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XOR-SAT
= Polynomial-time solver ! (via Gaussian

- (Elimination

X
,
TX2@ X3

X50X , Xo 3 Does there exist an assignment
-

X = = 50 , 15h
X
=
# TX 2X5

st
. every expression is I ?

-SAT (i . e . AND-of-OR SAT)

X, vLX2 V X3

o 3 Does there exist an assignment
- X5VX ,

V Xa
- -

X = = 50 , 15h
-

X3 VLX6V7x5 st
. every clause is satisfied ?

No known efficient algorithm !



Boolean(CNF) Formula

0 = (x , v (x2 v + (1(x5vX , vx)1(xzV(xV(x)



Boolean(CNF) Formula

0 = (x , v (x2 v + (1(x5vX , vx)1(xzV(xV(x)
M

(
N variables

X
,,
X2,--- Xn



Boolean(CNF) Formula

0 = (x , v (x2 v + (1(x5vX , vx)1(xzV(xV(x)
M

-

( N

(
variables

literal :
X
,,
X2,--- Xn

variable or

its negation



Boolean(CNF) Formula

0 = (x , v (x2 v + (1(x5vX , vx)1(xzV(xV(x)
- M

-

(
literal : I N

(
variables

X
,,
X2,--- Xn

variable or

its negation
M clauses :
- 11

a disjunction
(i . e . OR) of a

collection of literals



Boolean(CNF) Formula

0 = (x , v (x2 v + (1(x5vX , vx)1(xzV(xV(x)
- M

-

↑ (
literal : I N

(
variables

X
,,
X2,--- Xn

Formula : variable or

m clauses :
- 11

Conjunction"
its negation

a disjunction
(i . e . AND) of (i . e . OR) of a
clauses collection of literals



Boolean(CNF) Formula

0 = (x , v (x2 v + (1(x5vX , vx)1(xzV(xV(x)
- M

-

↑ (
literal : I N

(
variables

X
,,
X2,--- Xn

Formula : variable or

m clauses :
- 11

Conjunction"
its negation

a disjunction
(i . e . AND) of (i . e . OR) of a
clauses collection of literals

# Given a boolean formula o
does there exist a satisfying assignment ?



Boolean(CNF) Formula

I = (x ,
v -x z v + )1(x5vX , vx)1(xzV(XyV(x)

- M

-

↑ (
literal : I N

(
variables

X
,,
X2,--- Xn

Formula : variable or

m clauses :
- 11

Conjunction"
its negation

a disjunction
(i . e . AND) of (i . e . OR) of a
clauses collection of literals

# Given a boolean formula o
does there exist a satisfying assignment ?

That is
, y = a = 50 ,15 s .

t. P(a) = 1
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Announcements

* HW5 ongoing

* Prelim 2 Conflict Survey on Ed
.

* Recitation on Saturday
↳ Mathematical Algorithms
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# Given a boolean formula o
does there exist a satisfying assignment ?

*Oberration . Given an assignment * = a

there is an efficient algorithm to verify

SOLVING SAT (a) = 0 or Pal = 1

↓
= zh

ButeForce SAT Algorithm-
For e assignments It 1000 .. 0 ,

000...... -- ,
III. - -13

I Verify (0 , ) 30(n m)

If P(a) = 1 : Return True - Set each literal

in each clause

Return False ~ Determine if there
is a 1 in each

=>E(2" poly (n ,
m) ( clause
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Theorem .
There exists a 012" poly (n ,m))- time

algorithm for CNF-SAT.

Better Algorithms ?

Not yet -

No known 0(1 . 999") time algorithm for SAT

But why ?
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EmplexityTheory

Categorize Problems based on how EASY/HARD

they are to solve.

PE Problems that can be served in polynomial time.

ND = Problems that can be verified in polynomial time .

PENTseficient verification imply efficient solving ?
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EDIFDIST
SHORTEST-PATH

SATO
CIRCUIT SAT

FACTORING⑪MAX Bip. MATCH MINUT
SUBSET
sum

MAX FLOW

VERTEX-COVER

FNET

Theover . Every problem QENP reduces to SAT !

If any efficiently-verifiable problem is hand to solve,

then SAT is hard to solve.



EmplexityTheory

Categorize Problems based on how EASY/HARD

they are to solve.

PE Problems that can be served in polynomial time.

ND = Problems that can be verified in polynomial time .

NP-Hard =Q is NP-Hard if

every problem in NP reduces to Q.



*CompleteUP-Complete if
* QENP

* Q is NP-Hard

Thek-Levin Theorem SAT is NP-Complete.


