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w= (vo,ﬂ', Vy) = umS, tandom ‘\"ﬁep \az\/ Rw
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let e;=lvi, v = i edge/step on wolk
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S(EXY) < B[SO



unNsaT (G ZPIx>ol
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W[ Vo2V, Y, \y, \027 RW Scom v
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Lewma Sor all ieI,
P[K(")=7T((Vi.vfl 2 ﬂ(ﬂ
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QAge, w F Then .
Pl (v, Vi€ Fl< My ()
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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\oce.s eoch ep\ge w/ gewz.ra\ constony over O@) voaciob\es

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)

Gwen T\ W/ UNSATT)= WNSAT( 3,
ISme TN by -

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

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 grogh-CsP Gg(\l,lEz'A._.D sX:
@ \1“'\],, SN, () \Ee\, Ne\,\A.,\ =00 ond same Ve

(Q compléfeness: 15 Solxyx)=), Then one can eslend
(k) To 6:Ne>A, el satisSies ol 5 Cp
() Sowndness: 1§ Selx,x)=0, then ¥ edensions 6 o (1,71,

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




\eY C=( E) = resu\'\'\h} 3«;?\« CsP

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

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

clam Jor €E, & TU Jals e,
Then WNSAT (R\G2 .Q((a)

\S‘ 0, '\'\ne..n
unsAT(TO= E[uus AT (1’&\(,,)'\

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

1111111

5'\'0\3 1 veduce Yo A= {043 w/ excet c-o«'e.c’.\'m& codes
#T (‘ep\ou.s each eo\ge w/ gemra\ cons¥onal o O() vaciobles ¥
ket €: A250,1%" be code w/ £:000q|A)  and
fe\l’Y\V& O\.\S‘QY\QQ. Peto,ﬂ.l (M\“a&(a“)’ C(QDZPL \{'q\‘#qb

Pl each verfex U o £ vedtices Nyziv,, N gd
regloce eo\ée e=fwVs w/ Socmia % {o,ﬁ'“x{o,:\’;\“ <

Se,('Xu.’XD'—’ {‘ ‘S ‘X‘,:c(ab, ‘XV:(’(“‘\' (Q\‘Q-Beca

0 otherwise

SYQ,Q a rzp\qc.e, each condicomy w/ 8\'09\\ P
Lemma: Sor e€E, one con condiouey 5“‘?\"('59 Gg(\l,lEz'A._.D sX:
©) Ny, Wy SV (6) IER), ING), 1A =0 and same Ye

(Q compléfeness: 15 Solxyx)=), Then one can eslend
G Yo 6: VoA, nal saisSies ol o5 Gp

(&) Sowndness: 5 Fexux)=0, then N elensions 6 &5 (1),
UNSAT(E16) 2. (0 winfRminglld (. 56, 451%)

2 Efunem (R\Q VR $ade el PIR sak el

_NuNsAT (X))

\



clam Jor @EE, & T Ja\s e,
then UNSAT (VG ZOL(P)
S e= fuys,
et u=(@&,,~3p),
R@= (Rlwy, .-. 'ﬁ(u,))
thea TULN =T FWY,
T =) R
(W), W) Fads e
27 (TU®), RED have v\ disTamce
P/‘-\ §¢om Fe

2 (T, RWY) Yol
ﬂ(@ -S5¢o8\on OF (:e

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

’wl,.u,’wg) f2 (’U],...,'Ug) (wl,..

(1;)1,...,142) M i
ARSI
. D 3 .~ wg) %%%ﬁ
G

Ce,

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

relo¥ive AisYonce Pefo,il (H,.M;m;(ﬁ(n), Ca)zpl %ata,)
Pl each vedfex U ilo £ vedtices Nyziv,, N gd
regloce edge e=fuVs w/ Sorwda % {o,ﬁ'“x{o,:\’;\“ S¥.

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

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

Lemma: Sor e€E, one con condiouey 5‘“?\"65? Gg(\l,lE"AQ sX:
©) Ny, Wy SVe  (6) 1E), INe), 1A =0 ond same Ve

(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,

UNSAT(E\6) 2 QU m\“i““"‘“"“é“"z""’ G 514 5=1%)

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
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UNSAT(G) e} — bra —  Vibifea, = VibiSaBsa
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