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Knowledge-Based Agentsi.

ojligJl

* KB = knowledge base
* A set of sentences or facts
* e.g., aset of statements in a logic language

* Inference
* Deriving new sentences from old
* e.g., using a set of logical statements to infer new
ones
e A simple model for reasoning
e Agentis told or perceives new evidence
* E.g., Aistrue
* Agent then infers new facts to add to the KB

e Eg.,KB={A->(BORC)} then given A and
not C we can infer that B is true
* Bis now added to the KB even though it was

not explicitly asserted, i.e., the agent inferred
B
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=|_ogical : use formal logic to represent 48 yrall Jiail e )l Ghaiall alasdinl ¢ Jakaice
knowledge e.g., state spaces, Prolog databases (¢ 5! 5 <lily ac) 58 ‘uu\ Oileliad 1 Jic)

*Procedural : knowledge as a set of Ladactl ‘ ol
Instructions for solving a problem (“’ | ﬁ ?Zij;rs Mﬁ:)&w o Jj;j

€.g., p_I’OFIUC_'[IO.n systems, expert S_ystems o1t i/ LS, 2 jmal i - Ll i o
=associationist: knowledge as objects/concepts i) VAl AN - i) el |
and their associations e Sl 1) Lé-‘ =01
e.g., semantic nets, conceptual (fanlid
an ’ by JSL Jadil ClSLal) g s JS%_A

dependencies
sstructured: extend networks to complex data * el gl ol 1) | s/ ‘—“Pﬁ Sl Baasa

structures with slots/fillers (@Y
e.g., scripts, frames
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Logic

* Logics are formal languages . e et v
5 suas ol 1) LY aadied 45l ; ghiall o

for representing information - 50a A8 jra SLELSY
such that conclusions can be ARl 6 Aleall oLy Cayad sacl il o
drawn e
| | 5 el " ina Cayeld AN e o
* Syntax defines the sentences in the language (Lo
* Semantics define the "meaning” or T . ¢ . )
interpretation of sentences; s ‘\:"5‘)5‘ Slas YL )J‘“JM -L”JJ °
e connects symbols to real events in the world, cej\.:j\
* i.e., define of a sentence in a world e en_‘__ gﬁ 4] , I % u:}’j Lﬁi o

i
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Logic

* E.g., the language of arithmetic
* x+2 >y is a sentence; x2+y > {} is not a sentence;
* Xx+2 2y is true in a world wherex=7,y=1
* x+2 2y is false in a world wherex=0,y=6

ORsi0)
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Types of Logics oot Ghiall &1 5l

Propositional logic deals with specific objects and La) ds gale &l jlae g B2ASS ;-.b.u\ e Jalahy scilia jall ghaiae

concrete statements that are either true or false X - - ] e 19Lla o 4
* E.g., John is married to Sue A e — n Askls j\ )
TR o o Gl ol ¢ IV g ) glaie Wayl e 5) silaiiall 3laice
Predicate logic (also called first order logic, first order it L ol U158 3 e ol
predicate calculus) allows statements to contain e g sind b Gl bl [Casr (oY) Al e 2ind
variables, functions, and quantifiers AeS Cldasa g J) a9 ) yaria
e Forall X, Y:If Xis married to Y then Y is married to X. XoezsiaY Ol ¢ Yo 5\;})& X oS Y ¢ X JS Jal e
Fuzzy logic deals with statements that are somewhat Jia (e L‘;}, dadlall Q\Ju.,j\ e d,qm :4.7‘3\ sl é}a;,d\o
vague, such as this paint is grey, or the sky is cloudy. Wiale oladi® ji "'LSJLAJ Sl 1"

Probability deals with statements that are possibly true, . " P < 1 cLov e
such as whether | will win the lottery next week. Jia clginua dding il '::U}’"f‘ & d\j"“ﬂ .EL\S\_\ 3{\ U‘L“L di\ )
MJsal g sl il 568

Temporal logic deals with statements about time, such as

John was a student at UC for four years. O Jia ¢pe 3L Aalatiall il jlaall e Jalaiy L g ) Gslaialle
Modal logic deals with statements about belief or N g Q-.‘J\ sl (L) gallS daals Lr°' Lida Sk

knowledge, such as Mary believes that John i ied t RIS C AT T
Szg’we ge, SucCh as lviary peilieves that Jonn IS married to j‘ J\A.\.Cyu w\ ﬁ—i‘J\-\Jd\gAdA\.’_\:\ gb.uj\ Q_L_\,d\o
" ez e 0o O ol 28" Jie (dd el
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galaiall o jlaall (5 8 Jiiad Predicate Logic <olaiuall (glaia e
5od J8) Al A g ) il jill laiae
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Propositional Logic <lua &l (3laia

D3 (Fa)) Gl 6l e pade

Ahla ol dasaa Lol A yille

complex S e Jan JS&a Giluzm dll o oy )l (Saye
Boolean connectives kil Lyl 5, aladiuly sentences

TRUE or FALSE 48 33l gy’ o8 dlaalle
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deola
Propositional logic <lua dll (ghiad 4, glll 4l
+ Symbols TRUE or FALSE 4« 33k constant <l 5ill o
: ITruri_. False Gl Hall Jiad (Al G ga )l o
’ mplcallon:=> 2] S
+ Equivalence: <=> + Raining => Wet haial) 2yl )l

N AND, conjunction

vV OR, disjunction

—> conditional (If then) Implication
<>Equivalence, biconditional

- Negation (unary)

+ Literals = Symbols and ] arentheses (erounin
negated symbols (A and ()p (grouping)

-A are both literals)

+ And (conjunction): / . A .
+ Or (disjunction): V ﬂ(Busy Sleepmg)

+ Negation: -  (AMB)VAC

+ Sentences = combination
of the symbols, truth
values, and operators
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P Q -P |PAQ|PVQ|P = QP & (@
false| false| true | false | false | true true
false| true | true | false | true | true false
true | false| false| false | true | false false
true | true | false| true | true true true

Implication is always true

OR: P or Q is true or both are true.
when the premises are False!

XOR: P or Q is true but not both.
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Entailment ol iyl e
means that one thing follows from another:
KB |=a

* Knowledge base KB entails sentence a if and only if ais true in all worlds
where KBis true

Example KB

A
n

KB: |
(Av BYA(-C v A)

S/ S5 /9Mmm >
o i T T B B T R TR
SMSNMSY M SNTMO
e e i T TR R T
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Example KB
A| B | C |KB|S
KB:
nvBnocoa) | ELELFLFIF
A Al =l WV
(4vE) FIFIT FIF |JKkeks
__pbecause
S:AAC FLTiFLT KB is true
FI T | T|F|F |lpusis
T| F | F| T |F | false
T  F | T, T|T
r A T | F | T |F
r\ T | T, T|T
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Logical entailment &%

Logical Entailment

Assignments for
which KB is True

uuuuuuuuuuuuuu
- -
.

e, -
g e
__________
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Logical equivalence &%

Two sentences are logically equivalent if true in same models

a=difand only if o = Fand 7 = a

3 A «) commutativity of A
3V ) commutativity of V
o A (3 ANv)) associativity of A
a V([ V~)) associativity of V
v double-negation elimination
=/} = —a) contraposition

(
(
(
(
(
(—a V fi) implication elimination
(
(=
(—
(
((¢

(a & (« = ) A (3 = «)) biconditional elimination
(A aV —.")' De Morgan
-(aV 3 a A —'1) De Morgan
(a A (B V) (a A B)V (aw A7y)) distributivity of A over V
(a V(8 A7) (a VB)A (V7)) distributivity of V over A
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propositional logic: Syntax

* The proposition symbols P,, P, etc are sentences

* If Sis a sentence, =S is a sentence ( )

* IfS;and S, are sentences, S; A S, is a sentence ( )

* If S; and S, are sentences, S, v S, is a sentence ( )

* If S; and S, are sentences, S; = S, is a sentence ( )

* If S; and S, are sentences, S, < S, is a sentence ( )
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Recursive propositional logic: Semantics
Each model/world specifies true or false for each proposition symbol E.g. P, , P,, Ps,

false  true false
With these symbols, 8 possible models, can be enumerated automatically.

Rules for evaluating truth with respect to a model m:
—S is true if S is false
S;AS, istrueif S;istrue andS,is true
S,VvS, istrueif Sjistrue orS, is true
S, =S, istrueif S, isfalse or S, is true i.e., is false if S, is true S, is false
S, &S, istrueif S;=S, is true S,=S, is true
Simple recursive process evaluates an arbitrary sentence, e.g.,
=Py, A(P,,VP3,) = true A (true v false) = true A true = true
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Validity and satisfiability tg=
A sentence is if itis true in all models,
z3laill 5 pliil) mpen 3 Aagsia il 1)) dadd 5 13 dagaa Aleall aa
e.g., rue, Av—-A, A=A, (AA(A=B))=B

Validity is connected to inference via the
KB |=OL if and only if (KB=> a) is valid
A sentence is if it is true in model e.g., AvB,C

A sentence is if itis falsein all models e.g.,, AA—A

Satisfiability is connected to inference via the following: B [ if and only if (kB A—a) is
unsatisfiable

(there is no model for which KB=true and « is false)

{0
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Propositional Logic and CNF

CNF ) il 3haie des (g Alea 40 ysad Wiaye
(Jand) (Faa 1323 0 50) OR
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Converting to CNF I~ CNF A da gl

deola
6yLi_al
Bi1 & (P1aV Pay) . .
implications and equivalence #Silly (paaill Coda e
1. Eliminate <, replacing a < 3 with (o = 3)A ([ = a).

(B11 = (P2V Poa)) A((Pr2V Pa1) = Bhy)
2. Eliminate =, replacing o« = 3 with —a V' (3.

(mB11V PiaV Po) AN(~(PraV Poy) V Bry) st e ) il Jlae Gusie

3. Move — inwards using de Morgan's rules and double-negation:
(mB11V PiaV Py A((mPi2A—Py1) V Bry)

4. Apply distributivity law (V over A) and flatten: # AND- Ly ) Jissill aseatilly an sl (sl e\;(;:;\.

(mB11V PiaV Py1) A(=P1a2V Bi) A (—=FPa1V Byy)
AND= 4das je 49 52 5 jbe JSI dliadic dlas cLa3) e

i
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(AvB)< (C= D)
&S hda e
Av B) = (C=D))A((C= D)= (AvB))))
— O RO
AVvB)v(=CvD))A (= (=CvD)v(AvB))))
Dbie Y1 ey (el 8Y) dal el Jlss) .
A A—B) Vv (=CV D)) A ((CA=D) v (AvB))-))
Distribute a&)sill
(-Av -CvD)A(—-Bv—-=CvVvD)A(CVAVB)A(=DVAVB)
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Inference Role JYaiuY) ac) 4

ki o) oSy Al Zalall (pe apaell an gy Cilza ) Slaie & e
VS ae) 8 Lede
Mjﬂujmwﬁﬂ\c\w\ma‘o&M o
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Inference Role J¥Yiiuy!) ac ) 6
conclusion 24 A Jais Premises Lladia (3o (3llais (3laia &

premise [ conclusion °
Modus Ponens: X=Y, X[Y
And Elimination: X1 AXy A AX |— X;
And-Introduction: Xp Xp, o Xp |— X1 AXy A AX
Or-Introduction: X |— XVYVZV..
Double-Negation Elimination: — —X |—x
Unit Resolution: XV, X |— y
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Inference Role J¥iuYl acl @ ) 53
premise |— conclusion
XVVy,—ayvz | xvz

-0r-

XY, Y=z F ax=z
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It will snow OR there will be a test.
Dave is Darth Vader OR it will not snow.

Dave is not Darth Vader.

Will there be atest? 46 s vader = ¢ Test=b Snow=a

Knowledge Base (these are all true): a vb,

cv—a,
bvcis true O alzd i Laliiia) o —C
Ol alai L) ac ) gl lad g Sl a8l IS ey o
b is true
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Ol 4l ja) 5 gdad

‘US.J:JAJ\ (_9_113;.“ C A.C_gm d)a B t._'m.g_“ (umj _9‘) db'j_&\-
(\-’1&) a‘).uS a_uu a_);..d 133_9

U 2e) 8 e oS dae afadiul (Saye

ek o oy ) ae )8l Al s Jeadl (e 580 (g
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Resolution & CNF  sia  Juldd) day )l Jaas 4 ) all

Jaall JSE e pala IS5 e dlledy Jan Ui sas 5 32c 18 g8 ) il @

Jeld) day yll daas Ji clause form duasll dzua alAll JSEN 1A e e
conjunctive normal form (CNF)

<SS [38 | pailas o
s (i (OR) fad 4 Alan So
AND= ez 4hasi o ol pran o

[EicsE
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Forward chaining

Idea: fire any rule whose premises are satisfied in the A B,
add its conclusion to the A B, until query is found

Q
P = @
LAM = P =
BANL = M
AANP = L M
AANB = L :
A
B

A B
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Forward chaining example
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Forward chaining example

Q
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Forward chaining example

Q
1
P
1
e
OB
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Forward chaining example
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Forward chaining example
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Forward chaining example

MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy




[

ojligJl

Backward chaining

ldea: work backwards from the query ¢:
to prove ¢ by BC,
check if ¢ is known already, or
prove by BC all premises of some rule concluding ¢

Avoid loops: check if new subgoal is already on the goal stack

Avoid repeated work: check if new subgoal
1) has already been proved true, or

2) has already failed

MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy



Backward chaining example
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Backward chaining example

Q

|
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Backward chaining example

Q

O -—n

AT
®
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Backward chaining example
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Backward chaining example

Q

|

//;%\\

®
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Backward chaining example

Q
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Backward chaining example

?
[}
O,
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Backward chaining example
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Backward chaining example

Q
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Backward chaining example

Q

(P)
e
B N\
@ a

A O
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Forward vs. backward chaining

FC is data-driven, cf. automatic, unconscious processing,
e.g., object recognition, routine decisions

May do lots of work that is irrelevant to the goal

BC is goal-driven, appropriate for problem-solving,
e.g., Where are my keys? How do | get into a PhD program?

Complexity of BC can be much less than linear in size of KB
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deola Y] 2 ) gl de gane Ll (S0
Rule 1: PMQ > Goal
Rule 2: RS > P Start
Rule 3: W"R > Q
Rule 4: TAU : Q /d(\
Rule 5: V > S v R Q
Rule 6: Start > VARMQ
G
fire
0 start
1 Start, V, R, Q 6,5 5
2 Start, V, R, Q, S 6,5,2 2 P
3 Start, V, R, Q,S,P 6,5,2,1 1
4 Start, V, R, Q,S,P, goal 6,5,2,1 done Goal
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DAV 3091 20 ) e gana Ll K

Rule 1: P~ Q lor: 1
Rule 2: RAS > e
Rule 3: WR > Q Goal
Rule 4: T"U > Q
Rule 5: V > S
Rule 6: Start . VARMQ
> P Q
(seq. | Working memory | conflcrules | fule ire_
0 Goal 1 1
1 Goal, P, Q 1,2,3,4 2 R U
2 Goal,P,Q,R,S 1,2,3,4,5 3 S W T
3 Goal,P,Q,R,S, W 1,2,3,4,5 4
4 Goal,P,Q,R,S,W,T,U 1,2,3,4,5 5
5 Goal,P,Q,R,S,W, T, U,V 1,2,3,4,5,6 6 v
6 Goal,P,Q,R,S,W,T,U,YV, 1,2,3,4,5,6 Done
Start
Start
And Or Tree
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