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EEelR (Agent)

>RAINRIMERVIRZS (State ) FEFEIRIE (Reward) , HFITFEIFNARE, FEEAENR
RINgEBIERIBINIMBRVIRSRME AREINEIE (Action) , MFINEEEIERIEINR
IFIR YR SR IE ZE TR B,

»If15 ( Environment )
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> O /RAIFORESFER— NI ( trajectory )

T = So,0Q¢p,81, 71,41, s ST—1,QT—1, ST, T'T

> HUBERR
éé‘ﬂ A =)

_p T .p 50, ap, 51,01, - :
T—-1
= p(s0) H m(ai|se)p(sit1]st, ar).
t=0
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- SATEHEIE n(als) , EREEIHIIREE — R 3r B ARROEAI « FRURERY BRARARE J i
7

( return )

v € [0,1] @ITHEK, HyEaETF 0By, EHeeAEE= EAER; M3 v#EaT 1 8%, KHA
CIRTISEEE,
IRIERRE — IS MFHRIZR IR (terminal state )

(HENESREFS]) 8



s > B ARERIEN

»of U F SRV B IR FE S E— 1 REE ny(als) R AHAZE AR ( expected return )

T—1
J(0) = Erpy(r) |G(7)] = Epre(T)[Z ’Yt?“t+1}

t=I()

>0 FIRBRERIZRBI SR
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‘ SARSA \
(actor—critic ﬁﬁ%’) Q 23
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»AREREFIERBRUFINREFZIESHE—IEL, ARUFSIHKEX R
W ER, BREFIKBRINESRT. REBRTFAH,
"AMARINEGRUFIMREFINGIN, DR REHEMNESRERREFSIPE
REL. RES, AEAIRERRAEREREERMLLBIRRE
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S IRS(EREX
>R - SIfRERIER
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SERE MRS s FHIR, HITRES nfF2IRVEREE B Bl

ﬂl

T-1

V(5) = Ernpr)| D 1l =5
t=0
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Bellman 512

T-1
V7i(s) = Ergpmp(r) [T1+7 Z ')‘t_l?"t+1|'7'so =3
=1
T—1
-1
— anfr(a|S)ES”NP(S"|S,G)ET1:T~}3(T) T(S) a, Sr) + Y Z Pyt Tt+1 |7-31 = Sr
t=1

T-1

= Eonr(als)Es np(s/1s,0) [7(5,8,8") +VEry pp(r) [Z Vel =8
£ t=1
= Egonta)syBstaptar|aa) _fr(s, a,s’) + 'yVﬁ(S’)] :
(RRERE SRS D) |



IR - shFEREL ( Q RED)

ﬁU#MWEQQEhm%%uﬁs#Hﬁﬁﬁa,%Eﬂﬁﬁ%n%ﬁ%%%
1IN = EO

Q" (swa) = Egipiariamy (182 ') +4V7™(s")]

>Q B DI/REF1E

QW(Sa a) — Es"~p(s’|s,a) T(S:' a, Si) + f}/ECI"N'}T(a"S") [QW(SJ: a")]
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"ERIURE. FE—TRMINRE -, EEMERS R RIRE R

Vs, a* = argmax V™ (s).

i

> LSS

> RB& A
> (EERE ] LAB ER X TRBE n HiE(E,
NRIERES s , B—1EIME a 18 Q(s,a) >V(s) , WBARITEIE a Lt HBIRVERER n(als) Z4F,
AT LU S EES RS n(als) BIBTZRIE N0,
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g0t E{ERRIER?

BT RANEAFEIIF A

»ETF MDP 312 IREEBEZE p(s’  [s,a) FIEREEI RGs,a,s )
> TRERIA

~EIE

>R B R HERLFE S
>JC MDP T2

>SS RTRIFER A
*NFEDFES]
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BE 15.1: SEIGIEAUEIE
#WIN: MDP ficdl: S, A, P,r,~;
1 WliRtk: Vs, Va,n(als) = |_j1|3

2 repeat
// KA
3 repeat
s | | WREIEURETRE (AR (15.18), HEV™(s), Vs;

5 until Vs, V7(s)d&sk;
7 L3 &l
6 | MIEAK(15.19), HHQ(s,a);

7 Vs, m(s) = argmax, Q(s,a);
8 until Vs, m(s)d&sk;
Hith: SREE
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EiXfX

SEENG AR R ENRBESER RS, RERITRHRIRE,

Bk 15.2: HEREE
MA: MDP fiytél: S, A, P,r,7;
WIgEt: Vs e S,V (s) =0 ;

2 repeat

-

3 Vs, V(s) + maxEy p(s1s.a) | 7(5,a,8) + YV (') ] ;
4 until Vs, V(s) 4x8k;
RIEA (15.19) HH Q(s, a);

6 Vs, m(s) = argmax, Q(s,a);

i SRS

o
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X EZRETA

» SRR 52 3] T AR

» i@ 3T K AF AT - A N
Q" (s5,0) ~ Q™ (s,0) = = 3 G(r(™)
n=1

LN — coif, Qp (5,a) = Qg(s,a)-

» WAE TR Q n (s,a) X )5, T AEAT Rk Bt
» ARG AEHTEY K T THTIE L RAE RAF QR , ST E
g, A FE I

(HEMLZSREFS) 2



€- AILVE

>F IR R

>3+ MBI EREREVFIA ( Exploitation )
»SHIFRERYIRZE ( Exploration ) LUK EIFEIFRYTRES
>SS F—MAE MRS 1, EXREY e TRIOVAS

B9

AL

7(s), FEHEL — ¢,
m(s) = 4
\Fiﬁﬂﬁﬁéxl#j W fE,  EHRe
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M sa g, RET—TRPRTHEE(s a’), HSEIRmMr(sas’), Ala
FIADURE HIEREPMETT G(1)
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SARSA &% ( State Action Reward
State Action, SARSA)

HiE 15.3: SARSA: — M ARSI 7205 S Hik
WMNCIRESTENS, WMETH A, IRy, ZKa
1 BEHLFIEELE Q(s, a);

2 Vs,Va,m(als) = ]715[;

3 repeat

4 FIIEA AT LIRS s;

5 | EFEENFa =7(s);

6 repeat

7 PATEIE a, 15 2IRPIS 22 J5h r RUHARES o

8 RS o', EFBNME o' = 7o ();

9 Q(s,a) + Q(s,a) + o:('r +vQ(s',a") — Q(s, a));
10 NS w(s) = argmax, ¢ 4 Q(s, a);
11 s+ s, a+ a;

12 until s A £ RS

13 until Vs, a, Q(s,a) I8k,
it : SRR 7 (s)
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QFIFE

*Q FIFEANEE ne KETF—THEEa’ , Bz e Q R,

% 15.4: Q'?J'_J)ﬁ/f
WA REZEMES, FMERMH A, FHEy, FIEa
1 FEHLWILRIE Q (s, a)

2 Vs,Va,m(als) = ﬁ

3 repeat

4 | VIHERIBRE s;

5 repeat

6 ERE s, EENEa = n(s);

7 PATENE @, 132 RIS 225 r FUPOIRAS o

5 Q(s,a) « Q(s,a) + a (r + ymaxg Q(s', a') — Q(s, a));
9 s+ s’
10 until s A% KA.

11 until Vs, a, Q(s,a)dLsk;
Hidh: SKES 7(s) = argmax, ¢ 4 Q(s, a)
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BT {EREHBRERF S

> N T EESFPRSHM I EZ BRI EERER Q, (s,a) , FNTATLIA—TERELQ,
(s,a) KR IEPAITE, FFAEREOEIL ( Value Function Approximation )

Qs(s,a) = Q" (s, a)
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2
L(s,a,s';¢) = (’r‘ +ymax Qg(s’,a’) — Qqu(s, a))

> FIEMR)ER
>»BIRARE, SREINBEIMKIHITESHEE;
@ = WA EIE=SEEEENY P e

>RE Q WL
>»— T BN ERLL (freezing target networks ) , BITE—MEYEIERRNEE BAinF ISk, X
REFSBMr;
>~ B2 WEIIR ( experience replay ) , HE—EIMREFRAIER XL
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BX 15.5: WAL RURATRE Q M4t

BN RESNS, ESN A, %y, %Ea
L VIEHZ W D, 8N N,

2 BEHLYIEA L Q L 1 B o;

SEHLYIEA AL H AR Q MBI B3 b = ¢;

3

4 repeat

5 | WlBHEERES s;

6 repeat

7 ERT s, EFEIEa = 75

8 PATENE @) WIASG, 79 2BV R 5 r BT HRPIRES o

9 ¥ s,a,r, s TN DH;
10 M D HREE 55, aa, T, 85';

{ - ss' HA IR,
11 y= :
TT + ymax, Qg (ss’,a’), Z

12 BA (y — Qq(s, @) IBURBRBORIIZE Q M
13 s+ §;
14 R C 25, ¢« o;
15 until s A& LIRS,

16 until Vs, a, Q4(s,a) Bsk;
it Q%% Qy(s,a)




Mnih, Volodymyr, et al. "Human-level control through

NE

. . deep reinforcement learning." Nature 518.7540 (2015):
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DQN in Atari
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DQN in Atari ;: Human Level Control

Video Finball
Baoxing
Breakout

Star Gunner
Robotank
Atlantis

Crazy Climber
Gopher
Demon Attack
kame This Game
Krull

Aszsault

Aoad Runnar

i

Jameas Bond
Teninis.

{
HE

Kung-Fu Master
Freewsy

Time Pilot
Enduro

Fishing Derby
Up and Down
loe Hockey
Obert

HERLQ. At human-evel or above

Below human-level

i

Battle Zone
Wizard of Wor
Chopper Command

il

q-n"!!F'l!ll!lll!IIWI‘“

Ll

e

Mnih, Volodymyr, et al. 2015.
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AlphaGO:
Monte Carlo Tree Search

»MCTS: Model look ahead to reduce searching space by predicting opponent’s moves

s -
maxy, Q +u(P) i w B i
Rt Mot M I (s /ﬁ
Q+ulP) maxs Q+uff ) "A s . o l 3
T E R
N :

i
G8) e

Silver, David, et al. "Mastering the game of Go with deep neural networks
and tree search."” Nature 529.7587 (2016): 484-489.
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AlphaGO: Learning Pipeline

»Combine SL and RL to learn the search direction in MCTS

M4 kY

>SL policy Network

>Prior search probability or potential
*Rollout:

>combine with MCTS for quick simulation on leaf node
>Value Network:

>Build the Global feeling on the leaf node situation
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Learning to Prune :
SL Policy Network

> 13-layer CNN

Policy network - Input board position s
« Output: p, (als), where a is the next move

Py (@9)

Extended Data Table 2 | Input features for neural networks

Feature # of planes

Description

Stone colour
Ones

Turns since
Liberties
Capture size
Self-atari size
Liberties after move
Ladder capture
Ladder escape
Sensibleness
Zeros

— e OO0 OO0 OO0 OO0 OO = D

Player stone / opponent stone / empty

A constant plane filled with 1

How many turns since a move was played

Number of liberties (empty adjacent points)

How many opponent stones would be captured

How many of own stones would be captured

Number of liberties after this move is played

Whether a move at this point is a successful ladder capture
Whether a move at this point is a successful ladder escape
Whether a move is legal and does not fill its own eyes

A constant plane filled with ()

[a—

Player color

Whether current player is black

(HENESREFS])

Feature planes used by the policy network (all but last feature) and value network (all features).
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BT RSNV RE R F

> o] U BRI AREAENE KRR T — NS MRS T B 2T E=S (8] HIBRET X
. a=m(s)o

R REBEEEEETIRSH R ARG

HISRER, [EUESRERIEZRBIEMREKIEY

d'—1

T(0) = Erripo(n)|G(T)] = Errp, (T)[Z ’YtTtJrl}
t=0

(HENESREFS]) 3



FEEHEE ( Policy Gradient )

> RIKERZIBRIT TSI 0 FFERKRELI(0) =Ko
IS E LT

PABE  aoe

FTRR
39 fp"/d'r T 3
89p9

G(T)dt

:/mm(mbgmmgcmm
[ i) (55 108m(0)) Gy

0
Errpo(r) [@ 10%109(’T)G(T)] ;
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e G(v) BARRYEIE v RIBEER p,(v) BEAK,

\ 4
W
Q,E
D
=
cS
>
%y
at
ap
fil
8t
Jim
CIK
a

t=0

5 9 71
90 log pg(7) = 90 log (P(SU) H We(atst)]?(stﬂsuat))

O T-1
=z (logp(so) + Z log mp(at|s) + log p(se+1|st, at))

t=0
T—1
0
= 59 log mg(ay|st)-
t=0

00logp,(1)/00 BFVRESEEZMRTK, RIRESRENER,
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PRI, sfmsBR R 27 O) myE

0.7 (0 d
Té) = Ernpe(r) ( 20 log g am)) G(7)
t=0

=FE

/—'\
Q./

Tropg(T)

o0

10% mo(at|se)y tG(Tt:T))] ;

Hort G(mr) IS ZI ¢ AR g Ae 46 o 2 S 1) e [l 4

TtT E ’}’ ?“tf+1
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REINFORCE &%

% 15.6: REINFORCE 5%

wmAN: RETMES, FMETH A, IR FIRIE R mg(als), HTH1ZE
v, FAE q;

BEHLAT UG Z % 0;

repeat

3 | IRYEEME mo(als) R — KNI

T = 50,00,81,Q1," " ,ST—1,0T—-1,ST;

4 for t=0to T do

=

b

5 WH G(1.1);

// EFT U S
6 0+ 0+ (X’YtG(Tt:T)% log mg (at|st);
7 end

8 until 6 1L8k;
M S0S 7
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gneLR D E?

B E

*REINFORCE BZN— 1N EEMRAZFARERRZEINAERK, ERIINEAFARE, XEHE
ST R ERFIT RS AENER.

ge b B

BRI R £ (OHREE, WTRL | B E, RIBIA—EASRENZK e, ©
f=Ff-a(g—Elg)])

Il

var(f) = var(f) — 2acov(f,g) + a? var(g)

Il

Va,r(f) = (1 - V;I?(\;()j\';ai‘);f)) var(f)

(1= corr(f, 9)?) vax (),
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FINEL

0J:(0)
00

— Est |:IE':,‘,;,;]t |:’}/tG(Tt:T) logﬂ'g &t|St :“

YA T B KA L T £, G N— A Fea Tk 69 I R b (se)

'J(U F]— ﬁ’ﬁgb (St) ?
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GOMRNESE b(s,) ?

¥A T TR B T £, b(Se)FeG (Ter) A L AIF, —/ANMRE KRG EIFAS
b(s¢) AAEZFHZKV o (s,).

»— AT 5 5] 0GR BV 4 (s,) R LA % 4L

2

L(Glsi ma) = (V7™ (s:) = Vi(st))
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& EZkRY REINFORCE &%

BE 15.7: Wi #EZR R REINFORCE 52

N WETES, IMETE A, WIS PIRIE RS 7o (als), PIHRSY
FPRASE R B Vi (s), HTHIE Y, FEa, B

SEALHIE LS50, ¢;

repeat

=t

b

3 | MRYEHEE mp(als) 2 — 2K
T = 80,00,51,01," " ,ST—_1,AT_1, ST}

4 for t=0to T do
5 WH G(1y.7);
6 0« G(ter) — Vp(se);

// EFEEE S
7 (;5%(}5+55%V¢(5t);

/! B R RS K
8 0« 0+ ay' 8% log m(ase);
9 end

10 until 0 41 8k;
WM. NS
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Actor-Critic 82~
¥iE N -1 1 Ak (Actor-Critic Algorithm) 2 —FF 45 A K ek 4 fE fo bt )5 2 55 7]

09 5245 3 ik
»iE N (actor) T35 F ek ik Hmg (s,a), B 3) w-/\ﬁrv\[ﬂﬁxﬁ:ﬁﬁrj = 5 89 @ IR,

i i (critic) AFGAEAF HVp(S) , X & AT R A94E K AT+, BpiFfFactor 8947 3R

/F*-ﬂ}ﬂ'-/{ﬁ ¥, Actor-Critic ik T WU#HITE T FH LA, REZFINE S L L4
AT B H#7 o
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Actor-Critic 3%

Bk 15.8: actor-critic 57
BN RETH S, shfEZSE A;
B 0S5 B8 3 o )
A7) BVIRESE RV, ()5
Ky, ¥ a > 0,8 > 0;

1 BENLRIER 125 0,0
2 repeat
3 | WEHEHEIGRE s;
4 A= Tz
5 repeat
6 ERE s, EFENEa = mo(als);
7 PATENE a, 13RI 22D r FOHOIRGS &
8 § 1+ Vyu(s') — Vu(s);
0 ¢ ¢ &+ BIZVy(s);
10 9e9+(1)\5%logﬁg(a\s);
515 | A YA
12 5+ 8
13 until s & B K7

14 until 048k,
M SR
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AEERIEFIFEZEIRIX AR

Btk )
(Spems 2 | CEEGD
N
El v ANE 13 €232 EEE)
(REINFORCE) (I Fr 225257 ) @

‘ SARSA \
[actor—critic ﬁ?ﬁ) Q 23]
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N P p

,ﬁ Hy A

""""""""""""""""" (1) BATEM, A REEAR: s, a,r, 8, d
SARSA @) fhiEHE: Q(s,a) + Qs ) +ar +9Q(s', @) — Q(s,0))

(3) HEFANE: 7(s) = argmax,¢| 4 Q(s, a)

(1) ATHERE, FRFFEAR: s,a,m, s
Q%> (2) i mEHRk: Q(s,a) + Q(s,a) + a(r + ymax, Q(s’,a") — Q(s, a))
(3) HEFANE: 7(s) = argmax, | 4 Q(s,a)

(1) PATHNS, ERFEAR: 7= s0,a0,s1,a01,
T—1
REINFORCE (2) it [E4]: Glr) = Y. me1
t=0

(3) FEHEME: 0« 0+ Z;F:_Ol (% logﬁg(at|3t)7tG(Tt:T))

(1) PATHME, LEHRFEA: s,a,8,r
Actor-Critic  (2) it FHHf: G(s) =r + V(')
6 — ¢+B(Gls) ~ Vols)) ZVals)
(3) BEFHRME: X 4\

6 0+ af)\(G(s) _ V¢(s)) 8 Jog ma(als)
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