[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 with
deep learning (DL) Monte Carlo tree search to compensate for each other's shortcomings.

Last year, Ryfamate used two NNUE functions and one ResNet function; this year, it will use one NNUE, one
ResNet, and a new type of DL function, such as a deeper ResNet or Transformer. The new DL function currently has
the problem of slow inference that leads to severe consequences in Shogi. However, it is considered to have a high
recognition capacity. Therefore, Ryfamate will use the new function to compensate for the weak points of the
previous Ryfamate with AdaBoost learning and ensemble inference.

[Library]
YaneuraOu : https://github.com/yaneurao/YaneuraOu
dIshogi : https://github.com/TadaoYamaoka/DeepLearningShogi

* Ryfamate also uses a large amount of data that Kano-san, Yamaoka-san, and Tayayan-san have published.
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ARIIFHZ —BICHNTEAb0E[H 5 & TH 5,

15 Zobrist hashing :
https://en. wikipedia. org/wiki/Zobrist_hashing
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FD X977 b D& LTIE SFEN SUFH02ZF % 256bit
24t L 7= PackedSfen'72 E3d B A, F DL =
IZEEREIC 22 B 7R,

L) HETIE, hash key ZilHEE D 64bit DAL
CETTHHENRH DD T, AF
ETIE, 128bit @ hash key ZflVAZ &I LTz, ZD
A RICER e HER T LA hash 22134 LRV T,
EBVAERDORBETHND R HIXRMERWEFE 227125

Do

7, 128bit, 256bit |

Fo8 HELOBEZED
ARBEFEO BIE, AEREE T A0 RE
TV DHT) AT T ATERAAZ B (D20
) CEB e BEVERKT S 2 LIch DN, FERRICI
G2 NI BEED R 20 #EH 7o L b d D,

FDD, ZXIFEED ranged alpha beta search @
el — RO LU 01T

value = pos DJFTH T m %8 L 72RO FAMAE

DFEEILL T D a— REBINT 5,

// kif_nodes: i EIZHIB L=-BHE®D hash key

NEE

if kif_nodes. contains (pos. key_next (m)) :
value += 100

HERE EICHIER L= R Cchiud,
MELTWS, ZhiZ
4T HOWRZ Z D leaf node (ZEBEEIN 5,

leaf node OFEAMAE LT

X V. ranged alpha beta search

16 SFEN ¢4l [USI 7" k=L & iy
: http://shogidokoro. starfree. jp/usi. html
R4 ) HETIE SFEN XFFENT < UL L,
256bit (23 HHEREAME D > T\ D, Z 1% PackedSfen
LIRSS,

b, T D E D ITEOFHEE T H AT 100 &I

L7 ZATIHIESE LTTENEETHLI NS, 20
HINDZ &V, Zokoi, 5z
THFECTH-> THREMATAIE L2V biIEE U
FES RNV SO ABIIC Loa— R Thand
DT, FLRBET PR SND, ZDTHREORFE
ZHEZTHEOTXTOREICHOWTEBZT DT
72 <, BN Rmo TR HEERE T 5,

leaf node 3%

£ 68 FEAFREEEDTI=vD

AFETIE, THREREICEELZROZA2T7I0 &
L THo T 5, i@ OBERICBWTILETIL. PR
EIZBNT T 7 ZAOFHIER DV T WD, BT UET
BHFECTHREFEE LSS BOORETYA T AD
FMEZ2S DWW T D, 377245, ranged alpha beta
search TIZEFIIT A F2ELEE L7226 77 2 DOFHf
BEOREIGUY HEET-WL, BRI~ A T ADOFAEE
BT D7D TRHFEZART L OBREREZ L TVWDH L
2725,

COFEEFEET L ETHELVLWRE LT, THFED
D OWENZET BN D, T ETORKE (FIE) LR TH

WCHEBRLTCLEOR, ZNE2EDXSITWMOE I 0
WO RS S,

JREOAEE Y Pl I TERICELTHE
D LD L2V O 7228 (Deep Learning 2 T
MCTS Z AW DR Y 7 RRRFED Y 7 MIZ 572> T
WD HDONREN) | EBOAER TETEEZ I Wb\
B PHECITRICAT DY TRRELABRVIELTRUR
HIZEWT D2 ENEL EITHAGDEBERELEL
TLEW, Z2ZUBROENEEN <> TLE I,

Z O EMVERICE W TR O A & I B
DS VENRBH DN, BRERY S & T HFORER
HTL 5,


http://shogidokoro.starfree.jp/usi.html

Z0=8, Alal, T HFJRE% ranged alpha beta
search CEIEET H72ODFIEEFE LIz, RO LHIC

179,

(EE ] FAHOREAFHO R Shizi, ik
THEFETZDOREICEZE LI bDIEEEZ NS,
Z % banned nodes 25 L M5, PV AT HFETH LY
A, BERBFEIZESEL T n & ZORED hash key &
AT CHRFEEL TR E ZOMASDEORE LT n 23EA
EFELTHRATRVOTH D,

ZORREET T 217213, HEIRICZOWRICHE
72 leaf node N HNAD T, THERBEMNPVIZARY
i C [EE] T2 W) RIIKECE 5,

Zic DR BT H P 2 MBI R L7z o
.77y a vy 7 bORICT B FRREE & itk 2
MESHMBIEH D, ZHUTHOWTIE, HIFTIHELL

%,

% 7 81 PV and nonPV

ranged alpha beta search (X, WH D o B L [FH
FRICTHIRANCAT DAL D03, 2 Wi OWRFERETE L
TH&E, “ERICEORMEIZFHE LRl XaiE ofE R4
iz,

L2>L, PV @ leaf node i 88 Shizdh &, TR
EBINETTHETHENLD L LTHbNDOT, &
LTV R TORBRERDENPRIER D & 725
TLE I,

ZZ T, PVENonPY EWIHIBZFEEATDH, Zh
X, F = A®D Stockfish®EtWHF 22DV 7 " L a

18 Stockfish : https://stockfishchess. org/

BERBEAT O BUROFHE - F = 2D Y 7 S TR i
TWHFETH D,

PV node : PV(iETF) IZBIFRT 2 node IZBIT 5
PRR, B0 IXIEE AL Ly,
NonPV node : PV LIS node \ZBA4 A EEER, A0

Py ETD,

Thbbh, BRI DI PV node FADBERE— R &,
NonPV node HDOEFEE— KL D _OOREFRE— K3 dH
HEEZBND, PVIZL o2 leaf node & CTHERT
%73, NonPV node TIIAAI Y 2 TEX HRY T 5, PVUK
BISTFI)) OFAPHEEINTOIUTEDNNWEAH &
SEIBANETHD,

) 2 1X. ranged alpha beta search T LFm T1
T THIFMIC search BAEA ROV 9~ & 2 A (RAT)

(=
value = —-search (pos, -beta, —alpha)
UTDE 5, HPNTET NonPV £— FTERZ L, o

BEFEHLE D RIFZERBIZPV E— R & L THER
LT vy a—RNichs,

value = —search<NonPV> (pos, -beta, —alpha)
if nodeType == PV && alpha < value:
value = -search<PV>(pos, -beta, -alpha)

F 72, NonPV node TiX, RilRIZDREIZAIM L THE
RLUTZEEOYERD A a7 (best alpha) Z itk L T X,
ENEHNTEANDY 2179,

72720, o BEERTIE, BREL LTXH

(alpha, beta) OHPFAIZILE HEEZTEEL TV D, HR
FERDS Z OB OFPANICIL AT, R L72REIC,
ZTOMEZDOEEMZ LM, 5 TRVEEITE D
DS I D2 ZHUT WD TIIREI Tk~ 5,
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% 8 & fail low/fail high

alpha beta $RFRI%. % @ Jmifi CX[H (alpha, beta) D
M E DED RN TRROS DERTHRRE TH D,
beta LL EDEATE ST H Ro0IIUE, £ DR O %
FRa BN L, search BRI E DfEZ KT, Z D
RABIT fail high &FFHTHL, £ 2 CTRIEA LT 28X
DDOZ LiLbeta cut EMEHEND,

fail high 23 U7-Hf. Z @ node DR D[ LFET
beta XD LDON—DLUEHDZ Lidbnsn, =
NEREOEBORIIENTITIEE S THIZRWIZA

IM?

CNEMRIT B DA, bound lower (FH) &5 & %
FHTHBD, ¥ fail high 234 U72WED value (BRFRE) %
Z D FBROEIRDE search_value & L THRIFELTERL,
F7o, FIFFC Z OEIZEIT % F L & LT bound lower
ThHETNEDITTEL,

FEBEIL search_value ML L DA T HH LFn i
HDMBENRNA, BIE ORI T X TORLF
BRI TRV O T (beta cut L7ZDOT), £
Fomb 7w, 7272, A< &b search_value D%
FOBLFa N 1 D3 ETLZLIIFE ATV,

MEBB L L &I,
search_value DSFi@k STV 2 & LT, Z DO

75D beta 2

bound lower OfE & LT

beta <= search_value
THBHMRE, betacut LTRWI LIZh5,
X DEAY)

(FHIC

FREIC, BTEOESR T alpha 2 LEHH LFn 87220
S LT, ZOHA fail low & FEHEN DIRREZN,

19 BEFETIL lower bound & FESH, Stockfish 72 & D
Y —Z z— K T3 BOUND_LOWER &\ 9 EH T ~ L
HAWNWSHITWD DT, Zdfitvy, Z Z Tl bound lower
L&)

Z OO KA EEHE LT~ value % search_value |ZfR%&
L. bound upper (E5) & Z L &2 TEL,

RIZZ D node IZFHRI L= & %, alpha 28
alpha >= search_value
ThHiuX, EOELFnTYH alpha # EFRIGT fail
Low 3L & B FAAB N E WD TR B 3T 9
TENTED, (EFITLAEAD)

*7-. alpha < search_value < beta THDH LD 7%
search_value DL, search _value IZ bound_exact (IF

el Z D) DT~ E DI T <,

LIl 3 DDA Y 1Z NonPV TOLITON D, F I T,
ZD3IOEEDLEDELUTDL DKM Y A search [
BORIETITZ D Z EB¥bnbd,

// TTICRBFERHTHOTBFEIEERNA T ARSI h
TWBREDOFANY . (NonPV FRIE)

if nodeType == NonPV and search_value != VALUE_NONE:
if bound == BOUND_EXACT

or (bound == BOUND_LOWER && search_value >= beta

or (bound == BOUND_UPPER && search_value <= alpha

return search_value

% 9 E cyclic score

fEER A 27 (cyclic score) &I1IT B FREATZIRSR
DEDZ L TH D, WHNZ NonPV node TH - T HIEER
Z a7 (cyclic score) {5 LRWARREWE Bbh b,

T H R (2 2 F TOFIE) ITEFT D0 T, R
NERLNWETHFRICRLRNWZEEH D,

ZZ T, THAFZRHELESGS, BRA2TIE
cyclic 77 7 %N TT, +node |Z cyclic 77 7 M7
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S TWHIUE . Z D node DIEFRJHE search_value IX cyclic
score ChbHERRL, TNEFHLRW, £55Z &
Ik 5,

72,29 LTLEY EHARLEEENEEXD LD
TT T v a v JENBIEN IR TR DO 5o T
LES, ERFERELTRDO LD RFHEDH D,

60 FHAHECRAEISHA LI T, Lk L blcarH
MUTFRELZMY RS, AOEIN LYITIE b EHTfLE
Y. FfhTEXE DMAGDOENRH D, cyclic score
Zinh L F o T, IR OB F 2 2 720D T,
2OV ES THAGDOEER LA ICEZT LT
b5,

df-pn & & 2 FEFEUC B - RIED - T, GHI R
EWVWIHLRREN S D, df-pn IZHTLT D GHI RIEH
K, THFREZRH LSS, £ ZETOFIEAL hash
key L7z b DA EHFICFEIEL T < T & T, GHI [
BE AR TE 5, *

v, T T3 a v 7LD GHI RIEO [E#ED 72
WZZED XS ITRBEEMRFE L TBWTH FiIcEN L)
2% ORI RS E S A B DL Z T 0T
MEFRIZ TR OB R 2 O R ORBEFEROBRE L
TREFT D MENHTL 2,

CHNEERET 720103, THFREZMM LR, 22
£ CTORKETTHFICEG LAVWRHE O hash key D
& (white list) &, FHFIZEHE5 9% RED hash key
DES (black list) & ZDEEOER DR R A Z DR
DR E L TR L T MERH H, ZIULELEHR

20 Kishimoto, Akihiro and Martin Miller. “A
solution to the GHI problem for depth—first
proof—number search.” Inf. Sci. 175 (2005) : 296-314.

2 koumori—n , T UEVOL r—BAUIX [FEHHE Y
NS —IZ8 T 5 GHI FIRERIR
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un th VA v E—
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24

SEIZL TWEEITNEENWTH D,

% 23 H HE GitHub , makebook2021. cpp :
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makebook2021. cpp
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This suggests that MuZero may be
caching its computation in the search
tree and using each additional
application of the dynamics model to gain
a deeper understanding of the position.
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HEXRRFICHRRE THBZIT) & T T AV RERROR B S TOFIEP R
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3 https://arxiv.org/abs/1712.01815
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®HR7va 77 ML, #EimH T4 77 U @ TensorRT 23 5,
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22 Za—3Jlxy NT—JDEEEEE
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There are 18 inputs to the first layer, in-
stead of 17 as in the paper. The origi-
nal AlphaGo Zero design has a slight im-
balance in that it is easier for the black
player to see the board edge (due to how
padding works in neural networks). This

has been fized in Leela Zero.
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BN, =a—F )02y N =2 f(0) 1%
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diF { BFOESHSL, BFOESHDL, TN
LIS } ORERDAG, 2(5) 1XIXIDE Y AT L
WCERFBFTNTNRERH LN E D LD T
Thb.

*3 https://github.com/leela-zero/leela-zero
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Search Tree
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https://arxiv.org/abs/1911.08265

Transformer(Vision Transformer)
o RERXTYIHDEBZITOLTIEXIFIHE
o {ENPSZ#HZ 5(FE TIEAELY
o FP16TLMEIMNGEL\DELHY ., B

icvig = EETNUSLIC
Policyig %k Valueig sk NPS 4 ZE
(ZObEiiN;QG . 1.760 0.462 11742.3 41.8%
it 1.740 0.460 5936.2 37.0%

(12block, 384ch)



ResNet®D B X{k(T Ov924Z)
e 4070V ETILIZFEFLEENTELI -

Policyi&2% Valueig &
ResNet
(20block 256¢h) 1.760 0.462
ResNet 1 925 047

(40block 256¢h)



ResNet® B X{b(ch£i2{F)

o ch#lZ2ZICLI=ETILTIXEPETHEZAValuel=lT
EGES
KELZEBNEHOTLVEL
MXNPSH Vo~V FREZIEDHZ LT FERFEH

1280000

ATV T Policy#& & Valueig &k
ResNet
(20block 256¢h) 1.751 0.475

ResNet

(40block 256¢h) 1.799 0.471
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o THEEB NI HME
o NPSOET®DAHEL
o JOVIVHDEXIETHOEERMEHRELL
o DropPath
o DeepNet
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