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Reinforcement Learning
agenttakes actions in some environmentandcollectsscalar rewards
goalof agent maximize return cumulative reward
differsfrom SL
learnactionsinsteadofpredictions
no fixeddataset data isgeneratedbyinteractingwithenvironment
noexpliciterrorcorrection byrewards
rewards are asynchronous notclearwhthaction ledtowhichreward
inherentlysequential focus on onlinecapabilities

oftenonlypartialinformationavailable fullstateofenvironmentisunknown
bettertogiverewardonlyformininggame becausefigure

Definitions

St stateofenvironmentattime t
At action takenatthe time t afterseeing se

É fi te te

Rt rewardafter takingAt ÉÉÉÉÉ if t.EE tteeaegi ideationagent
Gt R 2Retz 22Rest ForReta cumulative futurereward return
2 discount factor 0cg I Ii ain't's fee

adsmattream EEEiEFIEiiiiii
H hateforaghtylooka.fi ifetmeor inflate weassumeH o finitehorizon is approximatedbysetting ya

I Pitia.it agenagtentforanystatewhatactiontotak it iii a

we can reformulateobjective of Rh Leggedyaahhhmaximizes expected's return

epeiyy.atftp.c.schasti.ci.e.smeaatlanmayleadtodffrentsuccessnstatesndrewads ekih.ggggtgeEagztggreturnmayalsobestochasticandwe are interestedIn expectedvalue

choosing an actionwayleadto posornegrewardonlymuchlater inthefuturecreditassignmentproblem howmuchcreditshouldeachactioninthesequenceofactionsgetfor theoutcome
noexpliciterrorcorrection rewardvaluatesacthers butdoesnotgiveinstructions

s.EE e hhaiehitYathecrepitate
Ttimhp is a supersetat SL

wetherthisis agoodidea is adifferentquestion

model

Eetnittiiinat.inntetinitinte.at itonteFiiEfii iiiif
modelbasedreinforiementLeading pex

robot t.eeatilnderdted

EitEi fiattfFinttEEEeakfitte tt tesitatadtth iaffk
tableofstateandactionsandthenplanhowtodobest

h.EEe anEhEEiEf É eFEaÉit peatearewands e wedon'tunderstandtherewardfation i
modelfreereinforcementlearning
Final austenitegabattafafetal

observationofthestate



Model based
finitenumberofstates s so andwe can exactlyobservethecurrentstatesu attimestep t St Sn

EE.us ioatcasets chkng'e'ifsf e whichmaybeprobabilisticordeterministic

I teeth'stitleftp.bsbitiygts in apaticularstate or foraparticularstateactionpain
inparticularthewholemodelhasa finitedescription MarkovDay

formalized as a MarkovDecision ProcessMDP
statetransitionshavetheMarkaproperty PS s1StStr S PSett s 1Se
alsorewardonlydependsoncurrentstateandcurrentaction

formally an MDPis atuple S A PT Rsi where

MDP
ÉÉ s s At a are thestatetransitionprobabilities
RS ERailSet s St s At a is the rewardfunction

wealsoinclude thediscountfactor y inthisdefinition

valuefunction

V s EGe St s where Gt 2 Rita for H Gt Reti yGet
reward theagentcan expectinfuture if itcontinueswithitspolicyfromstates
I havedjtii.t.ms mesiumstate given apolicy it

decidesnststeadstatedepends onwhatyouaregoingtodo

actionvaluefunctton

Q s a E G Sts At a

expectedreturn if agenthoomsaction a instate s andthencontinuestofollowpolicy IT

foragivenpolicy we canjustaverage over allpossibleactionsthatmightbetakento calculate VTs fromQᵗs a

VTs T als Q s a v ETailsQ s a
likewisebysummingoverallpossible successorstates s that canbereachedbytakenactiona we obtain

ifenvironmentisdeterministicQTs a EGe Ses At a EEafliFinisins therewouldonlybe oneposPEE Ge Set s St S At a siblesuccessorstates if we

EPsstERentEr Real Set s Sts At takeaction a instates

ES Rs9 E iy Rentz 5 1 5 EiffelaÉÉc to

Esp R 2EÉozRentalSe s He α is rarelyusedHoor's

EEP R rE Gail Sen si EEiEEi E tiFI ifi
Es.PsS R9si zVt si



Bellmanequation dependsonpolicy fondationfora lotofalgorithmsinRL

pluggingequationsintoeachotheryields recursive relate
memorize

VT s EAT als Eg P1 RS 2 Vt s Bellmanequation forvaluefunctio

Qt s a Esp9 RS try EtcalsQT s a

valueof state s is fundamentally a sum of thevalueof all the successorstates plusthereward
fortakingthestep SS takingintoaccount theprobabilities of theactionsand successorstates

Interferethe'Entidequitter
beshown thatthetunevaluefunctionofthestates is theonly

acrossallstates i e If we haveNstates wehave Nequationsto solve

agent can now quantifypropertiesof environment and thequalityof itspolday
importantly agent can also use Vadar

Qtobcfhg.dk
greedypolicy
assumeQ or V are givenandfluite i e wehave a table then wecanderive a policyas follows

T s argamaxQ s a
angamax Σ PsiV s no because R9 is missing

freed policy selectgreedyaction 1 of timeandsomeotherrandomaction f atthetime
stochasticpolicy selectactionsprobabilistically e.g followl thevolatile values at Q
interesting for learning explorethxploitation

on theotherhandwouldmeanalwaystakingbestaction
as far as I've learnedthem so I am exploitingmyknowledge

thisdoesnotsolvetheRLobjective because VandQ depend on thepolicy

optimal action valuefunction
maximinforeachstates MaxV s

Q s a mqxQ s a

is thevaluefunction at apolicy so it followsofcoursetheBellmanequation

sheettif'sthetakefunctionofthebestpolity i.e Ialwayschoosethebestaction I canalso

s me It Ri 2 si it fiiiiEiigeiiiginin aEtee
amd

if we can compute V it isgoing to beworth it ofcourse we stillneedtoapproximate

in a nutshell optimalvaluefunction isValuefunctionofoptimalpolicy butcanbewritteninaformthatdependsonlyonmodel



Dynamic Programming Enthalpies testaffinitiesitemEtf isfinitesetof
notions

Policy Iteration

statwithrandompolicy theniterativelyrepeat 2steps iii If It it ief
convergestooptimalpolicy

PolicyEvaluation
computeViteratively forgiven ITusingBellmanequationas updaterule Va s E.ttalsEPss Rss yVuils
fixedpointiteration
convergestotruevaluefactionofthepolicy because it istheonlyfixedpointtothesetofequations

PG P fetterm.itf p dessa.nthat Qis s Vits sES thenit isbetterthanITandV s V s SES
furthermore if inequalityanleftisstrictthesecondone isstrictaswell

PolicyImprovement
derive newpolicyusinginformationfromoldpolicyandmodel s argyaxEgPssi R yV s

I ftp teien it.y IiFYieffEtEmbdtone unlessoptimalpolicyhasalreadybeenfond
infiniteMDPonlyfinitelymanydeterministicpolicies algorithmguaranteedtoconverge butcombeslowforlargestatespaces

ValueIteration

startwithrandomvaluefunction then iterativelyimprovevaluefunctiongreedily
convergestooptimalvaluefunction
computeoptimalpolicyfromoptimalvaluefunction initializeVolss 0 s

directlyoptimizes usingBellmanoptimalityequation as an updaterule Va s maxEPss Rss yVuils
can beseen as a specialcaseofpolicyiteration wherepolicyevaluationstepistruncated

example bestactiongoright

reachedfixedpoint
optimalvaluefunction optimalpolicy

inmore complicatedscenarios statevalueestimatesstillgotupdatedaftertheinitialestimate Iiterateuntil littlechangehappens

Powerof Dynamic Programming
planning based don'tneed to run theenvironment a simulation

as soon as we havemore complicatedsituations we don'thaveaccessto alltheinformation
necessary for DP needto run env.in simulator or whateverandgenerateactualexperience
BUTwestilldo asimilarthing evaluatepolicyetc

inpracticalcasesmodelmaybe
intractable inexistent onlybepartiallyobservable continuous



Tabular Model free
statespace is known flite and observable
we can make a tableof stateactionvalues and try to estimate optimizethem

Sampling basedApproximations
Bellmanequation

Vts E.ttalsEPssi Rss yV1si aEEsTals Pss Rss yV s

Policyevaluation

Va s E.ttalsEPss Rss yVuils
in modalfree RL wedon'thave PS and Rss replace sum with expectation

Vu s Ea.si R9si yVu i s
estimate expectationbysampling

s 6 p s note s E 6 1St 5 whose Gt 2 Retail

or using a runningaverage
s 1 x Vials Gsmp s what policy is used

Value Iteration
Vals max PTs R9s 2Va i s

it tpiey.I.IE eienEigiiiiE m'pitter it 7EE.srt tpiilearts

Q function
if we donothaveaccess to state transitions we don'tknowwhichactions lead
to whichstates is notenough
Q s a EG'shp s a

issue depending on policy certain state actionpairs never occur
strongerrequirement than reachingallstates



MonteCarlo Methods
idea collectdata from entire episodes

EE heIIa tsaditesktiendstetn episall task so that we get on
estimatestatevalues on actionvalues by averaging overobservedretung
firstvisit onlyconsider flatvisitto anystate
everyvisit considerallvisits

conceptuallysimple butdatahungry

Monte Carlo on Actions

again if wedonothavefullknowledgeofstatetransitions estimatingstatevaluesdonotgoodenough
needtoexplicitlyestimate Qfunctioninordertosuggest a policy
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