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Example: \MAZ)H ZE 2P RF 22K

\ }
|
Estimate: 1000min Prediction
[ NYC } { DC } ------------------------- >[ Atlanta]
\ } \ }
| |
Actual:300min Estimate: 600min Target
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G=R+yR+vy?> R+7y® Ryty* R+ ... Prediction <—V(s;n) = E(Gys,)

G, =R+ v Ryt 7% Rupt v Ruat v* Ryt -

\ J
|

Y '(Rt+1+ Y Rt 72 Riat 73 Rugt ...) =Gy

G =R;+7v" Gy

+

Gi=Rit7" Gy

E(R) +7 - E(Guyls) = E(R) +7 - V(Syy 1)
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Tabular TD(0) for estimating v,

Input: the policy 7 to be evaluated
Initialize V (s) arbitrarily (e.g., V(s) = 0, for all s € 8™)
Repeat (for each episode):
Initialize S
Repeat (for each step of episode):
A < action given by « for S

Take action A, obse
V(S) < V(S)+ R—I-’}fV(S ) — V(S)}
S« 5

until S is terminal TD Error(6s)
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Monte-Carlo (MC) based approach

Sa

— VT = V"(s)+G,

Temporal-difference (TD) approach

T So Ao T St

s;— VT —V7(s,) VE(se) =V (s¢41 ) + 1

— V7(st) =V (St41) =11

St+1 v — V7(S¢+1)
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ENEVE VS RIS EE

Larger variance Var[kX] = k*Var[X]
VT = V7(s,)>G, » .

G, is the summation
of many steps

|74 _“'VH(St) — T+ VT(Sp4q) YTt <+ st

Smaller variance
May be inaccurate
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* S,,m =0,5,5,7=0,END

e 5,7 =1, END

VH(Sb) — 3/4

e 5,7 =1, END

e 5,7 =1, END

* sp, ¥ =1,END

* s, =1,END

Monte-Carlo: V™ (s,) = 0

e 5,7 =1, END

* Sy, T = 0, END

7/13/2021

Temporal-difference:

VT(s,) =? 07 3/4?

VE(sq) =V™(sp) + 1

3/4 3/4
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SARSA: state-action-reward-state-action

Use (s; ,a;,It, Siq »at1) FOr updating Q-function

V(s): 4ietRas, Ja s BiAtrajectory S Bl 13 {E

Q(s, a): 4 ERASs, KIENFa, = L5 fitrajectory & [F14k B T2 H
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PranERAEF AR G =R +7 - Gy A Y T 4
Prediction NF RS, RT3
Q(s;.a; m) = E(G{s,, a) %ﬁ%ﬁ@ﬁbrt, Jﬁ%l}f%tﬁ?ﬂsm t’
+ (2) & SR Ignth AT 3 1Fay,
G.=R+7- G, (3) TD target: y, = r, +v - Qu(S1s 8

(4) TD error: 8, =Y, - Q.(s;, &)

(5) Update: Q_(s;, &) € Q. (S, a) +a - &
E(R+7v Guilsi,a) =2 ER+Y - Q(Su1 Aur))
~=1, +7  Q(Suy.duy ;) =—=> TD Target
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Sarsa (on-policy TD control) for estimating ) ~ q.

Initialize Q(s,a), for all s € 8,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’
éﬂﬂmm S’ using policy derived from Q (e.g., e-gree
< Q(S, A) +a[R+1Q(S", A') — Q(S, 4)]
S+ 85 A« A';
until S is terminal

TDHEVE: E{_S).:—v )+ aR+V(8") — V(S)]
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multi-step TD

\ }
!

Estimate: 1000min

| wve | I e

\ } \ }

| |
Actual:300min Estimate: 600min
[ NYC H DC HColumbia} ---------- >[ Atlanta]
\ ) | ) | }
| | |

Actual:300min Actual:400min Estimate: 200min
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multi-step TD

Multi-step Discount Reward: G,= Y™ ' y'R,; +y" -Gy

One-step TD target for Sarsa:
Ye= Tty - QulSers 8e)

m-step TD target for Sarsa:
Yi= {Z?)lyl Feai ¥ 7" = Q(Stemy 8pem)

7/13/2021 IRE RN LE B T 4 B R 22 SR 56 = 14




Forward-view TD(A)

m Consider the following n-step returns for n = 1, 2, oc:
n=1 (TD) Gr(l} = Rev1 +7V(Se41)
n=>2 Gt(z} — Rt_|_]_ + {TRI’—I—E + "}-’2 V(St_|_2)
n=o0c (MC) G =Ry +yRes2+..+7T 1Ry
m Define the n-step return

Gt{n] = Rep1 +vReq2 + o + ’}"n_IRtJrn + 4"V (S¢4n)
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Forward-view TD(A)

TD(A), A-return

weight given to

3 the 3-step retumn total area = 1
decay by A
|—A « o . .
Weight 1= weight given to
actual, final retum
(1-A) A
L s
|
2 t T
(1-A) & . Time ——»
v o ; T—t—1
- A E : n—1 T—t—1
=1

V(St) = V(5¢) + o (Gr}‘ ~ V(St))
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Forward-view TD(A)

TD(A), A-return

!

(1-1) A

(phf

lT— t-1
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Backward-view TD(L)

%% %A

RoAR A e st
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Consider an episode where s is visited once at time-step k,

TD(\) eligibility trace discounts time since visit,

Ei(s) = YAEi—1(s) + 1(5;: = s)

(o0 ift < k
T (N

ift >k
m When A = 0, only current state is updated

Ei(s) = 1(S; = s)
V(s) < V(s) + ad¢E(s)

m This is exactly equivalent to TD(0) update

V(S:) < V(S:) + ad,
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Backward-view TD(L)

Consider an episode where s is visited once at time-step k, Online-update

TD(\) eligibility trace discounts time since visit, . . )
V(S) — V(S) —+ (k5tEt(5)
Ei(s) = YAEi—1(s) + 1(S: = 5)

_J 0 ift <k Offline-update
(FA)EK it > k

T-1
(Jﬁ(itEt(S) = O
When A == r:Zl

Ei(s) = vEi—1(s) + 1(S;: = s)

{0 if t <k

=k if e >k 1-
L = Ok + YOkt1 + V0t + oo+ TG T
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Backward-view TD(L)

Ok + YOkg1 + Y 0ks2 + oo+ O

_ N \ T—1
+ 1Ry + 1V (Si2)> WV (Sien)

T 72 Rk+3 T 73 \4 (Sk+3) Q@

YRR+ Yy V(Sy) - vV ()
=Ry T 'YRk+2 + Yz Rk+3 s T YT-@—SQ
:Gk - V(Sk
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Backward-view TD(L)

T T
Z adiEe(s) = a Z(’}/A)t_kﬁt =« (G;:‘ - V(Sk)) Backward-TD(A) ==? Forward-TD(\)
t=1 t=k

Gt — V(St) = —V(S) (1= M)A (Res1 +7V(Se41))

(1 - }’*)/\1 (RH-I + '}’RHE + '}’2 V(St-i-E))

(1 = 2)A? (Rer1 + YRey2 + ¥ Rer3 + 7> V(Sey3))

(YA (Rexs +AV(Sen) — 7AV(Ses1))
(YA (Res2 +7V(St12) — vAV(St12))
('}’/\)2 (Rt+3 + "]“’V(St+3) - “f}‘V(ShB))

= - V(s,)

++++++++

= (N (Res +1V(Se11) — V(S:)
+ (! (Res2 +7V(St42) — V(St41))

+ (YA (Resz +7V(Se43) — V(Se42))

_|_

=0 + YA0es1 + (YA)2es2 + ...
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Sarsa(\)

Eo(s) =0 — Eo(s,a) =0

Ei(s) = YAEi—1(s) + 1(5: = s) Ei(s,a) = YAE;—1(s,a) + 1(5; = s, A; = a)

Eligibility trace in TD(A) Eligibility trace in Sarsa())

TD target: y,=r, + A - Q. (S, A1) TD target: y,=r, + A - Q. (S, A1)

TD error: 8, =Y, - Q,(s, a) |:> TD error: &, =Y, - Q.(s, ay)

Update: Q.(s, &) < Qu(S, a) +a -4, Update: Q, (S, a) € Q.(Sy a) + a8, -E((s,a)

Update in Sarsa Update in Sarsa())
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Sarsa(\)

Initialize Q(s, a) arbitrarily, for all s € §,a € A(s)
Repeat (for each episode):
E(s,a) =0, for all s € 8§,a € A(s)
Initialize S, A
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)
0+ R+7Q(S", A") — Q(S, A)
E(S,A) «+ E(S,A) +1
For all s € 8,a € A(s):
Q(s,a) < Q(s,a) + ad E(s,a)
E(s,a) +~ vAE(s,a)
S+ 8 A« A

until S is terminal
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