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- It is not sunny this afternoon and it is colder than
yesterday.
- If we go swimming it is sunny.
- If we don’t go swimming then we will take a canoe trip.
- If we take a canoe trip then we will be home by sunset

! i 43l 0 s o
* We will be home by sunset?
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Conjunctive Normal Form

e Conjunctive Normal Form is a disjunction of literals.

literals
* Example:

(A v B v —C)(A)(B v D)(A)(—A)A)B v C)

— _/
Y

clause
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- It is not sunny this afternoon and it is colder than
yesterday.
- If we go swimming it is sunny.

- If we don’t go swimming then we will take a canoe
trip.

- If we take a canoe trip then we will be home by
sunset

i A3 (p y e
* We will be home by sunset?
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Logical equivalence

« Two sentences are logically equivalent iff true in same
models: a= R iffa B and B Fa

(A p) = (BA«) commutativity of A
(aV ) = (fVa) commutativity of V
((aANB)Ay) = (aA(BA)) associativity of A
(avpB)Vy) = (aV(BVry)) associativity of V
-(-a) = a double-negation elimination
(@ = ) = (-8 = —a) contraposition
(@ = () = (naV [3) implication elimination
(¢ & B) = (o« = B)AN(B = «)) biconditional elimination
“(aAf) = (naV—-[3) de Morgan
“(aV fpB) = (raAN—3) de Morgan
(an(BVvy) = ((aAB)V (A7) distributivity of A over V
(aV(BAy) = ((aVB)N(aVy)) distributivity of V over A
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Given: Converted to CNF:
PVQ 1. PVQ
-R 2. =R
P->S 3. =PVS
QA-R->S 4. -QVRVS
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Propositional Resolution Refutation

5) =S 3)-PVS
Converted to CNF: \/
1. PVQ
7 -R 1)PVQ -P
3. -PVS v
4. -QVRVS o 4)-QVRVS
5. =S (Negated goal) \/
2) =R
Resolution proof
Derive empty clause: \/
a contradiction! 5) =S

Conclusion: S v
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* a) The king is a rich man.
* b) If the king were poor he would not be powerful.
* c) A powerful king is a happy man.

 d) If the king is rich then he is either happy or
powerful.



* king (K).
* Rich (R)

e poor (P).
* Powerful (PW).
* happy (H).



a) K — R
b) (KA P)= —PW

&) (KAPW)= H

d) (KAR)= (HvVPW)
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KB: S: PAQ
So: P=(RvS)
S3: (AVQ)= (P =S)
Si: ~((AAS)V(AAP)V(QAR)
Ss: AV (=P A-Q)
Se: T=(AN(P=Q)
Si: Vv—Pv-U



(AVQ)= (P=8) S1: PAQ
a) F 51 A - elimination
() S1 A - elimination
Sw: AvEQ | SV -miroduction
S P = 5| 5.5 modus ponens
Sp: 5 S11. 55 modus ponens
PnS | 52,5 N - mtroduction
inference rule | tautology name

P
P —q
g

(PA(p—4q)—4q

Modus ponens
(mode that affirms)




Se: T=(AN(P=Q)

b) Si3: (T=AAN(T=(P=Q))| Ss distributivity
T'=A) S13 A - elimnation




S5:: P 57 A - elimination
S7: Vv-Pv-=U

¢c) Su: Pv-S Sk \ - introduction
Sis: Vwv=5vw =l | 514,57 resolution
(Uns)=V | 5; mplcation




S, AV (=P A-Q) Szg: P S, A - elinination

d  Si: (Av-=P)n(Av Q)| Ss distributivity
S517: (Av-P) S16 A - elimination
Sik: A S17. Sg resolution
PrQnrnsSnA Sg, Sq, 512, 518 N - introduction




* inputs

)
1 —-T=F

\2 — S=T

Al

e g Ul 13 RE1 U - AT gl Ll

- %1 Gl 1A) Lol Ul s s L) Wl
Cdeasa et U1 Lupal WU : o

: Jall

ALl Aadai 5 cbpa Al e i a i s Y
(Think) T Led ey Sl

(Study) S & e 0l Ul

(Exist) E L) 3o i 352 50 Ul

- Allowal) dadad

E aS=—E }GOAL



ol \_uh .

e O3S sl JY i g &Lty (A Ol Gk G Kt e
Backward . sForward

Entallment " e LY A Hhay Gla ) -1

ladic \..u;u d;ﬂ\ \S\A\c\_a\ .
@mﬁ?ruw u\.a, M\d \ ?\m A g hﬁJ‘;\
true JSU\S Ol cand 48de \.@_\.\.\}mput v Al & ddq 408
L;LMMLAMQ)SJLJA@ dsabﬁtrue @md@\\ ‘i
54@_\3?\_1.\\ \c&\.uu&\ds;_\)adh L4l ¢ 4aaas | 4l
&bm\d\admytg_\‘ﬁu@\dh@\.@mu)fa se a_a‘z?lél

8UAUJSAM\JJJ;\J\c)}ojéu)u\_uﬂﬂw\o& .jo
@usdjmuuueﬁm)ﬁ




T E S T VE =1 -S VT =2 1A2 Goal
0 0 0 1 1 1| — > 1
0 0 1 1 0 0 1
0 1 0 1 1 1| —> 0
0 1 1 1 0 0 1
1 0 0 0 1 0 1
1 0 1 0 1 0 1
1 1 0 1 1 1 » 0
1 1 1 1 1 1] — > 1

Cangll (80 L dapnia 2 51 Colabiall Lgad (5S35 Vs Lpal 4] J gand) (e Jas DU WEY ¢ Lstial aa g9 W 1)




Al

o2 S8 U SY WS ;7 Inference “dYainy) gyl la pll e
Ladie day,lall o3¢d Wliy JYaiaY) 2ol e adiad 45l
Jsan aladinl WiCay ¥y € &l jiatal) g Glua @l d2e (G 65
5 Forward s JYaiuY! & Ot )l Laly ¢ dgaall
Backward .



Al

Backward : plasiuly Gla i e
: ONF oeldail) J<aN ) coladaadl g gaty Y 1 a5 o
e TVS-=T=S ,EVT-=E=T
 sallaill JSAN Al ga axy Cargll di aghig @
e . S=>FE=SV-AE
* 4(SV E) = =SAE

}Eumﬂuw\m@\dmu&and 8e aa g M\LAJO
Cangl i, oLl JSl oo Sl -8

Re50|ut|0n.d:.‘é£—‘-,‘ejﬂjdéj\ D‘).AA&eMJJ.



I VE S VT =8 E

S

E V 8§

Aglee Jsl Gubai day 350 Bkl Bl Ulay W Ladl e
 Gledidll e i ol Caagll 1 (gl Resolution .



Al

Forward : plasiuly la yll e

o Resolution  Gudd (S 48 Jaadliy chlediall (e (3lladi o
9 gl (g ¢ (SVE) Ao Jasié (=SVT) 5 (-TVE)
CAqy Hlall sdgy e b Lilis e @l (S -VE)

Alsall Cladia ol 13 cCil 3kl la by Lilis W Jaad o
Aakala (Caagll) Aagtill & amy Y (S8l 13a

Logo Aol Uloan o Y Alsal) colalia o 1 ) Jia gt - Al o



Example
Consider the following Knowledge Base:
The humidity is high or the sky is cloudy. . Al elad) § 4de 45k )
If the sky is cloudy, then it will rain. el g ¢ AE elawddl IS 1))
If the humidity is high, then itis hot. . .\ Jls skl S5 23 dddle 4 gl il S 1))
itispothst —— e el palall
Goal: It will rain.

Use propositional logic and apply resolution method to prove that the
goal is derivable from the given knowledge base.




Solution: Let’s construct propositions of the given sentences one by one:

1) Let,
The humidity is high or the sky is cloudy
P: Humidity is high.
Q: Sky is cloudy.
It will be represented as PV Q.

2) If the sky is cloudy, then it will rain
Q: Sky is cloudy. .from (1)

Let, R: It will rain.

It will be represented as Q - R.

3) If the humidity is high, then it is hot.
P: Humidity is high. ~.from (1)

Let, S: It is hot.

It will be represented as P - S.

4) -S: It is not hot,



Applying resolution method:

1. PVQ.

2. Q> R.

In (2), Q = R will be converted as (-Q V R)

3.P=> S.
In (3), P => S will be converted as (-P V S)

4. =S,
Negation of Goal (-R): It will not rain.

Finally, apply the rule as shown below:



PVQ ~QVR




Ex(1): Consider now an example from the propositional calculus, where we
want to prove a from the following axioms:

bAC=a
b
dAhe=c¢
evf

dA~f



We reduce the first axiom to clause form:
bAc—> a

“(bAc)va bl-ams-ivm
“bv-cva  byd Mogn'shw

The remaining axioms are reduced, and we have the following clauses:

av-bv=-e
b
Cv-adv=-e
evf

d

-1

The resolution proof is found in Figure (3-1). First, thé goal to be proved, a,
is negated and added to the clause set. The derivation of o indicates that
the database of clauses is inconsistent.

- a Aav-bhwv=—0C

\/



Avabv=e

\/

“bv=e b

Cv=dv=e

evl! ~dv—e

e

d fv~d

\D/

Resolution prove for an example from the propositional calculus.
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