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Can mf\o\ce, AeB il (A—aB) AND (g-»p\)
("A o= B) AnD ("B or A)



SIMPLIFYING PROPOSITIONAL FoRMULAS

Cam (‘Qf\O\CQ, P\%B o\t A or B

Can mf\o\ce, AeB il (A—aB) AND (g-»p\)
("A o= B) AnD ("B or A)

Can ceflace A xoR B with (A or B) And (A AND B)



SIMPLIFYING PROPOSITIONAL FoRMULAS

Can

Can

Can

(‘Qf\o\ce, A—->B Lth A or B

clace  AeB Witk (A>B) AND (B—A)
("A o= B) AnD ("B or A)

celace A xoR B with (A or B) AnD (A AND B)

So
Nex’\' we

we can 39," Q\Ie.nj'\\\'ma n Tecwms o'e AND, 6R NoT,

see SQVQfa.\ ru\es ‘Hf\oCl' cown \‘\Q\P o $°IW\P\'|‘?3/W\OJ;£3 -goc-“r\ec



A AND B <« B AnD A

C omvvnu‘l’ av\'\ Vi 'Lj
A oR B «—= B or A



A AND B <« B AnD A

C omvnv'l’a‘\'.\ NI "‘j
A oR B «— B or A

(A AND B) AND ¢ <> A AND (B AND C)


Greg


A AND B <« B AnD A

C omvnv'l’a‘\'.\ NI "‘j
A oR B «— B or A

(A AND B) AND ¢ <> A AND (B AND C)
. A AND B AND ¢ <


Greg

Greg


A AND B <« B AnD A

C omvnv'l’a‘\'.\ NI "‘j
A oR B «— B or A

(A AND B) AND ¢ <> A AND (B AND C)
. A AND B AND ¢ <

(AORB)ORC <~ AOR(BORC)


Greg

Greg


A AND B <« B AnD A

C omvvnu‘l’ av\'\ Vi 'Lj
A oR B «—= B or A
(A AND B) AND C <> A AND (B AND c)
. A AND B AND C <~
assoc‘\ahv;'l'j

(AORB)ORC <« AOR(BORC)
> A oR B or ¢ <«



A AND B <« B AnD A

C omvvnu‘l’ av\'\ VL 'Lj
A oR B «—= B or A
(A AvD B) AND ¢« A anD (B AND C)
1. A AND B AND ¢ <2
assoc\a+ivi+j

(AORB)ORC <« AOR(BORC)
> A oR B or ¢ <«

A AND (B OR C) > (A AND B) OR (A AND c)



A AND B <« B AnD A

A oR B « B or A Commvhjf"\"‘J"j
(A aD B) AND ¢« A AWD (B AND C)
. A AND B AND C <7
assoc\a"'iv'\"'j
(AORB)ORCHAOR(BORC)
. A orR B or ¢ <2
A AND (B OR C) N <A AND 8> ok (A AND C> AiS'l'(.lLu'l'.N.\'\':j

Aok (B aD C) « (A or B) anp (A or ()



TWO wore '\mpor"'am-l- vu\es



T(A AnD B) < A or "B

eq, ot (rich and famovs) € vt cich or wok Famoos



T(A AnD B) < A or "B

_'(A OR B) <—> A And B

e.g.) V\o’l' (—QQS{- oY S‘\'von3> S \N"t ‘QO\S{' qu V\o{' S'\'\"OV\S



T(A AnD B) < A or "B

_'(A OR B) <— A anD B

DQ M 0 TSQV\,S L aws



(A—B) and (B—A) (A AnDB) or (TA And "B)



(A—>B) aw (B—>A) = (AAwB) or (A Aw> "B)

= (1A OR B) AND (-18 OR A) "’:j eacliec resolt

—

Cam ref\o\ce, P\—PB o\t A or B

!N
NovCvous becavse A
Ak->B
RQc.a.“) A or (A AnD B)
T, 7T

cose] cose?




(A—>B) aw (B—>A) = (AAwB) or (A Aw> "B)

= ("A or B) and ("B or A) by eacliec vesolt
= ("A AnD ("B or A)) or (B AnD ("B or A)) distr.

‘\'reo»{’ (_'B OR A@




(A—B) avd (B—A) (A AnD B) or ("A Awnp "B)
= ("A or B) and ("B or A) by eacliec resolt
= ("A AnD ("B or A)) ok (B anp ("B or A» distr.
= (A and™B) or (TA AnD A)) or (B AND™B) oR (B AnD A))



(A—B) avd (B—A) (A AnD B) or ("A Awnp "B)
= ("A or B) and ("B or A) by eacliec resolt
= ("A AnD ("B or A)) ok (B anp ("B or A)) distr.
= (A and™B) or (TA AnD A)) or (B AND™B) orR (B AnD A)) »
=("A ampB) or F)or (F or (B and A))




(A—B) avd (B—A) (A AnD B) or ("A Awnp "B)
= ("A or B) and ("B or A) by eacliec vesolt
= ("A and ("B or A)) or (B and ("B or A)) dishe
= (A and™B) or (CA And A)) or (B And7B) or (B Anp A))
=(("A AnD"B) or F) oR (F or (B And A))
= ("A A ™B) oR F oR F or (B And A) assoc.



(A—B) avd (B—A) (A AnD B) or ("A Awnp "B)
- ("A OR B) AND (“B OR A) L,j cacliec resolt
= ("A and ("B or A)) or (B and ("B or A)) dishe
= (A and™B) or (CA And A)) or (B And7B) or (B Anp A))
= (("A AND "B) OR F) OR (F OR (B AND A))
= ("A A ™B) oR F oR F or (B And A) nssoc.
= ("A And B) or (B AnD A)



(A—B) avd (B—A) (A AnD B) or ("A Awnp "B)
= ("A or B) and ("B or A) by eacliec resolt
= ("A AND ("B OR A)) OR (B AND (“B OR A)) diste
= (A and™B) or (CA And A)) or (B And7B) or (B Anp A))
=(CA andB) ok F)or (F or (B and A))
= ("A A ™B) oR F oR F or (B anp A) assoc.
= ("A And B) or (B AnD A)
= (A avp B) or (A Anb 7B) comm.



DISTUNCTIVE FOBM  "an OR of ANDs'

e.q., (A AND B) OoR (A AND C AND D) oR (§ AND D)



DISTONCTINE FOBM  "an OR of ANDs'

eq., (A AND B) OR (A AND C AND D) oR (E AND D)

CONTUNCTIVE FOBM  "an AND oL oORS'

3 <A OR C) AND (P\ OR 5) AND (-é OR C OR 'D)



DISTUNCTIVE FOBM  "an OR of ANDs'
e.q., (A AND B> OR (A AND C AND D) OR <§ AND D)



DISTONCTINE FORM  "an OR of ANDs'
e.q., (A AND B) OoR (A AND C AnD D) oR (@ AND D)

l/\)e cawn wc\Jte Oumj PCOPOS‘I'\"WV\Q\ ‘QO(‘\M\)\O. ‘ILQ. 'H’\]S. e_.g.,A AND (B oR C)



DISTONCTINE FORM  "an OR of ANDs'
e.q., (A AND B) OoR (A AND C AnD D) oR (@ AND D)

Ne cawn wc\Jte Oumj PCOPOS‘I'\"WV\Q\ ‘QO(‘\M\)\O. ‘ILQ. ‘H’\]S. e_.g.,A AND (B oR C)

A AND (B oR C) Fill in e_v\-l-irq Teuth '\aL\e. A

AlB|C

| T T
T|T|F T
TIF|T T
T|F|F F
FIT(T F
FIT|F F
FIF|T F
FIF|F F




DISTONCTINE FORM  "an OR of ANDs'
e.q., (A AND B) OoR (A AND C AnD D) oR (@ AND D)

l/\)e cawn wc\Jte Oumj PCOPOS‘I'\"WV\Q\ ‘QO(‘\M\)\O. ‘ILQ. 'H’\]S. e_.g.,A AND (B oR C)

A AND (B oR C) Fill in e_v\-hrq Teuth '\aL\e. A

AlB|C

_{- T —Fr:— $ ?\V\A o\“ Cows 1In ‘\'O\L)\Q.
TIFIT T w\r\e(‘q, ’romu\a '\ST,
T|F|F F

FlT|T F

FIT|F F

FIF|T F

FIF|F F




DISTONCTINE FORM  "an OR of ANDs'
e.q., (A AND B) OoR (A AND C AnD D) oR (@ AND D)

l/\)e cawn wc\Jte Oumj PCOPOS‘I'\"WV\Q\ ‘QO(‘\M\)\O. ‘ILQ. 'H’\]S. e_.g.,A AND (B oR C)

A AND (B oR C) Fill in e_v\-l-irq Teuth '\aL\e. A

AlB|C

_{- T —Fr:— $ F\V\A a\\ Cows 1In ‘\‘0\\)\0.
TIFIT T vhere *romo\au ic T,
TIF|F F Want | og ‘H\QSQ cows to be sa-\'\s-e‘\e.ch
FlT|T F

FIT|F F

FIF|T F

FIF|F F




DISTONCTINE FORM  "an OR of ANDs'
e.q., (A AND B) OoR (A AND C AnD D) oR (@ AND D)

l/\)e cawn wc\Jte Oumj PCOPOS‘I'\"WV\Q\ ‘QO(‘\M\)\O. ‘ILQ. 'H’\]S. e_.g.,A AND (B oR C)

A AND (B oR C) Fill in e_v\-l-irq Teuth '\aL\e. A

AlB|C

_{- T FI: $ F\V\A ol cows in table
TIF|T T vhere *romo\au 1S T

_'-l;' —Fli _F]:_ [F:: Want >l og ‘H\QSQ cows 1o be sa-\'\s'g\e.éz
FlTIFE F (P\ AND B AnD C)
FIF|T F

FIF|F F




DISTONCTINE FORM  "an OR of ANDs'
e.q., (A AND B) OoR (A AND C AnD D) oR (@ AND D)

l/\)e cawn wc\Jte Oumj PCOPOS‘I'\"WV\Q\ ‘QO(‘\M\)\O. ‘ILQ. 'H’\]S. e_.g.,A AND (B oR C)

A AND (B oR C) Fill in e_v\-l-irq Teuth '\aL\e. A

AlB|C

L T T T F‘\V\A ol cows 1a toble

: - T

TIF|T T vhere *romo\au 1S T

_'-l;' —Fli _F]:_ [F:: Want | og ‘H\QSQ cows to be sa-\'\s'g\e.éz
FlTIFE F (P\ AND B AnD C)
FI1FT F or (A AnD & AND T)
FIF|F F




DISTONCTINE FORM  "an OR of ANDs'
e.q., (A AND B) OoR (A AND C AnD D) oR (@ AND D)

l/\)e cawn wc\Jte Oumj PCOPOS‘I'\"WV\Q\ ‘QO(‘\M\)\O. ‘ILQ. 'H’\]S. e_.g.,A AND (B oR C)

A AND (B oR C) Fill in e_v\-l-irq Teuth '\aL\e. A

AlB|C

_{_ T —Fr:— $ Tind all cows 1a toble

Tl ELT T vhere 'romo\au ic T,

_'-l;' —Fli _F]:_ [F:: Want 1 o-e 'H'\QSQ. cows to be sx"\s-?‘\e.é'.
=Tl E - (P\ AND B AND C)
FIF[T E or (A AND B AND T)
FFLF F or (A AND B AND C)




CONTONCTIVE FORM  "an AND o! ORs"
e.q., (A OR C.) AND (P\ OR B) AND (@ OR C oOR D)



CONTONCTINE FORM  "am AND o! ORS"
eq., (A or ¢) avp (A or D) anp (B or ¢ or D)

(/\)Q cawn wc\Jte any PCOPOél'\:IOV\d.\ ‘eor\mu\a. "l\ﬁ@- ‘H\'lS. e..g.,A AND (B oR C)



CONTONCTINE FORM  "am AND o! ORS"
eq., (A or ¢) avp (A or D) anp (B or ¢ or D)

b\)e cawn (M‘.\Jte any PCOPOél'\:IOV\d.\ ‘eor\mu\a. "l\ﬁ@- ‘H\'lS. e..g.,A AND (B oR C)

AlB|IC | A AND CB oR C) Fill in entire teuth able
T T|T T
TIT|F T
TIF[T T
TIF|F F
FITI|T F
FIT|F F
FIF|T F
FIF|F F




CONTUNCTINE FOBM  "an AND o! ORS'
2.q., (A OoR C.> AND (P\ OoR 6> AND <_B_ OoOR C oOR D)
(/\)Q cawn wc\Jte any PCOPOél'\:IOV\d.\ ‘eor\mu\a. "l\ﬁ@- ‘H\'lS. e..g.,A AND (B 101°8 C)

AlB|[C [A AND CB oR C) Fill in entice truth table

¥ :]r- —FI: :lr- KF\V\ a“ Cows 1n ‘\’O«B\Q. w\r\em. 'romu\a 1S F
TIF[T T

T|F|F -

FIT|T FJ

FIT|F F

FIF|T F

FIF|F F




CONTUNCTINE FOBM  "an AND o! ORS'
2.q., (A OoR C.> AND (P\ OoR 6> AND <_B_ OoOR C oOR D)
(/\)Q cawn wc\Jte any PCOPOél'\:IOV\d.\ ‘eor\mu\a. "l\ﬁ@- ‘H\'lS. e..g.,A AND (B 101°8 C)

AlBI|C A AND (B oR C) Fill in ev\'l"\re teuth '\aul:\e_

¥ :]r- —FI: :lr- FFM a“ Cows 1n ‘\‘o\\)\e. w\'\ecq, 'romo\a 1S F
T F T T \Aan’f ALL Og ‘\'\'\QSQ Tows ‘\‘o NoT LQ Sa‘\"\s‘e\Q.A'-
T|F|F F — —

FIT|T F y

FIT|F F

FIF|T F

FIF|F F




CONTONCTINE FORM  "am AND o! ORS"
eq., (A or ¢) avp (A or D) anp (B or ¢ or D)

(/\)Q cawn wc\Jte any PCOPOél'\:IOV\d.\ ‘eor\mu\a. "l\ﬁ@- ‘H\'lS. e..g.,A AND (B oR C)

AlB|C A AND (B oR C) Fill in entire Teoth M:\e

—-ll: :]I'_ —rl-_— $ FF'\V\ al cous 1n Yable where Locmola is F,
T _F_: T —Fr; Want ALL of these rows 4o NoT be satishied:
FlTl| F (A or & OR ¢)

FIT|F F

FIF|T F

FIF|F F




CONTONCTINE FORM  "am AND o! ORS"
eq., (A or ¢) avp (A or D) anp (B or ¢ or D)

(/\)Q cawn wc\Jte any PCOPOél'\:IOV\d.\ ‘eor\mu\a. "l\ﬁ@- ‘H\'lS. e..g.,A AND (B oR C)

AlB|C | A AND (B oR C) Fill in entire teuth fable

—-ll: $ —FI:— $ FFM al cous in fable where Rocmola ic F
$ F: _; _; \Aom'\' P\\_L Og ‘\'»\QSQ Tows +O NoT LQ Sa'\"\S'?'\Q.A'-
.,_.F'i > Fl (A or 8 oRrR )

FIT|F = And (A or B OR C)

Flr|T F

A F




CONTONCTINE FORM  "am AND o! ORS"
eq., (A or ¢) avp (A or D) anp (B or ¢ or D)

(/\)Q cawn wc\Jte any PCOPOél'\:IOV\d.\ ‘eor\mu\a. "l\ﬁ@- ‘H\'lS. e..g.,A AND (B oR C)

A|lB|C | A AnD (B oR C) Fill in entice teuth M:\e

¥ :]r— —FI: :lr_ FFMA al cous in fable where Rormola i F
$ FF: _; -; waﬂ'\' P\\_L Og ‘\'»\QSQ Tows +O NoT LQ Sa‘\"\S‘?\QA:
- | T| F = And (A or B OR C)

FIEIT F And (A or B OR C)

FlE|F F




CONTUNCTIVE FORM  "an AND of ORs"
eq., (A or ¢) anvp (A or D) And (B or ¢ or D)
We can write any ?copos]Jr'nov\a.\ Locwola like 4his. e.g.,A AND (B oR C)
B A AND (B oR C) Fill in entire teuth fable

Tind all cows 1n table whece 'romo\a i F
waﬁ ALL of these cows to NOT be satishied:

(A or & OrR C)
And (A or B OR C)
AnD (A or B OR ()
AnD (A oR B OR C)

A4 44>
MmO

_r
T
F.'.
F:
_I_.
T
F:

AL e i e e B

—[1.
T -



CONTUNCTINE FOBM  "an AND o! ORS'
2.q., (A OoR C.> AND (P\ OoR 6> AND <_B_ OoOR C oOR D)
(/\)Q cawn wc\Jte any PCOPOél'\:IOV\d.\ ‘eor\mu\a. "l\ﬁ@- ‘H\'lS. e..g.,A AND (B 101°8 C)

AlB|C A AND (B oR C) Fill in ev\'l"\re '\‘VU‘\'\« M:\e

¥ :]r- —F-I:. :lr- KF\V\A a\\ Cows 1n ‘\’at;\e. w\r\em. 'romo\au 1S F
$ 'F:: _F[:- —Fr; Want ALL of ‘H'\o.Se, cows to NoT be sa-"\sj()‘\e.cl‘-
FIT|F F And (A or B OR C)

F1F T E And (A or B OR C)

B Anod (A orR B OR C)

And (A orR B OR C)



L\)\\o& we 30# was acjwa\“j DISTJUONCTINVE NORMAL FfokRM

)

R  CONITUONCTINE NORMAL

Evecj \laf.la\'o\e, [¥3 Fresev\'\' n Qac\x ‘\'Q(‘W\ uo'l'“r\'m ‘DO\(‘QV\'\\'\QSQS.

Source: MCS
Other sources use "CNF" and "DNF" without this requirement


Greg

Greg
Source: MCS

Greg
Other sources use "CNF" and "DNF" without this requirement


L\)\\o& we 30‘L was ac‘wa\“j DISTJUONCTINVE NORMAL FfokRM
w

This standardization can help proof automation (for validity, satisfiability)

R  CONITUONCTINE NORMAL

Evecj \laf.la\'o\e, [¥3 Fresev\'\' n Qac\x ‘\'Q(‘W\ uo'l'“r\'m ‘DO\(‘QV\'\\'\QSQS.

Why do we care about this?

You could also check if two formulas are equivalent,
by getting them into the same "canonical" form

Source: MCS
Other sources use "CNF" and "DNF" without this requirement


Greg

Greg
Source: MCS

Greg
Other sources use "CNF" and "DNF" without this requirement

Greg
Why do we care about this?


Greg
This standardization can help proof automation (for validity, satisfiability)

You could also check if two formulas are equivalent, 
by getting them into the same "canonical" form


l/\)\«\oJ' we 30" was ac‘wa“j DISTONCTIVE NORMAL FfForRM

X CONTUNCTINVE NORMAL

Evexj Jaciable is ?resenjr in each Ferw within ?qfew\\nese.s.

\/\\Q_ Can O'e*ev\ Simp\\‘ej DMF)CNF

Q.%.)

>

(A AnD B AND €)

or (A AnD B AND T)

or (A AND B AND C)
)

(P\ AND B)
or (A AND C)



l/\)\«\oJ' we 30" was ac‘wa“j DISTONCTIVE NORMAL FfForRM

X CONTUNCTINVE NORMAL

-
Evexj Jaciable is Fresenjr in each Ferw within ?qfew\\nese.s.

\/\\Q_ Can o-e"ev\ Sim?\\‘ej DMF) CNF (P\ AND B AnND C)

or (A AnD B AND T)

- or (A AND B AND C)
AlB|C | A avp (B orC) B
T T|T T (P\ AND R)
_‘lI: _Fl; 'IF‘ _"I: or (A AND C)




or a“ V VS ,_L “Q,xis'\su



or a“ \/ VS ,_.. "Q,xis'\su
Vxé R. x*»0



L L

“Q,XiS'\'S”

or al \/ VS

Vxéﬂz. X2 %0 erm. X-n?+J2 = 0



L L

“Q,XiS'\'S”

or al \/ VS

Vxéﬂz. X2 %0 erm. X-n?+J2 = 0

For every action thece is a ceac:('iov\. \{a,gr



or al \/ VS

Vxéﬂa. X2 %0 ElxefR. X-n?+J2 = 0

L L

“Q,XiS'\'S”

For every action thece is a ceac:('iov\. \{a,gr

T»\ere 'S avnn answec ‘Qo(‘ Qve(:j o\ue.sjn'on.



or all \/ VS

Vxé “2. X2% 0 dxe |P. X-n?*4+V2 =0

L L

“Q,XiS'\'S”

For every action thece is a ceac:('iov\. \{a,gr

T»\ere 'S avnn answec ‘Qo(‘ Qve(:j o\ue.sjn'on.

OV\Q answec *Qv(‘ al\ qoeS'F\OV\S? E(aVo\



or all \/ VS

Vxéﬂa. X2 %0 ElxefR. X-n?+J2 = 0

L L

“Q,XiS'\'S”

For every action thece is a ceac:('iov\. \{a,gr

T»\ere 'S avnn answec ‘Qo(‘ Qve(:j o\ue.sjn'on.

OV\Q answec —Qvf al\ o'oes%ons? aaVO\
Fo(‘ Qve(j c\ue.sjﬂ'on ‘“\efe. 1S avnn avisuec, VO\HOL



or all \/ VS

Vxéﬂa. X2 %0 ElxefR. X-n?+J2 = 0

L L

“Q,XiS'\'S”

For _Ve(y a\(:k'.\on '\\«efe. 1S & ceac:('iov\. \{a.gr 7£'- gr\{a +K

T\\ere 'S avnn answec ‘Qo(‘ e.\le(:j O\UQSJ\’\'oV\.

OV\Q answec —Qvf al\ o'oes%ons? aaVO\
Fo(‘ Qve(j c\ue.sjﬂ'on ‘“\efe. 1S avnn avisuec, VO\HOL

SE va.ov\s'ns—‘o.v\cj n |\°'('0.\‘a:‘0fe.



E\IQ(‘j coln \'\as "mo s‘aoles: ?



Everﬂ coin has o sides: Ve E(Sl(c)gs?_(c)



Everﬂ coin has o sides: Ve QS.CC)HS?_(C)

P = Pc.|me V\UVV\LQCS, X = evewn .IV\'\'QSGVS J 2-.

\V/V\GX Ja€PILEP. n=axb
K4



Everﬂ coin has o sides: Ve QS.CC)HS?_(C)

P = Pc.|me V\UVV\LQCS, X = evewn .IV\'\'QSGVS J 2-.

-\(/V\\é_)/( HQGPHEGP. n= a.-\-ts

FOC QVQCS iV\'\'QSQV n 3(‘2,0&@.(‘ "(\'\ay\ 2’



Everﬂ coin has o sides: Ve QS.CC)HS?_(C)

P = Pc.|me V\UVV\LQCS, X = evewn .IV\'\'QSGVS J 2-.

\VIV\EX ﬂaGPEH;éP. n= atb

FOC QVQCS iV\'\'QSQV n 3(‘2,0&@.(‘ "(\'\ay\ 2’

'&-e(e Qx'\s-\- Pdw\o. wwmbecs a and b




Everﬂ coin has o sides: Ve QS.CC)HS?_(C)

P = Pc.|me V\UVV\LQCS, X = evewn .IV\'\'QSGVS J 2-.

\V/V\GX EhéPElbéP,_ n= a+b

Fo(‘ evecy iV\‘\'Qgev n 3(9,0&@( -\\«am 9.’
'}\l«e(e Qx'\s-\- Pdw\o. v\ow\be(‘s a omJ b socL —\'\nof"




Everﬂ coin has o sides: Ve QS.CC)HS?_(C)

P = Pc.|me V\UVV\LQCS, X = evewn .IV\'\'QSGVS J 2-.

\V/V\GX Ja€PILEP. n=axb

Fo(‘ evecy iV\‘\'Qgev n 3(9,0&@( -\\«am 9.’
'}\l«e(e Qx'\s-\- Pdw\o. v\ow\be(‘s a omJ b socL —\'\r\ofl' V\:Q-(—L:.

EV Qf\j iV\‘\'Qsev Sce,a:ko_c -\\'\om 2 s “'Le. Suwm o-e '\'uoo Pc'\w\es.
(G’o\ALo«.L'S CO\ASQC'\'LN'Q)



Ve X FaePILEP. n=axh
EV Qﬂj ivr'\'Qgev 3(‘6‘,0:er ‘\\'\mn 2 ‘\S +Le sSUuwm o-e '\'wo Pv'\w\e.s.
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