Leckure 2

TocQaa ‘ NP NP - CO{V\F [efenel g



NT - Completeness

Defimtion Language A is polynomel-time (Vnap/lth reducible to
B (wntlen Aéi’ 2) if there TS P°(7UGMlét/*frmq (Qm(:MECLQlQ
functige 4§ < %2« sun Haat We A & fw)eB

: A/k g
£0)

Eiw.lf is NP-hard £ tor ey AeNP there

Debinttion
o A lanﬂmaﬂe, B
s a PQ\TNOMLCL/( tme PQCQqulbW ‘me-‘ A [Xe B <A £FB )




NP - Completeness

Defimtion Language A is polynomel-time (Vnap/lth reducible to
B (wntlen Aéi’ 2) if there TS P°(7UGMlét/*frmq (Qm(:MECLQlQ
functige 4§ < %2« sun Haat We A & fw)eB

Dekintion
e A lanﬂmaﬂe, b

s a PQ\TNOMLCL/( tme PQCQqulbW ‘me-‘ A [Xe B <A £FB )

Eiw.lf is NP-hard £ tor ey AeNP there

o BC;?O‘\?‘ 1S UP—comiolefe W Q)B is in NT and
({[) B s NP-hard.



NP - complzﬂ Nes <

Co olc - Leuwn 1 heo rem

SAT  and TSAT dre NP’covr\p(e{Q CP(DDf N et \NQQJC«>

. SAT,  3SAT w NP
2. SAT | 24T ave NP - nard -‘. VY\SLOLV\U/\\Y for cvery

[,a;/\juagz L& NF/ We can Solwe L w FOL( frima (L&(’)
1£4  SAT (zsAT) €F

(& &

To solwe L on X C)Orr\()\/'fe FCx)j Kun SAT on ;v;()u{\ {:CX>




NP - compleﬂ nes<

(ool - L2y 1 heortm

For &\/Q»/j IK>2 2 g a7 e NP»QOYy\F(Q"Q
(P2t Nept \I\/Qe/l(,>

-
To shav  ondihed (2AgUayh | NE W&\/{
we st need A dhad

(1) L e MY
(2) Shav  2SAXT ée [



NE - ComplQ#Q Nnes <

To&aa: Assume  SAT 2SAT are A/P,chf(dQ,

LQ\/C/LOLjQ, +hu o shw\ﬁ%% Laﬂgvtgta@& n NT°
are  also N@—cow\pwg

SGE] we want o pew CLIQUE NszowVLdQ

| . Cll'clulQ enNr
2. 3ISAT <o cliqgue

N

t




NP- Completeness via Keductang

Clt«ith
O Clique Toput = (§VE) K
QCC%{— ‘(( 61 (Mt s
Theorem. cLiguE 15 NP - complidQ ?d\‘LMQ of s [<
Clicue ~u o full
Pk (2 sjcegﬁ) ) ch S\M;”Y’A q
(i) CUQUE 1S N NP (we a(reotcej showed ‘WV‘S) Cjél) 3¢ K)

(1) cLiQuE 18 NP-UHARD 2 Need to show  2sAT =, CLIQUIE

5




T 3 — M\ Clab(S{g
‘LVX*;B’\(YV&V@BA@/Y%) here v -
\_/'\/—\a =
3 -
L.'(
. [CM\ é&3Q3 Coedge bdfween g
= Vertices +th
are . AdkKerot
dausc 3«0\,1‘0}
and. H{ thewr
X, CXSCOC(dfﬁ‘c( (ferwls

are onsiktent

<a1| cdlges ptsent

g\xc%ﬁ %:%C’& (7{( 7&)

¥ ONo gt within ol dauge grovg




ngé befween 9

Vertices W +hqj
% are. . dikere rt
chause 3«0\,1‘&}
;(Z and, | thewr
ascociated  (iferuls
X are  nsictent
3

of . %=1, %, =0 K0, X%:O satisfies O

QormS()of\cQMj H— c,lfolue, \) recl



CorrecAneg £s

(. Snad - \(( C‘D hay o sgdufj\{[v\j u&\S\BM\QV\’t A & ?O\]%/\
e CJCP nas o dtﬁb&( Q“ S1ie v\,

Lok & be A sad . oza(nmLng

Lok Q. be the (Aol o Qo Ak s sef do Ul by ¢

wcy\ e \Mi\—(Q,S C/Ot’vcspm/\clu)\g (N "Ql ; "z/Q\/VL
oA a clique S0 AL Sl
b | % ,QLK/QJ_ cr NQ_
Consaslent



7. Shew It ﬁdp has o s e digul
than D o has SM\‘S(N{V\S atu\v\mujé,

SO Cﬁap hag o SRe- M cliqud

S W aclcjsag AAQ pw&wﬁ RV SR GRS (CAVA N 8\/@\1\@

UL yur&t hade med\\( o verdey W o U

Nauce 7mv/‘) R e d\ﬁ%

et LR ventoc s L LCLLQ(UJ JD ‘-\,Lw\,

then L .0, co/mg{m/\ds 0V (/wﬁci/) C8) (e
6\“ vada s (ane wo (g Ql\ ar< l/\cd)/t&\\]«u/uf)
0'.‘1’1/((\ (()MM) CA&S(JﬂW‘&M‘Q’ Sd&{vlo\\u OL” ‘v(Q*u\QQS_



(3 Indepedent Set

Tnput (g 1) g andireched 3%(“
acc{({? 195 3 contans  avL \/‘\Jlﬁp‘ge‘{f of sire K

— has \V\ief sat of si1ze Y

does Not hawe sze 5 l;\dgp. Sef




@ Indepedent Set

| | IAAQ() Set ¢ NY

5 1nd set s NP-hard

>l . : — _ SIV\\(Q OL\MQ-
_[__i_. Show C(\iuﬁ é(? INd-Set ( 5 N V\a/d>

folgwmde) — (4, K)  gte)

T ¢amt \Verhicel oS Cé(

P :
Q&%(L,J)ec 15 Q)JXR\_E



@ Indepedent Set

| | IAAQ() Set ¢ NY
(Very swmlor o Cligue e NP )

5 1nd set s NP-hard

| . ~ 0. s digul
_[_1_. Show C(\iuﬁ é(? INd-Set ( " i NL uha/d)
AP \ ‘_ ,
5 .(3,6\455);{_3 —b (%) n—lc} %~<\/)é)
|\

T Same \ferkicel as Cé(
edge (()) €E' 1 Qﬂ&ﬁ



C laim

CGLJK

% has oo ~C/|t\\UL€, on
S cv

=)

d




@ Hl’ttn’\.j SQ’C

j—”("”t .o Set Syt S :ig, y =) S ?ﬁ ) S( <
and K
a(_CQ{)’t Lt S hag o V\\EQ\V\j sef ot Size

E><aw\?m

4
U

2

—

U 1S Un\AS€

K




Sl"iz)tmf
Si_ﬁ—i')’zfsz
Sl—_ Z\\%Q)/?}
S 15,63

S =14 #§

@ Hl’tﬁn’\.j SO;C

H\—H\N\/\ﬁ Set w NYP
quts e Hoeca) | (H=K
. L ¢ S5
Ce e T VSQGS) Qwet s :






\v\&% \AB«

' _b\
(® Hitting Set - U U Coet q vohias )
] 53§§|5.~)§m§ S & W and N
)

Y

QX. C(): LX\‘/X’L\/K3> /\<1<l \/X,L> N E%)VXLIB A( ZP_V 7(3>

L/N — ~—
K/\Z—v <'L <'3 <a7
\ —_
. e - 1 - . Kﬁ P—J_\ X 3
Wiy el H 2 (U= 2 (1, B %
g&{& ‘; % %%L;ik% \7’ ‘:/:’)"‘)/L E ‘(\:ﬁ\JQﬂ \h¢

P\u& W\~ F‘\ C«\CA\KQ}S l;/.\ (F

iie‘c(cc\ VL=, W@

NEY CC\\B = sak (\) Wouls m C\\



$- o

@ H"tt‘;’\ﬂ Set (% v % \/?<3> NG VX1>A(/}&VXLBA(/7ZV7( > }
\ * \_’1\/\/ ) | \_/}\/3/
— & g <

X % XK K oK K wadetlyin
5, (2 A S > e deﬁﬁ)aﬁ B
' Set QY&}CW)
& 0N ‘ < Zne
) ‘ -5 Sie l/\\HM A\ . |
S Sek () '§‘|>’&,X;§ Sk (C S =K, % 7e §) hudfing Set ¢
IC=p -
, 1
1459,'(& B N
S
< M= Hcdauge

o
9 — (3’2&5‘1“&? %S, WJE u{Set(c) et ’“”)

VV\_)
WA Gud o ~ s —_—

RSAT \{,\()mi to [(»H\-nﬂ\SOft

—




n=y
(3 Hitbng Set /wa o) AV A EYR) (Y Ky ) }
\ - \—’l\/\/ ;—/ﬂ—\) l_, \—’}\/—iz
\/f\/ (L <1 <7

I s % S N /
— Y il W\o@&\(w\
= TS &= deng)ms W J
. Set §7&}€W)
£ 2
J
SIRQ q)lmHM) QQT[(,
LQ—t X = l(: = |
L S L Ly

= 145@(& = L+ o

o M= Hauce

set Y = (L»C,,KLE £



Ouwn  F+ 1 N —>

UNntdAs e szy\/ Hs U -= 2[) o ZV\}

VCL So & CCLB = iSQQ éh I&Ud(_& W (\ij(‘ rye

%%Sv‘i lu;\s =N+ Al



OHrer
@ 9 d NP- cngUR - examyls
\Jeorkt exx (owzn WV

@ Subied Sum  ( (/\aA@ZM>

@ o am{y{,\ Z- Lo‘wlﬁ\[ﬂ?

& :
a/\aﬁ
oV év a ll ()VA/ULW\)

—3 QXA
e SAT

- (ot
< % SAT  wvancandc
frd o <t MAUI/\M
L ucin N L% Saner. RS

sy Cmlanu  Ucacl
S&G(WM “\‘QGLQL). "



-
éxctdr\ngT .
\v{)kﬂ{ {:—C)/\AN./\QM CNT \CJWV\UAU\

o) Q,\ﬂ/&(\f Hetize MA S&L_Q

ey 3
e A w&wb@q



