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NP Completeness Benefits
. Saves time & efforof trying to solve intractable
problems efficiently;

. Savesnoneyby not separately working to
efficiently solve different problems;

. Helps systematically build on &veragehe
work (or lack of progress) of others;

. Transformationgan be used to solve new

problems by reducing them to known ones;

. llluminatesthe structure & complexity of
seemingly unrelated problems;




NP Completeness Benefits
6. Informs as to when we should usgproximate
solutions vs. exact ones;

7. Helps understand the ubiquitous concept of
parallelism(via nondeterminism);

8. Enabled vast, deep, and general studies of otl
nhcompleteness t heori es;

9. Helps explain whyerifying proofs seems to be
easier thamonstructinghem;

10. llluminatesthe fundamental nature of algorithn
and computation;



NP Completeness Benefits
11.Gave rise to new and novelathematical
approaches, proofs, and analyses;

12.Helps us to more easihpasorabout and
manipulate large classes of problems;

13. Robustlydecoupleg abstracts complexity from
underlying computationathodels

14. Gives disciplined techniques for identifying
hardesd pr obl ems / | ang

15. Forged newnificationsbetween computer
science, mathematics, and logic;

16. NP-Completeness Is interesting aid!




Reducibilities Reloaded

Def: Alanguage A igolynomiattime reducible to a
language B if$ polynomiattime computable
f unc tak-oat whierewl AU 4 ( WB"w

a P

Note d 1pslyn@miattimenr educt i 0 n¢
Denotation: A¢, B
Il ntui ti vel vy, A (mosluloiPh



Reducibilities Reloaded

Def: Alanguage A igolynomiattime reducible to a
language B if$ polynomiattime computable
f unc takF-oatwhierew AU 4 ( WB"w

Note be very
d P careful about

the reduction

direction!

Theorem If A ¢, B and B is decidableithin polynomial

timethen A is decidableithin polynomial time

TheoremIf A ¢, B and A is not decidableithin polynomial
timethen B is not decidableithin polynomial time



Problem Transformations

ldea To solve a problengfficiently transform to anothe
problem, and then use a solver for the other problet

Satisfiability SAT solution

(x+y)(xX'+y’)  x=1, yzov\

Colorability
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NP Hardness & Completeness
Def: A pr oDbP-hamhf: LO 1 s
(UEvery L 1 n NP reduces

Def.: A pr o bH-cempletafd 1 s
(1) Lis NP-hard and(2) L is in NP.

One NPC problem is in P=NP

| NP-complete SAT
Openis P=NP ? NP | P co-NP
Open is NP=coNP ? P-completeL P
TheoremP = coP E&Nﬁif&ﬁi}filéfé’iﬂ&i]f




Boolean Satisfiability Problem (SAT)

Def. CNF (Conjunctive Normal Forniprmula
IS INn a productof-sums format.
EX: (XX XXX g) (X' XX 4 +X'5)

Def. A formula issatisfiablaf it can be made true
by some assignment of all of its variables.

Problem(SAT): given an rvariableBoolean
formula (INCNF), is itsatisfiabl&

Ex: (X+y)(X'+2) issatisfilable(e.q., let x=1 & Z=0)
(x+2)(x")(z'") iIsnotsatisfiable(why?)



The Cook/Levin Theorem

Theorem[Cook/Levin, 1971 SAT is NPcomplete.

Proof idea givena nondeterministic polynomial
time TM M and input w, construct @NF
formulathat issatisfiableiff M accepts w.

Createbooleanvariables:

qli,k] Y at sted, M is instatek

hli,k] Y atsted, MO $iead®dsns tape cell k
sli,jk] Y atstep, Nbdescell contains symbao$,

Stephen Cool

LeonAid Levin

M halts in polynomial time p(n) ‘"__ i@
Y total # of variables is polynomial in p(n)



The Cook/Levin Theorem

Add clauses to the formuta enforcenecessaryN |
restrictionson how M operates / runs: ' A

A At each time: —
M Is Iin exactlyl state
r'w headscansexactlyl cell
All cellscontainexactlyl symbol
A Attime OY M is in itsinitial state
A At time P(n)Y M is in afinal state

A Transitions from stepto i+1
all obeyM's transitionfunction

Resulting formula isatisfiableff M accepts w!

\ 3

Leon}d Levin




Historical Note

The Cook/Levin theorem was independently proved
by Stephen Cook and Leonid Levin

)i
A e

A Denied tenure at Berkeley (197( A Student of Andrei Kolmogoro
A Invented NP completeness (197 A Seminal paper obscured by
A Won Turing Award (1982) Russian, style, and Cold War



NnNGuess and Ver i f
Note SATI NP.

ldea Nondeterministicallyigues® e ac h Ba
variablevalue, and themerify the guessed solutiol

Y polynomiattime nondeterministic algorithin NP
Thi s nNnguess & verifyo

dea A Guessingo islNRual
Y NP can be characteri z

NP 1 set of problems for whicproposed
solutions care quickly verified

1 set of languages for whidtring
membership cahe quickly tested.
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Summary certain recursive set of stﬁings on

It is shown that any recognition
problem solved by a peolynomial time-
bounded nondeterministic Turing
machine can be "reduced" to the pro-
hlem of determining whether a given
propositional formula is a tautology.

Here "'reduced’ means, roughly speak-
ing, that the first problem can be
solved deterministically in polyno-
mial time provided an oracle is
available for seclving the second.
From this notion of reducible,
polvnomial degrees of difficulty are
defined, and 1t is shown that the
problem of determining tautologyhood
has the same polynomial degree as the
problem of determining whether the
first of two giver graphs is iso-
morphic to a subgraph of the second.
Other examples are discussed. A
method of measuring the complexity of
proof procedures for the predicate
calculus is introduced and discussed.

Throughout this paper, a set of
strings means a set of strings on
some %ixed, large, finite alphabet E.
This alphabet is large enough to in-
clude symbols for all sets described
here. All Turing machines are deter-

ministic recognition devices, unless
the contrary is explicitly stated.

1. Tautologies and Polynomial Re-
Reducibility.

this alphabet, and we are interested
in the problem of finding a good
lower bound on its possible recog-
nition times. We provide no such
lower bound here, but theorem 1 will
give evidence that {tautologies} is

a difficult set to recognize, since
many apparently difficult problems
can be reduced to determining tau-
tologyhood. By reduced we mean,
roughly speaking, that if tauto-
logvhood could be decided instantly
(by an "oracle") then these problens
could be decided in polynomial time.
In order to make this notion precise,
we introduce query machines, which
are like Turing machines with oracles
in [1].

A query machine 1s a multitape
Turing machine with a distinguished
tape called the Euerv tape, and
three distinguished states called
the querv state, ves state, and no
state, respectively. TIf M is a
query machine and T 1is a set of
strings, then a T-computation of M
is a computation of M in which
initially M 1is in the initial
state and has an input string w on
its input tape, and each time M
assumes the query state there is a
string u on the query tape, and
the next state M assumes 1is the
ves state if ueT and the no state
if wfT. We think of an "oracle",
which knows T, placing M 1in the




INPOBJEMBI HEPEXAYHN UHOPOPMAIINHA
Tom IX 1973

Bwn. 3

‘K< Q
FEPATRHE COOBIMEH HA ‘\
VAR 519.14
YHHUBEPCAJIBHBIE 3ATIAYH NEPEBOPA
Jd. A, desun

B crartse paccMaTpHBacTCA ICCHOJLRO M3BeCTHRIX MaccOBBIX  3ajad
«nepeﬁopuuro THOHA» H JOKa3bIBAETCH, YTO ITH 3a1a4H MOKHO pellaTh JHIIb
34 TaKOoe BpeMd, 3a KOTOpOEe MOMKHO peliaTh Boobme nw0dbe 3agadn yYKasas-
HOIO THIA.

Tlocae YTOYHEHHS LOHATHA AAropHTMa GHJA [0KA38HA AJArOPHTMHYCCKAA Hepaspe-
AWUMOCTL PAJA KIACCHYECKHX MAccOBBIX npobieM (HanpuMep, IpobieM TOMRAECTBA die-
MeHTOB Ipynm, roMeoMopguocty MEOrooGpasiil, paspeiiuMocTy AHOPAHTOBHIX ypaBHeHMI
1 gpyrux). TeM caMeIM OLIJI CHAT BONPOC 0 HAXOHICHHH IPaKTHYECKOID cHOco0a MX pe-
wenns.  OJHAKO cyLIecTBOBAHHE ANrOPMTMOB JWIA PeUIeHHA JPYTHX 3ajad He CHHMAaer
ANA HUX @HAJOTMYHOIO BOIpOca M3-3a (paHTacTHYeckH Gonnuioro ofkema paboTH, mpegmi-
CHIBAEMOTO STHME alropuTMamu. TaxkoBa cHTyanua ¢ Tak Has3uBaeMBIMH Hepe0OPHBIMHA 3a-
JladamMi: MEHAAMH3ANHA OyJaeBLIX (YHKOMI, MOMCKA J0KA3aTeNLCTR OTPAHWYEHHON [IHHBL,
BRIICHEHHA H3oMophHoeTy rpadoB o gpyrumu, Bee pTH 3aaui PEMIAKTCH TPHBHAALHBIMU
ANrOPHTMAMH, COCTOALMMY B Nepebope BeeX BOZMOKHOCTEH, OQHAKO 9TH AJFOPHTMBI Tpe-
GYI0T SKCOOHEHIMANBFHOTO BpeMeHH pafoThi H ¥ MaTeMaTHROB CIOMRILIOCH yOesKaeHue, 4to
GoJee HpocThe ANCOPHTMBL 13 HMX HeBO3MOKHBL BEII HOJyYeH PAJ CepPbe3HLIX apryMeH-
TOB B HOIbL3Y €ro copaBefauBocTH (cmM.[" 2]), opHAKO JOKABATH 9TO0 YTBeP:H[eHHe He yAa-
Jaock HEKoMy. (Hampimep, fo cHX mop He [A0KA3AH0, YT IS HAXOMIPHHA MATeMATHYeCKAX
JIOKA3aTeNbCTB HYKHO 50JblIe BpeMeHH, YeM A MX IPOBEPKH.)

QHARO ecH MPeUT0N0KETE, YTO BOODIE CYIIEeCTBYeT KaraA-HHOYAb (X0TH OB HCKYC-
CTBCHIO [TOCTPOEHIAST) MACCOBAA 3ajaia mepedopLOre THUA, HEPA3PeUIMMasg OPOCTERIMU
(B cmelcie 00BeMa BEIMUCACHMI) airopuTMaMH, TO MOJKIO HOKA3aTh, YTO ITHM e CBOM-
CTBOM 0DJAJAI0T H MHOTHE ¢RJaccHiecKue» mepebopHuie 3afladim (B TOM 4MCIC 3a4ada MH-
HAMH3aIHA, 3878494 DOMCKA [IOKASATeNLCTB M AP.). B 5T0M M COCTOMT OCHOBHEIE Pe3yiib-
TaThi CTATHH.

Oyurunu f(n) u g(n) OGymeM HaszwBaTh CPABHUMEIMH, €CJUE LIPH HeKoTopoM &

f(r) = (g(n) +2)* m g(n) = (f(n) +2)"
AHANT0THIHO OyIeM IOHHMATL TOPMUIl ¢MEHLINC HIH CPABHIIMO).

Onpepgenenue 3agadeii mepedopuore Tuna (win npocro mepeGopuoil sagadei)
OyAeM HasbLIBaTH 3aJady BH/JAA <0 [AHHOMY ¥ HAlTH Kakoe-HUGYNb y AJIMHEL, CPABHIMOW
¢ umMHoll z, Takoe, ¥ro BemoxsseTes A(z, y)», e A(z, y) — Kakoe-HHOYIb CROIMCTRO,
IIpoBepAeMOe AJrOPUTMOM, BpeMd pafoThl KOTOPOre cpashEMo ¢ juaHoil z. ([Toj anre-
PUTMOM 3Techk MOMKHO HMONNMATh, HAUpHMep, anropuTMul KomMoroposa — Vemenckoro miag
Mamuasl TeIOPHHPA, MIH HOPMAJLHEEe AJTOPHTMEI, z, ¥ — JIBOMYHLIe cloBa). KHpasume-
peopHoil sagadeil OyAeM HABLIBATE 3a71aUy BLIACHOHHA, CYIIECTBYET JII TAKDe J.

MuI paccMOTpHM HIeCThH 3ajau 3THX THHOB, Paccmarpupaemiie B HHX 00BOKTHE Kogu-
PYIOTCA €CTECTREHHBWIM 00pasoM B BHJE JIBONYHEIX cn0B. LipH sroM BHIGOD ecTecTReHHOM
KOJUPOBKE He CYIIECTBeH, Tak KAk Bee OHHM JIAKOT CPARHMMEIE JIHHEL KOJIOB.

Jadaxa 1. 3aJaHBl COHCKOM KOHEYIOe MHOGKECTBO H HOKpHTHE ero SO-aieMeRTHLIME
TmogMHAOMKecTBaME. HallTh mogmoKpeITHC 3afaNHOil MOMIHOCTH (COOTBETCTBEHHO BEIFACHUTE
CYUIECTRY LT JH OHO).

Jadauwa 2. Tabauumo pagama wacTnuman Gymesa ¢ymxuma. Hafite sajaEmoro pasmepa
JHIBIOHKTUBHYH) HOPMaJLuyl (QopMmy, peasusymmylo sty (QyHKIMKQ B ofiacti onpeje-
JeHHA (COOTBETCTBEHHO BEIACHUTE CYU[ECTBYET I OHA),

Badaxa 3. BHIACHUTL, BRIBOJUIMA MJH ONPOBEPHAMA HanHas (OPMyIa HCUMCHLHHA BHI-
craanimannii. (Mam, 4To To ke caMoe, paBHA JH KOHCTaHTe jaHHam Oynesa Qopmyna.)

Jadaxwe 4. [lans gpa rpada. Haiiru romomopduam ogiuoro ma gpyroit (BRIICHUTL €T0
CYIIEeCTBOBAHIE) .

3adana 5. Jlamer gea rpada. Haittn mzomopdmam opmoro B ppyroit (ma ero wacrs).

Jadava 6. PaccMaTPHBAIOTCH MATPUIEL 13 Ieabix gncen or 1 go 100 m Heroropoe ycio-
BHE 0 TOM, KAKHE WHCJa B HEX MOTYT COCEJCTROBATH 110 BEPTHRANH H KaKHe 1O [OPU30H-
Tann, 3ajauel UACAA Ha rpapmie ¥ Tpefyerca IPOXOIKHTL HX Ha BCH MATPHIY ¢ co-
DIW0IeHTeM VCI0BHA,

1 {fi‘f\ Kparkue coobuyenun
o

Teopema 1. Ecau soobuye cyuyjecreyer xakas-nubyds maccoeas zadauag nepebopno-
20 (keasunepefoproeo) rTuna, Hepaspewuras 3¢ epema, Menwviee f(r) mpu daune apey-
MenTa, CPABHUMOLL € M, TO ITUM e ceolicTéox ofiadanr aadawu [—6.

Wnesn noxasaredbcTBa COCTONT B TOM, 9To 3agaur 1—6 ABAAIOTCA ¢YHHBEPCAALHEIMH
safgagaMm mepebopay.

Onpegenenme, Ilyete A(z, y) m B(x, y) onpefeldioT COOTBETCTBEHHO Mepe-
Gopuele 3amatn A u B. Mur ropopuM, uTo 3afada A comures k B, ecam ects TpH amro--
pursma r(z), p(y) m s(y), paboTapinme 3a BpeMA, CPABHHMOE ¢ JJIHHOH apryMenTa, Ta-
xue, 9t0 Az, p(y)) =B(r(z), y) u A(z, y) = B(r(z), s(y)) (r. e. mo A — zamaue =z
Jerke HOCTPOMThH SKBHUBAJeHTHYH B sagawy r(z)). 3ajnaga, K KoTopoil cBogHTCH Jobas
3afaqa mepebopa, HA3EIBACTCA «YHHBEPCATLHOM.

Takum obpazoM, cyTh AOKAZATEIBCTEA TEOPeMEI 1 COCTONT B CAeAYIOTHE JeMe,

Jemma 1. Jedavu I—6 agarioTes yuusepcaavitbinu nepebophulnu sadavanii.

OmncanHBI METOX, TO-BAANMOMY, MO3BOJACT JICTKO MOJYYHTL PeIyALTATHL THNL
TeopeMul 1 u semmer 1 ana GoanmmICTBA HETEPeCHLX mepefopuux 2amat. QnmaKo octaet-
cs mpobieMa JOKa3aTh yCJTOBHE, HMEIOIIeecsl B 9T0i Teopeme. B 5TOM HampaBIeHHH JaBHO
e JIenaloTcA MHOTOYHCIEHHBIE NONBITHH M IOJYYeH DAL HHTEPECHHIX PesyiabTaToB (CM.,
nampaMep, [* *]). BopodeM, yHHBepcalbHOCTL pPasiIYHBIX MACCOBBIX 3amat mepedopa
MOJKHO VCTaNaBJIHBATE U Gez pewreHus proil mpoGmeMmul. B cucreMme anroputmos Homo-
Topoea — ¥ COeHCKOTO MOMeT DBITE IOKA3AHA Tak#e clAelyioman

Teopewma 2, Jas npouzsoashoi maccosoii nepefoproi aadavu A(x, y) cywecrayer
atzopurM, pemmou;zu‘z ee 30 épemi, ONTUMALLHOE € TOULHOCTBHH do YMHOMEHUR HA ROH-
eranTy u npubasiesus deAudUkbl, cpasnumMoil ¢ daunot x.

ApTop BeIpakaeT uckpeHuwow Gaaromapmoctn A. H. Kommoropomy, B. A, Tpaxren-
6pory, SI. M. Bapsammwo, 10. H. Ansbprony m M. H. Jlertapro sa mneHHoe obCYy:KIeHHE..

‘AQQ Iycrs f(n) — MonoTORHAM DYyHKIMA,
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2. lypasuaes 0. H Teopernxo-mHoKecTBeRHEIe MeTO[E B anrebpe zormxm. C6. «Ipod-
neMsl kuGepaeTarny, 8. M., @uamaTrus, 1962, 5—44.
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Classic bookGarey & Johns
A Definitive guide to NFcom
A Lists hundreds of Nleomp
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A Gives reduction types anc
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“I can’t find an efficient algorithm, but neither can all these famous people.”’

refs

COMPUTERS 'AND INTRACTABILITY
A Guide to the Theory of NP-Completeness




Robustness of P and NP

Compositionf polynomials yields polynomials

Computati on mod e |pshihoneaflyf
related(i.e., can efficiently simulate one another).

Defsof PandNPis computationrmodetindependent




¥) Clay Mathematics Institute - Mozilla Firefox

Fle Edt Wew Hstory Bookmarks Iools Help

=101 %]

= € 00 o | BT e claymath.orgimilenniumP_vs_hPf

7. I"Gnng\a

P

@ Most Yisited ’ Getting Started . Latest Headlines \j Customize Links |j Free Hotmail \_L] Suggested Sikes |j Web Slice Gallery \_L] WWindows Marketplace \_L] Windows Media \_"] Windows

Coogle | np wik

=] [Glsearch ~ 53 s - M - ¥¥ Bookmarkss 7Pk oy auolink ] Autcril (e Sendtor & [EL np [E] wid

#—_- Clay Mathematics Institute

P

b

’

HOME ABOUT CMI PROGRAMS NEWS & EVENTS AWARDS

P vs NP Problem

Suppose that you are organizing housing accommodations for a group of four
hundred university students. Space is limited and only one hundred of the
students will receive places in the dormitory. To complicate matters, the Dean has
provided you with a list of pairs of incompatible students, and requested that no
pair from this list appear in your final choice. This is an example of what computer
scientists call an NP-problem, since it is easy to check if a given choice of one
hundred students proposed by a coworker is satisfactory (i.e., no pair taken from
your coworker's list also appears on the list from the Dean's office), however the
task of generating such a list from scratch seems to be so hard as to be
completely impractical. Indeed, the total number of ways of choosing one hundred
students from the four hundred applicants is greater than the number of atoms in
the known universe! Thus no future civilization could ever hope to build a
supercomputer capable of solving the problem by brute force; that is, by checking
every possible combination of 100 students. However, this apparent difficulty may
only reflect the lack of ingenuity of your programmer. In fact, one of the
outstanding problems in computer science is determining whether questions exist
whose answer can be quickly checked, but which require an impossibly long time
to solve by any direct procedure. Problems like the one listed above certainly
seem to be of this kind, but so far no one has managed to prove that any of them
really are so hard as they appear, i.e., that there really is no feasible way to
generate an answer with the help of a computer. Stephen Cook and Leonid Levin
formulated the P (i.e., easy to find) versus NP (i.e., easy to check) problem
independently in 1971.
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Dedicated to increasing and disseminating mathematical knowledge
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¥ The Millennium Problems

» Official Problem Description —
Stephen Cook
b | ecture by Vijaya Ramachandran

at University of Texas (video)
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F Birch and Swinnerton-Dyer
Conjecture

In order to celebrate mathematics in the new millennium, The Clay Mathematics * Hodge Conjecture

Institute of Cambridge, Massachusetts (CMI) has named seven Prize Problems. * Navier-Stokes Equations

The Scientific Advisory Board of CMI selected these problems, focusing on 27

important classic questions that have resisted solution over the years. The Board ' Poncas =cture Perelman

of Directors of CMI designated a i¥inlllifelalela¥{=Ri¥lsls Rielgiusl-W-e][Niule]gRoRua 1o » Riemann Hypothesis 2006

s]gelo][STaa P14 a l¢ I anlll[felphr=lI[eler =l liweX=FTelg. During the Millennium Meeting held on
May 24, 2000 at the College de France, Timothy Gowers presented a lecture

P Yang-Mills Theory =

entitled The Importance of Mathematics, aimed for the general public, while John * Rules
Tate and Michael Atiyah spoke on the problems. The CMI invited specialists to F Millennium Meeting Videos

formulate each problem.

One hundred years earlier, on August 81900, David Hi@elivered his famous
lecture about open mathematical problems at the second International Congress of

Mathematicians in Paris. This influenced our decision to announce the millennium
problems as the central theme of a Paris meeting.

The rules for the award of the prize have the endorsement of the CMI Scientific
Advisory Board and the approval of the Directors. The members of these boards
have the responsibility to preserve the nature, the integrity, and the spirit of this
prize.
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Reduction Types

Many-one reductionconverts an instance of one
problem to a single instance of another problem

ea AC, B

Turing reductionsolves a problem A by multiple ca
to an nAnoracleo for pr

AC,B




PolynomiatTime Reduction Types

Polynomiattime manyone reductiontransforms in
polynomialtime an instance of problem A to an

instanceof problem B. "
YAKarpodo reduct |

Richard Karp

Polynomiattime Turlng reductlonsolvesproblem |

=
Stephen Cook

Open do polynomialtime-bounded mamnyne and
Turing reductions yield the same complexity class

(NP, caNP, NRcomplete, ceNP-complete, etc.)



Boolean 3Satisfiability (3SAT)

Def. 3-CNF. each sum term has exactly 3 literals.

EX: (X +X5+X7) (XgHX 4 +X75)

Def. 3-SAT: given an rvariableboolearformula
(in CNF), Is itsatisfiabl®

Theorem 3-SAT Is NRcomplete.

Proof convert each long clause of the givermula
iInto an equivalent set o-@NF clauses:

Ex: (X+y+z+utv+w)
Y (x+y+a)(at+z+h)(b'+u+c)(c+v+w)
Resulting formula isatisfiableff original formula is.



1-SAT and 2SAT

ldea Det er boumlay otitirectalilio b
varying / trivializing some of the parameters.

Q: Is1-SAT NP-complete?
A: No (look for a variable & its negation)

Q: Is 2-SAT NP-complet&
A: No (cycles in the implication graph)






Classic NP Complete Problems

Set Covergiven a universél, a collection of subsets
andan integer k, can k of these subsets cover U?




Classic NP Complete Problems

Hamiltonian cycle Given an undirected graph, is thel
aclosed path that visits every vertex exactly once




AND THEREFORE, BASED ON THE WHAT? \HAT 16177
EXISTENCE OF A HAMILTONIAN A
WHAT AM I DOING HERE? LIFE

ROUTING ALGORITHM GIVES THE
OPTIMAL RESULT IN ALL CASES. 550 Mucn BIGGER THAN THIS!

OH NYGOD

HIS PROOF ONLY HOLDS IF THERE'S A
HAMILTONIAN CYCLE AS WELL AS A PATHI

HEY DO YOU MIND
IF I JOT DOWN SOME
NOTES ON YOUR CHEST?




Classic NP Complete Problems

Graph coloringgiven an integer k and a graph, Is I
k-colorable? (adjacent nodes get different color:

GRAPH
COILORING
PROBILEMS

Graph Colorings

Marek Kubgcle
Editor




Classic NP Complete Problems

Partitiornn Given a set of integers, Is there a way to
partitionis into two subsets each with the same su

?




Classic NP Complete Problems

Knapsackmaximize the total value of a set of items
without exceeding an overall weight constraint.
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