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Proﬂ famming

Lavxguaﬂe
Declavative Procedural
Lanﬂ\mac Luns\mse
?w\og, \i&p, saL ¢, G+, Tova haihon, G-

?ro\og

Basic onceprs of logic
* First Order Predicate Los‘\c, CFOPL)
. ?rol(:&'- Proprawming  Logic
* Based on PrincipleS of FopL

Proloe Bagic (onsrrutre

foct A.
knowledge A:- 8, By B,,... By. if B,,81,--8n then A
base rule B ABA... ABWA
A:— B,58,585..-8n. \f 8, org,or...orB, then A
BVB.V...VBa—A

a'uerg ?' %)) B‘L,' -+ Bn




Example— simple logical proaram

onimal size

/* facts — sentence/statement/axiom x/

bigger(elephant, horse).
bigger(horse, monkey).
bigger(monkey, cat).
bigger(cat, ant).
bigger(lion, monkey).

/* rules x/

find(X,Z):-(bigger(X,Y), bigger(Y,Z)); bigger(X,Z).

* fun on hiips://swish.swi-prolog.org

Quevies

L
@ SWISH File~ Edit~ Examples ~ Help~
"3 Aong'urr\ S

I /* facts - sentence/statement/axiom =/

bigger(alaphant, horse).
bigger(horse, monkey).
bigger(mankey, cet).

- bigger{car, ant).
bigger(lian, monkey).

1 /% rulea %/

10 find(X,2):-(bigger(X,¥), bigger(¥,Z)); bigger(X,i

& swish.swi-prolog.org

38 find{etephant.cat)
false
38 find(X,monikey)
—— —— —
elephant 1
horsa 2
fion 2
* find{monkey X}
X
ant !
cat 2
8
X Y
elephant | monkey 1
horss | cat o
monkey | ant 3
lion ' cat 4
siephant | horse £
horse | monkey d
monkey cat r
cat | ant 8
lion maonkey g
3 e
Fxamplesa | Historya | Solutionsa table results m




Fattorial ?rogmm

fact(0,1).
fact(N, Result):-
N >0,
M is N-1,
fact(M, Y),
Result is YxN.

* fwn On hitps://swish.swi-prolog.org
Quevies

# swish.swi-prolog.org

@ SWISH File = Edit~ Examples~ Help~ é £ Searnt Q C" S &,
6e Program
d& = = *X|52+3
/* facts - sentence/statement/axiom */
fact(0,1). ‘ X ‘
5 d
4 /* rules */ ﬁ-fact(oﬂ
5 fact(N, Result):-
N >0, true 1
M is N-1, Next 10 100 1,000 Stop
fact(M, Y),
Result is Y*N. 'ﬁ”m@*ve)
true !
Next 10 100 1,000 Stop
ﬂfact(S.Value)
i Value
120 1
false
[ﬂ» fact(7 Value) ]
[ Value I
5040 1
false
© fact(7,value)
Examplesa Historys Solutionsa @ table results m




Eimrﬂ Tree

/* Binary tree x/

/* facts x/
branch(a,b).
branch(a,c).
branch(c,d).

branch(c,e). .
rewurs|ve
call

/% rules x/
path(X,X). {
path(X,Y):-branch(X,Z),path(Z,Y).

* (wn Oon hitps://swish.swi-prolog.org

Quevies

@ swish.swi-prolog.org

L
@ SWISH rile- Edit-  Examples-  Help- i E Q H= &.
& A&\ Program -

1 /* Binary tree */

i /% facts v/
th(a,a)
. branch(a,b). ﬁp&
% branch(a,c). true 1
: branch(c,d). Next 10 100 1,000 Stop
7 branch(c,e). [
Y ek path(a.d) ]
9 /* rules */ true U

path(X,X).

Next 10 100 1,000 Stop
| path(X,Y):-branch(X,Z),path(Z,Y).

(5 path(a,d)

Examplesa Historya  Solutionsa [ table results m




?ro\o% Iv\’rer?mer

*ooamings vules w the order in which ¥hey have ‘eeen epecified
in the datnbase

* dofabase creoted — Knowledge Base : list of facts (predicakes) ond
ruales  aboour ¥ae domain

Logi c

Syntouc : design Clepal expressions)
¢ temankics: working Uruth Values of legal  expressions)

* prook system: woy of monipulating tyntackic exprestions to get others

?ropostﬁoml Logic

* dedarative stnrence , tither frue or false
'Joe ik happy’
© mevge Otomic senrences to form  complex ones

Question |

ProPOSH'iDn or not?

) Bangalore & the wipital of Jndia yes false
2 New Delhi it the cupital of India yes frue
3 Do you like (offee? no -
4) Get me a wp of coffee no —'
S) 142=3 yes true
6 At3 =4 yes false
7) x+3 =)o no ™

8) Ay =2 no



tompo“nd ?ro?os'\ﬁoml Complex Sentence

* Propositions formed from existing propositions Using logical townectives/
opevators

- Lopical operators
¥ Neogorion ()
¥ (onjunction (A)
*  Disjunction (V)
t  conditional Statzment ()
% Biconditional trotemenr ()

P |9 PAg, PVa P24 [ P9

OO 0 0 | |

0 I o | | o

l o ) { (o) o)

| [ | \ ( |
Quettion 1

let P, 9,7 be the propositions

P: You have the flu
g: You wise e final exomination
. You past e (ourse



Exyress the pro?osuiom 08 Ex\a\ish Sentences

P—9
W you have the flu, then you miss the fina\ examination

| L\'A-P Y
wow pass the course W and only \f Yyou do not mits the ool
eaaminotion

1—-) y
W you wise the final examination, you do not pags ¥ne tourse

(p— ) Vv (q,—-) Aar)
it you have the fue ¥hen you do not pass the tourte or

W upu wiss ¥he final ekamination Yhen you do nor past tne
woucse

(p/\op VigAr)
yow have the flu and you wics the final examination or

you do viok mite the finl exomination and wow pase the
ourse

Quegtion
let p and 4 be propositions

P: You drive over 60 kmph
4: You oger o .speedina Yicket

Wrike ¥he !éo\\owma proposition¢  using p,q, and \o@m\ tonnedives



(@) You do not drive over 60 kmph
*p

(& Yow drive over 60 kmphn, but wou do mot ger a Speeding icket
PATg

© You Wil ogt o syeed'ma Yicket if  yow drive over 60 kmph
P9
o) 3¢ uow do nok drive over 6o kmph , then pou will nok 8e+ o
tpeeding  ticket
P9
@ You gt o Speeding Fider ‘our yow do not drive over 60kmph
PAﬂ%
Quedion 4

Derermine e fruth volues of the following proposiHong

a. A+A=4 ¥ 1+1=2 true
b, 4= i aty-y falge
c. 071 iff 27| folse
d. ¢ I1HsL then 242-5 false
e. \f  W1=3 then 11=Y true
f. ¢ Wl=23 ¥hen 241=5 true
9 Wt W22l ten 142=3 true
W 14123 i monkeys can 2\3 true
. & monkeye can fly men  1+=3 dvue

if 11123 Hen  uniorng  exist true
it =1 then doge can fy true
if 1l =2 then dogt Can F\ﬂ false

— T o



Syntox 4 Semantics ol fL

amb'\auous grammar

Sentence —> Aromiclentence | Complex Senrence
Aromic Senrence — True | False | P1 6| R1.. .
Complex Sewtence —  (Sentrence)) [Sentence] | 7 Sentence
| Sentence A Sentence
| Sentence Vv Sentence
| Sentence = Sentence
| Senkence & Sentence

Opevotor Precedence: 1, AV, =, &

1

folkes cave of aw\biau'ﬂy

Based on Aruth value of the Sentewces. N\ean‘ms of the sentence
€ O function of 4ne meoning of i pars.

Tau’ro\ogg

* Compound proposition that is alwdys true no matter whok  He
tuth values of e proposifions et ottur i it

* Gowple: (poIPA(9-pd <> (pesg)



Contradichion

Compound proposition ot s always falte no matter what e
truth vales of e propotiions hat octur i W

Erample : 1(pgd A 1 (pang)

Lo@ica\ Eguuvalahce

mpound propositions p 4 g are logiealy equivalent i pe>g s
o foutoloay

The nototion p=g, odenotes Haak p and 9 are logically equivalent

Compound  propositions rhat have the fame truth volues in ol
possible caset are colled lopically epuivalent

bawpe:  (p-39)A (4-3p) = (p >9g)

The tymbol *=2 i nol o logeal connedtive. Hewee p=q K not
& (ompound propotition and i vy wmeant pexg i a faublogy.

Quegtion 5

Show thar p—g = (.‘lch\)

P (p-29) > GpVe)
\

1)

A}

— O - O-P

(0] |

(o) { \
| 0 \
[ 0 (




Laws of Logic

AT =P Tdentity Laws
‘; VFE=p 3
P/\ F=F Domination (awe
pVvT =7
PAPETP Idemyo\'enk Loaws
pyp=p
20op=p Double Negotion Law |
pVo‘,:—_ q,VP Commutotive Laws
DAag .’—_q'/\p

(p"\q,) Avz p“Cﬂ;,“Y) Associative Laws

GvaIvr = pv(gvr)
pv(gA) = (pag) v tpany pistribution Lawe

[pA (V) = (pva)A (pVy)

WpAg) =1p VA DeMoroan's Lawg

ﬂ(‘;v%a‘lp‘)/\‘l 'bq' ¢

pALpVgI=p fotorphion Laws

evipagd=p
pAip=F Neaodion Laws
P V'J; =T K

Question b

Prove using \ows of logic



2. oA (pg) = pAg
pA (1pVg) = pAg
CP/\‘\P)V pPAg = PAQ,

PAY = PpAY

3. 2 (pV(pAg = 1lpVy)
A GVIP A (P =1 (pVy)
"EPV‘L) = (pVvy

Question 1
frove e following expressions are tawtologies

. (pAg) = (pVyg)

(prg) > pveN > T
“\CP/\%')V (PV‘L) =7
PVIgV P Ve =T

Gpvp) V(qVve) =T
Tvr =T

T =7

2. (P I\q’)—a (P-%Ql)
(prg) » (p=g) =
(prg> = CTpVg) =

1(pra) V (p Vg)
npYneYnpvg



Loaictal Entailment

Describes  the velationthip between ttotements daatr hold 4vue
when one ttatement logically follows from one oy more tratements

« Fp

PAPA AP, 9 is called a \ogical enmrailment or &
valid - axgument .

It mwtr be o ’mu*'o\o%

The Sontence g, logically Follows  from C(p, ApA-.. AP whidh is
onother  sentewce

Conclusion & ewrailed b5 e yrem'\us

J;F 2 .Lp.(b ond f,;:.x
Model Uneding CUrutn table)

Rules of Inference CTneoram Proving)

Rules of Tnference

Well - known  argument forms fo timplify o cowplew argumen
form or hand

well- \nown avaumew\’ forms colled Quies of Tnference



no need Yo memorise (geeksforgeeksd

Rule of Inference Tautology Name
| p
o P—q
Q
L. R (pA(p—=4q)) = ¢ Modus Ponens
IM?)
¢
decived pi) q
| I (mgA(p—q)) = —p Modus Tollens
p—q
q—r
PO ((p—=q) A (g — 1)) = (p—r) || Hypothetical syllogism
ﬁ])
pVq
g (-pA(pVq) —q Disjunctive Syllogism
P
S (pVaeg) p— (pVyq) Addition
(pAg) — 7
sp—(g—r1) ((pAg) = 1) = (p— (g — 1)) Exportation
pVq
9‘:‘:\5 -pVr
P 5@V ((pvg) A (—pV 7)) = qVr Resolution

d ‘
tan derive
all others

Prook by Resolution

* Most modern automated vule provers wuge froof by vesolution
Tednigue

* Txe on N ofF Ve

+ Eoon premice W e form of ditjunciion Cshowld be in (NF
or Conyunctive Norwal Fogw)



Pv AP Ao Apg —9,

Queltion §  orxs

e« \
Cpvg) alpvr) & (4vr) ¢ a taubology
Lond

Question 9

p A Cipvr) &7 ¥ oa +om1'oloav

P V Y
Y

Conlunc-}ive Normal Pormn  CCNE)

* Open up imphications +o gt ORe
Ger vid of double neqatives
« (onverr AV ((RAC) + (AVRY A (AVL)

Quettion |0

owvery KR— (BAC) 4o CNF

AV (BAC)
aAave)A (CIAVLE)

m



Resolution

AV B
1A VE

TIAVRYV C

Modus Ponens and Modut Tolleng

* Spedal case of Resolwtion Rue

¥ Modug Poneng

P09
——

¥ Modu¢ Tollens

pa,
e

Question I

P=29 = TPNg
rp \/ov
-2
0,
pVa,
Tq,
P

Prove thak conclusion \og\w\\\d entouls feom the \xemise,

Premises

PV G
P OR
8 ->R

Concusian

R

“Pv R
—8VR
R



Questtion 12

Prove that  concusion \o%'\m\\\é enfolls fcom  the premise

Premises

P58 TPV®
R—¢ rRVS
Condusion

@VR) (§VY)

ne@m‘c e  wonclusion
r(r(pvRYV (6VL))

(pvR) A —(8VSY)
(PVRIN(BACS)

m ool

ResoWe premise and rconclusion

~PVvE

7RV . condution  followe *he premice
7 VK CAA K shoud be false)

4

S

0 = false



WUMPUS WORLD

* Moddl of gome: ceftoin ospecks  immutable

. V\luw\Pus . dewmon
* Aetificial In’relligenc&

o bxy arid— world

geeksforgeeks
. N| I @ it
4|1 S B . w — Wumpus
i . — Treasure
% | S,B ~ o~ o~ >
3| - ‘ B c®
5/ — Agent
o — N Cplayer)
2 S B ~§ A Breeze
@ ~ o~
Gyt ' T o — Stench
11 %" B, @, B| S

* Rs the player progresses  the game, they gain wore
information about #lva\e world Codds 4o \mow\edggk

* breere odjacent +o pike (oot o\'\usom\‘)

« Glame endg if player (ASQM) enters pit ox meets Wumpus



[

Player cannot see all tquares (like minesweeper)

Player can feel o breeze; tells ¥aem that pit ¢ mear

-

?ta“ev can feel o Stench o 4ells them that Wumpw¢ ¢ near

@onl: find Sofett path and exit

L J

SimwlaYor: https:/thiagodnf.github.io/wumpus-world-simulator/

@ Score: -1240 ( # Arrow: 7 ) @ Remaining Golds: 7 ?(QSS QV\‘\—er Yo | Share this map |

ctoiim %0\4

hoot orrow
CSPacf’)
fo kil Wumpus



Know\edge -PRaged ﬂ'ﬁen'\’

Sofrware ‘hot godwers infoymation abou¥ on envivonment and
toakes actiont ased on Hnaatr  Cplayer in o gome)

* Th wuld be o vogot, & web &hoypinﬂ program , troffic wnivl
Sysrem eke

. Knowlege—baseo\ agent omposed of two parte: \mowlcdse base
and inference tytrem

. Logica\ et ailment

U\owlegc Base

+ knowledge bate i o collection of tentences (facts  aour
the world)

* Sentencet ave expressed W o \nowledge Yepretewindion lavguage/
declarational \anguace ¢ Propositional Logic , Firtk Ovder Predicate
Loy

* Lokt of work v create o tenttnce for eadn tqware wrt breese,
Srench, Wumpus, pitr CPropotitional Loojey

' Connot genevolise wsingy Proposivional Logic Ceamnok represent
paternd)



Inference Syctem

. Der‘\v'ms new  sewrewces feom old
* Add Sewrewces to knowledge ‘vaste
* Sentence: peoposition about dne world

* Infevence sydem opplies \ogial fulee to e knowledoe base
to dedwe new infoywodion (.\oaica\ entailment)

* Inkerence Hystem generates new facke o ¥ant on agent tan
ULVO\Me e YB.

Ob'&u‘ﬁ\l&

¢« See how \nowledoe -bpged agent ean represent  the world n
which W operates (KB and dedwee Whot octions it should
foke.

* Vs Propotitional Logic o representational loa'\c

ﬂm ?\aw.r

Wumpwt  Worlg
MWodef
WM envivonmeni L)R ) V ) D

fcom
dentore ( trench,

S adions T e, o




Tapuer from envivonment (o k)

* Aske ¥B whot adion Yo perform

Oukpwr  Cperforws  action)

world Model

Ackion gpace (actuators)
Peccepy space Csengort)
Eaviconment

Move forward

Tarn  \eft)/ riaW\' by 90’
(vab (.80\00

thoot Cin a s’rmiah% lined

Celid odjacent +to o cell Hhot comtaing Wumpws (not
diogonally) give out o stenth thar Yae Pgent Can perteive

Celle adjacent 4o o cetl Hhot confaing o pit (not
o\iagom\hp ﬁ‘wz out o breeze thar Yhe P«@uﬁ' tan ?erce'we,

Celtg LOV\'\‘a'\n'IY\& i’)"\d s\imr Hor e Aﬁen\' can porceive

When Ageny walce tnto o wall, W peveeives o buwp



© Uxhk bwid of rooms Ccowd e Ony siaed

' Roent olways Srarte in dhe () el wkile (’at.'mg o the

r'\s\n’c

*  Lotations of

old and Wumpus are chosen randoynly with
a uniform ditiriburion (Pxcepr (41)

* Any cell can bz o it (exeepy (h) with o probalbility of

0-1

* hGame ends When Ropnd dlies or exick S\&ccescﬁa\\\é

o Pows are Oowarded eadn ¥ime 30\4 ‘€ Obrained

The Wumpus World Knowlege Base

MR
4 \\éte?ad‘m\&\ e @
8% 450 48
WiStenchijy
W = | @ =
AR P
2 [\|\Stenchyy = Breewe—
-~
START
1 2 3 4

A Typical Wumpus World

1. W frue & Haere ¢ o piv ok
(x,y) = \b propotitions

2. is drue i€ there s a0
Wumpws in Gy = 16 props

3. 1S frue ¥ ooenr percéwves
o breeze w (xW) - 1b props

4. s frue i aoent perceives
G Srenth in () -5 Wb props

bY
* Totally 64 propotitions = A e of 4ruth table



Atpects of the Wumpusg world

Proposition anir\ﬂ
Ry: 11 Py No pit w (1
LBy & (P VPR Breere wn (LD ifE pir in

adyoining cel  Cip) or (%))

Ry: By & (P VP VP Breeae n (2\) ¥ pid in
Woinins cely Cyn, (3 oy (;1_)1>

Proposiion Meaning
R 1 By No loreeze n ()
R By Breere n (2)))

* Here , we have wrilken 7 propoitions (a7= 128 enries in
fruth +ooie)



°

28 vows _ AND of Rjs
premises \
|

Biy| Bea | Pia | Pie | Pop | Paa | Psa R, Ry Ry Ry Ry KB
false | false | false | false | false | false | false || true | true | true | true
Jalse

false | false | false | false | false | lrue | true | lrue | false | lrue

true false || true | true | false | true

true || true | true | true | true
false || true | true | true | true
true || true | lrue | true | lrue
true false || true | false | false | true
true | true | true | true | true | true | true || false | true | true | false | true || false
L]

°

I£ one or more rows are true, kKB i Said 4o be Safitfiable
tvecy tow & o model

If k& & fue , whot can be entailed?

ke F & (o logically followd

KoL 18 a ‘\'aw\'o\o?_)\j

Can ewforl no breeze C4y0), breere in 1)  ;mo pir wn (WD), Cy2)
or (2,1) Cinfer)

talled model checking, inefficient



Proof By Reoluhion KB |= 1p,

Premiges (onclusitn
(unreloded)
Lo, — \ a0,
a) B, e (P,VP)
3 By & Py PV 0D
£ 18,
5. By,
1. (NP
2 N%ﬂh wncusion — P\'L
3. Resolwtion rules wntil Fake | ¢fuck
Premiges (onclugin

1. &“ & (?n_ ") P“) = (Bll - ('Pl'l.v Pu)) A (('Ph«v P'LD ﬁB")
(B, V PV P,_‘) AN( PV, V8,)
(_1 &ll \'} en_ v pu) N (C-, Pﬂ. AN ?ﬂ) V eu)
Z 180V B VO~ (17,08, AP,V RY)

W

W

2.1 By 1 By
Resolve 1R VA Vg ROREAY
2LV B 2. ovder doet not mattex
T P Vo
T 8
P

12

false — condusion lopially Follows frow prewices



Limitodions of Propocikional Loaic

' Cannot Captufe patterns

63-. we have 4o write sePam\'e rules  obour breeze ond piks for
every ca\ even W\ou&\r\ the rules tonvey the tame information

* A breere exichs woeell Oxyy) ifF Mere i o pit

n ud;\o'mins
s — OGLYED | Oy, (e, vy, Oty y)

* (an overcome using Ficey Ovder Predicate Logic (FoPL)

Dedarative Languane Declavative Language; extention +o PL
Used o represent logic in

Used o vepresent logic n Complex
S\mPk envivonments

environmentg
Lacks expressive power fo concisely | Can vepresent rules genevally (no
deteroe an envivonment need for separare cules for each cell)
Agtumes World ontaing RSsumes  World cowmtaing  objects |
foks velations and funttion
fods dither Wold or do  not Relotiont lbetween oojects eivner
hold

hold or do notr \old




FoPL - DeSc.ribin% a  Mode\

Domain of e mode

tpecify how objedts ace velared , whether velationghip holds

or not
* Tnpuk : Ovject(©) or Fundionts)

* Oudput: +vue or false

special cate of velation where object is rvelared to
exadtly one objeck. Musk be a total funcion Cdefined for ol valid
inputs)
. 'I_“Pw\: Ob\'\cc\'(ﬁ
¢ Output: Object

Example

Relation:  mother C aunjan, Rovid
funckion: mother (Ravi) refurng eunjan

Basic €lements of fFoOPL Syntax

Consfant sywlsols CObjects) [1,29 K, Tohn, Muwboni, Undir
Predicate Sumbolt (relation) |Brother, Fodmer, 7

fundtion Lwn\oo\i St‘l,ﬂ' N M\A\’dp\to

Varialb\es 1Y,2,4,b

Term Comhm—/fur\cﬁon Symbool or variable
Eq,vm\i-\a =

(Ovneckives A A e P

Quantifiey v, 3




Quarntifiers 'w FOPL

* Allowe ‘o make %ex\e,m\ assertions usiv\a quantifiers

© Unwvertal quantifier — ¥ - for all, for 2ath, for envery.
€y ¥ = for each x

* Exigrential guantifier - 3 - for fome, at leatt one.
Eg: 3 = for some

© ¥x Wy Smilar bo Yy ¥x
* 373y timlar o 3y
* ¥x 3x wot similar 40" My Ix

* Main connector for ¥ i< implication —
€g: Lek the domon be all animals

DM): % s O dos
M(X) 0 X 18 &0 mamwal
) * 2 & e

* Al olog.( are animaly”

OV (D> MxY) Vv — bet connective

N Y (D) A M) KX



° Main quarkifier for 3 s ond A
Z ) domain be all onmalg

D(xX): x 1 O do\c)
M(x) : X 1§ &0 mammal
) * 2 & e

‘' Some o\oa& ace (wte?

GO YA (D)= clx)) X

M Y (D) A cu)) ¥~ e best connective

Free ond Bound Variobled

W Ahe variable octure ouwrtide the Swpe of a
quantifier

ey ¥ 3y LPex,y,2))

i ¥ne voriade octurg inside ¥ne Swpe of
o guantifier
oy Mo [AC) BD]

* vVaviobles can take volwes W & domain and con only be
used +oz$e’mer with q,uaMiQiers



Q)
7t )J--;L,;o brother (X)) — &‘\b\mg o, u)

* ey I A*¥5+x =13

ferm

* ntrant s\dm‘oo\s Cobjecke)
* Funttion s%mbo\s

* Voariobles

torm equolity (=)

Aromic Sewrence

Motk bagic sentences i firtr-order logle

* Predicore S\Ambo\ followed hd 0 parenthesis wih a sequence of
ferme

* Prolog: foct
brotheve CRavi, Rjay).
bigoer Celephant , horse).

* funcriong do noY ke fackt and form no  tentewce



Complex Sentonce

+ lomplex tentences are made by Lombining atomic sevtences
using Comnetives (1, v, A, =, &)

° €ge £Find (2,2) :- bi%gcrm‘vj) X bi%er(“,ﬂ 3 biﬁger(:t,z)

Sentence — AtomicSentence | ComplexSentence
AtomicSentence —  Predicate | Predicate(Term,...) | Term = Term
ComplexSentence — ( Sentence ) | [ Sentence ]
- Sentence

Sentence A Sentence

|  Sentence V Sentence
| Sentence = Sentence
| Sentence < Sentence

Quantifier Variable, ... Sentence

Term —  Function(Term,...)
|  Constant —3 W\AP to Ob;)ef:{'{

| Variable

Quantifier — V| 3

Constant — A| X, | John| ---
Variable — a| x| s| -+

Predicate — True | False | After | Loves | Raining | ---
Function — Mother | Leftleg | ---

OPERATOR PRECEDENCE  : —,= A, V.=, &



Number of Pogsible wWorde / nodels

* Tn propotitiona) looic, i€ Hhere are oo propositions / symbols,

Yrere ore 2'%° worlds C(modelt) — eadh row

* In FOPL, n0. of wmodel¢ depend on no. of objects and

mapping Of constonk tymbols 4o objects.
* Predicates ore tyue or false

Quetton 1%

Suppose Hhar we have five constante, no funcrions and one
predicake  thot Faket 1o one  Grgument. How many possille

worlds are twere?

Suppose the onstants are  V,wW,%, y,2

Tredicates can Yake in : PLv), Plw), P00, Ply), P2)

Five possivle uraumen’r.s

-

Size of teuth 1able =27 (no.of models)

Model | P(V) P(W) P(X) P(Y) P(Z)
1 false false false false false
2 true false false false false

2% =32 true true true true

true




Quettion (%
Suppose Hnar we have five tonstante, no funcrions and three
predicakes that toke i dwo  Grguments and one fmat kakes n one.
How mony possikle worlds ave iwere?

Five tonttants (v, w,x,v,2)

PCoanyy, P Cany 2) Py L any 1)\ Wy (“"“() )
s* st gt s

aSx3+5 = %0 Possibi\ih‘e.s
a"" Poss'\b\e wovlds

Model checkino w +o0 inefficieny

Quegrion IS

For ¥he Wumpus World, o saq thot “pits cause lreezes i od)
Squmares” using ?roYOS'\HOV\a\ opic, 16 rules are reguired.

Bl‘x. - W\\ Vv Pz-z. Vpn)
How Can we So the tame Hhing ‘n FOPLD

Opyects: Pike , Squares
Relodions: Breeze , adjocewt

¥ %,y Breeze (ayw) € (3 1,,y, Pk (13,4) AND Adjacent (1, 7, 0,)



Knowledge Repcesentarion wiing FOPL

* Boy solver
Kinship
* Mothemotical Sets

Zox Solver Problem

* There are S bowes

tadh of Ann, Bill, tharlie, Don and Eric own O box bw
we don't Wiow whith

L

Tey +o find owners 1 You now Yot

D kan ¢ Bill — Lawme colour

2) Don g Eric — sawme colour

2 Oaarhie y Don - Same  Size

©) tride is smafler  Haan Bl

| |
I |
|[Black | | | | white
| color | |Iblack | |
| | |IBlack| |white | | | |
I || || || | |
1 2 3 4 5

box
box
box- details
owwnerg



FoPL Representation

3 A,B,C,D,E, Cl,e2, €3, 61, 82,83, Sy
(A#BF£CFEDEO A
box-details ( A,c1,s0) A boy-detailg (B,c1,82) N
box-details (D,c2,83) A boy-detailg (€,c2,51)™
bot. - defailg €D,62,83) ™ box - details (€, ¢3,8)"
84 £82

Prolog

% Numbers for each box
% Unary predicate
box(1).

box(2).

box(3).

box(4).

box(5).

% Box number, colour, size
% Ternary predicate
box_details(1, black, 3).
box_details(2, black, 1).
box_details(3, white, 1).
box_details(4, black, 2).
box_details(5, white, 3).

% Owners
owners(A,B,C,D,E):—
box(A), box(B), box(C), box(D), box(E),
A\=B, A\=C, A\=D, A\=E,
B\=C, B\=D, B\=E,
C\=D, C\=E,
D\=E,

box_details(A,C1,_), box_details(B,C1,S2),

box_details(D,C2,S3), box_details(E,C2,54),
box_details(D,C2,S3), box_details(C,_,S3),

S4 < S2.



fun on hitps://swish.swi-prolog.org

ee ] <

LGk sWISH -

é AF’mgmm L

§ Numbers for each box

Edit~ Examples ~ Help ~

$ Unary predicate
box(1).
i box(2).
box(3).
box(4d).
7 box(5).

§ Box number, ceolour,
L0 8 Ternary predicate
| box_details(l, black, 3).
box_details(2, black, 1).
box_details(3, white, 1).
14 box_details(4, black, 2).
box_details(5, white, 3).

$ Owners
# owners(A,B,C,D,E}:—
box(4), box(B), box(C), box(D), box(E),
A\=B, A\=C, A\=D, A\=E,
B\=C, B8\=D, B\=E,
c\=D, C\=E,
D\=E,

/ don't cave:

box_details(A,Cl,_), box details(B,C1,52),
box_details(D,C2,53), box_details(E,C2,54),
box_details(D,C2,83), box details(C, ,83),
S4 < 8§2.

Kinship Problem

people
male, female

& swish.swi-prolog.org

9° a @S A
{;}owmemUkBSLD,a

A B \ c \ D E [ |

2 4 Kl 5. 3 11

Next 10 100 1,000 Stop

owners(A,B,C,D,E)

Fxamplesa  Historya | Solutionsa

table results m

parent ) brother, sitker

{fother | mother
brothernood, sisrerhood

v, Male(x) < femalelr)

¥y Beother btyy) 2 Sib\if\ﬁ (ay)

¥ p,¢ farent(p ) &> thild Ce\p)



Mothemodical et Represevtation

ewmphy Seb (s=11)
mewmber ond subget
inkereeei, and unim  OfP : ses

M e,s, (§,26,) & subiek(s,)$,) N tubser(s;,$)
MA,8,5 € (GUS,) & xES8, VXES,

Whole Nuwmbers

0
Suecessor
whole Num

Whole Num (0),

M Successor(x) # 0

¥mn m+n — Sucessw(m) £ Luccessur(n)



¥m WholeNum (m) =) +lomI=m

Wran WholeNum m) A WiholeNamln) = + ( SCwd= 801 (mn)

M Waole Num) =) Whwole Num($ ()Y

Know\ed%e En%'meerif\,@ in FoPL

Procest of cov\s’r\rucﬁnd o knowledge
iden’ri(-‘g the totk

OsSemble relevant
kmw\ed.ﬁe_
J
decide vocn\ou\arﬂ

encode eral  Unowlege
domain
pose queries and
ae\' awnswers

define \mow\edgz
boge



tledkronic Ucenid Domain

22 P—1—P o 10202
N AB_‘tB—
Al e 2 |1+3C|@?—.)
_D =12¢2-3 12

gokes, Ciceuits, terminale et

+in  Bow
xl‘)x‘l) n\)“‘l.)Onl;z'}-,C\ l |[
Gote 0, Geeuit(X), Terminal (X) , “‘“‘5 X ,a,'g,
Connected CxlL,tY) Creyminals in §out)

Type o, Tnln,Gotd) | Owtln, Gate) , Signal (t)

tacode V.v\owleal@g

¥k b, lonnedred (6 4,) = Signa £y = Signal (ts)

V—)g S'\am\ =) v Si%“fd wW=0
\to0

Y q Tupe(@=0R 3 Signal (ow(1,03) & 3 n Signal (In tn, o0 =1



Y9 Tupe() = (D = Lignal(Ouwr(1,q)) =0 & 3n Si%v\al(ln(!\,gﬂz 0

¥ Type(® = xR = Signa Couktt ) =| & LignalTn(1yg)) #
(iavml (Inlz,9»

Descriphion of Specific Tmtrance (Entodinsd

not- fn; In
4

Connected(In(1,C1), In{1, X1) )
Connected(In(2,C1), In{2, X1) )

26 )D—"—_»} -t Connected(In{1,C1), In(1, A1) )

Connected(In(2,C1), In(2, Al) )

e . Connected(Out(1,X1), In(1, X2) )
_—D —e 2 Connected(In(3,C1), In(2, X2) )

Connected(In(3,C1), In(1, A2) )

Connected(Out(1,X1), In(2, A2) )

Connected(Out{1,A2), In(1, O1) )
Connected(Out(1,A1), In{2, 01) )

Query

3 i, 12,13, 01,02
signal (in(\, 1)) = 11 A
“'QM\ Galz,aN =i N
tgnal Gial3yu)) = 3"
signal Coutr(1,eN)) = 017
tignal Cout(2,e1)) =02



