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6.034 Notes: Section 10.1

L Conjunctive Normal Form

A semlence wiiben im comjuncinve nammal fonm looks like § A or B or not ) and (8 ar 1¥) and imod A

ared (B or Uk s Conjunctive narmal form (CNF) farmules:

(A Bo—Chadfy Da-A) a0
E:I EEH -ReEul = |
Slide 10.1.2
Conjunctive Normal Form lis. (U lETnost SINECIUre is o congection. 175 o conpunction of ruhiple units. ©hese units are called
e
» Conjunctive normal foem (CMF) formulas: e
(A v Buv—Cpa By I A-Ad A (B )
* [(AvEv-L) 88 cleuse
E:l L Bpregp 0 d
Shide 1013 c y
A clouse & the dispenciion of many thargs. The uniis that make up 2 classe are called lierls. Conjunctive Normal Farm

s Canjunctive narmal form (CHF) formulas:

(A w e S U) (B e oA A Fv )
* {AvRv=) Isa clausa, which is a disjunction
of literals
s A, B, and - C are literals

'E: =
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Conjunctive Normal Form
-Cnn,lunctl-.re narmal Tasm IH:I"-IF:I lforrmulas:

(A Bw— A LBy A=A A (B )

- |i..! v is 8 cleuse, which is & disjunction
af literals

«f, B, and ~ C are literals, each of which is a
variable gr the negation of a vanable.

Slide 10.14
And a lneral is esther a vamahle or the negation of a vanahle

E:l B By i 0
Sde 1015 o
S vou get am expaession where the regotions are pushed in & tighily o possible, then you have ors. Conjunctive Normal Foarm

then yom have ands. Thes is like saying thal every assignmeni has o meet each of a set of
requiremeenis. Y ou coan think of each clause as o roqurement. S0 somehow, the first clomse has oo be
safisfied, and i1 has different ways that it can be safisfiad, and the second ome bas o be satisfied, and

ik ahind ome has oo be sagisfied ond 5o om

&

Conjunctive Normal Form

= Conjunctive narrmal form (CHF) formules:

(A w B Cpe f v I a=A) s (il
*  [dvBv—0y s aclause, which is a disjunction
aof literals
=, B, and - C are literals, each af which is a
variable or the negation of a variable,
«Each clause is 3 requirement that must be
satisfied and can be satsfied in multiple ways

= Every sanbence in propasitional |-I}Iﬂ.|l: can oe
written in CHNEF

BEH - Barep 1 =

shde

10LT

kere's The F'I'lh!l."dl]l'l.' fior COMVEMING SERIENCEs I CORJErG e nonal Frinm

s Canjunctive narmal form (CRF) formulas:

(A w B =) s (B e ) A B )
# (AvRv=(] 5 a clausa, which i5 a disjunction
of literals
8 B, and - C are litergls, 8ach of which is 28
variabbe or the negation of a variabie.

» Each clause is a requirement that must be
satisfied and can be satisfied in multiple ways

E T R Y m

Slide 10.1.6
Yo can ke any seniemce I propositsonal logic amd wiie # in conjunciive normal fiomm.

Converting to CNF

E: ke - ey 0 B
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Slide 10.1.5
Converting to CNF

1. Eliminate armows using definitons

® N—

Shide 1019
The pexi siep & in donee in negation. We do it wsrng DeMorgan's Laws. Yom might have seen them ina

digizal logac class. Mot (phi or psi) is eqeivabent 1o nm phi ad sot peh And, Mot (phi and pea) s
egurvalen o mod phi or mot peij, 5o if you have a negatwom o the ouiside, vou cam pash iz in and
change the commective from and in o, or from or in amd

alide 10.1.18

I'he first seep is o eliminaie single and dowhle arrows esing ther definminns.

Converting to CNF

1. Elirminale arrows using definitions
2. Drve in negations using Og Margan’s Laws

{pvp)u=gda=p
igaple v op

E: T -

Conwverting to CNF

1. Eliminate arrows using definitions

The third step is oo destriete or over and. That s, if we bave (A or (H ond O we can reseriie o a5 (A
of H)and (/& or ). Y ow cam prove o yoursel, using the method of tneth dabdes, thai the destritvtion
rule (omd Dedorgan’s laws) are valsd.

2. Drive in negations using De Morgan's Laws

—lgvple g A
e LT DT ROt
3. Distribute or over and

AviF AL = {d v Biald vl

'E] EEH- Brp i - B

Shide 10111

Cne problem with conjunceive nommal form is that, alihoegh youw can comven any senience o
compancive noral forn, yow meght do m af the price of an exponential increase m the size of the
expression. Hecoese if voum have A and 12 and C OR 1) and B and F, vow end up makorg the crss-
procect of all of those things.

For now. we'll think about satisfiatality problemes. which are generally fairky efficiently comvened inoo
|

Converting to CNF

1. Eliminate arrows wsing definitions

2. Drive in negatians using De Margan’s Laws
—(pvp)=—ga-p
—[gaplm—gv-p

3. Distribule ar aver and

AwiBalimid v Bjaid«)

4. Fwvary sentence can be converted to CHNF, but it
rmay grow exponentially in size

£ —




