CMSC Y45\ - A!gorit\rwh Des(ign
Lecture 15 - t\)P-Complctcnc.ch Geveral De{initiom

So :Far...
- How to c!&d'gn aV\A éﬂellaze Cﬁicicnt é('goritl«ms
fow Combinstonial pmlolewu
- What Ao Wwe mean \O\a eJ%icient?
3 bJorJ't—Césc (V\Dt é\)&r%gc case,)
. . ‘ 4T {( : ?
~ éjamp'tohc L\[ﬁc\ehc\g - IS D n ¢ \C\(mt .
- runnivg times Je,penc)\'n(g un

numevie peramct&\m? - m- \gg ¢ (mex (:low)

- Ivvxpofté\’\t 0\635‘1 Fi (.Bti oW :
- ?o\t&v\ovnie\ time - O(,Y\L) R where €= coms‘teht
((wovst case )

- E’X,poncmtie\ time - QM) , ¢\
- Henccfort\t\i
Pol8novni0\ = Effident
Eﬁponw‘tia\ = Tneficient

- Ts this ressonable?
Not cwtirelva_) but it works moit times

1,000 .
* V4. I.OOO\“ —Poiu\olﬁ,lmt unecommon



- Palta\/\om'\a\s ore nice loocewt
t\«\c\g ave closed under c,oW\posib' DN ¢

Fo) = o[ ) g(\n) = O(\nb )

> $(glw))= O((w) )
= O( V\a.\o ) < po\tgnomial

- Upsl'\ot= I( Ie) polta-‘timc {Un&tim’\ :P wlls

S pol\a-ti\mc functioncg’ as & Subrouting
the result vons in P"‘O time .

Hard Problems:
Near end of 11604 :
- Polg-tiv\nt aégoritl/wm 'FOY‘ W\év\\o prolOIcvm

- Mavwc} proh\cvm G\C(\QJ lexaftiVV\e, Jo,utiom
- Bcst &olutiovu Laseé on bru’re*\cofoe
= EXpovwv\tia,\ time

- Reseavchers nght the orueisl pwl‘opefta
t\lﬁt Aistivzg‘uisl\u \bCfl‘we,cntlnew.

- Spoiler olert —T\I\eta failed !



Eunter Stﬁp\ncn Cook (V7))
- For meny combinatonal pm\olcw\s’

the bet olution has the ‘Fo“owiv\g form:
- guess the anywer « vexiﬁa'd: s convect

- GQuessing = Y\on-clf.«tefm'\vum
®) |
Ccovnpud‘c\(‘ has Wmeny) poss)\o\c éctiovu)
- Non-deterministic TW“‘Q? machine (NDTM)

- Q: What wn NDTM compute in pol\e- time 7
- ca\\bé NP - Nonéctefm‘mistic Pv'g— time

- NP'Comple«te, -T\I\c“\!\awrée&t Pfouems » m NP
I‘F ow (AN JD'VL 6“!9_ D'F 't[qu( V\Mow/\\’f

C'(Ficie\'\t[\g - nou «Qen JO'\IL 6\;6\“6_
m\o\em W NP efﬁciemtlxo‘

- Oké\a--n‘i‘ 1S Viice in ﬂ«eow& but who cares?

Ewvter Ridhard Ka\rp (\‘172.)
- Showed that 21 Lell- known pro]o\em(
are NY- Cn\mp\etc, = This s major '
-T< P=NP7  $1IM prize Jor the answer



MéV\\a. NP‘wW\plctt p{‘ololevm Qre Clo.‘t,l\a~
relsted to efficiently solvable peoblems.

Hard Problems (NP-complete) | Easy Problems (in P)

3SAT 2SAT

Traveling Salesman Problem (TSP) | Minimum Spanning Tree (MST)
Longest (Simple) Path Shortest Path

Hypergraph Matching Graph Matching

Knapsack Unary Knapsack

Independent Set in Graphs Independent Set in Trees

Integer Linear Programming Linear Programming (weak poly time)
Hamiltonian Cycle Eulerian Cycle

Balanced Cut Minimum Cut

Iv\pu‘t Size + Reprucnte'tiom
= E‘Fﬁdemua_ \S vv\eewrul w tevwag o'(
ruvw\ivcxg time as & Tunction D’f inpu‘t size
- For this to be vv\eamv&‘{u‘ , nputs
should be encwded eﬁciev\tlg
[ 8

Numbers - inteégexs given i Liner\& o decimal

KE

- rationels as vetio of in‘te,gcvx :
o fixed pont decimale: 17374
= arbitremy reals (c.g. ™)
¥+ unbounded values (c.g, K )
not eallowed
Groph - Adjacency matrix o odj. list
Sets = Lit of eloments or bit vector



Decision Problems « Lévguaése ]Zeco\gmtiow
-Tt Wl Jimp\i{'\a the ‘t\/\(ovv(} to
assume ol pro\olems have came
output — Yy or no
- (ANed & decgion Pro‘ale,vv\
- Optimi%ét'\o\/\ pv‘o\a\evvu heue a

&ccm‘oﬂ pwouevw \Iévien\'. E.g.

Optimiza’ciont Find Win. Spshning tree for G
Dec'monr Given G + 220, does G
e\e\ne Y spévmivg tree of wc@'f\t €32 /

Optimi%etio:\ 2 Decision (trw'\a\)
Peision = Op‘t\m'\%etion
(bihaw& Jcerc\\ To 'ﬁné opt %)
Lavguage Pecgn;tsom
- Yor historica) e Qsons (autmme‘te tl'\coﬂe\
pre&a‘tu égofitlfsm ’C)ncoﬂe) NP pv-a‘olevm

ave C‘X,P('C.SSQJ X 'B\qu\eso’(. Te(ggnitSOV\

- Assume ue have {unctima
serialize (T) - Encodes input I (eg,
@rap\,\)sat,v\um\oe\r) ¢ & Jt{iv%g



Deaision pro\o lewns - La),guaére, f‘u,cgghi tion

Dows G have an MST MST= Gl MIT weight
o'éuc{gkt <z 7 - of sz

Does A have 2 > HL’{G\ G hes

Hévm'\ltOV\\éY\ ¢\<)0|e,? Hawil. c\0c|c§

Complostiy Class £

’De‘ci P sthe set oID Ievguczgu such that

w\ew\\owhip e be determined n

po\ono\m‘\e‘ time .

ES Con solve MSTS c‘&ici(mtl'a Jo MSTETP
Are there prz)lo\ewu Oevguetga ) nt m P 7
Hamiltoniaw 6\3016* Given & 3raph G, a

Havnﬂtonian ({)c\c \$ e Jimp\ﬂ L\OJC
H/\ét visis ea(,\:\ vertey o‘( (—,\ (Wecﬂa ow(ﬁ)




P EncocleA QS 2 thin(g

ae- 16

G has & Pom. (.A:)dc}

G, & HC 7 (Qont ko)

IS HC € P7 (Not known to Sc,icmcc)

RHC hes & nice proper t\g N chifial’ilit)'
. -Tf GEWC, it is eary to verify thi
(Show e the o\z)clc yand Tl check)
- However, if G& RC , hou to Vefﬁ@ ‘L
(No We2)
C,ow\plqu'he~ Class NP:

Def‘ NP s the set oF levguega Juch thet
Vv\tvw\och)z\E P Gn \96 Vorif‘ice\ " po]s.g time .




(z\)\l\ét Ao You meéan \o\a “vwiﬁcé“ 7

Given a \avegu%re L (et of ﬁrirg:)
- Given striveg %, wWant to knou whether xe L.
- A certificete is a hel P’ strirg‘ g
"\{: X E L.) \3 wn be UJCJ to pm\/t
this n Polanmmie' time
-f & L ) then we dont cove

EX:&W\Y)\GS :

HC= {& ‘ Ge\as S \-\élmil- C\:)clti
Cevtificate= List o]c vertices 'van\v&g Ooc]e

MST = {((3,2:3\ G hes JPevmiwcg bree of

wtg\/\t ¢z
Ce\rt'\ﬁcaJW/: Eé(gu DF Jpémv\ivc\g‘ tree
ChecK 2
o)
. (¢,e)
7\0 [ (4,e)

(2,d)




T»\.\S \S (ACirAl\a\ &J%mct{‘\'c‘. |
- if xe L = nedd to \lc\ri\(’g ”
-f xg L - dont are
Thest \‘wt how 't s &a[inté.

Af € ﬂr\eir (V\eture\\ \avg-u%yu tLaJc
ore not Pollg_-timt vcrifia\o\e,?

UHC = 3,6\ ‘ G ()I\és ) UYN'(BUC l'\em. chlcg
RC: La | G bhas no Hamil. %c'c§

I‘F X € MHC ] UOM cn Jl\ow one. Hém. L:)cle)
but how do You prove theve no other ?
I‘f x € F\_(, )\\ou Ao prwc":‘/\exc \$ Wo Hew\. L\oclc?

C\ooé wnéiéa’ces, l/)ULt AOV\'t know 'G.N JUY e,
(.Aopwc]J on whether P=NP)
\SUW\W\&Y‘!{) :

- How to show /prouevvu ave herd 7

- Po\.g-i’i\mc = Qsy EX)oon.time, 3 L\aré

- Dedision probs. + Levc\gue(ge rccggnitcon

- P, NP+ verification

= Next - NP-Completeness



