|l ocAure 20




Compu({a(/\ llH \/\J(‘a(uf

g T Ms 139/16}’7)(( W\OJQ( ok (_me(,(ﬁafhm (Chu/c/?\’7uf\):7 ThQSu)

Shoriges’ versions - Mulki-teqre Nond ederains hic

2. De cda AL Lo /\3\,(&3 BN

Al )2257\4(0(/' Lumﬁwaﬁe/s c

£xa rvYLU )
@Q(ijt%ciuﬁ— Lo\/“:lb(ai]gj

™

g ”V&S: AL\ deadable tamﬁwaaeg HAL’/‘) A

PYO'\)Q(fI‘QS O{ dQCichlalC/re(USV\l%au.Q, L‘g

3. Closure

\N\&QﬁcacLaVLL/\M fQCOjAPcc((a& Lﬂmavta\cleg
\e+hod of D(otjo/\otl(zodléfr\
RQOQULUHJV\S

“..



T he Lanjmaje,s we dowed are \Jﬂo(Qq‘chbLC were ol aloaut
?m()e(/tfes o TMc.  what albout other more  Aotuva| functignss 2

Here 1§ o- sowr\‘ol{ of some otner (\Camws> undecidalde FVOWWL% :

(1) Same questions (FALT, A_) are alio wndeddable. in

oy other model of computatieny eg, Python Prog@ns, & wantume
Cpm(yd%S, ek C.
(1900 )

() Hilbert's Tenttn prldeme decdedbe
34 eﬁua?mn wm b /rrleoef @e{{@

Iflpw& e & d(OPWMﬂV[Z @U,ta(\m (POL7MM4
éxawytb : 3>47'—a7<j» 2.3 + 57&7\/7‘:0
Quipuk = ok N o nkges o S ool

/@deeadawuﬁ ok Fust order Logic (Hitbert ENJ(S&‘Q“‘(LW‘OSPNW"’D



@ Datw ComvaS\o’Y\

%\\)CV\ 28 §’(“(‘|\Vlj S < iOl (1}9) [ﬁf\cﬂ SV\OW‘*QSJY Pyocafum
that out puts s

B grup Theory
HGwen o ((mAQlj pye.st\‘?oO fjfoulﬂ Ci

Is ﬂ Q\V\('&Q ?

Is 9 3'”1(1—7— all wdld ondfg
Ts 9 ammutaig

@ Pl’\j&its ~ S'pum/ \Craf (10l5>
(dwcerence  (peboon Ground St + Quist encoled Stafe )

Sci. Ao o  Ock 'ZQ(Q)

Mam, fvbdcgwéﬂé WLJQCLLKGLQ Pvéwmx % 7/\/(60(75/1/"\ pl’Lf\\SlQ



Complex by Theony

We sad Hnat cor{aun Laﬂs\k&&ﬂ_& ce Q. uw\diuc,éqé% - —
even udtr Mbsunded  resources (b, memmfyﬁ
we cank ol thew prblWrms (1 47me workk case.

Puk <euen ok ?mbwwb s deccdable MQY ta ko

o it

an endrmols amouint o  tipra /MQMGy\a
/

c¥il\ Moty mt e lvable L puachce

Comy xiky @Yj . A by of important /cendree C
Do blems and he amount ot resources requird

{o ol .
ran demnags ) p&fd(w L()»(\LAJG\(}\/L /

‘hn?\& ) spau\ |

CLKALLW(\V\\/‘/\ Qgry\,.(\kl oy



Soma Exarywu,g

@ Mafri Md(ﬁ\,&ltccﬁt“o’l/\ NZe A nxn mMabnces Ml)/‘/(z_
] _ . .
How mucA timg (e(emm(% plus (hrmes o/e/,zdvms) fo owf(m% ,v(, M,

@ Prime, = guwin o number X n bzha/y/ e P””LQ?

@ FOLC”(MV\j - Q\M Yoo bu/\tcu] (o\,d\(udc ]’o/m/Le (u Jort o

@ C/l(‘cbueﬁ %\VQ(/\ a_ cdmf(/\ '3 ore - \/Qrﬁc,es/ and] « Numbes /(/

CQDQ,S Cj contann diCLLAQ o8 s [QQ

@ Sudokw AUt Nxnt puze ourtyutt a sohhon



Ql\ Az Cfi " ﬁ:&’}—h&,
&J—q;\l qll &( bg, | logz/blg

: _\:S—H/\_O/tQ CA\ CLK X
Q ca rw\nw\ a) r\l er:Q>

Rest lam s (052 4



PY) W\O(\ l\*

S —

S X = 232 dacimek
bho-)

Thet T8 o randoim ird olg. fhed
(NS \fefzj Udu‘

O/@/\ tov o 1675 (A = 8 ek o Tt

ded v U«Qg &\NV\JW\Q ‘Y\L) n= (@b%>

\\ie,s\ q "



A S{QP N a TM ¢ A SlVla(Q "h’C(VLS("(TéV\ 0( Ti’\fl TM
ovn. an (VYLt(_‘

The time CO/H(L@&L%\\_] ok A TM 1 o Cunchon
BerofRd ) o £CG)) it mMRasures  the  worst-cuge
number o€ <tope M taes (Lefoe V\ot(fﬁ/ﬁ) O v
ang \vi(qﬁ W o€ lengtie



T

\me Com‘a&fxl\f% g('g O notahion
cerm, mc(ucﬂ‘mfl constant  Cactors

Dek, FEor any 7 Cunchong g(«/\)/ jCV‘)
CL=00gt) € 3¢, ng st. \n2n, () =Cgl).

g,xaw\/LQS

5 - O <« {0 wnri0 gn)n
O Hwn 4 -

5) noeEntdC oln®) (@) =0(e)
3 2 et - 0(2)
@ n° (oﬂn, s (03(03V\ - O((\Z(OQVD



S .
me Com‘o(wmﬁ]) Ez‘g O notahon

why do we  care cthooks oLs\ZM/v‘ohi (Q@@) 3mu~/7‘f/\?

wWat {g eshimade the rumbme OF an a(jo(ﬁ%,m,
Howg Jfornonces handware ///r\ﬂ&w'(ad?o% ca
(2ot Lo Ak€eropces  » Nt AL

@ Y\Ja

Coon gl regstet S Cackrity et

@ lA\/lcl(g{"El\Vlrj Aun e @@n be cumloersorne — [01\57 D

hales o 10 by vnecessany dedails



GxawY(JL O"Y No) B@ -0 /\A@(@-Q_S TH’H@J éa&t-?A

M on mpu& W

Scane  OHOSS ta/e, anit( W se@ a O o 4 O &(Q(og
T o Cound. — halt and qQQ/-{ ) 5{«5
: , \ O(n) Loofs
IQ s —(O\U'CL, Nt Ic;:wumy? omh | eC 0(;/\}51‘905
Wﬁh&@ o o1 Leund
\ o) &
€ wone Keund e ) St
) s
Ow cross ol that S\[m/ad ard] W‘f: ) %SJ

So Aotal NOTE cane runhml o W WEILET

(0 +00)+ 0i)5 0) + 0(n) ) - O(n) O < O(n) =a(n* )

)



Tht Famous Class “p"

Detn Let N >N (£ x ruatime )

TmE (tw)) = 1L | L s « (anguasge, deccd ed bj X
otw) ~tme TM 3

Defn t:ad >0 s PEH"‘OM(C“( £t G) =0 mlz\) [o5r Some k>p

e

Ex tW=n" £ =n  th)=nlogn  are poly nome|
( %Cr\’) oflm oy ‘t«(m):‘zv\ ar<. m PQ(TW,>

—————

Dekn P = % L_[ L o« o La/\jutce&% oQQCLGQQCQ bj C

TM  running Polypomef ]L'WCQE

% W ik of poblom i P these Hhat hae
rQLou/wel7 oL G cent d(jz)ﬂﬁ/i/ﬂd



The F iy |
Famous Class P : Discussion (Mohwvedpn

W h | ~ .
- N2 \
guadrahc hma 7 J e or

Mol Povtk - 00
€ some progras- (s no o fr Thed cw{m’m/f

1< NE €e_as‘.(/7 soluakdg

16 som Pvf)blf«m s P fren wl @n SaT
A s nkeas bYe {5 S()llﬂ N fhe w%é _gciA(

{6"- surc 7%9?(\

Typen payhme *Q° actrally run oo e 1 o o °
o oy . pobdum i 7wl mesns it s gt

b T cane e D (a{/ﬁ e%ﬂc\w\ﬂf

stll, o« IWWML&M el e ]a(ac‘m\;) a ppideme in £ 1o {ind
L m[‘( fast (e ) o (anoy\) %w’%> a(@om‘ﬂm



The F S ‘
ht Famous Class P : Discussion (Mohwvad; s,

TMs ave 50 clowd. why dodt ue define “PY Lor a
beter moddd JB Wwf\ahm

V‘k(so 30065! PG;V\J\- KQC((L] UL \NZLM 0 c,m.sic(g/ A More
realishi modeld  Lke mu(f(*%ch 7‘/1/(5/ o (ondam ~ecass achings

Lk tae smulahon oF freet by odwiany TMs g
olanamsd ot | €0 K sand proldem pas o
Pé\/“nwﬁ a(:) i~ some ofter modd wl]
a((i alse had P(Lﬁ\n’% ™ aSOndﬂm

T
K one big Q«W

Guandam cmyvzufﬁf/&




Tht Famous Class “P" : Diuscussion (Motwed g

QB o WV\J worst - case It 7

Ancter 300& point . |
Tust because o Pmb&m 5 hard o Soma 1(\(%5}

His sk e Wk Wﬂ:],

~ AT (/V\ctj lp£_ Ve/ij % O ol e ‘f\‘]f(‘ca_’Qf |rvut‘€,s
é\mny(»t; hole fre(d ot Mang L(ww[/\’j) c/bv‘fﬁ/?ﬁ

— 1 Wj Le Wj +5 6@1\&\/@{7 ‘jd\OcJ oﬂ/mo/ruﬁm
N POH’J'WY\L e K S()\(V)/ﬁ agd\v}/\q{% "1y ot “’\7D

Ogetin undersianding  novet case @mplesiby W« starting point
deal - Solu trady i polhmt. T vt poculll  see
eflicert on avy or @y fo wffOximede



Ssome, Poblems 100

() St mnmﬁ\/ﬂj

Pa{”V\ Lfom A fo |

OJL\KV\ ﬁm//{’l ﬂ Hind QVLSW\ oL smctect

+
o bz
Mf\g@/’)_é
E"b T}fl
B
L |
pesetss
i —L -

, [ — .
Nae Sow 4—V\J a Poss(bL@ ’PC("H’\S ~ V\[ Pm%s [ T

sondme ~ N

Better S - O(/\%VV\)

> ZVL ‘2,(031/\
7# \/@V‘(\IC{‘S ~——_
W\~ & QC[OQS



ome Poblems v

« L ?
@ ?f\;;W/QS '. ﬂw&lk X (\ bmgfj/ K X Pﬁﬂ’LQ‘

(ack a(a : 4’Va fo dwmde X bﬂ 2 3 ¢ -

Runhme ~ X steps

= ex‘omndwéxl P Y

tight, Nodnvied  elg o PamMLs € ~

- ) X//



Some, Problesms 1% r

B Al Regulan CELS ac 1, P

?,\\l/\ a) 18 TN A PCU%\ k&ﬁ/\w\

QLA el r K whe @ P !
(D L ijfaM‘”ﬁ:
Guzn (e seX Cb consdtinls o
(L Aleer Ol&\)w QL«V\QQ/‘») Cynd
a,odxmw@ so Wb~ (0w p\)

® perkact /Mﬂ/\&\; TN
drs 3 o perLect VV\O\kangl M\j?



Peled /V\c(wdtx\mj conk' )




Porled /V\qﬁdtx\(nj conk' d




VP 2 When i ety fo biad o Needle 1r Ha(S{qC(c_?

Mang ok Hhe robles W A inlusied (A e queltions cloont

‘Sm;m%@ Lor @ sclhgn tn a huge (erponerrial crees) sek of posotle Solhims
Exampl> < Caie 27

(0 Does § nak & Cligue 9

A Hamiltonan Feth HAMPATH (9, 5,¢)

A pati fom s tot that

0 /P\ \ < visit s QUQV:I vert ex
%‘ . \L \ Q\md\\{ ONCe.

\\5& 7




Dees % have @ chiquR K s1ve £ o

d. Si=e Kk d(‘ju!; 0 j

& o cdyel of kK veatices n S[
sur et @bt pain ) verdifes
N conneded og eun edg o




VP 2 When i ety fo biad o Needle 1r Ha(S{qC(c_?

Mang ok Hhe robles W A inlusied (A e queltions cloont

‘Sm;m%@ for a sclhgn tn n huge (erponerrial creent) sk of posotle Solhims

Exampl> ¢
@ Da (N

2 7

g haw o Cligue ot SIZe
@ Hoami Ltonan Fatre

In these examples T s alwongs ety to eriFj o solution
Rut Ssometimes toIs hard to find @ Solution

What dreracterctes NT s ot 16 1 a[wawfs Q usy to
\Je,('thl o- solutione (out ob ~" Pok@aﬁd\ Solufidng )



e (een mow Focmows) clase MY

Defn] NP - % L.[ L o« o« (.a/\jutcejQ, JQC/@I@Q bj cL I\M

TM  running i POmdmed ¢, 3

e R S VAN ' ST O(n'“) for L K20

/ [
(Lo trmL L ol Wonelch TM ' o~ W

A4S Q W MW e
our all cwuf&/\/@* o q ( ) & v 3
[/)ua"hj



let L be a lanquage | LS 2o, {"

Pt = $27 ()

A veaddier fov L s e TW

\J Ads 2 if\()‘*fCS‘Z \J (v\) C«»

/ ‘
//’ \-> extrze mfwé

\V\'(We to L

A poljbine verifier V foc L s oo TM V(W) sudn fimed :
@\/ runs n time FOJ((WO (Wi = evxjﬂf\ ot W

O bViwe L. Q¢ such Frah V(W Q> C(ccq(ﬁ;
Vwa L Vo VW, o) M| et

Defv CAlternahie dekn of NP
LeNt & there Ts a pélyhme voriGer for [



e (ewen mow Facmou.g) clasc M

Debnf NP = L[ L« o language decsted by e yondefermmsit
TM  running  in Poly wom TL,WQQE

EoLu\QalQV\Jc Defn o NP

A verifier for Lcmc\(uago. [ < fO,lzk‘ s an a(jo»’lﬂ’lm \/i\

L__—: iw [ \/(W)C) acqutsg where ¢ 15 an addi€iona | q‘%
'/\O

™\

’LT

s’rrm\o) that we call e cerbificakbe or P{DO-F

N verifrey \\s. Pok’t\lbmia[%\‘m@ ' it vyuns n time
POHV\om(cLL in (W]

* Note +hat 1§ A & « PolThM( Jentier that  [cl must
also be Poljy\om'lul n W

DQFY\YL NP = 2 L. I L hCl,S Ve POLFL\.MC \fﬂlflﬂéf}



Ech(/a(ean Betwem DQQNS [ cndd 2.

ap =% L[ L s accevoted ‘ﬁt\,{ o  NondeterminiStic PQ\,({—;/M, a\johﬂﬂms

56 = E L I L hq,S Ve POL,:*\-MQ Velfl€)ér§

P

@ L ésfz =, L¢ in ‘
Let Algoﬂfﬁn/\ A |O€, \/anlér’ fOr L rumm{r\l? )7 f'/ViQ 4

Nondet TM N2 oninput W, lwl=n
A/onclefe/mm.sﬂcce‘clr select ¢, PEZL

Ruh V on (W)
IV acepts (w,0), acept | otherwie reject

[<



Equwalence Between. Defns (| wund 2

ap =% L[ L s accevoted ‘ﬁt\,{ o  NondeterminiStic PQ\,({—;MQ. a\jOhﬂﬂME

56 = 2 L I L hq,S Ve POL,:*\-MQ Velfl€)ér§

PR
@ Led = Le J\”L:
let N be o Nondetermwitic TM a&e/é\'ygr] L and /\u/zm/\lc,
n tme nt

\/Qf\(léV’ A oN (V\/’L)?
Smulate N on W whee < 18 o dqu’\taho}\ oA He
Vordetermniste droces to moke at eadr stey

J{ s Lom/weafbw POFHA., (CQQ.SCf\lﬂEd [ad C) QQQ-Q_/')'B
then  accgpt (W) | oTherwie  rRject



Exaw\‘/(es o@ La/\juages % NF

@ AV\j Let s also wvn NP

Verfier V on m')uﬁ- (W, ) 1 \gnore ¢ and Just

U (>0\7f\MQ d(j Gr L on \nwuf W /
7 \ S
@ Cliquis (9,1 . g:LV,EB (V[=n
i
\/\Qf\f]él/ \/ ovL \V\wut (W :(ﬁ) [Q)) C/S : p \%
e Checkk that ¢ encodes a SYset Vviey of A
K vertices <% e 7
« For «ll P of wvertices Ly € VA Chec b if P )
Nn=6

ol

('\)D 1S an QoQgQ« T (l‘.Q.) [L}j)eE)

[

Q/ g‘\ 6

> 3
c. ol lo(Qli/t7




O\(\oﬂ\ﬁr é\g am'ptg. H—CQ[W Hhorasm

ﬂ ¢ Y-lgyal e
€€ fj (s O)Za/ua/b

j,nputt < an undweded 3{&([/{ ? |
AC(,Q{){ C(lt 1€ € ﬁ has o PVDPQ/‘ h"cafd\/mj

g\mm@t@ ‘) A ?‘Q()QP Lf"CO(WiV\:] OLSQ(cJVK

=== = A lor (ou&Ob H colors)
fo eadn vertey of

% — ) SV etk ’v”eci(JQ, €)) wn a)

olar (() R &a(c\r(”

44 % Inat s ckp»dYLML(u(mi N J St \/(f]) c.) thc%(
\V < %) L):ﬂ (& GL e ng pr}tﬂ/{%w[ofx > Y \/Cg’ Q) rejey, ’



=\



Farv This SmY/L\
Q/

V< o
\/ Qﬂ)c}



Note on Qonclt%c,S ol «a fifalo)m

g = <\/) E) ‘ . \/:i|)2)3»%sz
V[ =r.

2 ctapdard encpdiias

I A&Aaéwj LSt 0 LsE all Qc,ﬁjeg .
. = .U
CO (3 (D) (5 ENE) T M PN T AT

n\ QCQ%@ ™ 3
. : I = 3 Y 5
7. A(&\X(‘LC-QVLW MCL'W\\& [ I b ol O
l | 21l ol MGN=1 ff Q) eE
\I)Xl\/' W\C(('(\Y. 2 V | | \ D J
4 10|10 | | A
S1o]1 10 ||
| -




