Artificial Intelligence

Logical Agent



Outline

* Knowledge-based agents

» Wumpus world

 Logic in general - models and entailment

- Propositional (Boolean) logic (logic ménh dé)

* Equivalence (twong duong), validity (virng
chac), satisfiability (thoa dugc).

- Inference rules (luat suy dién) and theorem |
proving
— resolution *
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Knowledge bases

e S

Inference engine ~———— gdomain-independent algorithms
Knowledge base ~e———— gdomain-specific content
«  Knowledge base = set of in a language J

approach to building an agent (or other system):
— Tell it what it needs to know

« Then it can Ask itself what to do - answers should follow from the
KB

—~
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A simple knowledge-based
agent

function KB- AGENT( percept) returns an action
static: KB, a knowledge base

t, a counter, initially 0, indicating time

TELL( KB, MAKE- PERCEPT-SENTENCE( percept, t))
action < ASK(KB, MAKE-ACTION-(QUERY(1))
TELL( KB, MAKE- ACTION-SENTENCE( action, t))
t—t+1

return action

- The agent must be able to:
— Represent states, actions, etc.
— Incorporate new percepts
— Update internal representations of the world
— Deduce hidden properties of the world
— Deduce appropriate actions
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Wumpus World

— gold +1000, death -1000
— -1 per step, -10 for using the arrow

— Squares adjacent to wumpus are smelly

— Squares adjacent to pit are breezy

— Glitter iff gold is in the same square

— Shooting kills wumpus if you are facing it
— Shooting uses up the only arrow

— Grabbing picks up gold if in same square
— Releasing drops the gold in same square
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Stench, Breeze, Glitter, Bump, Scream

Left turn, Right turn, Forward, Grab, Release, Sh
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Exploring a wumpus world
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Exploring a wumpus world
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Exploring a wumpus world
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Exploring a wumpus world
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Exploring a wumpus world 3
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Exploring a wumpus world 3
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Exploring a wumpus world 3
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Exploring a wumpus world 3
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Logic in general

are formal languages for representing
information such that conclusions can be drawn

defines the sentences in the language

define the "meaning” of sentences;
— |.e., define of a sentence in a world

- E.g., the language of arithmetic ;
— X+2 =y is a sentence; x2+y > {} is not a sentence 1

— X+2 =y is true iff the number x+2 is no less than the number
y
— X+2 =y istrue in a world where x =7,y =1 {

— X+2 =y is false in a world where x =0,y =6
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Entailment

(hé qua) means that one thing
follows from another:

KB Fa
 Knowledge base KB entails sentence a if and

only if a is true in all worlds where KB IS true

— E.g., the KB Contalnlng ‘the Giants won” and “the

Reds won " entails “Either the Giants won or the
Reds won”

— E.g., xty =4 entails 4 = x+y

— Entailment is a relationship between sentences ?
(i.e., syntax) that is based on semantics
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Models

« Logicians typically think in terms of (md hinh), which are
formally structured worlds with respect to which truth can be
evaluated

« Wesaym a sentence a if a is true in m

e e S

« M(a) is the set of all models of a

 Then KB Faiff M(KB) C M(a)

— E.g. KB = Giants won and Reds
won a = Giants won
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Entailment in the wumpus |

world

- Situation after detecting
nothing in [1,1], moving
right, breeze in [2,1]

- Consider possible models for
KB assuming only pits

- 3 Boolean choices = 8
possible models
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Wumpus models
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Wumpus models
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o= B e e R N—

'« KB = wumpus-world rules + observations
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Wumpus models

z
' .
' z 2

- » KB = wumpus-world rules + observations
- a,="[1,2] is safe", KB [ a,, proved by
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Wumpus models
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'« KB = wumpus-world rules + observations
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Wumpus models
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-« KB = wumpus-world rules + observations ?

-+ a, ="[2,2] is safe", KB ¥a, /.;\
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Inference ,
Suy dién

e S

- KB } a = sentence a can be derived from KB by
procedure |

. iis sound if whenever KB } a, it
is also true that KB [ a

. I is complete if whenever
KBE q, it is also true that KB | a |

8
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Propositional logic:
Syntax (Cu phap)

Propositional logic is the simplest logic — illustrates basic ideas
GOm tap cac ky hiéu va tap cac luat xay dung cong thirc
The proposition symbols P,, P, etc are sentences
— If Sis a sentence, -S is a sentence ( )
— If S, 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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Propositional logic: ,
Semantics (ngir nghia) |

Each model specifies true/false for each proposition symbol
Eg. P, P,s P31
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 iff S is false
S, A S, istrue iff S, is true S, is true <
S, v S, istrue iff S,is true S, is true ;
S, =S, is true iff S, is false S, is true
i.e., is false iff S, is true S, is false 1
S, & S, is true iff S,=S, is true S,=S, is true

Simple recursive process evaluates an arbitrary sentence, e.g., {

=Py, (Py,v Pgy) = true a (true v false) = true a true = true
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Ngir nghia

- Bang cach két hop mbi ky hiéu ménh
dé vé&i mot ménh dé phat biéu mot
khang dinh nao dé vé thé gigi thuc

- Vi du: ky hiéu ménh dé P c6 thé irng
v&i ménh d& “Ha noi c6 100 phé”, khi
doé P c6 thé nhan gia tri TRUE hoéac
FALSE
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Ngi* nghia (...)

« Vidu:
P =c6 xe may ¢ nha
Q = cb xe buyt

P V Q la mét cong thirc, nhan gia tri TRUE
khi P hoac Q nhan gia tri TRUE

. R e S
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Bién déi tiéng Viét sang logic |
« HOmM nay la thir ba va tro1 am u.
— B A A: B ¢c6 nghia “Hém nay la thir ba” va
A c6 nghia “H6m nay tr&i am u”.
— MUrc db chi tiét khac nhau
» Cau phtre tap hon doi hoi predicate(vi |
tr): |
— Tr&i am u & Ha Noi
— A(H) hodc H(A) ‘
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Truth tables for connectives

M6t minh hoa la cach gan cho moéi ky hiéu ménh dé

mét gia tri chan ly. Y nghia cua mét céng thirc duoc
xac dinh béi y nghia cua céac két ndi logic.
Bang chan ly liét ké tat ca cac minh hoa va cho phép
ta xac dinh nglr nghta cua mét céng thire.

P Q -P |[PANQ|PVQ|P = Q|P & Q
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
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A

false
false
false
false
true
true
true

true
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Truth table |

- Bang chan ly cho cong thurc phire tap: |

B

false
false
true
true
false
false
true

true

(

false
true
false
true
false
true
false

true

A A (B vV 0
false
false

false

— T —— — .

false
false
true ]

true

true



Wumpus world sentences

Let P;; be true if there is a pit in [i, J].
Let B;; be true if there is a breeze in [i, ]].

B, |
- "Pits cause breezes in adjacent squares” 1
Bii < (Piov Py
B, < (PijvPyvPgy)

 “A square is breezy if and only if there is an
adjacent pit” i
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Validity and satisfiability

A sentence is if it is true in all models, |
eg., True, Av-A, A=A (AA(A=B))=1B

e A NN e

Validity is connected to inference via the
KB |= a if and only if (KB = a) is valid

A sentence is if it is true in model ,f
eg.,AvB, C ,
A sentence is if it is true in no models {
e.g., Ar-A 1

Satisfiability is connected to inference via the following:
KB Ea if and only if (KB A-q) is unsatisfiable
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Proof methods

» Proof methods divide into (roughly) two kinds:

 Legitimate (sound) generation of new sentences from old

= a sequence of inference rule applications f
Can use inference rules as operators in a standard J
search algorithm

- Typically require transformation of sentences into a

— T —— — .

- truth table enumeration (always exponential in n)

- improved backtracking, e.g., Davis--Putnam-Logemann-
Loveland (DPLL) i

* heuristic search in model space (sound but incomplete)
e.g., min-conflicts-like hill-climbing algorithms
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Normal Form ,\
Dang chuan tac |

- Xem xét viéc chuan hoa cac cong thirc,
dua cac cong thirc vé dang thuén loi
hon cho viéc lap luan va suy dién.

« Su turong duong cua cac cdng thire

- Pua vé dang chuan tac |
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Su twro'ng duwo'ng cua cac cong
thirc ’

 Hai cong thirc A va B dugc xem la
twong duwong néu ching c6 cung mot
gia tri chan ly trong moi minh hoa: (

- P8 chi A twong duong v&iBtavistA=s |
: |
—AAB=BAA
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Su twro'ng duwo’'ng cua cac cong thirc |
() |

- Bang phuong phap bang chan ly, dé
dang chirng minh dugc su tuwong
duong cua cac cong thurc: ;

A=B=7AVB |
ASB=(A=B) A (B= A |
1 (A
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Su two’ng dwong cua cac cong thire

(...)

» Luat De Morgan:
eatA VB)Y = AN EB
1 (AAB)=4AV B

. e S

—— .
— e

- Luat giao hoan:
AVB=BVA
AAB=BAA *
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Su twro'ng dwo'ng cua cac cong thire

(...) )
. Luat két hop:

(AVB)VC=AYV BV Q)
(AAB)AC=AA (BACQ)

- Luét phan phoi: {
AANABVC=AAB) YV (AACQC
AVBAC=AVB AAYV O
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Logical equivalence

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

(aNfB) = (BANa) commutativity of A

¢

(aV ) = (BVa) commutativity of V
((aAB)AN7y) = (AN (B A7y)) associativity of A
(aVvpB)Vy) = (aV(BV7y)) associativity of V
—(—a) = a double-negation elimination
(@ = B) = (-8 = —a) contraposition
(¢ = B) = (—aV 3) implication elimination
(@ & B) = ((« = B)AN(B = «)) biconditional elimination
(A B) = (maV—8) de Morgan
-(aV fB) = (~aA—f3) de Morgan
(@A (BVY) = ((aANB)V(aAvy)) distributivity of A over V
(cx Vpﬁﬂ /\B:y))S = ((aVB)A(aVy)) distributivity of V over A
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Dang chuan tac (CNF)

Cac cong thirc trong duong c6 thé xem nhu cac biéu
dién khac nhau ctia cung mot sy kién

Pé dé dang viét cac chuong trinh may tinh thao tac trén
cac cong thirc, ching ta sé chuan hoa cac cong thirc —
dua vé dang chuan hoi - conjunctive normal form (CNF)
Dang chuan hoéi néu la hdi (A) cua cac cau tuyén (V) |
Cautuyéncodang A, V ... V A_, trong dé A la ky hiéu 1
ménh dé (P) hoac phu dinh cta ky hiéu ménh dé (7 P)

- S
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Conversion to CNF

B1,1 = (P1,2 Vv P2,1)

1. Eliminate <, replacing a < B with (a = B)A(B = a).
(B1,1 =% (P1,2 . P2,1)) A ((P1,2 v P2,1) =¥ B1,1)

e S

2. Eliminate =, replacing a = 8 with —av 3. 4
(“B1,1 v P1,2 v P2,1) A (ﬂ(P1,2 ¥ P2,1) v B1,1)

3. Move - inwards using de Morgan's rules and double- |
negation:

(=B11V P2V Pyq) A ((=P12a =Pyy) v Byy)

4. Apply distributivity law (A over v) and flatten:
(=B1,1 VP12V Py) A(=Pi5vByy) A (=PyyvByy) 5
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Dang chuan tac (...)

» Chung ta c6 thé bién d6i mot cong thirc bat
ky vé cbng thirc & dang chuan héi bang cach
ap dung thu tuc sau:

— B0 cac dau kéo theo = bang cach thay A = B boi
1AV B

— Chuyén céc dau phu dinh 7 vao sat cac ky higu
ménh dé bang cach ap dung luat De Morgan va
thay 9 (7 A) boi A

— Ap dung luat phan phéi, thay cac cong thirc ¢ :
dangA V (B A C)b&i(AV B) A (AV C)

Pham Bao Son ﬂ
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Dang chuan tac (...)

Vidu:(P=Q) VA(RV3Y9)
(P=Q)V3(RV 7 SE(GHPVQ Vi BEaES
=G PVQVIRA((GPVQ

P —— TN

V S)

GPVQVAR AGPVAQYV

I———— e

S)

Nhu vay céng thrc (P = Q) V 7 (R V 7 S) duoc dua
vé dangchuan héi@ PVQVaR AGPVQYV ?

S)
Pham Bao Son ﬂ
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Luat suy dién |

« MOt cong thire H duroc xem la hé qua logic
clia mét tap cong thirc G ={G,,...,G..} néu tur
Gy, ..., G tacothé suyraH

- Khi c6 mét co so tri thire, ta mudn str dung
cac tri thirc trong co s& nay dé suy ra tri thirc |
md&i ma né la hé qua logic cua cac céong thac |
trong co so tri thire.

— Puoc thuc hién bang cach str dung cac luat suy f
dién
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Inference Rules

|

|

b ———_—— - . —_— - - —_——————

Sentences - Sentence
Entails
Representation % §.
: :

World . |

Aspects of the — % Aspect of the
real world Follows real world

Figure 7.6  Sentences are physical configurations of the agent, and reasoning is a process
of constructing new physical configurations from old ones. Logical reasoning should en-
sure that the neéW configurations represent aspects of the world that actually follow from the
aspects that the old configurations represent.
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Luat suy dién |

- Mot luat suy dién gom hai phan: mét tap
cac diéu kién (tién dé) va mot két luan
(dinh ly)

- Ta sé biéu dién cac luat suy dién dudi
dang “phan s6”: |
— trong do tir sO la danh sach céac diéu kién
— cOn mau so6 la két luan cua luat
— mau so la cong thirc méi duoc suy ra tir

cac cong thire & tir sO
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Luat suy dién (...)

Mot so luat suy dién quan trong trong logic ménh dé:
Luat Modus Ponens
Luat Modus Tollens
Luat bac cau
Luét loai bo hoi
Luat dua vao hoi |
Luat dua vao tuyén 1
Luat phan giai
Luat Reductio Ad Absurdum
Luat dua vao kéo theo ?
Luat loai bo phu dinh

Pham Bao Son f
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Luat Modus Ponens %
|
a=f3,a !

3




Luat Modus Tollens %
|
a=4,1p ‘

7 A
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Luat loai bo hoi
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Luat dua vao hoi
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Luat dwa vao tuyén
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Resolution :

Luat phan giai

(CNF)
conjunction of disjunctions of literals clauses
E.g,(Av-B)A(Bv -Cv =D)

P SIS

inference rule (for CNF):

A A 1Ly, Ve e V2T
Li’v...v11-’_1v1ir+1v...VL'[(vm1v...vmj_1vm]-+1 TN
where [ and m are complementary literals.

—— - .
— e

E.g., Pi3Vv Py, -P,,
P13 P’ :
« Resolution is sound and complete ) @ox @’5‘
for propositional logic fots—ox
= | W ’
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u :
Resolution example {
' !
* KB=(By; < (Py,v Pyq)) A= By ‘.‘
g ==k, |
|

-P,\V B, - B,V P,VP, —P,,V B, - B, P,

|
L1 Pl.z\/ Pz.l\/ _‘Pl.z _131_1\/ Pz‘lv Bl‘l Pl.z\/ Pz.l\/ _‘Pz.l _‘Pz.l ﬁPl
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Luat phan giai (...)

» Chirng minh luat Modus Ponens,
Modus Tollens va luat bac cau la
truo'ng hop riéng cua luat phan giai

Pham Bao Son f
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:

Luat Reductio Ad Absurdum 3

- Sau do phai loai bo gia thiét 4 a
» Ky hiéu 1 Ja: biéu twgng mau thu
O'la cau rong khi ap dung luat ph

1 B, B

Pham Bao Son ﬂ
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Luat dura vao keo theo

- Sau do6 phai loai bd gia thiét a
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Luat loai bé phu dinh |




Dinh ly suy dién :
Deduction Theorem
* S la mot tap cac cong thie, A, B la 2
cong thuc
« Néu tlr S U {A} suy ra B thi tlr S suy ra
(A= B) |
« Néutr Ssuyra (A=B)thitS U {A} |
suy ra B
* Vi du: chtrng minh
{A=B} A= (C=B)
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Chirng minh bac bo bang luat ¢
phan giai |

+ Y tuéng: |

T G muén chirng minh A, ta chirng minh

tor G va 1 A sé suy ra dugc cau rong
(hay mau thuan) |

Pham Bao Son f
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Chirng minh bang luat phan giai ’}

« Thu tuc phéan giai
Pau vao: Tap G cac céau tuyén
Begin
1. Repeat
1.1 Chon hai cau A va B thubc G
1.2 if A va B phan giai duoc then ap dung, néu tao
ra cau mai thi thém vao G
Until nhan dugc cau rong hodc khong cé cau méi
xuat hién
2. If nhan duoc cau rong then thong bao khong thoa
duoc

Pham Bao Son 63 J
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Chirng minh bang luat phan giai
(...) |
- Thém 1 A vao G |
» Chuyén hét cac cau trong G va dang
chuan hoi sau do tach ra thanh tap cac
cau tuyén G’
» Ap dung thu tuc phan giai v&i G’
- Néu tao ra duoc cau rong thi da chiing
minh dugc, néu khéng thi A khong phai
la hé qua cua G

Pham Bao Son m
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Chirng minh bang luat phan giai

(...) ’

» Vi du: |
Chirng minhtr 1AV, BVP,7CVy |
DVP,7EVC,A E DchirngminhP |
E

1

:

Pham Bao Son K}-\

3 I A7 e e s e A -Wﬂ--—-—a’\-.—av—ﬂ-w o "-"




Expressiveness limitation of |
propositional logic

KB contains "physics" sentences for every single square

“A square is breezy if and only if there is an adjacent pit”. This
statement must be converted into a separate sentence for each

- P~ N g A

square. B, o (PavPyy)
By & (PaVPi2VFPy,) (
- t
Rapid proliferation of clauses |
What we really want is a way to express such a statement in |

one sentence for all squares e.g.

Breezy(i, j) <= (Pi{i— 1. j)vPu{i+ 1. j)vPi{i. j—1)vPit(i. j+ 1)) f

First-order logic will allow us to do this.

Pham Bao Son f

- . N p— — - e T e O A -—-A———--W J




~ ’ _—— o et — e St D e TR e e e e P e -—"—’—‘W

Summary

Logical agents apply to a to derive
new information and make decisions

Basic concepts of logic:
: formal structure of
of sentences wrt
: necessary truth of one sentence given another
: deriving sentences from other sentences
: derivations produce only entailed sentences
: derivations can produce all entailed sentences

Wumpus world requires the ability to represent partial and
negated information, reason by cases, etc.

Resolution is complete for propositional logic
Propositional logic lacks expressive power

Pham Bao Son f

-

— T —— — .




References |

- Artificial Intelligence: A modern
approach. Chapter 7.

- Atrtificial Intelligence llluminated.
Chapter 7.

Pham Bao Son f

3 — e o S S P PSS S— MQ‘WJ




	http://tailieuvnu.com/



