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TEWT I Rt - (1) AR IE 4RI 1] SR W o 268 ok Ul
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—AEE R IEER P (s, o)  FEBFTY R S
YR ARG , 38 1 TR e Do 2 X124 s b B — S VE
WERSEATRAE , AN [F] T I AR MCTS H AR AT BhPE
WEAHTR] , ) FH SR ek Do 2 25 Hh sh AV Se B ME % vl LAY
ST ISR A o (2) B 5 DA B A FH A
{FL DR 28 S /DAL TR BE o X5 (R 1 7, )
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AlphaGo Fan . AlphaGo Lee H1 8 MCTS 5¢ 4 #H
A, X —IF A SIfE o B R me it =X (3) ik

17T T —E B,
/ZN(sk, b)
b

P(SA’7(L) 1+ N(s",a)

a" = arg max Q(sk . a) + Cpuer
p

(7)
[, PGS, a) MR s ¢, AT TR RS
R (T) , ek 2 ) T e #E B =5

B AR5 IR R Bh A, B 15 7 IR R )
W2 eamiriln T RA S SIEER SR, [

B, B TR (D S 23R A Bk 14N (S, o) —E R T
0, PR I B AN 0 P DX 0 M i 1 R 75 R e 2
THEIE -

AlphaGo Fan [ MCTS A& R — K3 KA &
PR BRI 2R B R B S
i —A5 B N BRI 5, A T — R
& BRI R RIS " B R B i A
B BB LR (A T = 1~+1) B IPAL — 7 T AE 22
FEA MCTS B, 5 T — PR Rollout 50 19 2%
(LSS 3.0 °99) i AT B 3R 2R A5 3 B & ik £ 45 2R (i
K z,) , o —J7 T 5 A2 2 Y2545 20 ) RLAG A
) £ 00 3 0 (") o F T LR AR Ry AT XA
T XA Jr TET P9 Jek S5 A [] DT LG A T o (") B, R
B x5 SR BRI ARG , 78 s X 0 I B AR 5 e e At
SFPXTFR R T, BEALE B — R MR 0 (") o B
SRGTFRMERI I o R T — g IR (HE K
B, g IR 2P A RUR . B30 (sh) 2, 05,38
IR A B H e [0, 1 ]IMAUE 5xt s 1 Bk A 31
V(s")

V(s =(1=A)o(s") + Az, (8)

SCHR[STEE2 T A HUAS [V EIUEL S (R 80R, i 9 3R
Y A=0 B, Bk M RE OB 1R 2 804 1 [
T, UL E N 45 B IPEAG S AL T AT AT A AR
J7 585 MY A=0.5 B, B3k Pk e S 4F , X 2R hE ) i
o AR REIMR V)R, IR (4)~(6) , T
BFZA R b — 4k ERSETHE R

AlphaGo Fan HUIRES s" B3 & 38 2= W -y
SRS TR IR IR ECR T — 2 W IR {H o
SRyt DR R VA o 28] SR e BA 1) ) 3 46 5 GPU TR 3R
WS D) 25 1) R AR DC L, Z 8 n,, SR BN ST .
IR SE I S ERER AT, R T A AR 1 2
A B SLAR IS W 25 TR R IR P(s", o) 1 RR
WA I AR R FHEE T o Ak 2 ) 1) B S5 6 2R RE )
() RL WG I 4%, S A2 AR SE & m+ 5
P, HA R RN AR T15 2 R 3R
W o IR S B A SR R SR FH e X2 R B 1
0k BEMLIE R s 1) — PR X FRIR S A T

o248 2, R 2 R HE A AL 1 21, Al
phaGo Fan SZF5 1 I H MCTS A — 4530 [ R FH Y B
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SVENE S DT R DB G T i S o S 2% HR SN
B R W, (s, a) 5 W, (s, a) PIFR, 53 HICERAN(E I 2%
TR R B Sk SR B (145 4 T AR DL o7 1) s 3 AR
B, AL A DT RN B30 A N, (s, ) 5 N (s, a),
X (DR RAREN (s, a) o AT ES A IR
MR ERZ T RIS R S, Sk S AL Y
G EE W (s, a) 5 N (s, o) BEAT—E AL B, X
SEZ TN FZ M 0T MCTS Jit B ) B A | SR8 1) 52 3
AT LAE— 20 B 132 SCHR[S |
2.2.2 AlphaGo Master gy MCTS

5 AlphaGo Fan #H [t , AlphaGo Master 1 [
MCTS B M. (1) A[AF AlphaGo Fan HH48 A
(RIS S B, ik AR R R — A g
FALE sHRF T e BHE R AR b (2) i TR AR A
L4 Ry — A2, AT DL IR 465 L0 5l i e e
SVEREAS, bl iy s R 5 i A 2
AP BERES y— m S YRS AT

X st HEAT R IR AL, BE T HR 0K
W~ M (B 22 R 4 FOULSE 3.3 797 THA " b i Se e
YEMEA P (5", o) 5 MR o (s1) , Forpr [l FER
B X7 SRR AR A A0 | 1 I 8 Fh X B 55 IE Hh AT
— M AT . FEXS st R HEAT A TE I AT R
T (8), L7 H I 2 M 25 T 25 F v (s") 55 Roll-
out S Mg P L8 BHUZE IR 2,
2.2.3 AlphaGo Zero HRIMCTS

AlphaGo Zero 5 AlphaGo Master H' (1) MCTS &
PRSE AR A, MR 4G “ SRR £ Y S R
flitt A5 BB SR "3 A AL B . HIJ2 S AlphaGo
Master AN [A] ()52 , XI5 0 s" SR (9 Al 11, Alpha-
Go Zero AR P AT, A0SR FH A 28 0 45 114
B LR, W) P IREZSHA N0, TE
AlphaGo Fan 5k th & Z8WF 98 3t R TN 1 2% £k
THIERAYME0E | U A BIFTE 2R B 1 00 45 7T LA A
Ho TR LY FEHE >R, AlphaGo Zero 584K H T X A
2o, M — 2048 T MCTS PBSACE
2.2.4 AlphaZero H1g MCTS

AlphaZero HE) MCTS 5 AlphaGo Zero FHTE L, {H
SIVEIERE RS X (T BEA X, Ny

N(s)
(9)
2o, V)= N (5.6) Sy 52 45 4 g v 1] 0 B
1+ N(s)+cp.

a' = arg max Q(s",a) + C(s") P(s",a)

C(S) = lg c + cillilﬁ%%%’?%ﬁﬁ%
bas

PRE I B G KD K e, e HARNE S EL

T35, PR X E PR A H A4
MR FERAT, BT LA AlphaZero HAS T3 FH AL ey 59 %)
FREFE , B A Y BT TF LA T AR &, PR
XN B SIVEREARR 5 IR AT A T Rl Y BEXT
FEIREL | [ PR g AL A H A | AlphaZero >R H 58 4 4H
[l MCTS A S48
2.2.5 MuZero FIEIMCTS

MuZero ) MCTS %532 25 B¢ 55 AlphaZero 25411,
{HE T A EAA RIS B A 2 M 4 45
YR A R, I AR RS T S O —A> PR Bt
MR s Fan ) 1 2 Jaly S FUIR ZS o (8 A Ak
BP0 X TFRRGECIR A s, 71 (s, o) IEsR ST S
H1{0(s.@). N (s,a). P(s.a), R(s,a). S (s, a)}, 53 51 1%
RAEME DRIUEL el s ERER i RS
RAEFAG B, A R(s, @) 5 S(s, a)id FH M
2R RGBT vh 09 2 205 R HT R D7 (48 A
R e, HAh, T B SEME W(s, o) 5E1EMN
{5 Q (s, a) VIR ELNCs, @) AT RIS, BEALAS
HEEW(s, a).

W S PR FEBT 2 55 0, AR A 25 %) m A UL
Oprits Orins **+» 0,( X T HHL , m=8) , MuZero i 1 —
ADFIR LS R (W, 3.6 15 ) A3 BN T 8%, " TR A6,
A R B A Y AT H S 2 ) 2 A A it fiE
() PR BRI S " 3R (AR k48 7~ 48 2 i 40LA ]
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Principle and methodology of AlphaGo family algorithms
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Abstract AlphaGo family algorithms are important milestones in the history of artificial intelligence. These algorithms not only

solve the typical complete information game problem such as Go but also are applicable to a wider range of problems. According
to their development, this paper summarizes the fundamental principle and technical characteristics for the series of algorithms
from AlphaGo Fan to MuZero, elaborating how the AlphaGo family algorithms work. The key technologies employed, including
the Monte Carlo tree search, modeling and training of deep neural networks, are surveyed and compared. The AlphaGo family
algorithms are of significant instructive value for addressing various problems in practice, from algorithm design, neural network
modeling to model utilization. This paper helps to quickly understand the principle of these algorithms and is expected to provide
useful reference for the further research and development of algorithms.
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