
HW 10 due today
GPS 11 due in two weeks Mon 4th

HW 11 dup in one week Tue 28th

Final Exam Tha May 14 7pm 10pm

conflict tentatively Wed May 13 Fill out

formbywed_Maybth.lt
TAC Wed 13th or Thur 14th

The 12th if necessary



P decision problems with poly time algs
NP can prove answer is Yes by handing

poly size certificate input to a

poly time verifier

3 SAT

Given a Boolean formula F in 3 CNF form

avEvc d vave

Is there an assignment of the variables

to True or False to make F True

Thm 35 AT is NP complete
Means 3 SAT ENP Certificate is

assignment to variables



Means 3 SAT is NP hard
For any problem AENP A Ep 3 SAT
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p
NP
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Independent Set Given an undirected

G U E an integer k Is there

an independent set of size k

Thm Independent Set is NP complete

Proof Ind Set NP The independent set
of site k certificate

Ind Set is NP band
show 35 AT Ep Ind Set
Given a 3CNF formula F need to

build G V E K

K clauses in F
For each clause 6 void



make a clause gadget triangle

0
with each literal

labeling a vertex

d

For every pair of vertices labeled

by a variable its negation add

an edge



Runs in polynomial O n time
size of F

Need to show F is satisfiable if f

G has an indi set of size k
Suppose F is satisfiable with an

assignment A to its variables

Pick one True literal per clause

S EV add the vertex of each
clause gadget that matches the
chosen literal

No x ̅ in A so no cross triangle
edges with both sides in S

S is independent IS k



Suppose G has an ind set S

of site k
S has to have exactly one vertex

per triangle
At make s's Literals True

The cross triangle edges mean we

don't try to make any x ̅ both

True
So A is an assignment
it has 1 True literal per clause



A Hamiltoniancycle in a graph G

dir or andir is a cycle that
contains each vertex exactly one

Dir Ham Cycle Given a directed graph
G V E Does it contain a Hamiltonian

cycle
Thm DirhamCycle is NP complete
Dir Ham Cycle NP The Ham cycle
Dir Ham Cycle is NP hard

Show 3 SAT Ep Dir HamCycle

Given a 3 NF formula F Build G V E



For each variable Xi make a

k
variable gadget clauses

Vertices i O i 1 i 2k 1

Edges
i j 1 Fli

a douby linked list of 2k vertices

Add edges between consecutive pairs of

gadgets

g it 0 i 2k 1 i 1,0

i d it 2k 1 i 2k 1 it 2k 1



F
Also add

n o 1 0 n 2k 1,0

n 0 1,2k l n 2k 1 1 2k 1



so far 2
variables

Ham cycles
For each clause Cj add a

vertex

For each pos literal x in Cj add

edges i 2 1 i 2

Nog literal x ̅ add

v51
g

i 2

Take polynomial oink time



Also Clique Vertex Cover are

UP complete from Ind Set


