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(B1: MEEIH: BRI (Chess) . RtH (Shogi) . Elff (Go)
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3.1 BERE

AlphaZero: A general reinforcement learning algorithm that masters chess, shogi, and Go through self-play

A. MCTS in AlphaZero

|—) a. Selection —— > b. Expansion —— >  ¢. Evaluation —— > d. Backpropagation '—]

i & i =

ags” A T QN
¥ ¥

S

= e

In each node, select action ay according to the The leaf node o; is added to the search tree. | The Jeaf node is evaluated by the neural Action values @) are updated to track the
UCB score: - Each edge (0;, @) from the nowly expanded | 1 owork p vy = fo(o)); mean value of all evaluations {v} in the
ag = argmax, [Q{o, a) +cplo,a)- %{V%] node i Juitialized tor the vector of policy priors p; are stored in subtree below that action. N are updated
The selection function is applied recursively {N(ona) = 0,Q(on,) =0, Ploya = py)} the outgoing edges from o;. to track how many times the action has

until a leaf node oy is reached. been on the whole MCTS simulations.

B. Acting (Self-play) C. Training
0t Ot+1 042
----- - H g B 1(6) = 1" (24, 0)) + P (me, 20) + €]l
i i1 : Qtig Qi3 S
Yt Vi1 Uiy

where, z; is the game reward from the perspective
of the current player and ; is the MCTS serched policy at
timestep .
v; and p; is the predicted value and policy from the neural
. II I[lI el m Tisn i 5 net.work fo. ‘
il SLLEED 1. [ is MSE loss, I? is cross-entopy loss.

(Bl3: AlphaZero B El, A: MCTS B/A#ITHERNERE, SfEEE. B TEMEMED,
B: X4 MCTS iREIFRTI =AY visit count IR RIFHITEEE, RIERENBEEIE, Hi@id self-play I
SRR, C: MKRKEIE, MCTS BEINERD RHRENENMER BRI EIREL, MR
K return MM EMLZHE L FTUNEZ BRI EHiK. BILLFTNE policy, value #i& MCTS 1 8&R17
HNER BHIFIREESE return A MER, FSHNEXSEEEZMEERSR, )


https://github.com/opendilab/LightZero/blob/main/assets/paper_notes/SymbolTable.pdf
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e AlphaZero BAZ AlphaGo Zero BIZRNEBARAE. EFERREMRENS. BRANBYEIRE
MBANMHEREZRA T ERFNEFPFERANEEALARNF TN EELEESR. FFE
FFIHIEITEHR BB A XAEHEE, AlphaZero RS 0 BUREHEMLE
(p,v) = fo(s) o ZHMEMEIHBRE (HE) s FEREN, BEHASNEE o X
Po = Pr(a|s) ; ANMELHE—MIE2E v, BTUMEE s EWHREKER 2,

v ~ E[z|z], AlphaZero T2 MBEIEFERFFHRFESIXLEMENBERIVRSHNESLIT, RE
B Ao EERNRSHITH — P IESER,

e AlphaZero JREFEREAETIHLILIIRA Alpha-Beta 1%, MEFHERANFIFERMNIER
(MCTS) B, ®XiEZER (Each Search) #BE—RIIEMNBERIEFHER, HEEFTMERETE
HFTmiBH—EEN, SXIEP (Each simulation) SIRIEYHRHENSE f(0), BIEHEE
s FIEE— I RENEERIAFAE EIZaEERms2 R R1IN) « BlENENER =5
E a Ri#1T, MCTS #RKRE—MAE m RRMEBRERD, 7o = P.(alSroot) o

 AlphaZero FREMEZMENSE 0 EMBRIBEZNWFHHEIRUFINGKEEIN, KBV
IRIEEISER 0 FFiR. BXE, BRELRAMEE S = st 11T MCTS BRI R 5%
m = P.(alsy) , RARERE a; ~ m KRBT (SIRIRESHIGRITHE L FIMERE (—RAT
TEcollectBfREHRR) SFEEMIEE (—ARFBT7Eeval) o TEHFNEEREY, RIBFLAMFHITIT
7, HEHFRER 2 - W-1, F0, W+l BIRIMEIUNER v, MFPLER 2 ZERYIR
%, HERANREBMERHOEE p, SEREE © OAEMMEREMEENEZSH 0 . BEAHH
BE 34T,

3.3 AlphaZero 5 AlphaGo Zero HX 3/

AlphaZeroXX BT —MIHSHNEE, BEFI=MAEESE, HEUS 7TEEALNKT, HEFR%E
HJAlphaGo Zero, AlphaZerox A F/L A EARETFRIGH AlphaGo Zero B!

o TERMAFTUN L, AlphaGo ZerofXEEHImMIIRAZLER, GitHMWIRMIEE, Bk, AlphaZero
NXBELENMA, ERNEEFEEMEM, LT HEATHRR RS R,

o TEMEIIFRMSE, AlphaGo #1 AlphaGo Zero #7e 53 F) A 7 BN A4, BIEXT e & 4
REFALE, eflafBd A MHBEERS N XIFRMEE, MM iR, X, EXRFRS
WEZR(MCTS)HAE], BEXHEBMUEH#HITREVIEENEE RS, ARERBEMEZHITIFG, U
KIMERFFRETMEN SN, AT, NTENET ZHHEIEFEN, AlphaZero HARFRAXMIIIRE
BRi&. fla0, EPFFREFISHEMNFEEEIESIRME (W0, EReEMF#EEN, kingside
queenside NZUMNAE) o Eitk, AlphaZero BE&E @S 1E5R1)II4EIERERIIRE, 1EF
£ MCTS HAB| TR (1 B,



o TEFUEERMMEEAEHMNGI L, AlphaGo Zero @i RZEIERTRIEZ AT R ENE
BEFHIE, TNSERERNSSRESEEHITII, REHHEHBREE55%8, 7B AHE
HHEeK, HEXNHNESEAHITERIER. B2, AlphaZero MIEEFE T ER&ENG, B
HIP—NMFEEMNRENE, FIENERIERHNEN S BT ERZRENENERSHERD,
MG 7 1T A B 55 e (R RYIEE,

o TEEBESHIKEL, AlphaGo Zero RANMEMHIEREFINREEBSE. M AlphaZero NIEKBLH
—WBSH. BRSEMMELEEN, NERIRE—NINEE, TRAFENRFXEITEAE,
—mBISN B FERIBEA R AFEH I TRABRNRREENFE S E,

o TEMBIRBHEHENZRIZ L, AlphaZero 5 AlphaGo Zero fRF—3, #BRIBIESMIEHERM
W, @3 EFEIEERESHITRE, MetENBETEFENFEREEH TR,

3.4 AlphaZero #gy MCTS 77i#g

o {RIBILAY AlphaZero BIFEIERLFMNEMBEZR)IF. BRNERTFHEERN:
N(s,a),P(s,a),Q(s,a), HRKIMBFSWME XA HIEREN . FIY9NE Q. FHEP, LITE
AlphaZero 1y MCTS RIZNEES

1. #%#% (selection)

o MIRTRFE, BMIEE “KENE NFHSR, BIHRI—THFER BN&E
BFORNTR) . EENREERETFHSMNNE, Fcf=MiEna ke £,
B{kih, @3 FEAI UCB (Upper Confidence Bound) ARERB D REHITHE
[12]:

jf N(s,b
k — arg mgmc{Q(s, a) + cP(s,a) 1%1%(3(@) )}

o HARMFSHENXA, hiRRE N, FH9MNE Q. HKig P. i) R MIEXKE
#¥ T,
2. ¥ (expansion)
o MRIELEAEEASIVATIER, BEFBIMHFT S
o BMFHRIMAEHERENA, HIMEHNNHIEE SRS TRYRIERNE (leagal

action set)
o FAXLERLASHEH#HITRZFTRNERE, ANVRCEERFIRNER:
{N(s",a) =0, Q(s",a) = 0, P(s",a)},
3. 3 (evaluation)
o BT HEMMEMNEMEEITEBESHER EIERIRFIRESNE pt, vF , HIEEHIEE
FIRFRIFT R ANA L

o BIHEBMBIINEML, Gt T a3 NI ENEE SRS EIRSNE
pt, vl HIEE—NEHEBEE P(s, o) REIIXIRAN L,

=



4. [BI#/ R E{EHE (backpropogation)

o TEE k RIRINRERES, EFMERNT LN V M N, HMEESRREEELEER
BEANFAETR. XNTEMRINTR, ENARRESENL, MENNENS
T ABZHITH kREBBFIINE,

=1y, V(551 )4 o2
V(sk) = U N)(s]f\fg)+1)+ )

N(s*) := N(s" 1) + 1.

e H1T: LRIIEREE LXK (7 AlphaZero i, L HEHITHB800IEMN) , £ MCTS EERFHK
&, ERTAIRE visit counts EE {N(s,a)}. 7RG, AlphaZero 2RIERT S MFT =A9iAIE)
RERIEFR—I IR, BRI, ERERIFRIRERERZIHE M visit counts SHBI SR HHITE
FER B REMMITENE.

3.5 1l4 51 H&

TR HRY AlphaGo REH, HBRYIGFEASREAREFNEREE. A, BI3 AlphaGo E5ZF
AN —BFIDH, RNTUAIMERSTFZ/E, MMEMLEXS HRIRRBYITGZ RS SEARE
e MEMSXEEITLERIMNEE, MEBNEAFEFESTENBEERE S EEHEN,
AlphaGo IR EFINEREY BERMNTR, BORNFTE “Hz2—F , HFRHALEX
HIEHIRIMR, AlphaGo RJREF At IEMRIRIT,

AT ERZAN R, [F4:89 AlphaGo Zero #1 AlphaZero YIS, T2BFE T HEHEALREREE,
FrElIFEAEBEE T BREFNANER, RERBNNERKTIIGIEZEP RN XFMETS
S ERMER(MCTS) #1TH R, FNRFA MCTS BRERSIMERE LG, #HmEMRL
ERRE. B XMERRIZE TR, AUREHIRSE = REMNIIGEIE.

ILIE% 5t
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HFBR FEHFBR

+ A7 v BBIERBREE
> HEHE —> > menER
FEATE  EERS  AERS Az

@ o

B Score
\Z

RSB RS HIENE

(Bl4: AlphaZero JIZHESEE, L& BIRXBRRMARBNE, BIYHFIRERKMAN
ENEZNIZEIE. THE5: AlphaZero THBTLE HEnERVIEIEEIZ, )

SNEIAFRTR



o BB BREHAGHIEEDS, EEREETD, AlphaZero BERIEYIIRSHESIFFEER
MR =, FIARBMNESNNENSEITE UCBEY, HFEREIRESNoHE, EEBIMHFT
Ro WHFHLHITY B, RENENENHL, RAEMZBENTRESHETZREDN. %
AEINE, R[] visit counts £F {N(s,a)}, M visit counts SHMIDHRHHITRE, (ERHHE
KETHMITENE,

o AlE, HFNHN—RBERE, BEAEFRELZRELEB T, MPREFABTIIZRLEFIN
o BICFIMBEENEMEMRIENLE, NMEMNSEIIFRERKHATML, RIEMLZEDT
RXIFRHAITR N BEERBEANMERRBARRA, IGFASUENRGE, MMmilZErE
REIRRE BB IR,

o B{RBIRKREN

&r l:lv(ztavt)+lp(7rt7pt)+cH0H2
l, = (z - ’U)2

lp(ﬂ'tapt) = —Wflogpt

Hepl, WIBEBRK, |, AXXIBIRK, 2 NIPRRIKRER, v AIMEMSKEYSEL, m A MCTS
RRISEIBERE, p ARIEMEEVE L.

FERIE
TEIR(EMER, AlphaZero £33 MCTS FIZRIEINE, 3R[E] visit counts £& {N(s,a)}, EFRIFRIR
W ZEHEEA HEPRES TRRITEIE,

3.6 AT

48 N4t RO SRAE
AT IF RIS EAlphaZero R iR F4E FFf (5 AR BV N RAE R B EI L A

Go

Chess
Feature Planes | Feature

Shogi
Planes | Feature Planes

P1 stone 1 | P1 piece 6 | Pl piece 14
P2 stone 1 | P2 piece 6 | P2 piece 14
Repetitions 2 | Repetitions 3
P1 pris count 7
P2 prisoner coun t 7
Colour 1 | Colour 1 | Colou 1
Total move count 1 | Total mov nt 1

P1 castling 2

P2 castling 2

No-progress count 1
Total 17 | Total 119 | Total 362

(FR2: 725K AlphaZerofEEE (Go) . EFFRME (Chess) FIFHH (Shogi) ARV
HIE, EXEFEH, ESNRENT = 8PHEFNESMEAEENAE—HSE. MmE_ARNT
MZ2MA T IEEHER #HF one-hot REIRKIL, EXE, HRIMHKRIFIZAPL, SHFHRIEAP2, I

. XFF Go, SRVMINTFEHEN 25x8+1=17, )



Chess Shogi

Feature Planes | Feature Planes
Queen moves 56 | Queen moves 64
Knight moves 8 | Knight moves 2
Underpromotions 9 | Promoting queen moves 64

Promoting knight moves 2

Drop 7
Total 73 | Total 139

(% 3: AlphaZero EEFFSEMIGHPFARANMERIL, REEXTIH—RIITENES, 80 TE

RNEEDEN AR DE, REFE DS —THN—DFH, )

PR EEH

AlphaZero I ZR155 AlphaGo Zero £748[E, HZwiE328 (Encoder) . HEEFUMML (Policy

Head) MUKRMETNMEE (Value Head) M. RIZIBBHEZNEINEMZEIR (ResNet) AL, H
REFRER256 N ERZMA, 1M ERNZ (kernel size) BIAR/NA3x3, H1E (stride) A1, ZHREZTM
MHEBHEIREMNEEEAEMN, LEEHNANETHEFEPAIRITHERE. NEFUNNEZHSE

B —Mai R/ NI LI tanhiBUE R ERY 2 14 R 4A Yo

4. 3259

4.1 2% E

Chess Shogi Go
Mini-batches 700k 700k 700k
Training Time %h 12h 34h
Training Games 44 million 24 million 21 million
Thinking Time 800 sims 800 sims 800 sims

40 ms 80 ms 200 ms

(&4 AlphaZero & MEH ERATIIZRBVERY mini-batch ¥ &, SIIZRESE], SRR

SIEE AR —MRIZAY AlphaZero SERI#HTTIIZR. IIZRMBENIANIB RIS TG, L4096
ARORKIEIT T T00kF RISk, FELIEIZR, 50001 E—ATPUMB FER BRI FIF K, 16
PNEZRTPURBTIILMHEZNSE, TIIZ4EE, SPRIFRBEREN (MCTS) #1777 800/R1&E
Mo BSMERAVNERKE. BERBFEEAIUERIFHE, SRFRHIFEIRIIBIREN0.2,
BefEd T 7T =R T B, 7231%0.2, 0.02F10.002, HFRIIEEFESMCTSHIET RBYIHEIREK
EEtb. FERTARSCEEEFR, MATRFRERS Dir(a) , H5EMIBNAEETHNEIER
Epitt. EERSE. FHEMEEFR, o2730i%7590.3, 0.1580.03, FRIF%E1ER, AlphaZero

REME T RIRIUR SN B Z B8, )

BINGMIEREE N EIRE S AlphaGo Zero—,



4.2 F50L5

4.2.1 AlphaZero B9 Elo MBEA R 5 HMHIEEENXTEL

5000 - Chess B Shogi _ Go
4000 | —_— " —

3000 + T T
I..I_OJ —— AlphaZero
2000 + —— AlphaZero 1 —— AlphaZero T —— AlphaGo Zero
1000 + —— stockfish T —— Elmo T —— AlphaGo Lee
0 .

0 100 200 300 400 500 600 700 O 100 200 300 400 500 600 700 O 100 200 300 400 500 600 700
Thousands of Steps Thousands of Steps Thousands of Steps

(B5: E&MEZEE, AlphaZero il 700k step BE5 & BHELIZFH Elo tbik, EA:
AlphaZero EEFRRE £, 120164 TCEC R sBinF=RIR EIZR Stockfish BIMRELLER. FE:
AlphaZero 4§18 £, F20174 CSA R SBInFEREERR Elmo RUMRELLIR, AE:
AlphaZero 7EEI#H L, #1 AlphaGo Lee LUK AlphaGo Zero (201MNREMLE, )I4R3K) BIMERELL
o )

ElSET T AlphaZeroE BRI FRUF IR EESIIGS HBIXFR, HpEaeL Elo [9] iF5H
ThtnE. EERZRIET, AlphaZero fUIERT 4B (300k ) FLEBE T Stockfish, TERFHH
i, AlphaZero RE|2/MEt (110k ) EYIILRRLEET T Elmo. TEEHEA, AlphaZerofEilllgkT 8/
Bt (165k &) [ERiiE&#L T AlphaGo Lee,

4.2.2 AlphaZero 5 HMHE TR ZRIRE S ELER

ROBTRTIELLERI DB EZS MRS T, AlphaZero ZEZFEIS g H S HMEX#1THI100
Bt RN RIE R, EXLELEES, AlphaZero # AlphaGo Zero #fER T —&E &4 1N TPURIH
23, M Stockfish FEImo MURERIFHITLLEE, FHANEKIZMIGBIIGE K/ FHRKRA,
AlphaZerofEFrE Lb P EREIS T HERI, 7£5 Stockfish BISHRFPT—KESR, MES Elmo BILLEE
R 4EE T8/, [E#E, AlphaZero 8T AlphaGo Zeroo

Game White Black ‘ Win Draw Loss
Chess AlphaZero Stockfish 25 25 0
Stockfish AlphaZero 3 47 0
Shosi AlphaZero Elmo 43 2 5
& Elmo AlphaZero | 47 0 3
Go AlphaZero AGO 3-day 31 - 19
AGO 3-day AlphaZero 29 — 21

(R5: AlphaZero5& MELXMEZIER (959Stockfish, Elmo FIZR3XBIAIphaGo
Zero) E100EHHHIZIRER. B EFRFE—THIDHHNERSTE, )



Chess

Shogi
AlphaZero vs. EImo

EHEZT I SEHE
i &

R

Ak edakdkded s
A ik
&R & |E|& B EE

Go

AlphaZero vs. AGO

W:29.0% D:70.6% L:0.4% W:84.2% D:2.2% L:13.6% W: 68.9% L:31.1%
O I ==
o I | I
W: 20% D:97.2% L:0.8% W:98.2% D:0.0% L: 1.8% W:53.7% L: 46.3%
B Chess Shogi
ime OM I I
1/100time o - .
ime O I I
1/301ime o B N S
iome g = | E——
ime O N y T
13time o I
i e
same time g [ ——
C Latest Stockfish Aperyphapaq
O I— |
om | I
Opening Book CSA time control
o I
o imm ]
ings © M | N
D' Human openings g = 1
ings C NN |
TCEC openings o ] -

. AlphaZero wins AlphaZero draws . AlphaZero loses O AlphaZero white . AlphaZero black

(Bl 6: SMAEREEIZFEITLL, (A) AlphaZero EEPFRRE. FHEMEHA 955 Stockfish.
Elmo fMZa1&mAYEET 3 KiIIZRAY AlphaGo Zero (AGO) FrZsi#1TLE TEiTfE, & FTEFFEES,
779 AlphazZero $181#; T/ AlphaZero $i B, LEFTEEREZEM AlphaZero HAERTR:
RE (w: 2e) . FB (0: xe) BB (L 48) . (B)5 Stockfish F Elmo 8L,
AlphaZero B9BI¥ B4 BEETEl, Stockfish 1 Elmo Fr AN EIEE AE7LLE 3 /N LAKRER
B anPR&IEEI 7 15 #, AlphaZero FEERYEIRIE K, EXMEMTRAIBERIGA, (C) AlphaZero 1
E PR RAEARRIEIIMT(E: XT 5L (TR S A S kit 4By Stockfish LUK YT &k BB Kopening
book BY Stockfish, FFHAENIMTE(L: 7E2BFES] (full time controls) XY &S — R KB HE
#2FF Aperyghapaq, 12017 £ CSA tEREEARERBY TR (BiAthEE 10 %0, BREh1E 10 7
TXIFE Elmo, (D) EEMRRERREBIFAFT AlphaZero IR, )



TODO(pu): E6RTRT AlphaZero SIIEIEAIZFIMEERTLL » (A) AlphaZero ZEEIRRRIE. it
MEIHF S Stockfish. Elmo MUK ZEI&HRIIZ T 3REY AlphaGo Zero (AGO) hik4s#1TELZE I
e FWESR, EFEBHRT AlphaZero BEEBIER; THE 2D NWRT AlphaZero HERTHAYIE
o FRIBLLERLEREM AlphaZero WMAET, BEMK (W: &&) . F (D: k&) MK (L
1) BB R, (B) 5 Stockfish #1 Elmo #8Et, AlphaZero B9eI¥ B4 S BERtiEl, Stockfish #l
Elmo FILLZRBY IS E N E ALY, FHESRSoHABEREIZ158), KE BEaEaYY
fn, AlphaZero SREEFIFREVEIR EMIBKER . (C) AlphaZero FEEFFRIEFRIFIMNFE EFE:
S5&#hRAHI Stockfish 3HR, LUIKR5E&IRK opening book B Stockfish X k%, 7EIGHEAAIER
SMTHEELE: TE2EEH] (full time controls) T 538 AREIHIZRE Aperyghapaq XTR, H1E
2017 £ CSA tE REFARFERET [E)1EH] (SiALb 1098, SREELOR) T5 Elmo Xt&k. (D)
AlphaZero EEFFRIEPREFF B THIMAEIT S,

4.2.3 AlphaZero X3tHE IR ERE

EBE D7 T AlphaZero K M —LEHHZEANIR, E7TE TR T EfRREHPRE LN L 2MHABMEE R

BIHAMIE, XEFFEEBRAIphaZeroiI A MHEBRNERERN, RN, MEMHARFHF

&, AlphaZero #BE SR T Stockfishf1EImo, XZRAF AlphaZero HSRE1R 7 EPrRHF R E A
[ZHItHIE,

293388 3933838
8
H
sl
g!
H
§

IR
M £
P .
[ M argvan/ie,
el [ Ay
wr P
ot
5 o
o0 200 0 om ww om uoo  [s|E[e[E[E[ElA[E]S]
OoEDODO - BEDOnD 3
] & ¥ T Il
oo 57 0 3 /Vw”r\
0 Sl G % ol \
grer B g | A
g = 0 DDDED 3 =1 ) s
m 0 —— = £ ol
oOG = w0 200 w0 om o s & ooBo w0 o0 4w s sm 0o 1200
ce Hours of Traning ce

I Aiphazero wins AlphaZero draws  [1] AlphaZeroloses (O AlphaZero white @ AlphaZero black

(B7: MAEREWNHHFEIFE, AlphaZero 5 Stockfish 31t (A: EFFSKE) UKS Elmo 34
(B:3H) MRS SR, EPEMEAINFTERTHALSR, EEh,
AlphaZero MATEMMREFHARE; AR, AlphaZero WATEMREFEAE, KHEREE
M Alphazero filRiFE: Rl (Z&) . ¥/ (k@) SRM (Ie) . FHEGINRTEE
%77 AlphaZero £ S BB ZAR L FFRFT 5BV E 5 LB B IISTI T LR, )



4.2.4 AlphaZero B9 MCTS #Zid2i2

102 Simulations

Qe2 Rf1 f3 & d5 \ Recdil Qd1 F{g1 Re3
102 Simulations 104 Simulations  10° Simulations  10° Simulations
cﬁAdS d5 E icﬁ ‘ d5 | ds
@ @ (?
exd5 exd5 exd5
d5 fNxed\ b6 Rb8 exdS
© O, ()
B

@
@
o
7]
o
=]

Bxd5 Qxed

(=]
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®
@
=020

o

w
o
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/]

«a
~

Recet

O+®
®
®

(B 8: AlphaZero B ZudiE0 7. 7E AlphaZero (H75) #0 Stockfish (27) XF&k—BiHEx

(BEEHFRIESEZRIENE S6) ERIT29H Qf8 ZERRES, Ak LAMNMEEFR. XK

LR 107, ..., 10° wiEIME, AlphaZero B9 MCTS BIREBIRZ (internal state, FEIE

F_N) ER. BNERETRTH 10 MARERAR internal state, (MBAAER) HitEER

EEMRESTNMERBS, £—4%KE7T (0,100l S NARESHNHNEBLRNEESHiAH

TR IELL, AlphaZero ZEHITEI0LEY, FERIBUREIR/ NS E & T ahfEc6, BREAMBEEREINR
BIEM, RZEETEDS, )



4.2.5 AlphaZero B94EEY FRHE

o BORRTEMEAERENEERRSR TS BIE, TEIRENUEITDAE, < AFRIZFH
B, SATEHEIAAApha-Betalf RN RS EEAMENMAER, AlphaZeroBIKE+E&
2R (MCTS) 7EBZ R EIEKETRY SRR FHEE T T StockfishAMElmo, XERIEZ B EIgA
40Z7D,

e Alpha-BetaBiix R ZFILIEKX, BRRNEREHRIIIRMNENEN, BN RBESSE/ T
RiE, MMES TEEME, A, AlphaZeroXXRFAMCTSIEANE EEIEEREKIR, MCTS@EI LI
FAEEMBERDERR, KU TESMNER. SEHEMNEITEERE, AlphaZerogeBBE %L
ATEEFIREDERE, R UEEDHERSBHHREIRRIERTG .

o EIFEEMZ, AlphaZeroRMEFE, VBT BEWNERRREETE. FIREIMEAEZ,
X{E1FAlphaZeroBRESI A M AKX AT RE BIRAIRER, HEMBFRINERMNE.

500 + 2500 +
400 +
2000 —+
300 + . __—
) o —
g W 1500 + ~
v 200 > -
= =
& 1004 = -
3 3 1000 + -
0 4 /./
S 500 -+ ~ B
_100 J AIphaZ_ero // AlphaZero
—— Stockfish /d —— Elmo
—-200 - : : 0 : . t
107! 10° 10! 10! 10° 10}
Seconds per Move Seconds per Move

(B9: EERRT AlphaZero #1 Stockfish TEEFRE LR BES B BERT AKX RITLL; AEN
BT AlphaZero #1 Elmo 7E48# LV BES B F BE MBI X AN, XFMEH—FIELT
AlphaZerox B B {ElY B4 A ENNKE, )

5. EIAY

o HEFRDENE MCTS RIIBEZFANEREHHRER, WIRAXLER RESMIREE IS B4
LAY, EBATEREIREFFERREEFSE (OpenDiLab) HBAHBIEHERFEIRE LightZero
B —&MNNWETE B E—EE MCTS BARKMBIHFR. B0 LightZero: LLMCTS AW, fiE
RE A MERASE LIRRNEZEAE R,

e LightZero AMXARZRFKNBIRET2ENEETE, HINNEECEFRMET Gomoku/Go B
AlphaZero 89 python fr#l cpp HrZSEYSEER, ERIATEX BHEIANOX G FATWGDEE XTItk
BEBARNTIINTERR, AT IEHEBIRIINE &,

o NTEENEEHIZENER LightZero, FAT7E LightZero FHREBVNIE L PIRME TIFHAR EF
. IMERSERERRA LI, YWDSEHIRHERNEN. EHEELR, L&HEI—EE
LightZero FUERIZFRIRE R, EIEFRR!


https://zhuanlan.zhihu.com/p/632142003
https://github.com/opendilab/LightZero/blob/main/lzero/mcts/ptree/ptree_az.py
https://github.com/opendilab/LightZero/blob/main/lzero/mcts/ctree/ctree_alphazero
https://github.com/opendilab/LightZero/tree/main/assets/contributor_tutorial.pdf

6. BE5RE

AlphaZero@— MR RERBUFEISRKIFRENEREESNWALESEE L, CEENFERFN,
RHMERIIRNEL TERES, HFEFZmsISEBEALRITRIIAS,

LT EXT AlphaZero I EE4FMHITHE S :

o FRAMBIXFEIIEES: AlphaZeroBEEZBAWNAIRHNBER TEEES, RFEL HHFFX A NIFIZE Fh
52, EMERTIRABHRI,

o ZIFMHHINAIZR: AlphaZeroR{UEATFTEMHEFHELRL, TeEATEMSRE. FHE, BERE
TIZENER .

o BUAMIL: AlphaZeroTE RERUWFIEEZNZNFE, SIEFMEMLKILIT. BREE. IEFE
FHTT I, RBATEENUEMMELEE.

33 F AlphaZero FIKFRREE:

o FIZHINA: RERALURFIMENRFAlphaZerod BEIE ZRINAME, tbUIBmER. EfFfR
2. =RF.

o H—FMEAMK: RE AlphaZero HRERUFSITHEG T EZ/HST , BHEA(HAHD
=(a], FlAnNNAEFhbEFRAR B, A B E S BRI IRE,

 REHABRENE. BTRERUFIFZNERE, HERTARIETERLUBBREMER KK
AR URRINARSEANVA#RYE, FHERES TRAERRNER,

BHIRM, AlphaZero@RERUFEI T —IMEARK, EHMINER TREFIMA TG

S LA B BTZNARTR. MERANASOHMNY B, AlphaZero HERKIFHRLIZHER
YRR, HAAAXHFHREZHET.
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