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%17H (knowledge)

HIRE (knowledge base) = fEIERIE S & X — M) FHIES

P H (declarative) EM) & &Y BeAA (B AR R 4t):

o HUF FEEMAE T EME N (EEE B &KX AR)

o ARJEE AT LA ) B CAE — AN RS B[ 4T B — — — 1] 20 07 I 6 VR 28 B A e i

EATIRE (knowledge level) iR 2 GEAK
o HARULIHE BEAR A0 14, '© 1 B br e t 4, FISZIigny ooe

N HEELRR AT PAIB] B AR AT AT ALR] 25 ) )
o BRI S, — A EREIEAGERIE W A 2 B” [ ]

SitEl 4 5 5552 (Domain-specific facts)
SR ST 1) 3 A BYE AL



Z4s (Logic)

1% (Syntax): € X A) ¥ (FH A FE A) T 5& SR FY)

5% X (Semantics) :
o AJEEHIHSE (possible worlds) & BFLE?
o X EBA]FLERRESH BBy & () E S RLEX) i%)‘(? [‘E—l‘[

i &




S fp]

g % (Propositional logic)
o {HVE:PV (-wQAR); X, < (Raining = Sunny)

o AIHEM— NS {P=true,Q=true,R=false}, {X1=true, Raining = false,
Sunny=true}, or {110}, {101}

c B oABHE HHMNY o HIHHB E(5F)

— BB 17]1Z 45 (First-order logic)
o &Y Wx Ay P(x,y) A —=Q(Joe,f(x)) = f(x)=f(y)
o A REMITHFE: XTG4 (Objects) 04, 0,, 05; P ALY T+ <0,,0,>; Q BALAf T <0,>;

f(o,)=0,; Joe=0;; 5§

o A ¢(o) AR M B 2 6=0,FF H. ¢ X T o; S



TP N2 200/ F H (entailment)

ZE7%: o |= B (“o0 T Hi(entails) B” or “B 1E1G T (follows from) o) 24 HAY M 7E o A
HME AR, SR
o WAJUEVE, o-FUTH I CHEATEEH T & B-HItH A B — T4 [models(a) <
models([3)]
B, o, |= o,

(bW o, 2 = QARASAW
o, = —Q)
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7V 1 YA E (model-checking)

o Nt FREANTTRERI T A E, IR o NEL, ASAREIA P B

o HIRZ A BT (thinay @@ i) 5 (HARE SN T —HrigiA 2 iE
JiVE 2 EPEUE B (theorem-proving)

o T — RVIFIIERAE IR (N HEEREL (inference rules)) M o. 51 531 B
o it P A (P=Q), #EFH Q&S & & w2\ (Modus Ponens)
EBEHE (Sound) 535 P A HEFRUE B H ORI, SERR AR S g 25 A 11
TE4 1 (Complete) 534 BT A MEZEWA (HJF) , HEA] DAREHERELE I H ok
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VB B2 Fird%: (muddy children puzzle)

—NCRE MBI, NS AN, R B
(EALZE CFEME. RMEDTERS, A7 R AR A e B 55 T
1o HARATIIEDORESEASR AN AT, SCRIHABATT

“RMNWFZEDT—PMRIITERRE” , 5 SRR EZT—
A “ORFIERIIRTT ERREL? 7 HEHEEL: REE.

QAEFEAN IR, FABTFHEE SR A
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Wop: JEp, EERPHIMHX

EConjunction (BtE, GHD :paq [“5”]

WDisjunction (435, HED :pvg [“BL”]

MExclusive or (B JF8¢, Fi): p®q

WA p=>qlifpthenq”] CHRH B BT -LER)
p: I (FItd) ,q: 4548

XA R p<>ql“pifandonlyifq”]
HATLLE XN (p=a) A (g =p)
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iy @JE?FE
1BV

U — W AR {X1;X2; . Xy,P, Q, R, North,..} (R YEEARD
o (True Al False 08L& Hrp, EAH[E E)

X e —Ma)F (5]

= S0
o R o AT, BA —o R—PMETF (K
o IR a M BEF])T, %B/AOL/\BE_‘/\/_J¥ (?ﬁ/m\/ “57)
o W M BRAAITF, Waravpe—NaF (B “5”)
o INRa M BREAT, Mlra=Bl—Ma)F (28, BEZERIf ...then, BT
o WMo M BEmT, MBroasBre—NaF  CUAZELER if and only if )
o WHIEEAT, M O A E

X F- (literal): J5 18R] A5 € 11 I 18 4]
B HoAmAE =0 A) 5

(Propositional logic)




g R T X

25 € —MEA (model) , HE— MR THEE

HAE#*R
P Q) —P Pnre Pv@ 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




iy i E‘:(Propositional Logic): e

function PL-TRUE?(o,model) returns true or false
if o & — P AT 5 then return Lookup(o, model)
if Op(a) = — then return not(PL-TRUE?(Argl(a),model))
if Op(a) = A then return and(PL-TRUE?(Argl(o),model),

PL-TRUE?(Arg2(a),model))
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(AU “1E9% BRI ")



5451

® R= (Do U) (WHER MW, {HACHIRA —IEWNN, /R4 ASHERIE)
®Model {D=true, R=false, U=true} ....

®false = (true < true)

®false = true

@®true
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© The McGraw-Hill Companies, Inc. all rights reserved.

) X X x+y xr —Pp Xy
X 4>| So———Pp g —8

(a) Inverter (b) OR gate (c) AND gate

© The McGraw-Hill Companies, Inc. all rights reserved.
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M JE . (Tautology
and contradiction)

© The McGraw-Hill Companies, Inc. all rights reserved.

TABLE 1 Examples of a Tautology and a
Contradiction.
Y 4 pNV—p pN\—p
F T F
F i T F
« —NNE Aardia)f-
« Tautology (FIXE, EER) : BANE
* Contradiction (FJ&, A—B) : E N

e Contingency (fBAM:)

a contradiction

neither a tautology nor

24



Valid, satisfiable, or unsatisfiable?

—(zV-olzA(zVvT))) = ~(yA(~yVv (T = F)))



EEEEN (—2U%) Logical
equivalence
* p=q: EEH)p M q 2B HEE0 1Y
— R p lef g 22— 1R X xE
o 1] DLH BAE R R v ANl ) 2 532

BEESF T




(ITMXEI’J)

1(pva) A qpA

H
1442

1 FLAE 3R A W g A4~ 1

ST HY

© The McGraw-Hill Companies, Inc. all rights reserved.

TABLE 3 Truth Tables for —(p V ¢) and —p A —gq.

P q PVq —(pVyq) —p —g —pAg
T T T F F F F
T F T F F T F
F il T F i F F
F F F T T T T

27
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De Morgan’s laws

© The McGraw-Hill Companies, Inc. all rights reserved.

TABLE 2 De Morgan’s
Laws.

29
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3 N ea) commutativity of A
I RY

) commutativity of Vv

A (B A y)) associativity of A
aV (V) associativity of vV
double-negation elimination

=3 = —a) contraposition

-V [3)

(@ = B)A

—x V ﬂS)

implication elimination
(# = «)) biconditional elimination
De Morgan
De Morgan

V (e Ay)) distributivity of A over V

A (e V7)) distributivity of vV over A



.

HEFE Vv (A Ji)

7% 1: K & model-checking
o XF RN TREMITH T, Wik o N N B IR

7715 2: e BEUEBH theorem-proving
o HR— R MIE BB (B FHEFERN inference rules) M\ o SE(F] B

EFEH]  (Sound) P AW HEFRUE I L RET, SEPR AR R ZE R

STEEHT (Complete) ik BT # Z5ik HYER A2 BE W6 4 HHE 5 UE B SR 11



iy e % 2 FHE LR )

e (p—>a)Ap)—q isthe rule of inference called

modus ponens (B EBIHFAHEE) (mode
that affirms), or the law of detachment

p
P—0

32
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TABLE 1 Rules of Inference.

Rule of Inference

Tautology

Name

P
P—q

[pA(p—q)]—q

Modus ponens

|q
P9

. Sp

[¢rA(p—=q@)]—p

Modus tollens

Pp—9q
q—r

P

(p—q)A(g—r)]—(p—r)

Hypothetical syllogism

pVyq
np

pVa)A-pl—q

Disjunctive syllogism

S.pvVyg

p—{pVvq

Addition

P Ng

(pAgq)—p

Simplification

[)
4
L PAg

[((P)Alg)]— (pAg)

Conjunction

pVyg
“pVr

ioe YNNG

[(pvVg)N(—pVr)]—(gVr)

Resolution

34



Resolution ( “IH%5” FEFHELN]D

o JLT[A] X B . (pva)A(=pvr))—=>(qvr)
o IHL545R qvr

* Letr=qg, we have (pvg)Aa(—=pvqg)—q

* Letr=F we have (pvg)lr—p—oq

o (EIZ AR rh B HE R0

35



ISEEPSWII R 1l

o A FVASEEAE A — B A AL U AT IR P, 2
>K the hypotheses (fiti%HI#&) and the conclusion

(L518) WZNERIE N clauses (1))

e Clause (FA]) :adisjunction of variables or
negations of these variables (A& HAEE W

EE N

Show(pAag)vrandr —->simply pvs

(pArg)vr=(pvr)a(@vr)
F >S=—-IvS
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V] FE ) 8 FEUE B R : e

(Forvvarc-cl:almng) N

[T

Eifﬁf5iﬁﬁﬁﬂﬁiﬁ?%£§(hﬂodusPonens)FzéE%ﬁﬂﬁéggtz

ZEE X AX, A X =Y ATX, X

v Xy e X,
o EFEHY
jg Eiﬁ@%iﬁ%ﬁ Sz N XA RN, AS WS In s i 5552, B 20A "l s In )

FER KB (CHIIRE) HAR ﬁﬁi?’?(defmlte clauses):

*?ﬂ 2 (disjunction) ) 3 F (literals), R A —
F5) 5 R R DL R

el CHAR#E S 5 €
M?ﬁm%ﬁ

5’ (conjunction)) = “£4%F; BX
o —ANEB—FELF ER XA T True = X)



A1 [A) B 22 5572 (Forward chaining)

unction PL-FC-ENTAILS?(KB, q) returns true or false

= 5

T

agenda & ﬂ/\?fﬂ’ﬂﬁ YIaait oy KB H Oy HH)) T

IO%PCW)

if p = g then return true
It inferred[p] = talse then
inferred[p]<true

=0 then add cJ %4 1o to agenda

iT ou [cJ

return talse



AT F) BT FE 2S5 AR Q (AR 2R

FH COUNT  INFERRED
P—=Q 1/ 0 A false true
LAM=PpP Aj/10 BxXalge true
BAL=M /10 L batsetrue
AnP—=L Pyio Mbadsetrue
AAB— L 2//10P>f>alxetrue
A 0 Q xbebse true
B 0

AGENDA

2 PBe ¥k B ¥ ¥




1T e B 12 (FC) FHE R i M o

EH: FC 2 & (sound) I 5E4=H(complete) , XfT-ffix€ ++)
(definite-clause)?H % H'JKBs

M BN T E 2 el ( Modus Ponens) HJ&H
T4 TEUEBA: A xbadse true
1 RBIFC 8 T —A [, B BCAFRR IR AgaES s o

2. S0 inferred T U R — MR m, BIFRTHUORES T | saise true
true/false {H

Vixkaxbse true
3. R A KB R RE— TR m BLNE P Xadse true
iE: B e — 1) A A... NQ, = b £ m H N QXf¥kse true

WA an... nay BHEFE mIFH b R £ m
L B IR R B —ANE A (BRI &)
4. Kt m 2 KB B — MR (KB ZE m BHoNED)

5. Wik KB |= q, q WAEKBH IR —MER HOIE, A m; Blqr] L
WA IR



Ta] B A LAY RS 2 (model checking)

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

return - - ,OLSYMDOIS SsYMDOIS(A),1¢
_‘;u nction 11-CHECK-ALL(KB,o,symbols.model) returns true or false

if empty?(symbols) then
if PL-TRUE?(KB,model) then return PL-TRUE?(a,model)
else return true

el
rP & first(symbols) \

rest érﬁd mbals]
return| and (TT-CHECK-ALL(KB,a,rest,model U {P = true})

TT-CHECK-ALL(KB,a,rest,model U {P = false }))




Ta] B AR YRGB, 4k 4k

P1=trueﬂ P =false

BREEAR S, SRABLT [l Sk
(backtracking) 3 I P,=tru P,=false
O(2") B [a] 5 A BE, et 2 (B R o+ i ﬁ
A DL B = AR S
P =tru P =false
ke X X W X X X
az X

1.1
...0



BV 2 & tj(é'ﬁﬁ/@l)

AR THEN  WREE S (AR AR R

L b )

H) B AR,
B FRA TG — A S R SAT solver; FXATTU0/AT GE B A M ZE R o2 212
o BE a5 P

o A o= BIEAEERMENE (JHZ A deduction theorem)
o Rl —(o = B) FEFT A B BN
o Rk oo A —B FERTE A B MR, B A A7% A2 H(unsatisfiable)

m DL, AU E B A e TS N3] P niE 5 v A B, AN R 2 A
(un)satisfiability;
WEN T T2 (reductio ad absurdum), BUUEE.

=R SAT solvers 75 2 & BXyu 2 (conjunctive normal form)



FBEF A2 15 72 AT A2 1Y

F = (xl \% .CE‘_Q) N\ (332 V .CE‘_S) N\ (.CE_Q V $4)/\
(x4 V1) A (T3 V Ty) A (T2 V T3)




5 R HRSAT 1] UK g 4% (SAT solvers)

DPLL (Davis-Putnam-Logemann-Loveland) /& Il CSATR fif 2%
HOY A = RS

AR b AR [l 48 2, AT — SR O

o FEALL IR
o T T HRIER U E; e.g., (A v B) A (A v —C) i 2, it {A=true)
o H—FhINR; eg., (AVB) A (AV—C) NI, 4 {A=false,B=false}

o AF (CFAF) AR A TFRAET NPT AR 2 1T BN S AR g1,
IBAMREE XA A FFANME
o i, A Z4in), FHHIESHE (AvB)A(AvV=C)A(Cv —B) FTPAIRZE true

o HIL AL MR —NFH) AP T —DE—CF, BAGZADFRFEE 2 i
JE% T )
o B, i A=false, (A v B) A (A v —C) becomes (false v B) A (false v —C), i.e. (B) A (=C)
o WL TR R AN SR B PHMEH, AR LT A,



N

DPLL &y

function DPLL(-[-& %ﬁ%

if every 1-#J in ?/jlﬁ

if 52~ T4a]in a8

5value ému%1j“z<,f@§<f%m

if P is non-null then return DPLL(A)4E, /74P #5172 U {P=value

Pvalue ¢<-FIND-UNIT-CLAUSE(-A)5E #5171

if P is non-null then return DPLL(T-AJ4E, FER75—-P, # % U {P=value})

- iIrst(=~172); rest < Rest(=+173

return or(DPLL(FFJ£E, rest, i U {P=true}),
DPLL(-FH)%E, rest, #5284 U {P=false}))




[(wzvi)h (1V3V4) A (2V3V4) A (1V2V4) A (2V3V4) A (2V3V4) A (wzva)]

((2V3) A 3VA)A @V3V4)A 2VIVA) A 2V3VA)A (2V3)| | @V3VA)A (2V4) A2VIVA) A (2V3V4) |

X,=10 \=1 xz=/

B)A (3V4) A (3) ] [(31.’2) A (3V4) A (3V4) A (3?4)] []

13=0

K3=1

CRANC)) @A @)

K4=0

X, =0
[UNSAT ] x4=1

=1
4 4
(UNsAT |

ig. 10.3 A sketch of the DPLL algorithm, acting on the formula
1 Vo VE)A(Z1 VI3 VENDA(T2 VI3 VZ)AN(TL V T2 V 24)A(T2 V T3 V T4)A

2 VZ3 Vza)A(z1 Vz2 VI3)A(ZT1 VZ2VTs). In order to get a more readable figure,
le notation has been simplified: a clause such as (Z; V z2 V z4) is denoted here by (1 2 4).




Mok

DPLLIT ] LS B SR i ~100 AF &

AN 1

o AR B AVA R EGER (Z 0 CSPs)

o 4R (divide and conquer)

o O N LVERMEMIEIL, TE NS FH], FH R % 3 rE 78

o WM WEETHEETS, f3DPLL FyERE— P S A0 (EE 0(1))
o Wl AR RN R CFERD IS QRS ERD
o AR RAE I FE HRFEE S O 2 1 TR =
o FFELLFK BN T AP RR BT S NE=E

DPLLI 3L IESEIA: AT LLK f# ~10,000,000 4% &




SAT R fift 28 1E I 52 7 1) N FE

FEL I 6 UIE B KR B ol FEL B i 1 4 HY IR A T 3R
BAFISAUE: FE e 5 T SR m I 45 8

ARG WA PR BRI 45 R 2

PR UE: 1X > 22 A PR SCRE 75 HA?

A s TR B WO T X AME 55 72 % A1
MR B BEAR AT R ?
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4 4

I /III

BT RE R A AAHE S RNIR + JERE

mIZ A JRAL 7RO RIRBEAT S5 B Vs
BN E S ARE, TR ARG, B ST

WIS ARAE T SR R A3 (ZD SRR




Definition 2 We say that an algorithm runs in Polynomial Time if, for some constant ¢, its
running time is O(n®), where n is the size of the input.

Definition 3 A Problem A is poly-time reducible to problem B (written as A <, B) if we can
solve problem A in polynomial time given a polynomial time black-box algorithm for problem B.
Problem A is poly-time equivalent to problem B (A=, B) if A <, B and B <, A.



P NP, and NP-Completeness

Definition 5 P is the set of decision problems solvable in polynomial time.

Definition 6 NP is the sel of decision problems that have polynomial-time verificrs. Specificially,
problem € is in NP if there is a polynomial-time algorithm V (I, X) such that:

e If T is a YES-instance, then there exists X such that V(I,X) = YES.
e If I is a NO-instance, then for all X, V(I, X) = NO.

Definition 7 Problem (Q is NP-complele if:

1. €} is in NP, and

2. For any other problem @' in NP, Q" <, Q.



Circuit Satisfiability is NP-
complete

\ circuit with three inputs, two additional sources that have assigned truth
ane output.




To express independent set problem

Have both ends

of some edge
been chosen? o

Have at least
two nodes

been chosen?

©® ©® 6 o9
0

1

Figure 8.5 A circuit to verify whether a 3node graph contains a 2-node independent -
sel.
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— AT RR )R B

returns — M T3

- KB, &3
t, B, WG4 0
TELL(KB, MAKE-PERCEPT-SENTENCE(percept, t))

action < ASK(KB, MAKE-ACTION-QUERY(t))
TELL(KB, MAKE-ACTION-SENTENCE(action, t))

T<t+
return action




254 FB 7> ] &= Pacman

Pacman 173)) X GER#E /38 B B En1E B
o PUMN RN AR B ARREREAN T IR 8 1A B

BB A HR BT IR AT 8

o /f@eg_@” A Ul B 2T R AR B WA R Y ET RS AR &
i i

o B A)F Ui TR — RS AR &2 WA 2 R A AR = A
Pacman 4T Bl BT ik %€ 1Y)

o FZEFAF: PacmanXt T WIUEIRZAS B TR

o YLAT T RS, WU, Pacman® BELE — NI TR — 4
H, FHA—EE NG H A — T




B K Bl B Pacman it 25 &

®Pacmanff &

WAt _1,1_0 (PacmanfERf %] 0fiz 1-[1,1]) At 3,3 1 &%
WAL B

mWall 0,0 Wall 0,1 ..
W 2 1Y)

®Blocked_W_0 (I7] P E#E S ALY, 7ERTZ] 0) &%,
miTE)

B\W 0 (Pacman [H] G823, fEBTZ)0), E_0 %,

NxN MHFL, T AN Z] => N2T + N2 + 4T + 4T = O(N2T) A=
ONT AT BE AR (HHE5) 1, N=10, T=100 => 103010




R IR A

FiIA U0 P2 A2 Pacman H B

Pacman /X 2| [ 5F — SR Z) t , FHK G I0EAE
x,y HH A — A E x-1,y
o Blocked W 0 <
((At_1,1 0 A Wall_0,1) v
(At 1,2 0 AWall_0,2) v
(At 1,3 0 AWall_0,3)v...)

o RFERR) T 2




T PR A R R 11 ]

GUIRAERS 2] t fAEALE xy I H A — AL E x-1,y, W]
Pacman 7£ N ZI| t 250 2] — B 5 78 Al i Pl i

o At 1,1 0 AWall_0,1 = Blocked W_0

o At 1,1 1 AWall_0,1 = Blocked W _1

o At 3,3 9 AWall 3,4 = Blocked N 9
W X R T H ] R

Yt

m R R N R RO R

W E AU EENAR AR N R

RN, Al RiE 2R ?




ALY (transition model)

BN LT E N2 RS T RE?
W) A A T Pacman LIRS AR A2 At xy_t, B, At_3,3_17
B MRS EPSCERME, RIE 4 NLE L (successor-state axiom)

o X, < [Xoqg A (3N action, , 24 false)] v
[—X..1 A (32> action, ; 1§12 N true)]

w5, XFF Pacman HIf7 & :
o At 3,3 17 < [At_3,3 16 A —((—Wall_3,4 AN_16) v (=Wall 4,3 AE_16) v ..)]
v [—At 3,3 16 A ((At 3,2 16 A—Wall 3,3 AN_16) v
(At 2,3 16 A —Wall 3,3 AN_16) v ..)]



VIR IR

WE BE AR ] e HIE E I WIGA AL E
WAt 1,1 OA—At 1,2 0 A—At 1,3 0....
mElE, B A AEANRNIE:
MAt 1,1 Ov At 12 0vAt1,30v..v At 330
WA R A FELT R - — A A e — R
B —-(WOAEO)A=(W OAS O0)A..
B-(W_1AE_1)A=(W_1AS 1)A..
M. AMWOVEOVNOVSOA..



RS TT

W [ Z 8 BEARAE TR 2 TSI L T B 1528 A 25 belief state) & :

o LR EATENIAN AT VE, 5 A AESES

o BT 2 FE CRFE (T /5EHT) 2 AT S 2RSS
T PR se R, THFEAASEPRES TR ', RALE—1
12 HE T A )

o 540, ¥ 19) 5& 75 KB A <actions> A <percepts> |= Wall_2,2

o fa] BLAH BCRAK: B — 20 BB J B — AN Be AR FEANMT B B B B sk



RS, HE

— N R S RS T
o IEREFAMT BRI LA S
o XMRFMIREALE X,
o WA X, AE M ZE R T, N2 KB
o IR X, AEMEZEWA, W AnE] KB O 0:0 0 0 O 0 ONO,

SWTEBIFPRS T RS L2 (S e od

o e AIRERIRE LR X, B X, EEABZTIR, FEE Y, Bl [~ ~Ala atA Al N A
—Y, WHEBAHE 28I, (H 2 T2, Flan, X vY,, 2 8
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SAT-Plan: k2472330 k]

T Bt kAT SRR R AR

function SATPLAN( init, transition, goal,T ,ax) returns solution or failure
inputs: init, transition, goal, constitute a description of the problem
T 1nax. an upper limit for plan length

fort=0toT .. do
enf < TRANSLATE-TO-SAT(init, transition, goal,t)
model < SAT-SOLVER(enf)
if model 1s not null then
refurn EXTRACT-SOLUTION(model)
return failure
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