I\I l)" L’\f\/\?ﬁlﬁ‘f&tf\eés Té\«wrxl



\Dlﬂ&\/ Lows 27 :

’ P 05t ve mquLtw Oqujm oﬂlc‘lwt &%ol’"ttkwx o SD(V& I>VbMem5

TL\_(ﬁ [)a,r't_ :
: 1\)63066\\/6 \r(i}w&‘tﬁ‘ show sowme. ka/(«&ws oot e 59&/@( Q/fﬁdeu{}y

\

N Wlmy §mlr vvejmttve resulits
. FWLC'ULCJ,: @vo‘ui th't'lﬁ time on Dﬂﬁétjv\‘wj mﬁjﬁ

' ﬂbﬁave%{cae,? . THE ]L‘wﬁt quem o:ji C;qu;l;e,r Scieq ce [TW‘Mj(WgéJ
© Jeads to  better &ﬂgvﬂtkms
C b |



> Fr\a L W/

. W[/)l,(_tatiovt poodled.
- Fimit& pntowatn, Twlj MML\M&- (wawftum &Wf%ﬂ’«‘f.

= RAM wogled
» Decision preblew w2, Optimieation preblon,
= Dectston Erab'{ew, L owrpt 1y ofL (deqle bie)
- E)“’T’ T4 there o (5, €)prth i the jr‘a-rlx by of dength <[ 7'/

= Optiizhtion problew . e TR acb (o

— Exwrs X Wl\q:e 5 <he 5[\,w-tast \Cﬁ,-t)’]ﬂtk 63,34\_ g fjwmf/\ é[? X



v ﬁrfiwt;ﬁLﬁM — De,ds‘um
- Triuial_ . \;‘_GS' tf yo the shovtest cs,—b)—[wfck X&WTJL, d&,

éwreLa/ 7’W~ Lon gumswer +he iuﬁe-t'nw "le e € Y

* Pechsion => Dpclimizat ivn

_ waw7 S eanch : Cuess a valug L then solve the decision tybL Is % <2
- —l:& l\[e,suz <hen ‘tr?/ a Swedler L
- Utherwise, tw7 a erju ) .

= Inouwrs etk (7(]’3 V\'> "LKL‘U’V N WWW\EVj £lme .



ow

v “E{{‘\c‘l%‘t ' — [70?7/14/0!%‘(&{)_ ‘e L LC. N
‘0 Bb(:t WIA./? o D(Vklm)/t'\we O- oﬁﬁ%//llt Seern 4o be l}goew[

. s
- Fcrv* S v*eqﬂwwu fwui%s, FF 2 rc"ei—"ﬁ%e- @Lj .
then oPten <he Py Tl 25 () (") for seme e <4
- A Dtckofpw-] erywvwey\oﬂ“: Ao Ter natucak [f"\’[’&‘““f*
- itlver we have o OU’“*UM& (L% Wieh  sowe  geall e
- Or “<he bes ab we fee puns  n ZOLWL tlne



[> Lome }me[ FMLZ@/MS

» H 0wy /e/‘(‘ﬂ MU I?a' ;

Iwrwt: ﬂr Sh. él:(l//E) &Mc?/ S,té\/

Ovpu » ]LC'M)L @ (5,8)- path that Uisits every vertoc i V

exfléd—’ nee .

IV\M L\J/ef Set
Iv\fwt ) jra,rl\_ é(:(l// E)
OM.\m,Jc : Lvuﬂ,ﬁﬁ get 3 Q \/ WitL MAax | i §‘\Z&.




> P: Fof(ﬂ,omid,»ﬁwve §0£\/a&& f”?uw&

De;&-: _U\f, Cﬁvwrjﬂ%\t7 Ufﬂ"% F e the st «% (_al.eds‘Law> lDVOMEJAAS
‘f,/w-( cam loe Saewck [ r@%’w L,

AEMT s MST |, shatest —ra-tk. Lnteved S%Mj

- [‘/\AMTQMI‘— & not lnewn o bee Wn \>



> {\){> Foﬁz/w/ow(‘g,ﬂ;—‘h'me C@Ytk‘f”"%ﬁ l/)r’b[N(‘Q.MS

“ ©-HP w&a?”
' E"’”‘fi Phas Lo ntan faeh b Lo there o cs-H
) C@X"tlt (cation -
{;WW = T quph G wld ok GRpeh
&LSAQ,'Z \/W}{*{ ‘({: F 'S 4 Hl)
EM\( —+to 906/6.

P 5w Certi{'zcdde (w che angwey  Yos

A% -tpce,wc\{/? ‘> Pan s Y />o£i([/t) tiwme .

[/* (\/eff‘c{f[e,rj



Def e comploasy hess NP 35 che st of Glactsion) preblemms
that cam be corofled in Faﬁyw lme.

Bx"""ff H@M‘\MQWIDM Fareb\) /\A"%‘LJT ge:tl V@wt@)c Cover
K&wfsmk\

! M“‘v\‘]ﬁwﬂﬂf Cet : T the Moy Lvﬁer Set hos See ?J_?? "

B Céft‘\ficate_: aon MA‘T set o slze Z L

— C@"ﬂ{"»&fﬁ (oot €he stze af the get X\_ Chede ‘th Vu,ﬂ/eﬁe
Juem set, (wy €

o Oh%uvavt\,m: P QNF



> The P ys NP problem

(Ruestion - Ls Pz(\lF ?

‘ Cymmm bebbe; P%NF
Clgsune PRUR, ten HE doesne have pobytive olg”

‘ (/mtﬁiw"t&“
' T/f F-'{;MF ¢ et pacln w'ua CL.MJ'Q,.

. T)S F:Nf-‘ L&- e Can o(ﬁe,cﬁg o 59( Q/H'(C{z&«tty, W
oue Lo \C‘Wi o sol e%édw,@/'



b Reoau-c-t‘ten:

’ Hovu oto we C/‘?V"‘FM@. "t:[t,e o@ij’f}&ul‘t/ k‘f tWwo l)mL(ws [/UM
we dow't kaow the wmswer of P NPT

E.q. Hew be ve know ST s ensier -lun HE | givea
that we Cannot Frﬁve tl/\&re‘ﬁ no lw(?/«t%w& a% ]Q,r HF?

[aeeﬂwam: T/‘f M«aﬁj A f:v\ f‘/bfa X can e wgel o
¢ odve rwok N, —then X 6 ax Lesee RS )\m‘o(
Y,



(,a’v-siiw two mufmﬁm Frbu'&ms x ) \( ; ?’g ](‘efM]’ nstauce

U{l Ffeu""‘" Y We an convert 1t to wn WStamce e‘ﬁ X
(\V\. Fw(.i*ﬂvwe/ ‘t}tem ue Sa./ \\/ % FDK\['JEEW»Q_ V‘eo&ucua To X
denstod ot N <r X

Lowﬂw/ Lpositive )
Cumn & ply-eine oy A ol solies X i V<X than
Y o dlso be sodued LD‘J’{“'EW&




M,M/ ( negative)
I‘% \(QFX Mi Y conpot e soled EOXT"J‘W&\TW X
(anpot  he €0&/€i e raf_rttm &\(t/uet"_

le. \(éFX ‘\mfhu K s at Llesst 25 hord as Y

E)wt‘

g\bﬂﬂ’"e we Cown Sl'ww /\/LSTé?Hr' ‘té\fw\ at Ze_@.st
we kew HP % no essier than MST,



‘ Y\eoq‘b(_:t\LW\. : Tr‘er froc
\ ‘“/ (&ll/ > t)
{ mwafwulij X inst

—_— — —
—_— —_—




To shew Y £, X:

Fvcws\»ij o decision probenn
Pesign « veductlon dﬂ that -

O show am Yoo lust A 1 tmplies & Yes' mst
A4 X

& show an “Ne" st ﬁ[i 1 Zmrb&g oo "No' st
A& X
- Or eiou‘wdmdbz/ Dshow A " Yes! st A K eplig

A Nes st ofr\f



|5><W~f: H[) éﬁ H&

Hovlionian Gyefe (HC)

Igwt: b= (V E), s€V

Ourkport : whether there ¢ a &Mz ot Storts from 3,
Vit s &/ev other vertex exwﬂij ouce |, amel ends ot 5.

RP wet: HC et

e

5’



> NE“ C’”Wf{s&be. Fm{o{ﬂ,w

A VV\?\DK&M Yot NPACNW/@@ NWC
© K &N
& §YeNP, Y =X

X (6 the hordest TmLfﬂw" wm P
e plee oy for X otk oty P=NF

. l\)ejcue‘u/?.z jﬁ,—g Zm L;Q/Q‘\G}_)Q/ F:}:(\)F aMﬁQ r(fol/ept a VVOL/&J/W o
be. NPC , hen Joi com j\ve wT W o{m‘kfg&ig PDR{‘“@W&
/_‘\/e,gs ]Lw it



" e
- RC, Marwﬁré’fc, Vertex (o
oy

MW‘C / gw‘M@t - Suum

l\

Dt owm/ !

st patiral, (NP E“uﬁ“’-
S
re. eitlurw [\)FC’ o< P

(TM/V\Q Lo —terime
erist Sowe "
o S ée etermediore " prolbe
i VWTIL %Wf/»ism) - 63.



> The {mst NPC problew = 3SAT

Ded (CNE) -
v ESOM VlO'Q, ?<( , = Xa & {T\fbbe_ , Fﬂi.&e%

Ll‘beful} ‘ K‘v e ‘1?<1,
’ C&‘&Se— : &ts)‘wﬂm UW“) o~ £5 f)‘b@mﬁ-s
eq. K\ X | % K \/qu X X
'S CNE {w\ﬁw\wf& mjwwcﬁ,erv\ C' @A') fF CQDM.S%'-
(X VHNTE) A (6 VXN xs) A (~x, Vo, Vi)




el (3-5AT)
jmrwt c A 2-CNF forwike wuode UL, - x,
Oueput = Whodhey <he 3-CNE s satisfieble, i
Ao assiguuont fom T0,%5 1o {Toe . Bl
(4. 4he 3- NF ewduates +o True.

lansfied s O every cluse eells o Tue
® In ewch clawe, ac leost e Atesl ewds e true,

¢ (XN GNTK) A (6 VX, %) A (~x Vo, V
K 7V IV sV 'fr)

b T [ Coole’ 19705] 2 2-5AT = APC




> 2 SAT é? Lmiefée:t (ie. Im‘&ré@r_ Vs N{?C/)

EZXM{J ¢ S §AT wmst

47 = (X VAN KA 6 Vs VXA
(— %, \/"\7‘3 V’Kn-)

L‘«D’Ff é&i’. st -

(&, &)
1o thee an Ev\lefse‘t "
G g osize 27

é‘e,,L: Constfuct Twlﬁfge;c st ((‘Lg) Laged o H{) ot .
O P i setisflable = Tk sel of sz =k W G

@ \i) (S UJ\%I‘(S{'\WLM.E_ — V MA‘T sel @,1 e ,,f szf. < ke

o eiuvd,ewtﬁl :

4 am&f sed. of szl Tk G = \1> (s 5a.ti5f\ukuﬂ




S-SAT

S G 2

L ?“%L”F
(17 - QX‘ \/'1?(&\/’1?(5)/\

(% VX VXA
(=% Vg V’K\-)

]/Qt n:= Hlvuﬁ (e Ys
M= J;tcfa.u.ses




W, \{> > Satis{lable => H g et S af sz =R=m I G
‘ EV@“] Amse has 7 L Livend 15 true
* Pick exactly e Liverd thate tre 6dd the CDWQSPW(:Mj,
Vertex W G 1o & set S

CQMW\-‘ § s o site - W M&f oLt (n (7{.

@ 3 ndep set Sof sz ZhEm g = \{> s satrisfiable
Obs - S contmn @\m.c-bﬁ]/ one  Jertex of ench jl/\ewf

For cach w6 &, let +he Waérwwl-‘c“j Literal  be true,

C_J.k‘\m: rhove a,sSijnment schSﬁgg {3




> Tedep Sex =p Vortex Goverr (UVC)

Pl Verter Gover (YO ©
Fopuic:s groph G= (V. E) ., Wteger &
Ow:ewc: whether theres o \/C A G 4 size = k

Lﬁcaux— w JC £ L 15 seme ScV/ st. § (WWeE | wt doast
e of W,V we w S, )

Obs I‘f SV s VO &, then \/\S s 1S i (o

hf: Supese V\S 15 mot e IS, Thew, TV E VNS, sk

() e E . HMWE’J/@/\, Stwg s a \/C, ot least one c‘(’ L,V o
w S, W tch contyadicts wHhe WLV € V\3S. 7



> P’e ot W§ct éf \lertex (over

7 I5 wst. (&, K) wih \/[Z0
\'/EcﬂMctiw

> & ast (G, n—k) | <chen
o 1 IS £ sze 2k = IVC f siee <n-k
' Tﬁutwt loz' *t/w, previows Obs « %ole e @wf(mmt o% the TG

& IVC F siee <k = 1 IS £ see 2k
© Same o ioove o tale the oo%ﬁ(eywent V‘F‘CA‘Q— C .



7 Deallig wich NP =huel problens

Dek = Problew X 15 Mb—hanl -GVTC\“; \(<>(

Mote 1‘(‘.5@/@& 'S et I’E‘iwvei to be in N?.

- NPC problems  are WPhard | bue ot vice versa.

" No hepe far pob- tiwe ot% G P+up) 7
Fapter exp -time w(fg
Ao aly
‘ So&LVj fon specdl s



> Faster exp-time «fﬁ
S-2AT-
e force Q0 phy )
C N s oo s ). 3"

—

N frwyc‘\ce, co W [0 vvo \/M/S con e SOQUMQ o short time

TWJLﬁ 4a££4wmm PNU&M C.‘.e. the- skmut Hmb@wuim QC&Q
' F?vw%-fwoe-‘ OO""P"A(U‘)) > OCZM'F"K]CM))

* L IDI/\AQTZ(/Q,I EMILM TP with —~ [oo d00 Vertices.




> Aﬂmgx A%‘
Tj?ga,: o5\ -fcw Q)Jre]jtimof. 50'& +hat *e 3Wmf£ei net
tpo ]fu ww-?( from oft.
Erp: | Brob (Men Vortex Cove) + g graph &1 fiod the. Vertex Coy
w G o{ Mt ka Sl 2e,
Com we f’w& A \/C %l size X ()l@fT' ]Cow Some  spaall o(;j_?
Aws: there existe an % DW‘C(‘)WJ(," \/C = lU?T CZ_—CLF‘)W&?()

. Com we 'f“’"* i 15 D’PSEZ& >/OK‘OTT]CW‘SDM€ Ltj R <17
Prs s voforsustely . no. e pbjcie alg con ackiove > (1 (47)



> éeﬂuxvj -f@ <|>ecioL Cases
Exv«{w /\/\Ax-lwler Set s Pofrti%f—so/@% ou

—

\ree s
Bownded --cpeewidth graph
Ttery ol 3m1>l\s



