AR 228 Quiz O Urentsheet

Provaslity Cedews & Ugekul idevrhities
eP(EVE) = Pe) 2 P(F) - P(ENF)

PMF:  probdpility  wass  fumckiov (for disree Alsfnbotions’)
PDF: pro\wbn\(’(q dems(hx fwction  (for coutivovy distnlw Hons)

CoE:
WDFy(ry) = P(X2x) = (% pxddx’
T wmere PO (s te PDF
Gowsstan  Distnbutlon > X~ N (o, pu*) — 2 parawefers
Unlforwy  Distriuttow & X~ UCK, B)  —> 2 pasweters

fng Vb-x K&K <R p= £ (x+ 3D
(v} efleuruse ot T%-(P"IX)L

Mergual  Distroution g0y = T POx,qd  on = fptryddy
Conditioval Pmmbnmj £ P(x1¥) = PXxaYd /PCY)
= PxaTd = PxIYD YD

LEADS TO BAYES THEOREM : [p(x|y) = E(Yw;%}{;@id
REPRESENTATIONS
Comcept: 4 of idepurdent varbles = 27| whee N is e - of binavy

Pamwtﬁurs %ou vove,

w: F X kY ave imdpendent [PCx 9D = POOPCYD (.
";whpgwdm—(_“ A e oUfcome o X does wnot impoct the Prab_ dist of Y

—

Teet 65 A Sfuctore:  recduces fne  # of fndependent prombiiitiec ot neesf
Storoge

X X pag 0 valves & Y Vos wm VAIWQ' e # of r'Mlpewdwé wilveg of P(xIY)

= (-1)em
w Compotrng the  probubality of o "parficolar ass;'gwmewt"‘
- divected | Ocyelic of  Xiw NodeC in T Bagcsu'aw Network’ :

- set of CoNDTTIONAL
ety disrloons Plrea) = T P () |

e




Procice * Wt (S e T % o iwdependent  pamweters fn fre following  Bagds Net?
—_ D: @) = 2 )z: (@ vaﬂ'abksj
s 4 Q@K = 2 Wheoe

- +@NHEY =4 5 vwelatd  binow
Vvt  have (3|

Condttioval indepemdence & P(x Y |[2) = F(x]2) P(YIR) 2 (x1v [2)
prperty © (xLY [2) i PO I2) = e(x|Y, &)

D~5epara-h'ovn Rules @ D-sz’para’&cd it pon‘l/l cotains a chain @>D@>@ st. Vel
@ ok (O@D>® st. Yec

@ T path ovtaine an inmeried fork (v-strveise) st Y ®&C
% wo descendont of 9 s mC @)\;d)/_/@

INFERENCE: infer  diswvbution over zey e oo/ eC given  evilurce rzlec
Ex: P(Y | C',d') - 'de’mq o "mhee” L given ¢ 2 a.

P ‘/ ld1
Cowd. pm\p‘- 40X , dd) = %

Movoina) i zoti on - Py, ¢',a") = 2% P(b‘)s,e.,c‘,dx‘) / som over hidden variovles s % e

FACTORS - fackor € a drscmfel mulivanate  dismovhian.

" funcitgy  From assignmesrts of randewr vevfables o real #s.''

Bosic  fucfor operations *

O Fctor preduet @ P(x,¥> = 2(Y,2) = X Y,2)

: X Y Z ¢(X,Y,2)
0 0 0.3 - - - e
1 04 X Y Z %(XY,2) 0 0 0 0.08
o 0z 0 0 0 0.06 0 0 1 031 X Z ¢(X2)
— PO o 0 1 0 0.09 o o o017
0 1 0 0.12 i :
0 1 1 0.20 0o 1 1 0.37 0 1 0.68
10 0 0.04
Y Z g(v,2) 1 @ 1 000 1 0 0 0.01 1 0 0.03
0 0 02 11 0 0.03 1 0 1 0.05 1 1 0.12
0 1 0.0 11 1 0.05 1 1 0 0.02
ool 1011 0.07
11 05 ﬁ

& Factor mavgna\izaton *  nvavs 47(X‘, ‘ni"&'\,'él) = (X2

@ Comd‘\‘r'\bw'wsi dropp\'vtﬂ oy Pws  incongistent with Ao evidewce

(XY, Z)

z
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Naive Buges Mode)

trample  * @'—9@

Grenevalized Novve  paorle] vsing "plate ™

Ay . P@,0) PP Q) ) Hasswwed  Naive
P (o) - FEL . UP%_ @ e e ot
©') are assuwed|
Camliﬁ'wiﬂ"lj M‘M-P, of
ecch otrer,

Sum-~ Product voviable Climination
O elimivate factors it  contain evtdence vaviables using factor  conditionivg,
@ wavginalize OUT e fidden Huctors
@ e facor prduct 4o consolidate avy  vemaining factors,

Direct, So\W\p\\‘mq
A stvolgnt Forwayd wmewmod of juet Coumtivg  Wvougly sawples
omt (', ¢', 4%
'l | | ey Z 2
Pl 1! aD) comt Cel 4

Likelivood  WeigWted Sowmples - ingtead, of equally werghting  weigy Ly  Conditional probabrit
5 3|'v~cm Hhe jbserij/ec? g PA%EMJ! Y j

0.95

. 141 A1y — 0
Ex- I ® PO ) = 595095 v 001 1001+ 05 ~ 00!
\_3 recall Hais B S E D C Weight
(s o
1 0 (1 1 1 P(d[e)P(c|eh)
v topdagical 0 g8 1 b @e( @)
@ © gort. 0 0@ 1 1 P |&P(!|e)
0 0 @ 1 1 P(d'|€)P(c |
0 0 ¢ 1 1 P(d [e)p(c! |eh)

Tufeance in  Gavssian  Models.
Two ')oiMﬂ - distv. q Ma [j\ C > a VX(Ma s R)
@a‘;ss\‘amﬂ\la\rs I"] v M( ’u"]/ c’ B\S where "’/V(/Lb/ B8
plalb) =N (alpan Z )

Malo = Ma+ CB™ (b—p)
Zmb = A "CBF‘CJT

Closed- {ovwy
go\viion




Paraweter Leamfnj CE arg wa P(D(B) — optimize the parawetws 8 15 At dofe D
(souvds |iee nachine learning )
(D Vostimuw  (ieliood  paveweser (wmwﬂ
heas fwd RO and ke 25 (L00))
® ME fr Guussion  distiwtions —>  cead  oole

® pamweter Leam»g for Buﬁes Nets — fdeq : fearn fhe pmbabﬂl'ﬁc( in a Bayes Net.

fi=3 =10 Nowien Clatuwe,
e ®\ B Kim — Uartdbles Cnodes tn te Bayes Net)
(;i-;rd‘t.xf3=30 O1:m — obsemdions € mStuufiofiowne ol e Ba“es Net,
G ~ gropn Stuchure (laely Irreievomt)
;;17'4_ ri- # & inshovttadions of «

i = #*of parental permwfation rrsfanflafions of &

Tij = M instantiohion  of  parents of A
Defive Qoo -

Oij = Plx=k |Tiy) ! probabilify % takes valve K given J™ paventsl
' stonflaron  of xi "

W“,I'KV X takey valve K ghen J*“ pavental
| Biji = wleve  Mijlc £ cownt <Ms—\-uvrﬂo&\‘ov1 of %7 D)

= .
r Mljk) L 'Xl /,(.4
- ' Mu , Mt
M= b - E "‘.‘
' m"l"' l Mm‘
\ Tmnﬂ
Vo=t T R \}

Ba\é%\hw Pvaweter Leﬂml'b’lﬁ Con  iufevence P'DH&M us\‘m} a Nave Bagesu‘aw Mode! )

i=liwn
| P& Pe)
Beta ("(, B) = P (x+ B)

Betan  dishi\guiiow °
fror: Beta (&, B)  whve x=R= L f upiform prior

Nede (Betn) = ’DTO(::’“;;__}

Post:  Beta (X+m; B +Mz)
g I_@mv‘ (BQ‘t’a) = —Lﬂ

Obseme: M positive guitowes
Mo V\ega-h've, ovtcouneg

x +
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Belieks

Disrefe  Stufe Filter|
y of ngevva'vvljedo when achion O s +aken, avd

pV‘obubl'IH‘

L%

OCo l 0(/ S')
stute ' “is  tromsitio +o.
e [
ﬂ»f}iuﬂml structure, of a4 PoMDP
problewt,

I 4

bG) £ probability (or probubiity devsity for continveus  Shies
assrswe.& +o stote S.
b =% e B e RIS

for disevete states
N
| S| - ;%pqcc

¥ L7
belieX vecxor  Ypeliek
Spoace.,

"beliet swmglexn™
L—»?-O _’I_TG = l -3 Sinny of wtlags in g = 1
¥ on agent with curvent belief b ), takes ochon a, and vesits v

obsenvation ©, what is the vew baief b'(s)) T

b'(s) & P(s'| b,ap) D Baues Roule
1 1 l’(tae“b
(K P(O \ b/a/S ) P(\s ‘b/a’)J O i ({‘Udl'rl.':‘"’dn' gnd OF b
OCo)a,s') P(s'lba) > ') iy "
OColas'y TP Inas)PGsibay £ Lo ok T Tre
Trovsition is comd. iwd. of

O(ela,s") %T(s“a,s) b(s) belict b
k s> P(slba)

f

g

Notice. s wetod requires actuvete
obsewatio & tremsifion models !



Kalman FiHer |  Adopt X b be aye o Wovdle contivwous distr.
Keﬂ Assuwxp‘rions 71,0, b fllow a [mear Gauvsdian distnbotion.

Stote
T(s'|s,a) = Af(s’l"\‘ss tTaa | Zg) Ts, Ta QA'fTawsh‘l‘oVI Micinices
OCo(s') = NM(o|0ss', ) Os 2 observohionn frawsidfiov
b(s) < N (s | Mo, 20) watrix

Predict Step : wove e d{j“aW“'CS Forward withot Comsiden'»ﬂ oy ouservadions.
Mp <= Tspe + Taak
Te & TeX T + X

Update, Sfep : ypdode the onderdying ‘oeliet  distribotion. (vses observarttons’)
K. ée— ZpOsT(OsZpOs™ + 3D / KALMAN GRATN
Mo «<— pme + K (o — Ospmp)
2o ¢— (T-KOs)Zp

Extevded Kalwmoaw Elterl — for SQSTCMJ wheve. o\a»a\ml'c,s v vovlinear

! = ! T pA
TG ' s,a) N('| §Sc(sa) , Zs) where. §+ & 55 are

O(els) = N (ol JFo(s') , Zo) how  wnowlinear functons
Unscented  Kalmom Fiders | ¥ — $G) — X'
pabl - find Ahe effect of Framsformin 9
oA, ionhenr x through a nom Imeqr
;(/ M X <[\k' fon furchionn  F(x)
\A‘Z_ 2|
M= T wis: 5 Ml = T wi §Gs)
~—
2= 2w (si—mICsi-M)T T' = T wiFGD-MY(FEn -7

Where Si oe & Specially selected set of "Sl;qmq points "
B wi ot e weghts assc. with e Sigma points.

S1= M

—A ov (=
Szi = ¥ (\](m*r?\)?:),- for i i Lin i é“*"ﬂ i |

ST otherwis<
Sl.\-\'(= M—(\‘(V\i'A)Z); 'eor { in l.V]

A2 spread parawetzr



Parfide  Filtesr — an approximation medrod. USEFUL for farae, diseete staie spuces
or now~ Gaussian  Coutinuous  Stefe spacexr

>> \oeﬂin with M sowpled s-luDs; from Umder\gfnﬂ belie§. — stochashe Step
> plopugate eadn S to s Usivg Tl (s, a).
> weight eem 30 by O(elsi’ad =3 AkA eigwt ean propagated

5 fewe o1 WETGHTED i) STOTe byt gvobawlity Yov
"*.”;.,L'f’»z-\ wihoy (le.} :;\Nll ;[w‘\ﬁaﬂ
Sanity dhede on  £7)  ops ' etrte.
wl’hj ﬁ"Hdv's wovr ks said. o' Stote..

Partide Rbrer with P(\}(,C\’('OV\) - for problems  with diswete clservaiion

idea ¢ keep pmpaga'h’wﬂ

Notion of  Portide Deprivction* dwe 4o e Sthehostic nature of particle  reamplivg ,
it (s easg fo lose parhles in refevant regions
of e Ihate spoce.

Sdn:  Partxie Ivggcfn‘og_\ € you may inject sf'Mp\s a cownst- ¥ of new paricles.

Adaptive  Injection
Wwmeany £ corvent weoun Par‘h'dc, wex'eh-t

Wsast € Weast. T Kfast ( Wween — Weast )
whesre

Waow 6e— Wgow + Kslow Clowean - Wslow) O & Kslow € KAast & 1
> 2 exponenhial woving overages o wock
. WHfast ’(
Minject = [ m max (0, |- v {550)

Where L'K_( 2 rowd v e wneavest (nhga‘.
Y21 s oan injection —Toe tuner.



Exoact  Beltel  State  Planning )

Beliet - State MDP(: Al POMDPs cun be comsflered MDPs that wuse
beliets as sStodes

Rewavd foction of  bdiet- stute MDP
Reba) = T RE5D() 7/ Guick Sawity Check-

Beliet- Stute MDPs gye always cha]\emﬁ'\nﬂ to sdwe since. e Storde —Spoce
is contivuovz BY DEFINITION |

CONDITEONAL PLANS ):

Lructuve ¢
Nodes ave octions

edges  ave CRSERVATIONS
W33 37

Alao
d S St at root shte S aud execute TT()

T - plom asspeiated W/ e root nede
@ TToy = SOB —plan GSSC. w/ #e Obsenodion 0

> fvaverse Yo < cahid Stute, and  execote  JT(0D
(5 5 repert ] decision  fronzon W s reacdred.

Suppose. we Viave comditioval g p k we wavt 4o compute
expeied UHHB whew S‘\w“\‘le fom stude, s.

W) = R(s,TTO) + YL Z T, TO) Z OCels, m0) u(s')]

// Re mi nisgent ;{’ Bellwran fjijc,\te, ,n;: :,r S AL~
Clenwenrt

s wvalwe - funchion vpdate e  ASSUMES we  kvow

what state (D we ave n, whet if we ave WO/‘k\'V\f\j with  beliefs ?

UT(w) = Z W bls)

U ) - max ZWU(Ob(s)  /ophmal h-step wale -tn.



181

AT — #oP MDP pdlites (evenj stofe can dake 4] actions )
Clol"-1) . odes | W-step condifional pan
o of Notes in an o

(con Hhink. oF nodes as  stfes ) (]pg|"-1) ~ 12

fol —1
Clolh—1
Hevce \A] ol =V _ & p possible conditional plans
7 He .‘:'x} - Jass numbed C wwactable w h,?)

ALPHQ \/ECTOKS Tdea: vectorize “he U’h\\'hﬂ fvetion  of eacdh state
Under  Sowme Plam b

(=W, Wee), -, Wsd] @ R 's!
Equipped with s Umy) = %uW(S) b(s) =!0(7¥bfs) z

WAYS 1o veprese T

© CGoudittoml  Plan
© Alpaa Vechors  foqqed  with actions
Ue @t & al alpgha vectors
= 20(,,\” Koz, ..., Kan3 — Vhere @ 2 T() Soackim Gt vost of
aonditiovial plan.
How 4o oewte pdicy vepresented by T7
> L' Update (ba,0)
S w¥ o otvav:ca;( b for all X
> perforwt action assottated with (¥
(3 Mpha Vectors with  \-srp  (ookawead

Ove - step lookahead oction from veliet b Usivg T wt uvalue fuichiou
devoted oy ur

M () = agmax [ RG,a) +¥= Plolb,a) U (Update (b,e,0)) |
where  R(ha) = ZR(s,a) b(s)
P(Olb,“') = T P(o] s,a) b(s)
Plols,a) = ‘SZ'. T(s'1s,2) OCels'a?)



Pruw'v\gs = Idea °

moximize g

W(v)

Valve Ttericho VI_J

3,b

Scbject  fo

Remove.  Alpha Vectors fhot would pever e comsidered
optimal TNeganiess of lelie® b.

X 2a'TpH+3 Va'el”

> Refurns o beliet b, & a gap S

§y

32

6(_: &

/&_;/rpv‘ure,
J

(Lelick state
)

Iden: Cyde of
© Compute  all X of a k-step plan

itevate over all beliet states b for eoch
o«lplna vector «X.

notice how 93,01 are koW 2 O,
Mcam'Wj SOMEWHE RE  along —e
beliet continuum , Xz & A, are

op‘h'moa I .

82,84 owe botv = O
NOWHERE aloney e ‘mlief corttovun
ave 'H/luj optimul.,

l-> Gekt tay weak it oultq Weve
(pruve

exterd plan dcp’rh/_\PW%
S

@ Prune all dominated ;(h of a k-step plom

3 Extend fo a (k+1)-step plan with all non-dominated x

Repeat,

from e k-step planm os

3Ub ~plavs



Chaper 1S Cheatsheet Exploratton & Exploitoion

Pllosophty  of exploration  vs  exploitation
explovation Seeks +p BUILD A CoMPREHENSIVE MODEL
exploitation Seeks fo  TAKE ADVANTAGE of wlat cumvrﬂﬂ Seeimg hke
the.  best action (5D

Boyesion Model Explovation  (mukti - avm lever problew )

pull ovw

() pull arw

A={1,2..n% Zarm 4 poll

PUll orwa
3

wa 2 # of observed wing
La 2 #of obServed |osses

|
pa = Plwing ‘Wq/ﬁo\) = Jo O « Beta (lem‘%:(a'@) d8 = Oa = w(:\J?Zq\-l-'z_

Yostertor ?roba\l(\;’(ﬂ of success ot awm a: fa wheve

Shf‘hnj mh'Ho a umiforua

Undirected Exploration -» devotes strateqy hyperpavawetes
E;—areedxﬁl —>  explove yrondowmt arma (achon) w/ prob €.

(Aly (5.3) — explore  a= AWK Pa W/ proo A-E.

M i wove exploroction
What F gou womt wore  exporfalion \eder 7

A: Decou.ﬁ g b‘ﬁ x foctor every fiwe.

Explove - ‘thew — cowwvni'b_) - expor- a vomdom arwy for Givst K steps
(A‘% \SL") ~> tuke %wﬂ octon AFTER % Steps.




Direcied EXE\OFOC“'O"\ - unlike undivected ) uses (nfo 6a-\’mexe.o\ from  previous

S'\'e'?S . 2 '»'-‘L»‘ G t‘.:‘) < tr. \'tk‘. J .:.3

softwox  exploroction | (Rly 15.57) hyper porawetes

pul aom & with probability  OF  exp(A pa)
-~ when A=0, fa is irelevant and eﬁ'wﬁvd‘j so\wnp\r'vﬂ ot pniforma  across all a
(purelyy  exporative)
-wheyy A -0 onls c,\noosrws as BYUax Pa
(pum\ﬂ exploitative )

Q2
%uavﬂﬂe, exploration
- choose. armt W/ tve \avaes-t (0(> ') Quavrh]e.. A
- T = wore exgorative
=09 ®=09

explove. black. (a))
Upper confidence. Boond )

_ Lo N
- choose mext acfion . s-t. a = avg(:oxx (p,\ +cC I'ﬁ@ )

where. N(a) & # hwes ochion o has been -vied
N & %NC&)

C20 = T = explorative

Tompstn Samplive | pARAMETERLESS

-vtilize e posterior sowmple
— sSampe ove of eoch action from tne posterior distv-.
- Choose.  ocfion Wit greatest rewovd Yo keep e.><\o\or(vx\4)



Optimal Exploration, (Ex 154

QF (W, &, ... Wa Qm,o\) 2 expected poyotk of pulh'wﬂ orm A tven
aching op—\imalhﬁ.
U*CUJ.JLJ PN UJln),QVI) = va)( Q* V/4 ('_sp\.ﬁ'lul g,"‘hhfr:) f(u‘\

)T*(uo.)!z\, W Q) = avgv:\ux [k ¥ optimal Pd“‘j

Wa +1
@*(wuﬁ-/ coo Wulgn) 0\) = m (l + (A*(,._.) WA'H)Zp\) e )) — wwzmvuj “erwr
(‘ WM*IQ*JO*- " (---)WQ)ZC\‘HJ...- )) ~2 "/S\v‘\q ‘e

ASSUW\W\E\ Gimtre  Worizon W ,
-Start Wit all femival Veliet stutes  wheve Z (watlo) <

“back up L~ level in e fvee o E(wa+.(2n) = h-l
- apply hiﬂh\fe\n’rod Terwm

— reclvse. .

Time COVV\(i‘a,dhj OCMZM> — d#of po.ss(la\e beliet stutes,
(pretty compututionally taxivg )



MODEL - BRASED wetods RL

Thlosopley Of Model- Bosed Mediods. —>  4ry fo fed underying ymomics TCs'[s;a)
avd the rewards R(s,a) ol He wodel,

MAX LIKELTHOOD MNETHOD — idea s 5implj a couwh't/\f] ekercse. .

(Ng 16 ; Ex 16.1)
T(s a8 < NGs',a,5) . e = e
S18) = NG, wheee N(2/) = 5 NG a)s)
R(sa) = VICLOR where  A(s,0) S e Sum of all vewerds cotaired
' Ns,a) whien +uk{w3 sfate - oditon  pair (a,s)

If NGa) =0 =  T(slas) = RGa) = O

L/_\/_\-—/
Lﬁ indicates "(:V“lj Uwexplaved stote. —action Poir

UM@) - ypdating the valve funchon after 4he wode| chmnﬁe.s.
O fal Upote ~ comfletely re-selre Hor your Valve fun. (cgmpuffaf;'owarllﬂ Foivg D

NOT REC.
@ Rondomized Updates = hyperpamweier
Update the wvalve fynction at e shte S yov just visited,
" " at au addiftona] M rondom States.
T—

Upddtte
@ Priovitized Update s S while hom_uvpdates < n hy perparametes™
D) Y
\ D (J'Pda*b u (.S) .
: @ > (et U = u*(57 ’7 ‘h‘&, {:’LD l,,r’hh'hj O" 5

>» for ST in #57,8%:3

priovity = TCs[sTa) * [USD —u| J e key sfep
ST pn‘ori-\'uj = Pr\‘ori'\'\j L\'

> Update U ( mﬁl& (s7)) vpdates previoos
= nuwm_vpdates + + State Malr hag
ij‘-!cst transiiiown

):)rcbab\h"'\j




Explotation that doesnt fows oM actions frown States leside Ccurvert

R-Max  exploraction //‘—"—\)
. wWwhéwre, MTmax s tie MAX Wy A
f f NG <m achievavle ncward.

R(%M{ "
P50 /N (5,29 0evrwise

sTuy in He sawe Shate

’/_"_—‘—"_—_—h‘
, = it N(5,0) <« m
T(s ‘0\,5) = g( S)' ‘ it um,lcrcxp\oﬂ’.,d<
N(s,a,s") N(a,s) oterwise

[(max

Ve fynction of wnderexploved States CNGs,e) <m) — ot
Vivfinite series problem

BAYESTAN METHODS
we have  wode) pavuwesters § Hot i provide  jpformatfon  on

T($'IO(JS3 %  R(s,a)d (we Hoews on T (8'la,$))

Osay = [T(11s,0) | Ts213a), . T(snls,a) ]}

Ex: let
Dir (56« JCS *
where.  Nsay = [N(g,}qls) , N(sz,a,s), .. --JNCSn,q/S)Fl

-
Z N(s5a) = Li Yy 1) $or a umtorm Fr{c"‘

b(®) = FE‘- Dir (Sﬁ,a) | K(s,tq)

\ E—— ps———— .
e — e {,‘:JT(’,%;: oy ower & ?

Rosteror Sawplivg  (Ex (64

5> drew Sumde B
s> Update beliet b

D duw new sawgle. Buwdatre  frow b

> e MOP prpplen  fowm O update
S sdve Yor a4 new valve functovw ot created MpP



MODEL - FREE METHODS

instead, of ‘I'ndmg 1o build a mode] with T(s'la,sd X QCs,a)/

'hf'lﬂ Yo sove dor the oltion— vale {unction QCs,a') divecHy-

anve.vvnevr\u\ Estimotion  of e Meaw

(expectaton of o Si‘nﬁle, van‘a\o\e,)

[ . . .
.«)'ZM = "}-_'_:‘ ‘X“) qFexpeoion ot Q Sn‘l:'j\ﬁ. variav\e in M ;';.&Mpi%
Derived, v \gook. Cmﬁalu.;jcus to Q)
N " n
Xm = Xwmq ¥ " (chn_ Am~ 3
<) gevevalized

B = Reonet T &m) (2™ - Xl\wv-l> K Genera| jncvemental vpdate e

when Kwm)=

=> we have Mwewenta] weav) estmoton
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