/\//p» (()m/@ /9/61/76’5‘3

Whal o do  when /ow can'L QAJ

a.lj o rithn~ )UOY\ o ﬁ (Ve Praé)(c/m

"o c,yc.la.s

Vs [Of\ﬁe&é _S("m:p&, ’Dc H\N

O (Y\m) Fire
&borf+‘km

no e%c_ier\vf' a\(j, k\nom

[I’S there one 7]

» Soluho

Even +he d@CLﬁ\OV:\“g?fﬂb(ett\« .

WYEonsg

O( YLQ/\ '47‘44’\6.
Where
= np uf size

C = constunt

n 1S edher Yes or f\/é:-

Dees e (ron3es# 5%{9& ?a#\ Covn verfex = "o verdex £ in

howve. > k ?

femjeﬂ\

hes 1o K nown CQ’QQ[@!&L @(SOY/H\M <QV€”
S Ik P< G5, b kD
/o= ,
/' Ovtput Ves, if Hhere is « 5<‘mf>(g_ P“H\ Loyn
i t hos S K edjeg
\;\ _/_\/_9 otorwise .
\ ﬂe C’LV\3L1. bmd&% lY\CLCQovte O binar7 avic
G 20t e K For exempe
D / J .
G = ({N@ s> =@ k3
© & s =&
o o [FaXeol
e st k> MSH be (C;Iom; !
2 ] ool
o ©oo

Uo\'\’(c)\ L\AS V2 2 5

\'\)@ w:” r“eshz“d Oty a_Heh\L(dh +O decfsfgh

f

oL edf we(‘j)\h ore i>

s -,LD ‘{; IV\G- %c}’

OC(MS OQC

oll

oo Oll

‘PfD Eler"\s‘



/‘\ Dé TSSO ?VD)OLQW\ de@m G (QESUG‘SQ ] -

(\ L Se*' é 'ﬁ Strings

| ST o s
. © O s O J 'ﬁ, S,

[LONGEST. PATH = {<6‘ st kp r there 15 « simpla path in &

ﬁmm < o t -thal has > Kk G:Be:sgg

For exampb -

= { ey Ol 0IDOIDIOOIDOOO ni (00 OI() g

A /anﬁuaﬁe‘ L (s Cl@d\c‘léa I Pol7\ﬂoml‘6x( +’m€_> B;

)

1 Yesu \Q ' N E L ar\A ”/\f'o\‘ “f % ¢ L_ (@m& r‘u.V\S
N me ©< I'ch> ﬁw e conctont C>_,

.QV\ &\Lﬁoﬂr (o A ,‘70 on in Pu\f— X A O\)""P uts

Comploxity Closs |

P :: { L S j[/LQ,re IS an A«b@“w’('w\m ‘H'\OCQ’ Qlec,(‘cj,eg LS
» ~ i Poi;nomia.( Hime

T:'or @xomgﬂm :

?ATH = ! <G/%/_{: Z<>} -H/\U'e. 1S e ?bﬂ\ in G Qmm {
‘ ‘ ’ S%tw}'ﬂ“?ék&%@s
A

?ATHép é@(ﬂ"’s %v N = <<7, S,t/k>7 we could  run  Bresddih First Seswch

<“or \Df\)k%f\feﬂs or —BC“M“" F:D"'c;> +° 'g’\d G .
T e e okt e
0t he= €k edgs. and No' offerwise
ie dokes O(m) (o O(mign) o OLean))

whick s Q<WC> for =2



g\f Some /Qmﬁ uajeg L_ 3 1% Seens S C)/(. {,«é'gu / 4 ‘f\:)

_c{ente i e ?1(3 “ x el ’ gufc.kl; (in P°(7 nomial 717})@_) ,
bob  with w [[Hlle more informebon )
“H\AJ’ as (__ arufc.l: L7 . | ' R__ ’M(’a:([eci @ ",’wﬁ/—ne?_sjs N ‘“7

} dn a(j Caun \/6(((}/

For evempl i = st k> ond we e

to  krow Tz xe LoNGEST PATHC  Then £ there

2 a ‘W%"Mf::ﬁq, P/A,H«w Lrom = t Tt N (o with = k.
'@C&Sés (ie. § e LONGEST_PATH > cn aleg. Can ’\/6{(\(7
ek e LONGEST_PATH given W quickly, How 7

Lomses\i Fabh Verfiee V(% w)
| Suppose- A E W, Wy ey LD and  X= <G) s,£,k>

@ ,‘Q W, # S sr W # t s < 'S ‘H/‘&V\ retom f\/w

@ ‘er‘ L= e el b
£ (g iy io ek an ade o & Han veboon b

@ I w=w o any L) e petorn No
(P reton Yes
A (av\j\)aj@ L. s \/eft‘\(;e_ci in ?olynomm\ +ime fvc
“H'\er‘e, exists 7 Véw‘gef \/ and conshunl < Such HPet
L = {ac ( 4w sud Het V(x,w) = Vs and
Vo oyuns i O(Hclq Hime §

NP = g L t [ is vem@e,ci in Po(ymomza\ Jr@m@,i

\/\/L\yy M@n ?m\o(ems are in /\/P Equ V\.o{“ &x“
~ problems in WP sre kmown 4o be in P

s Np=P’



“Th. P < NP

e

M ]JC = P fhen —{’L\afe, 1S ﬁ_(jovr(\1~{—sm A
Hot decides L in P°L7‘ time. From A we
con build a \/@ncer \/ Hak  on input (’)‘,W)
rruns A on }V\P\/‘J’ X anc\ \\Jnores U\ V rons
?0[71’ +ime, Sinde A does. “Thus L e NP

EX&: m(_)lms_‘ éﬁ I&Mﬁuajes N NP

24 (;b s o boolean jQJ\fwxuld\ in Caft)umfﬁ\.ff
MDV“MQ(‘ ’Q)vm —{/L\Q‘L l’\cj AL SQ“JWS%C‘j

’HuM\ GQS‘SSk\me,w\-I— g

@'“ ( ‘fjv?«,)“(%vg’, A(&LVE\A(ZV'ﬂ /
heSAT 7 Yes ey ‘%w;xgs,ﬂ

{1 or Clavses

IS SAT € NP ¢ ¢ [‘ o Clawse 1S OR O\ﬁ ‘
Y_é.f 18 Cb € SAT +Hen oo S%B n) Fhat o bunch of | irerals (
SF&C&Q@S A S&'\l‘l%fyh"g’j HUH\’ &. (ferel 8 « varieHa
ﬁssjnme/\}' 1S @ ocd witness , or its r\aﬁahom )
, A vevilier need onl/ T
Chedd Hat w actully sabiches O
(l\- . '\COY' eoch clavse, iF |eask one bere] in the clanse

IS TRME_)

Is SAT ¢ NP 7

. all powhu las ot I’\OU\/“’* ne SO}WC:@ W\f)
Jruthe assiﬁ nment

No one  knaws Whaet 1 @ jocA wibness



CL/QUE = {<Gz k> ‘ & is a’jr‘f)}\ with a C/"ﬂ“’e Gv() Suze k.{ @
. : '/-/
k. erfices Het are =l

Cfé() éu‘{}'awm‘" {p each otha v

Q %\ e 3 and size L/‘ bUVL ral size b

#af:, acf]'ueo

“Thea CLIQUE € NP
by Ao LG k> eCLIQUE s & cet of

é’ Hak ’V[)O’”‘S A le(‘?uz, A ver-n@e.r
|6 k>| ek

Efﬂ’,ﬁ_ Uoiness

-k verdices  in
Con  checle in Fime })a[7 nomizl In
W has }(. V@Fv‘?bcs and e\/c«r/ ?}avi oo

in W s an edje,, in &,

Q verticaes

/\7(‘ L con be decided in
e then all f&u«j‘@je‘g

| be"c MNP-hard = {L

‘Paky.
in NP could be decided in
Pb\y ‘11‘7%\6_, '
- {L ) L LEP then NP=P{
_ Ve Boston Univ
m SAT € /\//D'}'\a.w:l (Co;ik L evin Theorem /?77./
e v Tororts
E,,, e u) { Pm\/e -M‘\s heve The. ?moc i V\{vﬂc,xlé
Del | s MP-@OMPL&J@ L MJ_.OV\L«/ L

D LeNP  ad @ LE NP- hard.



