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CESIShE

O BAMREY, KEEMDP
- {MEIESS Value Iteration
- STV QY, BRBRIURRE
- SRE&IE Policy Iteration
- fEER: THAIREE, SRESIEF
0 FERLRA, RERMDP

- SREIEM
- THEERE VT (RIBrREERITEE G, MC, TD) = ¥l Q7(s,a)
- REBIEFT ((XFW'TLEETFT) = REBIEFT argmax Q7 (s,)
.+ REHURNA—CRTHLRE (REIREE 7T AEMNREER)



SARSARZHRIEFSFIR

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 Q (e.g., e-greedy) SEFE(V(EF—X
Repeat (for each step of episode):
Take action A, observe R, S’
Choose A’ from S’ using policy derived from Q (e.g., e-greedy) SV (EFH—
Q(S, 4) « Q(S, A) + a[R++Q(S', A') — Q(S, 4)]
S« S8 A A

until S is terminal
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{EE (Model)

O L8E—MINSHIENE, BB FN F— 1 INSF IR IR o %0 BD
p(s’,r|s,a)
s, a: {ERPIRSFIENE
o s, FIRESFIER D

0O SFptERY (distribution model)
- R T HITRORTE R RS R HATER
O AR (sample model)
- IRIBEERIITRE, REE—FKA s8Rl



=8 (Model)

O ¥fgg—F(Dozen Dice Games)
© DfpiRE
BRIRTHFCMETE T st R E=R
© HEAREY
- AREEE—FER F S

'

1=BRIERA
0 BEFRHARNLIGEGE(simulated experiences)

m(a | s)
) I\T\T\T\ ¢;¢uézaﬁ§5z¢)§
Agent {(S a,r, S

INGEIREY

Env. model p(S T | S, Cl)
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ME(Planning)

O BA—MER, HH— P RESHUR R

o W

I i

GIpall: e ES

O RESTEBIAKY (state-space planning)
© ERSTEERFIERE, MRELEESRXMT
O MR ERIRK (plan-space planning)
- ERN=EEREEREE, SEEEEENRERL
© XBF, — M XEE— I EES NI EIRFRIZIR
- XERPKEHME— K, BiRKSHEsEsES IR

https://www.cs.uni.edu/~wallingf/teaching/161/sessions/session24.pdf
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https://www.cs.uni.edu/~wallingf/teaching/161/sessions/session24.pdf

NEI==8a96)F: Constraint Satisfaction
Problems

N variables
domain D
constraints

states goal test successor function

partial complete; satisfies assign an unassigned variable
assignment constraints
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RSZEE SR ERIELER

« Assumptions about the world: a single
agent, deterministic actions, fully observed
state, discrete state space

* Planning: sequences of actions
« The path to the goal is the important thing
« Paths have various costs, depths
« Heuristics give problem-specific guidance

- ldentification: assignments to variables
« The goal itself is important, not the path

« All paths at the same depth (for some
formulations)

« CSPs are specialized for identification
problems
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ME(Planning)
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#5533 (Planning and Learning)

P NE =
- FIK: FFBIERAEREHIELE
- 23 FBERIEFENESRE
0 HHRER=
- B EHA(back-up) EHMEREEIETT
- H—3KE, FINHEFTUREENSRE E

i % —HESRERRERIE 0 M1
HELUITMEE
1. FEHEERE—MRZS S € S FI— 1 EIE A € A(S)
2. JE S, A BINFKIFIRES, INRIRIGRERIRED R F1TF—R
Sl
3. %9 5,4,R, S BHT—RYEIERRIE 0 23:
Q(S,4) « Q(S,4) + a|R +ymaxQ (5',a) - Q(S, 4)]

Off-policy
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Dyna

0 NS B4 ESLE 0
0 AR FEERES g
- RIS
0 BTSN EE ISR
. (SRR E TSR
0 BHRFRET I
- BT RENERFERERIEN
-« RMLABIE RIS EXS REM R+
PR ) T R AR RS

Sutton, Richard S. "Dyna, an integrated architecture for learning, planning, and reacting." ACM 19
Sigart Bulletin 2.4 (1991): 160-163.



Dyna
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13 %E " fral
5
Model(s, a): T (s, a) JFAIT—MRSFOIZIR] i %

SET(5), (6) I E—RTEE RS 7

&% 3% Dyna — Q

XIFFrER s € S fla € A(S), FIRWIEREL Q(s, a) FIHEEL Model(s, a)

BEUTSE:
1. €5 « 3a1 (JERIE) K&

OU A WN

. A «e-greedys,Q)

MzE A; BRI R AR S’
% Q(S,4) « QS A) +afR+ ymaxQ (5',a) - Q(s,4)

SModel(S,A) < R,S" (RIZFERHEEINE)
BELUUTERNX:

a. £S5 « [EiREFEZRNIRVIAS

b. €A « MEFEZBITEIRSSHITAIZNE
c. $R,S « Model(S,A)

d Q(5,4) < Q(5,4) +a|R+ymaxQ (S',@) - Q(S,4)
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Dyna
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- BliXBR (6) , 152U+ *
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Episodes

qr
THLI

0 planning steps
(direct RL only)

5 planning steps

50 planning steps
200+
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Dyna
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Dyna
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Dyna
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Dyna
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useless(0 « 0+ y *0)

] O G
| 1— useful(1< 1+ = 0)
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SEIFRIREFER X

FF]H*% (backward focusing) :
SINSHHEREZ N HIRIINSRHE R EZ

O EEI’J{EEQ RE, BRNERRD
- RILFEEREZSIER, SXEEMRENTEHITEN
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0 RERSR BT
- IRIBENERIBEEENMIER: P« |R+ymaxQ (5,a) - Q(S,4)
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/ Hi% MEMINMEPRRINTREE \
XIFFrERYs € SFla € A(S), FIIBHIERZELQ (s, a)FOE Model(s, a); ¥IRNTEHR
BAZIPQueue IT
BEEUTEE

1. S« Ha7 (JERLE) K&
2. /\A « e-greedy(S, Q)
3. A: 1BEIEZEIRFIIAESS’
4, SP« |R +ymaxQ (S, @) - Q(S,A)|
5 5. WP > 0, &S, ALMRITTRPIEAPQueue
EE LA ZSENIK:
<S5, A « PQueuef\FISITER
SR, S" « Model(S,A) HyEIEnisE
Q(S,4) « Q(S,4) + R +ymaxQ (5", @) — Q(5, 4)|
X‘F_Fﬁﬁﬁ SIS EIIASHYS, A
SR HERINSTFS, A, STRNAYLHD
b. <SP « |R +ym;1xQ (S,a) — (S,A)|

K c. WNERP > 6, &S, ALMISERPIBENPQueue j
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O R IR TR ATA . *
O A R IR T R
0 AR R

E BE'IE&EﬁiE z:: Dyna-Q

0 [ ER R PR R ST o
(eXpeCted updates) ngj_ii until 104 Prioritized

optimal sweeping

¢ iﬁﬁ?ﬁgfr%’ﬁﬂﬁ&—%{&*ﬂ%%ﬁ’\m solution 1034
BEEFE (transitions) E .

O 5IANFFEEFT (sample updates) o

0 47 94 186 376 752 1504 3008 6016
Gridworld size (#states)
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HA B SR AN RSB

O 15@%& V(S) estimated
O FEEREL: Q(s,a)

vz ($)
O HAER BB & R T
ELER .

O HAZEEH 0G0 « ) 567 Is, )l +ymaxQ(s',a)]
- BESMIER T
- BEEANITEE (2, a)
- IRBREEER

O KEEHT 060 <0, +afr +ymaxQ(s',a) - Q(s,a)]
- RBERHRE (5.0
- TEEFKER

« ZEIRFIRE (sampling error)BUSEZIM

Expected updates Sample updates
I i
(DP) (one-step TD)

b
ChKD &

OO O Os || os’
y evaluation II TD(0)
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1 HASE &
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RMS error b =2 (branching factor) ;i%*i%f;’:ﬁ
in value Q(s,a) « Q(s,a) + a[r + ymaxQ(s',a") — Q(s,a)]
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O - I |
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Ry =1

- R BN ETER FRSHIS T
- HEED, BEEN

0 fRe

. RUES TR AR

Value of
start state
under
greedy

policy

14

1,000 STATES

b=3 on-palicy

b=10 —

0

T T T 1
5,000 10,000 15,000 20,000

Computation time, in expected updates
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SERIEISHE

0 SENEE R HHHETES
RS FEREIRESs
V() < max > Pog(sDIR(s,a,5) + ¥V (5]
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O FMEFEENSRIX B
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iy
- BEIEHNT R T KPR
- ERRRRSESITIEANIEM EEE TS
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SERIEISHEI (RTDP)

O MEAER (Racetrack)

O NS
- (1S NERBERIZ S
o RS TR, THIEE
. Ebe: BHERER+1, -1,
52
0 Z55R:
A EARE:
. Biﬁj:}'t%ﬂ]g 9115 Starting line
- BxfIUZREE: 599

Finish
line

Value Iteration 0, Step 01

N ZESmRb /N7 — M Average computation to convergence

% ST,
'Tﬁ- ANZXZ T Average number of updates to convergence 252,784 127,600
Average number of updates per episode

% of states updated < 100 times
% of states updated < 10 times

% of states updated 0 times

30 1 L 25
M1
25 - -=5.0
ED i __?5'
-10.0
15 -
-125
10 -
-15.0
5
-17.5
04 : : , -20.0
1] 5 10 15
DP RTDP
28 sweeps 4000 episodes
— 31.9
— 98.45
— 80.51
— 3.18
44
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Rollout&i;x

M-_—H ARSI TR RIS Risfait
&S EITHERNTIE
E‘F—/Mﬁﬁigtﬁi—%

RARHTILK], MBBPASIH Trollout
Bz BRI TREIECHNS0H, SHERSRE
RIBURA TSI F-Rig 0 A EREREE
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Rollout&i;x

O Time = th\;:l Z§t=1[23=1 Teva1(S(st), a) + Tcnoose (A)]
© A RFRAIENERIE
* K: rollout —PHUBRINEITLEEN
* Tep(S(st),a): FE5E st £, {HIT (s, a) [ERRERIBTIE]
* Tehoose(A): Tollout B IR RAYATE]
* N: rollout 3ZAIREL

Rollout&iXBINNiEY %

0 SMLIBEFHTRE §//
O AT, FEEEHEER :

O ZIRA R BER AR IESN ERIEE s

Q(S,a)
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Repeat while time remains
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