NP- Hardress of
th‘cgcr Linecr Procyrammiléq

Ccscl 4li3/&lol




Reminder: P & NP

Decision Pmblem: yes/no ansier



Reminder: P & NP

Decision Pmblem: yes/no ansier

Formal/ /anguag,e: L e Z*



Reminder: P & NP

Decision Pmblem: yes/no ansier

The same -/5/"33
Formal /angaag,e: L e 57"



Reminder: P & NP

Decision Pmblem: yes/no ansier

The same -/5/"33
Formal /angaag,e: L e 57"

P: Al /aW L Hat can be decided m ,a%//momb/ hme.



Reminder: P & NP

Decision Pmblem: yes/no ansier

The some -/éf'éq
Formal /aﬂédag.e: L e 3VF

P: Al /aW L Hat can be decided m ,a%//wmw/b/ hme.

NP: Al /af?ua#es Hat can be verifed polyromial lime.

Le NP &= J'eP: xel & 3yeZ*=lylslxlcl xye L'
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Reminder : NP- Hardness

Observahon: Pe NP

Cenhal ?aesh'an: P=NP?
A Ia'é‘]““&"- (clecision. problem) is MP-hard if LeP implies P=NF

NP-hardness is eviclence thad L connot be clecicled! in ,a:(//nomia/ Fme .

P+wP = L &P
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Decision vs Op/;'mi-aahbn_

Evcg ophmizahion prob/em has a Contspond/@ decision problem:
o MST = Is dere 0 S(Donm‘nc? hee of wegh\l < w?
° Shorkst paths = Js dhere o padk fom's o 2 of lngde < 7

Observe.hon: IF Hhe decisiou pmb[em ccrres'mnolfty b T is NP-hard,
then so is T
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Reminder: Poéynomia/ - Time Kedaehvﬁi

Pa(/jnamiq/- hme reduchon fom [l o L’

k3
Xed —>

R

N

—

L:, YEZ{*

o xel & yel
o Tg(Ix) ¢ I

(C = amsﬁ)

Lemme: IF Ris &poéynamia/-/fme reduchon fom L o L' and

L s WP-hard, #Hien L is wP-hard.

L'eP —— LeP

> P=w~P
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Reminder: Poéynom/a/ - Time Keduchvﬂi

Lemma: IF Ris o polct,nomial-h'ma reduchon fom L b L' ond LleP
ten LeP.

xe 3, — R ]—— YE g yeS — YEL'? — yeslho

xen* R ’————7" yel'? \—

TClx) « XS + Iyl & X1+ [xI<Y = oCIx1®)

> yes/no




Sahisf :hbi/l'é'; (SAT)

Conjunchive normal form (CVF)

F= Cx'VvaK33 A (leg Vx‘f) A (’(—a‘/Z)
6 —— — (& ~— — e

Clauses

o Vanables: X, X2, X3, Xy

o LflePD.[S! ’(':;(-u,---, xq,z
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Sahisf :hbi/l'é'; (SAT)

Conjunchive normal form (CVF)
F= Kivx.vX3z)a(xvxg vX) A (%G vg)
Saksﬁubi)fb [SA‘)‘) |s Jﬁere_ Co '/‘rm% QSS[(’?M»?EVH[ MQ!L makes F 76"6?

X, = true X, = tfrue X3 = False Xy = ;Calse

Theorem: SAT is MP-hand.
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A Po@nomia/—ﬁ'ma Reduc bion From SAT #o ILP

F=&ivxvXd) a (xvXg vXe) A (55 vig)

{\/

T : Moximize O Lemma: F is sahshable if and an</7
sk, X t% %3 > 4 if T has o feosible soluhon.

Xt (1=%3) tx¢ » 4.

(1-%.) +(1~%) > 1

X1, X, X3, X4 € go,'lz

Com[(ar%j'. ILP is NP -hard.



