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function KB-AGENT( percept) returns an action
static: KB, a knowledge base
t, a counter, initially 0, indicating time

TELL(K B, MAKE-PERCEPT-SENTENCE( percept, t))
action «— ASK(KB, MAKE-ACTION-QUERY(?))
TELL( KB, MAKE-ACTION-SENTENCE( action, t))
t—t+1

return action
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Percept = [Stench, Breeze, Glitter, Bump, Scream]
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Percept = [Stench, Breeze, Glitter, Bump, Scream| = [None, None, None, None, None]
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Percept = [Stench, Breeze, Glitter, Bump, Scream| = [None, Breeze, None, None, None|




AR

2Ll g3 (sae Jole

Prepared by Kazim Fouladi | Fall2018 | 3 Edition

P
’U};(Pb/

(ASVF) Lassl slso o SLESI : a3l sl : Jle

P?

B OK P?

i|0K S OK

(A=A

Percept = [Stench, Breeze, Glitter, Bump, Scream] = [Stench, None, None, None, None]
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Percept = [Stench, Breeze, Glitter, Bump, Scream] = [Stench, None, None, None, None]
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Percept = [Stench, Breeze, Glitter, Bump, Scream| = [None, None, None, None, None]
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Percept = [Stench, Breeze, Glitter, Bump, Scream] = [Stench, Breeze, Glitter, None, None]
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Percept = [Stench, Breeze, Glitter, Bump, Scream] = [Stench, None, None, None, None]
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T+ 2 > yis a sentence; 2 + y > is not a sentence
2+ 2 > vy is true iff the number x + 2 is no less than the number y

x4+ 2 >y is true in a world where =7, y=1
x+ 2 >y is false in a world where =0, y=06
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Syntax
The proposition symbols /, P, etc are sentences slo S slaoskss
If S'is a sentence, =S is a sentence (negation) oaals
If S) and S, are sentences, S| A\ S, is a sentence (conjunction) ilac
If S7 and S, are sentences, S; VS, is a sentence (disjunction) et
If S; and S5 are sentences, S| = S5 is a sentence (implication) ol

If S) and S, are sentences, S| <> S, is a sentence (biconditional) b ga
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Syntax

Sentence —  AtomicSentence | ComplexSentence

AtomicSentence — True | False | Symbol
Symbol — P| Q| R| ...

ComplexSentence — — Sentence

( Sentence A Sentence )

( Sentence V Sentence )

( Sentence = Sentence)

( Sentence <+ Sentence)
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Semantics

OF (i as [ S o = 0,138 58 (sLame 1o 58 oo suls s false L true s 518 58 4
-5 is true iff S is false

S1 A S5 is true iff S1 is true and S5 is true
S1V Sy is true iff S1 is true or S is true
S1 = Sy is true iff S1 is false or S5 is true
i.e., is false iff S is true and S5 is false

S; & Sy istrueiff S = S5 istrue and S5 :; S is true
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Semantics

LS o pad e sle IS slad 4 51, 1, false L true Juas 5o

Eg Pl’Q P—)'Q I]D'-“ :«l.&df}‘ L;l:x.'u»‘)d
true true false
(With these symbols, 8 possible models, can be enumerated automatically.)

Simple recursive process evaluates an arbitrary sentence, e.g.,
—“PioA(PyoV Psq) = true A (false V true) =true A true =true
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TRUTH TABLES FOR CONNECTIVES

P Q -P |[PAQ|PVQ|P = Q|P & @
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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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, j]. R |
ﬁpl,f — ——
Sseees ZBreeze =
ik B L1 3 ‘Sten}\ch S PIT
. \ 1
B NiETIN g
2,1 4
sses e

“Pits cause breezes in adjacent squares”

Bi1 & (PaV P;) PIT
3

Byy & (PiaV PV Py ==

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

&
&
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TRUTH TABLES FOR INFERENCE

Biy | Boy | iy | Pio | Por | oo | P31 | KB g
false | false | false | false | false | false | false | false | true
false | false | false | false | false | false | true | false | true
false | true | false | false | false | false | false | false | true
false | true | false | false | false | false | true | true | true
false | true | false | false | false | true | false | true | true
false | true | false | false | false | true | true | true | true
false | true | false | false | true | false | false | false | true
true | true | true | true | true | true | true | false | false
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INFERENCE BY ENUMERATION

(complete) Jols 5 (sound) paams ¢ lwl (o, ladss saen Jsl—Gae Giolad

function TT-ENTAILS?(KB, «) returns true or false

symbols < a list of the proposition symbols in KB and «
return T'T-CHECK-ALL(KB, o, symbols, [])

function TT-CHECK-ALL(KB, «v, symbols, model) returns true or false
if EMPTY?(symbols) then
if PL-TRUE?(KB, model) then return PL-TRUE?(«a, model)
else return frue
else do
P «— FIRST(symbols); rest <« REST(symbols)
return TT-CHECK-ALL(KB, a, rest, EXTEND( P, true, model) and
TT-CHECK-ALL(KB, «, rest, EXTEND( P, false, model)

O(2") for n symbols; problem is co-NP-complete
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LOGICAL EQUIVALENCE
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Shie s ,lpa
Silie 55 las 5l 58
LOGICAL EQUIVALENCE
(aAfB) = (BA«) commutativity of A sxil=l
(V@) = (BVa) commutativity of V sxeilsls
(aANB)ANy) = (aAN(BA7)) associativity of A xS
(aVB)Vy) = (aV(BVry)) associativity of V sxdesS
—(—a) = « double-negation elimination clias ads 33a
(¢ = () = (0 = —«a) contraposition (e S
£ (o = ) = (—~aV 3) implication elimination ol sia
‘3; (@ < B) = ((a = B)AN(B = «)) biconditional elimination (&3 33
5 —(aAfF) = (maV F) de Morgan o8 ses
- —(aV @) = (maA—-f3) de Morgan o, ses
: (an(BVy) = (eAB)V (A7) distributivity of A over V sximis
E (aV(BA7Y) = (aVB)A(aVy)) distributivity of V over A sxigis
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PROPOSITIONAL LOGIC: PROOF THEORY

Bhie G isal rgleyl S Glate

i_|.u=| 6LA5J§| ‘SQJ:S:\S‘A:\.U.I‘):I

slol 58 3laie 51 a

Proof Theory
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Sent

&A‘MQ@AJJL&JMG@L)JJ&S‘Q@ < J:‘&:'L‘é‘)l

AV B Satisfiable
C
S pd (dnea) Ladus (sdad o € gldlen < gYvE ) Sy
 Jie faals Valid Unsatisfiable
AV —-A L
s39isib
A=A

Tautology

(AN(A= B))= B

AN A S faals crnpa Jos gaa Hu S gldaa
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DEDUCTION THEOREM

KB E aifand only if (KB = «) is valid
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REDUCTIO AD ABSURDUM

KB = «if and only if (KB A —«) is unsatisfiable

reductio ad absurdum
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INFERENCE RULES (REASONING PATTERNS)

¢ Modus Ponens
a = 3, «
3
<> And-Elimination
ar ANaa NN ap

Qv

> And-Introduction

Qaq, o, ..., Q0

ar Nag NN ay,
{> Or-Introduction

o
arVarV...Va,
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{ Double Negation-Elimination
Samle’
o
{> Unit Resolution
aV 3, -3
o
{> Resolution
aV 3, -3V
Vo

or equivalently

—a = 3, B =7
= Y




#5

Ja i sLap 53

NORMAL FORMS

¢ Conjunctive Normal Form (CNF-universal)
conjunction of disjunctions of literals

clauses

Eg., (AV-B)A(BV-CV-D)

> Disjunctive Normal Form (DNF-universal)
disjunction of conjunctions of literals

terms

Eg, (AANB)V(AAN-C)V(AANBA-C)

> Horn Form (restricted)
conjunction of Horn clauses
Horn clause: a clause with < 1 positive literal.

Eg. (AVA=B)A(BV ~CV -D)
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Conjunctive Normal Form (CNF)
Lay oIS Cilae

sl Jla i 3
Disjunctive Normal Form (DNF)
Lae B Jead

Ou8R p A
Horn Form

G0 sl oIS Bl

Often written as set of implications: B = A and (C A D)= B



Prepared by Kazim Fouladi | Fall2018 | 3 Edition

PV LG SugD

O 0 gt il ael o3 soSLKG ol ldlos o Sl
(- sl patnn (sline S5 sladael; 1L Jie (380 oLl L)

bl slagig,

Jao (g3 gLl usl o8 (5 55 s e
Model Checking Application of inference rules
(s dga gl lad Lol ) piawe sssa Sllaa sul o5
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MONOTONICITY
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Model Checking Application of inference rules
(s dga gl lad Lol ) piawe sssa Sllaa sul o5
DPLL ais , o<1l HE ook Hbwo a3y
DPLL Algorithm N Forward Chaining
WalkSAT ais ) o<l Modus 9ous Sl il
WalkSAT Algorithm IRgIGS Backward Chaining
CNE { u-wa-‘agJ
Resolution
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bl slagig,

Jue gy
Model Checking

gLl usl o8 (5 yuS ylsaa

Application of inference rules

Lo ol ) pamie wsua Sidlaa wal g5

ooy ol jaaay
HF ..

L Forward Chaining
Modus oo GJL‘“GJ“ . .:’
Ponens Backward Chaining
SN u-wa-bp

Resolution




A LG gD
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a1,y ...,0p, ag N Na, = 0

“Modus Ponens” (Sl ulidy LGNl g !y

Cusolal (8 92 e
Completeness Soundness
A3 guls (Fidie Caw ya (sladdan (sdan il S yo oads Gidis (sddan 42
(Horn) ¢558 a5 4 lea (515 Lads ines

S SHlewo yaady o g sy (5 jlewo yaady 5o suldiwl 13

b shial ol
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HORN FORM

0038 p s

Horn Form

S0t sLad IS e

Horn Form (restricted)
KB = conjunction of Horn clauses
Horn clause =
{> proposition symbol; or
¢ (conjunction of symbols) = symbol
Eg, CAlB = AJA{CAD = B)
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FORWARD CHAINING
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FORWARD CHAINING

function PL-FC-ENTAILS? (KB, q) returns true or false
local variables: count, a table, indexed by clause, initially the number of premises
inferred, a table, indexed by symbol, each entry initially false
agenda, a list of symbols, initially the symbols known to be true

while agenda is not empty do
p« Popr(agenda)
unless inferred[p] do
inferred[p] « true
for each Horn clause ¢ in whose premise p appears do
decrement count|c]
if count[c] = 0 then do
if HEAD[¢] = ¢ then return true
PusH(HEAD[¢], agenda)
return false
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FORWARD CHAINING
tauyl - ‘L ..
S 5 1y Sl ot Lidyf Galaasio as KB s oueld ja SEC e N e
W90 1aas 9 g (yuys Sua dsiul B uuis ddLs) KBQIJOTL;A*BS‘Q Forward Chaining
o
P = Q@ /_\T
LAM = P P
A
e BANL = M '
5 AANP = L
AANB = L
A
3 B w
P KB (Knowledge Base) AND-OR Graph
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FORWARD CHAINING
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Joui ol yaaa
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9 s 92 g (i yd Sua sl U uais ddls) KB auly off (sdaaia g

P = Q
LANM = P
BANL = M
ANP = L
ANB = L
A

B
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FORWARD CHAINING
:b"\f‘ & ~ Ltﬂo LA
S 5 1y Sl ot Lidyf Galaasio as KB s oueld ja IV GORAOLT=Y
W9 1oy 52 9 (i yd Sud dsil U auis ddls) KB aaly o (sdadis g Forward Chaining

P = Q@
LANM = P
BANL = M
ANP = L
ANB = L
A

B
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FORWARD CHAINING
:b"\f‘ & ~ Ltﬂo LA
S 5 1y Sl ot Lidyf Galaasio as KB s oueld ja IV GORAOLT=Y
W9 1oy 52 9 (i yd Sud dsil U auis ddls) KB aaly o (sdadis g Forward Chaining

P = Q@
LANM = P
BANL = M
ANP = L
ANB = L
A

B
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FORWARD CHAINING
:b"\f‘ & ~ L‘“o LA
S 5 1y Sl ot Lidyf Galaasio as KB s oueld ja IV GORAOLT=Y
W9 1oy 52 9 (i yd Sud dsil U auis ddls) KB aaly o (sdadis g Forward Chaining

P = Q@
LANM = P
BANL = M
ANP = L
ANB = L
A

B
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FORWARD CHAINING
:b"\f‘ & ~ L‘“o LA
S 5 1y Sl ot Lidyf Galaasio as KB s oueld ja IV GORAOLT=Y
W9 1oy 52 9 (i yd Sud dsil U auis ddls) KB aaly o (sdadis g Forward Chaining

P = Q@
LANM = P
BANL = M
ANP = L
ANB = L
A

B
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FORWARD CHAINING
:b"\f‘ & ~ L‘“o LA
S 5 1y Sl ot Lidyf Galaasio as KB s oueld ja IV GORAOLT=Y
W9 1oy 52 9 (i yd Sud dsil U auis ddls) KB aaly o (sdadis g Forward Chaining

P = Q@
LANM = P
BANL = M
ANP = L
ANB = L
A

B
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FORWARD CHAINING
:b"\f‘ & ~ L‘“o LA
S 5 1y Sl ot Lidyf Galaasio as KB s oueld ja IV GORAOLT=Y
W9 1oy 52 9 (i yd Sud dsil U auis ddls) KB aaly o (sdadis g Forward Chaining

P = Q@
LANM = P
BANL = M
ANP = L
ANB = L
A

B
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FORWARD CHAINING
:b"\f‘ & ~ L‘“o LA
S 5 1y Sl ot Lidyf Galaasio as KB s oueld ja IV GORAOLT=Y
W9 1oy 52 9 (i yd Sud dsil U auis ddls) KB aaly o (sdadis g Forward Chaining

P = Q@
LANM = P
BANL = M
ANP = L
ANB = L
A

B
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FC derives every atomic sentence that is entailed by /' B
1. FC reaches a fixed point where no new atomic sentences are derived
2. Consider the final state as a model 12, assigning true/false to symbols

3. Every clause in the original A’ is true in m
Proof: Suppose a clause a; A ... Aa, = bis false in m
Then a; A ... A ay is true in m and b is false in m
Therefore the algorithm has not reached a fixed point!

4. Hence m is a model of KB
5. If KB = q, q is true in every model of KX B, including m

General idea: construct any model of /A" B by sound inference, check o
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BACKWARD CHAINING
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Avoid repeated work Avoid loops
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where /; and m; are complementary literals.

“Resolution” «(piiglg),y» gliviwl Jig, ¢l

Cusolal (8 92 e
Completeness Soundness
A3 guls (Fidie Caw ya (sladdan (sdan il S yo oads Gidis (sddan 42
(CNF) et (glo IS 3hie sl (CNF) ciran : (gl IS 3hie sl
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CONJUNCTIVE NORMAL FORM (CNF)
=S Al
Conjunctive Normal Form (CNF)
Lay oIS Cilae

Conjunctive Normal Form (CNF—universal)
conjunction of disjunctions of literals

clauses

Eg., (AV-B)A(BV-CV-D)
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CONJUNCTIVE NORMAL FORM (CNF)
Bi1& (PaV Py)
1. Eliminate <, replacing o < G with (@ = B)A (8 = «a). s ga Bda ()

(Bi1 = (PiaV Po)A((Pi2V Poy) = Bra)
2. Eliminate =, replacing o = 3 with -V /3. s Bda (¥
(mB11V PiaV Pag) A(=(PraV Pay)V Byy)
3. Move — inwards using de Morgan's rules and double-negation: © lapanss oS e (Y
O e ael 3 LAl
(mB11V PiaV Py) A((mPia A—FPy1) V Bry)
4. Apply distributivity law (\/ over /) and flatten: (L s 9) srimis 0B Jlael (¥

(mB11VPiaV Pa)AN(—PiaV Big) A(—P21V Byg)
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RESOLUTION

Yy
(Proof by contradiction) 23U 3,k 5 U3
Sl a3l )l KB A —or psdse obis KB E o &bl (51
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RESOLUTION

function PL-RESOLUTION(KB, «) returns true or false

clauses <+ the set of clauses in the CNF representation of KB A -«
new <« { }
loop do
for each Cj, C; in clauses do
resolvents «— PL-RESOLVE(C;, C))
if resolvents contains the empty clause then return frue
new<«— new U resolvents
if new C clauses then return false
clauses +— clauses U new
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\ Jbise

KB=(B11 & (PiaVFP)AN-Bija=-P

X

] Bl,l\/ Pl,z\/ P2,1

! 2,1\/ B1,1

_'Bl,l

_'Pl,z\/ Bl,l

P1,2

] Bl,l\/ PI,Z\/ B1,1

P1,2\/ P2,1\/ _'Pl,z

_'Pz,l

_‘Pl,z
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RESOLUTION

KB = (B & (P12V P1))A-Biya=-P

|_‘P2,1\/ Bl,l | |_‘Bl,1\/ Pl,z\/ P2,1 | |_‘P1,2\/ B1,1| | _‘B1,1 | | P1,2|

] I ] I
|_'Bl,1\/ P,V Bl,l! P\ P, —P,, !_‘Bl,l\/ P,V Bl,l!PLz\/ P,V —|P2’1| | —-P,, | | =P, |
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Model Checking Application of inference rules

a9 J g g lads
DPLL a8l
DPLL Algorithm

WalkSAT P %) rsl
WalkSAT Algorithm
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DPLL: BACKTRACKING++
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(SAT) (s il 5l Jiluss a3 8 Sisie (5 galunn lis s oS0 Jlasl  DPLL aiy , o51

(La35)S = Lauss sls 1S slaskss = Lo yaiia)

Jﬂ%ﬁn&‘)ﬂlpom&@|d‘)|y
caal false Ll saaa Ltrue La) oIS saaa S)uiS (a8 5

{A = true} satisfiess (AV B)A(AV ()

oaiilia 51 5508y sla) 9 WS (sdan Hu HLess e e (5l lu slaslas
23 g true dbs ga o JIyiad 4S saay S (5 lade ulad 4

A/B arepurein (AV -B)A(=BV-C)A(CV A)
«sads unfalsify 5 giay JI 5.l S;Ll*ﬁ.s slols slasy ) dS
W gl true dbs ga 5o 9IS 4S waay S (5 lude ulad 4
if {A = true} already (—AV —B) is a unit clause

DPLL Algorithm

()
plsasg) 6EL

Early Termination

(Y)
Pure Symbols

(¥)
sl g sla)gds

Unit Clauses
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DPLL: BACKTRACKING++

function DPLL(clauses, symbols, model) returns true or false

if every clause in clauses is true in model then return true
if some clause in clauses is false in model then return true
P, value < FIND-PURE-SYMBOL(symbols, clauses, model)
if P is non-null then return DPLL(clauses, symbols—P, [P = wvalue|model))
P, value < FIND-UNIT-CLAUSE( clauses, model)
if P is non-null then return DPLL(clauses, symbols—P, [P = wvalue|model))
P« FIRST(symbols); rest«— REST(symbols)
return DPLL(clauses, rest, [P = true|model]) or
DPLL(clauses, rest, [P = false|model))
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WALKSAT ALGORITHM
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(SAT) Srnbs )l Jilue 4 (5"';" S5t e:':'Jﬁs'" Jles! WAIKSAT ais , o1

vl ) slas s IS wlaas = byl aals
* R o L = WAIKSAT Algorithm
LCSP (1, MIN-CONFLICTS ais ; 841 3 suldiicl bs

ZMJLSA ‘s‘.%l\‘)li 99 J‘)S:‘).A‘)J WAlkSAT e:‘:“)jg."
()

oudiilid yf § 9SS LAY

picks an unsatisfied clause
OIS g2 s aled QAT (g g oy 99 (s (Soblad wladl

Min-conflicts step LJalas JsSlaa ‘:|S|

(Y)
RS 3oy was adls o saiils ) gslasy oIS slaas
& TGP D =225 S S SN d‘d /Je‘s‘f&j:liJédl o ;“‘:‘|~...|
Random walk step | ol (5,8 pals ‘alsl picks a symbol in the clause to flip

S e oA ulal o) e G ol SO
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WALKSAT ALGORITHM

function WALKS AT (clauses, p, maz _flips) returns a satisfying model or failure
inputs: clauses, a set of clauses in propositional logic
p, the probability of choosing to do a “random walk™ move, typically around 0.5
mazx_flips, number of flips allowed before giving up

model < a random assignment of true/false to the symbols in clauses
for i = 1 to max _flips do
if model satisfies clauses then return model
clause < a randomly selected clause from clauses that is false in model
with probability p flip the value in model of a randomly selected symbol from clause
else flip whichever symbol in clause maximizes the number of satisfied clauses
return failure
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WalkSAT ais , 61l

WALKSAT ALGORITHM: HARD SATISFIABILITY PROBLEM

T T I 2000 4
1800 - DPLL ——
08 - 1600 | WalkSAT -
5 1400 -
g 0.6 2 1200 |
G Z 1000 -
304 & 800 -
= 600
0.2 1 400
200 A
U SRS LR L AL 0 :
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Clause/symbol ratio m/n Clause/symbol ratio m/n
(a) (b)
Figure7.19  (a) Graph showing the probability that a random 3-CNF sentence with n =50
symbols is satisfiable, as a function of the clause/symbol ratio 72 /n. (b) Graph of the median
run time (measured in number of recursive calls to DPLL, a good proxy) on random 3-CNF
sentences. The most difficult problems have a clause/symbol ratio of about 4.3.
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Suppose the wumpus-world agent wants to keep track of its location

A sentence such as L1 A FacingRight N\ Forward = Ls
doesn’t work: after one inference step, L, and L- are in KB!!

Changeable aspects of world need separate symbols for each time step
e.g., L1, means “Agent is at [1,1] at time step 1", and

L%,l A FacingRight' A Forward' = L3

Reflex rules: for every t, we have, e.g., Glitter' = Grab'
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TRACKING CHANGES IN THE WORLD

dosae Gilla G S Jlds o0 gas (gaduls 9 CAJL;Q:LAA:\
Lashjal 3 ol o il L State Estimation
i@le yo s (slaatiuww jo

(i (Kae slaclla (g4 (sde gana ) olai il S (5,10SS
(percepts) Lasl,al 5 (aXi0MS) ¢ 5is 50 J gual ila b

daly aad 3

sabo—alla £ oo g0 J g

Successor-State Axioms

tobed a8 oo o T+ 1 oled 5o eLliS (Fs s
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TRACKING CHANGES IN THE WORLD
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Successor-State Axioms

tobel a8 oo 3t + 1 olel 5o sl (s s

E.g., Alive! & —Scream! A Alive!™!

L}, & (i A (~Forward ™' vV Bump'))
V(LIS A (FacingDown!™! A Forward'™1))
V(LIGY A (FacingLe ftt1 A Forward'™1))
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BOOLEAN CIRCUIT AGENTS
Breeze || Forward
Stench D TurnLeft
Glitter [ ] TurnRight
Bump [ ] Grab
Df Q_>Q* Alive
Scream Shoot
JAN
yARN
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BOOLEAN CIRCUIT AGENTS
/\
Ay
Breeze || D
Forward N
/N\
Stench [_] ( — TurnLeft
Glitter [ ] O—»( ) - TurnRight
§ (
; Bump [] / Grab
-
- : - Shoot
§ Scream [] FacingLeft
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BOOLEAN CIRCUIT AGENTS
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LOGICAL AGENTS

Inwhich we design agents that can form representations of a complex world, use a
process of inference to derive new representations abowt the world, and use these
new representations to deduce what to do.

Humans, it seems, know things; and what they know helps them do things. These are

not empty statements. They make strong claims about how the intelligence of humans is
BEASCHING achieved—not by purely reflex mechanisms but by processes of reasoning that operate on

internal of knowledge. In Al this approach to intelligence is embodied in
[HEESERSED knowledge-based agents.

The problem-solving agents of Chapters 3 and 4 know things, but only in a very limited,
inflexible sense. For example, the transition model for the 8-puzzle—knowledge of what the
actions do—is hidden inside the domain-specific code of the RESULT function. It can be
used to predict the outcome of actions but not to deduce that two tiles cannot occupy the
same space or that states with odd parity cannot be reached from states with even parity. The
atomic representations used by problem-solving agents are also very limiting. In a partially

St

Russell

F ! o observable environment, an agent’s only choice for representing what it knows about the
current state is to list all possible concrete states—a hopeless prospect in large environments.

Chapter 6 introduced the idea of representing states as assignments of values to vari-
ables; this is a step in the right direction, enabling some parts of the agent to work in a
domain-independent way and allowing for more efficient algorithms. In this chapter and

Loae those that follow, we take this step to its logical conclusion, so to speak—we develop logic

Stuart Russeu and Peter NOerg, asa general class uf re):fresenlat{ons to s.uppcan knowledge-based ag;nls. Such agents clan
combine and recombine information to suit myriad purposes. Often, this process can be quite

Artificial Intelligence: A Modern Approach’ far removed from the needs of the moment—as when a mathematician proves a thearem or
d .. . an astronomer calculates the earth’s life expectancy. Knowledge-based agents can accept new
31‘ Edlthl‘l, Prentlce Hall, 20 1 0 tasks in the form of explicitly described goals: they can achieve competence quickly by being

told or learning new knowledge about the environment; and they can adapt to changes in the

environment by updating the relevant knowledge.

Chapter 7 We begin in Section 7.1 with the overall agent design. Sm‘lﬁun 7.2 introduces a sim-
ple new environment, the wumpus world, and illustrates the operation of a knowledge-based

agent without going into any technical detail. Then we explain the general principles of logic
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