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https://www.lamda.nju.edu.cn/guolz/IntroAl/fall2025/index.html

Email: suolz@nju.edu.cn
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BB, > (reinforcement learning)

U= _—- )
(Observation) (action)
Change the

environment

Don’t do EF i)
that (Reward)

78

(Environment)
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{4 =F ] (reinforcement learning)
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(Observation) (action)
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EeeiR '
(agent) 7 ‘

)

(Reward)

Change the
environment

78

(Environment)
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- AE(State) : s € S EXTHEIAMZHIEIR
- EfEESS, SpE|
- BRSERA, JEIRYEFKEHR
- RISHRTR, SRIRNMENRES
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SN{E(Action) :
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» RE&(Policy) m : EEEMRUMAIRIENEZIRVIA

SRR, RIS =SB —1afE

- EUFIREFEHRE—NRIBH

- FREMERES: S A4

o FENMESERR: m: SxA-> R
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o JJRESHEFB(state transition)P: SXAXS - R
. BB SR AT RIRTS s SR B T — A
ZIHPRE S 144

action
old state > new state




BUUCFINKEER

* %féﬁﬁg(state transition)P: SXAXS - R
. RSN SRS RIS s BERE B T — A
ZIHPRE S 144

action
old state > new state

EET—RIER: IFREEINE

(Non-Deterministic Environment)
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I2F(Reward)R: SXAXS — R (8fR: SXS - R)
BT oIEZfR, NRR
B
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EIAS LI —

- YCEEREM: R=+1
- IREE(FERI: R=-1000
e JEX: R=+1000

« FTEARYE: R=0
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S1—> A > S; —> 0y T—> S3 —> Q43
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¢ Ty 3

* B (trajectory): TEREMAILNEIRIRIBINE. aMF. REIHF

S1,Aq9, 77, S2,02,12, *** , Sp,dp, Ty

S4é...
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+ [EliR(return): NSRIFTZIFRZIARESERIOFTERMEH

Gt = Rt + Reyq + Reyp + Regg + o

- BAFINEIRERAMAEIR, BIRiTRE, MARRXKAIEERE (L THART R
BirEmStRE, MARIZIENSRIES)

- BEERITILR: v € [01ERERMATNEF, FEEFARERMECRERE R
EEMRIATRA

Ge =R +VRey1 +V*Rego + V> Regs + -

- LIERA%I, SRRYSILLAARRISIERHME
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Observation Action
>

$0:¢ AlphaGo

Reward

reward O in most cases
If win, reward 1

Ii Ioss reward —

Environment
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BRI F > -

Termination: all the aliens are killed,
e Space invader or your spaceship is destroyed.

Score
(reward)

Kill the
aliens

shield
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Qi 287

Start with
observation s4

\ A Obtaln_reward

4 Action aq:

“right”

Observation s,

Observation s3

e

/ Obtain reward
7"2 = 5
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Start with
observation s4 Observation s, Observation s3

After many turns Game Over o .
IIIIIIIIIIIIIIIII> (spacesh|p destroyed) Thls IS AN epISOde.
m Obtain reward 7



INNOVATIONS IN

Y5 SR FRZEf)
nature %

TREINTERNATIONAL WEEKLY JOURNAL OF SCIENCE THE INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

Atlast — a computér program that
can beat a champion Go player PAGE 484

= [ ALLSYSTEMS GO

performance in video games

2 O NATUREASIA.COM
CHUCMOLNG P SIURPHYSS © NATURE COMNATURE CONSERVATION RESEARCH ETHICS POPULAR SCIENCE el o

. “DAT ~ TIN THE TEIEPORTATIC SONGBIRDS SAFEGUARD WHEN GENES Yo 529,No. 7587
SHARE DATA IN A GIANT IN THE TELEPORTATION  wsim e ) : 4

Forse ODen . 1e , vel hole Iy e s Illegal harvest of millions Don’t let openness backfire Dawkins’s calling
Forgee open access upermassive Mack hole ansferving two properiies of Mediterranean birds onindividuals card 40 yearson
PAGE 452 PAGE 459 PAGE 462

ences and mare ataredshiftrof 6.3 of a single photon
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Playing Atari Games
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Human-level control through deep reinforcement learning. Nature 2015
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trial 1

4x speed \

Finetuning Offline World Models in the Real World. CoRL 2023. https://arxiv.org/pdf/2310.16029



https://arxiv.org/pdf/2310.16029
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a\gonthm learning,todrive

a Car.
.

Alex Kendall et.al, Learning to Drive in a Day. ICRA 2019: 8248-8254
https://www.youtube.com/watch?v=eRwTbRtnT1I
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* Flying Helicopter

* https://www.youtube.com/watch?v=0JL04JJjocc

* Driving

* https://www.youtube.com/watch?v=0xo01Ldx3L5Q

 Robot

* https://www.youtube.com/watch?v=370cT-OAzzM

* Text generation

* https://www.youtube.com/watch?v=pbQ4ge8EwLo
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e Sutton’s book:

* http://incompleteideas.net/sutton/book/the-book.html

e David Silver’s Lecture:

* https://www.davidsilver.uk/teaching/

* Sergey Levine

* https://rail.eecs.berkeley.edu/deepricourse/

s FFEMAMFES:

* https://hrl.boyuai.com/chapter/intro



http://incompleteideas.net/sutton/book/the-book.html
http://incompleteideas.net/sutton/book/the-book.html
http://incompleteideas.net/sutton/book/the-book.html
http://incompleteideas.net/sutton/book/the-book.html
https://www.davidsilver.uk/teaching/
https://www.davidsilver.uk/teaching/
https://rail.eecs.berkeley.edu/deeprlcourse/
https://rail.eecs.berkeley.edu/deeprlcourse/
https://hrl.boyuai.com/chapter/intro
https://hrl.boyuai.com/chapter/intro

Open Al Gym

https://gymnasium.farama.org/

& Gymnasium

An API standard for reinforcement learning with a diverse
collection of reference environments

- - I


https://gymnasium.farama.org/

Open Al Gym

Num

w N = O

Observation
Cart Position
Cart Velocity
Pole Angle

Pole Angular Velocity

Cart Pole

Min
-4.8
-Inf
~-0.418 rad (-24°)
-Inf

Max
4.8
Inf
~ 0.418 rad (24°)
Inf

Bzl [a] 2R

Num

Action
Push cart to the left

Push cart to the right

Mountain Car



Open Al Gym

AtariiiExk

000000

Pong Assault Space Invader Breakout



Open Al Gym

28 ABUIZELE =S Rl

Ant Humanoid Half Cheetah



Open Al Gym

import gym
env = gym.make("LunarLander-v2", render_mode="human")
env.action_space.seed(42)

observation, info = env.reset(seed=42)

for _ in range(1000):
observation, reward, terminated, truncated, info = env.step(env.action_space.sample())

if terminated or truncated:
observation, info = env.reset()

env.close()
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JRB] = EY (Markov Model)

- WEETE: BENZt, BENZEXRIBEX,, -, X,

o« VISR BENZEXRISTIER S

o HEFZIREY(transition model): ISEHFAMIBEREES, SESENASEERNEZ
5, MESHATIANSEIERD P (XX, t—1)

- GRAIXERIR: SEINGRKSTERNEEHENT RN
RS +HINSE R = SIREIRTIE

o —E D~ ED—~CO—~ED—ED
— B
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/REJ RARERG . KSR

« JRZE: X = {rain, sun}

#2985 %0: [1.0 sun, 0.0 rain]

o INSEETZ: P(X¢lXe—1)

0.9
0.3
Xea | X | P(XelXea)
sun | sun 0.9

sun | rain 0.1

rain | sun 0.3 0.7

rain | rain 0.7
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JRe] I RERITFE (Markov Decision Process, MDP)

O5/Re]KJFE (Markov Process) BEBS/RAEJKE

RS BRI KM, BENH

P[St4+11St] = P[St4+1151, -, St

[/

O S/Re]KRKIIFE (Markov Decision Process, MDP)

(IR

P[St4+115t] = P[St4+1151, -, St]
P[St+1|St1At]

ENEEREFDREYL. BB ERRE RS FHIRSRD

RAYREHLITTE

Hi
i

BSOS

B/ REIRIS B F+22 )
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JRe] I RERITFE (Markov Decision Process, MDP)

o SRLFEIIXIN ¥ E/RAIKPUITA: (S, 4,P,R)

o BIEEIZS](model-based learning) : {1%ZS, A, P, R¥IEF]

- MDPIREUAIRNSEEHAUN R :
« MWIREs TR, EeeRmERENEa, € A, FEEASEIR I,
* MDPREHIALFZE N—"1 K s1~Ps, q,

_}_

X PIREARRTIHTT

Ag,To a;,r az,r
So — S1 — > S22 —— 53

* %% MKEIJIL: H TE% To +yr + VZTZ +

|u




— M= MR R (Grid World)




Grid World

Staktsaialasice :
g I é?% /
E é}'oq forbidden
forbidden E. .............. _t,arget

+ INE: AETRIEERTAMIIMIETHR

nlIE{TERIT / ZIEL#HANRTT / BirEsT / 1857

155 AEEERRUE, SR—FEEETN "&iF" KR
WIENX “BEF ?




Grid World

o JKZS (State): agentfEIRIEFAPINNR
o fEgrid-world®, IAESFRagentFTEHINE
¢ :/H\:a% 9 /l\E.l-ﬁEEI\J1ﬁ§I %B/Z\?)ﬁ;]% 9 /l\)lﬁ%_ﬁt‘ Sl) SZ) R’ S9

sl s2 s3

s4 s5 s6

s7 s& s9

IR =S [8])(State Space): FIBINSHIES (S, S0, ), So)




Grid World

» E){E(Action): agentERMRERIERYITH
- B BA. | BE READ)

a4

SIME=E[A(Action Space): FTERI{ToERYE




Grid World

) FXisk (Forbidden area) :
EIRESs T, MNRBANNSEZEINE a, , F—DIRSESEMA? FERMISEE:

B 1 (FRLEXAHNBEEESD)
B2 (BRLEXAEHEAN, Bl E)

EEs—M, ILEEF2ECERBHARILX




Grid World

s3
s2
sl

i%;l i%] Ia ntation
. A . / \(

s6
s5
s4

s9
s8
s7

)
S 6
8
8
9 9




Grid World

sl s2 s3

s4 s5 s6

s7 s8 s9

o JRSEEFLMLER(State Transition Probability)

e Deterministic or Stochastic

P(S;181,a;) =1
P(S;|S1,az) = 0,Vi # 2



Grid World

Policy: E51FAgentE A
& FNIZIEZE T AEE

=

~Policy A] LABEIER

3
N

St

H AR RIS

— i o
MR
= = O
e ST ] - s --
! *'
MEN -
S -->- ---------- &) -> ---------- )




Grid World

Deterministic Policy

— | -
!

m(aqls;) =0
m(a,|s;) =0
m(as|ls;) =0
m(a.ls;) =0
m(agls;) =0




Grid World

Stochastic Policy

Pcob50.5
¢->o-. -~
Ptop=0.5 *
| i
| |
| '
[ __> r_ — _i l
Y
!
!
R N B

m(asls;) =0
m(a,|s;) = 0.5
m(asls;) = 0.5

m(aslsy) =0

m(as|s;) =0




Grid World

Prob50.5 ’
Plo[b—‘().S *‘l
oy
— > <)
&t ' ;
REBHIRSER
a1 (upwards) | ax (rightwards) | az (downwards) | a4 (leftwards ) | as (unchanged)
S1 0 0.5 0.5 0 0
52 0 0 1 0 0
83 0 0 0 1 0
Sq O 1 0 O O
Ss 0 0 1 0 0
Se 0 0 1 0 0
S7 0 1 0 0 0
58 0 1 0 0 0
S9 O 0 O 0 1




Grid World

U1 (55 3n 747 2k

ERIFEIE SR (grid-world) R BlUFR, ZENREANIZITIT:
¢« HAgent=IUEHIAR, WERED rpoynag = —1

o« HAgent=IUANZEILERETT, MR rrorpia = —1

« HAgentZIXBTRETT, WERED regrger = 1

- HBERT, Er=0



Grid World

R RIHIFRISR

sl

s2

s3

s4

s5

s6

s7

s8

s9

a; (upward) | as (rightward) | a3 (downward) | a4 (leftward) | a5 (still)
S1 T'boundary 0 0 T'boundary 0
S2 T'boundary 0 0 0 0
S3 Tboundary Tboundary Tforbidden 0 0
S4 0 0 Tforbidden T'boundary 0
S5 0 T'forbidden 0 0 0
S6 0 Tboundary Ttarget 0 Tforbidden
S7 0 0 T'boundary Tboundary Tforbidden
S8 0 T'target T'boundary T'forbidden 0
S9 Tforbidden T'boundary T'boundary 0 T'target




Grid World: Trajectory and Return

r=20
S1—»--H----- S9o <+—S83
LT‘ =0
|
|
I
|
Sq4—>» S5 Sg
r=0 l
|
I
I
|
S7—» 3'8—>——————
r=+1
a as as a2
S1 > S92 > Sp > S8 > So
r=0 r=0 r=0 r=1

return=0+0+0+1=1

<83

S7—+-4----88—»--|----
r=0 r=+1
r=+1
as as a2 a2z
S1L——F Sx > Sv > 88 —— 89
r=0 r=-1 r=0 r=+1

return=0-1+0+1=0
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MMERRZEL(Value Function)

- ERESTENMMMERZL, MEREENS (BeRES-aETH) RREL, RPN
SHIEREMEEERTS REENSSIE) TES, XEBR "I BRETERXK
TRERRTICHR (RiTRED) KENAY

o JRZ(ERRZE](State value function)
VT(se) = Elry + ¥1epr + V2142 + o0 |s = 5¢]

o RE-SIF(ERRAZN(State-Action value function)

Q™ (s, ar) = E[ry + y1pyq + V142 + - IS = 5p,a = a¢]

. TEMKR: V(s = ) m(s0a) - Q7 (50, @)

a



JFE(Bellman Equation)

VT(s) =E[r+yry+y?rs+-|sg = s]

YV™(Stt1)

=) 7(5,0) ) Poa(s)(Fsals) + YV (s")

SIES

0"(5,@) = ) Poal(s)(reals) + ¥V7(s))

SIES

LA >
BellmanZ=t,



=Yal Al

MREBIE: V(s = ) _m(s,a) ), Psa(s)(rsa(s) +yV™(s")) General Case

V™(s1) =0+ yV™(s3)
VT(sz) =1+ yV™(ss)
V(s3) =1+ yV™(s4)
VT(S4) =1+ yV7(s4)



W/REFRERAG

V™(s1) = 0+ yV7™(s3)

bR AR? VT(sp) = 1+ yV7™(s4)
VT(s3) =1+ yV"(s4)

VE(S4) =1+ yV"(s4)

1
VT(Sy) = -y
- 1
V7(S3) = -y
- 1
VT(Sz) = -y
V(S = !

1—y



VT(S4) = =55 = 10
VT (S3) = 5 = 10
VT(S2) = 55 = 10
0.9
Vi) =159 =7



Exercise

p=0.5

r=—1

S1—» S9
'r:Ol lr=1
p=0.5

MRERKIE: V'(s,) = Zan(s, a) ZS,ES Py (s)(r5a(s’) +YV™(s’)) General Case

« BEH8MNMAESHIREEE
* l+%'|kIU\1E
. SRR E— 17 RSB




Solution p=05

S1—» S9
rzOl l"'zl
p=0.5

V™®(sy) = 0.5[0 + yV™(s3)] + 0.5[—1 + yV™(s5)]
VT(sz2) =1+ yV"(s4) i ¢4
VT(s3) = 1+ yV™(sy)

VT(S4) =1+ yV™(s4)

KR IR FFER] 1S <y =0.99]18
1
VT(S2) = VT(S3) =V(S,) = 1__)/ VT (S2) = V™(S3) =V™(S,) =10
VT(S,) = —0.5 + —- V™(S) = —0.5+9 =85
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ANl

S1—» S92
= lr =1
837":1 ‘
r=1
A\,
VT(sy) = =1+ yV7(s,) <y =09,
VT (sy) =1+ yV™(s,) VT(sy) =8, VT(s,) =V™(s3) =V™(4) =10

VT(s3) =1+ yV"™(ss)
VT(S4) = 1 +yV™(s4)



ANl

S1—» S92
= lrz 1
837":1 ‘
r=1

Sy =009 q"(s1,a;) = —1+yV™(sy) = 6.2
~r o q"(s1,a;) = —1+yV"™(sp) =8
V™(s1) =8 q"(s1,a3) =0+ yV™(s3) =9
VT (sy) =VT(s3) =V™(4) =10 q"(s1,a4) = —1+yV™(s1) = 6.2

q"(s1,as) =0+ yVT(sy) = 7.2

MRBNEFREE, EZEFRERAMEENINE, MEEFE—NEIFIIRE




E
=
h=d

- &IN5

| —

=Lt

BRI AYERREFR IR IERREN

V*(s) = max VT(s)

o ELIMMERERYBellmanZET

V*(s) = max 2 Pso(s") (15q(s") + YVT(s")) = max Q™" (s,a)  FffiBellmanZEz

- 3k

=

SIES

LB R B W S rn e L =SS ES T T

n'(s) = argmax Q™ (s,a)
a€eA

= CHIzNE



MBEESS (Value Iteration)

* X7

— A I ER AR RS B

« MEEAERE

5PERAIMDP

S| < oo, |A] < 0

L X MIREs, #Ia1L V(s)=0

2.

BEELATIREERINEY {
YENMAE, B

V(s) = max ) Peg(s)(a(5") + YV(s) = maxQ™(s, a)

}



MEIES (Value lteration)

S2

ISt 5%
S3 S4
Q%
q—table ap a9 as ag as
S1 —14+qv(s1) | =1 +v(s2) | 04+v(s3) | =1+~yv(s1) | 0+ yv(s1)
So —14+v(sg) | =14+v(s2) | 1+v(ss) | O0+~v(sy) | =14 yv(s2)
S3 0+~v(s1) | 1+7v(ss) | —1+yv(s3) | —1+yv(s3) | 0+ ~yv(ss)
S4 —1+v(s2) | —14+v(ss) | —1+yv(ss) | 0+~v(s3) | 1+ yv(s4)




)

fMEL

1< (Value lteration)

K=0: #lialEva{EEidiE, AX—RiRIE, <

Vo(S1) = vo(s2) = vo(s3) = vo(s4) =0

S1

S2

S3

S4

g-table | a; ay as as ar
S1 —1 -1 0 —1 0
52 —1 —1 1 0 1
S3 0 1 —1 —1 0
S4 —1 —1 —1 0 1
PHEERR: | VO =max ) Pals)(ra(s) +7V7(s)) = max0™ (5,0
SIES

v1(s1) = 0,v1(s2) = 1,v1(s3) = 1,v4(s4) = 1

83 —»




MEIES (Value lteration)

K=1: v1(s1) = 0,v1(s2) = 1,v1(s3) = 1,v1(s4) =1

q-table

ai ag as a4 as
s1 | =1+4790]—14910+91 |—-1+70]0+10
s |—14+~41|—-14++91|1+91 [04+~0 |—-1+11
s3 |0+790 |[1+41 | —-14+~41]—-1+~1][0+~1
Sa4 | —14+791|—-14+41|-1491|0+791 |1+4+11
PHEERR: | VO =max ) Pals)(ra(s) +7V7(s)) = max0™ (5,0

SIES

v2(s1) = ¥1L,v2(s2) =1+ yLvy(s3) =1+y1,v,(s4) =1 +y1

S2

S4

S3—»




MBEESS (Value Iteration)

S1 S9 @ Sf Sf S9
S3 S4 S3—» S3—»

Vo(S1) = o(S2) = Vo(S3) = vp(s4) =0
v1(51) = 0,v1(s2) = 1,v1(s3) = 1,v1(s4) =1

V2(81) =YL va(s2) =1+y1,v,(53) =1 +y1,v,(54) =1 +y1



Exercise: MENEZ AT

+

1

+ JEfrdMDP (y = 1)

- BE—Y, -1, BEIERELRS
+ HEIRERFNLGE

- BRAMATIEREREIAE

- HRENIIRER 9IS REH LR ES

n(n|-) =n(e|-) =n(s|) =n(w|-) =025



Exercise: MENEZ AT

K:)
"o | o o

0 0 0

O:
0 3 0




Exercise: {11

BIENZAETH

2| 2| 2
2| 1| -2
-1 0 5 -1

# 0| 0| O
0| 0] O
0 0 i 0
LIS -3
2] 1| -2
-1 0 i -1

LI -1
1 -1 ] A
-1 0 i -1
LI -3
2| 1] -2
-1 0 i -1




REZIEFS (Policy Iteration)

» XTI EZEFMAS S EEBRAYMDP

|S] < o0, |A| <

1. BEHLIAH R
2. EEL I TEE RN {
a) HHEGTME: V=V"= Y n(s,a) 3 Psa(s)(Tsals) + YV (s))

5
RERSOH: BT, B

n(s) = argmax Q™ (s, a)
acA

£
A
£
A

b)



SH-

S WAt

-8

-89

- WE: AAE. [A. A5

* Thoundary =

-y =09

—1, Ttarget = 1




2

RERIE(C: WSS

RIS

-8

-89

VT (sy) = =1+ yV™(sq)

VT (sy) = 0+ yVT™(sy)

VT (s,) = —10

VT[O (52) = —9



dIT

BEIEMC: PSS

-—3S] -—89 S1—» @
qr, (8, a) a ao ar
51 —1+ Y05, (81) | 0+ YVr, (51) | 1+ YUr,(S2)
S 0+ Yvr(s1) | 1+ vyvr (s2) | =1+ yur, (S2)

KAV ™o(s;) = —10,V™(s,) = =9, B[

Gro(5,0) | ae | a0 | a TEIRTS s | BTiZiEE
si | —10| —9 | —7.1 M5, 1RSSR
s2 | —9 | —7.1]—9.1 IR AT




Exercise: TRESIERNZATEETH

+

1

+ JEfrdMDP (y = 1)
- BE—F, s, BRERELERES
- HEIRTEERES
- BRAMATIEREREIAE
B REIRRIRES /9IS BEN LR ER

n(n|-) =n(e|-) =n(s|) =n(w|-) =025



Exercise: SFBRIEL T ANF=H
I SRS,
0 0 0 >
0 0 & 0




Exercise: FTRRIEZATER
A1l a4 Aol 2| 2

-1 -1 -1 > -2 |-1.75] -2

-1 0 3 -1 -2 0 i -1.75




Exercise: SRESIEZATE
% |
2| 2 | =2 BRI
-2 |-1.75| -2
-2 0 i -1.75

=R

)

L)

ﬁ'-s 26| -3
29| -25|-29
2.4 Oi 2.4




Exercise: STRIELTZANF=H
X3 | 26| 3 ERRIET

-29 | -2.5 | -2.9 >

_ 0 sl -
2.4 3 2.4




IMEIELS vs. SREGIER

- MEXERETRE .« REBEREE
1. X8 MMRSs, WIRH V(s)=0 1. FEFAIR A SRER
2. BRI TIREERIMEN | 2. BEELATIREERIME {
NEPMRE, B a) RESHG: V=VT
V(s) = max 2 Psa (s (15a(s") + yV™(s")) b) ZRESHUH: X MRE, B
} S1ES n(s) = arg max Q™ (s, a)

aeA

v IAFEAE TSN EE

v MEERRRZLDEFE

v REERS, BBellmanEEFHINMEREULNRELK
v SHFZEER/INIMDP,  SRESIECEE RIS

v T EERARIMDP, MEIECEER (XER)



QNERIEBLRANNE ?

. SRR T, MBRTRIISHEA H— 1 EAIMDPIEEYS
(thsh s, RAIEBIEHAT)
. U EB B

+ FIHEIRES

]|

- DIsCinEA, EEMELABRIRS BN R A IRR REL, SECRIS TTIA S

(RRLRNSH T EMEMRET)




= >]—/"MDP{REH!Y

(1) (1) €Y) (1) €y (1)
a,’,R(sp) a;’,R(sq) as’,R(sy)
Episodel: (gl) : Y s 2 C 5D 2 i

Episode2:

2 2 2
<@ ag”) R(s0)® e ai? R(s)@ o) a?) R(5)@ @ @
O 7 7 2 7

« M "E&ZER" PFSI—/1"MDP=EL:
° j’lku’iﬁgm’}.‘z

=

1£s TREENMEaFH 52T s BIREL
1£s TREENEaRYIREL

Py, (s') =



AR HEY (World Model)

“PrifHRER, EAHREABRAINAZMEPHRIREE (CEER)
B XS B3R b 2T, HBARAIRRM, XTAATEE, TR F=H
RISF;MFF KA,

KEMBET AR TR TEEG., 2LEEN. TRAUGARER, Al

FRBETE2ETRARARLIRA K LEL, soraSAMAERATBEAALLEKBLRT LR
Z:J%‘ﬁnﬁ“{‘%, 1‘3%'3;% “-&ﬂ*ﬁﬂ” Q{J,ﬁ;)ﬂ “ »

{+4 2 world models/{t SRR

O REREZ20KF v R BRT - BRILENZR

https://zhuanlan.zhihu.com/p/661768957



https://zhuanlan.zhihu.com/p/661768957

B8 DEAFIMDP?

e REM EN SRR HIES N E R SRS R EN?

IRBIEXARF S

(Model-Free Reinforcement Learning)



KN

O FTiRBFS]
O S5 Rat=>

O B FEDES



T

IMEZISRIBZES

i

« {MEZ>) (Value-based learning) BEEIEFIRMNEREQ (s,a), BRRFENBETQ",
BRI LRIEQ kMRS, 1EH&IFRIEHE

- fian, LiaRSEREAN, SRMNEI—REs, 1EQ XIRrasIFIETI

Q*(St7 E) — 2737 Q*(Stv E) — _1397 Q*(St, _t) = 195

- RE&ZS (Policy-based learning) BEEIEFIRMKRISRE n*(als), BRIRBAIE ",
AT BESERrEaERRE, ARERERT

m(Z|s:) = 0.6, w(f|s) =01, w(lk|s) =03



e rigait s

(Monte Carlo Reinforcement Learning)



§’|I]

RS

TRt

* Episodel: sq,a4,71, Sp,Qp,7, =+ , ST,aT,TT

- XWFPEREIRAIE—IHIRS-EME,

MH—IXR R REREFE

+ BIXREFFEZFRNTEZIE

S, BENRS-IEI R R A

-+ EEALRNIBIE T, MERRSHA, ERENRIEHTRE, KIENT

ICRHRZZEZHM, (ERZINS-HME

19, SRR SEERRQRET

H1TF



ERSRNEIL A

« WENMIRE-aiEb &, PTRIBEEI—1RISHME, BEFZOSERGITIAS-SEMNE.

a9 aq as as al
S| ~—r.89 ~=% .87 ) 89 =P 85 P 2o

. —ARMEATENES MRS EHRNFES, TURFETSA RIS i
WiE; HAREER

a a4 a as al E o .
S1 —> Sy —» 8] — Sy — S5 —> ... |original episode]
a4 ao as al -, 5 A
Sog — 8] — Sg — S5 — ... |subepisode starting from (s9, ays

a2 as al R 1 . .
S1 — So — S5 — ... [subepisode starting from (s, a

Sy = 85 —» ... [subepisode starting from (s, as

)
)
).
).

ai P - . .
S5 — ... |subepisode starting from (ss, a;



och
':-\

(1A=

as a4 as as aq
S| —F8p 2 .80 B9 ~—P 85— wius

* HEAE— T EISFHE MR RKAVRESS

IERTHEEE N(s) — N(s) +1
ERBRILR S(5) < S() + Ge
. PHERETATIHEEIIIE V() = S6)/NE)

T

Al

I, ATREHG,a)



W

RS

TiREtE>

» ERBERAIABIZ T, MEERIREE

&, ERENREHEITRE, 3R

* Episodel: sq,a4,71, Sp,Qp,7, =+ , ST,aT,TT

MRREBESMEMER, WFEMSHEE—1E, E

RUSRERHITRAE, HEESEISFERAYHNTE

HiXHF




I]

S et =ES

S| Ne-ALEIE

E““{uW@MTMM

1 HUEREE . EIRIRIRESAYE-

(s),

RAIORA SIS

LABEERL — €

ARENLEENENE iR

2328, 152l episode

2. SR ARIBSRAHIOBNIEERT Q(s, o) ROt

3. SRlEeSLE . RIEFFHIQ , BT

<%




Il
ya
=
3
dH
7
oK
HHD
ay
4
\Y
Il

. [E)RHEE(on-policy), HFLFIBIHRIZR

B
. IRIEERS e RO R AN RAE— ST TR
- FHO(s, Q)

arg max Q(s,a) LR — €
LSRN AFRENIZENGHE  LUEERe
} Lo

e 1(s) =

JAIGY

AN}y

ox



]

FIREZ (off-policy) REFRIZEMFES]

q_
5
H
T
n]
A
ox

BEARE(NIETH SRS I NeTOSREG, SREGEUH

N =17 e N S sial: DA

Eyp[f ()] = rp(x)f(x)dx

_ p(x) BRI
= (x)mf(X)dx 7~

B p(x)
= Ex-q (x)f(x)]

—

FS

BIRINEEF T EC B (x) =

R
i
>|—}

* R




S REE (off-policy) S5 RIZIBUFES

EABENIEMERT S INe BRI EREE, RESSUHTSOHIRIARES

/dIT

ANy
AT

+  (ERSREST ISR TR L RES T, SEfR RN R I REGITEE

1 m
Q(Sr a) — EEi—lri

RS BRI IR oRE

EXT

m, {NFEXRITRENN
=y Ton

PSR IFHITHIRER

AN [y

3

ﬁJIT
o

pIFpT 3 BT~



Jh TRt A E

BEZ2}TJ a3

* XTREMEXI(s,0), REES

- MIEBRIS: + 1

NG

ST

£, 1

7_'% :

5

4

d

N
~

BT

1
0 Q%T(S» a) = 225:1 G;

Qt1(s,a) = Q¢ (s,a) + H%(Gt+1 — Q¢ (s, a))

. T, FTLUB—ERAEEa

t+1

Qt+1(s,a) = Qf (s,a) + a (Gey1 — Qf (s,a))



ERER T A

- SERESBRAFIBIFERENIE, ik 7 RERAE RIS GITIERMAY

+ S RTBUFINERR: KL

« RYEIESLA “HtibiEzl”

BERE

. A

IRASS i

T
LSRR YIRS S FEREUH T E

sR(CF SRR e?

)3



B FFZE9 (temporal difference, TD) ZE3:
RIS T iSMYHISIS =2 Ak B8
eI S AABIREEY



— Ml SZERTEFTN

- RIRENB—MRELQ(s, d), EFsEiemR, d228R, REQA LT HITHYRIE
e, XNMRE—FniEeR, BEEREZHEZR, =REALUIZGRBRHE

- En)llgeRELe? ERPHARRI, ARSREREERNZR, REM—1Fllg = 0, d),
SRPERITIER, By SIFERE, RIEREZEY — (IZIERE



SERTEFRN A

- BRIEERENMNEFEELSE, HAFMRETTNGSRSZEZE 1408, Blg = 14, FhixE
BT AN SEFR AR 2 16/)\T

Hit®EG =140

~ N ~n
—>
b= R RLy = 16448 i

- BETHEZE (16-14) XEFER, 1HERIFGNEHE



SERTEFRN A

-+ HARBIEETINSER NI4T, BRI 7 4.5/0N\RIK R, IHREVHEHM—XTTN,
RE SRR N RER LEFEL1VNT

it & 2q = 1400

—>
| >
ﬁ“%”‘ = 454K l it & &g = 1145 !.;
e Ze L g

« RIERERSHIEITT, BANIRENRRTERL5.5/\), y=r+§ =45+ 11 =155

- TDELIEREY = 15.5FRNTDBTR, BELEYIAITNG = 14858



SERTEFRN A

- RtE, AILAARY = 15.5A3REREIE, HEMLITHEIJRERATOBRY

. HFWEZE (15.5-14) EFEHIEE

- EEUHITAILRE EiBSiEFE 14T, RERGITNFTREE LEEEFEL1VNT. H
STREMAITT ML RE TR = RIATIR) /937N

+ MSEPReZRa. 5/, BREBULRITSRSIMNZES =3 - 4.5 = -1.5 (TDIRE)



NEFEDFS

» R RSEEES
QF1(s,@) = QF(s,a) + @ (Gr41 — QF (s, @)
- WFEDFS
QF1(s,a) = QF (s, a) + a(rsa(s)) + ¥QF (s, a') — QF (s, @)

s BRI—REIRESSEHITIN Fa e iR RIS, o BRlsn{Es 1IFERIENE

\
/



SARSA

.« WTIRIRBHAITIED (RSN E-R-IRE-oE) Th

WSs, WITeEa
SE2Z [Bhr
R T IRESs

d

Ws', PITENE

¢ SARSAETH ’lj(lLJ\ Ej]'ﬂﬂ.ﬁ@éﬁ%

Q(s,a) < Q(s,a) + a(rs(s’) +vQ(s', a’) — Q(s, a))



SARSA

Sarsa: An on-policy TD control algorithm

Initialize Q(s,a),Vs € §,a € A(s), arbitrarily, and Q(terminal-state,-) = 0
Repeat (for each episode):
Initialize S
Choose A from S using policy derived from @ (e.g., e-greedy)
Repeat (for each step of episode):
Take action A, observe R, S’
Choose A’ from S’ using policy derived from @ (e.g., e-greedy)
Q(S, A) — Q(S, A) + a[R +1Q(S", A') — Q(S, A)]
S« 58 A+ A;

until S is terminal

SARSAFEFHIFR “"A" &2 HRIsRREEE




Q-Learning

Q(s,a) « Q(s,a) + a(ra(s) +ymaxQ(s’,a’) = Q(s, a))

RSs, PUTEMFa
I MR i

R T —IRSs'

e o o K5 HUTENIE argmax Q(s', @)

* SARSARBE(LITIAERISHEFE, YRGS RISSUHIZE T BEEE
* Q-LearningA] LAER(MIT RIS HEHTI RIS IURES

=I5

AT

i



MRS

1

2lpR

Xk
T

QB(Sra)

aq ads
s1 3.2 4.1
s, 08 12
s; 23 -0.3
IMEREERE

g (s, a)
aq ds
s, 02 0.8
s, 04 0.6
S3 0.9 0.1
REERIE

-)

QO (S' Cl)

I
/\/\

T

m E *ﬁﬁﬂ«l

mg(als)

T

A~

0

T

S

RE&ITIA



MFEISENBREL

Q9 (Sr Cl)
aq ads
Sq 3.2 4.1
s, 08 1.2
s; 23 -03

IMEREERNS

- (RUNFA BT
- FEEILF!

31K

g (s, a)

S1
So

S3

a; a,
0.2 0.8
04 0.6
0.9 0.1

-)

SRIRRIE

4
N
/

RS P 285N T

QO (S' Cl)

I
/\/\

T

m E *511_11«1

XL R EL e ?

mg(als)

T

A~

0

T

S

RE&ITIA



MR IR

2013F12H, F—RFREBRUYFEIISHENIPS 2013

Reinforcement Learning Workshop

Playing Atari with Deep Reinforcement Learning

Volodymyr Mnih  Koray Kavukcuoglu David Silver Alex Graves loannis Antonoglou
Daan Wierstra Martin Riedmiller
DeepMind Technologies

{vlad, koray,david,alex.graves, ioannis,daan,martin. riedmiller} @ deepmind.com

Volodymyr Mnih, Koray Kavukcuoglu, David Silver et al. Playing Atari with Deep Reinforcement Learning. NIPS 2013 workshop.



NERUF

Convolution Convolution Fully connected
v - v

'n
=
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8
S
5
@
o
23
@
Q

Jalalalala i alalalala]ss]

II!I II!I I!II II!I II!I
0 fgopogna oo
e o0 0000 00
L
L

dodoobt  dddoot

ANRAAARRAN z
+f+Q+0+0+0+0+ 0+ 7~ €« Vv >
BBREERERARRARARER:

QS MBI TR R R B S

V]

Volodymyr Mnih, Koray Kavukcuoglu, David Silver et al. Playing Atari with Deep Reinforcement Learning. NIPS 2013 workshop.



RERMAFS): DQN

DON, Q(s, a; w). EXIEMaMEIMERREL Q* (s, ) BUIILL

.I» 0(s, “left”s w)

>B— + Q(s, “right”; w)

]
- Q(s, “up”; w)

DQN

(parameterized by w)



RERMAFS): DQN

DON, Q(s,a;w), RXIRMINENMERZL Q* (s, a) IV

BIRMERZE—Mransition: (s¢, ag, 13, Sea1)

D BfR: vy, =7 +y - -maxQ(s,.,,a; W)
a

TDIRZE: 6; = Q(s;, a,; W) — v,

Y M — v a St,A+W
SHEH: wew—aq -5,  2Leuw

0w



AR FIRIEE

deep reinforcement learning: (Worldwide)

120

100

%0 AlphaGo
0 iV ESEFE]

40

NIPS13

20

™ YT YT YT YT YT T OYT OYT O OYT O OYT O OYT YT YT YT OYT O OYT YT OYT YT OYT YT OTIOYTIOYTI IOYT I OYT YT YT YT OYTIOYTI YT OYTOYT YT

SIS RS A0 A0 A0 0 0 0 R0 R0 A0 0 0 0 A0 R0 R0 R0 R0 0 0 A0 0 R0 R0 R0 0 0 A0 A0 0 D o o
™ YT YT YT T O OT O OT OT O OT OT OYT OTIOTIOTTITITTITITITTITTITIT T YTITITITTITIT OTITIOT T T v
e T e T e e e T e e e e e e e e e T e e T e

GooglefEZEFAI5E “REBMUZFS) (deep reinforcement learning) " BUEZH



NERUF

0 SREST (0U) FBEHED () SEE—RS RN ¢
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+ NMEREAISEIEIR T IR E LR rante | ARAR0REREAEARARE
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+ BRIE RN
. EEAEBIKIE ©
- EESMEGE = 8 @ = &
- CPU (ATUWERNEER) fePu (ATIIEZHEMLE) e o N <
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. ZRGTH
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O XLFTHRREHE RE B EI T ARICF DR EEEHE
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- SRR ERE

HirskaIER R E>]

- KEEESHFEBERERHRRNER

RhFE>
TR S

S NIREERMRERFS

ZEERELES
- DR, EPCMEBIATIE&E




BB F>] (offline RL)

Ozl EESEIMNEFNERE)IG— 't FES

- XSRS

- 58

>JH} :lnr

0O B&sat=FES:
|ZRAISFE

, BISNFA ST,

BREETS

1§J§D1ﬂa§)\} Hl. HEFERGS

E—MATEREA SRS L B4

, R AEFOIAL

i =]

yals)

BEMEEARAEY
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R{H=>](Imitation Learning)

- WREFY: BEREDASTHRIPRES-IIEIRE I Rl

- BRY: #EFIT

. JRIE:
o« B{FESIF

I

i, MITESIERER

53 S SERHYAR B ST S

g, Bt R RMEXN

» BAEFIMARETRFY, B2 IRBRREMBRRREARE

tHIE]

. FEEFAENSS, MEELEIN—HERR




1)

FIE

e 1T 5E[E(behavior cloning) By B IR (GFS]

ToBRmMERE, RPARTRIEERFIRES

o R, FS](inverse reinforcement learning)

- FEREBETRRBUHTHE ERISE AR FIRR £

o  ERTHUE(FSS] (Generative adversarial imitation learning)

- BIERXITMEHANB I — NFHIRFIRE



1Tk

-« FAETHRHRRYUE, MWSIGEE: ISEEE, aEEfRC
- FREUERS, ERRERTSRZEIERAFERE

lE0e [Hﬁ%w } Tiesion




TR

© AEASRRFEIRSHEE, RLEES ERRSHEN FIRZ S,
BReMNEXNELAVIMNE, AJREIBEIREART, MEHNRRAESRERE

(g

L

TARENMBET B4R, TLUESRSHESINGIIEH, A2WIRREIE/NE (B0,
1T ERFATLEEA)

LR, FILSCETITAREDRURIRRE, AaBRiTait=>



CIEE A=

- BUFIEST, RITGENFENAD SRR REITERSENE
-« BEFE MNARTHEEATEHIEIET LR EREL

o JHEIRMZFS] (inverse reinforcement learning)

- EREE SHEMRERMESTHZIERHEIA, ARRIRIERX N RERECK
)IlZroRms
FEEHFS SBILF]
TR - FHAIR AR - FHAYRE




gt F>

FEEIREERE, WARERRMRE

k=l
H
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"Ry
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XTI IR{A=>) (Generative Adversarial imitation learning)

+  EERXITMZS[Goodfellow et al., 20141EI XIHUIIIZRAY TS T (EIEE R4S SR AR
MESLEIRED TR

.« FIBIMZE(Discriminator): BirERE/EMRittHI— I MEARERXBFESLEUELEH
o e
o HAREMZE(Geneartor): BiRERELEMFIBIMNE I EX 5 KIRAIHEAR

x~2D
\

HIHIRIZ DCx, §) - 1/0

/

z~ N(0,I) ——{ EHM% G(z, 9)]




XTI HUIR{E=>] (Generative Adversarial imitation learning)

c ISR AR RIB R AME R
« B RS R SERE R —E, 1R
RORHE, FIBISEToAR > E AT SR BB TR

. AERERGE: BN, BRSO
. HIBIRRLE: BINIASs, Bitp(s @), BEBFIETREaRARER
1, MR T O AR R R




SERARES

POk

. ESHRBREITES] — T
. INMEEA G TE I BRI EEK
. EHI— M EEURIAT, IERIHESH - I

(non-stationary)

s NIRRT RENE

C




BRI R TR B NIRE

W

=25 1{E(fully cooperative)

ocefcle|s]
A~
9




N\
o
o

ARENENIRE

AYA

e = (fully competitive)

Units (U] y 3 130 7 b W =821 & a%a & 134/200

;ﬁ 2631 & sa3s A 12a/188




BRI R TR B NIRE

EBIFES=EERESE
(mixed cooperative & competitive)

\

Ve -TF.\A?"FT‘i' '\
& (3

el

71 2)mmenay




ZERNARFIENIRE

A2 FE N (self-interested)

GC 02-11 (13 Range) 1/24/2011

Long
1@ 1337.6
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ZEREEUFINDZE

. TEFRIMEATE (fully centralized)
« BENERAHITRRINF—NERERAENRR, CRIREMEERANIRESREE—RIF— 2
BRIEIING, BB AT EEERFI— 1 ERaaIE
- LR MRERS, RR: BERNES
. TEEFIUMETIE (fully decentralized)
- BRIRE N EHAESEESIINEPIR ORI TES, FERBEMERIIINE. TeXxPMUEEERY
BN ERE— RS EEIT TKES
o ir: BRI, e MMEIFES, RoJsERIs
o MEYIEEEFICMETT  (centralized training with decentralized execution)
« EIGEGHIRHRERA—LENERAEAFZINEBERMARIEFENIIGR, MAERTIRAMERXEER,
BN ER 2 RIER CRIRIBER TN, LUREIEFOMHITRIZIER
s R MTFREPMEUEENTZEEZPOMNEIEZE
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-+ BUFES: FHIRRES, WRRIR. agentHIZHFERINIAER

- BRASSY: MDOPIRELER], shSHIKA)RR

» TREZFEY): FIRERFHEMMEREFINMEINEREL, THNFEDFS
HYEZSFEAR

- RERRUFS: A NaSEREREL

+ THERPZES. S8R EIFRNGHE



