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Used Materials

Disclaimer: Z&KiR4AKEFX AT Rich Sutton’s RL class, David
Silver's Deep RL tutorial FAE LM LKIRIZRME, HFE AT GitHub
RHERE, MERHSNEBEAS
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> FSMEI (Dynamic Programming): (@348 R 8] @5 % AF
B A KR ER— R TG &
> @I I K B B F e SR T & A UE)
> ZHEMXIERMEBTEFEHMER:
» BTFEEH (Optimal Substructure) : B/ o] SRy SRR R LA
%g*ﬁ?ﬂﬁ%ﬂ(ﬁﬂ?ﬂﬁ%%%ﬁﬁ%ﬁé%%ﬁ

> Bellman's Principle of Optimality: An optimal policy has the
property that whatever the initial state and initial decision are,
the remaining decisions must constitute an optimal policy with
regard to the state resulting from the first decision.

» BEF )8 (Overlapping Subproblems):
> FEBZRESHN
> FEBRKRBERTUMEETRABXER
> MDPs ji B Eid MR
» NURSFEBEHIBRASEAE
> {EREATAME A F Rl BRI KA LE R



DA GBI ES

> BISMRNBBUFEIELNERM, E—AEEZNA
> HEMKIFETER MDP R (Perfect Model), FERBEER
SRTEE
» BUFEIFANEEELEEERNNEEGT, ALENIHTE
REEBZHEMRIFIZE
~ HASHLLIRMR MDPs
> Tl (Prediction): I+EHFEREE » FEEE V.
> N MDP (S,A T,R) fnkRg =
> i EEH V.
» =4 (Control):
> #\: MDP (S,A,T,R)
> i RRERY V' SRAKRE



V*(s) = max (R(s, a)+7)_ T(sa y)v*@f)) :
s

Q*(s,a) = R(s,a) + fyz T(s,a,9) max Q (s, 4d),
s
C'(s,a) = 72 T(s,a,8) max (R(s,d) + C'(¢,d)) .
o a
> ZFRIERIKRFR:

Vi(s) = max Q* (s, a) Vi(s) = max (R(s,a) + C"(s,a))
Q" (s,a) = R(s,a) + C'(s, a) Q' (s,a) = R(s,a) + 'yz T(s,a,s)V*(s)

C'(s,a) = 72 T(s,a,s)V'(s) C'(s,a) = ’YZ T(s,a,5) max Q' (¢, a)
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LR KRB IE(L (Iterative Policy Evaluation)

> RERIRML: LEREE ©, TEESRE VX
> Vi(s) = Ex (Res1 + YRey2 + V2 Reps + -+ | Se = 5)
» Ve(s) =Y ,m(als) (R(s,a) + 7YXy T(sa V()
> ERRESIT L LLTEREE 7, xFﬁL*J’CH’]HTEEFH\ EH
Eﬁﬁﬂjﬁﬁlﬁﬁ Vi
RSV
» FAISEREE:
» EE k+ 1 XERP, WABERES s S, ETF Vi(s) EFr

Vi (s), EEIGS
> Virl(s) =3, m(als) (R(s,a) +7 22y T(s a8 VE(S))



ER R AR

Iterative policy evaluation

Input , the policy to be evaluated
Initialize an array V(s) =0, for all s € 8
Repeat
A+0
For each s € 8:
v V(s)
V(s) S, w(als) T, pls', 7] ,0) [r 44V (5")]
A « max(A, v —V(s)])
until A < # (a small positive number)
Output V = v,




REE TG B KR

> BTESFTERRE ©, MDP ZERY, Markov Reward Process (MRP)
Vy(s) = Zﬂ(a | s) (R(s, a) + ’yz T(s, a,sj)VW(sj)>
a s
=> n(a|9)R(s,a) +7> w(a| s> T(s,a,8) V()
a a s’

:R§+’72 T;r’svﬂ'(sl)

s/

Hp RS =2, m(al 9)R(s,a), Tg, =2 ,m(als)T(s,a,9).
> BEERE se SRiEAME, EXMEBERKA:

Ve = R +4T" Vp
BEKRBERN:

Ve=(I—7T")"'R"
HHEE RS O(N)
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HERIE (Policy Iteration)



REGIEA

> RTEREE T
> ¥ (Evaluate) %B& =, W8 Vs
> AR SRR AL

Viti(s) =) m(als) (R(s a) +vY T(s,a,8)Vi(s)

a

> BRI
Ve=(—~T")""
» Bt (Improve) REE, BT V. XHASZEREE
> Q-(s,a)=R(s,a)+v> . T(s a, 5’) ' (5)
» BEF Q- (s a) XAREEKEEE ill

7' (s) = argmax,Qx (s, a)

= argmax, (R(s7 a) -+~ Z T(s,a,s) V,T(s/)>

s

> HREEAHNE, NEEIRMA.



REZIELL (con't)
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T0 — Vg — M| —= Vg, — Ty — ... — Ty — 7,
\'ﬂ g
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policy evaluation  policy improvement
“greedification”



evaluation
vV —=v"
T
starting v* 4
Vo - a—>greedy(V)
improvement

Policy evaluation Estimate v;
Iterative policy evaluation

Policy improvement Generate 7’ > ” *
Greedy policy improvement T a— vV



REHEREE

1. Initialization

V(s) € R and 7(s) € A(s) arbitrarily for all s € 8

2. Policy Evaluation
Repeat
A+0
For cach s € &:
v+ V(s)
V(s) + Tocamlals) (r(s,a) + vEuesT(s']s,a)V (')
A« max(A, |[v— V(s)|)
until A < @ (a small positive number)

3. Policy Improvement
policy-stable + true
For each s € 8:
a + 7(s)
7(s) « argmaxr(s,a) +yEucsT(s]s, a)v(s")
If a # 7(s), then policy-stable < false
If policy-stable, then stop and return V' and 7 else go to 2



J- N kR&IE{X (Generalized Policy lteration)

» Generalized Policy Iteration (GPI): any interleaving of policy
evaluation and policy improvement, independent of their

granularity.

starting
Vo

1"4
Policy evaluation Estimate vy
Any policy evaluation algorithm

Policy improvement Generate 7/ >
Any policy improvement algorithm

evaluation
vV —v"
g V
—>greedy(V)

improvement
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{HiE (Value lteration)

> HEHMAFEERE, V() MRLEER V() ATLLE
ETEARTE

V¥(s) = max <R(s, a)+7Y_ T(sa 5)\/*@))
s
» BEREEREE LR AR FIEAEREK:
Viep1(8) <= max (R(s, a)+7 Y T(sas)Vi(d ))
» BF Vi(s) TRUTEHBRKRE

7*(s) = argmax, (R(s, a) + 'yz T(s, a,d)\/*(s’))

s



EEREE

Value iteration

Initialize array V arbitrarily (e.g., V(s) =0 for all s € §F)

Repeat
A0
For each s € 8:
v V(s)
V(s) + max, ».,, . p(s',r
A — max(A, v —V(s)[)
until A < # (a small positive number)

s,a) [r + '}V(s’ﬂ

QOutput a deterministic policy, ™ = 7., such that
n(s) = argmax, 3, p(s',7|s,a)[r + 1V (s))]




REEKSEECRIX ]

finding optimal

1. Initialization value function
v(s) € R and 7(s) € A(s) arbitrarily for all s € 8

|
Initialize array v arbitrarilyf(e.g., v(s) = 0 for all s € §*)
2. Policy Evaluation
Repeat Repeat
A0 Ae0
For each s € 8: For each s € 8:
temp + v(s) temp < v(s)
o(s) « X, p(s']s, 7(s)) [r(s. n(s),8') + 'w(s')] v(s)  max, 3, p(s']s, a)[r(s,a, 8') + y0(s)]
A« max(A, [temp — v(s)]) A max(A, Jtemp — v(s)])
until A < @ (a small positive number) until A <6 (a small positive number)
3. Policy Improvement Output a deterministic policy. 7. such that
policy-stable « true 7(s) = argmax, Y, p(s'|s, a) [r(s,a s') + 'yv(s’)}
For cach s € 8:

temp  7(s) Figure 4.5: Value iteration. K
7(s) « argmax, Y, p(s'|s.a) [r(s. a,s') + 'yﬂ(s’)] one policy
If temp # w(s), then policy-stable < false N .

If policy-stable, then stop and return v and ; else go to 2 update (extract
policy from the

optimal value

Figure 4.3: Policy iteration (using iterative policy evaluation) for v.. This
algorithm has a subtle bug, in that it may never terminate if the policy con- R
tinually switches between two or more policies that are equally good. The bug function
can be fixed by adding additional flags, but it makes the pseudocode so ugly

that it is not worth it. :-)




REEIERSEEKHX A (con't)

> REEERHIE D policy evaluation SEERNE_S
finding optimal value function +4 48, BRTHEHEHT max
1BR1E, HIEEE max. ELEERIEH optimal value
function, METEANEEFFE optimal function.

> RESERS ATWE: REEHEFKREEEA, REEEER SR
FERRTEREER BB A EFNT — T HITREERF
MEERE, EXt2REBAEFMREES R2HTRE
HEELTAESHTEHERT ., EAMEEREGER
REEZHRAER—X, FEFERSY, FRELTEMRE
T, REEXNESNAERNNEERITE—TRBXA sh{EEE
ERT—MREHNHENE, AREEEEEP—IRKH
BEIE ARSI HE.

» REEERHKSUEEER—L, EREZERNE, KRiFiE
ARIERTE (SCIERSEREES, BEHRE). X
RKEZEBRKE, EEANITEEE N (KETEKXKKX
At ?ﬂ%é’ﬁﬁﬁ%ﬁ%ﬁﬁ, RE A ERFREMEER B SR
B7).



B4 (Synchronous) FHZSHXIE %

Problem Bellman Equation Algorithm

Iterative Policy

Prediction Bellman Expectation Equation -
Evaluation

Bellman Expectation Equation +

Control Greedy Policy Improvement

Policy lteration

Control Bellman Optimality Equation Value lteration

» EREERITEESERNEEERMEAD O(mn?), Hf m
actions, n states

> FEERESS SR EERMEA O(mn® + n®), Hf
policy improvement F§ O(mn?), policy evaluation f§ O(n?)
CRB&MEAENREIERE)

> EERESERMFEISE NS O(mn?)

» FiRSE £ R A state-value function Vi (s) 8] V*(s), AR
A action-value function Q.(s,a) B Q% (s,a), HIEKREFH
RHE S MRS A O(m?*n?)
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5% (Asynchronous) ZhZSHXI



5% (Asynchronous) Fh7S#X

>q$ﬁ§ﬂﬂ:ﬁﬁﬁ&ﬁﬁﬁi%,—&iﬁﬁ¢&§§
B

]

» YREBZTERKE, HERKMEX

> BRI, BETEEIEE TR IPREE ERY 8
» STEHEAX]: EERE, HIEH

> AU B — L5 RMRMITXARS (ttwm, FA

Agent B[S 25)

> HETERSHAFELERE, NRIEKEL
> RTHTARIEZX:

» FEAIZhZSHX] (In-place dynamic programming)

» S (Prioritized sweeping)

» SCATEhZASHX] (Real-time dynamic programming)



JRALEh7s#%I (In-place dynamic programming)

> FHEEKEFERNMESRE

Vipew(s) < max, (R(s, a)+ Z T(s,a,9) Vo,d(s'))

s
Vo/d(s) — Vnew

> RELENSHXI R F#E—6 BERT EHT
V(s) < max, (R(s, a)+y Z T(s,a,9) V(s’))
s

> RALEIZSA KB T E IR E . XA LURMREFRIRTS
MMERHE, TARNEF. KNIWEUEEFTHEFHIE.



5348 (Prioritized sweeping)

> REERFN7TSIK (prioritised sweeping): ZEEITHG— MK
BHITRER DR, REFESHWREERESMERLFE
i, BEERANRSIRERIFMERSHMLESR, NREIR
EZIREMESIAOTESIFREMEENEITHE. X
HERTIA RIS SRS, KR EEL P —METRB T,

» NI/REIRZE (Bellman Error)

max <R(s, a)+7> T(sa g)V@f)) — W(s)
s




SERT NS X (Real-time dynamic programming)

> SCAFENZSER) (real-time dynamic programming): SERFEIZS
MY EZERNMEEREZ B ERNERERREITRSNH
B, S FHLEMELFRERTRREHITMEER. XED
FEEHTHRSESIRSIANNEER, mEME
KRAEY]. MROHRZREEMESEIERTNIS
B . WEHEERTEEFHIE .

>§$EﬁiHE%EA@Mﬁ%m%ﬁ(Wﬁﬁﬁﬂm&
IR

> FHLEREA S, 1THA A, BAA e, BEREE
HoA

V(S,) < max, <R(St, a)+7Y T(S,a59) v<5)>
s



IELEh S %I (Approximate Dynamic Programming)

> HEIRBERE Vs, w)
> BEHIRESISE, RIBREERSE S, HiTESRS

Vi(s) = max (Rs a +WZ T(s,a,s)V(s, wk)>
> BRIBALIEE (s Vi(9) | s€ S}, $IBEFHETRE

V(' Wit1)
> FIREGHESE V(. w) BITHESMLIKE
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> ERRE T RELINER2 RN EE VL7

> REEEREEZNEREBTWEE 7 7

» EEREENEREBTWEE V7

» BERE TR, FRETH — WEEEZR?

» g ZER ST EIE (Contraction Mapping Theorem) AJLA[E]&1X
L ja)



g Bt EIE (Contraction Mapping Theorem)
» SE# (norm): |[X|| ReREEEREZTEPKE
> [IXl]1 =0 I
SRS

- 1/
> |[%]p = (0 IxilP) P

> [|¥]|oo := max;|xi|
> An operator F on a normed vector space X is a
~-contraction, for 0 < v < 1, provided for all x,y € X

1FG) = FDIT < Allx =yl

Theorem (Contraction Mapping Theorem)

For any metric space V that is complete (i.e. closed) under an
operator T(v), where T is a v-contraction,
m | converges to a unique fixed point

m At a linear convergence rate of



Rk L
» EEHERRERSARNEETE V
Hfg i mEmE VAR |S %
> I"J I‘Eﬂﬁlﬂﬁ/\ﬁﬁfh—/ﬂﬁﬁﬁﬁ V()

DURBIREIEAEMETIE V HHIRIE
» DU/RSHEAEEIRIE (Bellman expectation backup operator) F™

F (V) = R" + TV
» TU/REHEMIEIE (Bellman optimality backup operator) F*
F(V) = max(R(a) +~T(a)V)

» WAMEEE UF1 VEIEEERH co-norm EX
1U= Voo = max|U(s) — V(s)|

ﬁ“: RBBREEEFERMERE (closer), MMUEE
ME—

aﬁ



» DI/REHAERIER ~-contraction

IFT(U) = FF(V)]|oo = [[(R" + 4 T"U) = (R +9T"V) |0
= 7T (U~ V)|l
<Y TTU = Vlsolloo
<AV =Vl

» NREFMIBIER ~-contraction

IF*(U) = F (V[0 <AIIU = Vlloo
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>

REMBRE F MIVRERMEE F EEFE—HR
&

0N

> Ve RIUREHAZERIE F (AR

> ERRBIT AR Ve, REEE R SR Vv
> V' RIURERMRE F AR

> EIRREZKSE V'

83



INGS

> HISHRIEERBEERRMN MDP B#, BEAXFIEE
HIE A

> BESARIEEN DR NURERE

> REGTEEE, RERBITEEANNESRY

> REGEEE, STiTMRRE, Btk HEIls

> EEREE, RRANREFMRIEAEIEN, EBIE
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