3. Knowledge Representation

e Predicate Calculus

e Rules

 Nonmonotonic logic

e Bayesian Networks

e Semantic Networks

* Frames

e Conceptual Dependency

e Scripts



3.1 Predicate Calculus

» well form formulas (wffs) AAUNAUNNABIFINNLLNUINUD

predicate calculus

syntax and semantic of atomic formulas

e predicate calculus language Usznaunas
- predicate symbols 11U P, Q, R
— variable symbols 11U X, y, z
~ function symbols LEu f, g, h

— constant symbols 11y A, B, C
-{}[1(),
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Syntax and Semantic of Atomic Formulas

» predicate symbollFLaRIANNANNUS(relation)ludomainnanana

14 FATHER(SOMCHAI,SOMSRI) atomic formula

- SOMCHAI, SOMSRI 11l1 constant symbols

e FATHER(x,y)
@@ .
- x, y L1lu variable symbols
e HAS-MONEY(SOMCHAI,salary(SOMCHAL))
— salary 15U functionfimapanntermuiislilantermuiia
e interpretationUa3Iwft Ag assignmentaa3ATUBdpredicates,

constants, functions liddomainiiu



Syntax and Semantic of Atomic Formulas

./
o\

. assingmentsmd’\ﬁumusemantics“ll@\'ipredicate calculus
language

. Lﬁ@ﬁmﬁﬁﬂ’]&Iinterpretationﬁ’m?‘l_latomic formulatk®’ L31UBN
1 formulafiAtilu T (true) N statement‘ﬁgﬂLLamT,ﬂﬂformula
siisluassludomain wazazilianilu F (faise) ailuifia

Connectives

e O (implication), Ll(not), U/(or), D(and)"l"fﬁ%’ﬂ&latomic formulas
naNL AL AN WL Wformulaliin

LY John lives in a yellow house.

LIVE(JOHN,HOUSE-1) ] COLOI:\’(HOUSE-1 ,YELLOW)



Connectives

e L3L3einformulafidan? formulasmagl O 91 Implication
luamng if-then

b U

If the car belongs to John then it is green.
OWNS(JOHN,CAR-1) 0 COLOR(CAR-1,GREEN)
o [(not) MfilaaurAtAnassaasformular

b U

John did not write computer-chess.

[WRITE(JOHN,COMPUTER-CHESS)
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Quantification

e [ (universal quantifier), [O(existential quantifier)
L All elephants are gray.

[Ox (ELEPHANT(x) 0 COLOR(x,GRAY)
There is a person who wrote computer-chess.
[x (WRITE(x, COMPUTER-CHESS))

» nquantifierdsangluwff 151214 AUIIATIAIINAT ST BIWIY
Todley viu  Avusliwfiily Ox (P(x)), °lﬁnterpretation?|ﬂﬂP
wazlyi infinite domainuadentitiesuaa L3 lugINITOLEAAIANN
q532adentitiestaNN AN

e First-order predicate calculusﬁ'ﬂpredicate calculusﬁvlaiﬁquantifier

6llﬂﬁpredicate‘lﬁ@“lla\‘ifunc:tion symbols



Examples and Properties of wffs

* () { (@y) [Pxy) UQky) O RX) 1}
(Oy) { (0) [ P(x) UR(y) 1}
P(A,g(A,B,A))

(P(A) O P(B)) D0 P(B)

\
o LIf(A)

e f(P(A))
 Q[f(A),(P(B) O Q(C))]
eAor O (O D) y

a1l wifs

wifs



Truth Table

o LANUUAINterpretationhAIAIAIMNAZITRIWFAINITAU LALAE
| truth table

P Q |(PLIQ|PLIQ|POQl [P
T T T T T F
F T T F T T
T F T F F F
F F F F T T
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Rules of Inference, Theorem and Proofs

e Rules of inference i a@s1awffslusiannwifsh flﬂgl:
MIReNg: modus ponens W1 O W2
W1

W2

universal specialization (Ox) W(x)

W(A)

(]
A tiluconstant symbol
o WitshisiNLNmaAUL58NIN theorems LLAaZsequencedadinference

rules® 14 lUN15d519theoremst3e1Na7 proofs Uadtheorems



Unification

(Ox) ( W1(x) O W2(x) )
W1(A)
W2(A)

Tmen1gmatch xNUA wasunuwAl ALUNU x
» Substitution instanceAILNAW LA qvl,ﬁ'@'ml,mum(substitute)
termsolﬁ)ﬁ‘i_lvariablesoluﬁw@ﬁ'ﬁgu )
MIBENg: instancesuad P(x,f(y),B) L1y
P(z,f(w),B)
P(C,f(A),B)
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Unification (substitution)

» Substitution@N1sandnsbuglaaIinIRIAR AL
s={t, vy , LN,y thivp )
Tnefgane t, iv; vinngdisterm t  anunuAilinuvariable v |
e TUFREN9TILAY
s1 ={z/x, wly }
s2 ={ C/x, Aly }
e LFNTLUTNAUTN bAANNTENsubstitution sTUTRNWAUEAYE Es
P(z, f(w), B) = P(x, f(y), B) s1

P(C, f(A), B) = P(x, f(y), B) s2
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Unification (mgu)

* ANAUE1wazE2 unifyiuls drfisubstitution sV E1s = Ezs
warlunadiiiisndan s 3ulu unifier 1a9E1wAZE>

* 22819 P[x,f(y),B] waz P[x,f(B),B] unifynulalagdunifier
s = {A/x, Bly} waznaadunification”a P[A,f(B),B]

°g 1111 most general unifier (mgu) U84 E1 WAL E2 AsaLie
anfsiluunifierauuaE WazE2wA0 azAasaunifier s' AL
E1s = E1gs’ LLaE E2s = E2gs’

e mguaa4 P[x,f(y),B] waz P[x,f(B),B] Aa {B/y}
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Unification Algorithm

Algorithm Unify(L1,L.2)

1. IF L1 3@ L2 wiluvariablesyiaaconstants THEN
IF L1wWinnuL2 THEN AuA1 NIL
ELSE IF L1\fluvariable THEN
IF L1dsnglul2 THEN AuAn {FAIL} ELSE AuA {L2/L1)
ELSE IF L2 \fluvariable THEN
IF L21sngbul1 THEN AuA {FAIL} ELSE AuAT {L1/L2}
ELSE AuAn {FAIL}
2. IF predicate symbolsu@4L1lutvinnuuadl2 THEN AuA {FAIL}

3. IF L18]wauarguments biwinnuL2 THEN AuA1 {FAIL)
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Unification Algorithm

4. SUBST = NIL
5. FORi := 1 TO aauuargumentsaadL1 DO
5.1 L3eIn algorithm unify ﬁ'}ﬁlargumentsﬁ’)‘ﬁ | ABILTLLASL2
TRUAANS 1IN S
5.2 IF SusznaumqaFAIL THEN AuAN {FAIL}
5.3 IFS <> NIL THEN
5.3.1 wnuATtermslunUvariables UL WASL2AINS
5.3.2 SUBST := append(S,SUBST)
6. AWAN SUBST
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Resolution

] @ . aloy ¥ o al o '
o Resolutiontiluinference rulen lgnuwffsUssLANNLsena clause

* ClauseRawffnilsznaumagadisjunctionuadliterals

nsuiadpredicate calculustiluclause
(Ux) { P(x) U { (Uy) [P(y) U P(f(x,y))] ULUy)QKx,y) LI P(y)l}}

1. Eliminate implication symbols : Lﬂﬁiﬂugﬂmm XO YuluXOY
(Ux) {LP(x) D { (Qy) [LP(y) U P(f(x,y)] L LXUy)LQx,y) T P(y)l}}

2. Reduce scope of negation symbols
(Ux) {LP(x) L { (Ly) [LP(y) LIP{Fx,y)I LI (Ly)Qx,y) U LP(y)I}}

3. Standardize variables : Lﬂgﬂu%avariablesmNscope"ll'a\‘lquantifiers
(Ux) {LP(x) U { (LUy) [LP(y) L P(f(x,y))] U (Lw)Qx,w) U LP(w)I}}




Resolution (clause)

4. Eliminate existential quantifiers : winuAvariablesma8l Skolem

function

(Ux) {LP(x) U{ (Ly) [[P(y) UP(f(x,y))] U [Qx,9(x)) L LP(g(x))I}}
5. Convert to prenex form engluniversal quantifiersnﬂﬁqu’]’ﬂgj

TIRL 2 LLﬂzformﬁvme\iﬁL?‘ﬂﬂdﬁprenex form

(Lx)(Ly) { LP(x) LUH{ILP(y) D PExy)I U [Qx,9(x)) L LP(g(x))l};
6. Put prenex form in conjuctive normal form : formﬁnﬂQWQﬁ

L%ﬂuﬁuﬁ’JﬂLﬁﬂQM&l’]ﬂ L]

(Lx)(Ly) { [LP(x) ULP(y) L P(f(x,y))]

L EP(x) L Qlx,g(x))] L [LP(x) LLP(g(x)1}



Resolution (clause)

/. Eliminate universal quantifier : L1RINT OB AUNiversal quantifier
‘ﬁﬂvl,&gfl,ﬂﬁlLW‘i’lzgy'i’\variablesV!ﬂﬁ’u"ﬂu"n’ﬂwniversal quantifier

8. Eliminate [J symbol : kv (X10X20 - - - [IXn) AL 6
{X1,X2, - - ,Xn} Tﬂﬂ‘ﬁxﬂﬂ 6‘]l,fi"]udisjunc;tion of literals¥isaclause
anmIagneazla3clauses
(1) LP(x) L LP(y) L P(f(x,y)) (2) [P(x) L Q(x,9(x))
(3) LP(x) U [P(g(x))

9. Rename variables : lailvivariableils qilsanglunansclauses
(1) LP(x1) ULP() UP(f(x1,y))  (2) LP(x2) U Q(x2,9(x2))
(3) LP(x3) LI [LP(g(x3))
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Resolution for ground clause

P1LP2L]- - - [IPn
(P10Q200. . -[IQm - parent clauses
P20d- - -OPnlda20- - -[Jom -e—— resolvent

Parent clauses Resolvent(s)

P and [ PLIQ Q

PLQ and [PLIQ Q

PLIQ and [PLILQ HelNe

and LPLP
[Pand P NIL
[PLIQ and [RLR [P[R




General resolution

o luUNsUNAZNTENresolutionnuclausesNHvariables Liﬁﬁ'ﬂﬂwl

substitution % lWiparent clausesidgznaumagicomplementary

literals (literalsMANANNNULRNIZLATRIUNIE [)

=0 Y < ]
e LTNAINNTOLLNUClauseRUN )Rt AUBliterals
o NMUUA LA
[~
— parent clausestilu { Li} uag { Mi}
[~ [~ I o (-
- {1} waz {m} durdngaguad { L} waz { Mi} ANaAL
< o al @
d9d s Nitlumguaad { i} waz { Oni}
~ resolventuadclauses { Li} nu { Mi} A4

{{Li}-{li}}s O{{Mi}-{mi}}s



Examples of General Resolution

1 L%

o §1%5U2clauseslh Ja1aazdresolvent clauselANINNANT T9TUU

agnumsiaan { i} waz { m}

RADEN
Viclausesiilu

{Li} = {PIXfALPIxfy)lQly) } {Mi}={[PzfA)LQ(z)}
wae {li}={I[p(x(fA)} {mi} ={[PlzfA) }

ﬂﬁnai‘ﬁresolvent clausetilu { Plz,f(y)], Q(y), LR(z) }
weio WA { i} = { [p(x,fA)], PIxfy) Y {mi} = { CPlz.fA)] }

resolvent clauseazlilu {Q(A), L(z) }



Resolution Refutation

o LFIEINTANNUANiterals 2A7 LA JAALLEINW(contradictory)1aa L)
Tnagamnilsanisaunifynuiiiasaasansanilalausala

- 11 MAN(x) nu [ MAN(Spot) mteanys
MAN(x) unifynu MAN(Spot)la’
* 25U4gresolution refutationfa m%‘ﬁqzﬁg@ﬁ'ﬁ’] wif WLﬂuwaagﬂ"nm
\Inaadwffs S vilataanisigaudn s O {Lv} dausa (unsatisfiable)

- 1@ S = { MAN(Marcus), L MAN(x) L[] MORTAL(x) }
W = MORTAL(Marcus)

s O {LIv} = { MAN(Marcus),
[ MAN(x) L] MORTAL(x),
|:|\/IORTAL(Marcus) }

qn2clausesu L510A MORTAL(Marcus) AIUAWENNLClauseN3
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Resolution Refutation Algorithm

Algorithm Resolution : F #nangangau P (PiilunadgilaasF)
1. wilas F lvaglugdaas clause
2. ulasu P Wiaslusiluasilias uaziduidnlu F
3. UNTIL (NILLfﬂuam%nmmCIauseS(wum'mil’ml,é’q))
OR (Clauseslatasunilag) Do
3.1 1aanN2clauses Ci, C;j ﬁresolveﬁulﬁ
3.2 AMuanresolventadCiazC Lenresolventiiiddn R;

3.3 Clauses := Clauses L] {Ri}



Resolution Refutation : Example

Given clauses:

. MAN(Marcus)

. POMPEIAN(Marcus)

. [POMPEIAN(x1) L1 ROMAN(x1)

. RULER(Caesar)

. [ROMAN(x2) L1LOYALTO(x2,Caesar) [1HATE(x2,Caesar)
. LOYALTO(x3,f1(x3))

[ MAN(x4) U [LRULER(y1) L LITRYASSASSINATE(x4,y1) L
[1OYALTO(x4,y1)

8. TRYASSASSINATE(Marcus,Caesar)

Prove:

HATE(Marcus,Caesar)

N o R~ WN -



[ HATE(Marcus,Caesar) 5

\Marcus/xZ

3 [ ROMAN(Marcus) L1 LOYALTO(Marcus,Caesar)

Marcus/x1

[ POMPEIAN(Marcus) LI LOYALTO(Marcus,Caesar) 2

\/

7 LOYALTO(Marcus,Caesar)

WCUS/M, Caesar/y1

1 [MAN(Marcus) L1 [RULER(Caesar) U LITRYASSASSINATE(Marcus,Caesar)

\/

[ RULER(Caesar) LI LITRYASSASSINATE(Marcus,Caesar) 4
[ TRYASSASSINATE(Marcus,Caesar) 8

\/

[l
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