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orpnn M= ot 0v oY My, My 595 15 ,QQW(MO)“': PONNNY VoM TIY Y T D1DDA
det A # 0 V192 22¢(Mo)+1-1 DoARAS 912 WK det A-w yan Won w (M) + w(Ms) > 2w(Mp)

VAT

NYH VININHD ROV

Ny an

YND N MDD "1 DY MODann MYNY 19010 PN THIIY NNYNRIN NV NN YN VININN NV
S5¥ DD NINY MNYN SYND) DMON 2PN MNYN DM MIINDNAY RN OWVITPAY DPMIANDN DDV
TNXO P90N XY DNAY D27 DIPNI ODWN DN I9Y NYMND 1P TIY 92 (0NN "o)op" oanwn
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Yroa oy owpnwn mieva V[X]| = E[(X — E[X])?] = E[X?] — (E[X])? nmvn nx 100)
(Chebyschev) qua’s yynw ox .u = E[X] D (standard dev1at10n PN 7Y ) o = +/V[X]
DVYNNYN :INDINN DV NP NN Pr [| X]| = A/ V ] <A 2opm A >0 babw N

9Py Y = (X — E[X])? May 21pm v oNa

Pr[|X — E[X]| > \V/V[X]] = Pr[y > A2E[Y]] < A2

MI2ANDNA DIAPN PN MNYNRY NYDIND NN DY MNYN NDIONI YNNI 1IN IOV PTYNIN NN VAV Mt
112 DN ,NOMINN 1D DPNN NPN MNYD NI VN VIVINN NV SN — NOMND P TIY DM
NNDNN MYNNNI NPON? MOPA NMNX DIDND IN AVYNY YD

Z X;] Z Zn: Cov[X;, X;] = zn:vpg] +2)  Cov[X;, X;)

=1 j=1 =1 1>]
9D DININNPN NN DX PTID IWUND

CovlY, Z) =E[(Y — E[Y])(Z — E[Z])] =E[Y - Z] - E[Y] - E[Z]

1298) NN N2 Xq, ..., X, DX 199,09 NIN DNIMPN 079N >nva n''n nr MY 091 25 DY
on mavn M npnav X' VYT X = Y0 VIXG] i (@anwn Yv et n'a N9 on ON
Jrnn

DN TNXR Y5¥ NN OMON PNY2 07PN OINYN 0N X, ..., X, 1INV N2 YN MDD NNNTD
oopmn 1 — o(1) mManonaw axn Ay X = Y0 X; nx nan {0,1} Yyn monmeny aann
MW NN DPIN D?I9DN NN N YAPY WON N 7nd N"a oanwnn oN) X = (5 + o(1))n
PNYOR 9% 155 (VIX;] = 2-w ywon) VIX] = 2y E[X] = 2 o7pnn (2172 AN DMN
ovpm 1 —in 12 =1- (1) mNeY Sv n»oaw 8"t Pr[|X — 2| > n3/4] < In71/2 orpon qua'y

WA X =2+ 0( 34 = (3 + o(1))n

990170 IANMP O

mN S ©mdoN YOV 15 {1,...,n} v P"n SV f(n) YOpHN STN NN NORYD DY YONDI NNY
mapy Mmptn npY 0"y logn + 1 NN NYTHIV D NNAP NINNDD AWAN TN N DNV 1DV MNP
PO RN Map My logn + C "y oon »Oopnn Y TN oxn NN Erdds Sv nmina ndrv .2 Sv
DMV DPIVARD DMOYN 2F ORY MINAY 9P kn— 1"y DMDN DMIDON 9 DN k N2 NNIAP-NNOY

J(n) <logn +loglogn + O(1) o9 2F < nk w Mo

n"an"n Xi,..., Xk v {ag, ..., a2 AR IR ND) L0YN DR 9V WD LININN NVOVI

orpn X = Zle X; 01on "y A mmn X My ;79 v 2 120m 075 miv 3 1201 X;Tv '[:>

v oxm) Pr|X — B[X]| < AnvE/2] > 1 - A2y VIX] = 38 VX)) = 158 o2 < mk

NP N9 N2 ANAPn TN Yapn X — E[X] mnwnn 1 — A72 mnad 7202w Non A > 1925 (qwns
(05w 1900 TN NN X 1on) 07IweN 3y AnvVk + 10

{a1,...,ap} 50 M HoOPoN 0150 P3) 27F MAaanona Yapmn X — E[X] 5w »Mwan 7y 95 v T80
yan (k> 2 omm WD) Swnd A =2 My 2 FAnvE+1) > 1 - )\*2 pbw (MH2non> 01N N>
Mov ,f(n) < logn + 1loglogn + O(1) n1ona orpnn 199 n > (32 )/Qf > 2k /4\/k 7m0
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9993 P9 OYPY G0 NNNPNS

9N ©NNY 4 Sya POP OYP YV NNNN My O PN XN f(n) = n2/3 m8pNanY XD AN
4 Yya popn) Ky 50 pmy 2omn G(n,p(n)) 90 1 — o(1) mHanona w p(n) = w(n*2/3) DN PN
NVYN PONN At Py 9o0 WwR G(n, p(n)) 990 1—o0(1) MmAanona w p(n) = o(n~2/3) o (0nnsn
(1) (p(n))® = o(1) »"y DON M PP HW MPPY 120N N p(n) = o(n~2/3) BN AVP WN MYLN S

2IVN VININN NV YINYND IPDY NYNIN PONN NIY .MYNND TIPN Yy >00an oonn "y

xR e X wnd [ V[X] = o(E[X])?) o»prmny 1on mowm p(n) = w(n=?/?) ovpnnw my nny
:WITIN DONN QWS 1PNV N 299 Y21 PNINNAN 1D 01D NNE .92 193pNNY Ky v Dpmyn 19on

Pr[X = 0] < VIX]/(E[X])? = o(1)

X, k™2 WO V[X]5 may nnw JE[X] = () (p(n))® o7pnny mxao ymy nomnn nyanebn
OPPIN BR INYD M G PP DNNM v, v, Vg, UTY YNIRDD MY NOPTIRD HNYND NN
i g KUY yav {4, 4, k, 1} pa Pioonn 5T 095 ,00nenn P2 DININNPN NN 2VN)
0 20 oM Ma M N3 o0 Xy ) X e WGk D N{E 5 E U <1 0ox e
Cov[X; k1 Xt jrarw] = () — (p(n))'2 < (p(n))! & 2 M0 TIONN 97 OX o
‘COV[X@L’?J?Xi'J',k’,l'] < (p<n))9 N ‘{i,j, k, l} n {i/,j/, K, l/}’ =3 0N e

Cov[Xi ki Xijri = VIXijri] < (p(n))® 20 pINND nIpnn e

Dapnn YN Yon

V[X] - : : COV[X17J7k7l7 Xi/vjl7k,1l/]
1<i<j<k<I<n
1<i/ <5/ <k/<l'<n

< (e (5)o-s0-a6wr+ (5) ("5 %) ("5 e

= O(n(p(n))° + n’(p(n))” + n°(p(n))"")

p(n) = w(n=2/3) orw yan 1on (E[X])? = Q(n8(p(n))'?) o»prnw 25 ©w) ,ANMNN NN DYDY 71D
W, (p(n)) ' = o(n??) w

ez = O ()~ + 0 (p(n) P+ 0 (p(n) ) = o1+ 07t +nTYE) = o(1)
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(large deviation inequalities) 19y7y NPYVO NN

0NN Ny
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DON YV NN2IN 919 DYIPVINN DY PI9N TUNRD N DIDVN DNDN 90N TPONNS NN XD .ONNDIN
901 M7

N200 ,(M"m~2) N2 DTNN DINY2 OPIPN DINYN m YNNIV DTV VDY NYYI DNPN NY’PHN2
D92PNN OOINYNN 190NV MNDDN DIY MXIND NN MINTI NYVLD NYON YPYIN .27 XN 0 P> 0915
2PN PNV ON TIT (2IW) NI INDINN 172 PONKINGOPN J9INI Y0P NI 570 1202 MY i 0
"D0IMMNN NN pYENan" 03 P XYY spng) e Ay n''n Yy Nt NIpna Syam Iwr
TIY XM, 010ND O IRY O1DDN NN X IWNRD (X SV mpnn 95 NN 5510 15w mpnn Mov Do)

MDD PPNV OR DY IMDYND NINNT

X =51 X my o {1, =1} 09y nx ey ovapnn n'a n'"n on X, ..., X, v o
2 2

Pr[X < —a] < e/ oy yan mwomwony 29 v Pr[X > a] < e /2™ ovpnn a > 0 955

N7 TPONXINAOPR 1OP NINY MIANDNN 5Y DON HAP) INID M~ I9IPENAI0 PP a DI NN

X 59 nwn :0O(y/m) 97132 PODY MIANDNN DY MIAPN 1V INY NINY DON NNY IWAN OX IV T8N
(y/m) TN ML W NYIap MHIANDNAY MNIND 1M 1PN ,Q(m) NN

1 <i<mm A >0 5% o»pnny 25 DY) PYNI DY DDNN NNON Ny
E[e’\Xi] = (e* + e *)/2 = cosh()\) < /2

DIDNY IV IRON L(NPYPNAY DIPRNNN MPIAN 2N IR "y Swnd ANOIND 1103 300 PNYn OK)
My X S5y nomInn Nx

m m
m . ) . 2
E[eAX] :E[eA i:le] :E[HeAXl] _ HE[@AXI] < emA/2
i=1 i=1
A > 09529 105 .oamynn NN MON NN NIYANNND NOMNN P00 YINKD IX NY9INN NNNN IUND
P YNV ON 29D DYPIN a > 07

2 _
Pr[X > a] = Pr[e’\X > e’\“] < E[e’\X}/eM < eNm/2-2a
o'y pnwYy M A2 XpnT nenan) vaTo Pr [X > a] < e—a%/2m 2ap) N A = - 902 ON V79D
A2m/2 — da Sv owrn vion

TN p; MIANoNa 1 — p; Ty 9apn X; 90w NNy N0 .AnTipn MYLn SY n55onY NnnT AN NNy
AE[X;] = 0 o»provw o0 {0,1} 0o9yn opna X; Yv DN 037y non) 1 — p; Mm1anona —p;
pi = 5 MY MxA nwp K9 Pr[X > a] < e 2/ ymen ox oopin X = 37 X; Mayw N
p; MIANoNa 1 ovapnn Y; n"a n'n May mNIND IR MPUND  NNTIPN MyvY NDpY v NIyow
5y mvonon o'y Pr[> 7Y, - ENT, Y] > a] < e~20%/™ gonn oPpRRY 1 — p; MIANDNA 07

JPAVAN DY VN )1PO2 IVRON VDY MIANvNN Non LX; = Y; — p; 0Onvnn

2 . . .
nre oom) /8"y mon M E[eM] = pier 1P 4 (1 - py)e i owy X Mmay oonn nnond
990N DY NADIA NNDINN NN NXIIPD DINHN DN ;DINYN NIV NI PPN DY DIDIVOPN NNoxsn "y
a > 07 A > 0909 o»pnny DTIP NYYIY NN NMTa yan Non (Alon, Spencer S

Pr[X > a] = Pr[e™X > &M < E[eM] /e < Nm/82a

2
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OIMIVY NINNPIT
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DNNY NP DMK DY OPIPN 0970 MY DY TINN DYD NHY 9N DY DONDI DN Td DVWY .05VIN
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.G172 n"a 932 G(n, i) 99 NV G0 G(n, %) 292 NV G ,(MNYPN MMNAP OV NN TINN)
.DMNND Npra n'a jeNa % MIANDNA NYP P 19N DNNY I 90 TINNIY MK NYp RO

T NY 0 0wy . mnwp | = [En] ma nwap Gima w1 — o(1) 1202w AN NYRIN 25va
N M MYNND TIPR 20T VYN DY PNNNNN DDNN HY NN IDDND VAN ,MNTI NPVD NPON
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DINNN DNNSN NNIAPA NYP PNN PTY 2DV D105 MNN MNYPD DX 1t INN N2

PO UV, ..., WUrT YN 0N DN MNYpN IR G172 W 1ORY DNINA TN IRY DN TP DNy
DXNNXN NN YID) .u;v; MNYPY DN 1NOY MNONN NN NNY N L,G172 N3 319X MmNy G Mnvpy
oopmn 1 — o(1) n220aw Wwon k= § — 1 IWND OMPIV \9IND) Uy, ..., U, U, ..., 072 DN
NP2 M MNYP PNV MNPPY 7D ,j OV D»IVIN DY £ minad onrp 1 < ¢ < k 555 :Nan 12T
AUND i MY VAN TIY NID 7Y NDDN NN DIDNI VAP 57 AR @ My 7o owh {ul, v, uj, v5}
;T MDD (MDD TYnn 92va N MyNND N8I DN) NNV NYP NN u, viTY MIYARIN DY)
P MY YINDD e+ 2 = % NI WO NN NN V) T wj, 070 TARD NINND MNSY 7NN
MNA PPV NPDN NN DIDNY 1% 1991 , 00NN j 209y Nay 5N mynnn 952 n'a N0 oMon § May
37y 22200 P ND TTA i MY 12N e 231256179 — o=0k) 51y ons j a3y k< L

ke ©Kk) — o(1) >"y MyMNN TIR 295 NPoNY 1) NNY XY 95 1 <4 < k7Y mpy mw n2om

My G2™Y onva vn NN 02PN o Gima M Mnvp 1w 03 1 — o(1) M20av 1R Ny Ty
9NN :DIPPNN DNINN 2IYW IWRD DIVIND NN NN NINND 170 T ANy AN .DINDN DNNSN
M MNYP SNY wv 7o My o j; N 1 < i < kY9 {ugvr, .., wurp MNVPn Napn
NN PN ¢ 935 VIV DYDY i 95 MAY NMIVAR k v 2D 5" ;70 IR N Y {ul, v, u,, vj, 12

Aug, vl ug, v 73 Mty MNYpn Cnva uj v, VPN

PT N p OX PIPrYyav N0 nynwny Rényity Erdos Yv N3902 nptn RN AT nwynd  :nayn
MYP MR 1 — o(1) M">va 725 NPV NN N DTN NS G(n,p) 2 PR 1 — o(1) ">vav NvINS
NV ARONN NPPon NN Bollobéds Y Random Graphs 9902 NP5 00nhn 020 .09vin Nt Hv

[ D2 D¥AP VOPO O WY N MO NPYVD NNXON DY DIV MIPINVON DY NINPA IR NNY
DTHMN 02 0»oNN Hamming 'pnana nMvpn nYys Y825 1918921 1 THIND NPINII IIND
N MYSNNI MNINNN "PR" 2"y TIONY 1) NPT N 0 OR d(z,y) = 2[{k|z(k) # y(k)} "y

mows ovY  .MOu»TNP %%m 1 1 = {i1,...,im} N3P N2 75 0vH .O(log(l)) T1ma MmN

I PNNR 9OV Jiq, ... Gy MOPTNP SY TPIAPN NITOA DY 1NTHNY D ,772 MNN IWONI MM
dr(zi, ;) = 2|{klz(ix) # y(ix)}| 5y onon nny nx {1,...,n} 7I0 0" 0M9)Y 19N 1IN2)

07 d(zj, ;) Mm1anona 1 Yapn o TR Yov n'a n'n 2log®) 5y yon NN dr(x;, x;) PHIN

nOY N"nn 0PYY NN NN |dr(x;, ) — d(zs, 25)] > € 113; N20n 25 .1 — d(z;, ;) MIInNvNa
535 pmMay mAanonaw won 2e 450 = o(1/(1)) »"y owon an 2Dy a3 oon noMD
NN N Ny ("Toonn nnnan" W) P Ldr(xg, x) — d(xg,xp)] < eopm 1 <d < j <
02NN MTPI "y 0NN DIANINI MTIPI NXIAP DY DXIPPN NIRY DD 191N DN P TNHY ONYI0
TN DINYNN 19002 € DY YI1IN PPD DY NN NADNI NAYD 2TRD DY PN XY NN INY D0V

(n"2 n"n 01O SV NMNYN DY DTIP NIYNN DN IND) DY NPND 27N MINY 2D v

0933909

Nan

NN DY NN DPYYN DY MmN DNX NN/ ,DIDN NN NN DY DY MAPn) Da»on
1 929 nprpny ,0mon nva &Y 5"1a X = X, Xq,... 07won n'"n Sv N0 NN (NPPonnnd ooion
Rt PN MNWNI HNNY TY DR PTHIND WaN NN NNl L"E[X1] X, ..., X5 = X" yonvn N
S0t aoin" APy N oNOn L1 MHanoNa 07pnn YPNIVNY DYNT N RO S ©oan n¥apn mspns
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NN PAND IVON YN NI ,0”ND MIANDN AN Sy NN HY NPJOD MITOA APy TPNMN) NONN
Pr [XO = ag,...,X; = ai] > 0 oMy ag,...,a; ©IIY OV NITO D35 NOVIVI NNNI M )PNVN
MY MITHN2 AMYP R D) N mpT Y E[X;1|Xo = ao,.... X; = a;] = a; 07pmn
5S¢ "M May pa 0TI MHANDNN 2ANINY NRY 9150 N'H DY OIDYN NATD DY DDIPVLIN
NIT0N OO May 1T MHIANDNN AN oM L X1, ..., X, D90 N7TO NN 2" T2 O8N L(NToN

ON ,ounY ."av8n 01" YND DIPVAN SN DNYNND M) PN A0IN ONIN MNAY TPINIVIN NP
2)PVIN NAY OO 2PV N X; = Z;Zl Y; 07NN i ,0ax nomn oy n"an'"n on Y, Y, ...
52 ,07PI PN IDIN NNV 21D N2 v PR Y = X — X DWI9NN nwnY NN N PR oD

noMnn Sv Mon R Pyn NN DYNT DRY

MY NNT IR DYNNN ovY ;i 939 E[X;] = E[Xp] 07pnn 5310m Mayw pspiTyNd mMNIND N
D»9D OO0 DN DMIIDDN D) DRIV DN DXVIAY DYHN DION I1P»Y DNAY D»NDN MIANDNN 22NN
MYV DYNNYN 0»550 MIANDN AN NIAY ;1PAPH MIANDNA DAPNND MDD DY MNP Dyn

(DWW ©M1ODY JMN "D1NaY" DIpNa ,MYMND AWNA NTHN NN

E[Xz] = Z aiPr [XO = ag, - - - 7Xz' = ai}

= Z Z aiPr[X; = a;| X0 = ao, ..., Xim1 = a;—1] -

aQ,-ai—1 a;
Pr[Xg=aq,...,X;_1=a;_1]>0 Prlz;=a;|Xg=aq,....X;_1=a;_1]>0

-Pr [XO = agp, - .- ,Xi,1 = ai,l]

= Z E[Xz’XO :ao,...,XZ'_l :a,-_l] ~PI‘[X0:a0,...,Xi_1 :ai_l]

A1,.5Q5—1
= Z CLZ',1P1“ [X[) = agp, ..., Xifl = ai,l] = E[lel] == E[XO]
aly...,a5—1

MI2ANDNN NNONA NYHRNYA 2"NAN .INOYN NOMNN NNDNA NYHNNYHN NNYNIN NMYD :N9ynd 9200
L@;—172 YNONY 2T PN A0IN NN O"NNY L X DY mnmnn noMnn NN NN L, X = a;7Y mamnn

NOVN PPNYN 7 INNRD 2VNNN (TOHN IN) PO DD NN X; NN T :D93P0INY INYNRI DNNT
DT N2 N9 10N {1, —1}0 7 ©53pnn NN Y1, Yo, ... v 0509 1982 NN yaon
4>09% X;=3"_ Yj 7203800 010N NN

Sy 41 NI PO D120 AWK TY PRYD TYnn' :NAN NDOIVORN DY 000D IIOY M) MY NNNTD
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MNNN OX 1991 ,2300m XN X' 0w NN NS 25 owd NN X, = X e X = X =1
955 E[X /| = E[X{] = 0 0»pnn 18D 03 20,0195 10 INNN APR 1D 71I0I0OND I’ N 0t Hanm 5'in
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yIp (995m N8P) Azuma PN R (1 MIanon) 0 < i <m 939 | X; — X; 1| < o) (1 mManona)
Pr[X, > AM] < e /2 ponn orpnn A > 0 95w

1Dy 00N R E[Z] = 0 M2y Z n"n 555w 1R TIURT M2 MNTI NP0 NnYoND NmiT NN
o7pn |z| < B 1My z 1900 935w 25 w o owy E[e?] < eP*/2 orprn B > 0 "y vINIIN
DONYD) [—3, B] DINNA DY 1991 ,N0P MEPNS NN 7w Non NNt .e? < cosh(B) + 247! sinh(B)

TN TPSPNON 2DIYD NhNN

f(2) = cosh(B) + 2B~ ! sinh(3)

:Z »pnn mnwnn May yan nam (3, %) (=4, e7?) mmipain 717 12wn wn Ik nIrnnn

E[¢?] < E[cosh(8) + ZB8~ ' sinh(8)] = cosh(f) < /2

oPpIn MY oM Y = X; — X v 0 < i < m 99 a0 = Ay /Yt o pT nny
m DY PNPYTING 9P ) won |V < a; v E[Y;| X0, ..., Xio1] =0

E[eaXm] _ E[anmeaXm_1] < ea2a3n/2E[eaXm_1] <. < ea2 ;7;10%2/2 _ 6)\2/2

2.2
NN D) MPPIN Yy, MNoNY 191 0wnnwn e @n/2E[e@Xm-1]-5 E[e?¥YmeaXm-1]- q2ynn 2y
2 2
E[e®Y™ | X0 =ag, ..., Xm-1 = am_1] < e /2 X"t Xo,..., X;n_1 99 TPIWOR D27y N 9 Oy
07PN f DOUIN 8PN DOY 05

B[ f(Xo, ., Xm1)] = Y (E[eay’”!Xo = a0, .-, Xm-1 = am-1]

ag;,.-,am—1

'f((lo, ce ,am,l)Pr[Xo = agp, ..., Xm,1 = am1]>

< e on/? Z flao,...,am—1)Pr[Xo = ao,..., Xpm—1 = am_1]

ag,.-,am—1

6a2ag"/2E[f(X0, e ,Xm_l)]

P PNV XD 990 DWHNNYN N9THIN PVLDN DN DY NNDINN DYDY
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m 2 2 2 2 —_)\2
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DINNN NPIPNS DY NP NN S NNAPN .DPMIANDN DMAN DV S NNAP Yyn 1 MIANTN NI e
Syn RN NMIYaNNN NN G(n l) aNIMN ,NNNTD (0PND P DR DY NOSN) R mod> D
mym {0,137,V = {1,...,n} 7 mamn n¥ap 2n (4) wno ,C: (4) — {0, 1} nrspnon
LSPAVAND NPNPNON YD NN NOMD NAONa XY S nxiapn L"nvp" "Tnwptnd" nmAavann NN
DPIPN TPNVINIS DY NDVN DIPVIN PTIND HYND VAN

YOOVN 1230 NN NX 2" TaY 0PN MINYH  MINN DN IN) f .S = R mownn moxpns e
90 Sv nyasn 19001 G(n, %) MY YHNYND VAN ,NNNTY .NnYON

SV NOWNN IOIN NN MY 1IN WK ) = Dy € Dy C --- C Dy, = D 07”P5n DOINN N0 e
D; = (15%) "omnsn nown nx o m ,G(n, p) My DMY? NN ,MNTD 5PN
TY M Npnam =n") Dy = Dy = ) vI92 (DNYNIN DNNIN ¢ TINN INRN 9D NHAP)
oW (dy,...,dy) FTO DPTIN INIYY IDNTIDNR NPYN NN ,D9D P KD Y19 NVYN 19N
9N YV NIPNA VRN NYN) 1 < i <m = |D| 935 D; = {dy,...,d;} oynp N D N
"mnvpn nown" 0y NI

YNON OMNX VTN . MIANDNN AN Sy X, ..., X D2IP0 OINYN 1T DOV 0NN A
mno X;(C) nx »1 u(C) > 0 orppw C € S 95 May 1S ©oan NP Syn NPwnn NP8pNas
DI1N PN 4289 1N C WK L F(C) Sw mmnn nomnn ot Ec, [£(C)|Clp, = Clp,] -5 mv
%3 ,C-2 MmN 89 Xo(C) = Ecu,[f(C)] 07pmm v1929 25 ©wsy .D; Syn C-5 i C-w ynn by
n"o MY X, v 8", X, (C) = f£(C) 07pnn Tnn 13 1md . Pun 09pnn Dy = 0 Syn 1mvn ymnn
5S¢ DRYSIN NN MY DM 1373 .C = C Sy N Innn oxya WOw on L, f oMy ATmn

Azuma vavn MysnNa X7 X, 12 91T wIonY MHAN0NN NOYON DR AYANN N9YNN DI»VIN

MIPNRN GNVN DY NYIANN D900 TPNPNS NAY DNNXN NYN DIPVI DY POIPHPN NNNTI Y37 INN)
ann) x(G) Sv mmnn nomnn N X;(G) Ty 7o awinnn n'on xn X, o .G(n,p)
Am XN 3 X X wpwno nm M Svoma (G{1, ..., i}] nwmn 90 Sy (G(n,p) MIanonn
My (X1, X2, X3) 299y Yy NNONN NMIOANNN DX AVNI ,NITHNN Mynwvn DR Pand nm Sy X Y
(G 9N My NMIVOR 8 W) PYw 1wN :G(S,%) oV NYasn 190N SV DNNSN NOYN D»0IN
DHMNN MOMNN DX IO NN PYw wn |, Xo 2wn NP X = EGNG(&%)[X(G)] =20y

nwownY 51p) N0 B g 1 [X(G) {1, 2} §Z E(G)] = 11 BoogeyX(G){1, 2} € B(G)] = §

Syn MNVYPN 90N 9N NN D"J"\)D\’) mMpnn) & munon: (2,7,1) oown nx apn (X7, Xo, X3)

(n\vv AYN {1,2} 1Mayw PITRY 9 DYy MIpnn) § mranona (2, 1,2) oown nx ({1, 2,3}

= munow: (2, 2, 3) AN L({1, 2} nUpn DR 990V RONTRD 47 DXDINYD) g mianona (2, Z, 2) NN

(NN 9N)
DIPN2 PHNY IR 9223 DNIN .NININ MNDINN IR VYA 1D 1TWY MATIN 19010 T, TV 1D
2N MAanon oya C 0 D — R 00)an pa non S-v non L (0TTa mMNad IX) oo N0 S av
0 <4 <m 935 (NPIVARN NPEPNON 95 NXR 90NY Na»n KO S M) 4(C) > 0 oMy o»pnny N'"t
DNINN YyINnN oy amx ann {C € S Clp, = C]D } N¥apnTnn nx S, &7 mw C e 8 9
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NN ONDND MDD MIDONIN X 1 5 ¢ S 5 — [0,1]72 oy 5 md "Clp, = Clp,"
oPpnn NIHNY 0ol viwa .C € S, 5 935 1, 5(C) = wu(C)/u(S; z) m»pnn wspnan
C €590 Xi(C) = Eculf(C)S; 5] = Ecwi’é[f((])]

mMIaNoN »anm MY L Xp, ..., Xy N'HN NITO NAY OPPRAN NI IOIN ONIN ORY NI NNY
0P C € 5§ Y5 Mayw 25 W) ,IPYNRI .INY 0790 ©aNInD DX NNDY NIYOLNY MO D 1A

Boal Ol = 3 %0 o= 3 (3 70 nicl@ iy o)

CGS,LC CES 1,6 CeSic
5 f<6>( )3 m,c@)-u“,@(c))
Ces,_, & Ces, e

DINTN MIY) RN DD MMNN NOMNN SV NITHNN NIAYN NN PYRIN JPIVA M 071200
(C™1 C oanwnn o nx 1aonn) X;(C) = Ez., [f(C )]SZ ]2 nwnnwn cwn ypnva (o072
DMNY 20 1Y .00 I1TO DY M»Y NIN SWOWN wn\vm DIDDD NOMNN SV NITHINN NN NIAKN 2N
DIIPHRY NN 53 WN MONID .D7IPNN NIV NPION DY DIDITIND NN NN nrpn C, ? o

'C|Di,c = C’Di,c o»n C’DFLC =Clp =Clp

i—1,c i—1,c

19 ,Clp, = Clp, oorpnw C,C,C 5y pA Syam 20 o (C) - C) "van Sy Yway 5N0)

) z‘—1,6(
22PN NN WX My (D; 1 € D=2 wo wwnnwn) Clp,_, = Clp,_, = Clp,_, Y2 W) ,S;ic =S, ~

N DAPY pNPNN MIIPAd NtNa

Bl Xi(O)NS_ 0l = D F(O) -, 1@@( 2. “%5(0)>

Ces,_, & Cesi e
Z f(C) ’ :Uz;l’@(c) = Xi—l(c)
6651’—1,6
MY Ec,[Xi(C)| Xo(C) = ap, ..., Xi—1(C) = aj—1]7¥ 29 ©W) NI2tN 901N IN 7N NN mn Dy

’ZC:XO(C)zao,...,Xi,1(C)zai L ECN#[ ( )|S ]Pr”[C|X0(C') = agp,- .- ,Xz;l(C) = ai,l] n)inlvp)
M”MNANONN D10 XY ,Xi_l(C) = ;179 TV P THN NSYND PRIV DN 29D NONINN NV 1Y
1751 v e aanmn

NPEPNAN Y2 AR 12O SV N1 N9YN DIV Ny | X; — X1 nmond nbaipn nvw IR NNy
oo7ya "2 9xa N C(d) 7wn d € D 555w wo o C 9y p moannm ,R-5 D-n npavann
C1,Co 995v Dy 3y 1D ndann N0 G(n, p) *"y DITHIMNN 0973 Yy Nvannn ownd .C' Sv DINRD

Jf(C1) = f(C2)| € a; ©pn D; \ D;—1 NAPN~NN TINA P 0Py 0OTIN
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O»P> ,NOYND ©2INON DINXIND DR DNYPN [ IPNPNM 1 MIADONNN IYND ,NDVYNN DIPVINY NNY NN
PY) .T292 ©TTI MIANDN XN NAY INNN NN AN N 03 .1 manon | X; — X, 4| < o4
L2309 MOUN»NNA O -9 MON»NNA D)) YYD ONIN O RID) ap = « -+ = Qqpy, = 1 DY NIPNNY

.DONNNN NOYNY DNYA 4T DY NIANN TPNPNS MY VI DPPNN YYD MNINY MK IYP NO

SN ¥ WTN MIANDN AN P 12 0wd | X;(C) — X;_1(C)] < a; oopmn C € S 925w 15 DR AN
Ci(d) = C(d) »95 C; MX T x5 oxnna C R 9 onyap ows .C1, Cy € S an Yv man
d € D; ox Co(d) = 5‘(d) 95 Cy IR 1T MMT Y9N d € D;—1 or C1(d) = C(d)" ,d € D;—1 DN

d & D; or Cy(d) = C(d)"

NNIPI) OP MIDNVY 1, & MHMND DN29NND Nt C1 DnoaNN 4N NYITY MONNTN NNON HH)H2

-1,C

E[f(C1)] = Ecnp, | [f(O)] = Xi—1(C) 195 .(n2wnn 51009 5 NIt 10N 11N NN

MR Yy P YTNY DN DnTN 285 Cym1 Cp 2w Ten B, [f(C2)] = X3(C) Yapy nmT pus natya
92y NOMNN NYIRYYN 1P [\ D; \ Dy

|Xi(C) = Xie1(O)] = [E[F(C)] = B [f(Co)]| = [Eu[F(C1) = F(C)]| S B[ F(C1) = f(Ca)l] < i

MYV 72 ,p7r 1 935 O, OVPP NN DXNNNN NOYN 231V IWPna Shamir, Spencer S¥ TN MIPON
19 Cpp MX 10 VWS ANAY . Pr[|x(G) — Gyl > An] < 27272 ooprn G = G(n,p)
G(n, 3) My NN Bollobas ;n5mnn »nn nImx Ny NN now . (G) nyasn 9on nomn

(14 o(1))n/2logyn TN LYND NIN NYIANN V190NV

mMavin DVINY MNRNDNT

g:{l,....,n} = {1,...,n} AP KPR NN N XD NYN DIPVINT YIPWI NINKR TPTHND NNNT
NNHNNA DRI DPNRY DIDNRN 95 N¥ap A = {k|V;g(i) # k} 5T DR DIONY DY) 70N 1INV
nomnn PN Prlk € A] = (1 — 1) ooprn & 935 .({0,1} N9 N0 g Hw nmon o 25 ) g

wnnwno oy nny LE[|A]] - 2| < 1w (R"YTN N8P 0y) PonY \m Tom n(l — )7 wn 4] Sv
935 Pr[||A] — 2] > A/n + 1] < 2772 ax ponb 15 D = {1,...,i} May nownn Svvna
gl{1,...ip DINNI DRYDI DPNY DIDRN NP 5T NN INDD IR X; TN 92T 080 2wn A > 0
DYNY DIDND NXIAP 5T NOMN DN IRNND NN .(OIP0IN DI PN RO IHON O2D9Y) NyaPI ®Y INND

YAPI 735 glgg,. 51TV KD 191D g NINNI DN

(1 — o(1) MManona K'Y PN YOV 15 u(n) OPP ,a > 2 WK G(n,n~%) MYV NNy NN

Alon, S 1991-2 tuczak Sv onTiaya »y (Mpn ) T Mrnn u < x(G) < u + 3 oPpnn
u < x(G) < u+ 31y u(n,e) 07p e > 0 9350 NN NNT NS N Dy 19971 Krivelevich
DT O n 9I0 1 — e mNad MHanovna

NN MYA¥"3 30 G2 cy/n OTHN MXNAPN YOV (TN VYND) NS OYPNN NP ¢ YD NNWYRD Y
NXAPN v € T 950w o D NP T HoOonm Ny aN~3 NYRY DNNY NXIAP YV 00»nn DTN ¢ o
:3 MINAY NN NIVIND 9N NN OV (DNNSN 93 P2) 10O0»NN NYITIY Ton yan ,nyas-3 o0 7'\ {v}
APY .NPNDA IOV WM ROV yaXD v NN MY X ooyax 372 T\ {v} DX YI1aND IwaN N NINN
2901 YOP t DY B NP DPPY NN .%t mNad XN T 92X P2 MNYPN 190N |, 1Y rNn MATH

'y (DMNNN DWIAP c™) ¢ TYND) DIDN

X n (5) —3at/2 ci/:ﬁ(m)t(tefit/? —3at/2 ci/:ﬁ( 1—37&t%)t < Ci/:ﬁ( %_%)t
2. ; %t n < 2 P 3 n = 2 cin s 2 Ccan
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Sy DIDD MYYY D3I NV 20 MV .o(1) XN DIDDN ,7PYOY NN D730 DPINDA 1 NPINY NI
MYAN~3 RO MKIAPY P PO TN ONINY 9952 ,c/n DTN MNP DY P KDY DPIWAND DOTIN 9
Ba)briatitial

5y oonom Pr(x(G) < u| > e 1May »owynn 05wn NYRY u NN DPTIN 0aWNN NNMND NNy
X G\ Sv 70 S n¥ap v o5rnn STo nITmN Y (G) m8pnon May Dnnsn navn 9yoan
Y (G) mspnonw 19 owy) nnomn vawn 299 e /2 = %e Ay A anan p = E[Y] ypoy wastu
Y5 Pr [Y <n-—X/n- 1] <e N2 = %e OPPNN L(OXNNNN NOYND DN YWY MNIN NN NN»PN

7N < Avn —1n75n1 0»pmn (%e-n 9T MHaNoNa 07PN Y = 07v 15 u NNan)

nwasty v mNeY 1 — fe 1»0a o9 PrY > 2A0/n— 1] < Pr[Y > n+ Avn — 1] < e v T80
n=o) MmNad 1— %e N2°D2 , NNTIPN NNSN 29D (DRNN ¢ NAY) DNINN ¢y/n7ND INY RHY VI NN KI5
VDIV NYDIP NNON D) D201 DYIAN 37N ANV XD OINMNIN DINNNN NP NN WNAND IWAN (DT 91T
nad 1 — %e M12NoN2 0PN X(G) < u + 37w IO (M DTN DNNY NP D30 NNT MVYD

NN NNSWND ,mnad 1 — %e MI1anENa u < x(G) DPPNNY NNPVIAN © NPNAY NI NDIAD

MOPION NN

M990 MY NNYH

nNNa MYL NN (1975-n Lovasz™y Erdos Yv amnNma nnwnao nyain) Lovasz Sv momdn nndn
MYNND DY NITO T W OX PYIN .0NOYIMPN VDY NIY TAPHNI NNDIM NNDNY MIANDNN
TAN X (JOP 2D ON) 22PN NPDIY NI N ,MIPY TANND JOP NP0 0NN THR 905v 75 (POILNY) n"a
DNOVIN MONTN PR AYRD 0) M PN IR 20500 NAYOND Y9N NNON NP KD MYNINDNIN
WY N, DINND MYNNNDIN VYN NN DNN THN DIV ,PA0N DT MYNND DY NP W ON ,JND

P RY 0NN TAR N 12PN MHAN0N2

71252 NN NPN R NV MINKRD MWD 270 TNV TI 917 PR MIANDNN DY NNNN DOUNN NN DY
T2VPIIVONP 12 P NN DNAY OOV INRYD .(NPMIIANDN RI 1229N) YOMIVIN J9INI NPDVIVONP
DOV NN AR RO .ONIN2 YNV NP YOO a2 X8 Moser nnInrd 019 npnd Beck Yv
PANND LIPNPITYINI DN NI NP2 1PHDON NDN NN NDIY IPYNT — MDVPIIVONP-NIN NPNPNN
NIPNN DR MDINNN MNANT 03 PY 2D OR) 272 DYNPNYN 12V VDN YOI NIPKRN DN NI
DAY DMIPNNN PIN YYD TN TIND IWN 110190 Nnon S "o»»a non" o) an Snana .(0Y5oNn

JPA0N NN NIVDN NONN

TN Y MON 92 DIPNI MPYID YNRNYI ,I90N DY N NNV VYN NP0 YNRNYI Nndn MO Nay
DMON NOINY MNYPH MNYPN NNIAPY ORNN NOY NMONN NDPYID DN IYYNI) IMONN NN 8D
MY DMON NPV MYNIND OV By, ..., B, DT 1)95% 1) .(190N DY 11102 NMDNN T OV
B; ymwnon i 999 {1,...,m} \ {i} Sv n¥ap nn o0 D; 959 15 Dy,..., Dy, DATOD NN R NITO
WNR B;mv 2o nmdnw 25 oowo awn B[ € D; U {i}} mymnnn 0"y nasnn n72)0K3 10N N
VP RO .50 NXIAPA MYNINDD DY MANK NPINDIA NPNPIMPI DDINNN YAPNNN YIND G2 1N
DXINN MYAVN Y NSVNAY NIPHNN HYNY DTN DPN DIAMNN NPYIN PN 0NAY DAIAPH NNad
8N B3 W yaonn May Nt yINg 18N By L yy!" NS NUNID ya0nnY yIIRnD I sn By n'a
N MINIAP NN WDV DY v DD Nt NOPNa N 1 DY MINXIN 192D MYa0VNN DYV YINDD NN

2" MHANDNN 2NN NAY NYAP NN MDINND M

D1,..., Dy 09N v no»p By, ..., By, "ooya"n myminnn May o nvovon meomidn nnon
07PN Pr[B;] < @ [[ep, (1 —25) 07pnn i 55510 < 2; < 1 0713y 21, ..., Ty, DPYDD DIOOM

Pr[ A =B > T2, (1 —2;) > 0 n1dna
505w DN LIPYRT LIIMNN MIANONN NNONA (PDONMDY) HOWIN ViV Sy NODINN NN NN
nyan ANonn dn at wy nyon  Pr[Bi| \;cg—Bj] < i ovpni ¢ S 99 S C {1,...,m}
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:NANDNN NNDN DY MINN MOYIN MYNNINI

Pr[ A\ ~Bi| =Pr[=Bi| \ ~Bi] ‘Pr[ \-Bi] > (1 —z)Pr[ A\ -B] = --- = [[(1 - z)
=1 =2 1=2 =2 1=1

9N NINN MPY Ny Myon S| = 0 My .[S| Dy WEPITIR MYSNHNI YD TIHYO DR NP1 INY
NN ,MN2 N s — 1 5700 ANap 55 May oy w myo ox ,ny Pr(B;] < z; [[;cp. (1 —zj) < z;
DYaAPN ANYN 90 NN So721 ,D;"2 ORY¥IN S DN NN ST DY s DTN S Nap 9o May NN

(Nies, 7Bi 9y Mnna) MMNN MHIINONN NNON 95

Pr[Bi A N\jes, ~Bjl Nies, ~Bil
PY[/\jesl ~Bj| Nies, Bl

Pr[Bi| A\ -Bj] =

jes
:D”PN NNNN /\l652 —B;~a B; Yv monn N apy
Pr[BiA \ =Bjl \ B/ <Pr[Bi| \ ~B)] =Pr[B] <a; [[ (1)
JEST €S> leSsy JjED;

TN ,DINN . MOPA NNoM Myom 1 X0 monn X r = 0 o8 .S = {Jj1,..., -} YIDI ,MONS TWNI
:092PN (MIIANDNN NNDNA THN YVIN'Y) FPNPITYND NNIN Sy MONNON

T T T
Pr[ A\ =Bl A\ Bl =[[Pr[-Bj,| A\ -Bin A\ -B] =][(0-=)> [[(1—-2))
JEST eSSy q=1 t=q+1 €Sy t=1 je€D;
WPIANN NOAPY DMONN NN DN DYDY
. 1— a2
Pr[B;| \ -B;] < IM .

(2
jes [Liep,(1 — )

DIV NNYN DY 90120 NIPND

DIIND NOYANY DLV MIPON NINY YYD NNON DY VDN YOI9N NIPNI DWVRNYY Y95 7172
d=9 V79 DINKRN D1 0"y NINNN NIONA D" NN OO TAN DOV O MY INND By, ..., By OR D
YIND R 22PN N N Lep(d+ 1) < 1 orpnnimayw p < 10"y 01N yNg 95 0»PY N0 0NN

VIDY TIN 10900 NYOMION Nndn MY x; = Wll NHYPY 'Y NN D Y9N NAPNRN NNDN LOYPNN NO

v eV < 1L o <1 oty suns mx vy wen) et < (1 - )4 ymen xa
:TPH9ON NNON MNIN NN ONTIM N .d "y ©ION 5T DY AN DOV NIRNNND IMONN

) <a [T —ay)

JED;

1 1 1
Pr[Bj]=p< ——e! 1—

Sy 99N DONN N ,MMYNN Oy DIV WVIT N VAN p < % TAN TSN DN :0”NP DMIPN YA NNY 100
NN TN NN POPION NNdN .Pr[ Nty ﬁBi} > 1 —pm >0 My 2rn N0 11> MYNND TINN
Ton yan i ,N"3 0N MYNRNDD YOY Q0N T AN p < 17 P T v T8N ONX .p < % My pan
MY ANT TN AN IND DNDRNY 93 OpdN Mndn M npna Pr[ AL, B = (1 —-p)™ >0
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DTPNA NIN DNOYNY PANM NORN DPNPPN DIPNN MDY P NwHa NI Indn Yv ponn .p < e !
(9973 d a2y N 091D TN IWAN X 1ORY) e~ Yv qonn

AT 5y2 G 9 MNAYY DN NONHDHN DNNT DYAN MNT DMV OO NSO v opn Nana
TIND DOV PLDIPHIVT ANDN D NINVN NINTN) DYIAX [e(2d — 1)]-2 NYax NP d WHYOPN
ATPOP15N0 NS YWD NI NYNNRN I DAN ,DoyaN d + 172 G G Nay Nyas v RN

955 n"2 MNPV PN ,Yax k = [e(2d — 1)]-2 Ny aN d mOopn NxIT DY 900 9 ,NNOND
Pr[Bu] = % DPPNN TPVMINMN NYINI N NYPY YNNRNDD By, YIRDN NN DT wv NYP 90 NmiN
My N5 WaRY WO { By [{u, v} N {0} = 0} "y nasnn nhadxa non R By, ,qona
SY NPNOVN NNWA NWYND NN O 2d — 2 Dy NJY IPN MNAPN DTHIV T NMON NNW MYNINNDD
ND 2PN N3P0IY INOMD) ,e%(zd —1) <1 orpmv orRTM NN D105 (G YV line graph-n »nny

JPPIN NYAstk 900 onns May v 100 0"n mymNenn TRN QR 0”Pnn

WIANT2 NI GNIPN JONDI0 KD INNIN 9D NIAY I ININND DINNTY TIRD T VY
a2y NP-Hard »on % n)5n ,2)K) Dyasn »Hwn onns 9on nvp Y5 navy Dyas 271 Nyas v oN
T2 ,MANK MNYP k7N 9N NOMN DPNR NYP OGN 128 p0NNTr 93990 19 1av 1y L(r > 2 95
MNP 19N MY 939 YAy VN WAN~2 NN NN 1 aMen ek + 1) < 2771 ovpnny
DYPNN .N9INNY NIANN DNN TPVMIOMN NN N NYPY By, yINND DR ©amd A nvp 959 n'"n
N9 IWRY OPOPN MNP STH DY NMON NIWI 19N MyINnd novp 9 [ Pr[By] = 2177 mpaa
99N ,r > 9 MAYY TON yan VI .VYPIANN NOAPO NPOPIDN NNON DX DPYaND YV RO Lk DY
PO 1P DAN 7 = 37D NI WNR MY O3 T 0PN = 279 PO PN NN) WANT2 NI 2IONITT NN

0O NNDIN NWIT KD 12D D9VIPNN NAY BN IRNMND .(r = 8D 12>

(correlation inequalities) N85

NYSPNN NYIAIR VYN NINM NN

qon G" yannpn Fy "yast4 xn G yawnn B oo .G(n,%) annn 9"y PN G WPTAY MY
D o e " mywnn awe R Pr[E A F| > Pr[E]Pr[F] orpnov oosn w0 L"ovnen
Kleitman 5¢ vawn nnnm 1t PRIVPR DY 910NN MDD L"Mnvp > Ny PR"Y 75 ovp onnv
Ahlswede, Daykin Sv n555 Tz nrsnn Fortuin, Kasteleyn, Ginibre Sw 19950 191 ) MmN 9203 1N
NYIIN VAYN DINNP ,INY PV ,1HOO5N IRNIND (1985 NwNI NN Kleitman 5v vavnn noon)

JYXPNON

(7902 DINPDNN VYN DNV NI VPV DNINDDN) TINPD N DWINT THOIN INXIND NI DYH
NN NPPND YY HONON LS HY Mxapn NN NNavn NN P(S)72 1o LS maIn N¥ap 12395v m)
N P(S) v 75,V onnsn nap Sv nann 95 nap mnn S noynd monTa e P(S) —» RT
INSWN 935 ,NNY LPMNYP NXIAP 295 4TI 9 95 AWRD V Yyn D»IWaNN D9NN YD N¥AP DNya
P :P(S) = RT mospnan nx 03 MDY 12 ,5(A) = Y 4c 4 @(A) woy S 5w p'n dv A C P(S)
{70 TNPHN PO PR 19D1) P NIAY O) ¢ NP0 YNRNYND VAN 21251 PN DNAY DIPHNa MmN 0ovd

B(0) =3 4cpp(A4) = 0 md p(0) = B({0})-2 2N 91252 1om0 12w PN DPNN

(Mnn nao 89 AUB ={AUBJA € A, B € B} nr N3 w2y 7080 ™) A, B C P(S) My
NN MW NN ONN D937 TINN TINN 2101 ownnwn 1ava) ANB ={ANB|A € A, B € B} n\
Pano M Yy (B2 oxn A2 0y myamn mMMapn N¥ap NR o AN B Svnd »pnn 0321m5 YN
oxY Nrpn A-v X't My nrnvmm 10 A, B ORY nnnTY 29 10w 10N DD DY Mynvnn NN
wWwC e ANBor , 7NN T80 c(AUB = ANB ovpm N (BYmTmn A/ c Ao wwACAVAc A
Ac A mAnmomminC=AUBec AUBox v 180 .C =CUC € AU B o»pnny "XTa

CeANByp, ,C e B oyw onom 109 nmy1ay ,C € A yan
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MY 935 9PN «, B,7,6 @ P(S) — RT nvepnan nyaax 7ay ox 29950 0ownn DX ND) Ny
mM¥1AP S MNavn nv 935 orpnn N ,a(A)B(B) < y(AU B)S(AN B)vw A, B € P(S) m¥ap

MNYI Sy NPYPNY Nt VaVN 2HonY 03 1) N a(A)B(B) < F(AUB)I(AMB)-v A, B C P(S)
AN 7Y DI KO 09N, P(S) Syn nvepng P’ nvHod (distributive lattices) 1929

NYNPNN NYIAINR VYN NNIN

WR AN OX A =B=AUB=ANB =P(S5) »> nind 1waxr nrvoon nHan av 19 v YN
:MINAN NPSPNON NN DT IN T

V(0= {0 G54 o) - {0 Eoi
o - {70 6% so-{"0 e

YND NPEPNON 03 IN NPEPNAN NYIIN VIV SNIN NN PP NPNPHRN NPIPNON DXY NONND NYP N
1Y DPPNNY 12 MNP

o/ (P(S)) = a(A), B (P(S)) = B(B), v'(P(S)) =7(AUB), ¥(P(S)) = d(AN B)

MYvY NOPY DY NNV ,ININ NNON NN NN TPYNRI L|S| DY MI8PITINI NNY VYN VavnNn NN
PN g, a1, Bo, B1, 70,71, 00, 01 DPPHYTIRD DI0NN NIAY ON S| = 1 MIpnn NIy vLIvHN

apBo < Y000, apB1 < Y100, a1Bo < Y160, 1B < 1161

(a0 +a1)(Bo + B1) < (v +71)(d0 + 1) 7PN N

N0 MIYY IR RTND 99 N §p = 0 WX 1 = 0 ONX DYV PEPNN I, TPI0INON N INDN DN
NSWNT 1991 (61 > A2y g > 400 50y (5 4 91) (G0 + 61) > (U422 + 1) (50 + L) £rpIn NINN
N2y ;(ap+a1)(Bo+51)71100 < (oBo+7190) (Y100 + @1 /51) DPPRNY NIND AN NNSN DY NNOINN
0 < 71607100 + aoBoa1 1 — apB1y1do — a1Bov100 = (7100 — of1) (1100 — @180) 72 NPV Mt DIAN
JINNNND MY XTND 2 1% ININKD YLD NN

s € S R N2 NIRRT N0 Mayom JP(S) = {0} wx |S| = 0 ox :vawnn Nx non ny
P(A) = p(A)+o(AU{s}) 295 @' : P(S") = RT nx v ¢ 935 .5 = S\ {s} nx »Tn ,om»v
o»pPIN @ 9O

PPEN = A= > e+ Y eAu{sh)=5(P())

ACS' ACS\{s} ACS\{s}

MPon NN o 115 o/ (P(S7)B/(P(S)) < o/(P(S)d(P(S")) o»prnnw nny nons aon 199
o»prn A, B € P(S’) 995% xIv NINA SPITYRD DNINA Wanvno 1m 75 0vo LS May vavnn
DPTIN IWURD ,INTIPN NNONN NYan 1w ININK Myv .o’ (4)5'(B) <+ (AU B)y (AN B)

ap = a(A) Bo = B(B) Y =v(AUB) do =6(ANB)
ar =a(AU{s}) Bi1=pB(BU{s}) m=7(AUBU{s}) & =3(ANB)U{s})
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D291 MYNNN M2y D

SY (NYYND NATINN DX IR MY NPNOMN MNowN 0 A, B ONX 30075 H¥ ININN IR NNy N
(C" e Cw O C C e orvbdund X" S 5w p"n Sv M7 neavmmn mnavn 10 C, D7 ,S Sv p'n
non 2811ANC| < Al-[C|] 28lcnD| > [C]- D] 218 ANB| > |A| - |B] ox M2y oorpnn

noapy ,a = = =49 =1 My ,NrIPNan NYAIN VOVYNI DVHNYN ,NNYNIN MIYLN NaY

|A|IB| = a(A)B(B) < F(AUB)S(ANB) = [AUB||ANB| = |[ANB||ANB| < 2151| AN B|

C = P(S)\ Cr A May MwrIN Myva wnnw) (DSWNY NP KO MIvn NK) MWwHYR myon May
noaph

LAl —c)) = |Al[e] < 2% anC] = 21(14] — |Aanc))

.IN2INN NN DOYN DN NIAYN TUNRD

DM YR 09 YV P, Q My Neavmn mndon Nayn G(n, %) MAYY OVUND NNY MINID NYP KD

n¥ap nrnd A nx v 100"y Pr[P A Q] > Pr[P|Pr[Q] o»pnn ,0rrNND MyMNND 0y JMN
SY NuRN N¥ap XN S IND .Q NN DDYPRN NN NXAP Nvnd B NNy P NN Dnrpnn D900
™MIANDNM ,0NYY MNYPN MNP Mxnnn S Sv p'n oy omm o0 {1,...,n}n DN

2181 = 2(2)'5 POINN NNONN NN DNYPNN DXNNY 1 DY D9DN I9DN NN NHNMODN NINON DYPO

Fortuin, Kasteley, Ginibre 5v vawvnn nx no , 0 nX) G(n, p) NN8N 07PN 029739 99509 N Yy
o»pn A, B 935 DR 7T Imo-nd XN p: P(S) — RT mspna (FKG vavwn M¥pa NApn)
M DI IWURD DMON N NYAPS NN NN wd xpnad T u(A)u(B) < u(AU B)u(A N B)
INOOY MNYPN NP DY 993 YD DN AWND) p MIANDNA N2 19N YR NPNY N u, v DNNN

PNV NMAY 0PI 9N I TIn-I0-N9 o0 u(E) = plEl(1 - p)(@*‘E| NYYNNNN PPN
W(E)u(F) :p\E|+\F\(1_p)2(’;)—|E\—|F| _ p|EuF\+|EmF|(1_p)2(g)—|EUF|—\EmF\ = u(EUF)u(ENF)

JPANTINND PPN DY NNV T

N9 NPNOMN NPIPNS MY 999 1 P(S) — RT moimin-amo-no mxpns 955w yaip FKG vawvn
oopmn f,g: P(S) — Rt m7w

DA FA) || DD mAgA) | < [ DD mAf(A)g(A) | | D nA)

ACS ACS ACS ACS

9N OV NPNOMN MNOND NPIANRN NPXPNAN 0 £, g TWURD NN IPPIYD NVN NNXR DI NNT
0D O WIN .G (n,p) MNAY DIRNNN MYNNNDN YW P avn 8NP yan FKG vovnn X
W(G) *90pnn P90 ST X (G) NYIAsN 99010 1D 9NN Y DNVINN DVINIMPN IDUN NPXPNNI
FKG vavn nnon E[w(G)] - E[x(G)] < E[w(G) - x(G)] :mexnmn momnn Sy v Ox 521p9
(A) = p(A)f(A) 2wno oyan A = B = P(S) oyn 1ND WP NPR NPYPNSN NYIIN 0IvNI0
NPKPNSN NYAIR VOWNY XINN NN O(A) = u(A) v(A) = u(A)f(A)g(A) ,B(A) = u(A)g(A)

T WY

a(A)B(B) = w(A)u(B)f(A)g(B) < n(AUB)u(AN B)f(A)g(B)
WAUB)u(ANB)f(AUB)g(AU B) = 4(AU B)§(AN B)
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DYoo MHTIN Nan

WTN MIAY PMTVIND IVIN YIDYN .DPMIPTININD YNYN  NPRIPRD DTN IPOI0IND HWIN NPNRa
.Shannon "y 701 (YTHN NNN PPy NNNI) AWNNN

0202 N, "TIRIPR" NN PNDANNN NS TY NID TINY DTN PTHIND NXII L, TTI MIANDN AN MY
M2 TIND TPVIDY 1 DTN 2NN IMND TN D00 1IN DY ymnna oowdT "myaon” nnd ,manx
TOPVINY NIYO NPONNHD NN INID INIY TYNNL NI ,OUNY . DINK ONDINNAT NNIYPN NPV

NPNA NIPNY R 72N NPRIAPR POIND D157 RY PN VYD DY YHNANN YVDIPNIVT TONNY NIDIND

YNNYI NOW NNIYL Y910 1N NTHN DY (1) NY2wIN-AND) "NA2OR "N DINY MATINN DR AN TPYNI
N P LS ©DAN NNIAP DN 4 MIANDN AN NAY . TNYI 03D DN NMYY DIR MNHDNTL 102
INAN DNDNN 29D PATVIND

1 1
H[/.,L] = Z Pr[s] log m = ESN,U, |:10g :Pr[g}:|
{s:Pr[s]>0}

7772 .1 MHANDNA T AN HYa NID OV ANINND OX PN OX 070 MY PD0OVTIN 1900 TN
NN VT IPHN MNYN N1 AN IMN Dy DPIPN DINYN 19010 MY 1t DTN INYND DX OO
NYNN HY NPIYARD MINNIND DY TN 2NN 299 POIVIND

1
{a:Pr[X=a]>0}

X oN ovnd "myaon S 0nvIina NPNIPRD DN TITHD N8 D ,2 D022 DN IND DNNINON YD
N 28 S1on nwap Syn mpmeny denn X oxy JH[X] = 1 o {0, 1} Syn monmoy 29ann
SV POVINA TIY DX NYapn wr H : [0,1] — [0, 1] mspns Tnvna »Hnd ox »y H[X] = &
wNd H(p) = plogl% + (1 —p)log ﬁ MmN N L1 — p MHanona 07 p MH1anona 1 Yapw n'n
H(0)=H(1)=0

SYNn NN 2NN DY AIVIND pYav Jaa HIX, Y] nx opTn Y X o79pn onvn v may
H[X, Y] = H]Y, X]-v MmO nwp XY .DRNNDD ©I7y0 DN

n"n NN Y wNd) 'Y = o Nn yinnn or HSwnd HX|A] 02 20N ymNna 0amn 290N
970X P H[X|Y = o] o2 wnnws ix (X -2 150 nrnd 9120, mI1anon anIn MmN Syn INX
Y o1tn n'n i b 1aon H[X|Y] = Ey oy [HIX Y = Y]] nnonn a5 Y n'"na X Sv mnmmn
NN MO PAOY MIANDNN 2NN DO MNON PN YAN LY DY Mimn~XON NNYONNN MO PrTa ADannY
POIVIND DV NOMNN NN MIMNN DNZONNN .(IDY MIIANDNN 2NN DX NI NININ O8ya) Y1 X

:NO2APNNN DIDON NNDN .D"IN MADSNNN 295 , DD DY Yp Y-v 10 5y X Hv

HX|Y]= ) Py = HX]Y = ]
{B:Pe{y=5)>0)

amx on HX Y] = H[X, Y] — H[Y] :pawawn 555 nin mamnn 970D M2y 1vn 995
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— Z Pr[X = aAY = f]log
{a,B:Pr[X=aAY =8]>0}

1
(5:PrY =550}

§ 1
{a,8:Pr[X=anY =8]>0} PriX =aAY =§] Pr[Y = g]

= Z PriX =aAY = f]log
{a,B:Pr[X=aAY =8]>0}

Pri X =aAY =[]

PrlY = 4]
PriX =aAY =p]

1
- > Py =g > Pr[X = a|Y = f]log BX ZalV =7
{B:Pr[Y=8]>0} {a:Pr[X=a|Y=p]>0}
= H[X|Y]

Mmnmn ranvarn »0) HIX, Y] = H[Y, X] > H[X] o»pnn Tnnv XD Nt 19MY SY N2wn NN
5951 MNXIY IWAN 13 1D PANIVIRD DY NPNVNND AT ANIN (NI 1°2OvH R N0 HY | X]
v DR 0INWNY PV on X Yv spns NN Y ox pn ox HX, Y] = H[X] o»pnnv navavn

2T Oy yapy v R"t X Ow yiap 7oy D5 May wap v Yw 705 090 it 180 ,0 910N

oy I[X,Y] =H[X]+H[Y] - HX,Y] = HX]| — HX|Y] ,00nwn »v5 amwnn y1nn DX 0) 1T

X1, o, Xe, Y0, Y 2y, oL, Zoy T 00 GRAND DNNTN DY 21N NN AT D10 NIVYPN D2PD nan
X1y ooy Xiey Z1y ooy Ziy DV Y"'NN P8P NN X7V 1) DNY .PVIYNY N2 00N DINYA DNV
9% I[X, Y] = m~v mrav avno ymy md npna Yi, .., YL 20, Z, 59 v DN iospna N0 Y

IDOU PN 02O N TIY DAY NN TIN

(Kullback-Leibler divergence ny»9189) m0on 1991903X) 103 19IY-IN

MDY NN TINGD DN OYY 2MAIANDN MM NPDIND MWIDY TIND YPNIYR NN (Jensen) JO» PNVIN
WNL,NMP sENns N f R — R Nnv 95 mnanon anam Syn n'n N0 X ON 2MIanonn Mo
E[f(X)] < f(E[X]) o7pnn x ,nyp sno 0 f ox ot nowd E[f(X)] > f(E[X]) o»pnn
TPINYD 8PN NN fIN,1 MI20N2 TR TIY DAPNY MINYN NN X OX P9 TN VIR PNV 10 N
MNYNNY DOIYN NP - T'T2 MIANDN 2NN NAY) MNYHN NAY Y0MYIN 0OIYN oInna X Sv

M2ryn MHanovNa Yaph "y

nIZONNN Sya Mt NN S D02 NNAP YYD PN PMHIVIND DYI MIIANDNN ANV DNY IR
My oy ynvonm X (s) = 1/Prfs] 8 75 ovd Hly] < log|S| ,mInx ©9na  .nommnonrn
mvannn  Hip] = Esopullog(X)] < loglE[X]] = log|S| 9apy f(z) = log(z) nypn mspnan

WP i X 112 TN NApnn Nt 0 v Dapd NN TITN NN NMNN9IN

Kullback-Leibler divergence n»o1%9 973 ,S ©02 NP NMIN DYN v7) 1 MIANDN 22NN DY NIy
:N2N NNON 29Y (KL-divergence I8pnin 0wl ©wnnwn 0mysd maova)

D)= Y Prufltog oS = By o
{s:Pry[s]>0}
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9391 12192 PHIN DPX N DTN 0D "Nowa” ovwa nwnnvn 'one parvar" oy NNIPY v TN
40070 MY NPNY NDIDN WIWNN PNV OX NIX DNYPN THRN KD ,IPNN NPN NN VI .ADNNn DY
JPO0Y PR O2YO 1t NTPNY AN 1ANDN T2 4 NAY NPAYH MIANDNA DAPNNN S OYP TUND

Y1 (D(pl|v) = +00 > 0 80 nINN) Pr,[s] = 0-v mox 95 Pr,fs] = 07w mox ,nnonn May
onYNy TYNNA 05 Pr,ls] = 0 oMay s by Yapn X mwn N9) Pry[s]/Pr,[s] nx Yapnn Z n'"n
99 f(0) = 0 o7 WND L, f(2) = zlog(z) *95 f: [0, +00) — [0, +00) WXPNS PTIN (DY NOMNS

NN9Y NNY .Y NI NP 295 ,NOW NITINN DINNA NP PPN ST .NTIPIL PN 5120

Pr,|s
D(u|lv) = E Pr,[s]log PrMH
{s:Pr,[s]>0} v

_ Pry[s] | Pryls]
= Z Pr,[s] Pr[s] log Pry[s)
{s:Pry[s]>0}

Pr,[s]
= > Pullf(Ht
{s:Pr,[s]>0} (Przz [5] >
Pr,,[s]
Pry[s]f
{s:Pr, [s]>0} <Pru[8}>
v[f(Z)]
]

E
fE[Z]) = f(1) =0

AV

NMDANNNN DY NOYNON NNINA NWNHNYA Pry[s| > 0 oy 198O Pr,[s] > 0 oy 0120870 Nn’o0a 1ayna
02 1PNV ON KN PO )PIYN O L(01909 0 IR DIDIN pav T73) f(0) = 072 191 ,nmMIanonn Sy
N Y 12on) ap NI Z OX P9 YNV D0 ,N0YND 198Y 09 315 110D LKTID DP Z 5Y nonminn N

=V AUNRD K"t (01PN Dwa INYD

DONPNN RO N1D NIPNA .DDIRNN OPIPN DIINWN Y MY D(X|[|Y) nx D7D 03 v 8y qoad
VIV NN NIRNND NNONN  .OMNNNND NN2ONNN PNOVPNY P9 NON XD IN D”DN DN ONND NONYD

-D(XHY) = Z{Q:Pr[$:a]>0} PI‘[X = Oé] log Iii[[i/(ig%

DIV DNPNIY IN 9901

NNAP OYn PIVIND 2PN NN NN MIANDNN 2NN D YIPY Nt NIN IPNIY THN 1IWN JPNYIN
X n'"n Yy o»Iwann 00YN NP OX ,TOY NHNXRNNA .MNMNMN1N NNZONNN Dya Nt XIN 790 D02
H[X] <log(k) o»prm X k 9700 XN

»otv 090 HIX, Y] > H[Y] :navwavn 5950 1KY NPnomnn NN DINYN PPN SV /oo NNoN
TR 7Y P Y DY oawar Ty 995v R"'YD Y v ospne i X OR P DN DYPNN )Y 0V
HIX] < H[X, Y] = H[Y] v Y 50 ogpns o0 X orv 0192 yan 7on (X 5w 1 mmn mhanona

JDVNIPN POIND 01 KO (XD Y71 72ynn) 0000 0T PONNY MIHRXIVYND IWPNND 1PV IR

yan m H[X,Y] < H[X]| + H[Y] ,npr2poIN-ar0 XN 0NWNn NN SV 719)vn 12NN 1ONN
SU NNt Oy MIANDN 2ANIN MY P TO OWO  0OW R ooy I[X|Y]w nny nNv nyonn
19872 DINWNN VY 2DIY NPYN NOAPNNN ININD VIV P> 4 NIDIV  PYNIN NN .O2DTY
PN DOINWNN MY IR NNP 0 N ad AT v wn annn Pr,l(a, 8)] = PriX = a AY = f]

A[X, Y9 »2003705K 002 nnay nny LPr,[(a, 8)] = Pr[X = o]Pr[Y = g] :"ombdn »nba
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1 1
I[X,Y] = Y. PX=allgg—+ Y PrlY =flog By = 4]
{a:Pr[X=a]>0} {B:Pr[Y=5]>0}

1
_ Z Pr[X_a/\Y_mlogPr[X:a/\Y:B]
{a,3:Pr[X=aAY =8]>0}
Pr X =aAY =p]
Z 1l o Ao Pr[X = o]Pr[Y =[]
{a,B:Pr[X=aAY =8]>0}
= D(ullv)

YNY M 3w I LD(pljr) > 0 norpn poun KL nrHwaw 187 1250 )Pron 0700 VAN NNy
075N onYa on Y1 X ox p ox HIX, Y] = HIX] + H[Y] o»pnnw X"t ,0nt g7 v DX PI IWaR

DONYN A DO MAYY NN (MMM PNIVIN NAY NIYIVN 5YD NANIN) NPDOITN"ANDI ANPY My
YR PON MDY NN IND mynwnn ooy H[X|Y] = HIX, Y] — H]Y] < H[X] o»pon
Y Sv 09890 o9y NPNY 91D ANE OY  .NINNN NPRIPRIN VIT0 91D P ysnna (Y mnwnn)

HIX|Y = g] > H[X] o»pm )5 oay

M x ooy HIX Y, Z] < HIX Y] 02pnn n"n nwbw 9559 XN 1N N291IY PNINKD 1PMv OX
"HIX|Y = 3, Z]" yon viow 29 10w .0TIPN 1PNV NN It IR NI DX 00X ,DMO0NN MY
5y MMNN MIANDNN NN NN NN IWNRD ,Z Oy X v mmnn aroIxn" N0 mnvea yamn

MM MIANDN NI MK DYN DTIPN PNV ONI DYNNYHN Nwynd X ."Y = § ynnn

H[X|Y,Z] = > PrlY = BAZ =AH[X|Y = BAZ = 4]
{8y Pr[Y=BAZ=~]>0}
= >, Py =5 > Pr(Z =4|Y = BH[X|Y = A Z = 4]
{B:Pr]y=5]>0} {7:Pr[Z=1|Y=B]>0}

- > Pr[Y =gHIX[Y =8, 7]
{B:Pr[y=g]>0}

< Y Py =gHX|Y = 4§
{B:Pr[Y=p]>0}

= H[X]|Y]

DY MIRDNT
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F 5% 012N | Flp; pr1a oorp 1 < i < n 95559 3 735 qona {1,...,n} Sv mxap nn Sv
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LomMp mnv [0, 1]

IR PTI ¢ 990 JF € F 5¥ Mmoo IPRIPR 1NN 25NN g MIANDN AN 1T Td 0vd
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H[Xq, ..., X, = H[p| = log |F| o»pmm ,F nx YON5 y1p X;710 95 YP8w yWwon . 1—p; m1anona
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