More RL



'MDPs debned

¥ A Marlov decision pces§MDP) M ,is a model of ¢
stochasticdynamig¢controllable rewarding pocess

ghen by:
¥M=ISA TR

¥ S: State space

¥ A :Action space

¥ T:Transition function
¥ R Raward function

¥ For most of RLweOll assume the agent is living
an MDP



Exercise

¥ Given the bllowing tasksgescribe the
corresponding MDP -- what arthe state space
action spacgdransition functionand reward
function? Hov mary states/actions arthere?
How maury policies ag possible?

¥ Fling an airplane andyting to get fom pointA
to B.

¥Fbling an airplane andying to enulate recorded
human behaors.

¥Delivering a set of packages to buildings on Ul
campus

¥ Winning at the stock maut



" |The true meaning ofalue

¥ First we saidvalue is the sum ofeward
experienced along a histgiunder a Prd policy

¥ Possiby w/ discountingdr inPnite pocs

¥ Now we know: Pxed poligtstohastic evionment
=> distrbution @er histoes

¥ So whatdvalue?



The true meaning ofalue

¥ DePnitionexpected vallMé, Is expected agggate
reward when aeraged aarss all possible historie
weighted ly their probabillities:

V7(s;) =

V(h) Prlhjoy = s;, ! ]

all possible
histories

¥ Note: this my

¥ V() itself mg a
(bummer..)

e an inbnite sum

soinvolve an iInPnite sum



Histories & dynamics
Fied policy! Sy
& ® &
DO ©®68&
©O®& 66 &

Pr({52,35,58}|q1:51,! )=0.0138 Pr({s4,sﬂ,59}|q1:sl,! )=0.0379
V({ 52,55,58}) =+1.9 V({s 4,sﬂ,sg}) =-2.3

Vi (s1) = > V() Prlhlgs = s1,7]
— (?.9 -0.0138) + (—2.3 - 0.0379)




Maximizing eward
¥ Which policy should the agent gier?

¥ DePnition :The principle of maxumm expected
utilitysays that an agent should act so as to obtai
the maxinum reward over time on aveace.

' = argmax V' (s))
I " all policies

¥ Because dynamics of\eronment ae stochastic
no specibPcaward can be guaranteed

¥ Note: Other optimality criteria ae possible (a.,
risk aversion) -- this Is the easiest toavk with



|The RL poblem

¥ Now the RL question is conete:

¥ Given an &gt acting in an MDR , how can the
aent learrt* (or a @od appximation of it) as
quikly as possible? (oeneallywhile eceiving
as nudh reward along the ay as possible)



“|Planning & Learning

¥ Need to distinguish when the agekinavsfull MDP

M ,vs.has tolearnM from experience:

¥ DePnition :In thereinbrcement learningopten
the agent is acting in an initallnknevn MDP

¥Needs experience tuplesdm ernvironment

¥Equivalent tolearn class models (PD
Pgue out best decision surface

:&)e N



“|Planning & Learning

¥ Debnition :In the planning mblemthe agent is
acting in gully knaenMDP

¥ No experience needed!
¥ Can bgue out ! * purely by thinking about it

¥ Equiv toGiven known class model®gue out
best decision surface



Planning

¥ Planning is a useful sobtine br learningso weOll
do it brst

¥ Goal:given knovn MDPM =!IS A ,T,R', bnd
' = argmax V' (s))

I " all policies

¥ 2 sub-poblems:
¥ Evaluate a single policy
¥Seach through space of all possible policies



" |How good isthat plan?

¥ Roliy evaluatiorgivenM =!S,A TR and! , bnd
V' (s) for all



How good Isthat plan?

¥ Roliy evaluatiorgivenM =!S,A TR and! , bnd
V' (s) for all

¥ RecallV is average eer all histories:
V7(s;) = V(h) Pr[h|lgp = s;,!]
h
=By [V(h)loo = si



How good Isthat plan?

¥ Roliy evaluatiorgivenM =!S,A TR and! , bnd
V' (s) for all

¥ RecallV is average eer all histories:
V7(s;) = V(h) Pr[h|lgp = s;,!]
h
=By [V(h)loo = si

¥ How to calculate this? Bm debnition oV(h):

!OO
V(h) = ’Ytrt
t=0



Policy evaluation
V7(s:) = Exl  2'rilao = si,7]
t=0

— | ! R(s") Pr[g = slqp = si, "]

= R(sj) + ) % R(s") Prlg = slqo = si, 7]



Policy evaluation

— R(Sl) + .. fyt R(S#) Pr[qt — 3#|q0 - Si,ﬂ']
t=1 s’ S
T(Si,ﬂ'(Si), SJ)

/\

—R(s,)+'ZS,SPr[ql—s,\qo—s, ]
{Zt 0 tzslsR(Sﬁ)Pr[Qtﬂ— sln = s7,"1}

i

| V7(s;)
= R(si)+~  T(si,m(si),s)V" (s)



The Bellman equation

¥ The bnal ecursie equation is knan as the
Bellman equation

Vi(s)=R(s)+!  T(si,"(s).s)V' (s)
Sj 'S
¥Unique soln to this egn ges value of a =d policy
I ' when operating in a knen MDPM =!IS A | TR’

¥ When state/action spacesediscete, can think of

V andR as \ectors andT' as matrixand get matrix
eqn:

V=R+!TV



Exercise

¥ Sole the matrix Bellman equation (i,endV):
V=R4+!ITV

¥ formulated the Bellman equationsr fOstate-
basedOawards:R(s)

¥ Formulate & sole the B.Efor Ostate-actionO
rewards (R(s,d)



