o



Bl g
o]

My =
Alﬂ_ﬁ_m_u_uz

K ozr 2l go

ol K = OH

_ W & OF 1 = AT

| ol o ml IAE_/J
TR oo Mo < ol &M
_._u_“__ ._t o_ <| o1 o0 IM rE <0

I R e = =

EX|




il
al 14
& X0
gi) <
M _.m_._ﬁ .
a1 I
30 7 W
A H S e
W m R
T ==1
. R . -|..|,,.... ....x...:- .
] 3] T o )
H J 134 m |
R & o T H | 2
= < Y= =4 H | K
i _ o | ) % | o
. = T @ W el il
T ®lp, @ S m o i w4
=| Mk N H o] <| I @ | 0
.f...;...-..x h S \ . | x\ ‘ / -
- .. ] ,. - - )
~ . --.Lq ____"_l _.w”..unl —=
| m |
Com
__ _ML __
| =
R




L)

* C|O|E| I|Zt0j =

« [G|O|H (data)
. 7 200l BEE o
o AMAIQCI ZdX = 2t

= AH (information)

« HIOJEZ 7t&5t0 o FXO|L} 2Jo] =

ZHEE S A

= X|4 (knowledge)
- HEE F&AStn M50 22
CHoH AF2EO| O]slioh A

= X|&| (wisdom)

_qE
o)
+zo| B1



"X X| A (procedural knowledge)
- =MiZ2e EXt 7=

MAX X| A (declarative knowledge)
- O] CHMo| d&, EEO|Lt 2HA M=

ARES 8¢t X4 59 8 A

L Z2I0| A MY S USE HEs
. B, ZQ, =2, ol0j%, AFEE, X

Al (&03&, knowledge)
AYO|Lt mgS E o7 HEHQI 0|8l (understanding) 2t
MA=E 2X o8 s
OftH ZH|L} Zofof L3t O| 2% i AX|TQ 0|3,
L= ol ST AMad BRSO 25
A= K| (HFEA XN, tacit knowledge)
. HAS 230 EHOLY| 02, AT BYS S8 4L X
AKX (F A, explicit knowledge)
. B HAS 230l BEHE 4 s X4



% & (rule)

JE|

o

-
(=]

F A

1= 1
Ofgliot?| =

u lNOID:l' NOIE
IF-THEN
Xl

j

S AEr

H

-
o

O| =AO[Ct THEN



SE

% & (rule)

AdC

o
— —

o x>
S HELL

—

IF {=2S50| = O|Ct THEN A=
IF A= 50| W7tMO|CH THEN &

IF trafficLight = green THEN action = cross
IF trafficLight=red THEN action = stop

r-III

IF £

. I HEL A0 THSsE =
(=]

ENY
- X8 (conditional part, antecedent)

THEN 22
. X757} DIEE mo| TEHO|L} SE

- ZE 5 (conclusion, consequent)



A

= |[F <ZXZ41> AND <Z742> AND <ZxX713> THEN <Z &>
= IF <Z=Z1> OR <ZX742> OR <Z713> THEN <& 2>
a 24 (=]
=T

THEN <4 21>
AND <Z4Z2>
AND <Z£3>
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1 Ol cch

IFO{ S & O|Ct AND HO|
THEN $4H2 7HX[ 2 7fef

a|ct

—
o

KA LY

=
—

of 7|=ot12 O|qf Lt
= |F X7} HEQICH AND 25 0| H| AL}

THEN =8 £ ot}



» FAES B XA

| —

f
rot

= HEf (strategy)
- YT RESE B
- O EbA[o| T Ao et Ok THA O neig A0 A%
= IF X7t HERACH

THEN 9 252 =QISHC AND CHA1S 2Lt
= |F CHA10] BLCH AND Q2 EL2 =H3| AT}
THEN H{E{2|E = QISHCH AND CHA2E EHHECH
= S2|2AE! (heuristic)
- AYUHQ XN HHSIE U
« MEIMA Aol £H S 24 EZEo= AO0| OfL| 1 iMoo =2
Hi 2 x5l 242 5o

= |F A|27} QK| O|CF AND A|Z2| PHZ} 60| ZHO|CF AND HAZF A|2S}C}
THEN A| 2= OFA| EAHO|LC}
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=
, [ pEs ss A s
| == (slot)
myoo paes [ I A (facet)
Fd %% 3\': ra
f . H&(demon)
EX I YA =y
. L ZYAQ ER
/ } PIAE A ol

| | EYUHESAE
. MHAE WEN Y




& 2 YU (frame)
= DIAT|(M. Minsky, 1927~2016)7} K| Qtat X|A]

3. &

of| &

H oA
» S M| i R0 Ch MEHQ XIAS SR (slone] WHOE E

ot A

« 0. FES 2% I ¥

(frame

(frame-name Computer)

(frame-type class)
(CPU (default Intel)

(data-type string)
(require (Intel AMD ARM SPARCQ)))

(OS (default Windows)

(data-type string)

(memory (data-type integer))

(warranty (default 3years)
(HDD (default 1TB))

(price (data-type integer))

(stock (default in-stock)))

—
frame-name Computer
frame-type Class
default Intel
CPU data-type string
require Intel AMD ARM
SPARC
default Windows
oS _
data-type string
memory data-type integer
warranty default 3years
HDD default 1TB
price data-type integer
stock default in-stock




» DY MR
= S (slot)
« K o] &M (attribute)S

|=%t= A
« &2 0|5 (slot name)t && Z(slot value)2 2 74

- X 0|5 54 0|F

AL AN
2 2 &40

il
)

« & #(slot value)
— 2 79| mj&Xl(facet) 2} Ol (demon)l 2 T4



o TS| F 824 - Cont.
Ij &l (facet)

”_IQE’ C L 'OFAL

CH Mol EE X|’35H7| {5k ArE

. EH’}J O|E 1} of&l gte| o=

— data-type : U XIEH

— default : C|ZEE44(5E 20| FO{X[X| ?Jg M AHEEl= =
&2 |
= A

— require : =5l oF 2+ H|ek=x
default Intel
CPU data-type string
require Intel AMD
ARM SPARC
memory | data-type integer

7|27}
HA

)



L)

Do Yo AEea -

= 0| 2(demon)

. x|7g5|_| xHS nr=st

— if needed :

— if added :

— if removed :
— if_ modified :

HDD

512GB

price

look-up-the-list

stock

ask-for-vendor

HZ dd=d HZ 0|&



class) =&
S (class)0 Ciet HE H

= QIAEIA (jnstance) =8| Y
. EX MO O3t e B3

mﬁ

¢ =Hl—=

= Of% =3¢
- OI7 SalA =YY E= 49 2
o &2 =2 HH(inheritance)

I=
iy
0o
10
=~
ey

el A
HIO
— O



< =8| 7912 of : HRH
= Sof2 =YY Computer

(frame

(frame-name Computer)

(frame-type class)

(CPU (default Intel)
(data-type string)
(require (Intel AMD ARM SPARC(Q)))

(OS (default Windows)
(data-type string)

(memory (data-type integer))

(warranty (default 3years)

(HDD (default 1TB))

(price (data-type integer))

(stock (default in-stock)))

ol &

frame-name Computer
frame-type Class
default Intel
CPU data-type string
require Intel AMD ARM
SPARC
default Windows
0s .
data-type string
memory data-type integer
warranty | default 3years
HDD default 1TB
price data-type integer
stock default in-stock




(frame

frame-name Ultra-Slim-Notebook)
frame-type instance (class Computer))

CPU (value ARM))
OS (value Android))

HDD (value 512GB))

ol &

price (if-needed look-up-the-list)
stock (if-needed ask-for-vendor)))

(
(
(
(
(memory (value 4G))
(
(
(

(warranty 3years )

?

AL

Ultra-Slim-Notebook

E1I n frame-name Computer
frame-type Class
default Intel
CPU data-type string
require Intel AMD ARM
SPARC
default Windows
0s
data-type string
memory data-type integer
warranty | default Jyears
HDD default 1TB
price data-type integer
stock default in-stock
frame-name Ultra-Slim-Notebook
frame-type instance (class Computer)
CPU value ARM
oS value Android
memory value 4G
warranty | value 3years
HDD value 512GB
price if-needed | look-up-the-list o=
4/ -” [
stock if-needed | ask-for-vendor
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<+ =2| (R, logic)

- U2 BHE 2SO
N

OrEI E Y| A (Aristotle, BC384-BC322)
- 7|zl =™ 2EZ & FEZ St= T =H

B2 (George Boule, 1815-1864)

- HH =2|(propositional logic)2| O|2X 7|X =&

Z 2| A|(Gottlob Frege, 1848-1925)

- 0] =2|(predicate logic)2| 0|2 7|=E =&




4.1 X =cj

=R |

clEE
Il II." E
II T2 (syntax) ; =clg 878 CNF

f | =aiz asgon

i | B84 wellformed formula)

M=

[ ol A (interpretation)

#
|

(  @Di{denotation)

Bga =A@ AN
T

0 & (model) ; EE I} s F(satisfiable) =] &!
) %\

2] 0l {semantics) }

| =Z I8 (unsatisfiable) =2 &

u | SX27A
‘ =cl & A E(logical entailment)
i 23 =W (modus ponens)

| { H 38 =W (modus tollens)

| | FE R " & =W (syllogism)

|/ :'__‘ =cl B& (resolution)

| % I '._.‘ E E‘ﬂ [5 Dul'ld]-_ll' 32AH ﬁ :CO mp IE‘tE]

=t (axiom) / B cl({theorem)

| \ Zasy | FH3 59 (constructive proof)

, | =28 WY (resolution refutation)

| HA=dS 038 NAaEE




4.1 X =cj

\/
0’0

HH =2| (propositional logic)
= HX|(& =&, proposition)
- &, ANE 2o HEY
. Ojg|AEH AL ZalEO
- 1+1 = 3. (FA)
= YOILIAM OrE HXL (HA Ord)

AL Ol = O
= A =8

=
>
©
M
T F
02
=

» AN EP Qs E2 7|28 B

HA 7|=2o| 2|Zk(truth value)= AFESIY HX =0 2lsl] HAE =
oxtso| X3zt AA

o= L HA =2 O

« = AMe W& toll= Fad, =82 TalZoE

- =1 HA Yl —

A

rH



BH =7

< 7|2 "H|(primitive proposition)
= StLEO| Tl (statement)E2 O|FO{ Rl X[ EHR|Q| FHA|

\/

< ¢ YHl(compound proposition)
= 7|2 FHS0| A2k SO T A

o3 O1|
= AEMEE= OFA|OFE HELH2 P
. H7|AzIe QS Y=L - Q
. QAUNEE OHAIOIE Wr D, Wo|AZe §US WEC

—_—

&
o
>

@)



O/

BH =cle FE

< =2|Y(logical expression)

- YHE 7|52 B HA

« A7z, &1 AN S LtEtL = T2 F, 8N 7|22
el — v, A, =, =5 AFESI0] 18

T 31 =8|7|

=2|7|& 0|5 =24 olo|
- 24 (negation) -P P 7} opd
V 1=2|3H(disjunction) PvQ P E=Q
A =2]F(conjunction) PAQ P aea Q
— &+o] (implication) P—qQ P olH @
= = 2] (equivalence) P=qQ (P->Q)N(Q—P)




L)

%

L)

)

L)

L)

L)

L)

BH =cle FE

2| E{ = (literal)
= A 7|z Pt HA 7|Z=o P £H

H (clause)

« Z|HES0| =220t AAL|HL =252 2 ¢
PvQv-R (=3% &)
PrQrn-R (=37 2)

=2|&Z M4 (conjunctive normal form, CNF)
- £218 BE0] £aZez Haldol e 2l

(PvQOvV-RINQVRY SANPVRVS)

& (disjunctive normal form, DNF)
1 = 0 —EE|5F2§ AALO Q= =2|Al

(PAQAN-RIVE-QANRNS)VIPARNS)

rr
Tu
oot
o
ux

e
=

zl

=
—

|

Al
A



\/
0’0

MY

. =

BH =cle FE

(well-formed formula, wff)
|10l =220 = =24

. A =20 ChE HYA

i
5

pAg, p—q, p=q= AFAo|t}

) (1) (2)°l] ofsf 22

(PNQ)— =P

P — =P

PVvP—P

(P— Q) — (-Q—-P)



BH =cl2] 2|of

‘0

% LI2| HE(truth table)

» =2|7|20] met &, AN S Z2ecle YES LEY '
o 32 X2E
-P PVQ PAQ P—Q P=Q

I
F
F
I
I

Sl EE O
== = ="

=i = 3 3
— r | — —
2 = =i 3

R —L._=E| A O| olf 4 (interpretation)
« =gl 4 o] Hed= A85t= A
 P_TQ-FR-T
— (P vaQ)A(QVv—R) = F
" —‘?—*.J 2t HH7|zo TE|Zk 28 ER
- A 7|20 "BH"E EH91K|5’I_I sfe B2 Ti2lis 24d
— 0. p => "EOIE= IMYOIC}, P=F
- L3 E BHE A 7|=9 Qlﬁ(%ﬁ) EE = o|0|(denotation)2t &



BH =2|2| 2o
& =2|Alo] BEI(model)
= =c|Ao HN|Z|Z 0 AU E= ANUF)S S A
e PVv-Q)A(Q - —=R) : P=T,0=FR=T

= DEO| FOX[H, Z2|7E ArE0tH =2[A 9 TE|dt 24, 5 ol 7ts
P Q -P PvQ PAQ P—Q P=q
F F T F F T T
F T T T F T F
T F F T F F F
T T F T T T T

« nle BHZ|=7t =2l A0 AFSEIDHE, 44 T £ Fis 72 = U7

=0, & 2n7H2| 2EO| EX|



L )4

)

L)

BH =cl2] 2|of

Ef2st =2| 4 (valid logical expression)
« 2= bt ZEO| oA & Bl =24
= Y (EE, tautology)
« 0. Pv-P
P=T2A E2:Pv-P=T
P=FA ER:Pv-P=T

A (1K, contradiction)
« DE Jtst REO| CioiA A ARO| &= =24
« 0. PA—P

P=T E2:PAr-P=F

P=FA B2 :PAr-P=F



BH =cl2] 2|of

& EZ7FsTHsatisfiable) =2| Al

MO OIS 4 Qb BHO| SfL{ELE Qi a4
+ O (P v-Q)A(QV-R)
P=T,Q=TR=F

= £ 7} s ehunsatisfiable) =2| Al
Moz thE = Qs BEHO| MY Q= =24
#9140l =24
° O:” P A 5P



BH =cl2] 2|of

< SX|&A (equivalence relation)2| =2|A]
« OjHTH BRUO| CHSHM = 2 U2 He= F =24

(1) =(=p) = p

(2) pvVF =p. p AT=p

(3) pv—-p=T, pAr—-p=F

(4) =lprg) = ~qvV—q, —(pVg) = ~gA—q

(5) p—q = —p Vg

(6) pvigvr) = v vr, pAlgnhnr) = (pAg)Ar

(7) pvigng) = bvgnpve), pArlgvg) = prg) Vv (prg)



BH =cl2] 2|of

L.
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N >
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nH <
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=T 2 S
150 ~ F >
&0 o e
< 2T
q S JUN
> = T
= —~ = = Z
o Wﬁ\@}
Z > =
ol O s 2z
om ® S 2= IR R
— % E S &< T < ax- !
Mo S 2F= T
2 oo caRZ 2T 2
ru o > = = P = 2=
._t:__:_ s 2> s L 3y &7
m._._._ pv_mu‘,;hz.f\f;\f.;\w.fu_'kfm\;k
by : oy
._ohp._ol_a ﬁrbrﬂ\rw\@\@\@xmxw
T - <z2%2323333
o S s 0 Iy B
= T or = MW
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= A G wff)e| Heh A ={P, P — Q}
o: 38 0 =0
= A A= 2= HIAE HMRE BtE= BEHO|, o HMRE
= At o= =c|H 22 HZATIC}(logically entail)
= o= AE =2|H2E MECL(logically follow)
= o= A°| =E2|H ZAE(logical consequence)O|C}
« A7t EO|H, o= FO|Ct
= FE
- o= YTl AR BH, YHX[X]| Y2 & oF He

BH =cl2] 2|Of

ZA(logical entailment)
|

rl:l
rin



BH =c|e] =&

& FEE, inference)

X F=E(inductive inference)
&l 249| AMMES UBSHgeneralization)st0] Y HHE 0l
= 8HE ==ot= A

» HAHE FEE(deductive inference)
EHO| AJAl L= HEIE =

. RO MAME T UHER HE ME2 A0 A =
sj 2
PR
Ag gEd e A

- 29|(—)2] =E|H &AE 0|&3t0] ME2EE =2|4]
- 22 p—q

« p: ®AH|(premise)

« q: BE(conclusion, consequence)



HH| =2|o] =&

/
0’0

FEE & (inference rule)
= A0l =2|A S0 =E|He R Bt MER =22 IS0 E
|AMCE ML= &

« 38 =% (modus ponens)

p—q dole o a an
p Aot
T o pP—qDp l_q
g ¢+ Ag
« B =% (modus tollens)
p—q Motk —» & & 9
o~
- o ETE e —
A7} opih
P
« AT = (syllogism)
pP—q }.HO]]:]— — LE_L_;,-H7]_ %E}
qg—r 7k 9 —» @ 4 ok p—>q¢g q—r —p—r
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BH =<

— cont.

x
Al

FET

\/
0’0

x
A

_EI.

x
x2

!

o —
= LS

x
A

=], 2 =, M=ol 7

(resolution)

SRS

& 70

-
o
-

o
E|t|

» =2 &

=2| 8¢ Al (resolvent)

Pvqg,—=Pvr = qvr
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S xa
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o %0
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H Y 5

oz 2
<0 {0 ImA Rr
10 0 W7 =
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o~ 10
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ol e WRU
K" KL K
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M Kk

AFo - AEFE®

| 2t7’d (complete)
Of

o
N
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BH =c|e] =&

< dE|S Y (theorem proving)
= St|(axiom)
- TES E I, Bl A2 E FOX|= =24
= d2|(theorem)

o o
- S5 Ao g2[7F &8l A= Eol& A

e resolution refutation)
Hat M2l E 2™ (negation)dt CH, =2|
7

- 2 =288 WHS N0 B
o east S BOIM, HE|7t Aol S W
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-Q VR
R

P—R
QR
R

- g



S Al 71
+ BH =28 018e XI4 ﬂ;‘ IR "I ESS =5
OXto 2 _-H—__('D_:lEl_' Xl*—!EETE'I II— oMz =
" Eo— - s 2o
= ZH QX0 CHSH HE| 7| & . o5 oy 7|sse
e 74 7 = Xl'_lol-oll EHﬁEll—
= 7|2 S =2l dE A 4l

v BH =22 BHE K| Ao tfE 8
¢ o (- - o A OIDIS)_l-I_ n_?l:l_
= HA 7|=7} LIEILf= BA2| 2 =5
o) Faye)
- Cix0l 7|3 Gite S3iN FE 3




[ maoy s
| 78—
|~ RAS S AN EH
22(slot)
[l zyoe pHRs [ A2 (facet)
[l ) L osTa:
. it - = (demon)
| =3 | =2 =y
(| —ﬂ =YL EF
SIAEA Eyo
|I,' .'II [ mae
| EAxAsez
N RS IEr LS
I ,'I
(| ¥A
Il 2l B2
| I..-' =

I/
I 2 (syntax) ‘\ =cdl= 3«3 CNF
| =2z 37 ONF

|

| ]
f ]
|-

Il
I ,
| BEA |well-formed formula)

I
Il | | \_
A=
[ & (interpretation)

Il
9] 0l {denotation)

||I |
IllI I: |I
il ' BOE =g (Za)
9] 0l (s emantics) -
, -. -1
/" 2=jpsa(satisfiable) =2 A

If |
| 2 E(model)
£ = 3} s 8Hunsatisfiable) &= 2] Al

—

=

| =123

2 (logical entailment)
=& =W (modus ponens)

' 23 =¢#(modus tollens)

. ArE= g (syllogism)

=cl 8 (resolution)

| = 'f-f'--
| —’I HY4H (sound)} 23 H (complete)
| I'. Z 2(axiom) / B 2] {theorem)
[ \ 8cE¥ | F43 FY (constructive proof)
' | =218 M (resolution refutation)

| HA =AS 0128 qAaEH




o

Part Il



Z=(H (predicate)

=M stEAHI A StEA

/st
(=
=24 | B3y
1 ) A ZH(Skolem)
CNFZ9| i st
=2 oh(unification)
Horn &




4.2 =0 =cj

<+ =0 =2|(predicate logic)
« FHC &S CHR7| fIsh e, & S Z5tAL 0|52 40 et
&, 0| AL =E TN =2 &

= ZO{(kiFE, predicate)
« =9 'FO+MEO'YEIOM ME0{0f S
. CHAO| &=MO|L} CHA ZEO| BHAIE 7|6t 7|5
- B E= AN = Z=
- .

= Student(John)
= Friend(John, Mary)



= =X eHd Ab(existential quantifier) 32F MHE 8Hd Al(universal quantifier)
v AE
- B0l HR|E 1ot XA 7
e 3 x Friend(John, z)
— Johnz &7} oF H2 ULy
e Yz3Iy Friend(z,y)
RIL AT T ck
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\/
0.0

g0 =29 78

% of

5k~ (function)
= FO{Zl QIXIO CHBHA] & A ZfO| Ol B
= ZO0jL} CHE T2 OWE AHE

gk(term)
. B4l AR E 4 U A
. ol % Ak 2 NS, W, g4

—
1Y)
o
=2
_
fld
2
iIES)
A
35
uly
paih
)
oL
s
i)



5 20| =2 A0f s A

Vvx Yy Horse(x) A Dog(y) — Faster(x,y)

dy Greyhound(y) A (Vz Rabbit(z) — Faster(y,z))

Horse(Harry)
Rabbit(Ralph)
Vy Greyhound(y) = Dog(y)

VX Yy Vz Faster(x,y) A Faster(y,z) — Faster(x,z)



=0 =09 JF

< YXI =0{=2|(first-order predicate logic, FOL)
= B0 MA SPIALRL EX SHIAME £ = UEE T 20{=2

< X =0{=2|(high-order predicate logic)
« H=E0botL|2t =, £0]7|2 SO T M
EX HEAME £ = JZE o £0=2
« 35S S(X)
* 3gvx (f(x) = h(g(x))

Ot

S ALRE

-



<« 20| =C| S 0| 8¢t X|4 HY

(a) Whoever can read is literate. (O'% = Qo™ ZTWO| OfL|Ch
O OH O )

(b) Monkeys are not literate. (& 0|= = 0| Ct

(c) Some monkeys are intelligent. (™ €& 0| X[ O|Ch

(d) Some who are intelligent cannot read. (K| s & 0|0 &= &
(a) Y x[CanRead(xz)— Literate(z)]

(b) Y a|Monkey(z) — —Literate ()]

(¢) 3az[Monkey(x) N Itelligent (z)]

(d) 3 z|ntelligent (x) N —~CanRead(z )

O O Ol
—o=

% ch
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3 ePdAtol| 2wl Ha
olo|o| 7} &8
O —I|—I| HA o
3. EX SFEALO]| ZgE W
- Ii8Ee 20 7|28 &Mz BtEx= 4= B0 ThaAlA
- 2F#l St~ (Skolem function)
— =X oPEAL0 AgtE HeE ST =09 M sPdAbo| 2 E OHE
Hy=0| M22 g2 OfA|
- Yz 3ylPe)n Qlz.y)] = Yz lPlz)AQlz.s(x))
- 8(x)
» Q(x, s(x))Z O x0f CHiM = H2= HE= OFE 2| & (magic
function)
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2| & (resolution)S MY W= i3 &l= 2[HEHO| ZOIX[EE,
_l

=
A o x| -

— Know(John, x) v Hate(John, x) Know(John, Jim)

Jim/x

Hate(John, fim)

JF 3.5 Thst opEol of
rE Jm =2 WHoHH =2|&0 2lsi Hatel(.bhn, fim)0| E=5E,
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o 20| =2|2 x|Ae| 59

(a) VzlCanRead(x)— Literate (z)]
(b)
(c)

(d)

VY & [ Monkey(x) — — Literate ()]
3 z[Monkey(x) N Intelligent(z)]

» =oja GEiE Be

(1) =CanRead(z) v Literate(z)

(2) —Monkey(z) \V —Literate ()

(3) Monkey(A)

(4) Intelligent(A)

(5) —Intelligent(z)V CanRead(z)
d)E =2lge =4S 0|8510 SHoH7| 77

=

O

3 z[Intelligent (x) N—=CanRead(z)] « ZH

*

dE &

()2t (5)

(6) —Intelligent(x)V Literate(z)

(2)1F (6)

(7) —Intelligent (x )V ~Monkey(x)

(3)2 (7)

(8) —Intelligent(A)

(4)2 (8)

(9) Mtelligent(A)A —~telligent(A4) = nil

dolo 20 TWstEZ, (d)7F T



=0 =f|e] FE

<o =0 =2| 2 X|Ao| FH
(1) —~CanRead(z) v Literate (z)

(2) —Monkey(z) v —Literate(x)
(3) Monkey(A)

(4) Intelligent(A)
(5) —Intelligent(x)V CanRead(z)

— CanRead(x) V Literate(x) = Intelligent(x) Vv CanRead(x)

e

—Monkey(x)V — Literate(x) — Intelligent(x)V Literate(x)

\/

Monkey(A) — Intelligent(x) VvV — Monkey(x)
Alx
Intelligent(A) — Intelligent(A)
\}?—4\—/



=2 Z28|Y AHOf

% Horn & (Horn clause)
« =2[AZ =2 FEfE B I, -A(X) v -B(x) v C(x) 2F Z0| 38
ol 2|HEHE ZX|CH StLtTH 5 &

% Prolog
» Horn 2T 5{&St= =2 Z22iY A

father(noah, shem).

father(noah, ham).

father(shem, elam).

father(shem, arphaxad).

father(arphaxad, caina).

grandfather(X,Y) :- father(X,Z), father(Z,Y).
:- grandfather(X.,Y).

= B4 E 2 A (backtracking) 0| &5t0] A&l
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is-a
=5 A
has-a [ part-of
FE
HFHE

e



o|o|'s

%

% 2]|0| 2 (semantic network)
= X|AlS 0|E BA|(binary relation)2] O 2 B
= LEQpTEY Mo E FEE= d2|ZE ArE S|
« T (node)
— CHA, 7H'E, 389, MEl, AtA
- 7t (edge)
_ A U EE 0
— Ao M2 Wk
— A of o0& LIEILE BHE 2O



o|o|'s

< 2|02 o

is—a(Z5F, 58), is—a(EZH5, 55)
has—a(&5F, 219), can(Z&F, ¥E7))

can(F5, 270, is—a(dd, &7
cannot(HH, 7)), is—a(FIM, =7

do(F&, &), has—a(F&, I%)

do(F&, °%), has—a(&&o], G7l2& Hi5)
do(Z o] 24D, is—a(E7|, 85

do(E7], Z4)), is—a(ESE], A
can(Fd, 4%) is—a(vh, E7))

o= A0
do(FE+57, it

a2 3.7 ojojel of
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< o|0| UM AL E|= EA (relationship)

" js-a
- M2 Felaet ol el A 2HA|( 01| |s A& s2)), Ec
ZHH| | ZAH (O, is-a(EQIE|,ZSEA LIEFLHO] A= &
. AO| HZO| 2N S AR
oT -1 O =

o 0| ™ (transitive) A 2=
is—a(X,Y) A is—a(Y,Z) — is—a(X,Z).

is—a(FA.27) A s—aE&F.FE) — s—a(@A.F5=)

= has-a
- HH-FE2 A
. part-of2} &2
— has-a(X,Y)O| ™ part-of(Y,X) ‘dEl
- FO[H A THF
has—a(X,Y) A has—a(Y,Z) — has—a(XZ).
part—of(X,Y) A part—of(Y,Z) — part—of(X,Z).
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= C}S BA = "B A (relationship)’2 “ZH & (object)’ 2
« AFE3l(reification)

- 0. 280|= X 7S 5FE dxNX| nY0|E 7|1
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» olO|ToN 2
» AM=Z(inheritance)S 0| &
= HE0 Cfet oofLuf XAl LIEI = 2|0/ = Hlu
= AF 0. A2 HS =717
. can(A @, I i
- is-a HACS| HME M2t 27 LEE O|F

- can(ZR{, €EIN7 ULEE HEQ| H2 &

o
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= 0. B 7|Ate] 7] =2




<« oojToM FE N .
: FOIT XASRRE MEL AHS OBOfLHE FEE Tt
. ol ojo|y B

o Of. ALZH10] ALZR20|AH AFE1E FH, AlERE AIE1E 2 /3H €t

- O Are: B2t 204 BEX[E FACE
» AE1=H=, AE2=89], AtE1=1]
» T2 21 3|7} #X[E 71X Ut



< o|Ojo| m Yo =o| tHet
= LEHZ Tl Ay
= L EO|A L7t 7

frame-name A frame-name x=
frame-type Class frame-type Class
is-a x5 is-a SE
can +4 can 27| e
cannot = has-a AL
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o L—_
AFRE 0|8 A
E #i(track) fAEZC A
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ZtiHproperties)
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(entry conditions)
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(scenes)
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==ZX|

<« SEE2X|Q| Al
= Amazon.coml| 222l &4 ZFHEHE]
» dmoz(Directory of Mozilla, www.dmoz.org)
- TOFEE gl CldES| MH|A

[dmlo]Z]

In parinership with

Aol.

about dmoz |dmozblog |suggestURL |h_elp_ |@ |edit0rlogin

Search | advanced

e

rts

Movies, Television. Music. ..

Games
Video Games, RPGs. Gambling. .

Kids and Teens
Arts School Time, Teen Life .

Reference
Maps, Education, Libraries ..

Shoppin
Clothing. Food. Gifis ..

Business
Jobs, Real Estate. Investing ..

Health

Fitness Medicine Alternative ..

News

Media. Newspapers, Weather. ..

Regional
US, Canada UK. Europe. ..

Society
People. Religion. Issues. .

Computers

Internet, Software. Hardware ..

Home

Family. Consumers Cooking. .

Recreation

Travel, Food. Outdoors, Humor. ..

Science
Biology. Psvchology. Physics. ..

Sports
Baseball Soccer. Basketball ..



http://www.dmoz.org/

2= 2X]
» 2= EX|9| AlH| - cont.

= UNSPSC(United Nations Standard Products and Services Code)
- HF 2 MH[A &0

= WordNet(wordnet.princeton.edu)
- GOf THOe] 02 = &1 O =F AO|2] Crot oo HAIE 7| =

— | S

WordNet Search - 3.1

Word to search for: |ontology Search WordNet
Display Options: | (Select option to change) ¥

Key: "S:" = Show Synset (semantic) relations, "W:" = Show Word (lexical) relations
Display options for sense: (gloss) "an example sentence”

Noun

« S (n) ontology ((computer science) a rigorous and exhaustive organization of some
knowledge domain that is usually hierarchical and contains all the relevant entities
and their relations)

o domain categor

» S:(n) computer science, computing (the branch of engineering science

that studies (with the aid of computers) computable processes and
structures)

o direct hypemym | inherited hypernym | sister term

« S (n) ontology (the metaphysical study of the nature of being and existence)
o direct hypemym | inherited hypernym | sister term
o denivationally related form

« W: (ad]) ontological [Related to: ontology] (of or relating to ontology)
"ontological speculations”




==ZX|

<~ 2 EX|2| At - cont.
= UMLS(Unified Medical Language System)
- 95Ol 0] EOMAE S

SNOMED-CT(Systematized Nomenclature of Medicine - Clinical
Terms)

+ 2|2 80|, A0, 2 E

= LOINC(Logical Observation Identifiers Names and Codes)
- 2 dAEE LYY 8o 2= HA

= GO(Gene Ontology)
« FUXL FHX M=

= FreeBase

+ Google Knowledge Cloud®|A| ALE
- AZHS0| 2HE RDF JFEH2| X[ 4



Z2=2X

o %%EIlQl *I‘E:“ — cont.

= 9|8 80 2E 2X|] SNOMED-CT2| Zt7|(common cold)0]| CH3t &=

Parent(s):

(Select a parent to make it the "Current Concept".)
Viral upper respiratory tract infection (disorder)

Current Concept:
Common cold (disorder)

Child(ren):

(N=0) (Select a child to make it the "Current Concept".)

Current Concept:

Fully Specified Name: Common cold (disorder)

Conceptld:

82272006

Defining Relationships:

Isa
Causative ag

rs

Viral upper respiratory tract infection (disorder)
Virus (organism)

Finding site

Upper respiratory tract structure (body structure)

Pathological process Infectious process (qualifier value)

Qualifiers:

View Qualifying Characteristics and Facts |

Descriptions (Synonyms):

Fully Specified Name: Common cold (disorder)

Preferred:
Synonym:
Synonym:
Synonym:
Synonym:
Synonym:
Synonym:
Synonym:
Synonym:
Synonym:
Synonym:
Synonym:

Common cold

Acute coryza

Acute nasal catarrh
Acute rhinitis

Infective rhinitis

Acute nasopharyngitis
Infective nasopharyngitis
Head cold

Acute infective rhinitis

Cold




==ZX|

o 2EERX| 9 XMEH
« O|0jYut H|=ohA g do| (e AHEZ #H Jts

= RDF(Resource Description Framework)
. XM 0 CHEH MIEFH| O] E{(metadata, CIIO|E{Of| CHH HIO|EN)E 7|&
St= HAM|(specification)



==ZX|

v 2EZX|o| X|AE?

= RDF(Resource Description Framework)
. EI-I I:HM2 7|=5t= 7tehsl 2% (sentence)

- (subject)+ Al & O] (predicate) + 5 X 0f (object) 2 I}t
- Xf% CH & resource) — S8(E3, 01t ZH O ZHA, attribute) -
(value) 2 £}

- abc 7| 2| O|H 0| kdhong@abc.orgl SZ& F&0|2t= ALE
http://www.w3.0rg/2000/10/swap/pim/contact#Person

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type

http://www.abc.org/People/EM/contact¥#me http://www.w3.0rg/2000/10/swap/pim/contact#fullName

http://www.w3.0rg/2000/10/swap/pim/contact#mailbox

Ofot

mailto:ckdhong@abc.org

http://www.w3.0rg/2000/10/swap/pim/contact#personalTitle
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» 2ERX|Q| XA EH

L)

= RDF(Resource Description Framework) — Conf.

- 75 dH2 ¥

http://www.abc.org/People/EM/contact#me, http://www.w3.0rg/2000/10/swap/pim/contact#fullName, "= 2 &"
http://www.abc.org/People/EM/contact#me, http://www.w3.0rg/2000/10/swap/pim/contact#mailbox,
mailto:kdhong@abc.org

http://www.abc.org/People/EM/contact#me, http://www.w3.0rg/2000/10/swap/pim/contact#personalTitle, "F2&"
http://www.abc.org/People/EM/contact#me, http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type,
http://www.w3.0rg/2000/10/swap/pim/contact#Person

« XML HEjo| ¥

<?xml version="1.0"?>
<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:contact="http://www.w3.0rg/2000/10/swap/pim/contact#">
<contact:Person rdf:about="http://www.abc.org/People/EM/contact#me">
<contact:fullName>Z Z & </contact:fullName>
<contact:mailbox rdf:resource="mailto:kdhong@abc.org"/>
<contact:personalTitle> £ % </contact:personalTitle>
</contact:Person>
</rdf:RDF>



==ZX|

% %%EXlol Il“ :l — cont.
= RDFS(Resource Description Framework Schema, RDF 27| 0})
- RDFE AIESI0 2E=2X|E £ [f ALY &H 03] 2EZX]
£ 89 st= 210

{rdfs:Class rdf:ID="http://schema org/given#Person">
(rdf:typey {(rdfs:Class) {/rdf.type)
{/rdfs:Class)
{rdfs:Class rdf:ID="http://schema, org/com#Chair")
{rdfs:subClassOf rdf:resource="http://schema_org/given#Person)
{[rdfs:Class)
{rdfs:Property rdf:ID="http://schema_ org/given#name")
{rdfs:domain rdf.resource="http://schema, org/given#Person"}

{/rdfs:Property’



2= 2X]|

X %%EIlq XI*I =| — cont.
= RDFS(RDF £7|0O})

..............................................................
................
.........

A

rdf:type rdf: type

rdfs:subClassof

rdfs:domain

......................................................................

{rdf:RDF
xmlns:g="http://schema, org/given" xmlns:c="http://schema, org/com"y
{c:Chair rdf:ID="25A"
(g'name) "§7Z%F" {/g'name)
{/c:Chair)
{/rdf:RDF>
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5 2ERX| X AEH

= SPARQL
- RDF ¥EZ XZt=l 4|O|E{0f CHet & olof
o)

(@)
- SQL FASH 2H

PREFIX contact. <http://www.w3.0rg/2000/10/swap/pim/contact#>
PREFIX rdf: < http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
SELECT ?name ?email
WHERE { ?person rdf:type contact:Person.

?person contact:name ?name.

?person contact:mbox ?email. }



==ZX|

7

o 2SEX|L] X[Amd
= RIF (Rule Interchange Format)
- FHS ™olst mES}y| Qe F

—

Prefix(ex <http://example.com/2008/prd1#>)
(* excrule_1 )
Forall ?customer ?purchasesYTD (

If And ( ?customer#ex:Customer
?customer[ex:purchasesYTD->?purchasesYTD]
External(pred:numeric-greater-than(?purchasesYTD 5000)) )

Then Do ( Modify(?customer[ex:status->"Gold"]) ) )

ChS|EHE =X JOj=2MU0| $5,0000|40|H “Gold” S22 =™
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< OWL (Web Ontology Langauge)
A= #9017 ?

- H g2 XEnt 0|52 £d0f tiet X
O]
2t

O| S}LtO| hasVintageYear2t=

(owl:Class rdf:ID="Vintage")
{rdfs:subClassOf

{owl:Restriction}
{owl:onProperty rdf:resource="#hasVintageYear"/>

{owl:cardinality
rdf:datatype="&xsd;nonNegativelnteger') 1{/owl:cardinality>

{/owl:Restriction>
{/rdfs:subClassOf

{/owl:Class)



==ZX|

2l
= o

EX|9]
BHE! ¥l (semantic web)

2lo| HO|HE AZEY 0] OfO|ME
7} O|8li5Ho X|'57519§ gagt
REZ St= A
o] M2 AA Tt Tim Bernes-Lee?}
=35t 00| C| O
o|0| A= Efd(tag)E HolsI 2 A
£ 7|=95t7| |Si XML AHE

Ef 3 Gjo|E el o|n| siAZ <|3h
RDF Ar%
22X 152 Soff e A HEf
HIO|E 2| o|O] oA

ﬁ

AREAE Qe Hle]~ 9l 3-8

412
.‘r‘}':lg
54} =2
2E87]
2 o] OWL T3
SPARGL | RIF/SWRL o) &
o RDFS o
dlole) wat
= =4 XML
URI/UNICODE

T1E 3.5 W3C A|HE] g J|g AL
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2E2X 75

= Protégé
x4

i Clazsses ||| 8| X Class description for annulate lamellag
Watch Branch ¥ Search: Ve Display name
=) owl Thing
) biclogical_process
= cellular_component IRI
= axon part
| axoneme part
] bacterial-type flagellum part
cell
] cell cortex part Annotations
@ O cell division site part rdfs:label
] cell junction id
= celpart definition

(== e R Ea R

£ 2 X| 2} RDF

S

Jo ofn

= e =3
— =

23t GUI 7|Ht9| @E AA 2EZX]

annulate lamellae

apical complex

apical part of cell

ascus epiplasm

aspartate carbamoyltransferase cor

basal labyrinth has_obe_namespace
basal part of cel

basal ring of apical complex

CD20-Leck-Fyn complex Properties
CD20-Lck-Lyn-Fyn complex part of

cell body

cell division site

cell division site part

cell envelope Sec protein transport ¢
cell leading edge

cell periphery

cell pole

cell projection

cell projection part

cell septum

cell septum part -

annulate lamellae
GO:0005642

Stacks of endoplasmic reticulum (ER) membranes
containing a high density of nuclear pores, thought
to form frem excess nuclear membrane components,
that have been described in a number of different
cells. Annulate lamellar membranes are continuous
with and embedded within the ER.

cellular_compenent

nuclear outer membrane-endoplasmic reticulum
membrane network
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oFot 2t /42| X[ 4]
okot Qb (weak implication)O| L} OfOfSF A 2H2A|(vague
association) @l X|&lQ| H
Ato|o] eiEtdol Z e

ex. IF(E)QF THEN(FSHOF & &

= 2t & (certainty degree) A&
= H|O|= 2| (Bayesian theorem) A2 HH

E
o
H o

HEst Q10| AL
« XFAO{(natural language)= =AML 2 B35l (vague)
(imprecise)
), = &Lk(heavy)

ex. Xt=(frequently), 2 EHbig
= I X|0| & (fuzzy theory) A2 HH



23AISH X|Al 58

- = L

» 28| A - cont.

= E2tM5tHLE(incomplete) 2 El (missing) C|O|E{0f 7|8FsH X| A
= ‘LM X|X] &2 Z(unknown)'2 Z 7tFSI1, ZAIECl FE
(approximate reasoning) 73

0%

Skl= XA S

- B&El Al (contradictory opinion)2t &&= X| Al (conflicting
knowledge)ol s

= K4 &2 HE JIFA] 20



< 2t & (certainty factor)
» 1El(rule)f At (fact)e| ME|IHEE [-1,1] 7429 42 HHA
o 1 (E|-I-II-I A|§|) _1 I 3|

J>|
rlHII
L—

« A AR = E of £

« &l :IF 4 THEN B cf(r) IF the sky is clear
o AfA - 4 cf(A) THEN the forecast is sunny {cf 0.8}
- FE 21k B cf(B)

2t Zof| 2 o8 THof
= —1.0 : 2L OrL|C} (definitely not)
—0.8 : 79| =& 3| OFL|C} (almost certainly not)
= —0.6 : OFO} OfL| ZAO|Lt (probably not)
= —04 : O|X & Ot'Z AO|Ct (maybe not)
= —02 ~ 0.2 : 22ZIC} (unknown)
= 04 :0{X™ 1= AO|Ct (maybe)
= 0.6:0F0F 1= ZO|C} (probably)
= 0.8 : H2| =ASICE (almost certainly)
= 1.0 : SASIL} (definitely)



2l

o RO S X2 Halo| FME

IF A THEN B cf(A - B)
A ZAD ¢f (B) = cf (A)xcf(A — B)
B cf(B)
IF A and B THEN C ¢f(A - B)
A cf(4) cf (€) = min{cf(A),cf (B)}xcf(A - B)
B ¢f(B)
C cf(O)
IFAorBTHENC c¢f(4 - B)
A cf(A)
B cf(B)

C  f(O) cf(€) = max{cf(A),cf(B)}xcf(A - B)



2k T
< mHof et =& Aol =M E - cont.
IF sky is clear

AND the forecast is sunny
THEN the action is ‘wear sunglasses’ {cf = 0.8}

'sky is clear’ c¢f = 0.9,
‘the forecast is sunny' ¢f = 0.7

‘wear sunglasses’ ¢f = min{0.9,0.7} X 0.8 = 0.7 X 0.8 = 0.56

IF  sky is overcast
OR the forecast is rain
THEN the action is ‘take an umbrella’ {cf = 0.9}

'sky is overcast’ cf = 0.6
'the forecast is rain’ ¢f = 0.8

‘take an umbrella’ ¢cf = max{0.6,0.8} X 0.9 = 0.8 X 0.9 = 0.72



< T30 ciet =& 232 F4k - cont
. of2f 0| o3t BY A B2 SUE 2

IF A THEN B cf(A - B)
A CF(A) cf1(B) = cf (A)xcf(A > B)
B cf (B)
IF C THEN B cf(C - B)
C cf(C
_ C}{EBi ¢f2(B) = cf(C)xcf(C — B)
cf +efy+ (L—ef,) ifefy =0 andef, =0 Feficfy)
) i ) B r:j'1+r:j'3 . o = =11 lo} © >~ ¢ f].fz
r:j(r:jl._r:jj} 11— miﬂ{ cfilslefs ] a thﬂ' f—fgf':'ﬂ e 0.8 06 0.5

cfi+efy s A+ef,) ifef, <0andef, <0 ~1-min[0.8,0.6]



9.2 &% ==& B¢

-1

< 22L& (probability)
. OfWE AFZAO| Yol THs A

. sE9| o|n)
- MLIYIE ZHE(relative frequency probability)
— HIEFO|X} =& (frequentist probability)
— MH 2 2[5 OfH| 2t Arde| AT Bl
EEFT S

ZEdE 29 AFA
- FHA 2E (subJectlve probability)
— 2 = TS0 FHE(degree of belief)
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ol
289
5o
853
0 2%
pﬂlr
2 <N
c
= -~ O
Il & <
or < ™

| |

Z4
=
[

\/
0’0

all.

FEE ARV 2

N AR 7F B, B

e A

= 0.25

9
3

« P(A,B)

6

E e T i T i T wii T s T i

[{w e R (e R
cenxes
S ooboin
cenzeas
S
DEnzee
o @ e o
— 0] 0 o=P D b

it M e e e et

—— — — — — —

Tt M e e e

—— — — — — —

Tt M e e e et



P(ANB) P(AB) P(A,B)

(L. (1.2) (1.3) (1.4) (1.5 (1.6)

2.) (22) (23) 24 (25 (2.6)
| 3.D) (32 (33) (B34 (35 (3.0 ] P(A|B) = P(4,B) — 1/36 =l
4.1) (42) (43) 44 45 “o) P(B) 6/36 6

(3.1) (5.2) (5.3) (54) (5.5 (5.6)
(6,1) (6.2) (6,3) (64 (65 (66)



NS BE  JISE AH BE
| | |
| | |
_ P(BIA)P(A)
P(AIB) = —— ®)
s

P(A,B] P(B|A)P(A)]
P(B] P(B)

P(A|B) =

« At® Z2HE(posterior probability)
« 7ts X (likelihood)

« AP 2HE (posterior probability)
« S7{(evidence)



HE7H0]| oot 2k A 0f et 5= 7Isk LS, 2R 7[sk LNt &
pN|
54 ->B [F today is rain
THEN tomorrow is rain
= 7Is X (likelihood of sufficiency)

p(today is rain|tomorrow is rain)

e IS = M ~ pltoday is rain | tomorrow is dry)
P(A|—B)
- 7 p(today is dry | tomorrow is rain)
AL | =
28 Jlsk (likelihood of neC@SS"EY) 1 p(today is dry |tomorrow is dry)
.y = PAB)
- P(—|A|—|B)
T N Rule: 1
Al E_:l—t == Anof cfst IF today is rain {LS 2.5 LN .6}
AtdzgtE (prior probablllty) 729 THEN tomorrow is rain {prior .5}
Rule: 2
IF today is dry {LS 1.6 LN .4}

THEN tomorrow is dry {prior .5}



= AZ & E (posterior odds)

- 0(B|A) = LS x 0(B)

« 0(B|-A4) = LN x 0(B)

_ _0o(Bl4)
* P(BlA) = 1+0(B|A)
. P(B|-4) = -2E824)

Rule: 1
IF today is rain {LS 2.5 LN .6}
THEN tomorrow is rain {prior .5}

. L 0.5 _
O(tomorrow 1s rain) = ] : = 1.0

—
L

O(tomorrow is rain | today is rain) = 2.5 x 1.0 = 2.5

2-\
p(tomorrow is rain | today is rain) = T g = 0.71

[~




9.3 HX| O] =
% Her=
» XHO{Q| THO{(word)= EEO| 22X Q0 HH
- 'AtsAHE AtEsKEe| HEt
« ‘At o O = AtsAF Heto| |4 ofLt

ot

= U FEe(crisp set, classical set) X
« A x&= XO| FStHLEx € X), X0 ZotX] £EHLE(x ¢X) = & ofLt
- Zgtof FEtet 747-'||E ny
dete| Aa0E 1, 7f ofdl o= 09 2% (membership)



HX| O] =

2 JEO|L} HIT} S O EE(= 540l X = T}
» KA vs @ EH}O

= A (degree)? &X|
= M X| &Heh(fuzzy set) =&



HX| O] =

< I X| & e (Fuzzy Set)
= AT 2 R(collection)0f] = HE £5iCH= 2
= HH= & £= AXO| OtL|2t O Bre= BREH
Moz A3
= 2% 5 (membership degree)= [0,1] B9 Agf0 2 HEH

|o
Hu
0

0.4 =

L2 =

0.0 R I N I N SN N I B
150 Lty 170 150 150y 200 210

7l(icm)

18 3.16 ‘ALK S LiEtd= &89 of

AHOIALE 22



image : Michael Negnevitsky

Degree of membership

G5

e o o

e 2o
o

HX| O] =

0|2 (linguistic term)2| EH
O|Ct(average), A Ch(tall)2| H#TH

Short

Average

170 180 190 200 210

Heilght, cm

ke]
I

170 180 190 200 210
Helght, cm



. ASEAR BHE A0{HS TS 7K

=1
J*.*

fuzzy rule) A&

- -

[F Au|A7F Umzu) 2.4)o) WZolc} THEN €S AA Zc}
[F Au]A7} Fv} THEN €& Rgo2 &rf
IF AB|A7F Z§8H7u &4]e] gl THEN §& Wl &t}

u

!

‘LiCy BLY, '=2&ott, "2 2 0|0, QUL ‘HLt, 'HSO[Ct, "Bt

Y

= (O



<« TS =gict X|4 7o
. dojES EHGE A4S

¥ service
K service

[F' service

U} OR food = ¥ 20|} THEN tip
Zr} THEN tip = ¥ Eo|t}
T 55} OR food = 4kelc} THEN tip

Bt

Ut o} HEelct

EHar et

=
=)

: /{\

AN

f \/

Service

o 5

a3 317 oo AaEs

/.lf.%ﬂ\/ / g |
T'i‘..p o - n



HX| O] =

< IX| FE(fuzzy mference)

Her= B ?_101° = AFESteE HX| AES2 235
oo 7|2 Hol s &

= 5o &= O, X5 =&0| 7tsslE
. 2XIZ YO T £ FHS MA
W2 o} THEN tip = Ao}
2t}
scll:\'ic:a : S fl';:od: ti-p

service = 3, food = 2

et [ o]}
l o\
1 a4

o 1 2 ) 5 [ ' [] CRE] @ J J w
service food tip



HX| O] =

O/

< I X| FE(fuzzy inference)
e M 7o TR | ht 22 Zt

IF service = WL} OR food = ®¥Zo|t} THEN tip = At}
IF service = £t} THEN tip = HEFo|c}
IF service = Z§3lt} OR food = 9r¢lt} THEN tip = Wt}

tip

= H|I{X|2}(defuzzification)
- X[ FEO| AuE dF U2 Heldt= A

—

« 0. 2H % 2 (center of gravity) &

g

tip



HX| O] =

< 0. HAET E ALt
= AMH|A BTk (service)t 4 BIHEk(food)O| [IHE El(tip)2| 37|

[F Au]A7F vpmzu) S4]o] 2ol THEN He AA +ct
IF AMu|A7} S0} THEN §2 ¥Eo2 Zr}
IF Au|A7F EJ5HAY &4 0] kol THEN H& Wol &




o

Part IV



2= A RDF
- o
=S8 A B3

]

F=TXENH 2 O5H

HOIX2 HEAA

=3 HEHAA

A=
_:F_E .'__,-
g L FEFE
;
- FEHOIA
| -
TE W AAS | JE I AAS DE ot 2P
\ F=uxm

JESS

==Y



92I-

&(i‘%ﬁ-’.‘-)wl Chst SHES A

JEH 1L El:'"

Mot

A O] -
— ™ I_I-TAIIKEE

=]
=



Jej= md

< 2& 2= R (probabilistic graph model)
= 0. 2 ZE &H|
« BTt HASHAL X[TI0] TdSIH A& T
- ZE7 22|H 0|R20| M3}

QAT 0| BER B

i SLALS
- =24l
512

»

-

SHE B2~ (random varlable)
(B burglary)
‘4 (E; earthquake)
(

N; neighbor call)

o
» o
» X| &l
» Of




2s dcjE B

» A FE EHC ZHER
- A& 2dE), 2 &

r

oz Hl
C
ox
HT
0=
0x
>

. ApeE 2E2 B
E B A N s
F F F F 0.56133
F F F [ 0.06237
F F T F 0.00126
F F T T 0.00504
. : . . 0.0243 487t 2% [ O|x0|
F T F T 0,0027 §|'_c;|' é!‘%%7
F T T F 0.0486 PIN=T|IA=T) =?
F T T T 0.1944
T F F F 0.0189
T F F T 0.0021
T F T F 0,0098 Ol-j%()l II_-|§|.§}I-1% [[H E:,':_I_Ol
T F T T 0,0392 %91% z!_%%?
T T F F 0.00027
T T F T 0.00003 P(B=TIN = T) =7
T T T F 0.00594
T T T T 0.02376




2s dcjE B

o ZHE S8 SFEEEO| ol=E6] (factorization)

R
\J
I
An
L

= (independence)
« P(E,B) = P(E)P(B)

ZHE =2 (conditional independence)d & 0|8
« P(R,A|E) = P(R|E)P(A|E)

ot

SR 20| Ol=FE 5|
- P(A,B) = P(A|B)P(B)
* P(Ay,Ay, A3, Ay) = P(A1|Ay, A3, Ay)P(Ay|A3, Ay)P(A3|AL)P(AL)



olL=
25

o

cj= &

-|-

» IR SUS 0|8 AELTO| A £
= P(N,A

E,B) = P(N|A,E,B)P(A|E, B)P(ElB)P(B)

Ot =S RAE 22 A E

-

P(N|A,E,B) = P(NlA)

P(E|B) = P(E)

)P(M)P(A})E,B)P(E}P({)\
A E 8

a | N E |8 | .

F o9 o1 F | F |09 o0.01 09 0.1 07 0.3

02 08 Fo| T o1 09

T | F |03 07

T [ 7 |00t 099

PIN=T,A=T,E=F,B=T)
=P(N=T|A=T)P(A=T|E =F,B=T)P(E =F)P(B=T)

=0.8%x09%x09x%0.3
= 0.1944



2s dcjE B

< H|O| X[t L (Bayesian network)
» XAR SES Ho2 HAHE AHERELZE B el Z(directed
graph)2 &%t A
« LC.Z2E Hp
« O X| : o|E2A
= P(N,A,E,B) = P(N|AE, B)P(A|E, B)P(E|B)P(B) = P(N|A)P(A|E, B)P(E)P(B)

E B
F [ I T
0.9 | 0.1 0.7 | 0.3
. A
E| B :
F|F |09 |00
F|T| 01 | 0.9
T|F| 03 | 07
@ T | T | 0,01 | 0.99
N
A P T
F| 09 | 01
T 0.2 | 08




StEE X E 2HSF J2) X (undirected graph)& A2 S B3
Of2 3 2 5% E (Markov random field)2t 1 & gt
ERLE @A (factonN=2 222 HT
A B C D 2 &
a’ [0 1 [d° 0.04
. a | B0 | 0| dt 0.04
ﬂ:fh_tuiﬂ ) f 11‘3.5) a |0 | et | d° 0.04
o i] [N z” E] i a(l b(] el | dt 41 - 10—(-3
) 01 a® | bt || d 6.9-107°
4l gl a B 10 a | bt | | d 6.9-10°
a® | b et | d° 0.69
a® | b |t | d 6.9-107°
at | B0 | | d° 1.4-10—°
at | B° | | d 0.14
$4(C.D) Bol AB) a |0 |t | d° 1.4-1075
&odbo1 o 1on a' | B2 | ! | d? 1.4-107°
(..J.I' dl 1M B (.-l 1 (1'.1 bl ('0 (]0 1410_6
el d 100 A | at | bt || d 0.014
elodlo Aloel 100 A lp el | d° 0.014
al | b |t | d? 0.014




0
o0

ol

4r

H
I8

E{(factor)

IH
Lh

r o - - __‘1_- »}} :
(X. X X,.) = expl(f [—1,--‘1_; F
‘-:-:' Ll El L

) :

fX. X, X



2s dcjE B

o ZHE aiE " conditional random field, CRF)
. RAS SBEEE ENE Dj23D ¥g U

n X SHSE|E CAO|LE ¥ E S LIEL= 2E B =2 Mgt
» Y FHESIALE 0|55 M2 LIEtU = 2SEHTE29| Hgt
e (D). 6r(Dy), o 6,(0,)) 1 YO| HEWAE SLtatE metel HE{o| TE
. Z7% 28 Ho
PYIX) = Z[{Y}P(X. Y)

PXY) = MQ (D)

i=1

=Y PV, X) &% &=(partition function)
¥



2s dcjE B

o 2-MA B (log-linear model)

» TE7} X4 S22 B3 = 023D g e

« X = {X,X,, -, X, J:2EHSFTO HE
. BE|o| HEY

¢, = exp(—w,f,(D,))
- & E FEO HYH

PX, X, X )= —f ;p[ Lu}f} (D }}

B t=1



7|9k A| A8 (rule-based system)

x
Al

™

\/
0’0

104

10

I

160
ol

Kl

ofru

<r

Mlof Chet of

=
(L

HO]

_
(®)

o

XES AR
nowledge-based system)

-F|L_IEE

(expert system

- S8 MG s



11.1 £

22 0830 M2 AL A

X~
o

| X[ A1t =0Tl H|Oo[EfLt

=
[—
>0
T E
= A

x
T
n

\/
0’0



R1:
R2:
R3:
R4:
R5:
R6:
R7:
R8:

R9:

IF ?x= M 27} QCH THEN ?x= Z-{F0|C}

IF 2x& =85 $IC THEN 2x& ZRF0|Ch

IF ?x= ZIE0| QUCH THEN ?x= Z=FO0|LCt,

IF 2x& FCH AND 7x& 22 =0t THEN e Z=F0|C}

IF 7x= LS E20|C} AND ?x= 17|2 ML} THEN 2x= SAISE20|C}
IF 2x= ZRF0|CH AND ?xe= T/ A ZZSHCE THEN ?x= S X FO|Ct.

IF ?x= SASE0|CH AND ?x= EZAM0|CH AND ?2x= &4 HJ’S% | QUCH THEN ?x= X|EFO| L},

IF ?2x= SX|20|Ct AND ?x= C2| 7} ZCF AND 2x= 20| ZCH AND 7x= AL s E0| QICt
THEN ?x= 7| 2I0|C}.

IF ?2x= ERFO|CH AND ?xE £0| &8 S UCH AND 7= ZEO| QULE AND ?xE O|#0| #E3S|Ct
THEN ?x= |4/ &=0|Ct

r|o

H =7} QUct
" - ZQEo|Ct

xRSOt
F1: 2= XM 27t QULCE EMZE B
Fo i = SR RS Bt =]

F3: 2iG= Ct2|7F ALt

F4: eiC= 50| ZC} - Icremgcr \
Fs: 2HCle EZago|c. a0l v || 7zors
F6: ElE 2 S0l itk J

Tgro|ct
F5

BEES0| 2lot

-

oY
rlo

F6
e = g I



R1:
R2:
R3:
R4.

IF ?2x= M 27t

IF ?2x=
IF ?2x=
IF ?x=

AO0=
T I =

A0

QICt THEN 2x=
SICF THEN ?2x=
QICt THEN 2x=

x20|C}

ICH AND 2x= &2 Z=

C} THEN ?x

xzgo|Ct

|F ?x= ZQFO0|Ct AND ?2x= 17| HECLH THEN 2xe= SASE0|C}
|IF ?x= ELFO0|Ct AND ?x= E|MZAZESICH THEN 2x= $X| & 0]

CIF xE SA S E0|CHAND ?x= ZHZAO|CH AND 2x= ZE 2 E0| QUL THEN ?x= X|E}O|LC},

- |IF %= SQX|EO0|CF AND ?x= C}2|7F ZLCE AND ?x= 20| ZLCH AND 7x= A2 HHE 0| QIC}

THEN ?x= 7| 2I0|LC},

IF ?x= Z-FFO|CH AND ?x= =0| &2 S ULCH AND ?x= Z&0| ULCH AND ?x= O|&0| W ZS}Ct
THEN ?x= §4/&5=0|Ct.

_

F1: AZEIEE= 0] 23 ol UL
Fo: AZEIE = 20| /AL

F3: AZ2IE = O 0| W E5IC}
F4: 2T 2B = N E27F QUCH

F5: AZEIE = FZMO|Ct

Fo: 2Z2IEE A2 HHES0| AL

R7 X|EFO|C}
ADRIEE K|EFOIT}?




- A AMME V)=
« & (rule) : 2X| SHZ

- Abd(fact) : =X B9G 1Z! GIO|HLt S&

=2 Mo
am
of
ne

g ol
J I HiZe

CIER] VES

AHE A QIE{ H[ O]~




A 7|8 A AR X

o T3 7|8k A| AR X
= FEHO|A(rule base)
- MX| Ao TorE et &

- M M 22|(production memory)2t1 = &t

= A M 22| (working memory)
- AMEAERH 22 A0 ot HEE e
- FENEO| SUANE MESL, & S
- 8 HEZZ|0 MEE= B AS AHO|E &



< FE& U Xl (inference engine)
NS 5 Qe TAS RO, HE FHE MU oY
x 1

SH
= o=
o I 04N - AE SA - FA AY)

e LR

F

L d
4]
L]
/e
o2t

&

2|5 QlERo] [TT0

- AHE-AL Sl Ho] A -

1 3.26 #E 718 A|lA"e =



< FE U X (inference engine)

= I§& 0§ (pattern matching)

|22|9] AbEdh FAHO[A0 A FE 2] ZHEE HHZBH LX[T}
Al S A= -
— o

bl
Q
> =2

= A Hstconflict set)
- mASo e Ad Vtstt A Ee HE

= gt 8l A (conflict resolution)

- g oM StLte| A S A E
= AFEX} QIE L O] A (user interface)

- mAHO|A B A Hz2e| 22 B FE
= Q|8 QIE{m| 0] A(external interface)

- 2|F G[O|E{L} E2f 7|s AHE X[ &

Fg

F_
_I



F2 Ay

BEEETE

(inference engine)

ol

=x
xE

\/
0’0

F’EIHWJ

AR} Qe H]o] &

>

il

R4

4
{10
!
0

+9| 2o

Al

[(rule priority)
O 24

Xl
2

20| 2% Blo|E9t BfEE FA My

Z| A £ M(recency, depth)
— JHE A
« XX 2M(first match, breath)

« &M RM(specificity)



T 7|5 Al A

|IOI-

Foll&~ ™EF - cont.

" 'Ff‘—l L= (rule priority)
o A 1 EYE MY 1 (=7 100)
F 20| &|ateio|ct
AND ZHX}7} 0f 2I0|C}
THEN A&7 -2 Number_10]|C}
AND =8 2F2 2[4 Zl(ampicillin) O| Ct
AND =H of2 ZIEFOLO| 4l (gentamicin)O| Cf
AND |2t Hut™ 12 Ho =L}

o A 2 G MY 2= 90)
7 3

||:|+010||:|-

o
AND Z=H 22 H|L| A 2l(penicillin)O| C}
Fol MEtM 22 HojE=C}



F

|IOI-

'I'I'

ol & ™=k - cont.

oM &M (speC|f|C|ty)
e A EAGS] .HLXI A E

o JT -

=T
F 7hgo|ct
AND 5} 50|

L

sg|ct

AND 7|0 Eof|AM = H|7} 2Cta st

THEN ZAH2'H

3 2
IF 7Zk=0|Ct
THEN ZQ12'Q

of HFEAL!

A2 TER7HA| Q!

P



[ ]
bt
r:
r_>..
o
(@)
(O]
D
@)
<
o
(O]
O
~—
=

- .ELII 1
IF Q7|0 20| A= H|7F &LCF0 L} [03/25 08:16 PM]
THEN ZA2'24S 7EMq7HA|

- A2
IF H| 7} 2L} [03/26 10:18 AM]
THEN ZA2'T0| HREEA|L!



o X4 79
= JiE ESOf M2t D7ot YA ALE
= Ab&(fact)
« Ax|(object)Lt ZH|Y(frame)ME 2] 7o &4 LT 7t
- 0. '0|F0| H7|2l |=0|7F LIO|7} M| &0l Ao UACH
(monkey (name H7|) (age 3) (room 7 4&l))

. A

« Jess2| T1& ®T o

(defrule ruleBirthday
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(bind ?newAge (+ ?old 1))
(retract ?¢)
(assert (monkey cheetah ?newAge ?where)))
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