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(63 N 505\\5 ConScomy Cg,\ ('\.e.., e.eF)

Neb) = 10 wikhin t Sleps o v3 <D
alphabel 1s AP Soc RN A°
iferprel TUWVER as Ty Ny A
Sor each wolk \\l=(\l°-e"-? \/\&)wa-)‘lb,
e.o\tée. ew=1 v.,,‘q‘s is safishied §F

() Tyt Nilvo) A sa¥iSies e, ey

(&) ﬁv_\,'. N‘.(vp%A sofisTies e,,~ et
(AT ond Ty agree o0 Nylid ONxvy)

Ao UNSAT(GY) 2
O (F) min {unsat(O), ¥

TN odfimol Sor ¢
TUV) = mosy \\\«A\/ R, v
Wi Vo=V, Yy Ny, ~~ lozy RW Scom v
et I={i: i-val < S
Lewma Sor all ieI,
PIRey=T v, wy] 2 £200)
Lewmmo ot FSE, u=IFI/IE)
le¥ v,V V2, ~ be RW whee v,

S o condom QX\AQO'\K\’ oY & Condowm
edqge v F Then

P( [(V;'\I;‘_DC'F] < N'\' (\’z)‘



w= (\lo,"', Vy) = umd, condom Y-step \qz\/ RW

VOWV‘\'

le¥ €=l v) = ith edgekifep on wolk
Soc 16T, RN X.ei0A5 w/ X:=1 -
@) Ty =Ty (%) & =Ty,
6) TV Jols condicomy Co (e, eicP

let X= é,IX-\. then UNSAT(GY)ZPIX>0)

Next: analyze PIx70)

Nyl = 10 withwn ¥ §Q.‘>s oY v§ M) <D

w/ Dz (1+d)

alphobel i1y AP Sor TN AP
iferprel TUWVER as Toy: NylD->A
Sor each wolk \\lf-(\lof'-? V\gwﬁ-ﬂb,
e.o\tée. ew=1 v.,,‘q‘s is safisried &%

) Ty 2 Nilvo) A satiies e, e

() Tq: Ny A sotishies e, ~, et

(@) ﬁ% onoh 7_\—\[.\, aglee on NyG ONx ()

Nowm: UNSAT(CY) 2
O (F) min {unsatlO), ¥

TNSE ostimel Sor ¢
WY most Vkdy Rlve,v)
wi Vo=V, Y\, ~~ lozy RW Scom v
let I={i: i-val < RS
Lewma Sor all ieI,
PIRW=T(v. v)] 2 L2V
Lemmo ot FSE, m=IFI/1E)

ket Vo, vivz, — be RW whee v,

S & condom QX\AQO'\K\’ oY & Condowm
edqge v F Then

Pe [(V;,V;‘.pe‘:] < MY (\-D.'
F= e,dgg,s Sovled L7 N,
m= VP /e z0nsATR\G), <%



\> UNSAT(R\GY) 2
UNSF\TL(: 3 —P[X7 O‘\ QT mwn {unsat (KB, %};

\ A\ > : R\I éA‘) O?'\'\mo\\ Sorc d
O\Q\m. E[X“\ - n(fh\ v \G-L T(L\I\Aé mos\ \\\QX\/ T\(\l\'n_ ,\D
Q\‘\’ex Y\QT;\IQ« NQ\I o S&M?\E, W wl VozV, Y\, ~~ lozy RW Scom v

. It T=§i e\ < RS
® somple =\ Ny) Unif. rondom  Lemma Sor ol icl,

PR = i (\l; .vfl > N (ﬂ

o $ Vi, N L = .
) 170 emmo 1o FSE  u=IFI/IE)
@ '|'a|<e ,027 Rwé \,.‘ '”-.\[_\. k¥ v, Vv, ~ be RW whee v,

e. S & rondow %Aeo'\d'\’ oy & ¢ GY\AOYY\
Vo’\/\/\—}—’-\/\"l.\- zAge_ w F Then .
P( [(V;'\I;‘_DC' F‘l < N'\' (\"Z)‘

_\ = e.o\ge,s Savled (u/ N,
? [X‘ = w= TF ey =0nsAT(riG), 4 < Y
w= (4,7, V) = uniS, candom ¥-gtep lazy RW

- M ?Yﬁ (.Vo.\l-‘_\ =7‘\(v-5\?‘f((\| ,"\4.34 7(6,;\—) let €=ty ) = Hh edge/itep on vl

Soc 16L, RN. X.€§045 w/ X;=1 %

_ O Ty =T 4D & TE=Ti 4D
- ﬂ ( p\ 6 TV Jals consweomt Ce
let X= %__X-\. en UNSAT(G)ZPIX>0)



unNsaT(GZPIx> ol

VEXI2 (W ¥ieL
clown: ELX]<0WT) M

Ao Soc i3, EXIE U8 )
let Y. = {1 ¥ e,eF

O othecwise
E[X'.X‘)] <ElY Yﬂ
=EDVIER VY =1)
ﬂ-/.

'3-.\-' \

mt+ (-9

UNSAT(R\GY) 2 |
OWT) wwn {unsat (R\O), ?};

RZ\IéAD o?'\'\mo\\ 5’0( C_;
TUV) = mosY \\kd\/ T‘(\l\'n ,\D

wi V,=V, V, Ny, > \027 YW Scom v

let I=$i i-val < JRS
Lewma Sor all ieI,
P[K(")zi(\l;'vfl 2 ﬂ(n
Lemma |oT FSE  m=IFI/IE)
ket v, vi,va, ~ be RW whe v,
S o \'amc\om e,v\Aeo'\«T\’ oy & ¢ GY\AOYY\
QAge, w F Then .
Pl (v, Vi€ Fl< My ()

F= e.o\ge,s Saled L~/ N,

M= TPV e 2 unsaT(r\G), 4 <

w= (Vo,"",\l-\) = umS. condom '\"s'(e.p \qzy KW
let e;'-'-(\l;."v;)'-' th dge./s‘\'cp on Wo\k

Soc 16L, RN. X.€§045 w/ X;=1 %

O Tl =T 6 § T)=TR )

6 U Sols comsweomt Co

le¥ X= %__X-\. en UNSAT(G)ZPIX>0)



unNsaT(G)ZPIx> ol

VEXI> O(w  ¥ieL
clown. ENX1<00GT) M

V' Soc ), EDXX e /W(/w\'(\’ﬁ.;\‘\)
E[X"]= % Elx) + £ EDXX)

1,el
o
A\ |2 _ -\
EMIT) + R+ Q20T
\.ﬁ\/\/
< O(piz) ¥ R1IV) < olir)

= OWF) m

UNSAT(R\GY) 2 ‘
QT v {unsat (1), ?z’;

;\Z\IéAD o?'\'\mo\\ §'o( é
TUV) = mosY \\kd\/ T‘(\l\'n_ ,\D

Wl VorV, VN, ~~ lozy RW Scom v

et I= i i-va < RS
Lewma Sor all i€T,
PIRO=T(v; v)] 2 L2120
Lemma |oT FSE  m=IFI/IE)
k¥ v, V,Va2, ~ be RW whee v,

\§ & rondowm QV\AQQ'\«T\’ oY & Condowm
QAge_ w F Then

Pe[tv, v deF1€ px ()

F= e.o\ge,s Saled L.I N,

M= TPV e 2 unsAT(r\G), 4 <

w= (4o, V4) = U5, candom ¥-step lazy RW
let €;=(V;."v;)= th eo\ge./s‘\'cp on Wo\k

Soc 16L, RN. X.€§045 w/ X;=1 %

O Ty )= Ty (1D & Tl)=TR )

) U Sols comsweomt Co

et X= %__X-\. en UNSAT(G)ZPIX>0)



unNsaT (G ZPIx>ol

VEXYZ () ¥ier
v EIR1 06T ) m

ElX1= ZEX)2 n(@pm
EDC]= ETX X201P [xvo)

UNSAT(R\GY) 2 ‘
DT wiwn {unsat (R\O), ?};

?\ZV%AD o?'\'\mo\\ 3‘0( é
TUVY = mosY \\kd\/ T\(\l\-n ,\D
W[ Vo2V, Y, \y, \027 RW Scom v

et I=§i i-var < RS
Lewma Sor all ieI,
P[K(")=7T((Vi.vfl 2 ﬂ(ﬂ
Lemmoa |oT FSE  m=IFI/IE)
ket v,V vz, ~ be RW whee v,
s o faonm QV\AQO'M‘\’ oy & ¢ av\Aosm
QAge, w F Then .
Pl (v, Vi€ Fl< My ()

F= e&ge,s Saled L./ N,

m= VF Aer=0nsATR\G), » < A

w= (Vo,"" , Vy) = um3. condom -step \qzy KW
lex €:=lv;y V) = ith edge/itep on wolk

Yoc 1eL, RY. X.e1043 w/ X:=1 -

La) T((Vi_a: KVQ(V'\—\\ & K(V'D= ﬁv*(\la

© TV Jols consweomt Ce

et X= %__X-\. en UNSAT(G)ZPIX>0)

Jensens nequally: Yor comex G,

S(EXY) < B[SO



Q PWQ( \V\%_ ronses WNSAT(G) bwX olso mcreases VA

Ic’ea One condlvait Sor each T-step walk

Az
: let Gf ‘(V, Er) = £t gru?\\ power ¢ @ e

Sor veV, Vet Nil)=1u withn t Seps oF v3
INWDL 2D where Dzé_}\‘ o\.‘ = (H’A\-‘

alphobel 1s A Soc TN AD, wilerprel UV ER
oS on oss'\gvme.ﬁ\ T NgWD =2 A

Yor each wolk W=\ -%stw—-)‘bb edge ey= iv,, A
n Gy is satisTied ©F

() ﬁvai Nilvo) A satriSies e, ~eq (O ﬁ\l, onch T\v_\. aglee
(&) ﬁv.t'- Nyl —2A soliskies e, ~,ey on Ny ONx ()

Q
>
4
S
&
=
—
o—l'
g
v
>
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q-ory Consicaint satisSodion problems

8\\1% %(a?\\-C.SP (7, \'\' \S N?-H“A *n vaciobles N Sidte olghabet A *m dawmses

* o dowse consists & g vacebles vy ™, Ve €N

- ond "Sq‘\'\s‘:\,'mg st SeA
‘\'O A‘\Sv\h v(\s\'\' i U‘N‘SAT((D =0 TUNZA eatidies danse & (U, »~, Klv D) €S
. \ ’
I+ UNSAT(GYZ Y oy OF L
‘J clowse ovec w,veN

C)O G\’- a\h?\is\/ 40 O\ Cfomxu“* < e,o\ge, Lefween w, v

Three FronsSormations:

!

6 PWQ( \V\a_ ronses WNSAT(G) bW odso mereases VAN
3. A\p\'\a\oé\' teouciion

”EXPO\V\AQ.( "‘lgﬁCﬁWQIT make O a conshany o\e.gfe,e e.xpomAex

i V=vesTices
i A= i(zc), 'o\we,, 3«,@\-‘5
i anses = @dges



3. A\p\wa\aé\' tedudNion

%oou\ . decreose alphabdl size Yo conslowt

STQ,‘) 1. veduce to A"'iO,’l} w/ 20¢eC oy e.c'.“na_ codes
*T (‘e.p\ace.s eoch ep\ge w/ gewz.ra\ condiontt over O() vociobles ¥

SYQ? P (Q?\QC.Q. each condicomy W/ 8(0?\\ P



STe,p 1. veduce to A= iO,’.\.’s w/ encet "C-oNe.c'.\'ivxg_ codes
*T re.p\ace,.s each eo\ge w/ gewz.ra\ constConnl ot O0) vaciobles K

(ug,. .., Up)
D
Ces Ce, = m
= f —L

Ce,

let €: A>10,%" be code w/ 4: OL\OQ\A\B and
relaYive disYorce PETOAY (Homming (€(e), Uadzpl ¥ oo

sphf each vedex u o £ vedtices Vziv, NG
ree\cm ed ge. e= {\A,V‘S w/ SD( mua S'e: {o,ﬁ'“x{o,ﬁ\l“ s\,

S-E.(‘x\l,’xv): {\ 5 'X“:C(Gb, 'Xq'-'('(“z\, (q"qz\eca
0 otherwise



S\'E,e a zp\oxc.e. 2aCh consicanY w/ 8{09\\ CSP

Lemma: Sor ocE, one con condieuey aroph-CSP Ge=(\I¢,EE_'A°3 s\
(Q) \,“’Vv Q\le (b) \Ee_\’ \VQ\, \Ao\ _—'O(,D ondl  SUMe \d’e

(Q compleleness: 15 Selx, x)=), then one can edfend
() Yo 6:NeFA, Al satisSies ol b Gp

() Sowndness: 1§ Sexux)=0, then ¥ edensions 6 o (1),
UNSAT(O16,) Z 1 i §romme ((Xim‘ CRARETHRLY




let G= re.su\'\"\nz‘_ 3{0@» CsP
Lemma  insAT(G)< UNSATIO)

3. Alphoketr ceduction
%oa\'. decrense olphabel size Yo constowt

1111111

Step 11 veduce Yo A={043 w/enof ~correding codes
w1 teploces each edge w/ genecal condiKoidl o OU) Vociables ¥
let € A2§0,4%" be wde w/ L:0log\A)  ond

reloYive Aistonce Pefo,il (W\“é&(ax)’ Ca)zpl %ata,)
Pl each vedfex U ilo £ vectices Nyziv,, N gd
regloce edge e=fuVs w/ Sorwda % f0,Awxfo ¥ <X

S-e'(.x“'.xb._. { 11§ x,zela), %y=Clay), (o,a)EC,
0 otherwise

SYQ.Q a fzp\qc.e, 2ach condicomt w/ 8\'09\\ (&

Lemma: Sor e€E, one con condiouey afogh-CSP Gg(\l,,,Ez'AcD sX:
©) Ny, W EVe (b) \Ee,\, INe), 1A =OC) oand same Ye
(Q compléfeness: 15 Solxyx)=), Then one can eslend
G) To 6:NeFA, Pt satishies ol &5 Gp

(&) Sowndness: § Fexux)=0, then N ediensions 6 &5 (1),

UNSATE16) 2 O i fEomir G, 0. 6y 45-1Y)




\eY C=( E) = resu\'\'\n} 3(0@« CsP

3. Alphobetr ceduction
%oa\' decrense olphabel size Yo constowt

Lemma uNsm((,P 'Q(F WNSAT(G)) /\ x

lef TGS A, atfon UNSAT(G)
It TUNSA  wWhere Sor VeV,
W)= decode( Rlv) -, R (Vo)

lam Joc 2€E) 15 TT Jals e,
Then WNSAT (R\G2 .Q((a)

& 50, then

-------

Step 11 veduce Yo A={04Y w/ erver co«‘e.c'.\'m& codes
w1 teplaces each u\ge w/ geresal condioidl ol O0) vasiobles K
et €: A10,4%" be code w/ 2:00oq|A)  and

reloYive AisYonce Pefo,il (Hmm'm;(ﬁ(n), Ua)zpl %ata,)
Pl each verfex U o £ vedtices Nyziv,, N gd
reploce eo\ge e=fwVs w/ Socmia % {O,ﬁl“x{o,:l’s\l' s¥

S-Q(.x“'.xb._. { 11§ x,zela), %y=Clay), (o,a)eC,
0 otherwise

SYQ,Q a rzp\qc.e, each condicomt w/ 8\'09\\ P

Lemma: Sor e€E, one con condiouey ame\\-CSP Gg(\l,lEz'A._.b sX:
©) Ny, Wy SV (6) IER), ING), 1A =0 and same Ye

(Q compléfeness: 15 Solxyx)=), Then one can eslend
G) Yo 6:NeFA, Pt satisSies ol &5 Gp
() Sowndwess. 1§ St.b‘ufx‘h 20, then ¥ edlensions 6 o5 (3“.7(,,)'

UNSAT(6\6) Z U m\“im‘é%@'—“ﬁ?@: S y=15)



clam Jor @EE, & T Ja\s e,
Then WNSAT (VG Z L(p)

S"\x e= ‘S\A,VB,

3. Alphobetr ceduction
%oa\'. decreose olphabel size Yo constawt

Step 11 veduce Yo A={043 w/enof ~correding codes
w1 teploces each edge w/ genecal condiKoidl o OU) Vociables ¥
let € A2§0,4%" be wde w/ 2:0log\A)  ond

relafive Aistance PEYOA] (Hmﬁ;mé(ccn), Ca)zpl %ata,)
Pl each vedfex U ilo £ vedtices Nyziv,, N gd
regloce edge e=fuVs w/ Sorwda % {0, wxfo ¥ s¥.

S'Q,('Xu,'x\,)'-' { 1§ xuztla), %y=C,), (0,0)eC,
0 otherwise

SYQ.Q a rzp\qc.e, each condicom w/ 8\'09\\ P

Lemma: Sor e€E, one con condiouey 3‘“?\"65? Gg(\l,lE"AQ sX:
@) Ny, Vy €V (b) \Ee_\, INg), 1A, =O(D) ond same Ye

(Q compléfeness: 15 Solxyx)=), Then one can exlend
(k) To 6:Ne>A, el satisSies ol 5 Cp
() Sowndness: 1§ Selx,x)=0, then ¥ edensions 6 o (1,7,

UNSATE16) 2 O i E2mr G, 0. 6y 451

lef TU:N>R, affon WNSAT(G)

let TONSA  where Soc eV,
V)= decode( R, ™, T D)




q-ory Consicaint satisSodion problems

8\‘:% %(a?\\-C,SP (7, \'\' \S N?-H“A *n vaciobles N+ Sidte olghabet A *m dawmses

* 0 dowse consists o q vaciobles Wy, ™ Vg €V

- ond "Sq‘\'\s‘:\,'mg st Sep
‘\'O A‘\Sv\h \l{\s\'\' i U‘N‘SAT((D =0 TUNZA eatidies danse & (U, »~, Klv D) €S
. \ : ’
3 ) uNSAT ( (’3 2 /m S;csrs\ii i_‘?c:i -
‘J clowse ovec w,veN

C)O Q\’- a\h?\is\/ 40 O\ Cfom.ru“-‘ < e,o\ge, Lefween w, v

Three FronsSormations:

!

6 PWQ( \V\a_ ronses WNSAT(G) bW odso mereases VAN

\{. Al phobel reduction

”EX?O\V\AQ.( "‘lg.ﬁCﬁW.(; make O a conshany o\e.gfe,e e.xpomAex

i V=veTices
i Az iced, blue, 3«.@:‘5
| doses = edges



b . - .“ . ﬂ. °¥\
g\vex\ g(a?\-\'CSP (7, % \s NP-Rocd q-oary Consicowl satisSodion problems

*n vaciobles N *Sindie olohabet A *w douses

Yo A\S\"\hav(\s\\: * WNSAT(G)=O * UNSAT(GYZ Yim * o dowse consists &5 g vaciobles vy, Ve EV
/__J ond "Sq“('\é\,\v\g st SeA
Gool: amelSy 7 Yo o consVony TUNZA cafiies douse & (TU), ~, Ry €S
. Geaph P 2-ocy (5P
Three tronsSormations: o e Yertieen

clowse ovec w,veV

er “p . R
l- EX?O\V\dQ.( “Seathon  make O a consan¥ o\e,gfe,e e.xpomAex‘ % edge béfween w, ¥

J. PWQ( \na_ roises UWNSAT(G) bwY olso mcreases A\ X=;z<:'\ts .

. ) = 11ed, e, green

2. A p\'\m‘oé\' ceducion osess edges
Step input e.Xpan.der— powering alphal?et

ification reduction
Lemma 23.5 23.6 28.7
Degree arbitrary — dy — db — arbitrary
y arbitrary — Yo — 1—(1—n)" — arbitrary
UNSAT(G) e} — bra —  Vibifea, = VibiSaBsa
t

Alphabet Ap oy Ap oy Ago S Ap




