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LI s by
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[8]% % -BNFECEL I X & cu-Prolog i

0T F At o g

[0] = w3 btk
cu-Prologil, COABIC LELTFOE Fa—ndbhf i,
vy K77 A (. TR
include.k, funclist.h, varset.h, globalv.h, sysp.h
* Prologlilffin 7w & 5 4
main.c, mainsub.c, new.c, read.c, print.c, refute.c, unify.c
* flAh J SRR e T 4
defsysp.c, syspredl.c, syspredZ.c, ipegsub.c
W RIRD e T A
cnily.c, gepfunc.c, medular. s, split.c, reduce.c, integ.c

CHbMEYa b avAfn, Vs THEFRTZ 7 A58 60.5,
(FlAWEOBSH e r A2t —2aF 4 L2 TR EE,
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fdefine MSDOS 1

{2) M5-DOSOC= v+ 2 T'large(Buge) ©F 4- DS

fAl: M5-C ver 4 (large), Turbe—C ver . 1.E{huge)

(IntA16E w b, o o 84 A2 5 1)
#define MSDOS 2

{20 UNIXO Sy (Frea )

$: Sun-3, Symmstry

tint, 4 @244 DI 0 B
#define MSDOS O

[0.2] #define CPUTIME 7737
{1) UNIX4.2/4.3 BSDUtimes ()34 #- A RTwT, 1/n8il CCPU-timed
dFE LRI H

ddefine CPUTIME n (F7xabik80)
L a.

(2VSun=aT
#define CPUTINE 1000000
EFE, COBSIC ok ) FH TR N 2.

YR (R R ad
#define CPUTIME 0
LS. COT, EfERCOPUE A A FTE N vy,

[0.5] £oih
cu-Prologit EiK@ma0 7 — £ M5 5.
PAFLE- Y T oA Sl Shiies
LWL RO W

A= g s EEERE S A S
cu-FProleg f A HC

user heap overflew AiBEMY TR LK, HEAP_SIZE
user stack overflow SUEIMNITHZ - fubl.  USTACK SIZE
system heap overflowd @S0 C 4L, SHEAP_SIZE
CHESF ThEThiieE L, uvd A LT L,

[0 &L (EfT 7 7 4 v ikegprologt 150

08D 7a w3 b ey
ciprolog <RETURN>

& Do TAEREFERICHET 0 7D A b I ARSI
euprolag 7 7 A4 A-E <RETURN>

L.

#hwwk o = Prolog  Ver. 3,07 #wews
Copyright: Institute for New Gemeration Computer Technology, Japan 1989
help => ih
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EH, F=7 v FlaPrologh b o FL-AD T o T R SRR
i

(2] ¥ Tk

cu-Proleg b o 7l ~iaA T,
YO <RETURN>

E il

[3] Fu¥Faaniik
[3.1] FHsbeaiee
B 7 haA, B8, WESHEALED .

Thar (1) Bl WRFTRUE SR, il e T -
TR AEEO TR, e — Y e vril, BT S Bey
(20 2N wd: ¥ Tss—F—ia @0 ERAIEED T
(3) Bl WBrE A i iR E el Sl

BE BRUTEAU AL I WP O CUESER T, TS0
DOREEHIRE TR Lol ).

BT pE N, b1 e?, I E LA R A, pltlez, .. R R AOE
Ewnb, =00 & Elpnb LT (FEE, B b fail B,
e e b 5 MBS EME L, Tofoph 77y v 2 ¥ EIFL,
fleDi |8 - A b BRI S bl L RIS, 2 i pd AR LIRS,

[3.2] Feor?sfofdt:

cu-Prelog 7 o 277 AR Constraint Added Horn Clanse(CAHC: [Fi#95—

o FHED LR, EEOs— e A d DKk T . CAHCHELTF
T DT T

(1), <>

A.

A Cl,....0n
(Fl)
fly(bird).
menmber (K, [1]¥]).
£a,X,¥);c00E),c10Y),

(2. <HiH>
A = Bl,...,Bm.
A -Bl, ... BmClL,..., tn.
(m =0 OFEFREETFRTHE, )
{0
bird (X):=f1y(X).
mamber( X, [YZ] ) : —member (X,2).




p. 004

cuman . doc Mon Aug 27 19:50:33 1990

Tla,b X, ¥Vhi-glo, X}, h(Y,X) 00X, Y) .

(2. <HRT>

=~ BL, ... Bm.

- B, ,Bm:C1, ..., Cn.
()
r=fly{chiken) .

:-member(X, [2,b,c]).
0K, Y, a);c0(X,Y),

A%~ F(EEA. B, ..., BmE A F 4 (), C1, ..., CoBEY £,

i, Ver2 dtnb, EATO40S LW L TRRRTEL A0t BT
call(Xl:=X.
not{X) :- X, 1, fail.
natl_}.

ICL B, call/l, not/1BiEHTE S,

[3. 3088 ek
WENLEL R % 2 a5 — ke ) BIMEC A IR B B v

SEEE ST =

Caks g R B BN W EEPIE BT FOTTE . S
1. CiiL e . 7 - E#kas
2. Ciend ¥k T s
3.CL, . O, m] R BRI B gL A e

SEHT o —iERiniEE
A T R RO RN e T e TR LW NG,
(BeAsLti, 427 FHOF o rdijoTnn)

[3.4] v
Ml s r s Sl 2 b2BE,. FMRIoTHS,
cona(f,B) 3 [41B] LAl nil 0 rfoak3 2.
LR k5 b o8& 2,

[l 0] - [A]

Bl == [,E]

[allB,c1] -- [4,B.0C]

[A,BIC]] —» [a,Rlc]

M 2w E

cu-Prologdd b oo Fleamavy FitREToLoufgrcnd,

fe 1lPrologic 4 & 1w ¥
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e, FMOF— FU+BREE I NAE, - freeW s E1.

VO the b
abolish/Z : <1> abelish(F,A) HIEFADTEELHET S
assert/1,/2,/3: <1»
assertas1,/2,/3; <1>
amsertz/1,/2, /3 <>
aszert{al(X,¥), [b(X),e(¥)], [40Y)}]}
head body constrainmt
itk by alny)-b(X),elY);d(Y). HEREh2
clause/3: clause(T+,B,C) EATEL M—{b3 ST 4 FHFoE 0K,
BACTH 52
closedl: close(F) T/OMAMICR N T WS 7 74 LPEEL &
concat/d ¢ 1> WFEFEHEY concat{“ab”,"ed" X} => ¥="abed”
concat2/2 @ €1> concat("abc' X) = i=[rar e, e
count/1: count(C-} PROEHLLfic BA 2 & ET <1
equal/i: 1. F25 |1 ¥EH—{L+ 2 <>
eq’2 1 <1y eqlk,Y) XEYH® L vihdF 2 osd5
execute/1: execute!(memb(X, [a,b,c]) menb(Y, [h,c,d])]) T(8o 0 k eanf
MR T 2.
fail/O: HiCSelr & 2ok <1
functer/3: functor(b+,F,4) HAEOBMEHF. TV 74 200 <1>
gensym/1: gensym(C-) A LoOFKRAST A3 ET
geq/2: MUAHERNE geq(X,Y) D=y
greater/2; SFILEESIE greater(X,Y) XY
halt/0: <i> ewProlog## 7+ 5
leq/2: EefLEHIME leq(X,Y) Xesy
less/2: B0 HWHEH less(X, v} Xey
mlS2: <1 @ETE U A b BlLicd 4
memby/2: memb(h, L+ A member Bl <
multiply/3: multiply (XY, 2) Xe¥=Z (5052000 E MLk & AT 1 26F)
name/2: name(X,L) EIOWTFROE ¢ F 2 2000 = FL <1
nl/0; nl <1> oy
nl/1
open3
or/2,3,4,5
reard/1,2
Tetract/1,/2,/3: <1 retract({Head,Body,Constraint)
SIE LH—{k¥ & T ey afennd g,
see/1: see(F) 77 4 AFfowrent inpet streamic 12
seen/D: cuwrrent input stream¥ BT 2
strlen/2: <I» strien(S,L) 3FF[SOE & HL
sun/3: sum(K,Y,Z) X+Y=Z (S]M4e0 4 2oLl EOMEIE X Lo n g b Rendh) <1n
tab/0: tab FFETV v 4L 1>
tell/1: tell(F) 7 74 AF¥ cwrrent output streamit-i 3
told/: current output stream®EH1 2
true/0: HEMTEEED
var/1: JH#fres vardd & ®TRUE <1
write/l: THE 2 0V — A0t B 2 1) » VRS HEFL b, <>
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[5.2] MFTEEIATT 2 LA RES
condname,/2: condname{ [c0(X,Y),c1(Y,Z)], X} => A=[cO,c1]
U2 bR B S e L s

peon/O: T DiEEEAIRE ¥ WAL COMNEERT 5 <

wmify(+C,WC) : U 2 FOBORPICEE St —nER LA LOMNCTE S,
it = OBOBFIE - [member(X,Y), append(X,Y,Z)] ),
NCFROHEERRL & A hTPF 4,

W D &, CEMETE Y2 T — ABFIDECICA S,

[6.3] JPSGri— FEMF 2 ALTE, Zr v P s

cat/6 : il AF ) —FRA T E,

HWeat(J, oo o b FL~ahbLbBEWifEtH I,
e AR Bt E o T B A A T2, ]
LEYER LB A TE YA P ORACIRTE T &,

(FEL B A T2 bE 0TI T el 4 b vy
(FE2V#EE 2 4 i, 1,2, 30 iEetT . o,

1= Normal Tzl
Z= CatSingle fr7 o U % —2H D Kk (Adjacent )
3= CatSet #F =) S % M S F4 (Subcat®)

Thi,
FFa AT, [POS,1,FURM,1,AJA,2,40K,2,5C,3,SBM,1] =€ b
FARE EeEA Y S 4IPS ek

POS Kormal pos
FORM Normal gr, vicem, pform, etc.
ATA CazSingle ajacent
ATK CatSingla ajunct
5C CatSet anboat
SEM Hormal sem
Ehawtwdh,

M LR :eR bV —FHI7rerr s, A—F-rhEBErErdaLEC
L e e
CE#(FIT )3
i Fa =2kl -—
(2)c, wiiAhFY —mby, tic,W,0) ez k) —
{(3)L, Rdie 2 b U —1,
MEi A 7o ) — 3 pre(e, W, 00 oE(c WA 7= 1 —)mi,
tiMLAMIE = bV —

tree(f): & & | I —H¥FMiET 70 o 3 &0FE.

B=t(C,W,0) D C—W
H = t(M,L,R} ¢B: -—N

|

I--L

|

|—R
rEREETHRET S,
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8] 7rv4AamAlih

[6.1] w7 ADHA AL

v AT LR FERHCRERATICH, BT 0T ik
cuprelog 7 7 o A4, <RETURN:

L P N T R - §

b7 lttdbrma—aty F b F il
n o A A CRETURN>

BT letadnb o —t e 55O TRIA (T PR E):
"y A AT <RETURN>

[6.2] oI Lnosfi
W g

[6.3] =& 4 nmiBE, W

U o Ty A A RETURN>
CEhr 7 r A AFEETEE, EOERSE 7 T4 A LBRENE.,
R kT S

1 neo <HETURN>

07 Ml i
cu-Frolog THRE RO L 3 i@ s 2T EE,

[7.1] 8% —F: b o 7 bt dn o EESEsm 3 Gihow 5
0 <HFiodFr>. <RETURN>

A, R e L FoohRFIE b oRREET,
(1) : @ member(X,[a,b.c,d,e]) member(X,lb,n,f1).

[7.2] wnafy(C,NCY: HLASGRAR([S.2])
Prologath TEHAL —F Rl 0.

0730 GBI 5o - ¥
TR s HET S o P TR T na

Y FaliSe o Lon/otfD 24 v F, F7 44 b Hon

Yo cift3EEs fkErgeies b s RS RO R P BT, F 74
A b HEMENT, elel, .. kS REMERI N D,

Ya PEVaFox-—F, HESOERETACTEY 71Kk L.
Fraabicbhoxr—F,

o m-solvable®— F. L ( BRI L ZEEOTED 5 b, —20fi%
F® fas—it &,

L Haltat 3. R o S ettt RN TR e g

[8] F L — e

cu-Froleghodd, 7 +7u ¥FiIC P - 2BMENB S,

FFRMICHEEC A 77 Y EBREL TG, oviibo b L—2 88—
FEE L,

(1)) — =i b Lo— R (For7 i d )P ox b7 LEkw
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(Da2F P Fe—a(Fer 7 PR S)RTE—REEL, ANES
D, ) v OETTER. sTT—A0EAEAH (TRUES A 1
FALSEIC #8201 5 ¥ TER £ 1M, zCcuPrologt » 7L <A KD,

J-:J..% Fl- AE-— Fi‘ﬁﬁfﬁi‘ﬂ.» e L i ] ymgyatmiﬁ&.

BUBRAN—FLECBEATWE S — A RTERD.

[8.1] &4 7 3 ol
AL BN TEWERBIC A 75 X2 ET &
Yp IAE <RETURN:
UpT Ty FHAAL v FEA-TWIOT, BE2 44 T T3 REcE D
YR L, BBEOR AL 75 XM RD.,
SRE RS TF RS
hp* <RETURN>
ERRED AL 7T X EAEHT S
%p. <HETURN>
AL IFIHHAPTERNT LR L EFRT L
Y%p? <RETURN>
HEEER A — F o (fold/unfoldB )it 2 4 7 5 ¥ b B /MRHT L
Yp>  <RETURN>

B2 2F 7 Pl—XE—=}
cu-Proleg b v FL~tadn b

Ws  <RETURN>
EFDE, AF v T bR VAL, A—vaoldiiixc i, Isi
A v F o TRy, BEFEGTIEENE- P YAl Eh S,
AF T b 2XT— VT, A4 72 PR s e liir—FErER
ST = AQRTOTH TR LA TR 2D

] &= : continue

3 ;oskip (—FEO o — A AI8ESL 3§ T E e

z ¢ quit refutarion
o WREETR b,

[8.3] /= b — AOETE
cu-Prolog b o & Lt duin

%t <RETURN>
okl —mwablb=2—VERD, h—vaniEliticn s, Yt
AvFETkRD, TEETTILAREs—-FiC k2,
d = b= AR FTH, R4 77 AT E RS- R
{rﬂ._ﬂ'i'ﬁﬂi"rac

[8] % BNFICEE X & cuPrologmiflin

<alpha numerical char>::=<capital> | <amall> | <digit>
<capital>: :=AlB|C|DIEIFIGIEII| JIKILININIOIFIQIRISITIVIVIWIXIYIZ
<small>::=alblcldlelflginliljlx|Liminlolplglrisitiulvivlzly|=
<digity::=0[112]214]1516IT|8l9

<name> : i =<alpha mmerical char® | <alphs mmerical char><names
“string>!:=<empty> | <name>

<var>: :=<{capital><string> | _<string>
<censtant>;;=<small><string> | ‘<string>' | <mmber> | “<string>"

- 10 —
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<functor?:  =<namne>
<predicates: :=<name>
<term»:i=<var> | <censtant> | <functor>({<term list)
“uErm liste:i=<term» | <term>,<term list>
“atomic formilar::=<predicate>(<term list>) | cpredicate>
<atomic formila list>::=<atomic formmla> |
<atomic formular , <atomic formula List>
<constraint®;;=<atomic formula liat>
<clause>: ;=
<atomic formmlas, |
<atomic formular;<constraint>. |
<atomic formula»:—<atomic formula list>. |
“atomic formiler: <atemic formila liet>;<constraint>, |
T—<atomic formula list>. |
T—atomic formila list>;<constraint>.

[10] F7 A+ w vy
P oEa o vl HEYEM A — F S B

teudatticot21[4l} euprelog % cu-Prolog# EM 2

#sxxdx o - Prolog  WVer, 3.00 s
(c} ICOT, H.Tauda and ¥, Hasida

help -> Yh
_mamber(X, [X]¥]). ¥ memper,/ 2 AR
_member (X, [Y|2] ) :-member (X, 20,
_append (K, X). % append/3iiE e

_append([AIX],Y, [A|Z) ) ~append(X Y, Z).
0 member(X, [a,b,c]). % member(X, [a,b,c]) S5 A filkg i 35

solution = ed{X}

[+ 14-1

cile).

c0lal.
cO{X0):-210X0).

CPU time = 0.017 zec

© member (X, [a,b,c,d,e] ) ,member (X, [c,d,e,£.2]). % &

selution = c3{x)
ef{d).

chlel,

25iel.

cB{0) i —cB X0},
cA{X0}:~cB(XE0) .

CTI time = 0.080 sec

11 —
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@ member(A,X),append(X,¥,2). % fold ¥ % - L

solution = cB{A, X, ¥, )}
cB(xz, [X21v3), Yo, [X2|Z1]):-append(¥3, YO, Z1),
CPU time = 0,017 gac

L % ElRobgiEREgo Y =+

+-= List integrate{) traces ——+

<h, 2> cB{AD, A1, X2, Y3, Z4) <=> append(X2, Y3, Z4), membar(A0, [A1]22]).
4,2 cBA, X, Y, Z) <=> appand(X, ¥, T}, member(4, X).

<1,2> ¢T(X0) <=> member(X0, (o]}, member(X0, [c.d,e,f,gl).
€1,2> cA(0) <=> member(X0, [d,el}, member(X0, [c,d,e,d,g]).
<1, cB(X0) <= member (X0, [c,d,e,f,gl), member(X0, [c.d,e]}.
<1,2> <4(X0) <=> member (X0, [c,d,e,f,g)), member{X0, [b,c,d,el).
1,2 c3(X) <=» member(X, [c.d,e 1 gl), member(X, [a,b,c,d,ell.
<1,1> c2(X0) <=> membar{X0, [c]}.

<1,1> c1(X0) <=» mambar{X0, [b,c]).

€1,1> ¢0(X) <=> mambar(¥, [a,b,c]).

Yttt =py menber/2 % member/Zul34F 234 F 5

A WA mwA L= F— FILT &
++ normal trace on e+

r~member(X, [b,c,d]). % Preloge BT
[o>>membar (X0, [b,c,d])
<=0—1=member(X, [X[|¥1).
BUCCARS6 .
mentber (b, [b,c,d])
I=b iORMELEET AN R AT
[osmember(X_0, [bh,c.d])
c=0-Zemember{X, [Y|Z]):-member(X, Z).
[1>>mesber(X 26, [2,4])
<=1-1=member (X, [XI1¥]).
Buccess,
member (e, [h, e d])
I=e: % ORI
[1z>member(X_28, [c,d])
<=1~Z=member (X, [¥|Z]): member(X, Z).
[ menber (X_24, [d]}
<=2=1=member(X, [XI¥]).
slccess.
masbar(d, [b,c,d])
I=d; % B
[Z>rmember (X_44, [4]}
<=2-Z=member({X, [Y|Z]):-member(X, Z).
[Zeemember (X_82, [)
<=3-no= fail membar,
na.
CPU tima = 0,050 sac

-17 —
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g L R
+++ spy fold/unfeld transformation

£in new W ERSEOST et bl S Aot 5
0 member(A,Z),append(X,¥,Z). % EHE93R

1 transfer mamber(A 6, Z 8), append(X_10, Y_12, Z.8) : A6, 2.8, X_10, Y_12
“1> new predicate newl0 iz defined,

1=i(newl0} << appemd([], X, X).

2 transfer member(4_8, K 164} : A G, ¥_184

2 =» member(Ad, X1)

1=2(new10) <<- append([AIX], ¥, [AIZ]):-append(X, ¥, Z).

< transfer append(X_188, Y 168, Z_170), member(A_6, [A_1641Z_170]) : A6, A 1644

t, X168, Y_iea, Z_ive
<2» mew predicate newll is defined.

Z=i{newil) <<- member(¥, [E|¥]).

3 transfer append(X_166, Y_168, Y 323) : X_166, Y_168, ¥ 321, ¥ 323

3 = append(¥0, ¥1, ¥3)

2=2(new11) <<~ mamber (X, [¥1Z]}:-member(X, ¥).

3 transfer member(X_321, Z_328), append(X_ 166, Y_168, Z_325) - K 166, Y_188, X_4

321, Y_323, 7 326

J===fold new10(A, Z, X, Y) <=> append(X, ¥, Z), member(i, Z)

3 =» newl0(X2, Z4, X0, Y1)

Z =» newl1{AD, A1, X2, Y3, Z4)

1= newl®{n, 2, X, ¥}

solutien = newiO{h, Z, X, ¥)

newll(X2, X2, X0, Y1, Y3):-append(X0, Y1, ¥3}.

newl1{¥2, ¥3, X0, Yi, 24):-new10(X2, Z4, X0, ¥1).

newl0(as, X1, [, X1):-member(AD, X1},

newi0(A0, [A1fual, [A11X2], ¥3):-newi1(AD, A1, X2, ¥3, Z4).

CPI time = 0,067 sec

0 A t‘.u-]:'rulcgﬁ":;_,['

G rn 22 FiEAE R CEFCAHCIC LY & Tu ¥ 34

LN Uam—elo PR T2 pl g U7 A 2 AGAT
=== gpen 't2.p

membar (X, [X]Y]). % member/Zuka% e

member (X, [¥]2)): member (X, 2).

append( [, %, 7). % append/3F 5B TE

append { [41X1,Y, [4]2]): ~append(X,¥,Z).
inter(A,X,Y):-menber (A, X) :member (A,Y). % CAHCIC X 32t 4o b5

=inter(X,[p.c,i,p,0,4,p,0,i,p,0,i),[x,c.v,8,5,d,a,5,d,3,8,da] ).
% CAHCIC X 3 EfT

no.

CPUI time = 0,183 sec

ra —



cumamn . doc Mon Aug 27 19:50:33 1990 p.013

imember (X, [p,0,1,p,0.1,p,0,1,p,0,1]) menber{X,[x,c,v,a,8,d,a,8,d,a,8,da]}.
% il O PROLOGIC & B5EfT

T

CPU time = 0.200 sec

tmember(¥, [p,0,1,p.0.1,p,0,1.p,0.1]) , member(X, [x.c,v,2,5,d,a,5,d,2a,5,dal}.
% RlkRERO S R
solution = fail,
CPU time = 0.217 sec
wxxxex gnd of Tile *wewwae

o4 iew w3 JPSGAI— W mSEHFTE
Jip=g.P" % OIPSCA— ¥ o ¥ ADRAAS
=== open 'jpsg.p’

wwwind gnd of file wwwkess
CPU time = 0.91T7 sec

LB pAR e T AR UL TR 5, A—FHIRTSL bh L
ORFA LR - FonF <) EFRYET.

_:-pl[ken.ga,naomi wo,ai, surul). % [@E2EENLS B9 2

wlsyusil: [love, ken,nacwi]—[suff_pl Y% 053 5 #IEK
: —vw[vaz] : [love ken ,naomi) — [subcat._p]
l :-p[ga,] then—— [adjacent p] ¥ § .7 — Fladjacent feature principle)
: Jl—nErICI tkan—[ken] % 48/ — ¥ (Head)
: :_pl_'ga.,, &Ja:n[n]] kem—-[ga] ' 3=/ — ¥ (Adjacent)
:

I

I

|

|

|

|

| _vlvs2, SC:{plgal}]: [love, ken, naomi]—[subcat_p]
I |

| |——p[wo] :nacmi—-[adjacent p]

| [

I | |—nlnl :nacmi—[nacmi]

| [

I | |__plwe, AJ&:nlnl]: i——[wol

| I

[ |

!
|

_vwlvs2, 8C:{plwc], plgal}]:[love ken,nacei] —[ai]
vizyusi, AJA:v[vs2]]:[love ken,nacei]— [suru]
cat eativ, syusi, 0, O, O, [love, ken,naomil)
cond % BT R

true.
CPU time = 0.217 =zac




cumearn . doc Mon hug 27 19:50:33 1990

*.014

_i=pl [ken,ga, ai suma] ), % TEESEH 2
hoTEEA(HAE )R THSEIT L (M)
% OB b

v[Form_865, AIN:Ad], SC:{SubCat}]:SEM 8§71—[suff p)

I

I==vlvs2, SC:{p[wel}]: [love, ken,Ubj0_E71]— [subcat p]

[ -

I I—plgal :ken-—[adjacent_p]

L

| | {—nin] ‘ken—-[ken]

I |

ol [ plea, AdA:n(n]] sken—[gal

!

I

—vlvs2, sC:{plgal, plwc]}]:[love ken,0bj0_571]-—[ai]
__v[Form 865, AJA:w[ve2], AIN:adj, SC:{SubCat}):SEM_871—-[suru]

cat cat{v, Form 865, (7, Adj_BST, Sublat 880 SEM_8T1)
cond  cB{Form_ 866, SubCat_889, Obj0 571, Adj_B6T, SEM_BTI)
trum.
CPU time = 0,150 sec

L OmEIe(. . ) I BBRN A 2 AT WA,

_:=cBF,5C, Al SEM). A - (E T S T
F=szyusi 5C= [cat(p, we, O, O. O, 0bj00.34)] A1 = [0 s =
[love, ken, 0bj00_34] ;
hOTRER (MDA B 4 ) oIS AW
F=rentai 5C =[] A)= [catin, n, O, O, O, inst(Ubjo_34,
Typel_361)] SEM = inat{0bj0_ 34, [and,Type1_36,[love ken Objo_34]1):
UoTBEEES 0 (M) KEET I8
no .
CPU time = D.017 sec

cu-Prologht BRI L ¥ 2 F U = TOh ), ANABOHHEREFS
GO EWBOET, cu-ProloghTCUIe Y — AR H 2T d & ¥, B
HICOTICATR L 21, co-ProlegilifiMic A @EHELT T2 v,
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1 Introduction

This is the uscr’s manual of cu-ProlagV 2[5, 1]

cu-Prologis an experimental constramt logic programming language. Unlike mest conventional CLP
swstems, cu-Prologallows user defined predicates as constraints and is suitable for implementing a natural
language processig system based on the unification-based geanunar[2]. As an application of cu-Prolog, we
developed a JI'SG (Japanese Phrase Structure Grammar [1]) parser with the JPSG Working Group (the
chairman is Prof, GUNJIL Takao of Osaka University  at 1COT. cu-Prologis also the complete implementation
of the constraint unification[d] and its name (en) comes from the technique. eu-Pralogis implemented on

UNIX in O fanguage.

2 How to Compile cu-Prolog

The sonrce codes of cu-Prologeonsists of the following & header files and 14 program files.
o header files:
include . h funclist.h varset.h gleobalv.k sysp.h
& program filss concerning Prolog:
main.c mainsub.c new.c read.c print.c refute c unify.c
& program files concerning system huilt-m predicates:
detsysp.c syspredl. ¢ syspred2. c jpsgsub.c
s program files romcerning comslram!t transformation:
cunify.c genfunc.c medular.c split.c reduce.c integ.c

T get the executton code of cu-Prolog, you have only to compile and link all the modules (*. ¢ files) as

follows (the following 15 in UNTY case)
ce -o cupreleg +.e [CR]

or
make [CR]

Before compiling. you may have to rewrite some statements in inelude.h 1o your computer.

2.1 #define MSDOS xxx
1. For M5-DOS sinall model(int size is 16bit, pointer size is 16bit):
#define MSDOS 1
2. For MS-DOS large(huge) model {int16bit, pointerd2bit):
#define MSDOS 2
3. For UNIX [mt32bit, pointer]2bit):

fdefine M5DOS O

—
|
1



2.2 #define CPUTIME xxx

1. If your O compiler has times{) function, *

#define CPUTIME 80
If times() in your system returns CPU time in N-th of a second,

#define CPUTIME N

2. For Sun-4 system, ¢lock() function 15 used on behalf of times ().
#define CPUTIME 1000000

3. Otherwise, the CPL time is not printed.

#define CPUTIME O

2.3  Other #define statements.
In executing cu-Prolog,
¢ Il "user heap overflow” error occurs frequently, increase the value of HEAP_SIZE,
» If "user stack overflew” error occurs frequently, increase the value of USTACK_SIZE.

¢ If “system heap overflow” error occurs frequently, increase the value of SHEAP_SIZE.

3 How to start and quit cu-Prolog

To start cu-Prolog, type the following in 08.
cuproleg [CR)

Tus start cu-Prologwith reading an initial program, type
cuproleg filename [CR]

To quit cu-Prolog, type followings al the top level of cu-Prolog.
“Q [crl

ar

:=halt. [CR]

4 Syntax of cu-Prolog
term : atom, variabie, complex term
atom : the string that begins with a small letter.

variable : the string that begins with a capital letter,

complex term : let p be 4 string and €4,t5,- -+, ty beterms, then pit JBa, o0 tn) bea complex term.
E 1 1:%2 ’ P
P is called a funclor or a predicate symbol List is a special functor.

1;huti is the UNIX 4.2/3 BSD Library which returns OP1U time in 60th of & second.



4.1 Constraint Added Horn Clause (CAHC)

The program clauses of cu-Prologis called Constraint Added Horn Clanse{CAHC) and has the following
forms:

1. Tact

.
Hoy o Oy

2. Rule

H-—H - Ba.
Hoowliy oo B Oy 0,

A Cuestion

By, - B..
C il By

H.By - By, and 7 Oy are called Head, Body, and Constraint respectively.
cu Prologallows a variable as an atomic formula. By the following programs, £all/1 and not/1 are
dafined.

call{X) :- X.
not{X} := X, !, fail.
not!_1.

4.2 Canonical form of Constraint
in CAHC, Constraint must be a canonical form called modular.,

1

[Def] 1 (modular) A sequence of atomic formulas O 07, Oy 1 modular when
fooevery argument of O 15 a varable (1 <7 < mj and
2 me vartable pecurs motwo distin et p.l'argﬁ, amd
1. the predicafes occurring an C; are modularly defined (1 <1 < m).

The predicate oceurning in the constraint of CAWC is an ordinary Prolog predicate of the following form.

[Def] 2 (modularly defined) Predicate p s modularly defined, when in stz every definition clouse of the
form, P =D,

D s modular or emply.

4.3  BNF description of cu-Prolog

Table | is the BNF description of the syntax of cu-Prolog.

5 Summary of system commands

This section lists all the system commands from the top level of cu-Prolog. predicate represents predicate_name

or predicate_name/ arify

19 —



< char =
< caprtal >
< amall =
< digit =

< capiftal = | < small > | < diget >
A|BIC]. .. | XY Z

alble|... |z|w|z

o 1)2|3]4|5)6[7|8|D

< series > o= < digit > | < digit > < series >
o SeTiEA | < HETIES 2 . £ HETIES T
< ghar = | < char >< pame =

< emply > | < name >

< number = ne=
< oname »0 =
< string > u=
< par = < cepifal > string > [ < giring >

< comstant > o= < small >< string > " < name =' [ < number >
< functor > = < mome >
< predicete = o= < name >

< derm > o= <var x| < constant > | < functor > (< termlisi =)

< termilist - < ferm > | < term >, < termiist >

<af > = < predicate > (< termbhist »)| < predicate > | < par >
uflist = 2= Zaf>|<af > < oafliat >
<harn > o= Safx|<af B - <aflisl > |- < aflst >

<rouhe > = < hern > | < horn =< aflist = .

Table 1. BNF description of cu-Prolog

3.1 Prolog commands

Yh healp

# OS_command  execule 05 command,

Wd predecate list definition clauses of a predicate

Wd, list all

Wds list all (include reduced predicates)

%dr list all predicate names
for system predicates, +:recursive, ~funcior
for user predicates, #:spied, —reduced, +:recursive #: new predicales in constraint transformation

nt show free system heap size

pAY quit cu-Prolog

i) {static) garbage collection

%e number set maximum depth of resolution

5.2 File I/O commands

"filename"
“filename?

consult file without echo hack
consult file with echo back

%1 filename  set log file name
%1 no reset log file _
Um filename  write the current program to file

5.3 Debug commands

%p predicate  switch (on/off) spy points on the predicate

Wp * set spy points on all the predicates

%p - remove spy points on all the predicates

ip > swiltch (set/remove) spy points on constraint transformation
ip ? list spied predicates

%t normal trace mode on/off

is step trace mode on/off

— 20 -



5.4 Constraint Transformation commands

WL list the history of integrate(] {in OT)

Ya all medular mode (in T

Hho M-Solvable mode {in CT)

Yr switch {on/ofl} reduction mode {in CT)

Yin predicate  set new predicates name (in CT) (ellcl,. )

UM number  set maximum depth of constraint transformation {default 1= 60)

Other commands

[
]

W redefine cat() functor for JPSG parser

6 Built-in predicates, functors

6.1 General predicates

The tollowing are general built-in predicates of cu-Prolog.

PREDICATE MEANING

/o ot

abolish/2 abolish(F, 4) delete def. clauses of a predicate F/&
assert/1,2,3 assert{Hewd, [Body], [Constraint] )
asserta’l, 2,3 asserh a clanse at the top.

azaertz/1,2,3 assert a clause at the bottom.

clauge/3 elauvsa{T+,B,C) C i5 & constraint,

close/1 close(F} close file pomter F

concat/3 concatenate sirings concat ("ab™,"ed" , “abed”}
concat?/ /2 concat2("ab", [*a","e"]1)

count/1 return different number {of gansym in LISF)
cqunlfﬂ* iqu,nl{I,'!'} 1Inif_v Eand ¥

aq.,/2 eq(X,Y} check X s equal to ¥

axecute/1 execute( [memb(X, [a,b] ), memb (X, [b,¢])]) execute goals given in list
fail/0 always fail

functor/3 functor(A+,F,A) predicate name of BHis F/AA
gensym/ 1 return different string (of count/1)

geqi geqlX ¥} check X>=Y

greater,/2 greater(i,Y) check X » ¥

halt/0 it cu-Prolog

leg/2 laq{X,Y) check X=<¥

less/2 lass(X,¥Y) check X < Y

ml/ 2 univ. m1{T,L) is T=. .L

memb,/ 2 bailtin nember

multiply/3 multiply(X,¥, 2} is X = ¥ = 2

name,/2(4,L) name{A,L} the name of the atom & is the list L
nl/0 write “\n'

open/3

or{2,3,4,6

read/1,2

retract/1,2. 3 retract({Head, [Body]l, [Constraint])

— 21



see/1 gae(F) F becomes the current input stream

saon, 0 close the current input stream

strlen/Z strlen{S, L) L is the length of string S

sum/3 sum(X,¥,Z)i= X + ¥ = Z

tab/1 write "\’

tellfl tell{T) T becomes the current output stream
told/0 close the eurrent output stream

true/0 always true

var/1 var(T) T ig a free variable

write/1 write(T) write term T

6.2 Special built-in predicates for constraint transformation
The following are special built-in predicates for constraint transfonmation.
condname/2: make predicate name list condname( [c0(X,¥),c1(Y,2}], [s0,c11)
peon/0:  write all the remaining constraints.

unify{C+,NC-): C and NC are lists of atomic formulas and KC is a modular form of €.

6.3 Special built-in predicates for JPSG parser
The followings are special built-in predicates for J1'SG parser.
cat/B: the functor representing the category of JPSG. See below,
tree(l): draw history B in tree format.
t(M,L,R): the funetor representing a history.
cat/8 functor is set by ¥C command from the top level of cu-Prologas follows.
we [CatNamel CatTypel CatName? CatType2,. .. ]

Here, CatName 15 a feature name which begin with & capital letter and be shorter than Sletters. CatType

15 a feature type

CatType

1 Normal other than 2.3

2 SingleCat  takes one category (such as Adjacent feature)
B Set(Cat takes set of categories (such as Subcat feature)

Default cat functor is defined as [POS,1,.FORM,1,4JA,2,AJK,2,5C,3,35EM, 1] that is,

CatName feature type JPSG features

POS Normal pos

FORM Normal gr.viorm pform, and so on
AJA SingleCat ajacent

AJN SingleCat  ajunct

SC SetCat subcat

SEM Normal sem



[Def] 3 (history) kistory is defined as follows.
o a cofegorvy s a hislory
o i Coamd Woare cafegories, then t{C,N, [ 1) is a hastory.
# of L and B are kastories and M o category, then t{M,L,R) s a history

o of L and R are hestories, and © and ¥ are categories, then t{e(C, W, [ 1),L,B) &2 a hastory,

tree(t(C, W, [ 1}) writes

Cc—W
and tree(t(M,L,R}} writes

---K
|
|-L
|
-k

7 File I/O
7.1 Recead a program
e Start cu-Prologfrom OF with rewding s initial file:
cuprelog filewame [CR]
s [iead a file in the top bevel of cu-Prologwithout echo back:
“filenmmet [CR]
® Read file in the top level of cu-Pralogwith eche back:

“filemame®  [CR)

7.2 Save a program

To save current program clauses 1o a file in the top level of cu-Prolog,

Wa filename [CR)

7.3 Log file
« St log file
W1 flename [CR]
* Fud log file :

%1 no [CR]

& Constraint Transformation

You can use the ronstraint transformation module of cu-Prologalone in two ways.



8.1 *@ command

First, from the top level of cu-Prolog, type ‘¢ followed by a sequence of atomic formulas and a period. For

example, by typing as follows,
€ menberiX,[a,b,c]),member{X, [b,c,d]). [CR]

Then, cu-Prologreturns the equivalent modularly defined constraint and its definitions.

8.2 unify/2 predicate

Second, use the constraint transformation routine as a Prolog procedure. cu-Prologhas the predicate unify(01dCond,

WewCond). Constraints are deseribed by list s follows,
[e0(X,¥), c1(P,Q,R}, c2(Q,8)]
This predicate suceeeds if and only if 01dCond has been instantiated to consiraints and NewCond is a free
variable. NewCond is instantiated to the modularly defined constraint that is equivalent Lo 01dCond.
9 Program trace

9.1 Set spy points

p * sob apy pomnts on all the predicates.

ip . remove spy points on all the predicates.

hp predicate switch (set/remove) the spy point on the predicate

ip > switch [set /remove] the spy point on the unfold/fold transformation.
Yp 7 list spried predicates,

0.2 Sel trace

Tracing is to show the calls and exits of spied predicates.
s switch step {nteractive) trace (rmfoll). In this mode, the prompt is *»
%t switeh nonmal trace (on/off). In this mode, the prompt 15§
In the step trace mende, the cxecution stops and waits user’s input.

[CR) contine
s skip tracing
b guil refutation

10 Model session

This section shows a model session of eu-Prelog.

10.1 Constraint transformation and trace
teuda#icot21[1] cuproleg % =tart cu-prelog

*=x*** cu = Frolog Ver. 3.02 =wkex
Copyright: Institute for New Generation Computer Technology, Japan 1969

help -» %k
_member (X, [X|¥]). % dafine membar()
_momber(X, [Y|Z]):-member{X ,Z}.
_append{{],X,X}. % define append()
_append{([AIX].Y,[A12Z]):-append(X,¥,Z).
& member(X, [a,b,c]). % transform member(X,[a.b.c]}
solution = <0(X) % returns modular form

— 24



elib). % new clauses (cO and c¢1 are new predicates)
clig),

cOial.

cO(XDy:—ci(RO).

CPU time = 0.017 sec % tramsformation time

_0 member(X,[a,b,c,d,el) membor{X,[c,d,e.2,g]). % old constraint

solution = cd(X) % moedular form

cTidy. . % new clanse {c4,c6,and c7 are new predicates)
eTlel),

chle).

CEIXDy =T (XO).

cAlRDy —cBXOY,

CPU time = 0.017 zeac

_® member (A, X}, append(X,Y,2). % old comstraint

solution = ci100A, X, ¥, 2) % modular form
c12(X2, X2, Y3, YO, Z1):-append{¥3, YO, Z1).
c12(%0, ¥2, [A11X2], ¥3, [A1/241):-c12(X0, A1, X2, Y3, z4).
c10(AD, [AL1X2], Y3, [41128]):-c12(AD, A1, X2, Y3, Z4).
% recursive clause iz defined by fold transformation.
CPU time = 0.017 sec
_¥L
*-- List integrate{) traces --+ J history of new predicate
<4,2» c10(h, X, Y, Z) <=> append(X, ¥, Z), member(A, X).
<4,2> c13(Y0, 21, X, 24) <=>» append(Z4, Y0, Z1), member(X2, Z4),.
<b,2> c12{AD, A1, X2, Y3, Z4) <=> append(X2, Y3, Z4), member{Aa0, [A1]X2]).
<1.2% c4(X) <=> member(X, [c,d,e,f,gl), member{X, [a,b,c.d,e]).
<1,2» c5(X0) <=» member{X0, [c,d,e,?,g]), member{X0, [b,c,d,el).
<1,2» cB(X0) <=> member(X0, [e]), member(Ld, Ec,d,a,f,gj}.
€1,2> ¢7(X0) <=> member (X0, [d,e]), member(x0, [c,d,e.f,g]).
<1,2> ¢6(X0) <=> member (X0, [c,d,el), member(X0, [c,d,e,f,gl).
1,1 c2{X0) <=> membar(X0, [e]).
1,17 ¢1(X0) <=> member (X0, [b,cl).
21,1> cO(X) <=> member{X, [a,b,cl).

_#p member % spy member(}
+++ s5py membar +++
it % normal trace mode

+++ normal trace on +++
$:-member(X, b, c,d]). Ytrace member(X, [b,c,d])
[or>member{X_0, [b,c,d])}
<=0-l=member(X, [X|¥]}. Xapply one program clause

gUCCcesE .
member{b, [b,c,d])
¥ =b; Wiiret solution. type ';’ to continue

[ox>member{X_0, [b,c,d4])
c=0-2=membar (X, [Y|21):-member(X, Z).
[1>>member{X_26, [c,d])
<=1-1=membar{X, [Z!¥])}.
anccess.
member(c, [b,c,d])
I = ¢; Wsecond solutien. continue
[1>>member(X_26, [c,d])
<=1-Z=mamber (X, [YIZ]):-member(¥, Z).
[2rrmembor(X_44, [d})
<=2-t=member (X, [X|¥]).
SUWCCHES .
membar{d, [b,c,d]}
X = d; ¥third selution. continue
[22>member(X_44, [d4])
<=2-2=member (X, [YIZ]): -member(X, Z).
[3z>member(X_62, [1)
<=3-no= fail member.
no. Yoo more sslution
CPU time = 0.050 gec

$¥p > % epy comstraint transformation
+++ gpy fold/unfold transformation
$in new % change new predicate name intc ‘'new.’’

$0 member (A,X),append(X,Y,2).



+++ narmal trace on ++t
£in new
£0 member(A, X),append(X,Y,2). Ntransfer

1 transfer member(A_6, K_8), append(X_8, Y_10, Z_12) : A_6, X_8&, Y_I0,L6 Z_172
<1> new predicate nevd iz defined.

1=1(newd} <<- append({[], X, X}. % unfold

2 transfer member{A_o, []} : A_6, X_B4

2 =» Fail

1=2{newd) <<- append([A|X], ¥, [AIZ])):-append(X, ¥, Z). Yunfold

2 transfer append(X_66, Y_68, Z_T0), member(A_&, [A_641X_68]) : A B, A G4, I B8, Y_BB, Z_7O
<2» new predicate newl is defined.

2=1(newl) <<- member(X, [XI¥]}. ¥unfaold

3 transfer append(Y_223, Y_BB, Z_T0) : Y_&8, 2_70, X_221, Y_223

3 => append(¥3, YO, Z1)

2=2(newi) <<- member(X, [YIZ]):-member(X, Z). Yunfold

3 transfer member(X_221, Z_228), append(Z_225, Y_&8, Z_70) : Y_68, Z_T0, X_221, ¥_223, Z_228

d===fold newd(A, X, ¥, T} <=> append(X, Y, Z), membari{i, X! %fold

2 =» newd(X>, Z4, Yo, Z1)

2 => newi(A0, A1, X2, Y3, 24)

1 =» newd(A, X, ¥, 2} % == member(A,X),append(X,Y, 2}

#*= reduce newl(X2, Y2, Z4, Y0, 21) :-newO{X2, 24, YO, Z1). <- newO(AD, T&11X2], Y3, [A1]24]):-new:

2e) => newl(AD, Y5, [A11X2], ¥3, [A21Z4]1):-newi(AQ, A1, X2, ¥3, )

.

dreduction (c0 has only one clausa)

solution = newl(A, X, ¥, Z)

newl(X2, X2, Y3, Y0, Z1):-append(Y3, YO, Z1).

newl{AC, ¥5&, [A11X2], Y3, [A11Z4]):-newi(AD, A1, X2, Y3, 24).

CPU time = 0.083 sec

10.2  Programming in CAHC

MtE.p? % oread ‘t2.p'’ file with echo back
open ‘t2.pt

mambar{ﬁ.?ﬁl?]). % define mamber()

member (¥, [Y|Z] ) :-member{X,Z).

append{[J,X %), % dafine append(}

append([A|X],Y,[A12]):-append(X,Y.2).
inter (4 X, Y) -member{4,X) ;membar(4,¥). % interssction by CAHC

;=inter(X, [p,o,1,p,0,1,p,0,i,p.e,1],[x,¢c,v,a,2,d,a,8,d,2,58,da] ).

Failurae.

CPU time = 0.067 sec

:-member (X, [p,o,i,p,0,1,p,0,1,p,0,1]) ,member(X, [x,c,v,a,5,d,a,5,d,a,3,dal).
Failure.

CPU time = 0,083 sec % execution by Preleg is the slowest
tmember (X, [p,o,1,p,0,i,p.e.1,p,o,1] ) ,member (X, [x,c,v,a,8,d,a,8,d,a,s,da]).
solution = fail.

CPU time = 0.067 sec

10.3 JPSG parser

wswwr cu - Prelog Ver. 3.02 sexex
Copyright: Institute for New Gemeration Computer Technology, Japan 1988
help -»

-"1psg.p" W read JP5G parser file
=== ¢pen ‘jpsEg.p’

rerxwr and of file sswswds
CPU time = 0.917 eac

% user input: p() is the top level predicate which dravs a parsing
% tree and prints the top category and constraints.

_:=pl[ken,ga,nacmi,vo,ai,surul). % ‘‘Hen ga Naomi wo aisuru’’ means
4 "'Hen loves Naomi.’’

% parser draws a parsing tree
?Fayuii]:Elnvi,klu,nanni]———[auff_p]



l==v[va2] : [love, ken,naomi]===[subcat_p]

|
--plEga.] :ken---[adjacent_p] % Mother (adjacent feature principle)

|

|

I f—-n[nJ:ten——-lkun] % Right daughter (Head)

: |_-plga, &Ja:n[nl]:ken—--[ga] % Left daughter (Adjacent)
l.v il'.vs'Z » 5C:{plgal}]: [love, ken,naomi]---[subcat_p]

{=-plwel inaomi---[adjacent_p]

|

|

|

|

|

f

|

|

| i

| I }--n[ﬂ]rnanmi———Lnaami1

|

I | i__plwe, AJA:n[nl]:naomi---[we]
|

i l__vlvs, 50:{plwol, plgal}]:[love, ken,naomil——-[ail

|

I __vizyusi, AJA:v[vz2]]:[love,ken,naomil=-=[surul

cat catlv, ayusi, [J, [J, [0, [leve, ken,nacmil)

cond % null means no ambiguity

trie.

CPU time = 0O.217 sec

% ''Ken ga aisuru’' means ‘‘Ken loves
% (someonae). ' or '‘{scmecne) whom Ken
% loves. '!

t-pllken,ga,ai,suru] ).

vaarm_ﬂEE. AJN:Adg, SC:{SubCat}]:SEH_E?I---Esuft_p]
=--V{“32. 8C:{p[we]}]:[love, ken,0bj0_5E71]---[subeat_p]
|——p$ga]:ken—--[adlacsnt_PJ

|

r J——nLnJ:kun--‘[kanJ

: I__plga, AJA:n[n]]:ken—- [gal
|

I
I
|
|
I
'I vivsz, 5C:{plgal, plwol}]:[love ken,0bj0_5711--~[ail]
I

_v[Form_865, AJa:vivs2], AJN:Adj, SC:{SubCat}]:SEM BT7i---[suru]

cat cativ, Form_865, [], Adj 867, SubCat_B65, SEM_B71)
cond cG(Form_865, SubCat_B68, Objo_BT1, Adj_BET, SEM_BT1)
true.

% ambiguity is packed in the goluticns

% of the constraint <6{...)

CPU time = 0.150 sec

_:=cfB(F,SC,_,AJ,SEM). ¥ =olve cB(...)

F = syusi SC = [cat(p, wo, [0, [I, [0, ObjO0_34)] &J = [] SEN =
[love,ken,Objoo_34] ;

% first szolution corresponds to ‘‘Ken
% loves (someone).'!

F = rentai SC =[] AJ = [cat(n, n, O, [0, [0, 1nst(0bjo_34,
Typel_36))] SEM = inst(0bjo_34, [and,Typei_!E,[1avu,kqn,ﬂbjﬂ_34]]};
% second solution corresponds to
% ""{scmeone) whom Ken loves, '’
ne.

CPU time = 0.017 sec
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g, HEFE LT

user heap overflow #i7 %% & HEAP_SIZE

uzer stack overflow AT L A b USTACK_STZE

systenm heap overflowdi T & % b SHEAR SITEOE S TR FA LS (TS L L,
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struct clause *v_constraint; CAHCOIEY
&

#f v head occur, v_occurenceld BT iHNE 2 T~ A HillEE e o —
P2rgwraicflwng,

M e r Rk, BBV S
struct fune {
int f arity, SO, omEBs T,
f_number, BEMER (BRI 5 )
4 _mark; AR mRRE (L R T L, Rl
int f_setcount; SEEEETOH
ing ¢ unitcount; MO Lo o FEI(REITSOH

char {_name[16]; Del& Ciliak
unicn{

struct set *f_set; AR D] 2

SYSFUNC f_sysfunc;  #AA#ETTA—F vl v 2
Hef;

struct func *f link; HOER—~OFS w4

struct itrace =f_integ: integrate b b — Z-@aif » &

int f_cbind(1]; f_chind[iJit (i+ 1) FHOF [ HHRED ~+ Fo b
B HUEIC 4 v P a b md.
h
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# f_setcount, f_unitcount, £ cbind[ K & - Toimb - A SR
FLRTHD, FHEROE 2~ 27492 2N,

- G
gtruct term {
unicnd
struct fumc =t _func; WEK(7 7 2 2 )@ A R
int ident; atomic (. 3CFFATETH=0
Irype:
int t_arity; 5 I¥ 8 Gl)
wniong
struct texm *t_arg[1]; BB~ o E,
float n_value: BE PR oE
char *s_value; SFEF|EFRTR, AhDE A v F
}
i H

(1) t_arityid, > 000k & o D80 El. CERSHTH LW
=omkE: PRIT L)
oDkt 3 NOREOTNS. PEESY

BT S

1. SEET b4 aabe X S ICOMCTERLEE 2 WEV, KUFEhLEME

b B m-—2f Ahfkinbkil, ‘A pen is'o X 5 £ ol
tHEH T b LOF, t->t_arity = 0 TH L (=¥ wis_constant(t)).
t->type.t_func->f_name iC L b EMFFEE,

FHT b LG 1 HORODEEE - T 3,

L VR IRy fRAMERIISTCEINE, V2 bR
REILTCTINE,

T FD v P AT (is_atemic(t}TF = o FT])

3-1. il

_ t->type.ident == NUMSTRING_TYPE, t=>t_arity = 1({fleat)
t->T arity = O (Imt)OWSTHL (ol am(t) TF = » FTEE )
mum_walue(t )0 L 0 B e ML,

2. TN CHERAEROITER

t=>type.ident == NUMSTRING_TYPE, t->t_arity == 208&CH 3
{is_string(t)= % o CF =z » ¥ ),

str_value(t) TEF|OAMEEHE

4. ENH: BHEOTHLAERYSELWHO LTRE,
L£01,3,45 X0, GHESTLVEAHL ORY ., isconst(t)TFa» 7 C
3.
TI174eDWEESFERES EL VE
t->t_arity = -k
THdo

- Al
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struct clause {
strust term *c_form; JH~@HEAf w8
struct clause #c_link; MO~ OFH AL w2

CEHE - CEieEREE LS S
struct set {
struct clause *s5_clause; Ff— wifiAfk

int &_vnumber ERCFEh L EROER

int = bodynumber; EEEOEED T F I emH

struct term *s_vlist; EEEETRIERV A L ~mHA v 8
strout ¢lause *s_constraint; CAHCo I Sy

atruct set =z link; HOFEE~DE A w8

BN LS F e LT v Ao, SlcEFIRS) |
struct pair {

struct term *p_body; R P R ]

struct pair *p_env; G AR

s EE M

struct ustack {
int su_acdedr; TFPeA
int u_val; 1]

<A FEVE (M A S — Py refute.c RS
struct node |

gtruct clause *n clause; = — A I F 5 A

struct pair *n_env; o— A DR
struct set wn_s3et; il B | T T
struct node #n_link, B—V
s1_last; N rFerfas—F
Ftruct comstraimt *m_comstraifnt; AT
nt *m_hp, A= Ve — o HS v 8
n_comt, J—FHFB(FL—2BfCES)
n_spy: S AL EL, £ ST D
struct ustack #n_usp; A=V s e A

&

« BUEYRE B (CABCOMIEYECBULTEE TR 5 )

atract constraint{

atruct clase #co_clauss; HIEN T 55 AmilFTE) s
struct pair *co_env; g R R S
struct term %co_var; HECSTniEROY) = b
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int co_vmmber; Fc &t h s oM@
}

o B & BT H(ew Tl 5 )

struct eclause { /* environment + clanse{copy) =/
struct term #c_form; H—OHEf ok
struct pair wc_anv; JHOOERH
struct eclause =*c_link: O~ » &

R H (coTenodelfic EH E 4 A 2)

struct allvar{ /* var structure for CU =/
struct term wy_var, HnEEOHS o8

*v_gvar; FLEWR~OHEL 2

gtruct pair wv_eny; EHIE
struct eclause *v_eclause; O D I¥3 & {rifi(split.c)
struct allvar *v_link; KoK ~oAaf v 4
int. v_fleg;, DRIHT-r7FY

LE

- MEIEEEA S/ — PR B (antegrate & modularize DI OBE Lic225)
struct cnode {

struct eclause +n_aclause; ff

struct pair sn_env; LT HEE

struct set = _set; Wil FHTwWEEE
struct cnode #n_link; ./ — F(SUES
int n_vnumber; 8O

struct allvar so_avlist; SAFY = F~@FE A v &
L

+ integrate - — 2% 3

struct itraced /* integrate trace +/
struct clause *it_clause; 5387
ine it_vmmmber, % h3EHOBEH

it_cmmber; X¥45EHOEK
struct itrace  *it_link; O b= R A & (YL

+

# it _voumber, it_cumbertlfoldEMIOY —FOr—Kk 2,

— 40—
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3, varset.h globalv.h FHa dowi—1 3

cu-Prolog
Copyright: Institute for Wew Generation Computer Technology,Jlapan 1989

FIW  BB.T.Z2
O BE.11.29 (ver.?.00)
90.3.14 (ver3.o)

e

W OE T~ THIMICE G o — TR, AT O
FohHFHRHRLAL B D, varset il o — B S HIHEET S ~ o
Flmain, cTHASAEN TS, globalv. hidmai n cllfd® Fa—a, #
HEH L LTV o - BB 2B YTk D,

2. & O REH

fp
AN7rAAd w8, d—F— FANEL, stdin 7 7 4 L
Lo ARG, 2mvrfomEl w8, AR

wip
HH7zrinsEdvs,

M, sodour

BEH BRI B o 20T A EEIOA LG )L, MULL

YT RS E AT s A A AL LR, TS A

HAE,

p
FEFrf A 8 BETL, Lo ¥4 2L 28, ny 7y
ARl vl MAL

Tty

T e DY
cbuf

Sy Db asty e, ANERAAEELES,
ot

LFERA 2 7 70 ANETHELE)F LTS
tflug

FL—a7 34,

O kl-—=2d L.

i/ —=n b - R LDY

L AF e T e— A (T AR EF D)
sflug

EFCaF—WRIT -7y
G:M-Solvable®— |
1LrEF2aF—x—F
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cutf
By b 77, refuteTH v FERAATFICE &,
cf. Mnode() (in new.c})

redflag
¥R oML 7 3 ¥ ovoff, 1T

refute node count
TR A F 0 b b= 2 F T & (TTRANSE, TTRANSE)IC B v 3,
O - FO®S -1, Prolegh Tl / — FEfIRA .

Vi
OB Wvar(OMEO 17085 &,

v_list
EEVA o b 7 BearOME0EH L,
T list
A5Y A oo b w7, const Listid@ (arity=0DifigE U 2 Lo b o
e
n_last

prologT. »¢u 2 b9 5 2 ORE 2 — FRERT 2 & & @i,
Fnode( ) #5884 L5,

newf_list
integrated F L— A& U = Fa b w7,

Daf Modified
T FHARENEL L AR ER, assert/retracti) = L7 7
2 . check_recursien{ )B4,

Refooumt
refuted i > & L EEG L rﬁ.&-@ﬁﬁlﬂ:@ﬂﬂ?ﬁfﬂilﬁ'ﬂ 4
Vo leavry VTEBERAL C LTS,

LIST
PR Bl
CUNIFY
prolog®#fi A AL ERE b LTIk —E7 72 &
cuT
cut( ! )0
NIL
VAo, 200,
FAIL
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failff

gonname ]

HEE Lo % 2RO SN, genfunc, cBHOT b,

Lag‘:llcrj
o¥7rdafirlLEs.
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r main eV d - A vF—rar
cu-Prolog
Copyright: Institute for New Generation Computer Technology,Japan 1989

Bk =2.7.3, 11.8

FE2RE 89.11.79 (ver.2.00)
89.6.28

80.3.14 (ver3.0) 90.7,13(vers.0z)

E1.HEe
CDFEV e Afleu-Prolegdd b o F Lt Dz 4

§2 %W, =2 o

Teset
Jmp bt B, T —2:b by LA KB (Lengjmp) & F
EEICWS,

h,sh,u, shp_save,shp_init
Tnfh, a—H-bv—7, v XFhE—F, W28,
ER A Lo E - A0 i,

§ 3. (A% o gnee

main()

cu-prolog® b oo P SA DI EFTS. Yt P RENT S L ¥
B caseXDEFICHTNZ R L v, F<ATOPLEVELLL F# b » 7 LA m
=T ANB=vAOBEHR 22— POV REL, AR J ——
b b—Algeflag=1) H# $25 o 7 b L— 2B (tflag=2) 12 >TH L,

erroris)
SICHZF— Ay v FHA L. by T aolic BT 2,

preparel )
P — R, EAALEREL VUMY 3. o
signal (SIGINT,SIG_IGN) T CHID A% % A » F LTwE,

open_title()
cu-PrologD#d —F = » ¥ # 4 b AT

init_status()

Y AFLOENES b EHERCE .

push_status()
s s FERRGEICEDOEET . A AT +— 715,
popstatus(MC X W& 2 F L ¥ c oY - b dive g,

pop_status()
S = FLOPRREE A $T 5. push_status(OTESE L A4
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BEiC & A F AR,

print_constant()
Foip YHABL=» V. RC LV EREETRT L.

systemcommand(c)
Yo P L. it Bialmld s s A s,

garbagecollect()

A A —~dar e v 379 . pushostatus( LR VEG
A = AR TEMP M L S —B 7 7 A AR L, pop_status()TRAE
L A, TEMP. A TREREIGAT

edit_predicatel)
Fow FHARLTwy Fo WLV =T F— 070y 7AMTFLT 4 v
FTE &,

trans routinel)

Flia plA—F v Bl ... on. LIRS,

questionclause()
TIME, c-gl, .. gmel,e2, ... OIMBEEFS . EH LT E
REAE R lietdhbol 2 THEIY T WS,
P = F R L e, refute) #IF .8,
FEi . index_funclist{MHC X oo o b o F— F A TEA

defclanzel)
¢ -F1, 02, AmCL, 02, Cn. DFEOEEEEOITARR >
Y AFLE— SO EROE s FEETS.

defnewfunc()
foldFf T 2 MBS L, H=81,82. . Bn. 2 3Wa At F4i—

Fa
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1r madnsub.c FH A f v F—aw
cu—Prolog
Copyright: Imstitute for New Generation Cosputer Technology,Japan 1988

HafE BB.T.E, 118, 11.10

HEoRE  BE.11.290ver.2.00) 89.6.28(ver.2.2)
85.11.T (ver.2.4)

90.3.14 (wer.3.0)

§igpe
T @E Y s —AtProlog® b o P LA (min. o) BIFE R 2 S T T
¥ FhLLESTyD,

& 2 PSR

putcuraor()
prologtd b Fe A — Y AR RTT L,
WHEER L, tflag=0T,  _
S = b e— RBFHE, tflag=1T,
AF o T b= REH, tflag=rr, > THE,

stepswitchl()
Ve =y FiLld, A7 o 7 FL- Tonfoftn n 4 » F3FH45,
tilagil,
o he—2hL
SIS : i 1O o R
A F T EL—2
EFELTVE,
traceswitchy)

Wtawr FICEd, /=S4 b—RAmfoff@ A v F%FT0,

rednceswitch( )

feaww FIELLD, £V 7 —-FROPEE— FonfoffD 2 o F
75 A -O@BEH, TR AHRECS b, BRSO Lk
LT P o T e

* int decode_pname(fneme)

P lo— 2 RAE R R fBe, 2 —F AN <RFRE><T I F 4> dfnameic B 0,
frame ¥ IR ELARIC L/ N L BB L), T F 4 RiET.

TUF g AR -1EET,

spyewitch{fname)
Ypa = v FICHIG: fhameTHE 3 BHED 24 7 X {on/ott T
& . spychange() it include hEREO T b,
frame="w" &= & {1, IR x e A
fname="." M+ & ik, FEERAI A7
fhame="7" O & & K, A BEEOIR
T RLIA DR, fname/arity F S RIS OB AL F 4 v AT T4,
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allspyin)
ey P v, 1o b & i, B0 244 73 Yéoad

Lo nAfiOl DI (ke tEBa 2 A, 7 3 P hottic T 5,

#define is const functor(f} ({f->f_arity == 0) && (f->def.f_set == NULL))
OF | BOhaE (PRS0 4, PP ELTWEST =+ 232,

showdef (fname)
Waldisplay) = = » iCHfIl. InameiC (EHAICEE W T A & dL A TR
DA TN S, fnamedifiie XV 4E D 2345,

{(1ifname = "/
reduceX R il 3 &8O, SToBEEEHT S,

(2} fname = “_*
reduce® NALE T A REO S EES BT 8.

{3)fname = "
ALafen FBal, S 7 7 YR E T S,
AR BER T -
AL FHNTHLWESR +,
reduce LT v S AR C L -
M Eirdaka S
DT T EEREND ],

{4)inamedi EninFhod b b & :

fname/arity Tl X H 3 FEOEROAFFRT S, ToEMoRE
DL A BSE, F0EHRT L, arity MBS 2 fnane T E I oS
TOErE e I T A

loghandle(fname)

Mo FEHIGL TwE, fnamell RSO TFTHHEA = Twd,
framed ‘no" D EL, 777 v 4 Lk closed 5. F LN OB H fnane T
TENSEMOR Y7 r A a3 F— 7T 3, BHO7 7 4 A tifilET S
M-t s—F 0 7 4§75,

helpmenn(}
A A e GRS

Ireeheap()
YATLE-TOHLEFIET S,

init, syspred()
L RFARSALBEE LT 20 main. cDprepare( )i HIFENS .

filewrite(n)

YW= FICHIG, il 7 7 4 BB A TS, Btk s—
Fxp b FTokl, wpdihzr A rpcdrs T, A—H—EE0s 5
refuced T ODERETETT AT THE,
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disp func def(f from,f_to)
f list BT, f fromfh6f tod T2 —F =T, I T
ViR e R L,

set_inputfile(n)
7 r A A BHA S FARAR Y 7 A A4 v B fpha BT 2,

readfilel)
“file name" = w2 F{F 7 A4 AREGALR L 57 4

sat_eaf()
P or oA AR CEOFLE R T S

» check_recursion()
= FEREEOIFMESF - o 73 5, KR EDef_Modified

oI O F a2 o FEES ESIC LT A, Def Hodifiedld,
add_set{ )3 LTF, assert/retractfiiio EiFic L buick &,
check_recursion() & FF.nm b, refute®fll, 8= » Fic L 2 HEE Mo,
Yaa = Vol THI. BRMEOF =2« 7R,
I Tom— FREEON, S CoPEENT=» FEibA S SO OAfinite
AFFENT L, BARBREC - TRE A FUMM DL OO Afinite b
EntTird,
(e EREC ARSI TEEHSTinite 7 5 YOl - A B AL A 2 RED
finite? 7 ¥ 5T A,
(2) (REOVEL, 77 X0oBESE AT TR S,

* check_unitpred(f)
WA AT AT as o I CERENT WL I finite 7 2 Y R TS,

+ check_a1l unaf(f1)
B 2 P AOE R EROBIBIC D 4 check_unitpred() ¥ Ef7 4 3,

= rec_to_finite()

finiteT i RAD EREO A Tlintte i A LA s T ALY, 3o
finite? P X R UTL, —2TL 72 XUV - ABE, Yo A BH
REC_to_FTINTTEME 100 A &

»int is_body finite{f)
HRER LT O R AR A T findtalidS A b T N BB S HTRIE, #
9Tk FRTFASESET.

LA ERABEOCREIN TR L,
TEMS., v Foldd bk 2 B8R AR
EREOE T 4 RSSO D BEE LR

oscommandl )
Enavy Pl v 8—F 0 vk 34 5.

delete_tmp()
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—ErrfadifgET o,

quit_prolog()
cuProlog# T 5.

Ll o2, SARESMERL—F v 03 5, tines()2i 4 H— L dhTind
Com et Z(UNIE 4.2/3 BSD) T h v B3k v, include. h
#define CPUTIME 797
T, s FoMlliEty v i @ebd, BEEHE A na—F v
By settimer(} L, FHEOECprinttine)d &, SIN-4CESH
#define CPUTTME 1000000
EEET &,

printtime{)
FAw- DERERT L

settimel )
FAT—%¥FNCE P&
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Yrnewe FFadewi—iou

en-Prolog
Copyright: Institute for Hew Generation Computer Technology,Jlapan 1889

Wl 8873

ol 89.6.28
§9.11.7 (for Ver.2.4)
80.3.13 {var.3.0)

B, HEE
IMEYa-—nCiie—7, AL 2 rHOAE) - FHERCEHM
l‘{ﬁ'-kvfh%n

B2, EEOINER
TERM_SIZE, FUNC_SIZE, POINTER_SIZF, PATR_SIZE :

AEEAO (It A I TR ) A =

Termalleec{a) 7T U rialmf% s 27 AE—7 FiCalloc? 5.
tempterm{a) T U7 4affB@éd —¥e—¥ Eikalloct &,
funcallec(a) T UF4amMli® =27 oe—7 Eitalloct &s

sheap[]

PAFAE=F, Fu¥IhAd— i, FRIERFICIES AR
o, REXMNALL, H—=VaLd s vRiTTwhenosh iR E
ik HGETR B,

*shp
wAFAE—FHEAL R,

heap ]
a—#—k— 7, prologDhCBNREIC —BEMICIE LR E F— 2 B (B
A= FihEsAE,

*hp
EE el e

ustack[]
A=W By 2, HAEFRPRATIFTILE, Heulf s
FAL oy HATEC, upush(), wmde( )i X DIERPE

*usp
A—F—ZH e THf R

FNUMBER
MEEE. WWEoT, FETEEC FoMe 3. EEELA Y
P b BRI S

§ 3. AR
+ hash({fname}
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EabE fname L 3 R3S » & o MO % E 3, hash list[i]d b
Lt E V2t toMErEsthTtwa,

+ galloc(n)
n7— FlmPaoE s FE) A F L e - Fic &, SHEAPRBOTTOMER & = 7 &
BE—7HEOEROT L 2, SHEAPTOPHEEOT Fl- 2085,

« allocin)
oV F. o= - e — U7 ik &, HEAPROTTOMK =& — 4" & — 7k g o
T Fi A, SHEAPTOPHIGHOT Vi 208 4,

* nalloc(n,fliag)

FEF -~ o v Fn, flag(={STINGY,ETERNAL, TEMPORAL}) % * &,
[lag==STINGY® * & tink 5T,
WEFID WEhEd o v i a F— 7T ARSEET SRR, f=>f_nome® 4.
flag==FTFRNALDEFIL ., rheap BIC X FHEF = ¢ — LT, TH~0Hf v 8 %
o
flag==TEMPORML.AFT, nhepa_t[] Bt SFFF 2 — LT, $h-D4 4 =
2 EET,

= Ko bt )
nbuf i O P A| O TR S e B R L ORI S T ran®
i - TiET,

» Nrem_val{x)
R R L LIS TR S, sk E T e A o Tl

« Netrix, flag)
o WER, flaglo i {STING  ETENAL, TEMPORAL} % 17 & (nallocHe e ),
2 F T term SRS BV o T,

* Nvar{nbuf)

Bt bvark 2@ 3. oufic EHES ARTHE, RN
v_rumber i 2 EHFS., v Lt EN I A FO Ry THAATWE LTI,
Kear( b irobl, vonumber, v_listd @AM L b 30T, MR L Trar b 24
TL i, —ERVNCy _number=0,v_ 1ist=NULL > L © 2 b5kt L TS
S Bl TEhvar@BHoT FL2 kR,

» varsearchivarname)
AEER list TR A RS EE Y & F o Tvarnane & S A0 4
HEET

+ raset_voccurenceivl)
vlw_ocourence® LT 00 &,

* recalc_veccur_subit,vl)
tEE, vIZEHY T ok §, v10v_scomrenced HITHA L,

» recalc_vocourence(cl,vl)
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clFBHimdk, vIFERY 2 it 3, v1Ov_ocourenced Bt
4, WitEds L EMEHE TR Cw .,

« axist fname(fnams)
fname &t 45 Sl (5 18O R HED & v ) o R ErT a8 Sk, okl
FAET. TELDWESICRNLLEE T,

» pradicate|fname, arity)
BEhFifname, TV F farityndREBEE T, v a2 F— T A HAIBEE
NTnEWESCH, FACa—FEREF L LT8ET 2,

« funcsearchifname, arity)

frameit (LMEHE. arityiC G (B BEMA L, mvbaT—TaAF
E-TILT DO A o # (fonc B4 %3, arity==-1085H, fname
Lin S oK v 5 E—DEF. fname TR I SRR L B ICH,
BULL#% 5

» pred compare(fi,f2)

HEELL I2% b0, f1cf2h G -1, fi=r2d biFo, T I2h bIF1RET. &

WREoLseiTs,
(LE R AT v b, stresp(f1=>_name, £2=>f_name)
(2)E—MRE D S S MOBOPE R -
(3R E R SR L b, =

» void index_fune(f,n,a)
DCEIEER D A e F | niC HEERER., alt RS 13oEs A L, phEs
oo iafF—TACBET A,

* void index Funclistif)
THEEEY = b A D, thopt e T v aF— PSR T 5.

* Nfunc(ftype, m,a)

frypeit HiREho & 4 7 (TEMPFUN or not), niCiXREEF. ak 118 |8
OIEH AN THELR. FiBEIED .. £ OfmcliSHEO HEA v 2 3 ES,
frype! TERFFNDIF RIS v & 2 F — 70 KB X R, ftype==TENFFIND
(8] 2 R R SR AR ) R AR List TR SE8 Y 2 b e
FHINID.

+add_f_cbind(t)
LEREHRROE LS, B35 (st—>type.t_func)@f_cbind[1] (i 5 0@ B
MR » P ahicine 2,

* recalc_f_cbind(f}
ket _chind[i]1 ¥ WiHHT 5.

= void recalc_pred_value(f)
gy tretractic L H BE T Eo—228{E L kA—F v ORI
bie F->f_chind [ 41->2_setcount ,f->f _unitcountdHl & B+ 2.

= Ntarmin)
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oo | # D termbl ik % sheap it allocd 2 |

* Nteapterm{n}
o | # O vermi¥iE i uheap FiCallocd & .

« Wenwin)

i R (EFE OB AL TS, FRoRcdiT oSt —
#—b—7 LKL 3, pudEil2onHs » FOATAOT, S-DIST —
FEFADETIIET — F{=871 1), 2ORAOESIIIT - FRBEEE S,

* Nnodei1)

refuteTH S, Lk S — Fetl o w8 % AJu T AL
ndpn link=lrl B Z XS54 Fad o F—e—F LEEEL, ToTFLad
e non_lastifotfBERINTWE &L FHL, FALAE Y 7 — o 88
mn lastiC 4 L. n_last,custASE S8 LTSS D S,

+ Nenode (1)

FEFIEETFAW L, 1 Henode-~ 00 84 W 8 % A fL T AL
n—>n_last=l: A B L9 HS — Vb= ¥-L—F [, TOFFL2%
g

» Neclaune(c, e, ec)
chif. ek TN, ech E# Declansel [ CFER. (c,e) 2 SHE A
sclanze® 0 B R ORI TET, D30,
c=cl,c2,c3
ol e
(el.e)-(c2,e)-(c3,e)l-ec
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