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WE HAVE BEEN SOLVING
PROBLEM A BY SOLVING
SMALLER VERSIONS OF
PROBLEM A



NMORE GENERAL IDEA:;
SOLVE PROBLEM A BY
SOLVING PROBLEM B
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BSipartite Matching Algorthm

SP(L, R, E)

I. MAKE NEW (&
FROM INPUT G.

SO
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2. RUN FF ON G’

Q

3. OUTPUT ALL MIDDLE EDGES
WITH FLOW F(E)=I.

A
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Reqduction

PROBLEMq <{(n) PROBLEMy,

Instances of #
Problem A

Your
Algorithm

Sy = g

Runs in time f(n)

==
4




PROBLEM, <f(,) PROBLEMp
c.d

_—l—(PROBLEMa(n)) < f(n) + cT(PROBLEMp (dn))
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MaxBIPARTITE < MaxFLOW

MaxEDGEDIS] < maxFLOW



party problem
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Graph of friends who do not get along with one another



Def: Indepenaent set



Def: Indepenaent set

Def: Fora graph G, aset S CV isanindependent set if
no two nodes in .S are joined by an edge.






goal:

Gi
iven a graph G=(V,E)



goal:

Given a graph G=(V.E),  find the largest or max independent set.

This represents the largest group of people who are conflict free.
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9
‘ Imagine a scalable,

® ® abstract version of
baseball or “n”

(> players.



A vertex cover of a graph G=(V,E) is a



A vertex cover of a graph G=(V,E) is a

Set of nodes S such that for each edge
e=(x,y) € E eitherx €Sory €.



example




goal:

given a graph G



goal:

given a graph G,

FiInd the minimum sized vertex cover for G.



MAXINDSET < O(v) MINVERTEXCOVER

A solution to VC can be
used to solve INDSET.



What Is required to show this reduction?



THaM:



Tum: For a graph G=(V.E), S is a vertex cover of G if and
only if (V-S) is an independent set of G.



THaM: SET S 1S AN INDEPENDENT SET OF (3 IFF V-§ IS A VERTEX COVER.

q




THaM: SET S 1S AN INDEPENDENT SET OF (3 IFF V-§ IS A VERTEX COVER.

SUPPOSE S IS AN INDEPENDENT SET.

q




THaM: SET S 1S AN INDEPENDENT SET OF (3 IFF V-§ IS A VERTEX COVER.

SUPPOSE V-3 1s A VC. @
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3sat problem

INnput:

Output:



3sat prooblem

input: Boolean formula in 3CNF, 1.e., a logical AND of clauses
of the OR of 3 variables.

Output:



3sat prooblem

input: Boolean formula in 3CNF, 1.e., a logical AND of clauses
of the OR of 3 variables.

output:  An assignment A:V->{T,F} of variables that make the
formula evaluate to True.



3sat example

xVyVz)AIxVyVy) AN(uVyVz) A\ zVxVu AxVyVz)



JSAT <, INDSET
xVyVz) AIxVyVy) AN(uVyVz) A\ zVxVu AxVyVz)

what must we do to?
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A satistying nd Set
assignment




These arguments often follow a
common pattern.

They involve a gadget that explains
how to map aspects of one problem
Into another problem




JSAT <, INDSET




JSAT <, INDSET

xVyVz) AIxVyVy) AN(uVyVvVz)AzVxVu AxVyVz)
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SET COVER IND SET

= = RoAD Mar

VERTEX COVER

P

CLIQUE
>, >
SAT

3SAT
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A satistying nd Set
assignment




CLIQUE

FORMULA (4RAPH, K
(371 V To V 373) F
¢ = AN(T1V T3V T3) K = # CLAUSES

A(T1 V 22 V T3)
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(371 \ L9 \V 273) F >
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CLIQUE

FORMULA
(371 \% L9 \% 273)
o= NT1V7T2Vuws)
A(T1V xo VT3)

Create 3 nodes/clause

Connect nodes to
“non-opposites”
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CLIQUE

FORMULA (4RAPH, K
(371 V To V 373) F
¢ = AN(T1V TV T3) K = # CLAUSES
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SATISFYING ASSIGNMENT = I VAR/CLAUSE



SATISFYING ASSIGNMENT = I VAR/CLAUSE

K “NON-OPPOSITE CONNECTED NODES



K-CLIQUE

I NODE/CLAUSE IS TRUE



K-CLIQUE
I NODE/CLAUSE IS TRUE

SATISFYING ASSIGNMENT



o€ SAT & f(¢p) e CLIQUE



Theory of NP






L anguages



DEF OF NP

a language L belongs to the class NP ift
there exists a polynomial time algorithm A

and a constant ¢ such that

L={xe{0, 1} | 3y {0, 11 s.t.A(x,y) = 1)




NP-Completeness

A LANGUAGE L 1s NP-COMPLETE IF
1. L€ NP

. VAe NP, A<spL
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WHAT IS THE HARD
PROBLEM IN NP?




Cook-Levin theorem

VL € NP

L <; 3SAT
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