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A Formal Definition of the Semantics of

Program Specifications Written in a Natural Language

Hiroyuki SEKI, Eiji NABIKA, Mamoru FUJII and Tadao KASAMI
Department of Information and Computer Sciences
Faculty of Engineering Science, Osaka University
Toyonaka, Osaka, 560 JAPAN

A formal definition of a "fragment" Lyg of English which is used
for writing program specifications is described using algebraic language
ASL/*, The syntax of LNS is defined by a generalized phrase structure
grammar. The semantics of LNS is defined by a set of axioms which gives
(1) the definition of the transformation rules from Lyg to the set of
formulas in a many sorted first order logic called MH1, (2) the
definition of 'non-logical' words such as nouns and verbs, and (3) the
definition of MHI1. An example specification is analysed using the

definition here.
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RECHIST ARIBER (MH1 21 5) 28875,

WMEIZ BT BT, o) TROBRE, b) RERSSTRUE
S YT, Y37 hoRAREHRSORS L, o) WRTHK,
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BABZBNTY, BV, MRESCIKEETICZ0HR
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HLiznBlsnsERL 5Nz, NELHENES, BE2
FERENER E L &, AFETIE, RO~ Q) OFHETE
BRER2ITS .

(a) MIHFEMH 1 DEHZ 2T .

(b) MENEROBER2EET S 1Y, Lygh 5MH 1 ORHE
KORELy~OERIN2ED 5 .

(c) FERHEMEROBIK 2, BFXNRELEHEICELETS.
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LIERFE” & Lx. AR, fFacs0T, 83meL
TOEFAD2 TN TERTCEERATHELNERFE, “E
BECI®ED” & X &, BRLIEREST, BEFLERESL, T
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i HO B EEEOMF I LIE Y, NSRS % <
I w VTS ziERL T3,
3.2 HSCRIOFER
3.2 1 FERIGREE DI
Iﬁ@#%%%%@,Awlhp“HFnfVﬂ(MuA
X ik BEE) OBWTIERTS. Abds TYHLIE,
#2E, S, VP, AP, NP, N, PP, DETII, 2 &R, ¥ (%
RIIRERE) . B, BAWEA, BEN, —R2ET, §
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S. (NP, Sxzhzh, B, X2 E8HT AN TS
THBH. iz, ATTREFABEREE» L 55, R, A
R, B, BBATHc 2 2R0T 403 T, 113
ATOHEROETHS. )
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SLASH: BR{RICBIMI2ER T 588, BRARZHA2S LA
WERL THOESBEHL X, b 2 0BFb Hlk




%1 »5IVHLZO5IE

STATEMENT

S (NEG, VFORM, AUX, CONJ, COMP, W, SLASH]
VP [NEG, AGR, VFORM, AUX, COMJ, SLASH]
VLNEG, AGR, VFORM, AUX, SUBCAT, CONJ]
AP[AGR, CONJ, SLASH]

A[AGR, CONJ, SLASH]

AL[AGR, SUBCAT, CONJ]

NP [ATT, CONJ, SLASH, Wi, APP, ORD]
NIATT, CONJ, SLASH, WH, TYPE]

NL[ATT, CONJ, Wi, SUBCAT, TYPE]

PP [PFORM, LOC, CONJ, SLASH, Wi

P [PFORM, LOC, SLASH, WH]

PL [PFORM, LOC, SUBCAT]

PP [PFORM)

DET [AGR, Wi

SUB (SUBCAT]

xR EE BV, 20BN 3 b QORI 2,
cORBc kYA,
cn b0l B Ee AN T Iz LY, BlHIND
GrmOEBEET S 5. FA W, VFORMOMAHFIN, AGRD
EREAREROBHETH PL 5, ” updates a file”
»%, VFORMOEMBSET & B VPh 6, " update a file” 23
HHxns,
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BRI Pl 3510 T, FEHKIRILS OF B OEMHIREE 0T
Wi WEAI T, TR BENE &)~ ¢ it v EET,
2N 5N H XN BERERICH- THONBARERE
BREATR TSR AR,

a) HEAD= {NEG, VFORM, AGR, ATT, PFORM, LOC} BT 5815
OESERBICHE I W TORVRIL, 20 & OB | B nfE
3, EAOFERMILS &, EiﬂlCBw‘Cﬁleéiém‘:#ﬁ&
%ﬁ%vu%b<awndﬁsmw.#%%ﬁ%m%ﬁuw
5B A vFe ¥ 2HEDUTITS .

b) 22l DIEHRAT B $347 B SLASHOAW AR D s Do fod
IERIIR S 2 3517 BSLASHOE D2 L &6 1 SIELL A
TR LR,

¢) BIBCONI RO Iz DT iE, BIOEMBHR N TS )
¥, o, LEids), b) kT HEMBRSZNE &, {#ENIL
BEEINTVBELEABT.

2) AN

2 & 2 AERRRY oWt SR R PR D TR
RTHD . SHWRIES 2 % 4k, BE, B OTEE
PEWTBEARAL—ADVHD.

3) zof
VAL S FRIIVPRRDT .
b)Chys TUHLTHE, C[SLASH 5] (s!3 SLASHOAERE D
&) &, C/skad¥ 5. Fiz, CSUBCAT nlid, Cln] 2ECHR
T5. (SUBCATY Y Bdic (L TBEAE T 2 2 OFIHT,
EIBSE (FR) 2M5. )

O ARFERIEES L 75, C 2T, AN, AD—EILL ED#Y
ELERDT.
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DOFRFLTH, COLE,
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T, FEHREEE OB R LSV 5.
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3.2 0TIz ¥ w2 FNT, LysORXREHT 50K
eiARL . MEOBEL, 5 oAV AR ED
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BE, RIS 2 BT 5 HAI 2R, STORAIEHE.
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APslyg, REXORALyy OWL ERL B ETE S 3
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BT % IS VAR T 5. 1z, Ly OREREHE
Hpd 5 RIS 2BO0L Y 75 . BRI EET B .
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2. TR, EHA, b5, BB “x”
LPRETHAEEEX 5. FMTOERKTHE, BIRBESL s
PR AERE B RENX s’ BWTRRBERLE
4558, ThoOEROBHMEL, s O LT
E3xnevs. PR, for each record it has a flag @
#3713, for each record (it has a flag) & FEA b, H
BT % RERE

Vx[x€record > Jyly<€ilag nfor x {x has y)1]
ThBrEZLNS (EL, BB, for x (x has y) &
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T%, 21z, BLBEG WL, x€aT xBaDRTT
—nx4TORTHBLLRRT (“<" OEHWE 5.81).
2T, HRAEEET BB, s CRNSERx~OREH
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FhEE %, ok_sbst_for x in aTRT.

LF, ASL/x0AMeROTERILERTS.
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TR AR ET . BICEERSZVEET L - R &
»e . L, AHCREhSEERxICT, FERRIAL S A D3
—oRSSir shTwvwael, T A»SERINBER
OERXAPRATEZ L 2RT. AR x0x { THELL
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L. Fh, A7 true OFOABOEHIE I AE
%, LLBREET A C rMHB. T, 2. TRRELIK,
DS ARSI RA s N, REDRADTH5. -
TEH 2 EET A AHCBVT, FELRE A e R TER
DX 4 THEEE, W,0k 5, 3. THAL RIS
IZIRE ‘kn’ ol hIERIREES L BB, RAZIDID,
HOTNEOTVED ke’ REWTE. i, BEROXA
FEEE, 3. COBNORAOROY Yy nitkeAVS.
P2, FHHITE O3 e AW EE, EROSIEIED
AW TAMEIRRL 12 L R 5. E() THREET
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OBIE R EIEL RIBAW, EROBIEEZHL TEN SO/
HAEL o1 ORRT . AHOKHREZOS 4 THHE
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[S1]  STATEMENT—S [COMP NIL, VFORM FIN] SUB[ . ]

/* SEFSC ¥/

[S2]  STATEMENT—VP [VFORM BSE)

/* WX ¥/

[S3] S[WH w, COMP NIL]—
NP[ATT £+NOM, WH w] VP [AGR NP [ATT FNOM]] g

/x X&) gRah +/

SUB[ . ]

[S4] S[WH w, COMP NIL]—NP[ATT f, Wi w] S/NP[ATT f]

/% SRR x/

[S5] S[WH w, COMP NIL]—>PP [PFORM x, Wi w] S/PP [PFORM ]
/x FIESHORE +/

(8] SNIL-VZ[PAS] Sp.s  [S7) S/NIL—V2[PRP] Sy,
/% S ¥/

[58] VP—VPy, s ADVP| ADVP VP,

/% Bl XBB8F %/
(58] NP[WH w]—-DET[AGR NP ATT f], WH w] Ny.q
fx BEEE AR v
(S16] DET[AGR NP [ATT [NFORM NORM, PER 3, -PLU, CASE 7]],

WH NIL] —a

[S11) DET[AGR NP [ATT [NFORM NORM, PER 3, -PLU, CASE r1l,
WH NIL] — every

[S12] DET[AGR NP [ATT [NFORM NORM, PER 3, PLU a, CASE 711,
WH NIL) — the

[S18] NP[+APP, ORD ord] /NIL—
NPy [-APP, ORD ord1]
/x [FRg x/
(S14] NP (WH NIL] /NIL—NLy [TYPE type]
/% NL[TYPE type]lX5—% & 4 7oEHTEE */
[S15] NP[ATT f, WH NIL]/NIL—
NLIATT f, TYPE unit] PPNAME[ATT f}
/% NL[TYPE unit] WIS 2R DTRE +/
[S16] NP [WH w] /NIL—PRON [WH w}
/% PRONII{AZ3 +/
[S17] NP [WH NIL] /NIL—>PPNAME
/x PPNAMERIEHSZEE */
[S18] N—Ny,; PP [PFORM NIL)
/x BIEPANC & 2 BB */
[S18] N—N Ny, [S20] N—AP Ny,
L fx BEOEBFRIRE +/  /x RAROSHOEN +/
[S21] NNy, VP[PAS] [522) N—sNy,s VP {PRP]
/¥ B X BEFOBE +/
(S23] N/NIL-Ny VP [INF] /NP
/% AERRORERRE
[S24] N[ATT f]—Ny.s SIWH [R, ATT f]]
(S25] N—Ny,; SUB[such that] S[VFORM FIN, COMP NIL, WH NIL)
/x BEGRICEE +/
[S26] AP—ADVP APy,

/% TEAEE-BRE, AT

NPy [-APP, ORD ord2]

(die)
(Tove)
(be)
[S31] XP—VPy; ¢ [PAS]
[$33] XP—NPy.

[S27) VP/NIL—VLy (1]

[S28] VP—VLy[2] NP

[S26] VP [+AUX]—VLy[7] XPg
[S30] XP—VPy; ; [PRP]

[$32] XP—APy.¢

[$34] XP—-PPy, ; [PFORM NIL]

$35] VP [INF]—VLy[12] VPy[BSE] ¢ (to)

%536] VP [AGR NP[tEere, plull-Vig{22] NP[plu]lg (be) '
[537] VP—VLy(26] PPlof]g (consist)
[S38] AP—SUB[29] Ay, '

[S39] A/NIL—ALy [45] (big)

(540] N/NIL—NLg [36] {death)
[S41) N—NLy[37] PP[with]g PP [about] | (argument)
NLyg [37] PP [about] s PP [with] ¢ )

[S42] P[WH w]—Ply[44] NP[H w]g (in)

[543) SIWH w]—S[CONJ cqlp:s SIOONI eqlps
[S44] NP [+ORD] NP {CONJ cq, ~ORD]g, s NPCONJ c1, —ORD] ;g

[345] X—X [CONJ eqlyrs X [CONJ eqlp
12RU <eg, ep>€ {<both, and>, <either, or>,
<neither, nor>, NIL, but>}
XeE{P, VL, AP, A, AL, N, NL, PP}
[S46] S[WH w]—S [fH "]H:s+ S{CONJ c]y;¢
[S47] NP [+ORD) —NP [-ORD|j; s* NP[CONJ cq, -ORD]y;
[S48] X—>Xy. st X [CONJ elg:s
22U c€ {and, or}
X€E{P, VL, AP, A, AL, N, NL, PP}
[S49] X [CONJ ¢] -SUB[c] X [CONJ NIL]H;S
RELXELS, W, VL, AP, A, AL, NP, N, NL, PP}
[$50] SUB[and]— and [S51] SUB[or]— or

GE&HEES) 11, LUTForuy.
Mx, y, W, %1 STEESVARDEL. ThbE, L
BRELCRENAS RN B e R T,
@ a, g, &, RELEADLBRT 2 0% 5 TEL,
Z08 { FIREW, [EBCEmT S, a0 4 FEESN
THHLE, a: Neigikd 5,
B)s, 51, 59, W, #1 TIREDGSTHEEM. Thbb,
2N ERE L2 RT .
@, s, 85, X, %4 FHESBOLT 5 558, T
BHE, 2L IHELEET.

LUFT, 3. TIHRU F MR [Sn) (o it 4 % 25N 1t
5oL Tl 2L TWVE,
[BHRRITY] o2 N (—1B223)
szs” , ok_shst_for x in s >>
(]s{{x/a a}} =

if GEN(s, x) then Vx[x€a <=> 5’ !

else Ix[x€a ~ s° )
[2)s{{x/every a}} = Yx[x<a = §° |
[81s{{x/no a}} s 1 xlx<a o5 )

4] s{{x/the a}} = s° {x/ a}
[5]s{{x/a}} == 8” {x/a}
[T17) B: PPNAME (E4&3)
s=~=s> , ok_shst_for x in s >>

s{{x/B}} = s /B [

2T, s{{x/alliy, s OBICENS x iz a¥, #
ML < @Y BEFHRZ TR AL CTHLNBR, M
L, sHTxBERLL-TOAHL S, a 2ERT 5 IHRE
ALHF D5 EEPLY (1) , PER (AFR) OfHIZHE - T, sodih
BEWTB.s* k/alld, s’ OETOxI o 2AL THE
SNBHEXT. silx/al}, s* W/ alDASL/ %zt 5
EHIERT 5. (190107, GNG, »)iE, s
BT, xlta o« OBOBIALLALLE =, ZhA35, an
even number is an integer which can be divided by 2.,
U BSEEM an DX 512 ‘generie’ BEkL B o (£
BELFICHIET B) » (flldtrue) , FilE, e et
B9 2h (false) 2RI MBETH 5. GEN(s, %) DEHI,
sHIDEE % M ET 5 (BIA T x SEEETREO
EREL SWfalse) Z 2% k> TED B, BB T
B%. M0, BHERET L BERs’ SHIET 2
CEBBRICAIENTI Y, »os OB DI THORA
272 B L%, GEN(s, x) Mtruelz H1F, s{{x/a athi3
Vx[x€a <=>s* ] 2uliEL, falsels S, Ix[x€a A
s’ leMiE T A L ekT. (904, [5]&keTinw,
the 2R L TH->RAE, MEEd, BEEEc- 1T
3, W BTE, chee “Ig” LABBLTHRAT S
TeXERRY. T sone RTTLEFA] at least one E3td
DVTI D (1] Delsed, all, each, any 2o T [2]
LR ERT 5.



1, sik/al} O bz, 2-oHLiOx, HRAAHE
TREL, a "B LRAEHE (a OBXKRILBLT, R
5 (HSElzBVT) £ vFs 2 HOOW BRI DOA %
1 ¥ - TELNBRIEINS) thea i R (FIAW
a =every record of a file’z 51, the record) 2{8AT
HEEARCERTS.

(#1) should be updated€E (VP), 2

record, file€EN) 27 5.
s;=x should be updatedid, BELIERTELTHEH 5, 5y
lislﬁg'(tﬁfﬁ@’z).
52=s1{{x/every record of y}}
=every record of y should be updated &
sy =Vx[x<€record of yOx should be updated]

BT 5. ([T9] > (2] X B)
sptly/a fileh} :
=every record of a file should be updated I
Jyfy<filen Yx[x<€record of y>

x should be updated]]
T 5. (911X 90

Foflc, “is” AHFRENERLAZLTNE. is O
FEHICOVTIE 5. 2BEI NV,

LI Eossigileld, DA RmcEN 2 BRHETR EE X
% BHEE 2 0 F AT 3 REXPe RN . UTTE,
BRI T s Rl E52 5. ,
[T24} a: N, @: S[WH [R]]
norm{x, #)=s’ , x is_not_in a, x is_not_in 8

>>
x€af <>x€a A s’ [

norm(x, @)U, BEMRERA W, KITHEOR IBATC K
2V, BRAEE2SLIWCHCBHL T 2EEICT,
zhed L ONBCRELTHE OB, norn(x, 8) DEHE
WBEET A5, BIEKSLASH(3. B e FIA s ick
VEHRTE S, AFElic LA ([S21], [S22]), REHD
RN ([S23]) , such thatZ B 12 BBGRET ([S25]) i@
DWTHABRICERTS.

[#1) x is an integer which is less than 10 IX
3y[y<€integer which is less than 10 A x is y]
wwihT s, 9l X h)
FoRAOH] y €integer which is less than 10 (X
y<€integer A y is less than 10
g 5. ([T24] X )

e, BERETHEINREEDE, RgcBET 502
EETZ . BEADUAOIBERFATHEINSBBICONT
3, BT 5.

[T48-1] a q: NP[-ORD], -, & _¢: NP [-ORD] ,
a,: NP [CONJ =, -ORD]
s{fx/aqtb=sy, o, sifx/a s ],
s{{x/ @t} =s] , ok_sbst_for x in s >>
s{e/apragqa}t ~
5] trans(ar)wsn,i trans () sl’l |

2T, trans (7)1, HEEEE © OHIET 5 REBHAFT,
FI2W, trans(and) == A, transfor) == v 2 EETS.
HESCRI [S45) e it o B 254 R 6 B BT 5 .

(H1]) s=z is given2 T 5.
s{{x/an integer}} I
Jz[z<€integer A z is given]
s{{x/a character}} I
3 z[z<€character A z is given]
s 5.

trans (and) = A

ezl ((T9) & h)

([T9] & b)

<H 55, s{lz/an integer and a character}}
=an integer and a character are given X
3z[z<€integer A z is given] A

3 z[z €character A z is given]
BT 5.

Rz, FECET 5B 2R~ 5.
[T13]) a: NP[-APP], B: NP[-APP]
s{{x/a}}=s’ , ok_sbst_for x in s >>

s{{x/a B} ~ s> A B is a [

[#1]) sy=x is given, an integer ENP [-APP] , [ EPPNAME
CNP[-APP] 2 ¥ B &,
sg=sq{{x/y I}}=y I is given &
sy =y is given n sy
it d % . ([T18] X b)
#-T, soify/an integer}} ==an integer I is given I
Byly<integer ~ [y is given A I is yl]

BT 5. (fre X ») 0

Biglc, EEHETH TN ST s BRRIZT T,
[T48-2] @y VP[-ORD}, -+, a,.y: VP[-ORD],

a,: VP [CONJ =, —ORD]

s E
~ . .
P X @S] s X B,

([T48-1] X b) [

x ay#=s] ,
X al an,l an z
(s trans () --sp i trans(z) s; )00
(1) x is recorded and is updated I
x is read A x is updated
extisd s . ((T48-21 & h) O
EEE RISV T AR ER TS .
42 EHERESUXORKREHEICOWVWT
BB LB Fuy s aHETI S Y 5 LDATNRT 2
RICHIET BRI BT AL BBL, T, BHE
SUHREXOBRERELIROL ST,
(1) 8 X 1 5 FTHEHE O 5 B R OB E 2 R T % Ik
REOBREN,,, RHET 5.
2) 52 5hiz BREBEES (5 2 VI —ic BARFELORSY)
SIERL, SEBLTHEES TV B EIRREO S 5 RiTTOR
L) 2 EHT . FIAE, SOFIERN, oSN BT
2 IR E D HER I N3 BAOHEE 2E(S] LERTS.
(94 1TOBERA 2RO L SCEETS. ThbE, BR
=S, BUERESs, RO <L, SEEFB L,
sSHOSTOxICHLT (BB, 2HBEUROxICHL
), xkc A eRARTR xR sHHHETE. (xDE
HC B » 5 BeIcE, 2hé ARCHETS)
P2, EERATIzE VT, R, @ a HE[s] /@
52 2RbTVEMALEML, ~OEMERNS
s{ix/a a}}OEBRE L@ DL I>CEETS
(s{ix/a a}} ORKREH TS AHLEETS) .
[#1) S=an input file is given and each record is to
be updated 2%,
5=y is given and each record of y is to be updatedid
s{ =y is given A
Vx[x<record of y A x is to be updated]

exis T s, (M9 (21 F X D)
EozBAle b, ( “of y" BEEIN) B

yly<input file A sj] eHiEds. O
BEconTE, FEOBFRSECEBEORRLLT
EET D, THDE, AEXOTEL VBB X5 LEHTD
(#l24F, the reader, the program under consideration)
&Eﬁ?%#f@ﬁ?ﬁ%wimpﬁﬁiéﬂfb‘%&TZ». iR
Az BT, Rs OB xichia 2RAT B, ¢ €
EOP; ) % 5, s OTEIABET S x 12t a 28 AR T,

imp



X3 HABCIzHBOM B Xb)

[J1]An input file of card images is to be analysed, [J2)
There are three card types, T1, T2 and T8, with the values 1,
2 and 3 respectively, in position 1 of the card. [J3] The
required analysis is as follows:

[J4]Count the cards preceding the first Tl (count A);
[J5]Display the first Tl;

[J6]Display the last card, which is always the first
T2 following the first Tl;

[J7]Count the batches following the first T1, where a
bateh is either an uninterrupted succession of one or
more T1 eards or an uninterrupted succession of one or
more T3 cards (count B);

[J8]Count the T1 cards after the first T1 card (count
0;

[I9] Count the batches following the first T1 card
which consist of T3 cards (count D);

[J10]All counts are to be displayed following the display
of the last card, [J11]The file is known to be in correct
format; that is, there is at least one T1 card, the last
card is a T2, and no T2 intervenes between the first T1 and
the last card,

x%sHHHEL, s OFFHLRRCEAZ (s BEBH2
b oA ENENETE) .
5. BHEA~OER L BEHUOEEOH

2TT, HleLT, TG OFED--- %Y FIF,
SRR 2 HAL HERB LN AR L, (RO
AW LN AIODOEHRLRT. £, chb60NE (HHE
X) » 5, BHELEHE N >rHTHE.

3, ARSI RRT., coTlE, R3I2HRD)~B)
DX 3CEEL iR (F4) 2, ok T35,
MERX[2) 2, N2]~INS] D 4ASUCHBEL 2. 24X, B
TOERBRAITIX, BIF ‘respectively’ DHHZT (T1e 1,
T2& 2, T3, 3) DEESEREINTOROH»LTH B,

(2) I3l DAL, [J4]~ 9] CRAI N TV B OTHEL
T, Fikic, (J12] OFEERS BBEL 12,

(3) [J8] %2 [N8] & [N9] O 2 3iz 53 ML 12, [J6] T OBIRILE
# which I&, F3TrIMric, HITHCET 2 &M 2R~
HEREI 2L T ), BITORRAICE, < ook
ST 2BREE2IT-TORLHLTHE . B,
[J7) & [N10] & [N11] iz 3L 72

EROWREBONIRERL RS WRT. HEL, XN
iy 2 MmN s ~u Li] 26HF v s, N e
T AWMHERICBNT, EMInput DFERRFET, (L]~ [L15)
DHREXLETICDOR TV EDT, InputicH¥ 3 LIRS
VPRI BEBIEL T 5. N6l LUFo®SIOE,

4 2T EBRC BT A BB 21T, EECHIET 28R
% the program & L CW5%, Fz, the first T1, the
last card, There is at least one T1 card {2, in
Input BEBEINTLB LT, BEET-12.

Rie, REFEOEDHOTVEEBEHOER S, £6I1R
T BRCEATEEHCITREZEVTVWE., 21, BS
XD, HEK
Vxl{xle€dln Vx2[x2€d2 A
%, Yxl1€dl, Vx2€d2, -, Yxn<€dn
ﬁfﬂiﬁ al /\02 AN @, %,
MWa; @ay -~ We, EEKRLTVS.

"€ X, F—aa4 BT EANREE T, xed
B, xBF—2 2 4 FdOKXTH B C & 2FKbT ([D1] ~[D3)).
“is” it T, AABREEDLTIBS (D6]), FEOF
—4 %4 FIBL T, TLOFELEDTHA ([5012) %, ¥

Vxn[xn<€dn A~ [a]-]]
a LEEEEL, Fiz,

#41 EROMSL2BHE

[N1] An input file of card images is to be analysed,

[N2] There are three card types, T1, T2 and T3.

[N3] A T1 card is a card with 1 in position 1,

[N4] A T2 eard is a card with 2 in position 1.

[N5] A T3 card is a card with 3 in position 1.

[N6] Count the cards preceding the first T1,

IN7] Display the first T1,

[N8] Display the last card.

[N9] The last card is always the first T2 following the
first T1,

[N10}Count the batches following the first T1,

[N11]A bateh is either an uninterrupted succession of one or
more Tl cards or an uninterrupted succession of one or
more T3 cards,

[N12] Count the T1 cards after the first T1 card.

[N13]Count the batches following the first T1 card which
consist of T3 cards,

[N14JAll counts are to be displayed following the display of
the last card,

[N15]There is at least one T1 card, the last card is a T2,
and no T2 intervenes between the first T1 and the last
card,

WHRER L L TERSEREINTVS. b, F50(L14]
CBL TR, (1) FAMXOER EOFESELECS -
THh, £, (2)follow Wddisplaylc B4 & BERI o> hiEE
ReBRT B, COEONY, BROEREHZEL T
RS e R TH5.

(L6 L X6 DPR3) X b, RIHY T,

the number of the cards

preceding the first T1 in Input €
output of the program --- (%)

754 the number of 1, AT zEBLL T, ST
EHELTWA, [STAW, F~244 7 d OH2 52 d1
L, the d1 13X, dl CRENBRMELBLTETD J
D bBBRGLERTLERLTVEM, i b,

x&the cards preceding the first T1 in Input <=>

x<card preceding the first T1 in Input
MEHILo. 61z, (L6l x, X6 LY,

x<card preceding the first Tl in Input <=>

x<€card ~ [the position of x <

the position of the first T1 in Input]

MWEYSID. 2T, 384 the first - in- 1k, [S08] T
BINTWVE, 2OX3LT, LW 0BRSS, 74
4 TS BERNEE2ANTEEINL C & 8bh 5,

6. UHROEE

BRI & 2 R OMSURNT & R~ OB R 2T, ¥
t, BHORMKREROER LSBT AL 27 o 2P TH
BH. VAT ADRRICHOWVTIINE G 2BE2x N, 2
T, HESUBPTRS & RN OBRROBE 2 A~ 5 .

6. 1 BTRTE

3. TARU RHSCRANEDCCO L ~ W FERCEIRL 1218,
BIP R 5 zr—2"" (DCOTEA S Ntz — 1 2T 548
X 0y S acERT B Tus 5 a) RV CHSTEN
TS5 AR ERLI.

BSORRAO % 7 2 9 RO, DCnREBIDE, 318
R2ENFNHEIEB L, HHIA+ — < BBIHROBELHR
LWSETRRETE, DIGADERIT 2L fFR5. $1,
BIPFZ 2L —2 2HOTWAEOT, DCGH &SN+ n
73 s OERBEABCITAS L, BonzTu s s ads
EBRNZL A S B EEL RS, DGRE
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{L1] Input<€input file of card imagesn
Input is to be analysed
[L2] There are three card types A
Ay[x€card type A Tl is x] A
3x[x<card type A T2 is x] A
3x[x<card type A T3 is x]
[L3] Vx[x<€Tl <=>
3y[y<card with 1 in position 1 A x is yl]
[L4] YVx[x€T2 <=>
3y[y<card with 2 in position 1 A x is yl]
[L5] Vx[x<€T3 <=>
Jy[y<€card with 3 in position 1 A x is vll
[L6] the program should count the cards preceding the
first T1 in Input A
Vx[x<€card preceding the first Tl in Input<=>
x<card A x precedes the first T1 in Input]’
[L7] the program should display the first T1 in Input
[L8] the program should display the last card in Input
[L9) The last card in Input is always the first T2
following the first T1 in Input A
Vx[x€T2 following the first T1 in Input<=>
x€T2 ~ x follows the first T1 in Input]
[L10] the program should count the batches following the
first T1 in Input A
¥ x[x<batch following the first T1 in Input <=>
x<bateh A x follows the first Tl in Input]
L11] Vx[x€batch <=> )
3y[y<uninterrupted succession of one or more T1 cards
A xisyl v
3y [y <€uninterrupted succession of one or more T3 cards
A X syl
[L12] the program should count the T1 cards after the
first T1 card in Input
[L13] the program should count the batches following the
first T1 card in Input which consist of T3 cards ~
¥ x[x<bateh following the first T1 card in Input
which consist of T3 cards <=>
x<bateh following the first T1 card in Input A
x consists of T3 eards] A
Vx[x<bateh following the first Tl card in Input<=>
x<bateh A x follows the first T1 card in Input)
[L14] Vx [« €count =
x is to be displayed
following the display of the last card]
[L15] 3x[x€T1 card ~ there is x in Input] A
3x(x€T2 A the last card in Input is x] A
—13x{x€T2 A x intervenes

between the first Tl in Input and
the last card in Input]

%6 £5THAVLNEEIOER

(74 & 4SBT BEAHIER)
[D1] Vd<data type
() class of d<€data type (2)d<class of d
[D?) Yde<data type, Ydl<class of d [d1<€data type]
D3] Yd<data type, Ydl, d2, d3<€class of d, Veed
(1) d1 is a subelass of d2<€bool
(2)d1 is a subelass of d (3 dl is a subclass of dl
{4)d3 is a subelass of d2 A d2 is a subclass of d1 2
d3 is a subclass of dl
(5) (d2 is a subclass of dl A e€d2) D e<dl
[D4] Vdl<€data type [dl type<data type]
5] Vdl<data type, Vd2€dl type
d2€class of d1 A [d2 d1 == d2]
6] ¥ d€data type, Yx, y€d [x isy <> x == y]

(#EABET 5 EH)

[ST1) YV d € data type, Ve<d
(1) set of d<€data type
(9 Vst<set of d [eEst<€bool] (3) {} €set of d
(4) Vst €set of d [stUe<€set of d]

[STZ] Vd<data type, Ydl<€class of d, Ve<d
(1) (all) the dl1€set of d
(2) Ve<d[eEthe dl <> e<dl]
[ST3] Vd<data type, Vst<€set of d, Ve<d
(1) the number of {} == 0
(2) the number of ste ==
if e€st then the number of st
else (the number of st) + 1
(FFNc B3 5 ER)
[SQ1] Vd€data type [sequence of d<data type]
[5Q2] V d<data type, Y sq<€sequence of d
(1) the length of sq€positive integer
(9) Vp<positive integer less than the length of s
p th d of sq<d
[SQ3] V d €data type, Y sq<sequence of d
subsequence of sq<€class of sequence of d
[SQ4] Vd<data type, Y sq<sequence of d,
V subsq € subsequence of sq
(1) subseq € sequence of d
(2) the starting position of subseq€positive integer
(3) the terminating position of subseq€positive integer
{4) 1<the starting position of subseq<
the terminating position of subseq=the length of sq
(5) Y i<positive integer, YV j<positive integer
I<i<j<the length of sq @
(5. 1) the subsequence of sq from i to j<€
subsequnece of sq
(5. 2) the length of the subsequence of sq from i to j
==} i+ 1
(5.3) Yk €positive integer
not greater than the length of sqli, jl
the k th d of sqfi, j] == the (itk-1) th d of sq
where sqli, j] := the subsequence of sq from i to j
[SQ5] Vd € data type, Yecsq<€class of sequence of d,
Vp<€positive integer, Ve<€d
(1) csq with e in position p<€class of esq
(2) Vsq€esq
sq€esq with d in position p <=>
the p th d of sq = d
[SQ6] ¥ d € data type, Y sq€sequence of d
(1) occurrence of sq€class of d
(2) Y o<€occurrence of sq
the position of o€positive integer
not greater than the length of sq
(3) Ydl<€class of d
(3.1) Vke<positive integer
the k th d1 in sq<€occurrence of sq

(3. 2) Vo<occurrence of sq
fo€dl A
the number of the d1 preceding o = k-1] >
the k th dl in sq == 0
(3 3) the first d1 in sq == the 1 th d1 in sq
(3 4) the last d1 in sq ==
the (the number of the d1 in sq) th dl in sq
[5Q7) Y d €data type, ¥ sq<sequence of d,
" Vol, o2<oceurrence of sq, V subsq<€subsequence of sq
(1) ol follows 02 <=>
the position of o1 > the position of 02
(2) o1 precedes 02 <=>
the position of ol < the position of 02
(3) subsq follows 02 <=>
the starting position of subsq > the position of ol
(4) subsq precedes 02 <=>
the terminating position of subsq < the position of 02




[SQ8] Vd<data type, Vsq€sequence of d,
Vsubsquubsequence of sq, Ydl€class of d
subsq€uninterrupted succession of dl <=>
(1) Yp<positive integer
not greater than the length of subsq
the p th d of subsq<dl
(2) (the starting position of subseq = 1) v
~1 sq[the starting position of subsq - 1] €dl
(3) (the terminating position of subseq =
the length of sq) v
1 sq[the terminating position of subsq + 1] <dl
[5Q9] Vd<data type, Vsq<sequence of d,
Vol <€oceurrence of sq, Ydl<class of d
ol €dl after 02 <=>
ol<€dl ~ ol follows 02
[SQ10] Vd<data type, Vsq<sequence of d, Vdl€class of d
sq€consists of dl <=>
Vp<positive integer not greater than the length of sq
the p th d of sqedl
[SQ11] Vd<data type, Vsq<€sequence of d,
Vol, o2<€occurrence of sq, Vdl€class of d,
Vegd
e intervenes between ol and 02 <=>
Ip<€positive integer
[the position of ol1=p=the position of 02
the p th d of sq = e]
[SQ12] Vd €data type, Vsqe€sequence of d, Ve<d
there is e in sq <=>
Jp<positive integer
not greater than the length of sq
the p th d of sq =~ e
(77 1 R CBEF 25E3%)
[FL1] Y d1 <data type
(1) file of d1 image<class of sequence of dl
(2) input_file of dl1<class of file of dl
(% — FicBY T 5 F#K)
[CD1] card €class of sequence of character
[CD2] Ve <card[the length of ¢ = CARDLEN]
(Fu 55 nicB8T 2 E8H)
[PR1] progran<data type [PRZ]the program<program
[PR2] ¥ pr €program (1) input of pr<data type
(2) output of pr<data type
[PR3] ¥ data type<d, Vste€set of d, ¥ pr €progran
pr should count st <=>
the number of st <output of pr

FEPROLOGOIMIEA T 12 & & OSSR 1 5 .

COFRT/ON: Fuy 3 23RO S TRESS 5 55,
VAT ABEERETHE L, RE, v x5 A0EKE,
ZH, WESESTRINEIR SRVEL NS, 7OMEE
WEERL TRV,

1z, BURHTRRCHBOMSORPBE SN B 5o, FIE
BBERLTE 6505 ket 3,

BIE, v =5 AlLVAX 750 UNIX @>CPROLOG VERSION 1., 5
ETB@BLT B, P2y 5 a4 W, DOGL ~ o THY300
IThs. THRWIAAT, HEOXRE, B UEI0E
ERCGHIRC WS NI, Fh, BIPFS vz L~ ()
B v ¢a — & —ENPIREEREORKED I8t 221
12% D%, CPROLOGAICFSHEL TRV 1z,

6. 2 FATEA A OISR

LT, B oni BRENLsELys MR 2, slexf
B3 5mENK, 74805, sas” 2k THRESS Wik
T5. BRI, 4. TOEHFIE, R ohigsicwL,
D FT, soBAT2IT_ATEHEESBRATHB LN TE
LIBMRIELsg21ED, (2 spnZsic L CREBLIZ AT O

R;)U:eﬁ—)‘(s&f%%i@ﬂlz:ia‘m?ﬁﬁﬂitoﬁiﬁﬁ#&so
RIZEZ 7. kEL, (4)sHO¥ oggEmici—ozs
BhYTHD, RY, (v)BEBOKEERL ¥ 550D 5D,
TRbL, BEHLFBT 2 BINE%, BERXFOX ikl
B, 4. OEBRAOER - TRETS. T4hDE,
(412 TiE, KD (), O) OVFns ik TEEaREs
DB, A—EE2E ) U onsTRENHEL T35,
(2) BEVDOFHRMIDT DB D 5 B, PLU (BH) R TPER (AFR)
DEB—FL TS,

(b) every record of a file & the record 2351} 3
‘record” DX 3z, ‘B LRBLH(4. B BELL.
Elr, (m)izowvTd, R4

(a) #RFHok_sbst_for-in- (5. M) PHCEHILTA LS
RADMEE & SRITE 520,

(b) B3 @ DES & U THRNZ B E b M T oL
ReRdT2RIES5T, cnzhlh AU NS,
2EBTE, 28, s~s’ BT’ PEEEETS L
SERTHOZOIPEBBEW, = —FiziEELTE 55,
B, 8BCRAVT uY s a2 ERbTH S,

7. BH o OHB X

L VRN LT, 6. TR Y 2T A 20T,
OS5 | DEABHLELBNT2FETH5.
HBE BP R LUy ROBHLCTE w72, B
W2 o o — 4 BNTIF OMABIBIRICEN 75,
t2, TR sMERICEB G0, RERED
RERGE, INEEEST .
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