Exploration in Tabular MDPs

CS 2824: Foundations of Reinforcement Learning



Announcements

1. HW2: Out 02/24, Due 03/13

2. Course Project Website
https://harvard-cs2824-s26.github.io/CS2824projects.html
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€< Visy) — V¥(s) < Z Eyamds [b;zl(s’ a)+ (P |s,a)=Py(-|s,a) - Vi,
h=0

We collect data at steps where bonus is large or model is wrong, i.e., exploration



1. Model Error using Hoeffing’s inequality & Union Bound

—~ A@s, a,s’)
Pi(s's,a) = ————,Vh,s,a,s’
Nj(s,a)



1. Model Error using Hoeffing’s inequality & Union Bound

Nj(s,a,s")

,Vh,s,a,s’
Nj(s,a)

P(s']s,a) =

10: V%

Given a fixed function f : S — [0,H], w/prob 1 — ¢ :

‘ < P Is,a) =Pyl - |s, a))@ < O(H\/ In(SAHN/3)IN!(s, a)), ¥'s, a, h, N

DI ey )




1. Model Error using Hoeffing’s inequality & Union Bound

Nj(s,a,s")

P (s’ s,a) =
W8’ s, a) NI @)

!
,Vh,s,a,s

Given a fixed function f : S — [0,H], w/prob 1 — ¢ :

=N T
‘ <PZ(° |s,a) = Pp( - |s, a)> Il £ O(H\/IH(SAHN/(S)/NZ(S’ a)),ys,a,h, N

Bonus b)/(s, a)



1. Model Error using Hoeffing’s inequality & Union Bound

Nj(s,a,s")

,Vh,s,a,s’
Nji(s,a)

P(s']s,a) =

Given a fixed function f : S — [0,H], w/prob 1 — ¢ :

‘(?z« |5,a) = Py - Is,a))Tf

—
@AHM(S)/N;}@, a)),Ys,a,h, N

Bonus b)/(s, a)

From now on, assume this event being true




2. Proving Optimism via Induction
Lemma [Optimism]: T/\Z(s) > VX(s),Vn, h,s
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-_

—~

Vi(s)=0, Q's.a)=min {rh(s, a)+b(s.a) + P+ |s.a)- ?;;H,@}

/V\Z(s) = mslx /Q\Z(s, a), m,(s)=arg mslx /Q\Z(s, a),Vs




2. Proving Optimism via Induction
Lemma [Optimism]: T/\Z(s) > VX(s),Vn, h,s
Recall Bonus-enhanced Value Iteration at episode n:

Vi =0, 0js.a)=min {ri(s.0)+ b0+ PiC-Is.0)- Vi H |

Vi(s) = max Q'(s,a), ='(s) = arg max Q7(s,a),¥s

Inductive hypothesis: h+1(s) >V thl(s) Vs



2. Proving Optimism via Induction
Lemma [Optimism]: T/\Z(s) > VX(s),Vn, h,s

@ 18 e n A ST

N =8
/ . .
7. =¥}, Recall Bonus-enhanced Value lteration at episode n:

gzt < °
B Vi =0, 05 als min{rs.0)+ b+ PiC-Is.0)- Vi, H
\ INY) (v =t P o~ —~
T Vi(s) = max Q'(s.a), 7(s)=argmax Q'(s,a),Vs

@ Q = H a a

O 6 = yviy -ﬂ-F‘\/
Inductive hypothesis; /V\Z_H(S) > ngrl(s), Vs

/Q\Z(s, a) — Q(s,a) = (s, a) + bj(s,a) + 7’\2( - |s,a) - T/\ZH —r(s,a) = Py(- |s,a) - V)i,
\_—_/\/\—/_ W

UV\A“'\’Q el eqy.



2. Proving Optimism via Induction
Lemma [Optimism]: T/\Z(s) > VX(s),Vn, h,s

Recall Bonus-enhanced Value Iteration at episode n:

Vi =0, 0js.a)=min {ri(s.0)+ b0+ PiC-Is.0)- Vi H |

/V\Z(s) = m;ix /Q\Z(s, a), m,(s)=arg mslx /Q\Z(s, a),Vs

Inductive hypothesis: /V\Z_H(S) > ngrl(s), Vs

0'(s,a) - Q) (s,a) = ry(fla) + bl(s,a) + P7(-|s,a) - rh(%a) —Py(-|s,a)-\V),
> bi(s,a)+ P (- |5.0) -— P Is.a) Ve




2. Proving Optimism via Induction
Lemma [Optimism]: T/\Z(s) > VX(s),Vn, h,s
Recall Bonus-enhanced Value Iteration at episode n:

Vi =0, 0js.a)=min {ri(s.0)+ b0+ PiC-Is.0)- Vi H |

Vi(s) = max Q'(s,a), ='(s) = arg max Q7(s,a),¥s

Inductive hypothesis: h+1(s) >V thl(s) Vs

0(s,a) — QF(s,a) = r,(s,a) + bl(s,a) + P (- |s,a)- VI —rs,a) =Py~ |s,a)- Vi,
> b)(s,a) + Ph( |s,a) - h+1 —P,(-|s,a)- h+1

=b,’f(s,a)+’(7°\2(.|s,a)—Ph(.|s’a)>.V;H‘ & u(«[/ ~ \’DVY\\

niso)



2. Proving Optimism via Induction
Lemma [Optimism]: T/\Z(s) > VX(s),Vn, h,s
Recall Bonus-enhanced Value Iteration at episode n:

Vi =0, 0js.a)=min {ri(s.0)+ b0+ PiC-Is.0)- Vi H |

/V\Z(s) = mslx /Q\Z(s, a), m,(s)=arg mslx /Q\Z(s, a),Vs

Inductive hypothesis: /V\ZH(S) > Vr (), Vs

Qi(s,a) — QF(s,a) = r(s,@) + bj'(s,a) + P (- |s,a)- VI, —rs.a) = Py - |s,a) - Vi,
> bp(s,a)+ P (- 1s,a) - Vi, = Py(- Is,a) - Vi,
=psa+(PiC s =P lsa) - Vi,

> b)(s,a) — b)(s,a) =0, Vs,a



3. Upper Bounding Regret using Optimism
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per-episode regret :=— Vg"(so) < Vs @

This is something
we can control!
And this is related

to our policy 7"

Recall simulation lemma — the lemma measures the difference of a
policy under two MDPs
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