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NP-Complete

How to show something (B) is in NP-Complete?

1. Show itisin NP.

2. Pick some known NP-Complete problem A.
3. Show that a solver for B can solve A in polynomial extra time.

B

A B B
—>
Input Input Solver

A
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To show A reduces to B:
 Show every instance of A can be
translated to some instance of B.

e The solution to B can be translated

back to a solution to A.

B isin NP-Complete if it
satisfies two conditions:
1. B € NP.
2. Forsome A € NP-C,
A <p B.




3SAT

Claim: 3SAT is in NP-Complete.

Proof:
3SAT = {{¢): ¢ is a satisfiable formula with 3 variables per clause}
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3SAT

Claim: 3SAT is in NP-Complete.

Proof:

1. 3SAT isin NP. \/

2. SAT <p 3SAT

B isin NP-Complete if it
satisfies two conditions:
1. B € NP.
2. Forsome A € NP-C,
A <p B.




SAT <

Claim: SAT <p 3SAT

Proof:

<, 3SAT

We need to turn instances of SAT into instances of 3SAT.

fac
fac
fac
fac

duse
duse
duse
duse

SAT

has one literal?  (x;) = (x; VX1V Xq)

has two literals? (x; Vx,) = (x; VXx{ V xy)
had three literals?  No change.

nas more than three literals?
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SAT <, 3SAT

Claim: SAT <p 3SAT

Proof: Convert SAT clauses with > 3 literals into 3SAT clauses.
Psar = (X1 VX VXz Ve Vi)
= Pasar = (X1 VX, VZI)IN(@Z{ VX3V Z) AN AN(Zj_3V X1 V X)
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SAT <, 3SAT

Claim: SAT <p 3SAT
Proof: Convert SAT clauses with > 3 literals into 3SAT clauses.

Gsar = (X1 VX VX3V -V xy) -
= Pasar = (XL VX VZ)N(@Z{ VX3V Zy) AN AN(Z_3 V X1 V Xg)

Need to show: ¢ps47 can be true & @547 can be true.
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Claim: SAT <p 3SAT
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Psar = (X1 VX VX3 V- Vi)
= Pasar = (X1 VX VZ)AN(Z{ VX3 VZ) AN AN(Z);_3V X1 V Xi)

Need to show: ¢ps47 can be true & @547 can be true.

Suppose ¢ 7 can be true. Then some x,, is true.
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SAT <, 3SAT

Claim: SAT <p 3SAT

Proof: Convert SAT clauses with > 3 literals into 3SAT clauses.
Psar = (X1 VX VX3 V- Vi)
= Pasar = (X1 VX VZ)AN(Z{ VX3 VZ) AN AN(Z);_3V X1 V Xi)

Need to show: ¢ps47 can be true & @547 can be true.

Suppose ¢ 1 can be true. Then some x,, is true. Let x,,, be true in
$3sar-
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SAT <, 3SAT

Claim: SAT <p 3SAT

Proof: Convert SAT clauses with > 3 literals into 3SAT clauses.
Psar = (X1 VX VX3 V- Vi)
= Pasar = (X1 VX VZ)AN(Z{ VX3 VZ) AN AN(Z);_3V X1 V Xi)

Need to show: ¢ps47 can be true & @547 can be true.

Suppose ¢ 1 can be true. Then some x,, is true. Let x,,, be true in
¢3sa7. Let all z;’s before x,,, be true...
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SAT <, 3SAT

Claim: SAT <p 3SAT

Proof: Convert SAT clauses with > 3 literals into 3SAT clauses.
Psar = (X1 VX VX3 V- Vi)
= Pasar = X VX VZ)AN(Z{ VX3V Z) AN N(Zj 3V X1 V X)

Need to show: ¢ps47 can be true & @547 can be true.

Suppose ¢ 1 can be true. Then some x,, is true. Let x,,, be true in
¢sqa7. Let all z;’s before x,,, be true and all z;’s after be false.

" ANEZZIVxmo VIED A (Z; VR VERD N Ziv1 V X VD N -



SAT <, 3SAT

Claim: SAT <p 3SAT

Proof: Convert SAT clauses with > 3 literals into 3SAT clauses.
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Claim: SAT <p 3SAT
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Claim: SAT <p 3SAT

Proof: Convert SAT clauses with > 3 literals into 3SAT clauses.
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SAT <, 3SAT

Claim: SAT <p 3SAT

Proof: Convert SAT clauses with > 3 literals into 3SAT clauses.
Psar = (X1 VX VX3 V- Vi)
= Pasar = (X1 VX VZ)AN(Z{ VX3 VZ) AN AN(Z);_3V X1 V Xi)

Need to show: ¢ps47 can be true & @547 can be true.

Suppose ¢ 1 can be true. Then some x,, is true. Let x,,, be true in
¢sqa7. Let all z;’s before x,,, be true and all z;’s after be false.
= Every clause has a variable set to true. .. ¢p3547 = T.

Suppose ¢3s47 €Can be true. Some x,,, must be true. If not, all z;’s
must be true, and last clause would be false. . ¢su7 = T.

s SAT <p 3SAT



3SAT B isin NP-Complete if it
satisfies two conditions:

Claim: 3SAT is in NP-Complete. 1. B € NP.
Proof: 2. Forsome A € NP-C,
A <p B.
1. 3SAT isin NP. \/

2. SAT <p 3SAT \/

Therefore, 3SAT is in NP-Complete.
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What performance metrics do we care about?
Accuracy, speed.

One test on a graph of
30 vertices?
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What performance metrics do we care about?

Accuracy, speed.

One test on a graph of

e )
§ 30 vertices?
= No! Average of X
(V) . .
= Iterations.
S
— ®
o
Q
N
=
Graph size

Running time

Exact result on random
graph of 30 vertices and
inexact result on
different random graph
of 30 vertices?
No! results on
same random
graph.

Graph size

“Size” of graph (# vertices, # edges, connectivity)



