VI bU=7ITE 40— 12
(1985 2 8)

LR Ed iy = DO Bk B

WEEE. RAH. RAK. HREE. FREE. LEFIS

BAEz2=RY Y2 (%)

1.3
Liskov-Zilles [ 1] Ei¥. 705 3 L OHER
BROVWTOBRBBEATSHZ. UL, HBOX
PER. REHEORO>NEIRERERAULRDO
BEL, ES5/OELELVSERABOTOSIIR
EoTEBHRMREBHLERBRIDBOBIRVEITH S,
VWOHEORERVUVIFHEORTOEDOEX
HRBEFRERUT. TS TRAELREORES
d&&¢$ﬂﬁdkﬁﬁbf$toﬂﬁéﬁvw
3HRBEFAANOBRAB—FTHHIEZA LD S
THb5. THIIFOHETD 5,

2. R4 L
BHLUTHEIY YT «HF - LOBHHEREA
Bo COFERBAFHBUBOLTLIRBMIEL
BHHETRVEEOEREIRR>TWALIZARD
5TH5. HAELL 2] K oBROS 28BH M
?‘%o

(¥ — a0 ifk)
I0ME xrYrroly—iik, W07 v—2%b->THRT 3,
BHAR, R FF470BEERE, TREFNLOTL—-LT2HY
IR B, L, W7 L—AHR LT {2 FRBRART -0
A, H—ER7VL—LtLl, 2}F4270HE, Fi 2 @R
TE, ART-0BEI 1 ERRTE 2, E
7 LML, BELFREL T, PHEALE OMUEL-T
HEL, WEn7L—-LadHAit-T, Thi&bT,
WERENL K- LI, BHEHEOF- T B H—AW, Fp bl
Tr=nF4  ERBI L LOERREIAL KL LV,
(2+3547)
®102% H1EOHRICLE-T, igumasnrm*nzzegmﬂLr
PAR, ThEXFTL2E0T,
2 T4 NP, FOTL—LONELBOEI (X) BIED

HTEbT,

Z+ 34 70HE, FNOT7L—LOEXORAR, BHEKHEIK
NTL—LNBEIMEIAINTRNT7 L—LORIKERDLLET
ZEMELTHL,

A5 47O T, KOT L—LTART=0BEIZIR, Fal}
Hix202 % 3,

(r7n)

#1034 HUHT2EAFF1270HBE, ThEFTRLENS,

SOBE, HINALT4 707 L—nlzB T BIBHIR, WK
BIROBRERI T TEMEL TS (.

FIROPE, BMNDA L4 7 0BRE, W EnIZR(EI D
TL—LnBIRTHEN L OMEML 3, -T, B2ORE
SA7ERCTROBLIRTIENE Y 2HALBAIE, HIRE
FAIDTU—LIIZWEML B,

(b 7ngrzizs—%—)
MI04% MUTIERLS4270BAE, PNV TLELBI—%—Lv T,

ZOWE, BLOALFL 7N T7v—Alc BT B1EII0E % B,
ZOEIELTIO7 LV — A2 OV THRIZANR F 74 70L&
, EDY—L0NREL AN =TI by —LEVT.

(2T —)
WIOSH: Yo7V —AlcBunTh, B2EANRKICL > TENLMEHAL

12BAR, ThEXRT—2u],

AT =PRI, FDTVv—LhE o (/) BEDOH
T, Shigbd, B1EORRKCHINLE » OKIE, XRT—%
LRI E HROEICIAL, ENT7L—LOBHIIBBEHHIKRD
FU—LTHLEORIRE RS $ TEML L, KOB1RNGSE R
~RT=ELTOBANRML, TO8iE b TRAT S, H107L
— A BWTANT =D AIL, $—ER7V—LELTHRVTHS
B%BRTE B,

(z5-)
HI06%& 1507V —AT2EURKL, 0RO 2 2MPT LA TEY
o A, ThEXLT—EWI,

ES A LIS 1 EORIRCRIL 22 &> Ok N2 2o
ERAL, S2EORRTHR-2E 1AL BS bRk 542
otz (=) BESHTRbT, i, B2ZEAORRTHLIY
S OBRNEUBDBIEAL, FNT7V—Ln{RAIEN2 BORER
AT TS HIc AR LIEAT 2.

(77—n)
WI00% MIEHZVEIM2ENRKNEE, 77 —nE LA, MK

®7 7 —NEENE, BK2HRD 7 —nidEooh~ (F) @
ot higkbt, ,
TU—ANBLBORKT 77—k LEAIE, BLZE I
SBATHSIN, H2ENORRTHLLEA KT EENTV—LTH
HELTHAT S,

LU, MIpCT7r—niL, B2RTEBALLBAE, AT
—rhh, B2RTLRAI 2h s PRI —LT b,
MoPTTr—NESHLEBAICE, BUETHLIE ORY
2D 7L—LTHAT S,

107V —alcBWT, BIPT77=n%L, B2RTEBOY
SEBLTART =t o Al $—E27v—n L THIY
&&W,:m7v-Aanuzd7—um3&fﬁLtEymat
mirbokisd,

BI07L—LTHIBNT7T—NEUS Uk‘\u. ReAnor 2 0%
Rickyv@ELLE /m&rflf%’flﬁ'b.

(7%-)
#1094 M1EORKTK— »##7 Ao 1t i, Eolodiz(G)

mEolttohiEbT.

AT — % b BB IRL N2 BT I —IC A BB, B
ootz (=) i TohigbT,

Wy —OPARMEIL0 L% DA, M2RIcL V10K L &L
FLABA AT —E LAY 2,

ZaToiRAR

sv—a[1t]2]3]a]s][e]7]s]9] 10
9 Fh 4F 4-ch 8

#3058 | 78|88 96 |105]123|131]|140| 168




3. ttoid
RIYYT - LhOBAHEOLEREDRL 2

Wo T MEBE) E0SOW. TR . THEL
L TTaysas RERERLVC. TREORTL

RULE TEHOWE) FHEoEFME v
REEOBKTH 3. XTHRAURFORFELT
KOS RREHERAAR.
(1) BB REOFTER LT
I PL approaches [ 3]
(2) XERBwRrs->T:
DCG [ 4], BiExss 051
FrEmEN & L 61 . VDM L 7]
(3) EF - IR LT
HDM[ 8. HISPI[ 9]
(4) WHMERE ¢
Concurrent Prolog [10]
(5) —#ny:
A [11] . Z [12]

BAWT —LUBr s, BAHERFRINHLE
BUCTVR. TheZ0% E#FWH 2T Pascal 7
7S LBERT 5. T5CERLTHEINEDOD
Wl THY. RBEEULTEEOL I RD
DOREBATVENS. ThORKSABT S LA
REOERMOL AR EAE L RE SR, BT TH
—.L\’EKWGO?(DJ:D?«.@#EDJ:’)ZDZJ
(1) BEAERAV S Fh oS, MiRREHR

BOFEO & > TRBL LRSS (R 7 -

LERET S
(2) XEWNTHZANT - 5'la.&ﬁb s 3z ERb
PERERRs L, ZOHXHNEE Fok

BRHESEE X AMIEZLELRT 5,

(3) MBF-FyREULTRBREET FDRY

C ZhRRGBREEEX S,

(0) BBFURAOHE GERE) RE&LT Gh
) F—LeWMBT 3. AT -LD
TEH) &84, RARHUY - LB—FE
BETS (33VREELRL) TLREE
LT THE BRBT 5.

RTEMNCREEEBT 5.

3.1 I PL approaches

I.P Lapproaches T« entltaes& propositions
ko> TRBOURREFALT B By .
¥ — WGl Game.Frame,Throw,...Zentities& U
THEAL. BRI -, 7\::71117-»—)1/\ ..
&c..hb@ﬁﬂkﬁﬁ@SZ’.Jproposatlons&U'CEfi'.%o
A" b PEIRY &h\')ﬁ’iﬁt&ﬂﬁ‘&-&v‘cmﬁx
EFNHREHETCES, UDUZORE. Bl
(E%) OrDOEEBFEHRHRDOOUDPRLED
SR ENEA R,

EROLHOFHMVE XS RO, MEOK

. LOMEREASEROUARERELGN B,
& I P LapproachesiZ & RO —BERT .

For all T For all 1 For all P For all G
(G throws TtP 1ff P#b’ "' 'GItP)

For all T For all t For all P For all G

(1f G Throms Tip Then t Is among Nn

¥ P.ls among Bowllng901nt)

Games = {G/Por sone T for some 1 for some P (G throms TtP))
Throws={T/For' some G for some 1 for sone P (G throws TtP))
Games In | :
Throws In'| . :
Throw Nunber = {tT/Por some G TFor some P (G throus TItP)}
Throw Number ls Anong Fcn ‘
Dr Throw Nuaber = Throws '
For all- G Anong Games

({t/G throws TtP} = {1,2,--+,K.: {I/G throus TtP}})

For all G For all F For all f (G frame Ff Iff Prc*”’ GPf)
For all G For all-F For all E
{1f G frames Ff Then'G 1s among Games & f ls among Nn)
Frames = {F/For some G For some 1 (@ ftane Pf)}
Frames In-| .
Frame Number = (fF/For some G (G frames Ff)}
Frame Number Is among Fcn
Dr Frame Number = Frames
For all G Among Games

({£/G frame Ff} = {1,2,-+-,10})

For all T Among Throws For all F Among Frames .
(If T is first throw of E '
Then Throw Point : T is among’ dxg1t U {strike})
For all T Among Throus For all E Among Frames :
(If T is second throm of F
Then Throw Point : T is among dlgit U {spare})
For all T Among Throms For all T Among Frames
(11 T is first throw of F & Throw Point : T

. Then K : {I/I is second throw of F} = 0) B

- Strike

3.2 M
it OER EKknuth [ 5] 2ZOFFEBUTVL S,
ﬁi“ﬁﬁ’&(ﬁt@ﬁgktt&b%.

bgame. -> bhody -
" body " -> frame body | frame’
frame --> throw - o
| throw throw
I throw throw throw

throw ->’G* | ’F” { ’-7 | ’X* 1 */°
1 %17 1 °2° 1 °3° | ’4’ | ’5’
16> 1 °771°8 |9



LORXBE »SUTOL S REMENRE € 5,

symhols | attributes
1 inherited | synthesized | domains
bgame score “i-{0,...,300}
body no {l,....10}
score S
first {0,...,10}
second {0,...,10}
frame no L : I
type {error,spare,strike}
first - :
score
| second
throw no i
order {1,2,3}
: score
type
PEREST.

K. EAER. HEEYE. AREY
OERACERBLLHEET 5, TOE X, bodyOH
BB U ChodyPI S — i first . % " #second®
ABLEDOT. KBOY - AREBUTOBLHEL
AROHERMORRER STV S,

3.3 DCG ,

3.2 ORUNEOBALAHRO7 A F7R2DCG
WL f§Z zPrologic & > CRBEREET 5. %
BB Prolog7 O S L TH B, —8BKRICRT,
BERORERE TRITUIHRTHS1 2&TH B,

bowling(X) :- bowling_score(Total,X,[]1)
write('Total. Score is '},
write(Total),nl.
bowling_score(Total) --> framestTotal,l,_,_ ).
frames(T,FN,FTV,STV)
--> { FNK10 },error_frame(FTV, STV).
{ Next_FN is .FN+1 3}, !,
frames (Next_T,Next _FN,Next_FTV,Next _STV),
{ T i5 Next_T+FTV+STV }.
frames(T,FN,FTV,STV)
--> { FN<10 ),spare_frame(FTV.STV),
{ Next_FN is FN+1 }, 1,
frames (Next_T, Next_FN,Next_FTV,Next_STV),
{ T is Next T+FTV+STV+Next _FTV ).
frames(T,FN,FTV,STV)
-=> { FN<10_J,strike_frame(FTV),
" { Next_FN is FN+1 3}, 1,
frames (Next_T,Next FN Next_FTV,Next_STV),
{ STV is Next_FTV,
T is Next T+FTV+Next _ETV+Next_STV .
frames(T,FN,FTV,STV)
--> { FN=10 1}, ten frame(FTV STV, TTV),
{ T is FTV+STV+TTV }. .
error_frame(FTV,STV) --> error_1st_throw(FTV),
error_2nd_throw(STV),
{ FTV+STV < 10 }.
spare_frame(FTV,STV) --> error_1ist_ throw(FTV),
spare,
{ STV is 10 - FTV }.

-strike_frame(FTV) --> strike,{ FTV is 10 }.

error_1ist_throw(FTV) --> ("G",!,{ FIV is 0_});
("F",!,{ FTV is 0 }):
digit(FTV).

error_2nd_throw(STV) --> ("-",1,{ STV is 0 })
("F",!1,{ STV is 0 )
digit(STV).

B
s

3.4 RFEHEW®IE
ChUERMREIE (direct semantics) .
?&bBﬁﬁﬁﬁ@&k&%%@&Whmﬁfﬁh
on@mra%;—%éwumt.;_ruﬁﬁm
EHRER IV EDoRED. EFNE l/'l'li'\b'\*’
Ammmxm&mingmumotmao ‘

".SYNTACTIC DOMAINS

T e Sc (Scores)

¢ & Bd (Bodies)

Y € Fr (Frames)

T € Th (Throws)

SYNTAX

2 ii= ¢

® li= Wwelw

¥ :1:= TITTITTT

T 1= X'’ /006 10 =’ F
| 1127 17312415
| '8’ 1’7’ 1”819’

SEMANTIC DOMAINS

A (Integers)

T y = {error,spare,strike,double } (Types )
No={1,2,...., 10} ez (Frame Nos )
Pt={0,1,...., 300} &Z (Points)

¢ € S=No><Ty><Pt : (States)

S_EMANTIC FUNC’I‘ION
S!Sc—Pt
B:!B.d—>S>S
F!Fr—>s-s
N:Th—->Z

3.5 VDM
;n@33EVDM®£ﬁ %mek&vfi
VWEHOTH 3. TO— WE&&T?o

Syntactic Domains . .
Game :: Properframes (Serviceframe]
Properirames = Froperfra-e"

Serviceframe = (Unemorethrom | T-o-orelhrn-

Properframe = Strike | Spare | Error

Onemorethror = STRIKECHAR ‘| (Errorchar - {G})
Onemorethros (Onemorethrox | SPARECHAR )
Error :: Errorchar Errorchar °

Spare :: Erforchar SPARECHAR

Strike 't: STRIKECHAR :

Twomorethros ::

Errorchar=Gl-»|FlLlZlQIiIiIﬁVII&IS
Context conditions
is-wi-Game : Game: > Bool

is-wi-Came (mk-Game(pf,s1)) %
len(pt) = 10
ALY i€ {1:10))(cases F1[i)
(mk=Error(dl,d2) -5 int(dl)+int(d2)<10 Adla- /\d‘Z"Q.
mk-Spare(d, s) => dx-,
mk~Strike(x) -> TRUE,
T_'> EALSE)

Afcases st .
o (NILS =) is- Error(pf[lﬂ))
mk-Onemorethrow(1) ~> n-Snaro(pf[lO])
mk-Tmomorethrow(tl,t2) ~->
is-Strike(pfl101)
A (t]1=STRIKECHAR => t2 GOna-erczhro!)
A (t1= STRIRECHAR A t2=STRIRECHAR =>
- (t2=SPARECHAR Aint(21)+int(s2)<10)V t2=SPARECHAR),
1-> FALSE).T -> FALSE)




3.6 HDM
HDMUHEF - Y8R 3V - LERKETE
BLrOoZETH3B. o, VEAIBRER X > THY
REMREBREEShELOTH 3. RAOE
(GRMHLR) BT3.
3.7 HISP
A (3.9 Bl OEBEMEF - YREULTHE
WhHDTHY. 7 (sort) EEFhoDMOEHET
% GougenB [13] TRWRT,

Integer

] K
ELZTjTe :}—v(:ﬁkiqg;>

Throw

n

3. Concurrent Prolog
IR D5k throws & B4 Dicidscoresi
K. FhFheTOEAERRL. F-208T
L-LEROFEhE2TO L AMBEESRR U R,
%IRRT .

:- throws(Ps,X?,[1),
scores(Ps?,0,GT ),
total_score(GT?). .

throws(Ps,S0,S) :- frames(1,Ps,S0?,S).

frames (FN, [[FN,error,FTV,STV1iPs1,50,5)

:- FNK10,error_frame(FTV,STV,S0,S1) |
Next_FN is FN+1,
frames (Next_FN,Ps,S17,S).

frames (FN, [[FN,spare,FTV,STV1iPs1,S0,S)

:- FNK10,spare_frame(FTV,STV,S0,S1) |
Next_FN is FN+1,
frames(Next_FN.Ps,S1?.5).

frames (FN, [[FN,strike,FTV1iPs1,S0,S)

¢t~ FN<10,strike_frame(FTV,S0,S1) |
Next_FN is FN+1,
frames (Next_FN,Ps,S51?,S5).

frames(FN [LFN, ten,FTV,STV,TTV11,50,S)

FN=10 | ten_ frame(FTV STV TTV,SO0, S)
scores([[FN,strike,FTV]'Ps] T,GT)

FN =< 8,wait(Ps),Ps=[P1,P2!_1,

Pi1=f_,strike,STV], wait(PZ),

P2=[_,_,TTVi_1,wait(TTV) |

New_T is T+FTV+STV+TTV,

scores(Ps,New_T,GT).
scores(L[FN,strike,FTV1i{Ps1,T,GT)

- wait(Ps),Ps=CC_,_,STV,TTVI_1i_1,

wait(TTV) |
New_T is T+FTV+STV+TTV,
scores(Ps,New_T,GT).

scores ([[FN,spare,FTV,STV]iPs1,T,GT)

t- wait(Ps),Ps=C(_,_,TTVI_11_1,wait(TTV) |

. New_T is T+FTV+STV+TTV,
scores(Ps,New_T,GT).

scores (L[LFN, error,FTV,STV}iPs]1,T,GT)

= wait( STV ) |

New_T is T+FTV+STV,
scores(Ps?,New_T,GT).

scores(LLFN, ten,FTV,STV,TTV11,T,GT)

:- wait( TTV ) | GT is T+FTV+STV+TTV.

total_score(GT) :- wait(GT,T) |

write('Total Score is *),write(T),nl.

bowling(X)

3.9 A

BERIY YT - LOBE (Bl 286
Bgame, Frame, Throw,Point,Fkind & £h & DR D&
By (BB LBBE) . 11,72 (JL-LESB
UEE—R. BB .k (JL-ABTRDLB.
XF949‘XN?\$9f)‘¢(ﬂﬁUVV°
BehDAATIL—bBT) RE>TEET 3.
ZhoORERBMYT 2 ABRENT 5, DVWTEIL
~LBEEF-LRHUT. TL-LD6HBAND
BMe NS IR VTERT 3, oIS -
LEBERTIL-LABARAVTY - LD 5BEND
BB UTCEBLRLDTH S,

1. s
.0 <Bgame,Frame,Throv,Point,Fkind, n, 71,72,k, &>
is BowlingGame <=>def
1 Bgame # &
<2 AFrame # &
3 AThrow # &
4 APoint = NaturalNumber
.5 AFkind = {error,spare,strike,servicel,service2}
.6.0 A m:iThrow—>Point
4 A(VieThrow)(0S 1 (t) 10D
7.0 A7liframe =>Throw
.1 AT2:Frame =Throw U {undefined}
.2 Ak Frame =Fkind
.3 A(YfeFrane)
{[ x(f)=error => (7 2(f)e€ Throw
A (T + n (T2 < 10)]
AL & (f)=spare => (1 2(f) € Throw .
Ar (T + 1 (12() =10]
AL k(f)=strike => (72 =undefined
.9 An (TI(H) =10)]
.10 AL x(f)=servicel => 7 2(f)=undefined ]
A1 AL & (f)=service2 => [ 7 2(f).€ Throw
12 ACx (z1(0))<10 = 1 (1(H) + = (r2(f) 510)1]
BERE
.8.0 A ¢ :Bgame—>Frame
.1 A(YDpeBgane)
2 {[ en(o (b))=10 V¥ len( ¢ (B))=11 ]
3 A(Vie{1:10) [k (#(bXi)) & {error,spare,strike}]
4 AL & (#)10))=error => len(¢ (b))=10 ]
5 AL & (9 (b)(10))=spare => len(# (b))=11"
]
7
8
9

R

/% the set of sequences in Frame #/

Nk (t(b)(ll))=servmel]
AL & (#(B)10))=strike => len (¢ (b))=11

Ak (@ B)(L)=service2]
}

2. @R
2.1 frame-point:Bgame—[{1:10} ~>Point]
.0 frame-point(b)(i) =def
/% defined by conditional expression %/
1 [« (ab)id=error »n (T 1(p (i) +n (72 (B
2 & (P (b)(i))=spare =10 +n (T 1{B(bI(i+1)));
3 £ B (b)(iN)=strike—>
L) L 72(p ()(i+1)) € Throw—
.5 10 +22 (7 W@ G+)) +m (720 (B(I+DY);
.6 72(¢ (0)(i+1)) = undefined —
7 10 +7 (7 1Ca XA+ +m (7 1((b)(i+2)))
8 1 ]

2.2 score:Bgame—Point
.0 score(b)=def .gigqpframe-point(b)(i)

—70—



3.10 Z

Zhil3.9 RZEBTHXBELRDDTH S, %
D—EBXICKT .

BOWLING-POINT =
M,
strike = {’X"}
spare = {’/’}
digit = {*0°,°1°,72°,'8",74°,°5°,’6",°7°,’8", "9’}
bowlingpoint = {strike, spare} U digit
int = {°0°—0,’1’—1,'2"=2,’3'"—3, 4’ =4, 5’5,
'6'—6,’7'—T,’8"—8, 9" =9}
frame = {1,2,3,4,5,6,7,8,9,10}
throw = set f for f : NAT mhere fesegment[NAT] end
end BOWLINNG-POINT

BOWLING-GAME =
use BOWLING-POINT def
throw-rule = class
¢ : throw — frame;

7 : throw — bowlingpoint

o

en

frame-order = subclass ‘
t‘hrou-rule where forall t for t : throw
then
(t+1)ethrow = ¢ (t+]) = ¢ (t)
or ¢ (t+l) = ¢(t) + 1 end
end;
frame-rule =
subclass throw-rule where
forall f for f : frame - {10) then
exist’t for 't : throw where
inverse( ¢ )(f) = {t} and r (t) = strike
or
inverse (¢ )(f) = {t,t+1) and 7 (t)& digit and
[L7 (t+1)e digit and int(7 (£))+int(7 (r)) < 101
.or 1 (t+l) = sparel
end

end

4. SRR L LEREER D L

NERFHRODLTLIVSEREEZ L HA
THh,. URBBOREORVE zoRBUEETF
OEBERBRESREBEFL. RAFOHBK
LPOATLS, COXIREEFOIHLIRES

FOBEKEHNVOT "HERTXEHHERDT X7

RERLCUCKRUREREHENRS,

(1) PHARPTHRDORIFERT L. AP
T, LLFIBER (3.9) Td 3.

(2) WERBROFELRBHE (W) o &ERE
HiE (B "OBBEERTZIDOTH > 2B,
BB EEORABKR I - TEERELERT
BZZELHTETHD. ThBEHEHHUIPTL, F
EREDPITVDHDIZARE. ThIZTEBEENNED
Cintrinsic ) RUEBFFREB U CHEALENT
X532 RHATSIREDEZLONS.

(3) RABEJOHBRLHZJ00RFVHITEEX
FHBOLHUPTLE, BEDTL. ﬁ&%f(n
%, IAEHISPBESTH S,

(4) WEWTOYS I VT oBMT b5 ek
ERBNTHHPOVRTEORETH 2. FEOHYOD
WARFEEE UTEITH (Parallelism ) 2BIF3
TENTES, ﬁ&?ﬁhﬁhwﬁﬁiﬂﬂ%%o
TH3 -
(G)ﬁiwﬁuﬁmﬁﬁuéhétsfﬁﬁﬁh
BATE. BEXFOMNRBIKEL THEBEY
5, RO, AL<BFITLHITIVOL L. ARET
ZEHEDBVDORRS, RBEFHRB—MRHTHHL
US2BLEREFREEYHh. RAPTVHEELER
2hY, RoRPo YT RZERRE, EERH
ETBHIEE. RUEESEZOEBLLTHLOD
THRBEORBROFHUMP»VEEA TS h 3P o—EHE
D, UbU. BENFECL>THEALREEEX
BUTLRVE, HBRRHAOESE UBRHTHR
RYUYBBTEHS (Hl. HDM) . BELEEIJ NG
FXIRBEVUTEANREBSEL TP REREEY
2523154, %%%Tﬁhﬁﬁib%o(ﬂ\
I'P'L approaches ) .
(B)Fﬁmki<Ju&m§§ﬁﬂ(MW'
sorted. Logic) ®. SHRELBFLELZIILE
BHRU. BCSBoBEBREBSENTHE LS.
UlEBosTRERERENRCOLIS>RBELHFERT N
EIDPRBENEEDR. bHPURTIOERR
HET3,

BB DEOLIRHEHZ2VWTHHBLU R,

EONOBRERHLIVOUDT X
HEPEIBREOBRORELES X, B0
OHREVRESGHOREB IO 5 L ERERELY
MBI/ %. FOEBTDCG/Prolog. HI SP%
COBNBHINTH 3. BEHORELULTHRA
BREBRIURETHSZ2S5H3. LCF/MLRZED
& D IREHEM (Polymorphic type) BHF TR SE
(7.[:[7"71-\:1111:) BEFEFLLDORR S,

EHAOFEHMY

Xk RS > EBESE. aYNLIOEROE
FHORBRFRETBUTV S, AR —RERFER
BRUTVALDITHSD. L3 - RUBBO
WEBEEREAREART LR L > TEHOEH
DOBARETLB, IPLREZDODDIBF-IN-—
AREDLDOLBDTHEEEFLhUE. F-IN-
ARNMTSFEHEE (EUL—-F ) 2EHRTHIT
VWiV SsRREADEY P BBOhBIZERRS,
ETAT, FELHENBEFEOREATEHRELT
BREOEBARUEE>TTOY S A RER (BE
fER) $32LWEVLRVETH S,
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BUTLAEDEIDPWRE>TEES. UkB>TH
FRERLCLRAN-FHBHTES. Thp ol
~®Eﬁﬂwﬁﬁwgﬁfaot.

6. % &:Bb s
ﬂﬁiiiﬁtﬂk%ﬁ%«éﬁﬁﬁ&h &
BWe, FRZHhSREBBEEHATORL,
H5LVELTHIN FEOR> "HE” Bt
HREZEORMZKET 3. UL ZOHMETIIH
PO R BHY, ThoR THEUTEEALEY
HBEZENCEBLITHE. HLBOTHEEL H
WETEEXERRR RS> TEERLETRT S22
MTES, UH»RVRHBEF-IYREUVLTRRT S
ZEDHMBIIRS, Wi R EHEBREOTET
BLZEDVHL, TH DB BVLIThHERAD
FHHOREI T NBILDRHETES,
L RAEVSTH B -RBREEF IR HFEER
OREAEAFSITLETHS: HHVR T LT LME
REBBARTIRE-T BEER P L OHRE. AE
., BB ERXEE Vo BHREZLHTHFSL
L, FEeMavREAREODh 3T ERLSH
HRZPOEEHRETI LRV EEERLZ>RY
32 RBB, TOEIBFHERET. FBWRIS
UTEhHATFREATEREFRIKRT S L0
ﬁ@ﬁﬁk&vf%vt%kﬂf&%ouwﬁﬁﬂ
ix@ﬁibﬁh$¥ﬁﬁﬂfé%o :

BEXW

‘[ 1] Liskov,B. and Zilles,S.: An Infroduction
to Formal Specifications of Data Abstrac-
tions,Current Trends in Programming -
Methodology, Vol.l, Prentice-Hal1(1977).:

[ 2] 2BFXRIU Y THBE Koy >riesk.

(i) 28FRIY 274 (1981) .

[ 3] van Griethuysen,J.}.(ed): CONCEPTS and
TERMINOLOGY for the CONCEPTUAL SCHEMA and
the INFORMATION BASE,1S0/TC97/5C5-N695(1982)

[ 4] Pereira,F. and Warren,D.:Definite Clause
Grammars for Language Analysis, Artif.
Intell., Vol.13, pp.231-278(1980).

[ 53 Knuth,D.E.:Exampies.of Forma! Semantics,
Lecture Notes in Mathematics, No.188, pp.212
-235, Springer-Verlag(1971).

[ 6] hEBI— : BEFEEAMN, #a®I5(982)

[ 71 Bjorner,D and Jones,C.B.(eds):The Vienna
development Method,Lecture Notes on Computer
Science, No.61, Springer-Verlag(1978).

[ 8] Silverberg,B.A. et al.: The HOM Handbook
3 vols, SRI International(1979).

[ 9] Futatsugi,K. and Okada,K.:A Hierarchical
Structuring Method for Functional Software
Systems,8th International Conference on
SoftwareAEngineering,pp.393-4o2,IEEE(1982).

[10] Shapiro,E.Y.:A Subset of Concurrent
Prolog and 1ts Interpreter, ICOT TR-003
(1983).

(11l B2y @ BM7D77L&§£
Bk, BAZ =Ny 7 #(1983).

[12] Abrial,J.R.,Schuman,$. A. and Meyer,B.:
Specification language(Draft),Proceedings of
Summer School on Program.Construction,
Cambridge University Press(1979).

[13] Goguen,J.A. et al.: An tnitial Algebra
Approach to the Specification, Correctness,
and Implementation of Abstract Data Types,
Current Trends in Programming Methodology ,
Vol.4, Prentice-Hall(1978).



