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1. Introduction

7} Overview

AT 9} ol zhe] 7)ol ofglulale A Ee v}
oo} £7] 4% Binary Codeol] ¢J3l] o] Fo]x]
gkeh 2 o] $2 of4lE-g] ¢le], High Level 9}

Al Zz o alel7bolbs]o] ¥oel gl 7ke]
dshA A e ok ke &+ A =k ;1?11
vbolAl kAl o b 2 A SRE ) olal sl
A A ez el slo] 9leiA qlzkel A

€ 2E A TAE ok Ak zehv AH
B 7} whkshal _l g a5 ofel] kale] el
ol ute} olzke] 4t Adkella] Algsle 2

cleloj @A 7 3telobo] dlshe A wslA] =lolck
A 7h 2hedolol s AEsle dl glolxE
Formalize 5 olo]o] e &, Syntax 7} &)
sHA] it o)) whE Parservt Mo dA 59l
2 gk ohfeh loe] oulo] ol 24
FHE Moz oA so] o]A7kx] ] BE 9
A% odolst Watele e DA v B

O
O

- aff Aol gt = ofw
A Re AFE Zzoaws Qojet: We

%2719 #paladofo] 4l ol = 19400 A
8 Linguistics & oi-77} Al & Elo] 8 Ma-
chine Translationol] a4 of F7} who] o]2
o}z gkeh ejar 1960 d ol k4= Human
Language & Knowledge-based Aj~8lo g »
955710 ol 23]

zpeiolof A 2l 45{} ole] Al =w ohg3t #
o 27 Bol ¥ 4 9

(1) First Program : Zﬂﬁ;}% Domaing u}E}
W= Adhoc gt dlole F25 AF3slols. ¥
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B A2 7R Aol At AEE ol
o] As]z Key Word Y Patternel] 2l Sc-
an¥,

ex) Green’s Baseball, Lindsay’s SAD-S-
AM, Bobrow’s Student, Weizenbaum’s EL-
1ZA

(2) Second Program . Text z}#]¢] Repre-
sentation & o o el wlo] 2ol A3, ofef 7}
A 2] Index Schemeg Ap-g-3lo] £l thojr}
e ot

ex) Simmons,Burger and Long’s PROTO-
SYNTHEX-1, Quillian’s Semantic Memory

(3) Third Program . djo|&] uo]2o]+ ojw
Formaldl &eljel A7t A3dslo] 9 3 H
= Balo olglgt WA ez wi¥ch Limit-
ed- loglc Alaelo gy =g =20 oMol
@ 4 ook

ex) Raphael’s SIR, Quillian’s TLC, Th-
s DEACON, Kellogg’s CONVERSE
(4) Fourth Program : Logic, Procedural

ompson’

Semantics, Sematic Networks, or frame?
2 Knowledge Represent ##-& A1-£3} Kno-
wledge —based A]AE].
" zbededo A glel i ol 19501 d el Chom
sky 7} # &2 2 Generative —Lw_—t”./}
Agozd U% FAFNS vl
zpedeio] Aefo] #gh Aol DHOPO% ’% %ﬁ’-"i
1970 3o} Wiliiam Woods7} &ell 4 7} & 2 ok A
o tidl AFo 2 sFE =2 2AelLUNAR
2k xlﬁﬂl——7ﬂﬁ‘~o}9\i£_U4,Ter1‘y Winograd’s
¥ € 2 Manipulation 3% 41289l SHRDLU
2 wrgaloich =g 1977 d ol Bobrow7hu] 3
7] AP AL @A et AE AEL o
= GUS e Alad g 7H‘“0}°3_°.U%, 1990 1 o]
9}4] = Roger Schank”} Conceptual depend-
ency o] &o] 7|2 ¥l MARGIE, SAM o]z} Al
Wg Aatsieich Zajol kA Scriptd} fr-
ame-based A| &8 o] Apeigdo] M| Eoll A=
g B Fobolch

1}, Mathematical Theory

a. Formal Grammar ¢] 4 7}=] & &)

(1) Type 0 : Unrestricted grammar.

fm

Turing machine
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(2) Type 1
if each Production in P is of the form

o, B is in

. Context Sensitive grammars.

a— B, where | al « | gl
(NUX) *

(3) Type 2
if each Production in P is of the form
A — o, where A is in P and is in (NU

2) %
(4) Type 3 : Regular grammar

: Context free grammars

if each Production in P is of the form

A —xBor A—x

where A and B are in N and x is in *
b. Phrase-structure S ¢] 244
define)
Context-free &} context sensitive grammars &
Phrase- Structure Grammars gla%x H2c}

odo] = regular language ¥ o} it Context-

free Language £ o}luch oL o]+ ;‘4]'5&% ]
glo] F¥H2 ojr Common Constructiong g-
enerate® 4= gt} Context-sensitive & ©l

e gk FHo) ojolel B HmelA Gener-
A

ated 4 Al 2oixl A BAskA kATt
e e o]lgz s TS Aukalx o
o},

(1) gdolo) F2% Jepirlels ¥ A&
-s:—@sm

(2) b o] Bay e F2E M F 9
o},

The Picture was Painted by a new techn-
ique.

The Picture was Painted by a new artist,

(3) Phrase-structure $#-& 7+2 ojn]& 7}
£ TAE50] ofwl 7|® F2E vehA] ot
+ <

FAEe) $A4R A4S et

John ate an apple.

Did John eat an apple ?
What did John eat ?
Who ate an apple ?

c. Propositions

Logice] 7ba 7]3to] ge A& A4 7%
oty maie] o o] glof, o] TAL A4
d #5 Y3 ARY 45 Yk 2 oAF Eof




Bl “ghe 22 2=z
“3 tslr] 4= 7o)k el
Ak ol#igt FAE-S Proposition o]
12‘1]/}‘ “X+y>5”, “:1*\‘—{: Luoé Dﬂ‘g,}
tEAAY 440 Ane gy 4
#-2 Propositionolgli & 4 gic}
d. Predicate Calculus
 Propositional logic-2 4o 2143} A=a}l

o] A4kEle] glch el Predica-

0
o

=
i
M 9
ol w
28
et

Pl
[}
~N

-

e

KO
ok
o

%

= e

te calculus+= Propositional logice] 3lalo g
A Wa-o] AW-E 2883 9k = Predica-
te the 3 ol & 4 9w,

Predicate (individual, individual, --+)
o 714 =&} individual o]
tf, 2 olE Eojuul o3 72+ Propositi-
onal-g Predicate 2. I/PE}LH S
Aok A3 E Foldo — Zolaieh(a,
8]) - FoLaeh(X, o 8l).
A7) Xob Az FolAH o £H4L A4
o| sjxuk ghel FolA® Aol Heh,

<t

457t 2 4 9

e. First-order logic

First-order logic-& Predicate logico] %
b2l el Ad-& o8k Aolel. o $Ful: functi-
ong} shdelct Functionolg} & A 314

Fo] X A2 argumentE 7 }9‘};—‘% w)

of 2 e @A Ft AL B0 Preposit-
A ) = Pl B
2 % Sof mel e A gob bt 2

£ Function©°] 9-&
“Folgloh(X, ).

Xo&= 7‘4*7} Return Elo] &t}
£ 4+ Predicate Equals 2] &
Z Individual X, Y7} Equal®]
Predicate P ol t3le] P(X)=P(Y)
Function Feoll 3l FX)=F (Y) 2

72 e mab

t}. Machine Translation

ofm] qlofofl 4] ofml iz WIA]7]= 714
ool gl A& e AAlrct o] 23
Aol Alzkz]del, 193010l o]n] o] Fololl oj
3l P. P. Smirnov-Troyansky, G.B. Arts-
ounighs AbESo] ¢]sle] A% x|9)on] Digi-
tal AFEIS] A2 o]59 d7E S E
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o ox
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£ w7 =3tk 194990l Weaverol <44
“Translation”¢lgl= Haalr} whEzglow]
19521 dell= 71Ake] Intermediate €199l Mach-
Alokstodet, 1 o] & 195711 Chomsky
o 98] Transformational Grammar 7} W%
53, 1960wdell= ALGOL = LISP 7} A=
224 zhadedol Ae] ool F o] glglrh
23 1970¥ cieoll = Knowledge Represent-
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o HAE ofz) AAFAA ke
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7}, Definite Clause Grammar

o] Aojl4lE Definite Clause Grammar ¢
Formalismoll 8l A&3tnzl shed] 2 7148
Aql M7+ Kowalski®l Colmerauer off 23l
zurglojrh, ol2dt DCGY Formalisme

7] 98l Definite Clause oF U AAE 25k
ulwl o 2 Context-Free Grammarsg b3t
ghet,

1) & 7]

DCGY F7= ohg3} 2 we® Con-
text-free Grammar 2 Z7]% 2hggict.

(1) Non-terminals & Context-free & 73-%

o 14 Atoms 7} #-&EE 9ol EF TermS

= &g-slofxlet

np (X, S) sentence(S)

(2) F2 2] 223 0], Non-terminals ¢ Ter-
minals @ List 8¢l Brackets <{’ , ‘} W
o] 22032 9] Procedure calls7} Ag-=
4 Stk Tl A ubEE

¢

o] Procedure &

oo} sl Sud 274& Edshe o AEHErh

noun (N)— (W],

80

{rootform (W, N), is-noun(N)}.

Zwl#] of] = noun (N) 9] -+ who] (W) 4]
FAE 2 N2 wlo] (W) of slgol Neo| %A}
J¢ BofFrl A 9] 2 2ol Non-terminals,
Terminals, Procedure calls® Z#z o2 G-
oal 4| 7HF=Ict,

2) Definite clause 24 DCG & 7|9} ¢|n]

DCG 2] FFaloll4] Terminal symbols+ ol
A el wldslel 222 Narity & non-terminal
2 7lo o} 2.8 7}x]= N+ 2 Place Predicate
2 #Hedsxch o714 N Arguments & non-ter
minalol| 4] 82 o2 vehle ofu]e]a vin
Al = /¢ Arguments+ Context-free non-
wodoll A9} - ofmjolr} gl T
2o ¢ 2o 9l Procedure calls & 3l
2% AAlY] orlE Zerh C‘il% Eof ohF3t
g Al

noun (N} — (W3}, {rootform(W,N),

is-noun(N)}.
o3} 22 Clause & 2 v]die},

noun (N, SO, S) : ~connects (SO, W, S),

rootform (W, N), is-noun{(N).

3. Definite Clause Grammar$®| AH-8

DCG & ¢le] {"i:/‘qoﬂﬂ Parser Tree, T5
749 B9 27, $99 SAAE AF

7}. Building Structure

Non-terminal®] Arguments T3 173 ol
Tree 729 Structure & A|-53%c}. Non-ter-
minal & ¥4 & ol Matching &l 2l8f &7
5] 3, Unification #3< &8 Tree &7} 1t
SojAlet o371 widl ol E Soluw oo
Context-free Grammar+ 7t Ao| ©gtPa-
rser tree s 7] #J3l W ¥k

sentence — noun-phrase, verb-phrase.

terminal &

noun-phrase — determiner, noun, rel-clause.
noun-phrase — name.

verb-phrase — trans-verb, noun-phrase.
verb-phrase — intrans-verb.

rel-clause — [that], verb-phrase.
rel-clause — [ J.

determiner — [every).

denterminer — [(a).

noun — [man].




noun — [woman].

name — (mary).

trans-verb — (loves].

intrans-verb — (lives).

w3 tholo) o x Fle= Non-terminal & # ¢

s A2l Dictionary & T8 3ol o a o] A
st EgAl e s, guidoew
o e dele F3 Al

category (arguments) — (word).

Categoryell & 7} thofoll sl oul=ql
T2-E &,

category (arguments) — [W],

{cat (W, arguments)}.

zelw g3t e Feel 42 FAE cat
(dictionary procedure) & 2] 3ic},

cat(word, arguments).

HEYPH ool dig 2L
o sentence (s(NP, VP)) - noun-phrase (NP),
verb-phrase (VP).
noun-phrase (np (Det, Noun, Rel ({ —

L

determiner (Det), noun (Noun), rel-clause (Rel).
o noun-phrase (np(Name)) — name (Name).
verb-phrase (vp (TV, NP)) — trans-verb(TV),
noun-phrase (NP).

verb-phrase (vp(IV) — intrans-verb(IV).

rel-clause (rel (that, VP)) — [(that),

verb-phrase (VP).

rel-clause (rel (( ))) — [ ].

determiner (det (W)) — (W],

noun- (n(W)) — (W], {is-noun(W)}.

» name (name (W)) — (W), {is-name (W)}.

» trans-verb (tv(W)) — (W), fis-trans(W)}.

o intrans-verb (iv(W) — (W], {is-intrans (W)},
NP2l 9Ju]& 7}x)&= 9 A}bAd 24 Noun-phr-

ase (NP) -2 Non-terminals & ##3slw 9

o} Awis ﬂ'z‘!«] Argument s(NP, VP) & =

AP (NP) 2 EAM4 (VP) 24 TAEE 3.

Fo o2 H4Aal Dictionary o]t}

is-determiner (every).

®

is-noun (man).
is-name (mary).
is-trans (loves).
is-intrans (lives).

{is-determiner (W)} .

> B = «
ok e rAE 7h o) ql™ £ “Every
man loves Mary” &= v}-&3} 7-& Parser tree

% T4,

S
[
[ |
np vp
det n rel tv np
|
every man [ ) loves name
mary

v}H) Extra condition

T2 2] Bodyell4] 232l Procedure call
< bk 22 el os g

date(D,M) — month(M), (D),

{integer (D), 0 (D,D>32}

el e M e D°a]°]3}7'3 T3 e
2} oh-& Symbol Dell s #F&lsln o] 74 D
= 08k 233280 e P2 e

o) Eue) B44

DCG A Non-terminal arguments — Tree
T2 9ol T AR EF HAENE o AL H
o} o2 & &g A (Determiners), =AF =
B FAF Abolella] £ EE= 4o] alxe e
317] "Hsﬂ 7h A &5 W e 4 9},

HEE EH2 “Every manloves some girl”
e TS A 4
A8k “All men that lives love a woman”
S8 g AT 4 giv) 9

ﬂ_
&
i

“All men like girls”

JX 5 2 2]3l7] Yl olw Non-terminal-& ks
1t *—"1”“‘?“9] P& A Argument & ALg
T A g2 X el Fale] gdge
al

o)
R
™
-
o X,
&

AE /«)\'E‘ Arguments & 7}Alt},

MEe FHe e po.

e sentence (s (NP, VP)) — noun-phrase (N, NP),
verb-phrase (N, VP).

o nouh-phrase (N, np (Det, Noun, Rel)) ~»
determiner (N, Det), noun (N, Noun), rel-clause
(N, Rel). v

o noun-phrase (singular, np (Name)) — name (Name).

o verb-phrase (N, vp (TV, NP)) . trans-verb
(N, TV), noun-phrase (NI, NP).

o verb-phrase (N, vp (IV)) — intrans-verb (N, IV).

e rel-clause (N, rel (that, VP)) — [that]
verb-phrase (N, VP) .
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o rel-clause (N, rel({ 1)) — ( J.

o determiner (N, det (W)) — (W],
{is-determiner (W, N)}.

e determiner (plural, det (( 1)) — ().

o noun (N, n(Root)) — (W]},
{is-noun{W, N, Root) }.

» name (name (W)) — (W], lis-name (W)},

o trans-verb (N, tv(Root)) — (W],
fis-trans (W, N, Root) }.

o intrans-verb (N, iv(Root)) — (W],
{is-intrans (W, N, Root)} .

o is-determiner (every, singular).

« is-determiner (all, plural).

o is-noun (man, singular, man).

o is—noun (men, plural, man).

o is-name (mary).

o is-trans (likes, singular, like).

o is-trans (like, plural, ike).

o is-intans (live, plural, live).

v}, Augmented Transition Network

1) &= A
2yt 2 E9b Augmented Transition Net-

work (ATN) Grammar & Zolol 22o{xd =3}
Abeke) ole g Bl vieE e A she A
o} o]al] Alzwdlol] o] AHE-ElofA gkrh o] &
Mo 7] g3 w3 7] 490 e w4
FE2E oE FUE Fohlg o Al 2
Interface & 47 & 4 vk ATN €92,
William Woodsoll 2|8l w3 5|9l o i 2] g7
oJole] #podo] Hu| ool A 7H ol AR
T Foll slhfelrt

2} Recursive Transition Network

AN

Recursive Transition Network £ arc®}
State 2 % Directed Graph 24 &gl St-
ate?] Start State®} Final State & 7}Ath,

ohg 182 odole] Subsetol ©d RTN o
ZFolxor] o] “John washed the car” <}

“Did the red barn collapse ? "olgls +4-&
wolEa 4 9lr}, o] Networks xwd Sl
ol £x-& wholgal & Ue7hE

A oW %%
oF 4 oA Hek,

“Did the red barn collapse ? "2l 4%
alo} So|7] 9Jal4] o] Network ¥ State Sel
Al Fubglch AdAE »04 “did”-& H.al g2
2 713 2ol o l# Stringel NP7}
slojobul g3 # 4 ek State NPollA+=
Determiner “the” & ¥ 3. State g6 & Zkth

o}7]ofl 4] &4} “red”= g4l LoopE &
3 A “barn”& HalL 7o E 7bek, q7-2Fi-

| State ©]7] wl¥ol| State NPoll4] pop ¥l

o}, RTN ##-2 olejgh #4& AXA & +4
S B A &F 2 o)\\:}.

3) Augumented Transition Network
ool 4] A sl uie} 7ol RTNE Context
Free Grammar &} 78] #ropa] zpoieie] A2
o et FL vieh 7ol A A grol,
Network 2] 7+ arcoll 2 & Condition & ¢
slod ]S Bakel e viebd & A & A

o] Augumented Transition Network ¢]=t. o]

ATNol 4] A8 Action & ¥7 #42 #
*}Oﬂ olsl) BAlo] FRFRE ulnyE AL
1 Condition# o2 Arceld A8 U+

Al Frg Agsl Tk

PP ) (e )P

O

o6 Tzl O W a]=li °
Condition-& £7-¢ #Asle d agle

4% 3 gEg F oA el 3%

7bA o] A FEe]  Salsle] HIHE



B A =k Action#F Condition -2
thit o] Register & AFE3l=t] Action o] ube
= TETEe AdRE HAs75 5k Condit-
ion©] AM&-3k= Flagt} Indicator & 2] %-3}7]
5 ghr), o2& ATNS %3 sl language 2
Spemﬁcatxon ol o},
(Transition network) — ({arc set)
(arc sety) %)
(are set) — ((state) (arc) *)
{arc) — (CAT {{category name) (test)
(action) # (terminal action)) (PUSH (state)
(test) (action) * (terminal action))]
(POP{form) (test))
(action) — (SETR (register) (form))
{terminal action) — (TO(state))
(JUMP {state))
(Form) ~» (GETR (register)) | |
(BUILDQ(fragment) (register) %) |
(LIST (form) ) |
(APPEND (form) (form)) |
(QUOTE (arbitrary structure))
4) An Illustrative example
o2 $lolA 2% Language 2 vhepd
ATNelr}, o] 7le zle) S/, Q1, Q2, Q3, Q4
22]5 Q59 state® T4 Transition Net-
work 2| #ahel F-Fo|ch 0|23t Augumented
Network <= &74o] ghelfolx] o] FHolx =
LPEMP‘* Type (DCL 52 Q) 2 F4| AL,
27 (NIL Y 4 9leh), BA72 45 =y
l 23t B8 4 WollA FAl waprel vz
T Aol FAIglo] WA E )
(S/ (PUSH NP/T
(SETR SUBJ %)
(SETR TYPE (QUOTE DCL))

(TO Q1))
(CAT AUX T

(SETR AUX %)
(SETR TYPE (QUOTE Q))
(TO Q2)))
(QL(CAT VT
(SETR AUX NIL)

(SETR V *)
(TO Q4))
(CAT AUX T

(SETR AUX )
(TO Q3)))

(Q2 (PUSH NP/T
(SETR SUBJ )
(TO Q3)))

(Q3 (CATV T
(SETR V #)
(TO Q4)))

(Q4 (POP (BUILDQ (S+-++ (VP+))
TYPE SUBJ AUX V) T)

(PUSH NP/T

(SETR VP (BUILDQ (VP (V-+) ) V))
(TO Q5)))

(Q5 (POP (BUILDQ (S+-+-F+)
TYPE SUBJ AUX VP) T)
(PUSH PP/T
(SETR VP (APPEND (GETR VP)
(LIST %))
(TO Q5)))

3. Parsing M2k

7h Zg s eojzAle] Ee
(Definite Clause Subset)

1) Syntax, Semantics

7} Terms

Termst adofe] dlolel Object& wha}i A

FolAv; W B3 Termo g L]—-roi 2 e},

i E A (01 999) ol At Atoms (a void =
:="Algol-68" { }) o] t}. Atoms Symbol

212l Character 2.4 40| Bl w4
Aot 7237 dH wWeE e AL}
HyE FE27F dhExfol] s FH5]o] =)
oh. (X Value A A) ¥ 4= olex] =] 9k Ob-
jectE vrEb 7] 8l AbgElo] 2] w, ojE e
zzauaolold 2ol Uuke & ol slel 4
47} obe} dlo]E] Object o] Local name o
o 53 Terme olojo] 723515 dlolg O-
bject 2 4] gk7H2] Functor o} ofz] 7)) Argu-
ment® 74 o] Erh Functor: name (atom)

R

83




3} arity (argument$] )2 ¥
Point (X, Y, Z) :arity 7} 3°] i name°] Po-
int ¢l Functor

B Terme b Fzza 282 4 9ok
=

A% £ ohg3 2E term =
s (np (john) , vp (vp (v (likes) np (mary)))
obefol AL L} FzE FEEo] Ar),

s

77N
n
A Vp\
john /
likes mary

7} infix £8& AREEto] % termE  2E
7io] #elstct,
X+Y (P;Q) X(Y

Aol .

+(X, Y); (P, Q) ( (X Y)
List+ dlole] Fxol4 Fo3 Ad8E e
o] Lisp elejollA List & 72 2fnjo|c}, Li-
st+ Empty List-& vJERHE Atom ([ ] ) o] A
v} Liste Functor (. )¢} Head ¢} Bodygl %
el Argument & 7}xl & B3k Termolch

(X|L) (a,b|L)

= bt R b RS vlepdcl

X L a °

b L

—r

v}) Clauses

g zg o] 7|2Hel 84+ Goal &%
ojch ol & &£

Gives (Tom, Apple, Teacher) Reverse([1,
2,3), X)

Goal & 43 Terme] EWE o7 =7

) el A vEbe $iHo] o8 s Al

Procedure Call

t} Goal® Functor® Predicatezt s <
g} 2 el olojol| 4] Procedured] o]&3 4
7| gl o

=] 2238 Clauses} ozl &
o] Exlo g A5 Caluser Head2} Body
2 o] Atk Headd= Single Goal o] Ar}
Emptyo]i Body+ 0 &2 ofz{4e Goal 2
T4 =k

Clause &) Head'} Body7} Empty 7} obvj=d

84

Non-unit Clause 2} 8t3 o}z 3 dH =2
sk

P:-QRS

0] 7]4] P3= Head Goalo]i Q,R =22]31 S

= Body 9] Goal 4] Declaratived}s] 2l
Procedure 8#] sl A xlch

2) Declarative and Procedural Semanti-
cs

Pereirast Warrend #2lo] 2¢}étw Declar
ativedt Definite Clause2] ¢lv] !

“olt Goalo] #Fo] 5 7] 9l L Goale] ol
Clause?] Heado]s, 2 Clause Instance 2]
Bodyoll oli= 7+ Goaleo} Trueo|o]of dhch o
714 Clause Instance®k 0 7] o]Abe] w7}
g9lon] 7 w49 3E Occurrenceo]
Term< tx8to 24 M7= Claused @il
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