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Some useful NP-hard problems. You are welcome to use any of these in your own NP-hardness proofs,
except of course for the specific problem you are trying to prove NP-hard.

CirculTSaT: Given a boolean circuit, are there any input values that make the circuit output TRUE?

3SaT: Given aboolean formulain conjunctive normal form, with exactly three distinct literals per clause,
does the formula have a satisfying assignment?

MaXINDEPENDENTSET: Given an undirected graph G, what is the size of the largest subset of vertices
in G that have no edges among them?

MaxCLIQUE: Given an undirected graph G, what is the size of the largest complete subgraph of G?

MiNVERTEXCOVER: Given an undirected graph G, what is the size of the smallest subset of vertices
that touch every edge in G?

MINSETCOVER: Given a collection of subsets S,,S,,...,S,, of asetS, what is the size of the smallest
subcollection whose unionis S?

MiNHITTINGSET: Given a collection of subsets S,,S,,...,S,, ofa set S, what is the size of the smallest
subset of S that intersects every subset S;?

3CoLoRr: Given an undirected graph G, can its vertices be colored with three colors, so that every edge
touches vertices with two different colors?

HamiLToNIANPATH: Given graph G (either directed or undirected), is there a path in G that visits every
vertex exactly once?

HamiLToNIANCYCLE: Given a graph G (either directed or undirected), is there a cycle in G that visits
every vertex exactly once?

TRAVELINGSALESMAN: Given a graph G (either directed or undirected) with weighted edges, what is
the minimum total weight of any Hamiltonian path/cycle in G?

LoNGeEsTPATH: Given a graph G (either directed or undirected, possibly with weighted edges), what is
the length of the longest simple pathin G?

STeEINERTREE: Given an undirected graph G with some of the vertices marked, what is the minimum
number of edges in a subtree of G that contains every marked vertex?

SuBseTSuMm: Given a set X of positive integers and an integer k, does X have a subset whose elements
sum to k?

PARTITION: Given a set X of positive integers, can X be partitioned into two subsets with the same
sum?

3PARTITION: Given asetX of 3n positive integers, can X be partitioned into n three-element subsets,
all with the same sum?

INTEGERLINEARPROGRAMMING: Given amatrixA € Z™*? and two vectorsb € Z"and ¢ € Z¢, compute
max{c-x | Ax < b,x > 0,x € Z%}.

FeasIBLEILP: Given a matrix A € Z™? and a vector b € Z", determine whether the set of feasible
integer points max{x € Z¢ | Ax < b, x > 0} is empty.

DrauGHTs: Given ann x ninternational draughts configuration, what is the largest number of pieces
that can (and therefore must) be captured in a single move?

SuPERMARIOBROTHERS: Given an n x n Super Mario Brothers level, can Mario reach the castle?

SteameDpHAMSs: Aurora borealis? At this time of year, at this time of day, in this part of the country,
localized entirely within your kitchen? May | see it?




~ Semell test

— Clhooge a snlsseT
TP tition o 2 Subgets SA"\_
As 9'7&/\ Os and s

— YatiBeun tto more Bian 2o
subsets, st soloset e CoLom

— L'arjegt f|>oss5)ole subget= MMC/(‘Q»\Q
— Sensllest ?oss;b\e s-bset Min Vetex (ove—

— Orderin olojec"ts H g lEonian TBth/Cyele
LWS-;QM&« ce S T§‘7>
— The Pf{?ldl&«m hoe 25 a1t SSAT

— BYARTITIOU o 'BCol-oT.

- BD JMB'E.CL\?A_%
— TF all else Fails 2547 CirentSAT




Totermationsl Damfg‘/'ts C\\C\/\ec)«’rs”>
— ﬂ—OX‘ 10 Iooa/cl C(/\ KN \/a.-m'znts

._.\ ;)\/;3 k?./:ﬁgw
— C’,anAreA ?Feces gtay vt MOVE 1€ OvEes

— ‘E?f‘cecl M1 'caftvme

&
e e O

N G‘

o _

& O ®
®

O
o

‘g
./

Ellaw?gﬂefe a"mles cen /\)PJ/‘}i




o) 0%,
o 0 Q0%
<%Oooo : Ooooo"o
o0 <o e ©ee) 00
@0\ 00 ()
00O\ 00 ) 0.0
W PN ) @0 ) e e
e @) Oooo oooO oooO
W PN W )

@) )®) @)

2 e\ 0, 0

0.0 U
CoC 3 ()

; Q.0 OB ) 5
() © 0
©Q0®e @00
() ® 0
O ) ® 00
Q.0 0. 0
e ® 0
) - (@)
ooo. 'ooo
000 ® 00
() 0.0
000 ® 00
0.0 On(
00 000
0% 2@

CYO X )
® 0 0 0 00
e 6 0 COC ()

@

O
® .

®
0.0 0.0, 0.0 0.0,

- o % %o o % %o

. 0000 00 0000/,00
© 0 00 On0/ 00
o? oo %
0.0 0.0 0.0 00



ogo ogt:<>
o o o

G, Oo
Lo P (e)
GO0

00 7g0 /B0 © O

)
2o °ogo

Lo CeCo 00 S

o2, 00,0 00 #gBro

(e)
0.0, 0. 8.0 00,
0.0 00 0000 o oooo







