyo.ac.jp

kaneko@acm.org

FHILE Fi HUMAN VS COMPUTER http://denou.jp/ (Ac-
cessed: 2018-10-16)

© 2018 Information Processing Society of Japan

2.1 F{HETOTS AL ZREDOES
INETOWETIE, TOONEOEEF A & TG
7075 NI & B O R OB, RO THIX,



The 23rd Game Programming Workshop 2018

ROBLUFOFEETHHTIE, FARVIEH TS A
ZHVWS ZETHHIBMEZEKLTHDE0D (1], 2], TD
FIWT ORI Z B D FIRIF E ZHEL I TR,

22 Za—J)xy NI—VERETOVI L

Za—=Ih2xY NY—VERHWRR TS LA THD
AlphaZero (&, XTHEIRIZ 4 8D TPU AL, 5 27 [
Hava—2[EETEOEN 707 7 ATH D elmo
IHLUTI0B 823 e RESHEBEL TS [3]. B
AlphaZero OFEHDBIZIE, HONERD 7202 1 HRD
TPU 5000 {EA%, F#HD7=DIZH 2 #HRD TPU 64 @A
WwWHn 7 (3.

AlphaZero & elmo T, AlphaZero MJiMHEHR L T\
SREBIEDBNZD 3], M TOsI A l=a—-F)
2V RNT—=2EANSZ LT, OB LY B %
EHEICFHMEL TWE EERBNE. 2D EDR=a—F )
2y NI =2 RS 2 Z N TENIE, AMMWEIEZ ST
fliT 2DSH IR, ABOMAOM EOYKR—MREIC
WD ZEMTEDLHERAOND. ILIBEDORM T
TIATIE, REEZ27O07 IR, BOBERZ
R U 7= R BB R 2% [4], AlphaZero TlE=21—
INEY NT—=T WD I TIDED BME:2 7o
TIINEEHRET D LR FHIIEHIL TS, £
HOREODA TR 2D Z LKL TEY, Ao o
DOBGEER EZHOTOARW [3]. €DAD, =a—F )1
NT— 2 &ffFS 22T, AFPNZEIET ET, #iz
WHIEZ VD N EIREES DB i REME A D 5 .

2.3 Za—3J)xvy hT7—Y OBREZHHMHFE

Za—I)0A v U =27 OEEEMRT A, Az
WTHALT % Saliency Map [5] ¥, € DOHRFE Smooth-
Grad [6) REMHD. INHDFKIK, HMERFBEITD
Za—INWAY NI =T UTEEINALFIET, Hh
’ﬁ?é%%?%» BT RIDZE)) 2D FIET

L BRIIIE, TV EFER UASINRY NVDE
m%ﬁﬁﬁé T, MINDORET#HFND.
2.3.1 Saliency Map

B ET D =a—F 32y bT—=20, EHEDED
HAMTIEE U TR L TO 20N e WD Z & &3 S
TBTh TS [5], [6].

Saliency Map &%, =a—JJ)L1xwy N —=2JIZ5Z2 6N
HEBGTOHREZFELZEDTHD 5. VT AceC
ICEE DI N 20 (IS UT, So(rg) =2 —F )
3w NT=2DHHELTROND, EHED c THDHER
942, ZITIMDTA I —REAZHAVS I LT, x
T, Se(zo) ZMDEDITEBT B w, b ZRKDD I LNT
5.

© 2018 Information Processing Society of Japan

Se(xo) =~ wlz +b

-

wlE S. D xg TOHETHS.

oS,
ox

BFoNnd wlk, HENT V=27 —=IVDIGEIZIEE Y
L —K—xg B A, MWL RGB HfAR LD~ I)LF
F ¥ RINVDGEIZIE, w & T2 IIE——xn U &RV.
Bt w % “:L*—?)l/ff\‘y N7 —=2IZ5Z NG &
W UTHS 72012, X 5] DFEHLIX, wDENTN
@taﬂwf@mkmémé_tﬁﬁ@@tﬁbk%ﬁ@
U SN O

Saliency Map # i\ C=a—J )Ly NJ—2 % W[
bdBFEkE, ZOFEZEHT L ZODORHE T NIV
R EE LAV L, EAAEOHES 1 E
FEWOEBIZITS ZENTE

w =

back-propagation % 17 X
5 ENFHTHS.
2.3.2 SmoothGrad

FRE 2R B g % VN B Saliency Map Tk, AfE»W$E%
SETIBITTERH LAV E D A E RS EN DL Z
EMHY, AMC i/’l’li)‘)\ofb\éckj IZRZ BHER
NEOLNDZLBHD [6].

—RIZHDHEBRIZDTNER ) A A2 INATE ARIZIZF
EHIFIARARETH D, U UAREIE, mERIC ) 1 X200R
bNBHIET, =a—J)hxy hT—=2IZ&>THIIN
SHBEDED T NIVELEDLLR VR TH->TH, KEL
BHdILRdHd [6].

SmoothGrad &\ 5 FETIXZ DOMEICIEHL, =
TNy NI —=2IZ5EZ6ND AN LULTHD YTV
A AX%MAZZ T, ZOMEDHREZHIEL ., BIK
FIZlE, =a—Jbxy b7 —2JIZ5EZA6NDEER o,
Za—INW2xY NI—VDHEITHLEENI A c ThH
SHER%E S.(v) £ U, M.(z):=0S.(z)/0z & LT=L ¥,

L
M, (z ﬁg: (z+N(0,5%))
ZEHREL, WHUEOBIC I E W, 22T, N(0,02)
0, o DA ARG >THY T v I n
5METH 5.

ZDEDITTHI LT, AJHEGERETHEEILIN/E
WEOND 2, AR ZERIZ Saliency Map &V &/
A ANDBENKERBFOND LHIFRFTES [6].

BETOTSL~ADZ2—FIRYy N7 —
U DEEEMHMEFIEDOER
GRS ETI=a—J )3y b =216 U TIREX
N7z, FRR AN % W Saliency Map ¥ SmoothGrad
i, FERHCRERR MR ZR LR, TD2, T

3.



The 23rd Game Programming Workshop 2018

F1: =a—IN3xY v T —=T7DANZHT D EH

Table 1 Constant values multiplied by the neural network in-

put

FbROME  EBE  RH D AR
H 0.055 18
& 0.25 4
* 0.25 4
fiid 0.25 4
A 0.5 2
7 0.5 2
& 0.25 4

075 AMIANLNTWE=a—F )32y NT—2 2%
BIZEHTLZZENTES. ARTIREND DFE2 G
TS MW EERE R

3.1 AWTHWEZ2-3)Lxy hT7—7

ARTIE, WX [7) THWONz=a—F )y hT—
JEFRERMUBL DRV, #EW, HEDO7 1 VEZ—0
BAY192 TH Y, Residual Block D541 Pooling &M
52t Thd. BEMZHEEZTIZEHET .

X [7] THWSONTWES =Za—F kY T =21,
Generative Adversarial Networks (GAN) [8] DFAE % Fv
2=a—I WAy NU—IThb. KT SHEODOER
BRSO AZHIATE. —a—JNVFxy hT—2
DHEIEIXEARMIZ AlphaZero [3] IZHE>T W5,
Ay 8T =2 DA, 43 F v 2, 9x9EZEI
MEZENE. ZDDH 28 F v IV LD, 14 F v
INDFEHEY, 1 F v 2AVPFHEERT. BLEOHERT
F ¥ 2NV T, TNENOHOFET, FiAd255HmD
E7 X1, TNUNDGHMN0 LFREIND. Fibhi
ZRTF Y ANTIE, RBBEOKE L EHB%EH#IT 72 ED,
IXxIBRTOE I RIIKEIND. ZOERE, ThTh
DFEH § % KEIZ R > 25612, AJNTEREI NS A
M1 EBDEIHBTIERTHY, BARNRMEIRE 1
THhd. TOAHIE, 1FUDHIT 16 fHD Residual Block [9)
TUEINS. TNEND Residual Block &, IRD &> 7%
MR TH 5.

(1) 192 7 4 VA —DBHAHIE
(2) ReLU

(3) 192 7 4 VA —DBHAHJE
(4

(5

—a—7

) ReLU

YAREDRLUAEDYE
16 1 D Residual Block T X N 7/-ff I, RIZ2x2D
Global Average Pooling [10] T X, ZTDH 192 / —
ROEKEEGEIZE) 1 D2DANT—%2HNT5. ZOAR
I —EIFBREOFEN O R FHOFHiiE % &R 9. AT
35%, ZOfE% Value EIFS.

© 2018 Information Processing Society of Japan

9 8 7 6 65 4 3 2 1 9 8 7 6 5 4 3 2 1
BB 5 | L EEE 5 |
@I HE LS = [";SI HENEAMES =
%f %\ %% = %* F| %% =

% HEINE qﬁg % 2% % 41%

% 5 5 51
CA I EE I o I I o

Hih| |H2 EE= AR ALk B

&R < & &R < &

EdLE 2 h % Tl 2 h 5

1: FHK. AUDENHRERERICHEST 6. EORE & 4D
JHEDENE, T/ADELTEDE. EDORED Apery OFEAMfE I
—2703. HODOFRHE®D Apery OFHllifEilx 2612. EHFRMIE 1 7.
Fig. 1 First player to move. An example where game result is
affected by a little difference in the position. The dif-
ference between the left position and the right position
is the gold piece at 7h and at 7g. The evaluated value
by Apery of the left position was —2703. The evaluated
value by Apery of the right position was 2612. Apery

used one minute to evaluate these positions.
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Fig. 2 An example of Saliency Map and SmoothGrad. The

left column is the result of Saliency Map, and the right
column is the result of SmoothGrad. The upper row
is the result of summation of gradients at each pixel.
The lower row is the result of summation of absolute

gradients at each pixel.
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Fig. 3 An example of Saliency Map and SmoothGrad. This po-

150

sition was taken from book [11]. First player to move.
The expected progression is P2e-2d, P2c-2d, P*2c. This
progression is supported by the fact that there are a
pawn at 2e and a rook at 2h, so these pieces are impor-

tant. Saliency Map highlighted these pieces and also

highlighted a rook at 8f.

VEENMASNARETE, ELEETHDIEZHERMT
ITVR RN DHD.

ZD2DODFIEDENE BT L7720, TNTNDTIE
WIS 2R BELMEZIY R\ D, =a—J )b
Fw T =2 DDA EFIL 2.

4.2 FI%EEYRWZEED Value DZ{t

W4 % LOFIZERY, #PZAH %2 FHV 72 Saliency
Map & SmoothGrad D ¥'H 5 WEE L% 5T X 20
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Table 2 The mean value of the difference obtained by remov-

ing the most important piece pointed out with each

method
Fik ST D22 AL D
Saliency Map 83.6
SmoothGrad 66.7
~ 9 8 7 6 5 4 3 2 1
g;gi %* 37 ﬁE 5%_
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@% % % F
% F 5| |5,
& HRES| |F| BB
T /\2
Ei & B H |ha

EFDE SF DR

30 25
25 20
fg 15
10 10
5 5

4: FblzS, HTEEEZEEZELREOH]

Fig. 4 An example position of checkmate with dropping pieces.
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Fig. 5 A comparison for visualization methods. The left one is
drawn with summation of gradients at each pixel, the
middle one is drawn with summation of absolute gradi-
ents at each pixel, and the right one is drawn with max

value of gradients at each pixel.
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Table 3 The L2 distance for results of each method.
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Fig. 6 A game played by Azuma Kazuo and Tanigawa Koji
at November, 1978. The game ended in 36 plies. First
row represents the position at 16th move. Second row
represents the position at 21th move. Third row repre-
sents the position at 27th move. Fourth row represents

the position at 35th move.
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