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AR (NEural NEtwork Shogi)id, /&5 (Deep Learning) % F\ 7= 54l B %k iC
BET /LY 7 T, #6kD 3ERAR+ o BIREIZRDLT —F T 7 F v TH< ﬁ“é -
EEHBELTOET,
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® dlshogi [1]

® GCT FHMBa%k 55 1 B FURHE AT B ikAR (2020 ) [2]

o <honhE [3]

® elmo AFAMBI%L HtF =2 B = — & [l T4E 29 1i(2019 4F, NNUE ) [4]
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Za—THIRT—Y
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CPU: Intel Core i5-7600K (4 =7, HT 72 L)

GPU: NVIDIA GeForce GTX 1060 6GB
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https://github.com/TadaoYamaoka/DeepLearningShogi/releases/tag/denryu2020
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(4] F#EEEHR https/mk-takizawa.github.io/elmo/howtouse elmo.html
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BCTEFELAE, 22FETIOTRY =27 MICHAL CTHEHWZE S ICE# L ET,

EVTANBRERDY T2 —v 3 VEETIRL T, AlphaZero ®xfJa3Ehkd 10 #hHHY
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Z A WRET T,
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B & L7z,

i 1 : https://github.com/kobanium/aobazero
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MR E LT3 Y 2 2 RRE CTHEN 2 O L Aaib Y 2 4FA, Z it AlphaZero T
NI N7z 100 #HEE e T E 3, FRoB RO e, L8 =FHL Ric Eao
L EOWBHW., AETE L0, ORUIVONALPERLTHWE EEVWEST, 20—
T, WEToOFAKT, RADORWHZOMELY %5 o200, & ERFHETT,
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elmo(WCSC27)72 L Fi b IR W L b IO 9% IZEEHHICR Y £3, 5 Fitdd
STHEHEMBEBLRI LMD T, HECNKTHEFOESENE . 27 Fik(%EF X
28 HCHEB . BT 27 SOl IXGEF IR 29 BHclb) L, LV EFICE LT RE A
Db LNERA, FEHIEOLT OBFFRIL 54%HEETT,
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1. LIS

AFalX, 3 EHER o — 2 T (202145 H 3 A~5 ABE) ([5G TE
O DEHEEL Softmax) (N0 Z7 v avuX YT hvwvFZR) OFT E—LETT. AT
— AFREFICE| 0T 5 RIBOHE T, RF—20FANT 2016 FFE CTHE L T\ e
DL Or ) F— A TR, B TIEDHERO Min-max 3 (o BEER) L1325 MC
Softmax PR TH D S KE S BV £, #HAMITITERD o BIRBEFIEOTF —LITITE
PEEROEFEAN, TALIY ZAREMTa—F 4 7 ORS SR HIMEICEN TV E
. LT, fHICAT — A0 BEHRMN L T E £

2. BARAIN—
FARITEH LR LFEAEHR LFRHCEHE T 28E8 T, AL Z)INTH A+ E
EBORZRA, KR 2020 FE O RFREA T

3. I A4 Softmax ) DY

AKF—LOFE A, LTD1) ~4) OXHIZFEOELL. ZDH5HD1)~3) BAK
F— LA OB T TH D TMC Softmax FR58) [ANCEET 25 CF. Z oK FAIL, X
BR2I[B]1 DR ZE N FA 72 > TN E T

1) v 7Anm - V7 h~v 27 A (MC Softmax) 5% % fii H

BAEDTF = A0 0 7 11 75 0% IMin-max 52 Mafi R T, 2o
KIEXTIHEBROTRTCO ) — REERTHLERS Y £ (RIFHEE) 23, a BI > b
72 EDFX Y ORFRT J 0 BRFRIZ DM ERF I Z M L CTOET (o BEER) . ZO2IE
HRIZKI LT, 207 =2 H O (b 2a—U AT 4 7 R) #AWTHET L/ — &R
ELTZD, EBRNEA 2 DU CEERIICIER T2 TRIER ) L WO BRBRFARSH Y £9. =
UV o — ZPHETH4 R AlphaGo 1 Z OEZR R EBRA L CnEd.

KT — L OBERGNTHE OBRRERICHOFINET. KT, 7 — FOBRGKE LT
/ — FRHlfE min-max ${5H TlE72 <, #ERDMICES BN (Softmax #5%) M L T



WET. Lo T, RARZAL— T —F (EBROEEORFMH) 72 HERL TRED Tl
(FEATITL) BRITIE, EBEICH A am %250 203 SRR A TR E THRY T»
TET. ZOMERIEIRG L, AlphaGo DL H Zpar B a— XY 7 hTHW LT
% =7 e REEZE ] (Monte Carlo Tree Search)iZ 351 2 P ERmAI e A DER 5L (UCT
2E) LI EBRLTEY, FTxixlwsr T e YT vy 7 A% 5 (Monte Carlo
Softmax Search) & FEA TUNE T,

2) /— FOJmEaHIBIE & SRRIR SR A AW TR 7 ) — RiEIRTR

HITIH Tl 7= MC Softmax {52 XLV /b—F / — RIBIERBARZRED T BT, K
F—LATIHHELTFORIZHW ALY~ hEFHLET. 740bb, %/ — KTofg
LFORRERLZROXTEHEL, TOMRIMHEST/ — REZBRL TV E £

n(als) = exp(Eq(a;s)/T)/ Xxeacs) exp(Eq(x;s)/T) (1)

=L, sidmm (/—F) ,aldfE LT, Ed@s)id@m s ichBid2HELTFadDRITTN,
FEL72%D R/ — R S OFHBE Es(s) TEEHZ 2 Z LI LET. A@Q)E s IZBIT 5615
%@ﬁu,Timf&@iﬂ1w5A7X 2T REDMRIT AU R BESERRIC, IR

SEITIUXT o F ABERITGESEE Y. — FORHIlEIE, #REAROFKNG , — R (leaf) T
%Mﬁ%®/~F®%ﬁﬂﬁ%ﬁKibﬁﬁbiﬁ.(%E®N~Vayfﬁ;mﬁfé%
WZFFIERR 21T > TV ET)

—7J7, WEE/ — R ThHIUTT/ — R vX;s)DFHIE E(V)EZ D+ / — KORINMERE 7(x(s)
CHEAT 7 IFRHE

E(s) = erA(s) n(xls)E(v(x; S)) 2

TERLET. LEER-T, AL (16— F) ICRHMIOEWERH D L 5 2 FidE<
il S ET ik,+A%%ﬁme%%ﬁ%¢NT%%Lkﬁfi OTT2ERIC
T 5 (KIRAk) &, Softmax #RRIC & D ERZEAE I Min-max PRER DPRREFERITIE-S W T
T %7

ZZETEMEZETON—Va Tl 491, RBHEIIEE] d(s)% Softmax £
DD DRSS DIFEEL L THZICER L, ;h%%bf%%%ﬁwiﬁz%iﬁé%@m
UTOXTERL TWET

d(n) = 3 ¢ easm depth(n, D) TP ™D p(ny, 4 ny) 3



ZIT, leafMIT/ — Fna iR & T 2RBEARDOKG / — ROES, depth(n, DIFREnHER
Ui [~ ODREEE DR &, nl3tRkn = ng 2> BRYG | = Ngepenny £ TOREE LD —F, P(s'|s)i
s D SRR (555" = P(s'|s) = n(s'ls)) TT.

ZORE@)EHEROF THERMICHAT 27-0ORELE LET. Kii / — FOBRRES FHIE
0 & LT, Wi — FOBRRESHIELZ LU FOXNTHEIFIITRD ET

d(s) = Xsrec(s)tP(s'[s)d(s’) + 1} ()

COEsDF/— FOEATT. ZOXERIZ L HEAEIT107 0 E L Z<ENTT (TE
BR CHERRIE 22)

Z OBPRRSFEIEA(S)EANWT, /— FEIRFEOFIEIZKRO X 5 i B2 T 5 2 &
T, WREEEEBLIBEREITVET.

1 1
Es(s) = B {1 - 3=} + Bo(®) 375 ©)

Eo(s)IFJiH s ORERHIETY . #HILRR 21THR 07 EOREDRWFHR R Z 7o
A IR R R E <, AW RWEE XD & L— MZ LT 300 BEM A2 ELE L.

3) NI T T EME R
MC Softmax #R¥EDRARDHNZ X 1 IR LEF. —F/— Kh )
5, 2) DRI HES T/ — FERINL, At/ — FECRET 52, [ BRERECEST

20— FOF ) — o —BEEETT<CREMLET. BRI ']
IR/ — ROFHIE 2 R mEaHERE S CRHE L, TOEEL— 1 / — | %iBR/—F(leal)T
Rl CROMEEMEL, e k) — FECORE LD — M‘*li“ﬁﬁ*ﬁ‘

FRAE A B LTS I, Bx B OEHREE (S0 T o T | s
) EFATOET. E72, (0. TER SNSRI ik /5 | piEBIELY)
v 0Ty THR) LI, 2) Tl [ RRIRFE) LEMILT | REEEH

WE T \ (o7 /
F 72, MC Softmax FRERDAFTOHKIE, V— b/ — FbR / — 1

RA~FET 5 £ T, )OBIRMERIIHE > THERMIC ) — RBIRZ{T-

TRREDER SIS 2) ORI, — MREICBTL2SFELFORIZRDLTHDE

TFha TS (RO ab—ay) [THYT LT
ERRoEyTHE - BTN T RS DO ERREAT o 7218, RO

HEWT /S — RETERAZIGER L TEONEFIEEZ RESFFIETH L ERELET.




4) FHmEEEIZ ST

BAED & A, FHIBEIIREF O AR SN M A EOEEHEH L CnET. SFE
HIFELFEIC <, Apery @ KPPT BUEHMBEIEZFIH L £7. tanuki-o> NNUE & 322E1L T
FI0, KPPT DS RBERNEN- 7220 2 b EEFIHL TV ET.

¥, Kt/ — R TOREmIITH# LR GO §WET 2 EET2HER) 217-
T, ZOfERZ FmHifE s L TRTRHEZIToTWET. BIN—2a 007 v /7 AT
ZOFIEERICB W CEEHELO T2 DIHERD o BEREFHA L TWVET.

4. BEEDN—2avhoDEHERDEED
WEEEDN—2 a b OREFEFTZ LT O X S ICHiRICE L O E L.

(1) P E Bl oo f

WEOFRENZFE L TCEOEEMMTL2I L TETETN, MADOEYT —Z 214F
L TWET. ZOHEL, FEIREARZIER L TRE, FRRICHAIAALT, Tha R
RRCER &8, R TRICIITTOFRIRREARMEMIL 9. ZhoEICE Y, x/mzmL T
FARREBR 2 e S 2 ENTE £ BUE, FRIPTTR, BUORRS RS T
LET.

(2) 7 — R RP O T A — & OFfH
R D ) — FRFTR (D ICBNT, IRENTA—FEALy FTE, HDHWE/—F
TELICHEBET L2 FAEHEITT T, REE TICMICAEATHRELET.

QEDMEER

WM TFIRI) T EITOTVET . F/—FDREAZEZE. /—FDRAU 2D ERIBLFI &L
TW=0%. /—FORAIEREIITEERFEIDIIIICEEL, /—FOERK-BIFRONEEBHR
feLEL=,

5. §&RNDRE

S, 64 a7 (128 ALy R)DU—I AT —va VAT L TETT. £AL Y R
WEERARZIA L, X 1R LB &2 NI4T » TV ET.

IHIT, Bl —FREENLUTOWREAREZ AL Y RIZHBLTHEY T, 22255
{BALERZ1T 9 Z L B A[RETY . LFLOA Ly REIY LR AROZEILEE & % 5 F < EYIC
19 ZEMAEHBROBED—DTT. 50 L 25, KEILTTIESCH S T E F.0Z,
ALy REBERREZHEREPCENCEHID Y THI L EELTWET.



F72, MC Softmax HEEANIL, ==2—T Xy NT—27 T M L D7HIBIEEREL & FF
HICHMERRWE SUTWET. EER, 2017 4 11 HBEOSH 5 BHFHEE N —TF A T
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template <Color C>
inline Bitboard lanceAttacks(int i, const Bitboard& occupancy) {
if (C == BLACK) {

}

else if (C == WHITE) {
__m128i mask = _mm_set_epi64x(0x3fdfeff7fbfdfeffULL, 0x000000000001feffULL);
__m128i em = _mm_andnot_sil28(occupancy.xmm(), mask);
__m128i t = _mm_add_epi64(em, PAWN_ATTACKS[WHITE] [i].xmm());

return Bitboard(_mm_xor_sil28(t, em));
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if (C == BLACK) {
__m128i mocc = _mm_and_si128(BLACK_LANCE_PSEUDO_ATTACKS[i].xmm(), occupancy.xmm());

mocc = _mm_or_sil28(mocc, _mm_srli_epi64(mocc, 1));
mocc = _mm_or_sil28(mocc, _mm_srli_epi64(mocc, 2));
mocc = _mm_or_sil28(mocc, _mm_srli_epi64(mocc, 4));

mocc = _mm_srli_epi64(mocc, 1);

return Bitboard(_mm_andnot_si128(mocc, BLACK_LANCE_PSEUDO_ATTACKS[i].xmm()));
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inline Bitboard pawn_drop_mask(const Bitboard& pawns) {
__m128i left = _mm_set_epi64x(0x4020100804020100ULL, 0x0000000000020100ULL) ;
__m128i t = _mm_sub_epi64(left, pawns.xmm());
t = _mm_srli_epi64(_mm_and_sil28(t, left), 8);
return Bitboard(_mm_xor_sil28(left, _mm_sub_epi64(left, t)));
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[English]

In the history of infectious diseases, a single drug has been easily resisted by mutations in the pathogen. In contrast,
when multiple drugs are used simultaneously, each helps prevent the emergence of resistance to the others.
Ryfamate derives from Rifamate which is the combination of two medicines for tuberculosis to retard the
development of drug resistance. As with this method, Ryfamate aims to combine an NNUE alpha-beta search engine
with deep learning MCTS outcomes to compensate for each other's shortcomings.

Recently, with the advent of deep learning, the opening of games has become more important. Ryfamate selects
book moves with the highest hit rates based on the number of playouts instead of those with the best values. This
selection not only improves the confidence of the move but also saves thinking time and guides the game to a
specific pattern. As a result, Ryfamate strives to gain an advantage even against players with more computational
resources.
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[Library]
YaneuraOu : https://github.com/yaneurao/YaneuraOu

dIshogi : https://github.com/TadaoYamaoka/DeepLearningShogi
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