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LECTURE {: 1123/ 2025

Introduction

* Human gevome contans ~ 3G basepates — 40 chwvomosemes.
* 2 individuals ave A9°% the same > difference = J0M busepairc
. GWAS Task: Findng, computabonally, spehic veglons of shifis.

Deiinon: A NP = single nuclestde pelymorphism - o diffevence T ove bastpaiv oxcurs once every 600 bp.
Mosi SNFEs ove commond in 2-3% of the populahon.

Genomic Foundations
We will considev GWAS, pwiein Eoldivg, Linkage Disequilibyium, ond wove in +his cousse.

ALGORITHMS
- MLE ond E-M Rlgordtims, coveving topics of spectval gvapla theory, ty exaw e tne subsvucture
of popu\m\-\’owso
o €% gwele ave 2600+ Subpopulphouns within in I ndia
. protein fo\ding/ mislolding, MphaFold, > applicd ©o wed Cow deseare, Fov example

AN INTRO TO Genome Wide Associahon Studies (oW AS)
Pefove GWAS, disease cowtexi was rondow and Non - Vigovous.

° We N0W can have 00,0005 of data povats > low cvsy of SepUenavg
* can be opplied to unvelnted pcople ovey vy Y emvs , allowwg &y wmove Subtle deXrechons

0O p [ stabveheal Yests
Oog P ?
O0pg \ 3—3 assouahing
0 :
O cl
popul ahow SNP

away for GWAS

Defining GWAS
o Method Eor iviewyo 9ahwg all 10 million vawahle Powmis

o |nbaite Alele Slofewent: Theve cavonly euev be 4 letiers at a posthon, cvery) SNPis biwavy
this Shewust fhe genome i< so large, mulhyle mrtahows @ 1 pt. uncommon



»~ tWomosowme

4hot allow us to gvoup fthem

!

furdwey Shudied {n

{ndiwdual SNYs Place of SNPS hat ave inheriled {ogether

Afiey GWAS we can use SNPs ho infoymn the (isk for disease.
We o olS0 0oy gene pariwoy s fowm stgnificant GWAS SNP hits.

What is Disease ?

The noive thought (s a broken preten canstng o cascade of issues (monogenic) .
most complex diceases.

SNPs inthe Gevome

A posrhon inthe gewowe of waich two or move diff bases in fhe gemowe ocur, each

witn & freqaenty ~
The most

¢NPI 2l 3

owr SNPs are avianged yn blocks

for

6 [c|T cG |[A|C A A CA|G the haplotype is4he sequence
G T c of the SNbs. CAG

From 4Wis, haplotypes ave owr avleles thak we can bwawze due to the infuite shes

assumphon. > ouv mMatwk is entwely binany
When hew foyuenctS g geveduled fom 2 seguences:

time
-]
yoviahond in chvomosome populahons over hme q {C °
— o
cosily visaalited through phy logevehe fees —e .

l

° & Way of stahistically defvwng discase 0sSOCiANONS.
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oo 00

6\1 PZ



LECTURE 2: GWAS computational Pipeline

““i Conivo) discovev  pottems of SNPS agsocroted with
Tty . = (2x oxp) e disease ond not WMe Control.
mothev / =
» ftﬁed \ —
c
awkem Note twak Hieve will Ve pattervs of SN¥s owm ALL
caseS avowr 0 S0 mest!

Chapter 1: Haplotype Phasing Problem

Every study particcpant -> >

Humaws ove o\iploio\: mother cwom 1.2 . 22

female XX 23
Fotey  cwom 1,2, ... 22

male XY a2y
SNP = singlk nudeotide polymovphisin

tne alele fom fhe mofer avd fae allele Hom the fLathev

A Waplotype is & single PNA sequerce representing dhe SNPs ahat otcuy
evevy ~ Qo0 -©00 b(: ov SO.

gNP 1 in Fmd‘ice it iS vevy (N\\QMQ\MQ +o
-
Savy fom e mother we have: consiict Hee Waplolypes beawse we
Cotin h only hove +he paivs, we dwmid Know
ather  we Wave:

when fwrevd e individual nucg ohdes
ovigated Howm.

Ha\')\Oﬁpe Vlnas\'ng cowmes down to (m(»‘ewimj fhe mothey father haplotypes .

Jr W(TH 0N (DI DUAL THIS |5 (PSS IBLe W

COMBINATOR (S of HAPLOTYPES:

mdjov pinev alleles

. T1
a 15 o sthng over 4,0.1125, a is @ Sting pvey 0,13
fne gewotype is made up of fwo haplotypes!
two haplolypes=4° 1 2 % _ 5 12 0
o !l | o l

-
J

ambiguous, diffwent.
tis is a SNP i« {here is high

%o of peop\® Hhat Wove it, Reall that Aue by e ivfinde sites wodel, ouly
wo wucleo hdes arg poxsivie at & gien pusifion. i@



How does phosing get complicated 7

OZZD/OIOD ’ ‘
0010 L if there are 3 Zs in e gerotype

\"o 11 o we w\ have 22 Possib:lfkc:.

0 o 0O

900 1o 4his ge\qeval('lﬁ{'u for
0 2 2 | 12— ot 1l >

po0 U |

o1\ 0

lnput: 1, 92, -+ 3“
Dulput: W Wiz, oo, huhne 3 a0 tee haplotypes for all of the gisen genow 5.

ARTG CC G TT 6o (01l 00
i A G 1 ll
A A 6 CATT :0 02021200
c
’ o 00O 0410 0 0, tve Clavk Rule haplotype

now w;L have two Wapletypes

_ ATIO

87 ATTCT S prres

When vou Wave unambiguous gcrowme swippets ov . P
. Y . \

stngle awbiquly in the swippet, you have good stalt pis Ja- AT ACT(A’TACT

No fall homozygote or single SVP

We awive at aporni whee thee ave o vew updates we o make, and there

ave o remaining cavdidates. THe rewmaning genomes ave Called

We fwd (ncowect l/\&‘)loﬂpos. Thisvalg is heunshc cnd does not 9\mmvﬂee <xceyphon

Thes evrovs ave Call ed

ol 2 22

D0 2 12
h 00000

o 0 000 <‘/h ‘00 00 0 ¢ twee ave autowmabically thd.

o 2 U l\“hz ¢
W3 ¢

Applyivg by 29, > 0 L 111l = hy: 01000 mw we Wave explamed al °f the

0 '222 gevotypes wiwmg Clovk’s Rule.

Applying W23 92> ool 1l » hg: 09010

0d 212



LECTWRE 3: The Haplotype Phasing Problem

clavk Algorithm (gveedy)
The E-M Algoritam (ML, maximum [Ckehhood)
The Prrsimony Algorittan

The ML- Phasing and Parsimony Phosing

one ‘2’ in genotype.
\dentify all homozygoles and stgle hetewo-zygutes (Aas aA) haplodypes. Phage tnem
and call dnese Gesolyed oevotypess [sec Lectuve Z Notes for examples]

Determine whwe they Gny of #he unsolved haplol\/pes con loe used 1o solue owy
of the vewmaining avnloiguous genolypes using the Clavik Rule.

Hevatively contmue unhl we Wave resolved al gevotypes.

% 195005 See Lecture 2 Notes Fov these evuwerated issues
E-M Algorithm (1.2)

Goul: Finding fe Waplotype Srequevcies a populahon awnd the maximum (ikeldood
Wwp lotype phasing.

The (E-M Algorithn i< aw otV algoiithm 1o compute succesive sets o f

haplotype frequencies. o s o g 2" hoplolypes, theve we oot
£y P pr starbing onindhal P, p,0, pr

These inikal values ave used as tf they ave ankuown e Srequencies to estimaie
Y ]
e explavahon frequencics. F( b &Q)' expestation step

this a genome explavahon for o gevotype.
The expected explanation frequencies ave used tn twvn to estimate haplotype Seguendes.
ot the next step — maximizahon siep — p.'p, o p

continve unbil convevgenie > wnen comietuhve Steps gl minimal changes.
CONSTRUCTION + ALGOR(THM PROCESS

a iS o muti-locus gevolpe wiose wwki-lotus haplotype phuse is unKkiown
an is a paviiculoy combinohon of 2 haplolypes, explainivig a oenciype

fn E-M, we ultimadely gye 4vying fo Aefve o wodel Hhut mbkimizes Awe onbo\loiliiy
o [ikelthood of observing e giyew data (gevshyper).



Likelihood Funchon
W \hwately , we can/witl only estimuie €requencies ovev known [Seewn phenodypes due *
computarhonal limitabowss.

The distibuhon of 1he given somple 1S w.vd lotent and
WHKNO Win {‘ve%umwes

m "y
n' ” ) ¢
T\’MQ " . X - PL
NNzt L3
Heve, vepvesent coumls fpy  twie genotypes -

The namber of for he{evoz”ous loc' can be defwed as Hllows:
Sj-1
YA S 4his i deavly seen above in our Clovk’s Rule
exomples [sce ahowe)

Putting 15 togethev, the prabalalily of the Ji i the Rllowwng. Let os
also add fhe followtng votahow: wheve [Hl=¢j s the set of «ll =xplon.

J
fov a given P\Mvnowpe.

Y recull Aot make
Z P (explanahow l‘r) = lP(ﬂK&e) = up evevy exylovmahow.
i<t

Heve: P i k=4, 2pepe if kK #E.

Putting evewthing  fogethev: number of occ

Ve
m J

ny o genotype y
Lik?\ihOOd = L(ﬁuf’?,...,‘f’yb = &, TI—( Z, Il’(ﬁg&e))
JZ' T ke e

mutknomial ¢ onstavt

haploype Freqs
Sum to 1.
How do we optimize this?
Novwally, with Maximum Likelibood Estmahon, we fake parvals wvt our nndel

setid to 0 awd fwd our ophima. Heve, twis would vesuit in h-1 equahons:
Yloa L2 log fov numenical stabiltly
s = swe of the g™ o 109 =7 am i O :Z"‘ﬁ 2 (2-1) #e
haplodype ope VP e o Pi heety
Setting thest all & 0 and Solving would be vewy e 'outs, Thes, ety Yue

E-M Algovithm!



E-M Algovithm
The goul, as afore mentoned, is to compute sucessive sers of haplotype Ge%uenots P P

o These frequencies ave nsed to eshmate txplavahon feguenties [ 1
o Thew, these ave used to update heploty pe f'vevbuew‘es for fhe next ievahon

Fivst, we have o twialte the waplotype frequencies: ‘P:m?Pz(ﬂ, s B

- Tws could e uniformiy distabuted: HO DN

- Other inital condthovis include p; = P; Jorall vj (ec()ual (P over Wiaplolypes)
which  vepresents

o haplohype frequencies chosen ot vondown.

For these wotes, we fake the first opproncle.
E xpectation Step

At the 1Y iferahow, we use tve previus itevahows’ h frequencies. to detevmine

tne (P of vesdung eadn glnoNpe into possible explanchowns .
nj 1P (e e\e\\)[ﬂ intevprelahon: weu;?:&ed cond.

vobabilt
i 1P ¥ Euvihon of P e - .

We can undeystand thas
e calcal oahng e expected fre quency of every explanahon Jor euttr gevobpe-

Maxi mizahov Step
We then use He geve counfivig ywethod for optimizahen.

m )
f‘.zm _ A Z’ Z P (fxcte) S
2 V7 R € By
% iterable

Heve, sz £ fﬂz 1,2% vepresents the no. of times haplolype ¢ is pvesent in explm =.

% devivation of this will appeav in HW4 %
This devivahon will (alev appeav (nihe wotes-



DERIVATION OF M-STEP WSING LAGRANGE MULT.

Pecall: Classical Expectatton Maximizaton
We hove o siahistical model that 8eneva{es data X, a set of unobsened dotn 7, and a set
of unicoww ov missing pavameters 0.
These yield +he L(0iX,2) = 2(x,210) . The moximuw (iKel leod
estiwate 5 detevmived by maximizing Re proballity of observing the given dota.

mox L (9:X) = p(X10) = jf{X:Zl@) dr > or by 1ekewoy parbol devivatives
avd wsing oy el opimczghon wmethod s

Detrne = E—: (\93 kel lood fuwchom] wyrt D given X,Ow\
“y _ X,
QOO ¥ = EZ"”[’(‘\X,GW) Uog’P( Zl’@\]\ e
Hmlc of s as yow expesked Kice l\hood over all possiv\e atewy vaviybles

NOTE: this step is offen pevforwmed by
mm\sjh‘cu\\y Compuhug e woxi mum

(91:«\ _ oxgmox Q(ol0%) >
0
Volae wia \¢\3r019€ W\ulkp\(crs.

APPLICATION +p HOPLOTYPE PHASING
Hwe, ow Olsevved gcuok/‘,p, the explavatons Cor oul

Pos Pt for T \«wloiy\oe)

gevotypes (unob sevved)

Recall our ldcelihood fynchon :

a,!ﬁ-( 2 P(hkhe“n‘i

J=' hwheeH
But what does this really repvesent?



02(04/ 2025

LECTURE #4: s

for twe covnple{-e wovrked ‘fMVO'AgV EM example, please see Yhe Tcouvse welsit e.

Soy we only have gevolypes : 22, 02, 20, 00, 11
nokee thal there ave missing gpvotypes 3 s is okay!!! You vavely olsevve all prss ble g.

This meaus {he only ‘»ss«'b\e
let s dendte these as > wwich will be Heva’ﬂvc\y detevmined in E-M.

theve ave 1 qenokipes of 22, n, for 02, eke.
[ used N in Lectue 3.
Bewe - %/

Now, {“ growp A, for exo\mple: il
[CAT R (& A - Z \
“7(\/0 =10 * Z [P (e e) = (2’6K€>Pk Pe O/IO
he heeHa hic.hecHa
(D, (&) (¢
S Z@oo (Qu + ZQOI(*’)QW
Now iv the we want 1o calculate the E xpected Nuwloey Oj Cocha H"\PIDJ\/P&
)
no,,(“‘ = Np l’(%{l l\lg) thgt et L0y +0nre
Il
L) 4 &

(£+))
Ow[tk(\): N oo /’ZV\ wheve In = fotal nawmbev 05 ‘A&?\onyyes

13 Max(mum LUKELIHOOD PHAS\NG

Segueuces ovev %0,1% 0,1,2%

let us comsider the
L (P peri®g) = (PP PsPu) (P.ps + Pupo) (PP ( P7P4)
total numvey of Vw\YJlONPCS . example ovev 4 gewotypes.

We want 1o Sind the fﬁpltig oot wmoxiymizes the Likelivook funchon. Tis is & compudatonall
wbeasio\e  prblewt.

the smavest numloer of hu\o\o\ypes f\:\vol\leal. Nofe frat (v pvuds‘qz Pw(mg
thee valwes (s done by simelifying the pr\gnowmial opBmizakon .



LECTURE 5 02/0bl2025

iF X; ave pvodabilihves
we have Xo Xz, ... Xy €IR, >0, 5§';v X = Some constant, fxe % s{;\m v
the soluhon maximizing +he product P= Trxe

OP“W‘Q‘ 2 X, =Ka ==Xy

This used in the idea of egual likelikood ~» if we wanted bo maximize.

' Mo na ns sl X _ K2 _ X2
Find the solwhon fo: Pz A kg e wa ) —> ophwmal when iy, & e

This is ased i venoymolizahon within some E-M gpplicabons -+ see move (n (81820)
NP-compLeTeness PROOF for HP/PARSIMONY

Pam‘moma Wiaplotype \ohusw\g 5 NP hatd and maximum-likelthood hap phasing is NP —hard.

h: 010 &
—>q: 02l
SNPs we biallaic > §0.4% : > 00

where 1 is wow the ambguous symbol.

Given 6= 491,92, -~ gn? oF obstrved genolypes, find the minimal size of inferved haplolyes
Such that every Demhpe tan be represerted as a sum of two haploly s

We show that evevy (hstanc of a geneval Jraph R miny be convected wto a gef
of yenotypes so ot o miwimuw seb of inferved haplohpes corvespowds fo o

€& 4hs is an NP-Whavd onlalamt

R,' R, — RSA RQE

A graph where cvewy hode is convected b evew wnode,

ApM(hon of admpk h to clfq)ues vt covev the enhye J"‘V"“' Min-
u‘mﬂ\'wg the wumber of cligues Vs Ne-Vavd. (f we can veduce our
prob lew to this, Yhen our prsimony Phasing must olso be NP- hard.

RePUCTION
Firs1 we must genevate the & G=%9,92,,9n} the genotypesset

Algovﬂ’hm: Given 9ev\0$;[xs of lCV\QWD 2n.
| Gii = 9 L] ne % coordinate of e



» We wil have V., verkes,
ci=lin 1Thew, g5 =2 ifi=), 95=1if Vi is convecied \’9‘”’"“\96 b\
iEnati2u Create an tdenbly matex where

0 gij=4 ifj=ned, 0 othevwite, 4 <cizn, ntl Ljean

# GRAPH CAME FIRST %

Exomple : {dewtity mahix
7

s, g(s) = 2000t | b oo

S2 3(31)5 02|10 o | ¢ 00

S 9(53)= 01201 © o { b O

Sy 9(Su)= o021 9 0 o t O

Ss 9(Sg)= itz 00 00 I
T
these owe

the oviginal gewolypos and defme edges

Now let us defwme the Viaplodype set wheve we tom  wrte thot
‘a;,m,; =W, nei * hw, nee vecall fhat wei > 2u © ouv ARV wmatwx .
Tven, e, nec or Wm.ntc = 4 # BUT NOT BOTH X

WLOG ( without Loss Df P},QYlPYﬂlfIY) we assume that hm, nec=4 S Hus hpe v
Cz4:n pwust ALL BE wniaue!!l

;D H \DRWTITY Let fie, be the haplotype cousisient with Q oewotyps
™ 20001 OpbbO e want t .
e 020l ot oo0D G Gsts 0 Bsud W o Sow that & Se, -, Su3 s a

Ny 5200000 c\u‘(bqe n 2.

n my o021 000! 0

hwse Vw2 00001 Rewil that we cam explavwn 31 with gj = hec + hwg

he, 2000l o

hqz 02 (ol 0

t“l; 91201l Fov exawple, led D = §52,53,56% for some hee.
by ool ()

heg Witz 0

e 2 blocks ave the Sawme

for Qi =2 fov 6= L cven, waan tmpies That He: = fwe = L. Thus, we
mwt have flo =4 fe K= 6, n fo sahsfy the conmechong (sec xoimple helow).

9i)j = 4 owws on all diagonals for l«jen since we need 2 on the diagonal.
oYUV iise gij=1 meows He nodes Si,Sjove conmeted, 0 if wol-



\evtex G evm*\{te Haplotype s
Si 3(5.) = 2b00L 10090 Wy 10000 10000
o o hmz o1 000 ol 000
$2 9(s2) = 0210 b1 00D hmi 00100 - ©o10D
Ss 9(s3)= o120l ©0\ 00 hma 50010 . b0OOIO
Sy 3(5‘4): 00021 60010 hwms voO0O\ 0000
e, (o001
Ss 9(Ss)= 11112 vooO! lnh 10001 00 00D
L2 01101 00000
\:'”"“c" 00000
noie gt 1 @00t 60000

thae addhg;."‘“ R 000090

WRAPPING UP THE PROOE
Thevefove the set of gevolypes Suth that g1 24 foran i#) Ccorvesponds fo
a sel ot vevhies that aye o CLIQUE!

S2.%3,5¢: 02101, 01201, 12 > cliue!

, the cligues o Allg
Thus € cligue 5( Wevated lh‘l’hl‘gmplﬂ eath hm/e Hieir own covmmen [naplo’\/y)e! Thus
the numloch ok haplotypes is o fuctor of Hhe nuwber of edges.

4 Sofo winimte the numpey of baplotypes, we must minmize Hhe numbpey of
cligues! %

This completes the veduchon! PPHP (s NP- havd.

LECTURE 6 211112025
¥ SEE COURSe wegSimey FoR SLiDes &



LECTURE T 211312025

We weed o explore and understond populahon genebes and lkage Aiseguilibrium.
Mutahons [ Recsm binahons
Rondom  mahng
genotype = phevotype

LINKaGe DISL@UILIBRLUM [ EQWILIBRIUWA

Random Mahng allows us to cowsidev = recall that fuwmoans are diploid - ~ 2 alle|es
PEV\SGMQ

With ravdow wmatv, the alleles of ¥ gome are comboived at vandom accoraing fo

Given genolypes: AA AR, A,
1§ P(A)= &, P(A) =% 1°PitA ond then A i€ 3% A Ts 26,0, A ity

the {"Vc%uemy O:f a gamett cavrying owny anb‘culav combinapn v
alleles eguals the Pwauc}s o the fvl’lbuemg of +he alleles .

Gewes +hat av vn ravdom asssyahon ave in When they are
nt they are in + o selechon .

Wirh vandom motvg avd SimPLfying assumphons > i.e no mutahons, T wigwhon, large
poprlahon 3i1e > We conveve o Linage equililwviam

The vade of oppoucn to LE depends ow the vate ot vewmbih b (n genoty pes lne’revnwous
for WOl aenes- Thee owe 2 types of clouble helewo zygoles

AB: [ AB2 AB2/ Az B, crasstg over, Jor
* » eXamy le.
¥ 2 re owmbimahon
Guen A B [RiBa, theie aue fur possible gevotvpes — veeombivands
AlB’ AzBZ 'AlBZ . Az B/

By mendellan Segregahon , the fregueney of gevom ’ry)oe 1= +he GV?‘()W“‘\/ of
gcme\\c ’f\;pe z, w13 = W} Hpe 4, be «ause 3mom<c ve combivafon rafes
wwst  tmp\y fype Sedyped, wice vevsa.



Definthon: The ecombvinahion frachon is propovhonel to the numbev of rewmbrnaionol
nametes (+ype % +type 4) produced by o double heteyozygote -

02 e 09 > 0.5 means different genes ov VERY fav eport.

Genes wweve A< 0.5 ave linked.
Alkogdhev: {'ype mMm="7 = _g’-

LECTURE @ : PROTEIN FOLDING 2[20/2075

Gewerally  $pealking, for o puotein of length 50, theve are gn expoventiolly large number
of woys {-oﬁ;ld & prolein. Cs how do we ‘ored\‘c-l' nahve stwchure 2

PRIMER own PRoOTemS
Proteins awe polymevs, Sequt

protews ave eddher Lo (som 0¥ D-isome’, wher Lis
Wmove (omwmon

g_qcaxxy L-\vSomev IS whwew (:\Ahdkma\ \‘)Youp ‘w\vﬁs away 1{ N-c-c

/ (o) weve choww to e on tvie same plame.
o side- Chawn

C® cavbon

antes © 5, ip AoVt dyat P'P“'““s (of whith dheve ove 20) -

Q
\
O/®

Amno ocds ave movked by C-N pephde bowds - |-t (1) o coferminus (u¥)

twese bonds (o planes-

{orsion omjle_s ;S and V. "5!"“7 i bauckone planes between
C%e o 4Ws s due to fhe covalent bond viotue within N-(C

l

wspcession ot plones  that rotate Ghowt the plawes -
c‘l ks . See (B) +o e 4.

Ramachowmdvon Plas
Twe tovsignal ama\(i vovy - depending ow angles we Can classi &y
as ol- helces, P.smmds due to fhe types ofom\’]cs-

‘s tnd b be &, S, mow obhuse veflet
\/ - smalley LS tend ) F'smq,,

Self Avoiding Walks | Contacts: —> protetn backloues ave selk -avodivg walks.

Mmodels  wust ot owevlap whie also  cowsidenng the pairwise evievgles {hmt vesuit
fow inlevoethons  between pephdes avd even swaler, the compowent otoms,



Note: We want fo winimile the enevy of O SySHwd this is when % is the wost s#able[
HP-moneL + Cowtaer MAaPS

A simple way Fo viswahie WS (5 e HIP-model.

L we binavrie all of the awno auds to be ediey M (hydvophdic) . P nydwphilic)

L we want towmeximize tue pnumber of H-H contatts to wmimimie enevy,

exawmple: o 488 —o

[ ys . 0= 0= O0EB) 0-0
o) O_O
3 coniacts! >> 1 condacd

WNe cown gev\cva\l’tt s fo uclm3 CONTACT maps!

we cveate gvaywcal/ Matvix vepresemiahons coniechng and velahwg He individual owno
atds in o ‘)ﬂVh‘(MlaV Pw{u“(\ S(bu0M¢2~

PIPRLING . Stiwduve Similavity > Structuve Alignment 3 Fold Recoguifion - Fold Alignment

Measuving Protern Stmi\ avily

How dowe uwdevstawnd simdavily for pwtttns of di ffevend  sites?

RMSD F v 0ot -mecn Siuave distane
o Diffevence of distane watwices
Contat map Querlap

Ad hoc Storing  Schewes

offen dowe bg choostv g 100 aa
vegions Sov F\'xeng le ugita

L

CEPPIAGIICSANGRANPARYS # PERFECT POWERTOINTE . -

LECTURE 171 Markoy Chain Monte Covlo Me fhods 3lou] 25

3.1 Markov Chaing + Movkov Cviain Monte Cavie (Mcwl) Ivvoduchon
Box the shape in uﬁ'gwe

‘& How do we - o oavea 4.
a compute the ovea
of uth an If we sample vandom pis,
frreguiow shape? fhen by dedevmarwing the
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the chates +hat if al some povt £ the process Us Wv s o
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Y on us cuwevﬂl.j !Acwng ot Ej and ot owr fVth'ouS hﬂe({ovy fo 3@4
to Ej.

P(Xe= Ee (Y= Exa, o Xom€o) = P( Xz Er | X = Eua)

The transihon Prohalalily is (ndependent of £

Wreve o we Gtavt ow Chain? Ac=1
is ow (nival Stoft pwhabilily dishibuhow.

Apeviodicrty: The@ is nosuth state suth that we rewsst it at every £, (muiiple) steps

If thove ave guavanteed cycles, we wil not visit all the nodes or appvoximale
+he sﬁhonavg dishivuhon .

the (S the prolon billy we are in amy state .
Suppose we have a tromsthon matvix if ) hrwesdep
We obsewe that T 008S not cviomge. It is ctatonavy
must  hold!!

dictates that evevy stote canbe visded fom eveny olher stple in Some
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We can use liner olgebya to golve TT=1t P 4y gorve for x.

3.2 MCMC ALGORTHMS
Theovewn  Let (X .-, X w)  be iwedwible ond apevibdis, M( with state space S
and  trans. wat. P Ouv estimate F W

N (W)
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We essentaly  wil ohswve the frue undeviymg distbuhon as we
sawmple o lavge numbey of camples.
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LECTURE 12 mCIMC Conhpued
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Magkov Chian Monte Cario

Given a pro babity  distwluhon
How do we simulate a vandom objett ovev the distibuhon 72

ovev q state spuce S.

g " simple solution :
Let Xz Y(W) wweve U is wniform (0,1 and $he fumchon Y:
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the “INVERSE COF ' wmevhod

: am atganton. - 1€4YN. More. apout tuis in APMA 1690!

Input: & glven CDF F(E) « a cample sne w (the numher of mndom vasables

Dubput: A sewres of “iid" random vaviahles.
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fov {242, ... inf {{slk]pmgu;g

Proot of Thm : (ps page)
Assume F exists, them G = F (+hal 'S why we choose smauest £ Thwm) -
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= P to trdusihon to an

We then defwe (P of thoostng given s
s di . avhitvav 4
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