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7 1 —BREEE VDM

The Vienna Development Method

—A Degustation of VDM-SL

(AT 1

B H VTN THEBEORRANAEDOVEDTH B 7 4 — Y EIFREE: VDM 0 A

S8 VDM-SL OB SETL T3, ZOBNErRTE v F 3y 7 OHRHEE 2 # <
7ul 7 AOREEBENTA, ZhiEARV—yary X« VY —FEROY 7 bV 27 %
FHI T3 F— AN FEOHEA 2B L TIT o7 ERTH - 7225, VDM-SL 1345
HDCEERTOERCHRE THBRRARIMERTE 2 LFE 25, VDM-SL Db DB KD
BEEESEYCHRANBRBENISBON, ERXPIEEART TORGHRERICRIIDOR
Eickdb0DT, KADEBEHRFLIW,

Abstract The Vienna development method is one of the foremost formal methods for software develop-

1.

ment, and its specification language VDM-SL is now at the final stage of international standardization
process. This report, derived from the author’s degustation of VDM-SL, is intended as a VDM-SL
guide for busy working programmers who have wanted to use VDM for their everyday activities.

A small experiment in writing formal specifications of the code to solve Hitchcock transportation
problems has been conducted in the hope of formal methods being more widely accepted by people
working with operations research software. It has turned out that VDM-SL’s high descriptivity —
a result from its well-established concepts—— supported by a model-oriented approach, the implicit
method of defining functions and operations, good selection of an adequate repertoire of type construc-
tors and expression building operators, incorporated pattern-matching features and preparation of
statements—— enables us to write a clear, precise specification.

The result of the experiment has made it clear that VDM-SL is already at the level of achieved

maturity, awaiting our use for a wider variety of applications.

i L & I

V7 27 ORRWBERFTEDOV LD TH B Y 4 — VEISEH K VDM (Vienna
Development Method) @ % %, ZOEARERERE VDM-SL % LIS LTz,
ZHUE VDM #3Z & & b RN OERR CORMEES b5, £, KERE, 55
WIREBHRBIILED LDHEX D05 TH S,

VDM D2 E 12 1960 ERFIHwz# 5, VDM ORI &Y 4 — v EHEEEE VDL
(Vienna Definition Language) T#% 5. 1965 ®Eic# D& 2 Hb L7z PL/1i3, %1% %
HHELSHEL2HEMICT 2L D3 FERERLFFOZLHRE L RE IR0 70
JILBETH o, COLIREHOHBICEED IBM v 4+ — Y HFFEAT D H.
Zemanek 2HLE T3 V-7, SEROFEROZ2LRFAOLDICE TS F
LAEBOMELERESENIARTCHZ LEL, FLTPLNTIHLTZOEKR:
BRI ERL, ZOERERE LRk VDL ThH5, VDL IZ & 5 BIREEIL,

(463) 1



2 (464)

LEROEMOIRD» & 7077 A2 BB 2 MR EE 2, Y0/ 7 L5EORHX
EHRCHIET 2BROREE L ZERT 2 FETH o2, BAMICROE 252720
Ths.

1) a3 A0FHEEBECED I EREX

2) EWERO 7 FEOFMEERL R

3) BEHEX) SHBEX O

4) HRBROIREES

5) HHRMEIC X 3700 T AOFETIHE D B OREZEL KR

ZIZ5E2% PL/I OBEWERED 1969 F 12k & 1, BIENERROMA L 2572,
BETHAFCIRE VB a2 PL/L I LT, SHEREHE LUERFRELEBCIO
EHEFEBRLUEROER L Lo/ INS, ZOBERTRIORAAIEHLE LW
zlz, LL, EEBOERR2EAMCHERL LD ET2E, ZOMBBRTIITLE
REMSELROTHDOTOH o/, FEtEBL 20 PL/I 22/ 5 OFREER
Holrs, ZOVDLE2RETILIZ%2, VDM OHHETH 3.

7ur s AOBEWREBFRCES BB - BREZCCE>oTEZ2E L b T
DY, BWXERD»SHEET SRCHEE, BECHGR» SHBKT 2 EHREE & §iE»
SBENDERTHIBERMEABEEZ S I LI > TEREEHEL LI EVIDTH
%, I ERRIERG & W D 231960 FER TR 2 DF 212 & 72 EITNEE - T
7z, 1970 212 D. Scott 232 DRIE R TR L Z DEBEL R L 72D T VDL v —7%
ZOHENELERPETS, ERIZ Algol 60 ° PL/l 2BE&HEL ZOEAM »HRT
3, ZZCHERALEREEMETA-IVE RRHERG R A2 VDM w3 k51
BoleDTHB, b IAPFAEBHERFIEEH VDM S V—7ik 7 4 — > 2BER
B LEibh, 19734 S T8 ERIPITTHO I DORE% VDM Oy + — VAL
EoTrniEr

T4 — RN VDM ZEEE Frv—27 TIEET 5. HETIX C. Jones 23E2
RAOYREFEIOCKS, EEFE VDM 3R 7 — 5 B 225 LRI S
ZZERBZD, IITOMBT-IROEEIZT TSN « RERT, EHNRE
BARRNCEEBEERL, Tho0 LoMBREEREARORG LERBRORG L
LR MR FRICE > TTS . FIcBL T, ZOEL S 2A3EFEAL %
ThidZzozwniwnIBHE2ADE 3N 5y < 7§ VDM %2 D. Bjs
mer TH2, 22 TR 7 ATEBOARERDE 2> 314 SOHFTFEBAZITIM,
SRR 2 R TRERECRIZZE 2 72 b DD VDL LR ER I BET, BHHX, iR
WX, BiED»SBE~NDEH, HHEWR CURSM), BINERS (BWRER 2
2E5ZBEBEFHEEMILL T3, KEROE T NVIEA - MBAHRER VDM oL
TFrv—27 Wi, EEHERE VDM Th o7, 2 DB, 1979 £ 5 86 F£I3EE
LFv~v—2 w5 VDM OB #HITH o 7z,

VDM MEZEFICERT5IcDR, #0 VDM 2L T2 £ & g R FEPER SR
HLL T 3, EERE Ty~ —7ROTERFE— LIz, REBEKOIDICEY
a— LB E AEL 2V, SIS BEEAREAR 2EE LW, RIS
EEIDTIF 4 I REDY T b Y27 « V= 2fiE L0, HEGHYEE S0y
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LEFHELIZG, RETHS, 1987 FiZ REMNLREEELoMEE L © VDM FfZ
HHATH 5 VDM BRI 7'V — ZHsiER S 1, 4F 3, 4 BOL3>—ERII B & 25
REDDEI WD, BRE I, VDM BT 2108, &G, V—, HiEh, #ee
RIERE, BRI X OBMTIMPHBHOB I 2 o - OO0 YDM 28813 48T
VDM Iz 859, ZRZOE»OBRNBER A EO RN T2 L5 5KT5 2 Lz
5,

BUED VDM i2B8¥ 3 RADFEEIL, Z DHAREAE 2 VDM-SL 0#E LT H 3.
SRS & ORENEEIFLER (BSD) i VDM 81k AL 224 ¢, VDM 55
DEEME, WELEE (Y a2—0) ORE, ML HECSHUOIAL ¥ 51
W LUTHISME R 2, SRNZEEMIE L LT 87 £ BURIER, 88 &5 I SRR T
EE XS, VDM BNV — FOFEE L & b icERERLERRL, 4382 =
Lt s, BERE, 7v=—7, 504, #—5 ¥, EEQMHEELET, TA
FRERBOVH CBIERES, 2% 0 VDM-SL TRl Tw 3,

2. VDM-SLoH»5 %L

BEETHOSERIHE>TVDM-SLDH 5 £ L %38~ %, VDM-SL W fLRRED
e &BERRDDOFE TR HFIETE 3,

VDM-SL Iz & 5 fE4a & (document) &F\vs, B, fE, K&, DK, WErE
HELUKE» SR T 3,

BREEXE I HETRIC LB HOME E L TERT 200D THS, B
BEOKE L TN HTHEOHIINT 24/ TH 5, # 1 ITFRTHABEHEITLT
w3,

R1 HHAR F2 BBRRET
Tablel Built-in types Table2 Type constructors
EVR = 1E Mo BHRT  EREL e B %
B true, false T-Set 4 — THEADHRHBER
N 0,1,2, 2T 3 A TED»STHAOHRERE
N, 1,2,3,- T2 3 A 1 1B4H
Z B T 4 —  ZEESUHRBYIE
Q HEEK T+ 4 — B EEEnWHERYIR
R e I:1,: T, - — T, TR SHMELEY
char VDM-SLXFE : a—FR
token +—2 £ 5 ERME I,: T
DfEEL D, TXT’ 3 —  HEEE
quote 7 #—t BERDM L TI|T 2 E HER (S(FH)
LTHW3, (T) — —  BRA (TROEbnil)
T-T' 1 a5 BMR
0-T 1 A BB GigxL)
oIT20IT 1 E 4 2.1

o, R2ICRTEBRFEL S, AR>S THLOLEEHRTE S, —0IcH
RO EBRATE S, $7:, BERCFEREMI THRAMLETHCTES, 7252
i, DERHEHRWEZEOSICUTICSET 2 BEEZEL TS,

Y
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types
Bt = [Bt]x N X[Bt]
inv mk-(It, n, rt) 21t=nilSrt=rnil

N ZEARTO 2B 0EABRTH 2. (Bl RV EEHEL TWAE Bt », H2 it
nil TH3, nil FFEELZVEERTIHEOEDERTH S, BBtix, LidsoT
[Bt]XNX[Bt] £\ EREETH 2. inv UTiE, ZOHOHEIZ DV TEET 2 ER
T, BLIERI nil 26, FEIBERrt b nil T, Z2OHBLRIUELRZTAITS RV E
FRLTWS, DD Bt BEICBREMIBEL 72 2 3K T, b 2HOERDTHEEF
KCHEETZD, DIVEFABCEEL RIS R bDORELTIREEHEL TV 3,

bt : Bt---Binary tree

X1

EEEXE ARG LB EREERT S, 28R Z0—FIThH 3,
values
x . R=3.1416;
€ : R=0.0003;
bt : Bt=mk-(mk-(mk-(nil, 7, nil), 6,
mk~(nil, 8, nil)), 5, mk-(nil, 7, nil))

1 OEH 712 R (EHE) 0T, 3.1416 ThsEMTHE 2 L EEHLT
Vw3, VDM-SL TRF YV Y+ XEBHEZ 5, BIDEHRIN 1 ZTRT 2O0RE2ESH
LTEHELTWS, mk-(—, —, =) BZ20OHDEL SHERT 2 ERBOBELERT
5,

NREERIREE2ERT 2. RERIGHE 7077 AFETH I KEEHICHENL,
BWEICL2ZFIREANAT200EETHS. HHEBERETER L EENZ
DOREEZH, BEHT 5. VESRETCEAREA BT S, 2FRIOEHED—F
ThH5.,

state Tree of
bt : Bt
it bt& mk-(nil, 0, nil)
end

BBEZREIEROFCRBT2MEE L0 TEHET S, I I TEHEEE,
SOPDEDIEF%Z b 740 BIF) /LT Ee>DE BR) oI 2E>.
BREZERICRNC X o ORTEBENZEKER L, ST Re&8t @i &
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TR T NERMF (B L2522 5L ESESH 5. BEIZEIERE 7
T, DFD, REEZWT 22Ty, BREEK (1) —1h) LHEROM
BOEHETE D,

DERBABEEDOFTH B,

Sfunctions
sq: R—R
sq(x) & xXx;
sart(x:R)y: R
pre x=0
post abs(x—yXy)<e;
2[@A]: @A-set x(@ADBR)-R
2@, H)2if a={} then 0
else let e€a in f(e)+X(a—{e}, f)

P8k sq BREHRERDOHIT, ZOHEMNR-R T, x LTI xxx ¥EE LT
LEEHRLTNG,

PA%k sart iZFIHEMEZOBIT, 518 x REREOME, Ry 201 ) ERBOET
H5. pre REMFTH Y, x20 ThHAE, ZOBBISHEATSE, BENy LLTH
54, post BT LERL TS, ZOHE x—yXyl<e, 2%, yid x DF
TIREEMT 3,

R 2 RERBOBKEEHEL Twb., VDM-SL 054, BOE(LT 3 545 % 5
BB EE-TEHL, BEHRARCE2RESICE 2 TAKET 358 (parametric
polymorphism) TH 5., HEHIZ@T OB THL. HK D OHE, @A DML
BT, INERALTEEL T3, BIMOMIZ@A-set X @ABR TH D, HHII R
BTHz, Zhiz@AHDEOERES a L @A LTEH L% R £ ¥ 2 AREG
fizxl, a ko f OEOM Zecaf(e) ZXES ¥ MO EHETH 2. if RE lot be
AEFALTVEY, chizouTidRDOL 22 CHHET 5.

HREEXERIREL B L I ER OS2 W8S 2 0 TERT S, e ke
UZHIfF S BIFIC X 2RIBINER L, XEERL LLEEERED DO EEFEHNH
5, Blizd L TRY.

HCOWT—F73., RXMEEETT 2. RiX 7075 ASETHRLTHS 15
LERERMESS, TR, R, case R, lot R, let be XL Y —VEESIZD
WTEERT 3,

FRABOEDEE L TOEMERIZEELES S, [~]13HoTbRTH Lo,

if By then E,
lelse if B: then E,

else if Bn then Ei]
else E
cases RED2EDEELTWH 3,
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cases E :

L P >R,
P}, P, --—E,,
lothers—E]

end

COEWRIR [REOENSE & 5 ¥%5 —> Phit—%FhiE, E«DEERD, ¥0
WY =B —BULBRTNERERL LB, 72171, others—E b NITE OEL %
5] THd, ZZTRI—=YRDWTHBALERTFRIER S W,

WY —=YRDHEBDME, HBWIE, ZOBED—MHREE>THRVE S, ZOE%
RETDLDOERELZbDTHB, DD, KEEBERE SV —VBEAIL->T
RELED L) 0T, EBMCREAD 7075 ASECERLTOHIHHETS
5, Ny =rELTR, &, —, GR), V75N, pyp,p /85— ELT, {py, *+,
o}, PUD, [y, , pal, DD, mk~(py, *++, p), Id(py, =, pn) 72 K035 B, 72 & 21E, o,
p: % RXREDEE L T,

let mk-(x1, yi)=p,
mk-(x2, y2o)=p2 in
sart(sq(xi—x2) +sqly1 —y2))
3,22 ~2 Yy FEMICBI 2 Hp & p EOBID2—2 Y v REERER 52 23
i, 2FD, mk-(x, y)=pi 2 & >T, KEEBEK <, vi B m EBET 22 L1
Lo THEEN, X, Vi DENEEEDLITHS, X2 COWTHREKETH 5.
>} ! N-setX(N-N)—N
(a, )2 cases a:
{}-0,
{e}Ub—f(e)+X(b,f)
end

EOFIE N-set BD a DHEF k288 D OEHTH S, an { c—HL7%
£&, 239, 2({(},DX0THY, as{eUbx—HL7z L &, I({e}Ub, )=1(e)
+2(0b,f) THBLEHEL TS, $¥—YFEDOLES iz,

) {EiX 385550

2) EFEXNRTHIZWHOEERIRT 2,

3) GEFREH L RAME~NOBE

4) HEHZBOBEOHER
BECHET 5.

let iz Lz T L5102,

let {8, BBER, - n R
D THEIREHEIES S,

let be RiZDEDHE LT3,

let pEEE [be st R1] in A2

let p: B [be st HK1] in R2



V4 —VEAFERE VDM (469) 7

IO, A2BLTHET 3 p BEEOER (H3 i, HOER) © (LS
WTHNKE) N1 2T HOTHE, 2D, 20r5%p LT, X2 2T
2bUTHE, RZOoWTZDEEH2#3, 4, 5 6 ICELHTHL.

TIZDWTIRERT 3,

#®3 KA

Table3 Set type notations

i E

59

{elp:T,p'ES, ¢}

Svg
Sn§
eES
e€ES
scg
SE€S
card S

B

e, e R ERETHES

p2 THOME,p%2 SOBER,-LLTe »i¥
Iokkend S

SE S DAH

S & S LoiEgS

el SOEKRTHL, TXT-set—»B

el SOEZTIE W,

SRS DHEMHEBTH S, T-setXT-set>B
SIS DESEATH S,

SOBE. T-set~N

R4 ARIB

Table4 Finite sequence type notations

£

B0

(
les. - edl
[eli€ See]

hd ]
t1

len1
elems |
inds 1

e
1 r

1()

725

e, , e DIFDH R

SEFREL L, #DEH i L L e i
723 e OF (SONE)

HIESIO | OXBABER, 1= 2 okEH
ARSI OXFEBER 2BV 725

Y 5 RESH

1DES, 2330

| DBEFDES,

1=[] 2 62EE, 25 TV

{1, len 1}

BRI LY o

BRI iBHOER

3. flEE—tvFavImE

VDM-SL OBRR & LTk v F 3 v 7 OMzERIE % RUARE (MODI %) i & - T
Tur6%2FE2%, ZOPEERAZERIE, £V —y 3>y X ) F—F4538
DY 7 b7 2FHTTOEF— 2 BN FEOEA 2 HE L TiF- 7 HR
DUVEDHBIDOMETH -5 TH2, MEIR>ETHS.

[ 2 WEDEE L BB ZNENERET DD, 7 2 COLER L INTR
MEEZ->TW3S, EDLEEMD S b TRTOHEBHARERINELCTWT, Zh
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&5 HBREER
Table5 Finite map notations
2 el
{—} ZER
{e;—e,”,-+,enen’) EHRE {e,, e, % (e, e} ET 3

{erelp: T,p’ES,+++e"}

dom m
rngm
m (e)

BREH

el il ei’ BXIGE &3,

P % BTOfE, p 28E&SOER, LT 20
DeXx e TGSV IHMESR, 2720, ¢ €
e BT,

BRERmOEZHE

HRBEEmD K

m2EREF, eSdommeTiLEmictbe
DfE

m,m’ % T-T BOBFHREKRET 3,
m'm’'&{e—ele: T,e : T

[eEdomm’ = ¢ =m’(e)]

AleE domm A e € dom m’' = e'=mle)]}

Table 6

%6 t0ft

Notations for other types

ECl

# OB

Vp:T,pES, e
Ip:T,pPES, e

J/p € See
I!/p:Tee

tp € Se

tp:Tee
Ap:T,pES, v

HBTOTRTDEDp, KESOTRTCOEHYD,
e kT,
e 2T ET Ofip, HKESOBHEYD, 1HE

e kL THRESOEXR p I —BENICEET 3.

e 2§ TE T Off p B—BHCHEET 3.

e Bl THRESO—BNLEED

e B TET O—HEp

BToEp, BESOERYD, ~2EREL T 3K

ZUOBIZIFEMEL ) OVERERESEE > T3, HEMTOHBEZHH
T &S AEED S HBEMAME XY 120,
ELT, BMEBRERINCT 270121, FORICWL SOEEENRIT I VH?
bbobA, EOXEEMDPSLZOEEREBIIYMELEVHT LR TER

v, |

MEGHEEOBEFE TR COMEZ2ED L S KEALL T3,

[, HBEMOESE2FIhFNS. D LT3, £EMIOEEREY s, HEM) D
HEREE2 d, 1 &) 2R G,)) OFMEREM% cy, EZ0EMXRE x; &T5, T
o, @, @, @5 HIRLEDd T, BHBIM (objective function) :

2 Cij* Xij

i, j)€SxD

REER LBHBENFL VLR
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PRANCT S xy 2RO &,

© Ds=2d; (FIRRMF),

@ TRTDIESKEHLT, 2 xy=s;,

@ TARTOjED IHNLT, > xy=d,

® FTRTDGHESXDIZHLT, xy=0

ZHQ, @, %l (xy) 2FIEEME (feasible solution) LS\, TEEETHMW
B2 /M T 5 (xy) 2% (optimal solution) £S5, |

mvb2 V¥n:Nt-b(n)>0
A Z (Nt)(S,b) = 2 (Nt](D,b);

Cost,X = Et™R

L rpedvid
E

E types
E St, Dt = token-set;
' Nt = St|Dt
' invn & is-St (n) © —is-Dt (n);
}
! Et::sup: St
E dem : Dt;
i B = Nt™R
|
1
[}
[}
]
]
4

S D 3

Pl E#% VDM-SL Tidih 3 5. VDM TIIRIEZ$ES, Bk, B L > TRz H
5, $THEZES, 2 VARERELZTLITES RV,

INENTH 3,

AEEHIRL St L IR Dt L 2R L EZ TEHT 5. BENICIZEEBONE
HMOLEBEZONZDTHSI34, T TR, ZhULOFMIZBRZWVWELT
token-set & "%, token i3 VDM OFHRAR T, HMREOHREL 2% b DT, 20D
FEHTEER, =L * HUThHE. HLOHMES MR LIS BT, St
£ Dt DEEGEEARYT 2 LERE»S, Nt=St|Dt L E#HT 2. Nt DEZHIZ, £ St
DOfEES LB Dt OEEESHEER S 2 bl w I L 2RER L LTHmMLTH L,
WA XA L HE E DEFEN EEZ R NIT LWV, ZITRYa—FREL
TE&ET S, Thbb,

Et ::sup: St
dem : Dt

HEtRZhFh St DtHEOsupdem W35 D74 — VD SERKL
Jeva—FHET, EtBOfEe 2L T, e.sup P e.dem iz e DRSIDEERTL, &
7z, s®d% St, Dt DfEL THIXEt(s,d)IZEt Dl (va—F) 2&RR T3,
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BT, AEELHERIIVEP Nt 2 OERM R ~DEREARL L TEETE 3,
D%Y, B=NtSRThH5, LEZLHERIERKTH»E» 5, £72, 2ho0DfE
BELVEVIREPS, WBRIAERL LT, IREMET 2. 2008 ThH 3,

inv bAVn : Nt-b(n)>0A2 [Nt](S, b)=> [Nt](D, b)
HEOEDRHEREES S, FUHAKEERECEET2E0MK T #EHL T
3. 2D IXHRAUMET, ZOBEACEL THERICLT, BNt 252 TEMEL
72 DTHB. D [NtI(S,b) iF Zsesh(s) Dob W TH2, 222 S, DIikASt, Dt ©
HOEEDDH Y T, HEBXKETCERETI2EDMETH S,

BSREE_E D EK B, WEOF DY Y TEDE % Cost, X EFhIE, EHIZEt» 5 R
~NOEREGBLEZNiIFT L, Cost, X=EtBR L E&HET& 2, HEHXERLETE
WV,

DEREEETH 3. ABENTDH D,

values

: St-set ={s|s: St} ;
! Dt-set ={d|d: Dt} ;
! Nt-set={n|n: Nt} ;
: Et-set ={e|e: Et}

& 4

Mz ow

Zh5IEESt, Dt, Nt, Bt OfEES S, D, N, EX2F#L b0 ThH3, “hid
BMzZzhoe28BLLEWLDITTERY,
CDOERBEBERTH S, HAREROBRIE BRIOED & Cost BDfiic #52C, X
BORBEEX 2RKDD 2L Thb., ZOMEK optsol BEBHEHETT SBT3,

optsol (b: B, c:Cost) x:X
) post is-optimal (b, c, x)

is-optimal 1 BXCostXX—B RO L LTERETE 2 LI L, $AAZD
BSEH R 2, post - IZHT XV, LivL, BAHFCIIAT 27255 L E2C
(BFRHEDVZITHRVD), RDEZEHTAILIZLEDTHS, is-optimal & L
T, x SHIREETCH B Z L &, EROTEER y i LT, x 12 & 2 BHBEK(ED y D
ENEDRESCEBRY, DE0,x L2 HNBEESRNTHEZLE2E XTI VD
UThs.,

B#% is-feasible it BXX—>B 8D Zh T, x b ICBAL TR TH S 2 & 21E
T20DTH5, (D10 ] BbrhiIN5 DEHEEERERRERLTVLESS,

Sunctions
optsol (b: B, c:Cost) x : X
post is-optimal (b, c, x) ;
is-optimal : BX Cost X X—B
is-optimal (b, ¢, x) 2 is-feasible (b, x)
AVy:X-is-feasible (b, y) = obj (c, x) <obj(c,y);
is-feasible : BXX—B
is-feasible (b, x) & Ve:Et-(e) >0
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AVs:Ste 2 (Et) ({e|e € E + e.sup=s}, x) =b(s)
AVd:Dt+ 2 (Et]) {ele € E - e.dem=d}, x) =b(d);

obj: CostxX—R
obj(c,x) 2 z(Et)(E,c,x);
z[@A): @A-set X (@ADR) X (@GADR)—>R
z(a,f,g) & ifa= {} then0
elseletec ainf(e) X g(e) + z(a—{e},f,g);

D(@A): @A-setx (@AS R) >R
X(a, )2 ifa={} then0

elselete € ainf(e) + = (a—{e},f)

X 5

UET, 052 IHEEERRSERLE, ST, 28R IoMBOEES2BIELT
M2 3, B optsol BT 20 TH 2, MODI ¥R 3T Cleil-THD
UL, ZRIC L 2EREZEZ O T, RBEEHEL, VDM O 5 HE % —EEHENIC
EETHI LWL,

EVBHZT, Efoptsol BEHELTEVTAHALY, RELETEET 3.

state Hp0 of
x:X
end
#HE OPTSOL i # Z T,
OPTSOL(b: B, c: Cost)
ext wr x 1 X
post is-optimal (b, ¢, x)
EEFS, ext wr x  XIIREBOx X 28R FEHF T L2 HKT 2, BRT2
72376 vd LEL. ext iX externals, wr i read and WRite, »d I ReaD @23 b
TH5, Hiff pre i3 pre true 2 H5HBEL TH I (b 2 d 25438 B OEHIC
&),
HWHEOPTSOL 3 o&D X5 R TE 5,
(IBFS(b) ;
OPT (b.0))

CHIREETEERFE 2 KD 2 IBFS(b : B) & Bliff %Kk 2% OPT(b: B, c: Cost)
2ERTIHEETH U XDOEEXTH 2, OPT % & 5 HRET 27012, RELFHE
HT5, ZTOLDTERBELFLLEEL TR RSk, RETREMEHERT 28
EREOESEBRT 570128 Btree 2 EHET 5. EEKTH 3.

Btree=Et-set
inv T4 is-basistree(T)

Btree Of#iZ, Et DEDES, D% D E OFHES T T, is-basistree (T) % i#7- 3
bDTH3, is-basistree(T) ik T2 77 (E, N) TEARHEEKT 2 2 & 5%
35, Bz, TREETHBSEL, TENOTRTOH (§X) 2a3b2
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&, Tibb,
is-conn(T) Ais-acyclic (T) Ais-span(T)
TH3.
EETREELRHFTH 2 2 L 2HET 3 O CHEEIR I TR T 2 N E AL
Thd»5, B Reost ZEET S,
Rcost=Et®»R
COHHEDLDIZ, HOLETEBRINIBEEFER(RT Yy v V) b LETH S,
Pot=Nt>R

HEERKHLANIERENEERE L HI2D 2K E2RTE Cycle 2FIE

5,
Cycle=Et*
inv 12 is-mincyclic(kd 1, 1)

# Cycle Dffix Et DELD L 2BRYIT, nv 2§l TdDOTH 3. hd 3ER
FIRICHFTEHE T, FIOAEEE S & 5, is-mincyclic i3, d 1 515 % 2 Et DED
FIN—FBEOHARE D2 E2FRTILDOTH S,

 HRSEECES R oREPEEEL LS.

state Hpl of
X
. Btree
: Pot
r . Rcost
1: Cycle
ee,le . Et

< %

end

X 6

ee, le!Et BEERANIEE2HIBTH S,
WHE OPTSOL 2 —DOEWBEICHRELIE, Thizdb > —FEBOTAHLI,
IBFS(b : B)
ext wr x . X
wr T . Btree
post is-bf(b,x, T) ;

OPT(b: B, c: Cost)
ext wr x . X
wr T . Btree
pre is-bf(b, x, T)
post is-optimal(b, ¢, x)
Z 27T, is-bf(b, x, T)id bizBAL T x 23A[REMES D, x, T BEERL ZoTw 5 &
WO ERTH S,
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HEOPT 230 ifETA. HTOXSHETE S, 2 2 CRREDSBYEE
BIZRZ RV, BROHFIIRPI LSS, is-opt IIENEBAS/NOHESIEAL
5, TOMMSEETHE 2 LERTHRTHS,

OPT : BxCost3()

——preis-bf (b,x,T)

OPT (b,c) 2

while true do

(POTENTIAL (b,c);

REDUCEDCOST (b,c) ;
ENTERINGEDGE (b,c);
if is-opt(r,ee) then exit;
LEAVINGEDGE (b, c)
UPDATE (b,c)

)

post is-optimal (b, c,x)

X7

M7eibhsEEZTWThzHABENCERLZ D28, K9, K10, K11,

12ThH5.

POTENTIAL (b: B, c: Cost)
ext rd x:X
rd T : Btree
wr v:Pot
pre is-bf(b,x,T)
post is-pot (c,T,v)
A is-bf (b,x,T)

X 8

ENTERINGEDGE (b: B, ¢ : Cost)
ext vrd x.X
rd T . Btree
rd v:Pot
rd r . Rcost
wr ee . Et
pre is-rcost{(c,T,v,r) A is-pot (c,T,v)
A is-bf (b,x,T)
post is-enter (T,r,ee)
A is-rcost (¢, T,v,r) Ais-pot (¢, T,v)
A is-bf (b,x, T)

X 10

REDUCEDCOST (b: B,c: Cost)
ext rd x:X
rd T : Btree
rd v :Pot
wr r:Rcost
pre is-pot(c,T,v) A is-bf (b,x,T)
post is-rcost (c,T,v,r)
A is-pot (¢, T,v) A is-bf (b,x,T)

X9

LEAVINGEDGE (b: B, c: Cost)

ext rd x:X
rd T : Btree
rd v .Pot
rd r.Rcost
rd ee.Et
wr 1:Cycle
wr le ! Et

pre — is-opt (r,ee) A is-enter (T,r,ee)
A is-rcost (¢, T,v,r) A is-pot (¢, T,v)
A is-bf (b,x,T)

post is-leave (x,T,ee,l,le)

A —is-opt (r,ee) A is-enter (T,r,ee)

A is-rcost (¢, T,v,r) A is-pot (¢, T,v)
A is-bf (b,x,T)

E 1



14 (476)

UPDATE (b: B, c: Cost)
ext wr x:X
wr T : Btree
rd v :Pot
rd 1 :Rcost
rd ee.le!E
rd 1:Cycle
pre  is-leave (x,T,ee,l,le) A — is-opt (r,ee)
A is-enter (T,r,ee) A is-rcost (¢, T,v,r)
Ais-pot (¢, T,v) A is-bf (b,x,T)
post  is-update (ee,le,1,T, %, T,x)
A is-bf (b,x,T)

X 12

MBERNCERL G LBEDI 77 7 BT 201, 2075 78" 20

£ HRBIOWM (RE2MI 5 7)THB L 2FAL TR, MI3BZN6THS,

‘ 14 23 MODI 3512 BIfR 3 2 BIMER TH 5. B LAY HB L B L 248, =30 %
fHET 3,

is-basistree : Et-set - B
is-basistree (T) & is-conn (T) A is-acyclic (T) A is-span (T);

is-conn: Et-set - B
isconn(T) 2 Vm,n € nset (T) » 3 p € sts(T) -
is-path (p) A m € nseq (p) A n € nseq (p);

is-acyclic : Et-set - B
is-acyclic (T) & V p € sts(T) - is-path (p) = — is-cyclic (kdp , p);

is-span : Et-set » B
is-span (T) & N = nset (T);

nset : Et-set » Nt-set
nset (T) 2 {e'sup|le € T} V {erdem|e € T};

nseq : Et* » Nt-set
nseq (1) 2 {1(i).sup|i € inds 1} V {1(i).dem |i € inds 1};

sts: Et-set —» Et*-set
sts (T) & {1[1: Et* - elems1 < T}:

is-cyclic: Et X Et* - B
is-cyclic (e, 1) & is-path (1) A 1(len1). sup = e.sup;

is-path: Et* - B
is-path (p) &
[Vi€ inds p-{lenp}-
(odd (i) = p (i). sup = p (i+1). sup) A (even (i) = p (i). dem = p (i+1). dem)]
VIVi €& inds p-{len p}-
(odd (i) = p (i). dem = p (i+1). dem) A (even (i) = p (i). sup = p (i+1). sup)];
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odd:N- B
odd (x) & xmod2 =1;
even:N - B
even (x) & xmod2 = 0;
issmincyclic: Et X Ett - B

is-mincyclic (e, 1) 2 is-cyclic (e, 1)
AV IL:Etrlenll < lenl = —is-cyclic (e, 1)

X 13

is-bf: B X X X Et-set -~ B
is-bf (b, x, T) & is-feasible (b, x) A is-basistree (T) A Ve EE—T - x (e) = 0;
is-pot : Cost X Btree X Pot » B
is-pot(c,T,v) 2 Ve& T+ v(e.dem) — v(e.sup) = c(e);
is-rcost : Cost X Btree X Pot X Rcost - B
is-rcost (¢, T,v,r) & Ve€EE—-T-r(e) =c(e) + v(e.sup) — v(e.dem);
is-enter : Btree X Rcost X Et - B
is-enter (T ,r,ee) 2 Ve€EE—~T +r(ee) <r(e);
is-opt: Rcost X Et - B
is-opt(r,e) &r(e) =0;
is-leave: X X Btree X Et X Cycle X Et » B
is-leave(x, T ,ee,1,le) &
let 1 € sts (T Y (ee}) be st is-mincyclic (ee, 1) in
let1=[1G)]i€ indsl-even(i)] in
le€elems I AVi€indsl-x(le) < x11());

is-update : Et X Et X Cycle X Btree X X X Btree X X » B
is-update (ee,le,1,0T,0x,T,x) &
T =0TV {ee} — {le}
Alet 6 = ox (le) in
x = ox 1 {1 (i) if odd (i) then ox (1 (i) + & else ox (1 (1)) — & |i € inds 1}

= 14

1) HRIIEHE
hd . T*>T : BRFIDAHEESR
len : T*>N : BRVIOE &
inds . T*>N-set : HIRF| 2 HAKRE» o THERAOERE &% LD
EEER [1--lenl] A 232850 & inds 1=(}), ZD inds DBERIZ L > TF)
BERNIZBETEZ 1(5)RBF 1 OLE»S 5 ZHHOERRIET,
elems . T*>T-set : BRVIBEZDES
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2) EHOBHEOTARITCHET 3ZM0O LD, HERTHOMEERT 3,
($1 is-update (ee, le, 1, T, %, 1, x) ®H) T, X i3 UPDATE OE/FHID T, x D&
EFRTT3.)

HARDEH AR > BPET VDM-SL OX %5 28, Z0O—fl & L TEHE IBFS %

R151RT. COFHEEIEO CHMEH S, XOBBEANRL TOHDZ1E3 .,

IBFS:B S ()
IBFS (b) &
(dclP:St-Set:=S;
dcl Q:Dt-Set: =D;
delbb:B:=0b;
dcl TT:Et-Set: = {};
del xx:X:={e—0|e:Et};
(whilep={} vQ *={} do
(letpEPin
letqEQin
def e=Et(p,q) in
(TT:=TT V {e};
(bb(p) < bb(q) - (xx: = xx"{e—bb(p)};
bb (q): = bb(q) — bb(p);
P:=P - {p}),
bb (p) > bb(q) - (xx: = xx' {e—~bb(q)};
bb (p) : = bb(p) — bb(q);
Q:=Q— {dM;

X:= XX;
T:=TT)
——is-bf(b,x,T)

@ 15

4. & b Y (T
VDM-SL 28R LTty Fay 7HEOHELZ2E W T AT, VDM-SL OBkR»E
W Th->T, by Fay 7BED2— FIERZLTLHEZ DI TR o720,
D& SRR T — FIERD 7 91 b MFEAICE 5725 5, VDM-SL 3HEHE
PREERTVEETHS, THIIBEREENEYIT, a5 EERTHHED
BETHIILICHRT Y, EFMVEREWIEBICREEEREETE2 LY
RKEW, I ENENSY —VBESWI 2L IATHBETEAZLHHERTRD
—ATH 5, BB I BB EEIC N U TR L oM X 3 g
BB & B ZERRILEAE b R PR B 2 R ICRIZLTWw 3, BRAYE
iz, FEPHERZHEL TV TY, 2OHELHENCEDINZLOT
b3, F—sEERTIHE, BEROBMIKER—RCT3BNIEBETHLH, ¥
REBRIC L > THADT I L b—H L% %, HRACHL 72RO REE £/, M
BB RmEND 2 ST LAERE, Tk i, ML % Miranda ® Prolog i2 X - T
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ELICEZET I LMNTES, N&2HBOBERLIBEL % 2 T 2 LnTs,
FT—LBRICE>TIOVERNBTEL L1042 2 L AN ROF S TH 2,

VDM-SL 2 & 23Ciltid, 2N E(F¥EF —LB{ETENTBO TENTH S, L1
IDBENETNRDF—LBFEORERACTWE I EDSLERTHNIE, Tk
FTCERLEROTHEOMEORE X IBEIRZLOLVZ 2,

VDM & % D@ OFARBIFAFE L, 72 & 21, Z % RAISE L O#I2 D0 T bl
ERETHHY, ACRBICLA2TERTRIARERELZBMUA Y, AR HEL £
bIZFARSNTY —VIZ DWW TG L 2T h S v, ®EHTSBICHED
BErBlweEITHS,

VDM-SL OBBEL 2 BRI P THD, LEOARERELH S, L L, IEAOMES
ZRCHBEERIC & > TH VDM O+ BB 2 ER U 72, K5 DRk & % % 6 L
Ty,
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JSD 114k RAISE i~ ZEia
The Translation of JSD Specifications into RAISE Language

g B & =

B N EERCBUIEANY 7+ = THREOLRE2RET 27:D0—2> DR & e
5, BAWABOFHIE—HMOMEEOMTIIRB DL ONTIFVWE 00, EBZICHS N
BIZEE-> TR, BHELOBEENZOEREBATYS, —F, EEFRCHENRDM
HPTWENRY 7 b 2 7RIFEEC JSD (Jackson System Development) #3% %, L
L, JSD R AN B IREEASEE2F 20T, ¥R AFRRUBET T2 I LB TE
%5, JSDZ, LVBERAIANEZRZREGZ 21012, BYRARERD - OB
TR A R BNT, £ ORER, JSD OtARE ALK A S 58 TR ¥ % 121k RAISE
(Rigorous Approach to Industrial Software Engineering) #58YITCH 2 Z L0372, £
Vo — VP ETAERGES 2 HE L T Ao ThHS, 2 TR, NEEHERHELT,
JSD Otk % RAISE AACRASFECHBLE Y. Z 2 TRES 3 Em JSD »3-+53EH
BWThHdZLERT.

Abstract This is intended to report one of the experimental trials for encouraging a wider acceptance of
formal methods for software development efforts. Although some advantages in formal methods have
been recognized by some theorists, they still stay a long way from practical use because of a number of
existing blocking hurdles. In the meantime, JSD (Jackson system development) has been available in
the industry as the method comparatively easy to use. JSD, however, may be positioned as one of semi
-formal methods because it has no formal specification description language. Then, with a view to
giving JSD a more rigorous description style and more efficient support tools, studies have been made
of formal frameworks for its appropriate description of specifications, resulting in the discovery by the
author’s team of the fact that RAISE (Rigorous Approach to Industrial Software Engineering) is best
suited for the description of JSD specifications in a formal specification description language because of
its features including modularization mechanism and concu: rent operation for systems model building.

Taking an example from a small task, this paper illustrates how JSD specifications can be described
in RAISE language to prove that formality-oriented JSD as proposed here serves for productive

applications.

1. i C & Ic
EERIBLTLY 7 MY 2 7HRBCHEANGE2ERTELIEEY OO H
3, BAWABZINE, V72T ORELHERERLHEZCHETEIILHT
%3, 3—ay EEROBBRNIDOILEMNIELTWS, EKERASEO—2TH
% LOTOS BEFHBIGEER I N TLER, BRWAERZZEEEL LS L T38& 1R
513, VDM (Vienna Development Method) #HEQEHEHBIZL L5 LT 28

AfHi2 kD PROCEEDINGS 5 ) 94 L b DTH 3,
K. Mineo, S. Munakata, T. Yamasaki, “An Experiment on Specification Description in RAISE Method”, CONFERENCE PRO-
CEEDINGS JCSE 92, pp. 175~181, March 25-27, 1992, Olympic Plaza Youth Hostel, Seoul, Korea.
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23, ZO—FITHB,

BANTGER, BRAWEX L BRANER LR -7, AT ROL»OBREELE
ZTCV»5, COFEEHELT, BFENBES Z2RHLRN5Y 7 by 2 7THED2HD
oM, wel, EYHCBEU CTHERESEHRRTIILSTES, S5220HR
ORRZFE» LT, V7 by = 7HRBCRIOTER, AN CIEE 745, &
Fxvd, AR, 7oA, BRRE, 2AVLILNTES,

JSD B#B) TRBHILFETHY, BELLFEFLRT VY AT LAEDL B A
T&5, JSDRZODFRITIDOZ L 2T 5, H—13, FEEEL2ET LT 2
ZERED, ETNVIEIBREIDVBZELTWEI NS THS, B, BEMROEE,
RECHEL 1702 R %D 52 LI0E3, ZOZ DS, HATHBELEY 2 —
MEDSTTREIZ 5 %, JSD D€ F Vi, FHRMEFIZ L 3 BE S 02 DRy 7 —2
W25, 2y b7—7 LOELXDOTov A3, BEHROEENYRF ACERS N
LHEEICHIET 3, BEET oL XL, FOEENETLEY, BELZI0T 51T
BERERFI L LTEELE3DTHY, 20k dBHEMR L FRCEAT &
s,

ZOL7JSD oENLME LRI, o ABBEIEWIZ 22855, Fak
ARG ERE NNy 7 7 ZEAUCEET 2720, 2y PV —2OAEHRTy Fuy
73R v, ZOREIR JSD I REEEERE S B aERSEL2 525
ETHRTE D, SORZDEBEXBEREDLBILT—BER IR 3,

BELDHBREBRSETCEVTAB LT, ZOTAFTTERIEL THIL, =
v, ZOBEBNGED EFEIZWL D LFEET S, LOTOS, VDM, Z, RAISEZiZ =
B TH B, I TIXE I RAISE 280 i3, 208B—0HEEIR, 2DLRNCH%
3 5. RAISE i Rigorous Approach to Industrial Software Engineering DS TH
D, VDM 2 EEFAFCRRELCLLDTH S, F0HEMAIE, RAISESEY 2 —
NP UTUEBEER I TWT, WEOREREYTCHE»5ThH 2,

AT TIXRSL (RAISE Specification Language) CHE:#E<. RSLOT Y 2 —
VRS L MATIEEE L, JSDHEBO P o REFA L Fu b ARGEE S & D BE
ZODITT DS, REYETIR, L<HASNTWV3 Y Y A VERT (SIMPLE
BANK)®££D Lif, \»< DDA Y 4 L TRSLEMREL . D51, J¥ v 2V Vit 3
JSD R Z5IM L 724, FULAk% JSD Ed RSL fHAgicZ#1T 2.

2. RSL o+ #

Yy 7NVEBITOOREL IR, UTorsy Tha,
[ZOMTICRZBOBEEN S, EERFESLRACEASOOERHERTE 3 L,
UL TE2, BERVLOTHLHASOOBIIHES LR, BlsHLE T2 (BE
FIHLREDSND), LrL, BEFIHLEHESESC LA L2, 208
TV A7 ATIREBS L ICRBEESERINATVS, D10, FESOEERSD
HE2HICT25IHL 2175 58I, 2OBERER2LE LT 5, BTFOZERR,
EOBETHLZDOREEFARDLZENTES, D%, EELEYATF ACANTH
¥, ZOBREORFOBRENHAIINS, ]
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RSL 3 A#iFEA RN 22 5B TH 5. MR e BARE, A L HBIEY, &
KA L WATE, 2h P hOREREHT. 2 CREDOERAI A NVERNT 5.
DF D, HMRNEHE, EANENRE, BAMRERTHS, RSL TR, FE, R
BPECIG U THEYIZ A A VEBRLZE Y, LRI BMTH S,
2.1 HRARIRELER

scheme BANK =
class

type
Cust,
Amount,Balance,
Cstate,
Opt_report == empty | report

value
new : Cstate,

invest : Cust X Amount X Cstate — Cstate,
payin: Cust X Amount x Cstate =» Cstate,

withdraw : Cust X Amount X Cstate =
Cstate x Opt.report,

terminate : Cust X Cstate — Cstate,

enquiry : Cust x Cstate = Balance
axiom
forall c1,c2:Cust, al,a2: Amount, cs:Cstate e
[payin_invest]
payin(ci, a1, invest(c2,a2, cs))
=if c1 =c2 then invest(cl,al +a2,cs)
else invest(c2,a2,payin(ci,al,cs)) end,
[vithdraw_invest]
withdraw(c1,al,invest(c2, a2, cs))
=if ¢1 = c2 then (invest(cl,a2 —ai,cs),if a2 —a1 <0 then report
else empty end)
else invest(c2,a2,withdraw(cl,al,cs)) end,
[terminate.nev]
terminate(cl,nev) = nev,
[terminate_invest]
terminate(cl, invest(c2,a2, cs))
=if c1 = c2 then terminate(ci,cs)
else invest(c2,a2, terminate(c1,cs)) end,
[enquiry-invest}
enquiry(cl,invest(c2, a2, cs))
=if c1 =c2 then a2
else invest(c2,a2,enquiry(ci,cs)) end
end

class'end iz, 7 7 AR VW, EESROEL TR OMEEERT S, 2%,
BANK &5 &%) 7 #&R 7 — & BDA (HES carrier) 1%, & Cstate DET
», BIERT 5 EEE new, invest, payin ¥ EHT 5,

type LTIk, ZOHECLERF— S MOLHIZERL TS, ZORKTI,
Cust, Amount, Cstate Z&HT721FTH Y, FHLHEHRZTo Tk, ZOEKT,
Z DHAEIZESEITH B, Opt_report [ZAJZE L IR, empty > report > S D
DL ERT,

value ITCit, ZOMKRF—yRMCLBLRHEER2ERT 5. ADOHEED S B,
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new (32U Cstate DIETH 3 Z L ZRLTWAIFTT, WEDOHRVANLTIE, ZOME
2RO EETCHRTILEBIRRY, EEZTWS, FOMOBEEE, EEBROE»SE
BOBEAOBETH S, X IFEEE, SEWAIEBETRTHESTHS.

HHE invest i, BEEOH Cust £ H{E %R T8 Amount THEF: b DRE 2T
Cstate ZEHTH LD TH 2., ZORMETIZETS, invest NOERMEKTIHETD
2 EREBELM VLY, BFRLSEHELTIELYL, tLIFHTW:, FET28HE
payin b [AETH 2. Bl L O withdraw T3, H77{lix Cstate & Opt-report @
ZOoDRMHFEN D, OFEZENT %5 terminate 1, A% Cust TEAK 2 b DIRE
Cstate #H#H ¥ %, HE enquiry TiZ, FAF LEAE: b DIRED & $f# (Balance) %
H15 5,

axiom AT T, [EORFOHEE2AEE L TREWNIZEART 5.

2T, AEOEZHERED, IOWMBRT—2 R, Cstate BIORIE (F—2
N—REEZTHIW) 2/L, SXOHEHERZ, TOREEEHRLLD, BRBLLD
THLDTH 5,

R,

invest {ca, an, invest (a1, an-1, ***(c1, a1, new)-+))
k-T2 onb, LEZLDILHMNTES, terminate iX, FHLFID invest R
EL7bDEEZ 5N 3, payin % withdraw i¥, —ZOEE2EFT 2D TH D,
enquiry I3REEHZ 2 2\, Cstate DRTBIZH U T, R OBEENE S EHT o n % E
X, I THRIUTHMEMEHFAL U TERIY S,

A4 [payin-invest] »RTAHIILAT 2R, JRIE invest (c2, a2, cs) iZEA T
3 HE payin(cl, al, ) 13, cl & c2 DEHZE LT L, £ DRELZEE (al+a2) L,
Z3TRhRINE, ZOADREcs KIERT 2, BRPIKERINT WSS, cl &[F
CEzRVLHERWZ ENH B2 5, #DREIE, payin (cl, al, new) iCE[ET 3133
TH2, ZOETIE, ZOEIZEZHEL Tz, payin DEE T3 %L TEHA
ELTEBEL TR I THS, ZORKRT ORI, BVt w2z s, ZOH
RUARNVTEZEZETEET ZLER L3, LWIHEMTHS, M, B termi-
nate Tl¥, A [terminate-new] 28U T, FRDELELE L 2RO
BOEEHRLTVS,

2.2 ERrBAMENTHR

scheme BANK =
class

type
Cust,
Amount = Int,
Balance = Amount,
Cstate = Cust wm» Balance, .
Opt_report == empty | report(Cust, Text)

value
new: Cstate = [],

invest : Cust X Amount X Cstate — Cstate
invest(c,a,c8) = cstc > a],
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payin: Cust X Amount X Cstate = Cstate
payin(c,a,cs) = cs t[c — csc) + 2]
pre c € domcs,

withdraw : Cust X Amount X Cstate =%
Cstate X Opt_report
withdraw(c,a,cs) =
( cst[c cs(c) —al,
if cs(c)—a <0 then
report(c,”overdravn”)
else
empty
end )
pre c € domecs,

terminate : Cust X Cstate = Cstate
terminate(c, cs) = cs \ {c}
pre c € domecs,

enquiry : Cust X Cstate = Balance
enquiry(c, c8) = cs(c)
pre ¢ € domes
end

7= BBHTE OBl T X Y BEIIZ % > T 3, Cstate=Cust—> Balance
i, E#FIK Cust 2> 5 fiEils Balance ~NDE{REZRTETH 3,

new i¥, ZOITE DL 2WMHETH 5, HHIZ, value LT TEE DT L AHEDITD
HMTEETZH, ZOL&, 2FiLT (forall) 2{F1)7, MRBCERRT 3.

L OFE2EERT 32 EE invest ODAHTT, invest (c, a, cs)=-i3, csiZflic
a~OEH[c—al xEREbE S ZL%2RT. 11, BEh&bt (override) OEHE
HEThHB,

payin i¥, FEDEE c DR cs(c) WEHKE a M2 T, cs 2EH (EhEby)
THHEHETH D, X DEHBESE LTEE 8 N7 payin i, pre {TCHIME, D& D
BESNLBEEFIBTCOEBEZERZRL O TRIER Sk, 2ED (dom i EESE
ERTHFS)., COBERTHEOFIEL VElIcko T3,

withdraw b [ERICE Z i kv, 2L, OBOERSHAIZL > BE1E, fiay
R— b report ZHAILAEThiIRoBRW, 23 TROLBEEIAL LR,

terminate |3, FEDOBEEOOE AN T 2HER2EKT 3, cs\(c} ¥, csDEH
BihroZOEEZc2RET A I LERT.

enquiry i3, FEDHEZOEE 2HNTAHEET, FOBEFROBERBL Tuil}
Nk sy, ZERBEESS,

2.3 ERRFRTR

scheme BANK =
class

type
Cust,
Amount = Int,
Balance = Amount,
Cstate = Cust pp Balance,
Opt_report == empty | report(Cust, Text)

variable
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cs : Cstate

value
new : Unit — write cs Unit
new()=cs:=[],

invest : Cust x Amount — write cs Unit
invest(c,a) = cs:=cs t[c~ 2,

payin: Cust x Amount = write cs Unit
payin(c,a) = cs :=cs t[c — cs(c) + a)
pre c € domes,

withdraw : Cust X Amount =
write c¢s Opt_report
withdraw(c,a) =
cs:=cst[cr cs(c)—-a] ;
if cs(c) <0 then
report(c,”overdravn”)
else
empty
end
pre ¢ € domcs,

terminate : Cust = write cs Unit
terninate(c) = ¢s:=cs \ {c}
pre c € domcs,

enquiry: Cust = read cs Balance
enquiry(c) = cs(c)
pre ¢ € domecs
end

RSL TRBER ORI R2HT. ZOBOARTRER, Z0FITik cs, 2Fb,
ZORBIMEERAT 2 Z LB TE 3, MBALSNICERIER AR 2 Hef L /- B
B, WSO BHBLITHD, BLALOIRIREN 707 LSECHESND
e, BRISHFEFEDH 2 RETRIFRTHERE2ERT 2 2 L 3EATH 2 5. H#ER
AR EBOSIBOBERS THE L H 3, FHEC L > TE, Hod o RERCER
L7:AdSEYITH 255521225, U bRt sEEasn-BheE LS
ns,

I TIRAEDCEKE TR REUTEEEL TH, 8 BANK %, & Cstate ®
i cs R0, BHIEBOME2EET 235813, HEDORMOEETTERLDHIZ
write #E <, EROMER2SBT 22 00HE X, read 2H L., HERMEKTHS
o EDAHATHL T, ZOHEEFOTCHL., AHAZLEE LA
1%, FERR B Unit 28 <. LRGN, fIEioEEEzEE TR, BRIERTES 5.

3. JSD o f+4%
JSDiZ, BEEROY 7+ vz 7TERMBCHHRNLSASNTHWEAETHS, 3
Bottkexxi® »55[H+ 3% (K1, M2, K3).
1T CUSTOMER-0 i3 E#HRD 7u v A THH, CUSTOMER-1 123 X 5 AW
DEFNTAXATHD, WEFZT—5C2BLTHEL T»3, CUSTOMER-0
& CUSTOMER-1 0ft& 1z, EAMTH 2, 2% 0, HOHD CIZER vy 7 7 25
k¥ %, FERkic ENQUIRY-FN Fu¥ Xz, CUSTOMER-1 OHEDIREE % IERIHA



24 (486)

ENQUIRY

ENQUIRY
INPUT ENQUIRY-FN REPORT

1 7 AEHR
Fig.1 System specification diagram

y

CUSTOMER- 0 CUSTOMER:- 1 EXCEPTION
REPORT

CUSTOMER

INV-TERM *
GROUP

INVEST NV TERM TERMINATE

MOVEMENT *

(0] [¢]
PAY-IN WITHDRAW

2 EFEE
Fig.2 Entity structure

NG,

CUSTOMER-1 i3 EHRDEF b 2EHEL e bDTH S0 5, 7u ADHUTHE
HADEERLDHERLTH 3,

ZOHARE, BEOVIBETF VIV AT ADBERT 2HEELZBML THRLZ D
THB NS, ZORRERIE, BEELPTL, BFLLTVLHOTHH S, IOk
DEEOHERO ETE# 251, HHREERDIEL S 2HEETE 5, HEM LT JSD
DHAERENT I LW, V7 bo2T7DFa by A4z sd, V7 vy o THRE
kB TERITH S, 2 2 TiE JSD OfEA# % RSL ORERICEBRT 5, 2 65
% RSL {H#ki13, BEBERbDTHY, @YY -V TXET S I EMNWREIZR D,

4. JSD 0{t#$H 5 RSL DL~
AETIERSL DY 2 —VEATREEZRD ., TV 2 — VIR, AF—LEFTY
=27 VD 2KEENSDH B, AFx -4, EEOEEV»5%57 7 XA classend 28
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CUSTOMER-1 seq
balance =0,
read C;
INVEST seq
balance ;= amount;
INVEST end
read C;
CUSTOMER-BODY itr while (PAY-IN or WITHDRAW)
MOVEMENT sel (PAY-IN)
PAY-IN seq
balance = balance + amount;
PAY-IN end
read C;
MOVEMENT alt (WITHDRAW)
WITHDRAW seq
balance := balance — amount;
P-EXC-REPORT sel (balance < 0)
write 'overdrawn’;
P-EXC-REPORT end
WITHDRAW end
read C;

MOVEMENT end
CUSTOMER-BODY end
TERMINATE;

CUSTOMER-1 end

ENQUIRY-FN seq
read ENQUIRY-INPUT;
ENQUIRY-FN-BODY itr
ENQUIRY seq
gel state-vector of specified CUSTOMER-1;
write 'balance is', balance;
ENQUIRY end .
read ENQUIRY-INPUT;
ENQUIRY-FN-BODY end
ENQUIRY-FN end

E3 #3EX
Fig.3 Structure text

BizftebDoTHs, %D RSL OEREFITIE, BANK BZNTHS, 77V 27
ME, 27 AREVLDIEEKIUEL DT, ZO—2—2%BFIFTRET 5. B
PHORHETHZIE, AF—ARZIARD [H] °hY, A7Y=x7 bid7 7 AR
DAY AIYR] Thb, UFOHITIE, Bl L B2izA¥—ABANKODOAF 7Y =
JbhTH5B,
object
Bl: BANK
B2: BANK
A7 VHOEEES (type, value 53R T) 13, o4 727 b b 2R
Ehizh, BRLEDTAIENTES, 04 7Y =7 FNESRT SR, #H
BLLTAT Y227 MAEMTB, WEOHITIE, Bl.new & B2.new i3, 8DBDF
7Y 227 b Bl & B2IHOEE new ~DEETH 5. HE Bl.new & B2.new [ U
TiER v,
7Yz MR RE-T, BLEHDA 7Y 27 b2 —RIESRERTE S, I-
&z,
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type
Bank No={|n: Int-1<nAn<3|}
object
Bli : Bank_No] : BANK
Tid, AF—ALBANKO=204 722 b B[1], B[2], B[3] #E&L T3,
RSL Tit, AF¥—2i3A 7Y =27 bRBIKELT, " XA-2TES, ZOMRE
20070 AHOBBELEGHTEZ LS,

scheme CHANNEL =
class
channel
source, increment: Int
end

scheme SENDER(H: CHANNEL) =
class
value
i: Int= 0,
Sender : Unit — in H.increment
out H.source Unit
Sender() =
H.source!i; let j = H.increment?
in i:=j end; Sender()
end

scheme ADDER(H: CHANNEL) =
class
value
Adder: Unit — in H.source
out H.increment Unit
Adder() =
let i = H.source? in i:=i+ 1;
H.increment!i end; Adder()
end

ZDDAF—L, SENDER & ADDER iZ, A¥%—A4 CHANNEL % 7Y =27 b
HTRIA-F{ENT R, AF—LDHD=DD 7T+ R, Sender & Adder
i3, H 23 D3WD F v 2V, source & increment THEETE 2, 7O AEEDH
TinQBRICANF v 2 &%, out DRICHAF v+ ANVEEEBNT, Futk AnHEE
TE5F v ANVEEET S,

RSL D IATALE OFEEE & FKitid, ZARIZ CSP 53| E kL2 D ThH D, Hiz
BETIETI LR, FraveEMLT, RAHHAZEET 5, 70X R Sender 28
Fr 2 Hsource 2N LTHEIEHALLIELTWS L&, D% D H. source!i
DRITTRIZZ>TWB EE, bI—D2D 7ot R Adder BRAILF v+ AL ENLTA
IR TET NI, DD, H.source?WZEHMBTETWS L %, HHEILHE
AL k5. O ARKENZEF v AN RHELERTHS. ZofTE=>
D7aLAL b AHITERET(ZDZ &% Unit 2RLTW3), F+R2ALEMNLT,
RRCEELAYI ZLIEE D, HEBICZ 2O 70 AMMEEIEELE I VAT AL
LTRKRER S DI, 7ot ABOMATERESLETH 508, ZHIBOHITR
£l
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WERHEIC L > T, ARCREEFRZTORVI LMD S, SRR X -
TEEHFEOHEIREZET, exprlexpr2 L EL &, exprl & expr2 X B8O BOHD
TR ALBRFET D, WIr—ABNEELRBICHEMNRETS I LiERL, W
THhYFHE S W2 203 Z DR/ ETRBIKET 5.

scheme TYPE =
class
type
Database = Int-set,
Cust = {|e : Database s« p{e)|}
value
p : Database — Bool
end

scheme CHANNEL =
class
channel
enquiry : Unit,
eng-res : Int
end

scheme MANAGER(T : TYPE, H[i: T.Cust]:CHANNEL) =
class
channel
externalin: T.Cust,
enqreport : T.Cust x Int
value
Manager : Unit —
in externalin,
{H[i].enqres | i : T.Cust}
out enqreport,
{H[i).enquiry | i : T.Cust}
Unit
Manager() =
let i = externalin? in
H[i].enquiry!() ;
let j = H[i].enq.res? in
enqreport! (i, j)
end
end
end

scheme CUSTOMER(H : CHANNEL) =
class
type
Balance = Int
channel
invest,payin,withdrav : Int,
terminate : Unit,
overdraft : Text
value
Customer : Unit = in invest, payin, withdraw, terminate, H.enquiry
out overdraft, H.enq.res
Unit,
Customerl : Balance =
in payin,vithdraw,terminate,H.enquiry
out overdraft,H.enq_res
Unit
axiom
Customer() =
let b = invest? in Customeri(b) end,
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V b:Balancees Customeri(b)=
let x = payin? in Customeri(b +x) end

let x = withdraw? in
if b<x then
overdraft!”overdrawn”
end ;
Customeri(b — x)
end

H.enquiry? ; H.enq_res!b; Customeri(b)

terminate?; skip
end

object BANK:
class
object
T : TYPE,
M : MANAGER(T, H),
H[4 : T.Cust] : CHANNEL,
C[i : T.Cust] : CUSTOMER(H[i])
value
Bank : Unit —
in {C[i].any|i:T.Cust}, M.externalin, {H[i].enq_res|i:T.Cust}
out Menqreport, {H[i].enquiry|i:T.Cust}, {C[i].any[i :T.Cust}
Unit
Bank() =
M.Manager()

)| {c[i).Customex() | i : T.Cust}
end

Y TNVRITOAAT 7 0 & AR RSL DL B S 2 #ifH -7z, BEERRT
7F—28ix, A%—24 TYPE O TEMAER Cust TRHE N T3, MANAGER &
CUSTOMER %272 < F v 2 nvid, A% —4A CHANNEL 04 7Y = 7 MERFI T
Hahd, A%—4 CUSTOMER ix{r51# & LT, H: CHANNEL 2§, 4+ 7Y
=27 bEE, Cli: T.Cust]: CUSTOMERH[i]) i & > T, BEA 7Y =27 b Cli] &
FraAnATY s b Hl] 80535, BEELBIA 7Y 227 MEFICli: T. Cust]
TEEN, ZTOEFOKE SREBOEEFHRLFECTHS,

7o A Manager i3, I TRREZEONH oL (b L RAHIEE ++
¥ 2V externalin & enqreport /- L THEL TW5, FHRIZ—D20 7 a ¥ X Cus-
tomer b REZEDINEE 7 1 R & F ¥ X )V invest, payin, withdraw, terminate, over-
draft #/r L GEEL T3,

Manager iX, % ® F + & ) {H[il.enq res|i: T.Cust} & {H[i].enquiry|i: T.
Cust} 2¥b, BOBOWMIET 5 7 ax A C[i].Customer & ¥&3 3,

72227 b BANKZ, 02D 7Y 227 7 ux X M. Manager() & %D
A7V 27 b 7av X {C[i]l.Customer()|i: T.Cust} DHXfTF oA L LTEHRIN
%, 511, 20ERLATESWATF oA THE I LERT.,

Z DRI, R R BERLOMRT -y B L 2{LAREER & D bEHICRZ 3,
WESOLARBIRADZOEBRRIZE > TR, L{ZZFI3TH2S. LrLInft
iz, EHROETFNVICETOTLEDIZ, ISDOEFVERBICEEL T3,

JSD AR & HBEL T, Zoftkkid, BREL TSV Lhky, LHL Otk
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i3, BFREESVTWS, 2EVHEBETHY, HENE®RERD, Y-V ETRTH
BETH D,

X512 JSD L DB TW 21, JSD fHikDiEEIL, FEETH 553, RSL Tid[RH
WTH2, SBESOLAOAKRTT v Foy 7 PHERELERT 212, BREOH
BEFTHZ .

5 & b W IZ

JSD O/ & A% RSL ORI E# L TAT:, 202 L DEKRELITICET.

SFTHHB/LTE LT, JSDIcInE, BEFLOFELES LD, BEL
7o, BRRRSTHRIFLLTOWHREEBA I LNTES, 22T ISD DY AT Afkkk
L& % RSL S0 ic BT 5 2 & T, 7% JSD otk X2 5 2 7. 8
sz, BRI JSD Lwx 3,

ELOHBOERCERT Y —VEEL L TES, BXF =y APEF =y
HiE, I—a v ORBRICLINIE, FRZTTHEBROLRERCHYERT S
L 5315 TV B, RSL OEds & Ada ® CHADEHRK, JSD O FIBRRE * s
T2155, HEBOFMEOEL & 2HRTE 33HR S T CHFET 5. RAISE 2
B ETHHARNAE2EBEOBCICA T 2 BMNERIRIE>TWS, EW01Z5,

AAROBRTIX, BFRNABEOEBYERZEREENS L, ROERFAZRILEAS
ETESHELTASILE, BPANAEOERERET 2—2DHETH S,

SHBOBEL LTI, 3P LARELMEOEEEHNTASIE, FLTHSWL
2254 TTHSURTATENSZFMET A 2L, S5 TENFIRREZAWVT
FELSRHERLRSETURERSEETERTAI L, 855,

%8, o RSL 0ERic@E@L T, ¥~ ~v—2, CRI A/S @ Bent Dandanell iz
MY DIEH L BELHER2HEVLOT, I E#T 5.
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BEERMEEV—ECRAAHERERBI S T ORI EERT 5FF

A Method of Generating Process Specifications from
a Declarative Communications Service Specification Language

AEE=S B & B XA B

B ¥ bhibhid, BEVATLAHREETELSTYH, BEVY-—EA2FHCHRTE 32X
HHEEY — E A EARECREEE STR 2K L T & 72, STR TIRIEBFY — B R 2 [LEREER
ERBETZHDOLERL, LBREERE2 Y0y y v a VHAIOEETERT 2. STROS
uyyya v 70EEMZRAE AR T e TE S, STR B2 HHT 5H#(E
VZ7bhvaTiR, BETBEILRE-TTIVORBHERITY, K, BEY 7o 27
BA—=F2 b ELTETMEENTERD, A=< b TR 7 7ORBHERITA S
vy,

FRTR 72 7DORBHEERTAS LORBEY 7V 27 DETVEEEL, STR 25
ZOETFNVEZHE-BEY 7 bV =27 REBER T 3FECOVTHRLE S,

Abstract The authors have been proposing STR, a declarative communications service specification
language, which allows even those who are not communications systems designers to give an easy
description of communications services. STR, where communications services are defined as represent-
ing global state transitions, is designed to describe such transitions in sets of production rules. STR’s
production rules can be regarded as the rules for rewriting graphs. The communications software
compatible with STR descriptions judges the isomorphism of graphs designated in the STR language by
means of communications. The modeling of communications software has so far been done with the help
of the automaton theory, by which it is impossible to recognize isomorphic graphs.

This paper discusses a communications software model which is capable of identifying isomorphic

-graphs and how to let STR generate communications software conforming to a designated model.

L. i3 L & Iz

EE, BRbttsoERICE bR, BEVY-—EAFAZO=—-XiZZHKEL, &
NETICREBLONRL o LFLOBEY—CR 2T 2 0EBNE L2053, &
1 BEY-ERAR2ERTIY 7 b2 7OBBORRLL BERFEC L - TN 3,

R, WEY—EALERIT E%EE—EL X BEm, WEY 7 MY T OEBEEESTR
TREBBRRA v —Y « ¥Y—F YR + Fr— b 2BEER L LRI LEERT
SEdahTELM 2 uxotﬁf—*f EAEAROERER, V- ADBE 2{TET
ZIRERTH B0, BRI EHRT 2 2 et FrL L, BEY— AL D
SEEV IV LT AHEMCERT 2 Z LI REETH o 72,

bhbhit, THIVoHEEERERT 27012, BL EEY—E R {IRe2ER
TEAHAREEY — CAEHERSEE STR 2REEL T 748, STR TR, #@E2

Rz, BTEIDEREYES, GERAIR-6 LV E2OFTLBTERL LD TH S,

(493) 31
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P 1541 85 STR &k IR

‘ m-cfv
AP {  LTEEN -
Tinging -, o - path- ‘,
L.*°,-=" ringback . o

v #°, path
7’u—t1. 70 RORES L . /

{ 70k AR REE L BRRER

I VAW EY & a-E Y Y| ]/

20 b 7= 75 7o AMBE DR

STRS %2% 4 XBiE
Fa i

E1 @EERATFLOETN
Fig.1 System model

vIEI—=I % T IRy I ALARL, TORFEEZOWTRITRLEZ W, 20
TROBEV AT LRFETRLTY, BRCEEY—CAR2ERTE 3,

BEYATABRLIZRT LS, WRE, Y7 bva7« Fuk B, EERE
DIBHEER LTVDERET S, V77 a7 « PurREiY, HMani-aEs
TOeADSLBREANTHWS, #BEV—ER LR, BRADCL-TEsEBIsh2
BE T2 AT 3 LBHN R REBEE2HET 530D L &5 2 5, STR 2 AEIRE
B2 707y a YHAOEE TR T 2, LEREL UTHEED 7o & X b8
K oADHOTPRAERBRTE LD T, FEHICE L OBEFY — EANLEREER I
XoTHRTES, STREAVRZLICE 2T, SBRUBEERZTHAIH L WEE
Y—ECAEBFERT S 2 & NATEER K B,

BEY 70T, V7127« ok RicEEINS, Yot AEERE
IR IBHRLULRREL Tuwvd, Ao A L@BETZ itk >T, LERE
ZELULBREER 2 EBRT 5, &k, BEYV I M Y2T7DEFVELT, A=}
7 hUBRAVONTE Y, Bkt —t=br s EFNVTCR, LBIREES» EZH
TEROY, ZORY, BEIYYDEFLELT, F—Fo b rd2—BELEHFLL
ETNVERET S,

AR Tid, STR»SBEY 7 v V= 7 2HBERT 2 FHEICOVTHU S, F2H
T, BEVAT L, BEV-—ECABLUSTR #EHT S, £/, STR:7us 7y
aveYATLAEDBRRERL S, STROZud 7y a VAR, /S 708z
HAEART LB TES, FIHT, STR £ 2775 7 XHEOBMRICDWTHET 3.
BART, BEV I NV 2TDEFMIOWTHL S, BE55T, STROOEEY 7
b7 27 Ofbkk%E SDL BERTER T 32 FERDWTHIAT 5,
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2. BIEV—ER{LHiF
2.1 BEEYAT A :

HWEY AT LI, KB, 7urAE, BIUBEEEE»EBRENS, XFTR,
TOLABIZDOWTDHEHL 3. .

Fuv ARFIEBMEINTED, £70 ARBIF (PID) 28D, Yo Ak&
REAIZBWT, REDREEFD, RERIZIE, BHELTVI3RAT oL A0 ID 23&
ghd, TorARRBEC THRE2GHT S, YA 74403 RTOTavA L
id, A—0Y 7 by T7BEEIND, ZTOLY, FilLEERZR 7oA}
BHELY, 7oL AR TRTHETH 5.

7 ADESPDICNLT, PDHO T ADRES L UZFh 5 DMOBEE
PD OIREIRE LIS, £z, Y AT L% T 2 TXTO 70 AET 2 LEIRE
%, YAT ADIREE L LA,

7ax AEE PD OILEREER L i3, PDHOBED L0 ARG T 3 hRH
SEEDAN®RII B Z LICE oT, PD QLIRS GRILEIREE) 238 L W IREREE
(RIZERRE) BB T2 ZLTh3,

DEDIREDS LT, BEV—EAZRDLICEHET 3.

(BEY—ER) @EY—EAL, LEBEREBEE2525b0TH5.

COEBIIFFEC—BHITHY, ZLOFLOY—ER % ZDEHDHHNTREA
T5Z VAR B,

2.2 Fa¥orvar - RATA

BEY—ERALE, REREBBETHZ LEHL LY, AlOSFIZBWT, [LER
e B TRE L LHREOER 2K MEY, Fudrvary - vATFLELT
W MFRRENTE S, 22 TIE, STRIPSU w3 ufy s ORIEMRY A 5 4 %5
ELT, FuFrvaye VAFLAIZDOWTEIAT 3,

STRIPS CiziRE L HiE2HRER AL, REOER L2 Fus 7y 3 VHAITS
ATW3, RER2RETIHARNZ, VFoVOHEE GRER) ciidahns.

V7onid, ROEICEESNE, Tibb, V7F7VEERDZ20WREADE
ETHD, BRIEROHEEF KL LTROBETH S, HERZ, ERZLBEHRT
H3, 12z, on(CA) BEHC, A%3IKLLTR>BETHLDT, ZAT
HoTYVFINTHH B,

X2iz, R BEORERFI2RT. MORERXDOHE, A, B, ClBAEzRTE
BThs,

STRIPS 7w 7 v a YHANZ, BHESMA, HEY A b, B0 3fEHEOH
RTHR IS, vy sy a YHBIOFREHERBBIIL Tw3 £ &, ZOHAE
HAT2 I eNTETHY, RAUZHEALLES, BRErSHEV R MTIEESL
TeRBEEE R N, BIMRTHEES WiZREBTMENE, Yoy sy a VHAIFT
X, EAREZRBT20EHERAVS, M3, Yusy 7y a VHREOFIERT,

STRIPS Ti%, BT D FHi % PRODUCTION 237§ 5 2 ik >T, DATA T
KET D5V AT LAOREDIFRICEF S h, RBRCELRERZE2,

F#ix PRODUCTION
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DATA «¥fiD 7 — & ~—2X
until DATA 258 TR & 2MET 22T do
begin
IMTAkﬁ%Tﬁ&ﬁ%@%ﬁ@*m%%%ﬁMr%ﬁﬁ.
r % DATA i3 L DATA 2% E ¥ 3,
end
4. THEATERERHR r 2BIRT 21802, BAMOERLEF—F LoD =7 4
T—varPETENS,

|UTI'\'~7 FOF

S U s W N

=

(Al 8]
clear(A) on(C,A) ontable(A) on{B,C) on(A,B)
clear(C) handempty ontable(B)

(a) Wik nE (b) BiFIKKE

2 STRIPS ORKEE BIENORH
Fig.2 Representations of states and goals in STRIPS

(1)pickup (x)

Hi 4 &3\ | ONTABLE(x),HANDEMPTY,CLEAR(x)
iH#:) 2 b : ONTABLE(x),HANDEMPTY,CLEAR(x)
Aams HOLDING(x)

3 7o aHRAE

Fig.3 Example of production rule

2.3 BEY—EXLEDESEESTR

STR T, STRIPS k FEkiC ARG 2 BN CRBEL, LEBREER %2, Yus
7 a YRAIOEETERT 5, STRD 7S 7 v a VAT STR i £ 529)
i3, HIREIRRE, A X2 URKRAR), WRIEBRED SEHTERSAS, 1RV M
1EZE 2EOF 2R OBETCRH &S, STREH BV, HE LT’ 0
Y ARRTERIZTBFENS,

BEV—EAOEEE STR R TEBL 72 D 2K 4 17T, ZOHENL, 5714+
WE=CREBIZHZ 7oL R AdS, % (ide) RETH2 FurABizs{vLL
ek &, 0¥ A BYWEBEEEHRE (m-cfv(B,C)) LTED, ZOERETHS
7at A CHZEREORIZIE, BAOFNE, CiiEEsh, A RMES (ringback
-tone) ZFIRE~ERL, CizFHEF (ringing-tone) DIE-> T\ 2 REBIERT 2

dialtone(A).idle(B).m-cfv(B,C).idle(C)  /* #hIiiiknes /
dial(A,B) : /* AN
ringback (A,C), ringing(C.,A ), /* ORISR RES /
pingring(B,A),m-fv(B,C).

4 BEEY—EXHAG

Fig.4 Example of a communication service rule
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ZEERHELTWS,
B4 4 OFAIT, dialtone, idle Fi3 7ot A DR ERIET 25BETH D, dial i34
Ry M ERRTHBETH 3,

3. 737Xk

3.1

TR AREAA oA EBET LI E > THEBRERIBET 2, 20729,
STR KR DIEBIREEETRIZ BT, 4 XY MER 7 02 20 S ALERREEE R R 0
TRTDTOEANDNRABFEERRIFR SRV, TDES v ADEEE 3
WY B, WEARAEIDL S I 7ERROANEL TS,

STR SR DO IEIRFREER & 1 ~ >+ EEdid, Hh¥ T UED I T & DGR
777 LTHRRTES, /o, RIESREEDRS LD VOEH@AISF7EL
THRHATE 3,

X 4 DRANCHIET 57 7 7 RKEEK 5 1RT. K528V T, HHEIHO ringback
(A, O) w5 Eahid, mA»SHCADringback W5 IRV EEOHRTLE LT
KEsNh 3,

ringing

ringback

m ) transition
®- @ m-cfv © -

dialtone idle idle

pinring m-cfv

—®—0

idle not-idle

X5 HY—ERRRNTESS57RE

Fig.5 Graph representation of a service rule

ZD &5, STRHANL, 77 70FS I B L AR TIENTES,

TIT7DEEMI VAT ARSI 7L LTERLE N, 288 — USSR
ENTELE, 777Xk, 79 70FHDEERDS S 7 TEEREI B DL, 75
7HOAEBDT 7 7 CBERZ 5 HDICKPTE 2, STRIEZCET 2,

BEYAT L2ORES, /77 TRETESL, ThEVAT L V57 LR
Zticysdl, STREHOERT 2L I%13, ROLIRXEHBTE S,

(STR #RRIDFEER) STRAHNX, YR T L2 F5 7hHOMB 5 7 THEIDE S
Z7LAER DR, HAIOR 77 LABRZOIDCEEIZ 2 2 L 218ET
3.

Ty rvay e VAT ACBIAEBD2=T7 4 r—vavid, So7EsHz
YATLARZBWTR, 777 ORKRMEICEES L 513, K612, STR A
HHSW IR ERRT 5.

A DEENERL

ARV EHERLE &, BROBAIHATREC 22580855, 20k > 2#l
HIMIOBE 2 BT 2 720, HARCBREGZD3 %, 22 TR, A—1t Ry %
FOBAIDEB KU T, 777 7OEEBRICETOIRO & 5 REIEFEBAT 3,
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event:u

l STR rules

AT LOKIRKE w777

6 STR#HRAINER
Fig.6 Application of STR rules

B—DA Ry M RFEIZOOHATL, r2 LT, r1DWBETTITINr2DHET 57
PEUEZTORCED, RAIr 13RI r2 & b yEEELHE Y, ZOBHFREEFT
Baouizy, HAoBESrZaicERTs Il Ty, LoREFEAVTLH
HloparEETE 2w E X, BATELSHAIO Ehp—DOnETENE D LT 5,

3.2 AN BHIRR

TuLAGBERITIZLICEY, WA 7 ORBHERTS. 827 7EE
HIEREIR 7 7 OEOMEBICBEL T NP RETH S I BN THE D, St
WAITNEL shizvy, 20790, FETRES 77 72RO &S5 2HBREMNZ 5.

(a) ringback
® @—
dialtone idle ringing
(b) [ diat]
A—® @
dialtone  not-idle busy not-idle
© @ m-cfv © @ m-cfv ©
dialtone idle not-idle busy idle  not-idle

(d) — ringing
@:li m-cfy ' | ringback l |
dialtone idle idle @ ‘— - ©

pinring  m-cfv

7 STR #RRIFI
Fig.7 Example of STR rules
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CHAIDIAZ S 712BWT, FERBFINE2RE-> TR HIE—FlIciiy, DR
DAV EEL WS, ‘
B 7 STR BEIFI % TT. ZOBTIE, 1> b &L Tdial 2R8I 0% & D
HFTH3.

4., WIE/7b7T

4.1 7OtRAMEEIC L EEIREEBOER
STRIPS kBWT, BFEHRIEHL ETuRy bTHY, BARRoRy bickoT
BEINZHORTERD ok, bUbRDY AT ARBWT, uky MIFELT,
B RSB 7oA THS, STRIPSZEWT, afy MEHIZY A
FAERDRERIEET S L BARETH o7z, bRDWDY AT AICBWT, 7o
AP ERLMERELRY, FoeRiE, BETAILICE>TEAL v
2 EERERHL, RRARRERIEEL ¢, HATE 2 STRARZRET S, 20
ko, AEREsNL7e v AMTELWCHANCSAS £ 2tk ->T, LR
EEREERT .

1) 7ot AORE - BREFEICBT 2V AT AhD o ADRER, BREE
FrwEROES CELTE S, SHFERADE 1HE R, 207X AHHFOHH]
F(PID) 25A %, Tz z2id, BAFPLEZFHEODSOXLAT, 547NV b —rHE
> TWT, HBIF P2 2{2 70 ANEFERVRE SN T» 2 RIEIE, kAT
AR TE B,

dialtone(P 1), m—cfv(P 1, P 2)

0k SRRz PID 2& DT, 7t ADRERIZ Y A T AHILEF
T 370 ADEBITEET S, LrL, RiEEERFo 7o+ X ID 28 1 Th
i, 7ot AR Y A 7 A CRER T STR &8k 72755, HRE ST
%2, ZOSHEESTREBID LR XT3 L, Fur ADRER, KREID
L PID OFITHRHTE 3,

2) ok AEEB - U AMTERET2E5L LT, REBEABET L TN
T BIREESO 2EEAET 3.

REESBEAER L, BAOREBERBESOLRARBAZ I LT, BT D
Y AGEBTE AHAORERXHET 2 -0CHVWLs N2 EETHY, IERES
W, RESARAEZBEAT27-0ICAVSNBESTH S, BEBEORIKY
bOELT, EREEND B, 2hiZ, HATEZHABFEEL RV EE2EK
T3E5TH5.

REERAHES 13, BATE 2RO H 2HRADES EEICRL T3, JHK,
REBAESMIMEZ SR TV KRS T, HHTE MO H 2 HEDHE D 2
gh, REBECHAP—-BKRESNS,

SR 7ok ADREBEEET 3., 20k, EEFIIESID LidilicES
ERELLE7ORADRRETE 0 A0 DRGNS,

3) FurAR@E- 7O APLTA Ry MBERLLES, P1ORERZY
THRAXWETE 5 STRBFAIMEET 3261, ZOHACE U CREES %
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75, 20 &) BHAINEEL LR SIE, PLIEBHE 02 XD—2 P2 NIREE
BAMEE2EET 2. P2 5B EE2ZET 2 &, INEESOERT 2 AN
- TREER 21T, BBERES L LTEGRFES 2ZELEAR, FloE”
Ot A P3NREBAES 256 LRSS LEE2ET 5,

BHEZO 2 A P22 P 1 » o REBEMES 2RE LGS, Pl s0EHE
P2 DRETHAZRE T 2HAIBHET 520, PLIZZOHRAZERT 5
IBEEEREEL, P2 3ZOHANCRK > TREBB 21T, 20 & > HAILE
FELRORSIE,BESO2AD—D P4 ~AREBAES 2 EET 5, ZORER
HES I, P20OREE Pl DIREEXE 5, PA»oIBEES2ZET I L,
BT OETRT 2HANCH > TREEE 21T, BBES L L ESES 2%
BLHE, Bl 7o R P5 ANREEAES %2 2X(E LR LA 25T 2,
81z, Yut ARMBEOMBX %R,

AKIEB I JRIEH IS5

m1l

®

HEES—

8 ZOtRAEEEM
Fig.8 Communications among processes
7at A ID OiEF--K 9, RI8HD 7oA P2iREs1 TP5»51F
Em3ERELLER m3DEETBHHAr 1ichE> TREs 2 BB T 2RI %
RLTW53,
m1HiZiz P1ORFET 2 PIDBE&E Eh, m3HZid P5 ORET 2 PID 134

4)

a1(Q0),a2(Q0,Ql1).
a3(Q0.Q2).24(Q0.Q3)

mLQ0Q1.Q2.Q3 m4 : PO.P1.P2.P3.P4,PS,
ROR1,R2,R3
[s1] [s2]
a5(P0),a6(P0,P1), bSEPO).bi(PO(.PI), |
a7(P0,P2).a8(P0.P3), F——— b7(P0,P2).b8(PO.P3).
a9(P0.P4),al0(PO.P5) ”‘{'&f‘?)ﬁ‘ b9(PO,P4)
m2:P0,P1,P2.P3,P4.P5,
,Q1.02.Q3
Q0Q122Q l m3:R0,R1LR2.R3

al1(R0).a12(RO.R1),
al3(RO,R2),a14(RO.R3)

9 PID M54
Fig.9 PID transfer
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g0, slhoHs2 BB T I, RIFLTWAPID%#m1 & m3$o PID

FREFAL CHERET 3.

4.2 @EVI+bIT

1) 77 70RFBHE: W0IWRTHRS I 7 2B 2 20HBIrl L r2 %2
5, ZZTC, rler2i3A—04AxRy M TAHAITHB T2, MbhoD
DTI7EBNT, HA, B, CONUBELHRT 2, v A7 LHICA, B, C
KRGS 5 70 ARFEEL, TS DEFIFrZ2hEh PA,PB,PC T3,
PATARY S E 3 &, PA, PB, PC DJHICIRIEEHAEENEESMER
BHNZ PCTHIAIr1 & r2 0¥E#1T5. PCid label 4 THS EDH M- T2 7

® ®

label5 label5

labell label2 labell label2
@ B @ abe e a p
Ial&\ /A"M label3 label4

BNr 1777 HUIr2 ik 777

10 7S 7nRFHE

Fig.10 Isomorphic graph recognition

wane e

(8)

O

11 BEEVZ b Iz 7DEFTIL
Fig.11 Communication software model
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O A48, PA & label 3 TORB->TWE M EI»HET 2, ZOHER, PCD
RE#7 % PID LREEBHES T O PID 28T 2 2 LIt k> TERTE 2,

2) BEYIZMVZTOETNHILI, bbADBEEY 7 b7 = 7 OEEH
%z SDLIEATRT. 1128w, (3)D PID DHE L (8)D PID DERE
T2 T 5885308, ERDA— b= by « EFNVERRZWHTH S,

5. STRALEEV 7 bz 7DER
70 ABEAARDOERIBRIE, ROZDDAT v ARHIFEILNTE 3,
(A7 v 71) HBIDIE
STRBRRIZFKHIFD A R P BL VIS5 7o SEEIC L > THEL, A0
SEAREERT 3.
(RF v 72) 7O AEE Y — > DER
FHEREHFERTZ LT LT, 70 RAOEESNI -V 2ERT 2,
(A7 v 73) Fax AEEY — v DEK
T ABWENRY - ERWT, T4 FVRED S EREARER T RTORE R4
L, SREICBIT2 702 ADREF0EERT S, 2O, STR idRdo
LEREN BT 3.
5.1 RIS Z 7hD SR
STRAAIDIRT 7 71T BWT, F_VERFDRIRA R MERA &R L T—F)
KAATYS (), ZOUWTRIGCTHBPOSOMIEHTFERERETE S, Z0H
FHERCEDNT, 577 7HOEOEFERZUTO 3EEEAT 3,

1) BHGERE v EvHOSHTWAABIUENS T2 I~V THEESH
LEETHSL, BEMTERE 7o AORERERBEL Tn2,

2) ESEMEEE v OBRMEFE DRI LT, Z0LDKE w v DEE R A
ETBADKRITR > T 3G, HAeOHEE (B, HRE) LHeRREET
B T3 7V 2 HMGEFE MU b D, w B EROHEEIIHL
T, ZNORBRETIUDKBE R > TWAIES, b oL HBEROEWHESE)
SHTWAHUEEEL, TOBRLZTRGMT 5,

3) RIEEE v OHEEEFEFOLD S B, vORBIZAD» I UZEBE~DAT
HHIEERTINVEMITIZLOD,

M 12z, B 77 £ 2D EEORERT. ZOBICB LT, A 1 OHEEEIE

BSEE L RCTH S, 272, H3ORBEBIELEIE LA THS.

52 PEARDER

STR BRI ZHAhD A~ b, BhOEOBMIE, HELE EEEEsF—L
UTHEL, SO EREERT 2. SKkPD / — Ficid, si5d % STR HAD
EEBLIUSMEF - koA NV P ERIBEENEEN S, RO, H4E
SNLHERELTIHECHRZIBEE NS, AR, XFFNOEEFHSEED
XFEF e BERTBL0CHwend T -y trie® 2IHBLA DR > T3,
I, STRARDIRS 7 7 BB L W RHERF O ORI 2> T3, K 13 125
RO %R 7,
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- 7310 al2 all

M1 ol M2 DS M3 s

i £
AR @ ® ® P

al3

as@ 26 . (D an (@22

ML [ 7

Le B iEtE

12 757D EEE
Fig. 12 Vertex neighbourhoods in a rule graph

5.3 TOCREMENS—DER

B 13D STRFAMDOAFAD» S, ML FEIATWB L7 0w AEHE Y —
YERERT S,

ARRCBWT, BiBHOADOEBET 2/ —F X TTHER S W3 BRI
MLT, 17 REERERT 3, MEREMBICLERTI L2 >T, |
W7 ABERERL T,

1) ZHREE « RIREBD LR ERIC BV T, BMEFECHET2 / —Rhs S

O ADREEIRD HF.

2) PID HEBEMEDAER: - FEARPORELBETIEL Twd 2 — Fn sk
WEZEY MY, DL 7HEEEROHEEBRSMEL TV AT/ L T,
PID LB 2 KT 5.

reEZ, Z0val8 2ROUHSEKERE LT (R, ad) 2RH25HE (K12
D 2 DHELERE), a8 LW IBRTEEL Twa a2 ID &, Z(EESH
TH7O LA ad EVLIBBRTEELTWE PurAD ID 2HET 3,
3) REGZOEMR - PERPORBIHCNIET 3/ — izt LT, REGEA
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7 0t Z g

NG — r----‘—-----------:
STRBL Y >
R={rl,r2, 13-+ |

! ; : i : i
V2o : P33 &HM

LEHOM |

4o b [ AL LG |1 55 | i a  flL ol ESCTR IR LU I SR )
A

;
S | 6 | 0 b |0 6 | 0 B |0 6 | ey | O | O 6

Lodo

\lﬁ{iilk)"& M it WIRTE Tl 1.%"}}'/&*::IKT.‘_E. fid ] f.%"'}‘/

N
v V ~V
70+ Z 7 2 Fa-EFEIIE
g — NGy — NG
13 & § K

Fig. 13 Classification tree

B5% 1EEKT 3. E5FiE, REFOPID L ZELDREBHESFHO
PID #&® 2, ERINEFIE, 20/ — F3MERFL Twv 2 STR HAIES %1
KEKLTW3,
4) PID B EMIEDER - EFHmHROEREFIFHL T, PID OFREHER
ERT 3,
B 14 12 STR HHN S 7 7 5 & BGEEE (o2 A DIREE) 2t LeflzRT,
Mo X3, IEMBRCEEPOSLOKSE BRI 7 7D HOXEY) A b
E2UERL CTB L., REFO PID LAFEFROILOKERERIGEL THWEDT, DY
A EBWT, REFO PID LA 75 7D S L ONE2HE»DH B Z ENTE
32, M54 FOHArl 2EALT, MIFDP2asl 5 s2 NRIGE
32550 PID REF2RT.
B 14 hOMIGY A b EHWT, RiEs1, s2, §85 m1, m3$D PID L #H|
77 7HOEOHMEEMB LN TES, K151, THASDYRF»5s2H0D
PID %#s1, m1, m3H»5ETHEERFIRL TV,
5.4 7ORREMENI—CDER
EREshi 7o ABE Y — Y 2AWT, 74 FVRED S BEAER TXTOD
REL2AERL, SREICBT S 7o AEELERT 5.
D 74 RVREORER
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K757

®

® ®
b3 bl3
T, o p1 bz
! bﬁ@bS bll 3
bl
b0 bl0

®

f ald
a3
al @L‘@ all
a4
* al4
PORIGY A b
(r1, # 1 (r 1. &1 2) (r 1, 4. 3) (r 1, K. 2)
(1. 2, 4. 5) (2.3 1.56.7) (3.5 7.8) (2.1, 4.8 7}
¥ i i i
ml 5] m3 $2
14 A0
Fig. 14 Extraction of neighbourhoods from rule graphs
s2%5 ((r 1, X, 2) sle>((r 1, #, 2)
(2,1, 4, 8, 7)) (2, 3,1,5,6,7)
- I T
=
ml=2 ((r 1, #i, 1)
(1, 2, 4, 5))
}
=3=3((r I, &, 3)
(3, 5, 7, 8))
}

2
3
4

s2—pid
s2—pid
s2—pid

=m3—pid

s2—>pid[0] =s1 —pid[ 0 ];

s2—pid[1]=s1 —pid| 2 |;
=ml—pid[ 2
=s] —pid

1
5

15 PID :%&6l
Fig.15 PID update

(505) 43

AT w72 TERESNL a2 ABWE Y —> D55, idle ZHREL LT
Bony—vaED, 74 FVIREROEEL KT 3.

@

PRARFED R fA

OTEREIN:: 7T O AFEDT RTORREs 2L T, RTFv 72 TCE
RENT 7O AEHESY—>DI b, sCFENARERBREBE LTHD

YOEED, TONY - EOQTERINIEE NS -V E2RRT 5.

16 ZRREOREA2FIRT 2, MfD/8y —> 113, 74 EVIREED» S B
BAMHEA T, REEs 1 RIAIREEE T 589 — VAR DVRTWB L I3 TH B,
My —> 21, thikBs3slicgdEh, S —> 1 LRALCESml %
BELLBEDO 0 ABENY - Th D, ¥ —r 19ucit, EEES%:
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1y —22
)ml |

[_pid}t#z |

16 7OvXBIfE/N9—2DERL
Fig. 16 Synthesizing process behaviour patterns

ZEL THIRBZRERIBELLTEEATYS, 85— 1 hDESES2E
BOBEE, Ny -2 2h0 m ] REROBFICESIZ S, 0L 2N
NBNY—220DRAEs4 % s5ICEEHZ 2, s513s4i2sl Ls3DES
(s1—s3) R{IMULIRETHS., T5LT, HLOWRERERS K S,
BHRENI NS - 3 2QIRLT, @QDRIREDOER % H U IRIEMER
SN BB ETRYET.

5.5 STR HFOBEFCENEER
5.5.1 STR FDFATREERR

STROZus 7y a YHAIKBWT, A0 AEHEH 15K LT 7
TNVERDI L DR, RETREER LS, STR HHlhoRARkERD R, Yot
DREERBL Tw 3, BRI TEXRBESS TN 25, 1 EOREDR
THBORBEERERT 3, —ROREE D sd i3, ROBATHRBTE 3,

sd =((Mo(Ao), Mi(Ao, A1), -+, Mi(As, An)),
(No(Ao), M(Ao, Al), ) Nk(AO, Ak)))

ZIT, Mo, My, -y Muid, ZNETNEEBDOODLRVWAELBERLT2HEETH
Dy Nos Ny, Nold, TNTNEEENTBELBERETIEE5TH S,

WREECE sd i3, ROR(5-1), (5-2) 2l TRETRTEREL TS,

s=(Lo(Ao), Li(Ao, A1), *+, Le(Ao, Ax)) (5-1)
VL, LiOM; LiNN:=¢ (5-2)

1 {HDORFREERNRE T 2 REBOKIZEKRTH 208, Z2OTRTCRERT 5.0

Hixkw, RAPREERTRESWBRED > 5, 74 FRED & BEAEE 2 IREE
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NF—L ETRTRY)SL, F4H FTRMESNZET S,
HEAKT 5.
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SERZNBMOIIS L WRRT 5.
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SICBEIND 7oL ABE sy~ 0L
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[7 e REfE 5 —>] ,/////'

>mil | m2l

@)

BRI ER LIS b BREFIIEERIAH S b
17 Foe2EE S — SR NERESENRE

Fig.17 Example of negative expressions at process behaviour pattern synthesis step
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OMS/B: A User Interface Generation System

# £ & &

E ¥ IEOHEKCET sBIEORENZRBICL-T, 7ul/ 33V BEVAT AL

BUB2—WA V87 2 —ADRFNRERAEROBLNERELHRATEL 25T 5,
[EgEs o] (OMS/B: Object Manipulating System/Basic) i%, ERB{EROA VY7 x—
RARMERT 2 DDYAFATHY, Common LispD7a 53 v/ 2B 34727
IO ELTHEYMTH S, £, ZOERESRIMOS S IV IFEVATACSE
JAEHEM 22— A VI 7 s —RAERREERTHO0EB L 2 5EMTH 5.

Abstract The recent remarkable development in the environment of computations has made it an

1.

2,

important subject of studies to establish a systematic methodology by which to describe user interfaces
in programming language. The OMS/B (Object Manipulating System/Basic) has proved effective for
the creation of a direct manipulation interface and as an object browser in the sphere of Common Lisp
programming. In addition, its underlying concepts are thought of as providing a basic technique which
helps implement a generation system for graphical user interfaces by using other programming language

systems as well.

i L & I

s IV ISEBTCIuS ISR RORMERY 7MY TREEL
Ty 2=HA VI 72— ARRFENCERT 5V AT LOWMESTOHTWS, —iR
2, 7ur I VvI/BBIBI 2L VI 7t —AREF—R—Fr5DAN%
HOETB3a° Y PR VI T2 —RERA VT 4 VI TFNA ADODATIERLE
TOHEERERA VY 72— AND B,

[ o) (OMS/B : Object Manipulating System/Basic) 4Bz, <= 255
DA & B EBRMERDA V8 7 2 —ARBETILODOY AT LTHY, M L
n27ur5 2y 7E8EL LT Common Lisp! 2BEL T3, [HIET] ikoT
BHEINl:2—¥4 > 5 7 2 —ATIit, Common Lisp DA 7Y =27 + #FKRE LI
BhA2RROHEFEE>TT 4 A7V 4 LXFERL, IVATHRLENLOA TV
7N REEBRETAILNTE S, FETIE, [HECIOBELHBAL, FERcsD
ZMERD—DOTHI2FEROEFIT OO THERS,

[T OB E
2.1 E X @ &=

[ 0*) 1% Common Lisp DA 7Y x 27 b 5 4 A7V 4 LIZRRL, VAT
HBRLEBSHEBRMELITI LD TEZ2— YA VI 72— ARERTEHVRT A
ThHd, TAAZTVALDFT T 27 bERFAL T ARG 2R T (view) LIEER,
FAUA7Y=27 bThZOFAFERGLVEEL 6D, [HHUVITE, F79=

(509) 47
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2.2

2.3

7 b DRFRFEEBESEERTE (viewtype) L LCEZT 22 Lok >TC, 22—
YAV 72 —2A%BRT 2, 7022 MIBRRERPIEET L L0 > TERS
N, =20F TV 27 ML CRBEROETREMEE RS 2 LTS 5, TR
B3t 7ry=7 FDZ AR LUTEEZR, EBEDI FAREFDA—IN—2FAD
RABEMAT 5, ABORTHEERRZ2 77 ACH LU CESET S 2 L bHLET, +
TV 27 b EZORTHETCETT BB ZDRA~N—2 520D b TRLFEENZ 2
AN BEBEVHVOND,

MRV Tid, BRCET3IRTOBEREIYRICL > TS 2 L 2EHEL L
Twd, SVADBEIRRI VD7 v 78IV EDEEE 4 R b EFET, FRE
UTHEITENZMEE T 7> a > LR, BETHZOATWAET 7Y a Y IZIROE
DTH3,

cFTRATY POEEEET 3,
c BRRONREEFT 5,
c RZNEEET S,
c RTRREEET 3,
cRREMET S,
* RROFFT2BENT 5.
ZDEIE, HEC] B 7Yz e fvra~nsy ELTOBERRE > T3,
RTEBEOER
FRBEEHRT 5103 7 v defview 2 2, defview O & BHIZKROE
DTH5,
defview view-type (name type) &body body
Bitype DX 7Yz 7 I UTHRTE view-type 2 EHT 5. BRBUI 7S A1
BAVAY VAR L TEHETE 3, body RFETREESZEDAKETH D, make-view &
& U make-slot-view %> TRROH T 2 EHET 5. name it body DFTE 7S x
7 VBRI IERELCHEATE 3,
R R
—#z, Lisp DA 7Y =2 Micl, HERBCEBBFL/HOI TV b2
THEOATY 27 "W, T2, IvAD car BE W odr BER RIS TE 245
THY, TOBEMOMEERT S LM TES, DED, 7Yz HEEEE
THILRTERWL, TREEBENDITNOA 7V 27 F2EETLZLIITE S,
IR, BERE Y 5 7 VX TROA TV =2 b Rl WISV b TH B,
REBICA 7Y 27 M 2ERFRT 5121k, <2 0 make-view % 7213 make-slot-view
AW, INORYYAREZ L 2HOEERFTLEI M Lo THVS T SR
%, make-viewW X X > CTHR &N ATV = 7 MIEETE 21>28, make-siot-
VieW ZE o TRRENLA TV 22 VIEETE 3, Lidio T, by v _nmF
7Y 27 POFRRIZIE make-view 2\, A7V DR uy MEAOERIZIX
make-slot-view 2 i3, ZhZNOEX EERIZRDOED Th 3,
make-view object &optional view-type &rest options &key view
make-view i object % Fm R view-type THRTRT 2, BREANIA T 22 } &
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EETDIEIZTER,

make-slot-view object slot-form &optional view-type &rest options &key :
view

make-slot-view X object O slot-form THEE A0y P ODRNE % HTE view-
tpe TRIT B, RREN/: ATy VDEREET 2 Z L83CE 3, slot-form 234 7
Yz bDAay b+ ERTERTE VI, make-view TRIRUIERLRICIZA
3,

2.4 RROBIFIE

<7 v with-aligned i3, defview @ body HIZEEHR L THFROBREIF 24T .
with-aligned Z AN FIZLTHWR I LIZ k> THEBR TR RT I LN TE 2,
with-aligned DX & BRIZRDED TH 3,

with-aligned (direction-and-border
&optional alignment tabular
&body body

with-aligned i body O H TR & #1172 IR & 72 138 % direction- and - border,
alignment, tabular 256> THEER 2 THETREED, ZhaEELTET,
divection-and-border ¥, :vertical, :vertical-simple-border, :vertical-border,
: horizontal, :horizontal-simple-border, :horizontal-border® \»§* 5 ¢, &
FRRBEARZAEE, ZROEDOAV CRTRINIEROEELISTT S, 207
NOERIIFR 1 DOHEY TH 3.

%1 F—"77—F direction-and-bhorder
Tablel direction-and-border keywords

F——F Jim E2S £

wvertical |/E | REHARY,

:vertical-simple-border EBE | —OTOVARVORTELRBORICHTEND,

:vertical-border BfBE | —OTOVRVORRTE 20 E, with-aligned
MMELLTETHROF Y cRFasn3,

:horizontal KE | FRENLRL,

‘horizontal-simple-bordar | K | =D T DOV RLOFTE 3 BOMIHT SRS,

:horizontal-border K| =DTFOVRVOFTRE 2 iz kD &, with-aligned
MEELTETHROAD CRFTEN D,

alignment Z—2OTFTDVRNVDRTE 1 3BOMEOR 2 5 215R L, tabular 13—
DTDOVRNVDERTE L IROMBEORM X F 2 18TT 3. alignment i direction-
and-border % :vertical---DF§ik ;right, :center, :left ®\>§*h» T, :horizon-
tal---- DL ;top, :center, :bottom DV FRDIZ I . BEEFEIZ W3 b center 12
%, tabular i3 direction-and-border »3 :vertical----DF§it :right, :center, :left
ZEF L339 Ab, :horizontal----DE%i :top, :center, :bottom ¥ EE L 42 1
AMZRD,

2.5 FRDT I XEMEDE/HIER

FRO~ v ABEEBEIT % i213B%K add-mouse-action %, MY 2 12 I3 B8

delete-mouse-action 2%, ZNEFNROHEI EEHRIZKDED TH 5.
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add-mouse-action view key string function

TR view D L TEE key DTN T-BHZBEE function RTINS L5 1K B8R F

5,
delete-mouse-action view key
FoR view DL TOENE key DBEREHIRT 5.
2.6 RREDERLIS L URKH

ROBL, 7 F A sequence OF 7Y = 7 bz L THERH sequence-view %

BELIBITHS.

defview sequence-view (seq sequence)
(with-aligned (: vertical-border: center)
(dotimes (i (length seq))

(make-slot- view seq (elt seq i)))))

XFEF[“abe” % EFK L 7z sequence-view TERETI RO L 32k %,

#\a
#\b
#\c

ROPNZ, with-aligned 2 ANTFIZ L TRERORRE 2 EH L 2B TH 5, cons
-viewl3 7 Acons DAY 27 MZHAENS,
(defview cons-view (cons cons)
(with-aligned (: vertical-border: left’ (: left 1) left))
(with-aligned (: horizontal-simple-border)
(make-view"CAR : "sheet-view)
(make-slot-view cons (car cons)
(if (consp (car cons) ’cons-view’default-view))
(with-aligned (: horizontal-simple-border)
(make-view“CDR : "’sheet-view)
make-slot-view cons (cdr cons)
(if (consp (cdr cons) ’cias-view’default-view)))))
Z ZT,sheet-view i3ffb 77 v a VBB EINTWERWERRETH S, YA M1
2) ZE#HELJ: cons-view TERTHEXD L 31Tk 3,

CAR: 1

CAR: 2
CDR:

CDR: NIL

ROBE, 7FAcons DA 7Y 22 b ERKRETRTT 273TH tree-view ThH
5.
a %%E, tl,tz_"'tn%_f a 0)'?2: T%*

t1 tz .. tn
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Z, (@t ty t,) TRTBDLT B L, tree-view 2IRD L 32 EETE 2,
(defview tree-view (form t)
(make-view form ’default-view))
(defview tree-view (form cons)
(with-aligned (: vertical-dorder: center)
(cond ((= (length form) 1)
(make-slot-view form (first form) 'tree-view))
(t
(make-slot-view form (first form) ’tree-view)
(with-aligned (: horizontal-simple-border)
(dotimes (i (1- (lenght form)))

(make-slot-view form (elt form (1+i) ’tree-view)))))))

YA (+ (= 3) (% 32) %tree-view THRRT 2 LD LS 2k 3,

+

3. KRR DEH
31 — BRI

[HREV] Tk, BREA TS 22 bADEL V7 EFoTWEH, £ 7Y 22+
WORTRANDRA VI BEFEEL L, Thid, HBEIRTLSZAEINTEF TV 22
FEBBTZILIETETY, BCA TV 7 M HSZRERRLTVEETETA
TERTZ LI LR TERLILRERT S, LiaioT, H3ERIMET 2
727 POBRFOREBRHEICHRTL TS I LE2ETT2 2 L z—RIcEHETH
5, [HBESICBNT, BREAT Y227 b B—HL TOBH Y5 08BEIz% 20
B, TUVAREC Lo TRRATY POBEEELES L, FHENES LMK
DEWERFIZ L o TA T Y 27 b OBESELLIBETH 2,

ATIZ b7z & 9142, 27 o make-slot-view i3#—3[# & LT, slot-form T3k
HahsAay b 2FEDL TV 227 b object #bBe+3, Zhick->T, make-
slot-view i L 3 RRiE, FREINTWBEF TV M (Aoy MEA)ADFEA VL
iz, ZOFA TV 27 bADRA v F b FDOZLNTES, ZOZ L 2FIRATHIE,
NUABBC L o TA 7Y 27 bR Oy MEREELLBRCIX, 204 TV 22 b
BRTTIMORROFARICER T2 LB TE2, YA TATy MEQEEHHE
TENDE, FRDT 7V a v TR, RDEIRFHEETCRRVBEFTEING,

O FEIIZAUY ME (FT7Y 227 O—D2EDLVRLDAF TV =2 b %
RHET 3,

@ FEEBAvy bOEREET 2,

@ FETZITARTORRIIHNLT, 2RAFTREHET 247V =2 QTR
BULIAT S22 b E2EATVDE RS, RRE2EHT 5.

FRR VA Y FUYATACBIE 74 R L LTCERERTVS, OTR, &
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WA YR RHBS R TRTIONEERRT S V4 Y FURHRCERT 22 L
Lo TRROEFZITS.

ZILT, RUABMEC LA R0y MEDEETIE, 7Y x7 b L FRIZ—T
2. Lal, CAREPTAT7 V=7 b ERRO—EM2REBET S ity
WOT, BHREICEE EOTRTORTEERT 2 HETREBEERRE L T 3,

3.2 EHEHRHOHIR

3.2,

3.2.

HIEi CHRRA Ty bOEOERE L Z RIS BRABOEFOHEIZ DOV TRR
7. BIBICRULLFRETIE, BRERFRTIHE Y4V P OBBICBIL Ny 7
VARLVDRR (VA YFY) BDOTOTRTDY 4 Y R 2FLCERTI I Lok
5DT, HLDV 4 Y FUHLERENTOHARROEHRPEESAROEETIC TR
HR»ns, 22T, ROZODFHICE > TEROEFICHH 3RO Y5 224
7z,

< RIEERT

- RROEFA

ZIT, ZhoDFREZODWLWTH~RS,

1 E & F

S U] Tid, INTCORRVEERICEATWE b Cidk <, BEECREAZL
RIADEET 5, L2, BERFCHLTRRBOLERIERT 2 L, TEFIO
FTRR—FNCRZ 2<% 5%, FEBOFRIENLT, BRERTREET X 5125
ThiE, EEAMOFRRIHFUERICERENLS,

HIEiOFRA Yy VOEEDT7 272> Tl}, #7927 VEEENEL B L, 2
NERTERNIEBCEH LCEA T2 2E»IZELS FTRTEFL TV, L
WL, 7Yz bOBECEBELT, BRE-BLEZSH>ThH, FhayEE
REEHICENTORLRRE S, TCREFRTALEIREL, ZAMRICERICHE
NIz TuhiZ+aTh2, 22T, EFSLELFERDS b, EICHTE
REATWRRRFICDOVTEREF 21T, BEIELTORELERIZDOWTRES
FTED7 27 %7TTHL, 2LT, BRICEATH D > LERSHUCETICEA
R, BERTPET 7 7R ANT 7 5 70832 2o TONIERTREREH L ThH o HR
T35, TSCREHTILEOLROERE, LERXRZETCEHREESEIDLIITHS,
2 RIROBFE

make-view & %>k make-slot-view IC & > TA 7Y = 7 b 2R T T 1213,
VAYETZETEAEVEDY Y —ABFHLLIFERENS, V4 Y RYDERICH
HRHEZEET 5720, FROBF CRTEBIRIFLOEREEST, ZhzT
BREINTOLRREEAEL CRRXFIE T E2EET 5.

make-slot-view O % —7 — FE|# :view KWEIFEORTE2IEE T2 &, WEEx o
EFREBAHT S, 1L, BRIREI 7YV 27 FOEEES LA T TERR
TERVOT, ZOHEIE view JEREND. BB view REROEFIC B CH
RS n AR5 TH D, HABSEBEE TS ZL3EEL LAY,
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BEXH

=AY T = — AEMR R U I D» Tl 7z, [##570) 13 Common Lisp
EPRLIETERSNTEY, Common Lisp D705 v 71 Bi3a479 «
b TIUFELTENTHRED») TS, o705 3 v 7S8EY X7 Al
BUOSHHENL—YA 25 7 — AERRAEBOREM - 72 2 Bifi Th 2. 1 AR,
ERGRE A LBl BT HRINR SRR S35 R 7 AR BT 2 B8 0
b LA RBFRRRICE T T B, RS ETHG L Sy A 7 AFFRED —AE
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The Application of a Specification-comprehensive Model

to Program Designing and Its Evaluation

BB A B &

B O ERMAEELEML, Yo7 A LTERTRSBRELHERCT 2K, B

FEHEED—DOTH B, Lo, BRECEDRS ML ERABBFCE I NI ERNT 2 EE
L, EBRTREBEELTBICT 5 2 L i, BEHEERCTMEN GBI E > TRASRIEETI
BV, 22T, bhbhid, ERABRCEENTOIERNEREBNCEEL TV LD
DEFN (BREBEEMEF V) RREL, EFNVCEISEEHEELBRY AT A0 2T
2T &,

AT, BEHFEZEY AT L2 RFOFEERICHEAT LY, EFVEXR
AT ADBERE S EBRINICEE L 2 BRICOW TR S, BEARMIZIE, RENREREN
57— 7o —RTRETHELECBVT, XBYATLEHATIHSLAALRWES
LT, BonsBENT - 7 0 —ROEENRELHET 2, BEO/KR, XEV AT 45
PRAT 2 L, FEINREBOLTERT R ESEEOTFMEL2EOE TREAZS/NE (%
3z Enbrot,

Abstract In systems designing, it is important to understand requirement specifications and to clarify the

1.

functions to be made available in a program product. It is no easy task, however, for those who are not
familiar with systems designing to put together the meanings and contents in a requirement specification
written in natural language for clarification of functions to be included in a program. Then, after
proposing a certain model (a model capable of understanding natural language) which serves to
gradually put in order what are included in a requirement specification, the author and his colleagues
have developed a new design support system based on this model.

This paper describes the experimentally evaluated efficiency of the model as well as of the new design
support system based on sample systems developed by students. Specifically, compared are structual
differences in hierarchical data flow diagrams resulting from the use and non-use of the support system
to represent targated designings in hierarchical data flow diagrams. The comparison has revealed that
the use of the support system helped variations of individual students drop off in terms of the break-

down and partition of the functions to be implemented in object designs.
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ZD XS nFEHEO—DICHAREESNH 2 VN, HARHAREREEBIE 120
WCHBERBANOERELE L, ZHEY A7 A0S, HAELEATVS,

BEEHE T, BRI R BRAESEI 2 VIR 2 L2 X o> TEREFEFHIMEL Tw <,
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FOVWAT v 7OEEDS T —F 7u—RIic X 2 5EMETH 5, 7—F 7u—K*%
NBEARREESHER 2OEER TV, UL, BErEXHTRBICIOVLTON A

R4 T+l d, HRETRET—F 70 —KPMERTE 20 L5 »IEERHE
DREIKTET 3, ZOIZ EBEERMEOEBREREICLTWS,

—7%, bhbhSRET 3 BREAHOEFEE TV TR, BRAROBERARE 2 &
BERICEBET 2 FIHERL T3 AW ¥ iz, REPHRLE 2 VAT 2HWNRET,
VAT LB IO T -5 7 u—RTREATE 2581, BRMEE»S7 -5 7
O—BE2ERT 3 BBOVA P4 Y ELTETAVNENTHS Z 21X, BEERK
Yo TITIEREsNLTWB W Linl, YATFAQOHENRKRE LD, -5 70
—MErEEEMCHERT ALEDOH BBEC OV TRFHEI LTy, ‘

EHZ, ZOETNVREDOLEENET 5 70 —-ROERFELZETE A
FADRERIToTETW S P, KRBT, JOXB/Y AT LE2REOFEEFERICHE
BAizzrickd, EFNVEXBY AT AOEMME2ERNCTMT 2, i, &
St EEEN R T —2 7 u—KTRET 2EECER LM R(TI.

UTF2ETCREAEBMIROEFEC T VOMBEREN T, 3ETEETVIZEDL
BRI ATLOBMBERHAT S, 4BTRIEY AT LOHEAEBROME
BB, SETRHHEAERCE>THOALT IO EITY. 6ETRSHROR
BICOoWTHEICE LD 3,

2. BREBELROERET I
2.1 EFLOEBE
BAEMROBEE T VTR, EREHE» 57— 70 -RERITRTHEDOH
BERTERTS(X1),
BI2 1 : BB
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3, '
51 8% @ R K
5.1.1 F—470—RnEN—it
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The Development of Instructions
——The Extraction and Structuring of Instruction Objectives
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BSEES L CEEMOBE (BUEEERy bV —2) ThHE, BROBELEKMI, HH
LS NEEIZEMEA Y bV — 2 2HEUBICEFLTBY, 2hs2ZHEEOHN R
SN0 B2 kA5, HNECEROBOEEERERL TH2 I EBSBETE S,

COBREE T HIMOMEICFR S NLEREEA Y bV -2 %, HLHEETE 2R
TEHETERE, £ OHKEN  ERCIROFFEE BLST I ENTED,

Lo LEIBEEA Y b7 —7 2455 - WET 25, REELSNTORLOBERIRT
BV, EROEM EHELT 2 FH £ LT, ISM (Interpretive Structural Modeling) #: "
BEEL TS LWIRETH 3.

AR, ZEEERAY MY 2B LRHEEY ) F 27 2OER» STHE & TOER L
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Wiz, HLHEIBEEL Y b7 — 7 2L FHETE B XD, BFEEELEATSET
DEZFRBR, ZOERFICE o EREEOMM A - il S iz BROMEL T -
FHED FFE BT 5.

Abstract Besides determining its objectives which meet student requirements, the betterment of education
requires the repeated planning (preparations), practice and evaluation of the objective-conscious instruc-
tions followed by improvement in what and how to teach as well as the refinement of teaching materials.
It is instruction objectives and relationships between the objectives (instruction objective networks)
that serve as basic information on which the preparation and evaluation of educational curriculums are
based. Well-experienced teachers, with a refined abundance of instruction objective neworks in their
minds, are assumed to be giving relatively more effective lessons, shifting them to satisfy students’ own
objectives and class situations. The description, understandable to everyone, of the instruction objective
networks held by those who are rich in teaching experience could bring a great deal of benefits to both
teachers and students.

In the meanwhile, no methods are available at present of building and bettering such networks but the
interpretive structural modeling (ISM)™® which helps construct teaching materials in hierarchical
order. In favor of the claim that all activities ranging from the preparation of educational curriculums

through their appraisal be based on instruction objective networks, this paper discusses what such
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networks actually are and several advantages in the use of them in the making of curriculums. In order
for anyone to create and evaluate teaching objective networks, the next mention is about some attention
to be paid in describing objectives, how to extract appropriate ones, and how to structure extracted

objectives and ways of evaluating them.
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Fig.1 Instruction target network example
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E2 OBRBEFHMOTEFR 2K 10(a) ik L H 3,

X 10(a) %z LUBREE 1 DT 6HMAMCRTWL &, TXTOTFuKZEEC
“D"HILo>TW3, Zhi, HEEE BT RTOEBE—D L (FRbbR A
DEREETH2) WHDIENRYUTHBILERLTWLAS,
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BENM

EfrgzaE
1 2 3 4 5 ) (1)
1] - -3 -12 -.60 —.20 —.20
Flejreo - -5 0 -50 -50 ) O
Bl3|1.0 1.0 - -.20 —.80 -.80
gla 1.00 0. -.50 — —.80 —.B0 = 3 (5)
*;% s{1.00 0 -4 100 — .0
6/1.00 —40 -0 100 1.00 — (6)

(a) (b)
X 10 HEREFRSR & HBR LR BIEHE

Fig. 10 Item relation coefficient and instruction target network of after estimated

wiz, EUBREE 2 0F» oA mcRTnL &, HEEEI DT RbBES
DAY “17 IWikoTwd, Ihid, BEEFEIRIEEEE2 IV THIEHERET
HHIELERLTRS,

Plto & >n77a—FTR10(a) 254735 L, K 10(b) DEEEEER v bV —
7EERT S ZENTES, ZhickD, HHIZK 10(b) TIERS W &BEER v
b7 —2 L Step5 TER L 7EBEEA Y bV —27 2HKRL, ZYLEREELX v b
T— 7 NETFTWL ZENTE S,

b Y

BREREOME T « &L Ak - FHBOFEICBEL TR T & 7,

AFIEIC & DIER S e 2FIA L7z, ICAL Y A7 ALBIERF X 1, FHfi-dk
RThs, 2D ICAI ¥ A7 L0k, A2 OEFEOEBEIELC THEEEEA Y b7 —
7 RREENCRBEEIL, SEDBENICRE > BB BB E LRSS, EiEE
FEBEET2HDTH 3.

SBROBEL LT, FFIHEOFHE « kR 2T0HER LCEMBER O DXE
BREHET L THS, 851, ICAI Y AF AL b HEIS ¥, HTHLLEHIHK
MR TE3EEEBEL TV E LY,

RBCAEEER T 2BE 252 TR EESHE HEROoNLEE, ICAI >~
AT LhDFFEEHEEL THO 7 PHEHE, FEERICELUERZEE 28O FAREE
&, REHFARRIUCOHEERHNA VA + 5 7 ¥ RUCBHOBER L2V,
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NAP (BET—F0E) NDHEEE & FHE

The Functions and Features of the Network Application Platform (NAP)
for Voice Processing

E # NAP (Network Application Platform) i3, FYINKHE L FRFT —FR—2 %
Ayv)—XeavbBa—siZ#EL, COBOLEDEMBZEFEPL 4GL IEBFE B 7273
LOBEHEEERET S 779 b 74— L4ThD. NAPICLK o THEER7 773U A X
—UBRAYY =X aAVEa—y CEHEANNT S 2 LBAREL Ko T,

DBMS ® DCMS 8 Z 2T —F R—A X7 — S WEOHEBR CHREL T E LR L A%
DHD%, VNMS (Voice Network Management System) #EHEFHFAY bV —=7D
WEIZ L CHET S, VNMS ik NAP OFEERRTY 7 by = 7HETHS. VNMSIc &
DIENEEER IRV FI4 77V E> T, HROBESXFEDONELFRED S
FEIVT e NV TCEBRLET Y -y a VORI TE B,

NAP 2F|H U7z ¥ A7 A%, T CTKEIZ BV TiE Pacific Bell #t7% YO EFSHT, &
bBERBWTY BAREHERLO BTV« 77 v 2 A YATL0BEHTHY,
FLOWERLEA 7 4 7203 2MHO=— X bR > TEREBHIEZL SN 3,

Abstract The Network Application Platform (NAP), which serves to integrate a digital private branch
exchange and a voice database into the A Series computer, is a platform to provide high-level languages
including COBOL and fourth-generation languages with capabilities of communicating with telephone
sets and facsimile equipment. It has made it possible for voices and facsimile images to be directly fed
on the A Series products.

The Voice Network Management System (VNMS), the repertoire of software which is the core of
NAP, provides for the processing of voices and voice networks the same effects as DBMS and DCMS
have had on that of databases and data communications respectively. Its rich command library easily
leads to the development of vocie processing applications with the same amount of programming know
-how as required for the conventional processing of numerics and texts. Practical systems for which the
NAP is being used are already seen at Pacific Bell Corporation in the United States and in the ‘Nikkei
Tele Fax’ system by Nihon Keizai Shimbun in Japan, both operational at present. Also spurred by
market needs for new information processing media, the NAP is considered to develop into a variety of

new applications.

1. 3 C & I
BiEr 7773, ThoRSHRVLFEHSLTWIBERRBE WL S, B
7, BAERNCTEEERIE 5000 FEE, 777 I VRESRIZ A0 A5, B
ik, EHENEEL DL, BEELL bR TE S RERTEETFRIEINTY
3,
Fiz, 3 ARADBEEFERLLTHIT TR, #BBILESNvy AT AEDERE
FERELTCOFIANTREE > TETCBY, ZOMNFEESSRETEIEEZLLED
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RBAHEDA VI 7R 57 F v L LTOBESE»—EED2bDLEbN 3,

BREEEREOHITC LV EEFHECLBPFFRENEASK:, 5H, HiEE
BFRANCRHETONBATEZEETH S, JOBEETRYIT 2 I YRMTEE
EDEFNEN KD SN S, BERSOE T T MBEZ IS VI — ER DRt
koshs,

BEPT7 773V OV —EAC—EOBFN 2B 3 DEIGBEREE YT
BddEwn, NhEZEE, S/, fE, AoV —ERAEE [ Pz —¥iR—ik
R LEADBETE, BERPI/ 77V IV REHLEYATAZLY, ¥—E20
ML, EBOERL - BIMESEERESNS 5. 35121, ZORLERLETHAD
BELE, HEEZWEMT S I CEERME L REORBHRRBCHE UM TS £
LSRR LS 2 £ bATRETII e B D b,

FRTRE, 2y FT =27V~ 3>+ 7F5 v+ 7 +—2A (Network Applica-
tion Platform, B&%5 : NAP), 2T 2\ —F o 27V 7 b ¥ = 7 O¥EE S R,
EREEFEA— VY AT LAR2BELTNAP 2B 2 EFNBOEEIC D W TS
%,

NAP z+2EET 2R SHAECE S BNATOASBNLE L 52, BEKLE
R, REHEOME, WAV Ca— 2RO B F -y R—2, F—5FEH0,
FEROEFE 7 b I » SRR RSN ERESORSICES & ClE
HFBROMBIIR 2\, KT NAP 28T 5 L CO—Be 2 nfERTH 2,

2. NAP ¢ i

NAP i3, "M E EDPDN—F v =7, V7 Y2700k 3EBY AT ATH
D, NAP ECEIfET 27 AV r—3y a v L RA 70 S5 A BELTBOMES & BT
DIHME L TOREREZ 2D TH 5.

21 B @ R 8

1iZAy bV —72%d» 5 R NAP OBEEE 27T, NAP OBREEBIIE
PR LB WCH B, NAP Y A7 ADRBEHSEEHLEBELETHO, EEEOMAE T
b, BESHNZEZ Ay PV NCEET BV AT ALREES, 2v L+ T7—2%
FRTZ2YATLAEVI LD, Ay bV —2D—EThoTary 7 — 7 ZBERAT
IEEESZ 5V AT LAEESZB I LT, BRALERPERET I Y>THOE Y b
kb,

22 8 A & B

NAP i3, NIU (Network Interface Unit) & AP (Application Processor) #%
MEEEYATLTHS, NIUICK D EFALERT 282 OBLBIELM - Ihkrs
BEDA VI T2 —AEMY, AP L DY —ERTF Y r—v a V5 ETFT5, H—
EX7 7V 7 —varik, TOMBIETE NIU 281HT 2 2 L CHEEEER AN
MEEELE, EHNEETS,

NAP OERZ#EHIZ, LEAROBSA» 5RO 3IBIZHHETE 3,

1) "ElEo Y —E R (Call Control Services) -+ HRREALIE B2 TR Y R T A

23 (NAP D & 5 72) % — E A LERICH LA ERD 5. 4 —E R UBHEIE, 5
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2o b 7—7

AP : Application Processor m
NIU : Network Interface Unit A

PBX : Private Branch Exchange
CO : Central Office (£&53)

1 NAP ZRBHIRELE

Fig.1 NAP Conceptual operation environment

WY AT AHFORELCLHESNERINZ 5, ORI EERHK &1 3 (I
{EF LT H B,

PleLTid, Z2voy bA—FHRWOFERICB T 3 HELEE, HRERSRT
2Y, TAVvIZ MY —FRARET200O08EBIToN 3,

2) FRIEENEEY—E R (Caller Interaction Services) - Y—EARED Iz DI
RIS AT LN (NAP DX 5 %) y—E R — RIEBEL2{TV, y—E R/ —F
ERBEOMIIY FY -y FOESTESND,

PR LT, FE/FAX A=V AT A, BEBEY AT AELNET
53,

3) #E&Y—E R (Hybrid Services) il 1) & 2) DEEY —ERTH B, ik
DA TUEZREE L, FEH L O £ 723 T & OBRERETS.
ML D BoNLBRICETE, NERYENTOMEE S ok D hlkE L
27035,

3. N—=FIzT7H#HBR
2277y b 74— L 2BRTBN-—FU2T7ERERT. 799 b7 +— A1,
O NIUHIHEDI:bDF -5 BEA VS 72—, Q0 FYINEEDLODT14Y
72—, @ 7FHusEBEDIHIZ SLIC, E+M, UTCH—F, @ <Var o
EE T — Y EEXD 72 D Express Link 2B EE, SHT20TH 3,
3.1 NIU (Network Interface Unit)
NIU i3, AP OflEihcEIWCEfEL, BRARIEE PBX, 2 iRFEESERLD
AV T72—ADWEE (VP T72—R 77 V)5 4) 28652, 2, WENE
KA 5 7 2 — ABBER TR S HERB, BESHE, N VL OfHITEEE (3F
—ERA77¥V74) b NIUKELLTHELTWS,
INSDNIUZ7 7 VT4 %7V —yarruls ABHEECESEHEL,
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NIU AP
— RS232-C
B P |~e——— UTC [~ [1s10 1 EDC-DLP ]
B A
£ X T 1 v
g % et . E+M Tl sssseseseveasscrevssansonse VIM_DLP I II) .
EL z
5 .
........... E_ SLIC |~ FP [cleeeo{ EL-DLP ] a
&
SVC SVC z
CARD l l CARD =] EL I
- GP |Cheeesosd - .
PCM €2 E EL-DLP K4
FTH7740
UTC : Universal Trunk Card FP  :Fax Processor
E+M : Ear and Mouth Card GP ! Graphics Processor
T1 :T1 Card PCI : PC Interface Card
ISIO : Integrated Serial I/0 EL : Express Link
SLIC : Subscriber Line Card EDC-DLP : Enhanced Data Comm-Data Link Processor
SVC CARD : Service Card VIM-DLP : Voice Interface Module-Data Link Processor

EL-DLP : Express Link-Data Link Processor

X 2 NAP/\—F7x7H#E
Fig.2 NAP hardware component

LSRR IMEEEE 21245 5.
3.2 FP (Fax Processor)
FPix AP & NIU Rzfi@ft ) oh, AP o ER SN TL A TIFF3 7 y—< v
P ODFAX A A=Y 7740 % G377 273V IZAFTRIETAMEEL D, &
72, G37 773 »oRETSFAX 4 A=Y 52 —REERIL, BIE=T AP 28R
BT SHEERFD, ME T, CCITT #4 T.4, T.30 8L V.27, V.29 7u
INERELAP I 727 ¥ S URBERELS5 2 25MTT FuL vy Th B,
3.3 GP (Graphics Processor)
G377 7y I VBOMREED, 3.854/mm ((EXEMHRE) £ 7.74/mm (+
7y a FVREE) THY, EFEEE 215mm (A4 YA X) Y 178 EETH D,
A4H I R=VLULDKIB0 FE v b (EHERRRE) £721X 370 FEy b (# 7y as
VIRGRE)DEREL 55, ZOKBDOEY b2y 7E#RERA ¥ A5 40 CPU T
EERIDIZIR M7 4 =< VAT CHEL S 2, BB EARL YA T2y
37&ﬁ%§t&&GPﬁl@Mﬂ%$Zbvx?A@UWb%ﬁ7D—FT5t
DIZFAFE S e, '
NAPWALTHITH 2 BARFEHME Tz, WREBBRCEF4 7 v 2 2@
iR b & iz NAPLPS (North American Presentation Level Protocol Syntax)
ZEHALTWS, GPIEKRR b ¥ A7 AT NAPLPS 2 — R{L & Nl X FERIE R %

Y
* Tagged Image File Format Type-3, 1 A —Y 7 7 4 A ZBAICHASNEF 772 MRS ¥ ¥ — FO—FE
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By bvy 7REL, EERIEEHEL 2, TIFF3 7 3 —< v P THRA RV R F AT
WEST BT FaxeyrTh 3,
3.4 EL (Express Link)

FP/GP & AP [id EL C#fi a3, EL i3/ 34 + /S5 VADAHIF v ANTH
D, &K 3 M Byte/sec. DERREBEN 2D, 140D EL Fizidfek 1280 FP/GP » 7
AV—F 2 — VR TERTLIENTE S,

ELOBRRICE D FAX A A=Y DX IR REDHER (EMEHRS0KB/~<—Um b
400KB/R—%) 2#FPRGP D& 3 4t 7Xa 4 £ kA b VAT ARTERICE
ETEDL LI Te,

3.5 T1 p5>2& VIM-DLP (Voice Interface Module-Data Link Processor)

NAP Y27 ADKERFHO—DICPH IV E 2 —F 2 X2 BEHOER L AN
DHEELREIT 2 LB TE S, FYFNLI— R R EHIE MCP (Master Control
Program, A ) —XiB#OS) $IHTOF—F 7 74N ELTAYY =X e ast
2= EREN, YATLHOERERL LTHA TS 2 L 8t 257, VIM
DLPRETIAYS7x2—ABEHL, AV ) —X+ a2 2—FITHHOAE
REZ 525,

TlEik, ELLTFYINTHBHEROGERE L LCdbkehlc Rl anT
WHEEFATHY, 1EHEY7D 1.544 Mbps DF R %D, TDM ARIC L D 64
Kbps ® PCM H#EF v 2V 24 £p3%HEA &3, VIM-DLPlxy rC1ED T1
M roBEREEND,

VIM-DLP Tix, PCM EEDQAHEIBAECINZ, UTOISERER SR TY
5,

1) 32Kbps 8 & UF 16 Kbps ~ D /{415 D HAE

BENERFTOL 7Y 3 v & UCEITEIREIEETH 2.
2) 7vy¥airy {5 (DTMF-Dual Tone Multi Frequency) %#iH L CTXXF
I— FNOEHETTS.
3) HEIEEFIIREE
ANEEB—6dB iz s —6dB & CHIET 2,

4. TS5y bTa—L)T7byxT

NAP 2K T2 N —F Y27 LT, A¥Y—Xavta—%, NIU, FP, GP
ML TERY, RETE 7T M7+ —252BRT2Y 7 by 7200 Tilr
3,

4.1 FERXYFI—0EBLRT A

HRAY V-2 EBEY X5 L L LT VNMS (Voice Network Management Sys-
tem) pSEfEE N B (K 3),

VNMS ORI & > TEBLE 70/ 5 43, BREOWERA > 7 x — A4k
PA—F Y 2 THEE» S, iR aNza<w Y R/V ARV R % VNMS &35t
THILTHEOEBUEZERT LI ENTE 3,

1) 77V —yayef vy 7x2—R T a—)1 (AIM)--- 23 2=y —vy
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<> /
VIODB L A I L4 || NDMDB
VMMM AIM NIUM

FILE VNMS
\ ‘
¥ VIM-DLP

DCOM-DLP
AN —ZXRZA AT 4

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

T1 l ISIO

NIU

LYY 11T

VIODB : ## AN 7— o <—2
VOICEFILE: 774
VMMM [ {54 v = FEE 2 2 —
AIM: 7705 =329 T71—2 %L 2—)
NIUM : NIUM#E & 2 —n
NDMDB : & b 7— 7 EHT — I ~X— A
B3 FEERY FI—oEBLRFA
Fig.3 Voice network management system

YEEY AT A (COMS) BETEBLE 707 7 4 (NA) & 7a s S5 ARREE
2TV, a9y F/VARYAOEHILT, SRS & CEBTT 2T,

2) NIU4$l{#1€ ¥ 2 —n (NIUM-Network Interface Unit Manager) -++-++ NIU @
BEEIT). NIU &t APHIO 7 —258EE) 72 ALNIUIKNT 2 22> B R
TELUNIULSDOVE— FDER %2175, NIU DA R/VR—hORM
WKEITEUTONEERITS,

@ WOREEEE,

@ 2y bU—IiEREHZT - ~—Z (NDMDB-Network Data Model Data
Base) ©7 7 & A1k UMR5F.

® VIM-DLP ADA > 7 v 2 (JRIF: BEMEECIRE), 77 v 2 (G
EEEE R LD L 2 10E) H5R,
7, NAP EREHEC CRT LI 28F A= 2 —BRTDA VI 72— R

BEERIRMHET 3,

3 FERXAyE—YEEEY 22— (VMMM-Voice Message Management Mod-

ule) T 1% v ANVOFEATRMES L FH 7 7 4 VRERITS.
4.2 FEBEZ774 1
NAP YR 7 AT, HFIXPCM (CCITT #4 G. 711 (u-law) #H) % 721k
ADPCM (CCITT %55 G. 721 ##l) 74—~ v P THR P YA T ARERENS, &
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N%EFE7 74V (VOICEFILE) 23, BE7 74 L~DT 7 ¥ A *—ix DMS II
T—IR—RZEMENB, ThEBFBEARNT -2 ~—2 (VIODB) L5, T
77 ANVEBBEARIT = R—2iF, 1 KA MY RFAT—HTHOUE—DTH S,
BEE7 7AVHOERDT 7 2 A1, ThieBELIROEMERD, Hr 08
FRZAyEe—Y (MESSAGE) L3, Xvv—YDREMRICEHERLIEET 22
EVTHRETH 5. EMERIIBELADOA vt —YDBBHELTER 7 74 VIR 2,
LI o T ER7 7 A VIR DEFROR v £ —VBBET S5 Z L 23h V185,
TR EMER L BER, UTO 8D TH 3,
® CCITT &4 G. 711 #4
1:1 (FE#Ex L) 64 Kbit/B®)  28.8 MB/H
@ CCITT #h4 G. 721 %4l
1:2 (/2 FE#g) - 32Kbit/#  14.4 MB/B%
@ KEz=y 24
1:4 (1/AE#HE) - 16 Kbit/# 7.2 MB/#%
BRZ774AVHRDA v £ —2IiE, HADAY 2 —Pla=—rnBENEL LN
5, INZAYE—VEFTEVI, AvE—VBBRIOA Yy —YDOESFHICE
AY M —7EHEY AT AVNMS L& > Tft5ah, 2BAE 0S5 4080
ha,
EBNE TS 703 R v —VEERIEET AL T, BERTI LB TE S,
BRZ77AVHDA v =Y DHENT FURE Ay v —SBBOMIEHEARTF
— I R—ARXRFEFEIND,

4.3 2y FI—IHBEERT—IR—2R

2v b= HEEERT - N—2 (NDMDB) 122 v b 7— 27 £EDEREES
72.

2 P =7 BERERE LTERSNIBERICBUTO Db 2,
EBNE TS S5 A

NIU
VIM-DLP

DY =R I N—7

R— b+ N—7F
BEETREERT—7 L
FAGFREIE T — 7

Ay P = MRERT — I R—ACEHR SN AERE LTI, LAY 7 —2
BROMCEBUR 7 0 /7 ARMICHEETRERERRER D5, FTFAy b7 —2
HEHY 27 AVNMS Tid, 77V 7 —v 3 VESKOBMIL L 2EB0E 7075 LD
VAT LETOBRBERZREDZ DY AT LYY —AOYENEBITE (2L T8
—F7FVR) LEBLE 0TI AL BBRERHTIRETHVS, 2y b7 —2
HBRERT — S R—ARBHEEOERD D= vy BV I ERLVE TN,

SECNGNCRORCRS,
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5. P77 Hr—varvefr97—2

5.1 A2 FELRRIR
EBNBTOT 0L, 77V r—vay e 4 VI Tz—R e EYa—bawy
F/VARY A2 TR 2SO EBAHE LTS, 232y —va VEEYRT A
COMS &> TP xf TP BEAR (COMS D LT M V¥ 7y a v ilEETS 7
TVr—varrarss s (TP) M) TP & 7u s s ABEERTS 720D HR)
BEbLN D,
EBURT TSI LDET IV r—vay e A VI T2—R s TV 2= NIZADPD
TV—LbPBav s FLEERESN, BBV ARVRALEHsNLDE (M4),

210 - FN |
"2
‘//F? 3
i =5
~— 7 e Cefnmrorsng
A
\ i .
e 3
4
TN Capusra s
. avrF
AR R o
aer = %4 2=y FR7F— a—HRATF—}

) ) .
H ———— 350,31 } —_— E
| 1 1
Lt 150/ } ———Dleag- 100/ ¥4 | -Bocett— 250/<4 | —tatt-(-15485 4 | B=

L AR R aer P~ ¥ VAR ANy T VAR AKF— 2—H2F—F

M4 A9 FELRRR
Fig.4 Command and response

AR, ANy FE, KF—, 2—¥RF— M MEHSES, VARV RITH,
ARYFDOANY e 2L —FRATF -V EBEFER LIGES NS, 2—F X7 — MBI
RBWE 7075 ASMEBCEETE 3720, EHO CRT £57 — ¥ 5E{SH% 2 S5
TPV I a BT s S AL, EHAE ST ST M) T MR
EEs, WREONFEORES, WEORPRABLHEOBET5EEAT) (¥
=TT —TNE) ITRFETALENRL, B —FRF— MEERFBT L
Bw, bI7Y¥7ya VUEOHIEICLE L ik 2 REEH L RESHERY 1 oA
AU H 7y a v FRTRTERERTOEIbDERS, LRT7FYr—vay
VARV DRF D 7 D ICEBLE 70 75 ADR— 3 € — 2 EBAER I SEET
TOH, BEBLE T 07 ATHECSR T SELER L HHbEIE T 2 BB
{5,

e, ARV R/VARY AR, BHEH 3 0WIET V5 ARERICEE OB



LZVETHEZCERTES L BibasRoh w5, (BAE 7075 A%

DEEMRERA Y bV —7BHY X7 4 VNMS OZHEED—>TH 3.
EFRATYF, VARVRARUTRIIZET 3,

aev R

Enable Application

Send Voice Message

Delete Voice Message

Connect Call
Terminate Dialog
Collect Digit
Repeat Poll
Initiate Call

Terminate Call

Get Message Numbers

Get Voice Message

Create Voice Message

Send From File
Pivot Call

Get Message Attributes

VARVA
Call Connected
Message Sent
Message Received
Message Deleted
Voice Discontinued
Voice Error
Delete Error
Execution Error
Command Executed
Message Created
Command Rejected
Attributes Obtaind
Incoming Call
Start Application
Poll Application
Application Request

EWHINE 70 75 AOYIEMEE T @M
HEHEHE

HFEHIER

Bkt

SEKT

PB HTIsE

74 FAAREEEM

Ff5

LIkt

Ay —YHEFY R PER
BE774AVP5DAyE—VRDHL
HEEA Y 2=V DEFET 7 4 L~DEM
HiEEA Y -V DEE

HAR— 1D %2
Ave—IDBEHYER

BETET
BEET
ERT
Ayt —VHRBRET
BEDPHOAS
BERBIRE
HIBRad b fe4
NI AZEFITHEY
HITRT
WA v - JBENRT
aeryRAabarrs—
Ay —YENRE
HIERS
¥BNET 1S 5 ARKBERE
T7ZVr—vaved P T72—R Y 2—=ND7 4 FAIREHEG
EBWE 0S5 Lavr FEAITTEE

52 ¥ B & B
FEITR, U EDaw Y F/VAR S ABEBONBIIBWTED L S EXKsh 3
DHZBRD, HADLDIZ, FERRARAA—NY AT LAREZ S, K528k

—7 Y ARRT.
) EBUE70 5 AQRE - NAP EREHEENLEELE 7 0SS5 AL 518
ELEET 2, BEmfid NIUSEEY 2 — izt L T CRT Bk 5475 .
NIU e ¥ 2 —Vid, BB S W AHROEBUE 70 Y 5 A ZD0nTay b7
— IV HBREET — I N—RA WKL, BLOBMEEERE, 7SV r—vay .
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TrV =z
97l LI
Eya—n (79 7% LEEE) 7e74

START APPLICATION

T
-

mn. 5 ¢
EBRET 0 7T 20k ENABLE APPLICATION

A

POLL APPLICATION
TAEN V=T ( REPEAT POLL

Y

I

ING CALL
il B3 T INCOMING CA

Y

CONNECT CALL

A

CALL CONNECTED

Y

SEND MESSAGE

HRE/EHRET 0 77 L —
CiT2FS - MESSAGE SENT o
(#7214, VOICE DISCONTINUED) o
SEND MESSAGE
B 7 i
MESSAGE RECEIVED .
9 W ____ TERMINATE DIALCG

@5 AU K« LRARPR—F U RE]

Fig.5 Example of command and response sequence

AYF T z2—R BV a—NRET, 7V r—Yavfr¥y7z—RA+EY
a—it, TP TP OFECLBERY s Y v, 7Yz v FEREEL, 23
2=y —y g YEBY AT A COMS LT START APPLICATION v AR
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- INCOMING
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Fig.6 Direction of calls
BERGE 21T,
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FEERERRRE NS FCREFSh, YEER LOLEDav FEVARY
AD~Ny FETHICRRENS,
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Ay —PEEIR, —BEEFCHLNAP YATF LG22 =—7 &S
Thb, g, BREETHEINL2—VIMEETIHEBEOTRVLE, TOES
27OV TR e a—F LS,

fe e 2%, HRACEb2EFOBROEE, G EENEZSND it
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BBINRERE»SD Ty v 2Ky VER AN 2T,

BN TSI 00E, UEDTy v a Ry v EBEANERE S RRIIE LT
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JEBYATAVNMS Kk > TMBEENZ D LFERRIC, HIDAYy -V 2 THY
7ANDOHNERT 7 4 NS T B0, Wiz, AT ¥ A E S S



96 (558)

ZLApS5DIANTY FIZEYFEFTENS, GET MESSAGE 2+ > F, CREATE MES-
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Fig.7 Message extraction
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FHEOV~L (8 1 X) i, WATHEZ L8753,

N=2% i +2' 1+ 2° 7o
M =235+ 2% i, + 2 77, + 2% 170
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HATYR, 75722 b OBFFBL TR, BESALSENERETHS C &,
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] (&viEL)
@ BEREFOEZOTSLCEBEET7 7 ANVAORA (K8)
CITEELRER, YATALETHESR (M8 TR, F—Frva—%) HirH®
REHRTHERL, ST EEOHWEE2N2ETHS, ARTFu /@2 RHT 2 L8
PO YRR SEDS Z Lk, FFrvl, BEEVLOEEHNET S
hiew, BERRZERICREL S 2 28 20WIESARERROEAEL, YA F A
ER—ENICRERRE R HE I, NIU EROWERESEA > 7 7 2 — ZADHASEID &

nas,
7ur7ha—F
Ty AP ER
(7ar7ta—F)
TFerEsE
—_— CGERANEV I AE -t Aoy e— T B
Qo 1, (1 DR NN e +
- H A E#R VNMS VA=V FN 7or7ha—F
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Ty gl
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HFEE7740

8 NyFFESAT A
Fig.8 Voice recording system

6.4 707 MOERLLURE
BEINL TV TP ERIEL, L7577 A MZDOWTREREZORIEZICH
LIEEPHTERET ILESDH B,
BAREHETAT SRR L REY AT AT, GTIL 74—<v hDF YT L
BRICDOWTLTOEEE BEfR{LL 72,

@ #HESUL T a— FOEEFEREE
@ HIERFEEOHIEREE

® FIEBADEFEEIIHEEE

@ ®HBFHEOHIERKEE

®

BRERA~ D IEFERBIIHAE
WEEBLE 7077 AI CRT 5 7arFr«a—F2ANL, ZRAFAD ST
YZMIRNLT, HESNLRSOYIVID L EZFOMMEITo78, Zhs 2
LTHET S, RIDEEIR, ERAICIZ 800030 1 WHA (1 1 FHEOES) £ T
AEETH 508, FHLIX10 3V BRABETHSTH 2 AHOE TORAEGE 8
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6.5 RIVFFRUVIATALIZLZEET 714 UFF
BIBD & 512 NAP Y R 7 ACHEEHERES AT A2HET 22 L3TRETH 2
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V7R EDFEEREA 7Y — v FIcRRUHEIE, HEREE L SO REReE R0
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FETYVINDEENAP Y A7 ATy 70— T hERBEL O W EHEEES
AT LBBETE S,

. 8 bH V) (Z

SNk
HEER

AT, NAP DR EREZNOOBES L U7 7V r—var DA v o 7
—AEBE LT,

G, ERBMOES LHBO=— 2l r vy T —2 DY F AT 4 7L,
17TV MEBETETHERTETHSH, Fvvafky o NBEBITL & &
DT7—=7a, NV ay, 777 A, TTCE—RERE~OYEKLL A5, &5EHEH
EHEZDBL RV DDOH S, ZOLI R FCRH I ¥ E 2 — 5 Ot s 7 7
ANATHI LR, FT—IR—=2AH{, 7—FWEEN, A7 ARy —L52
DEZBEHITER 779 b7 3 —LOHBRIBRL KX 2 WE 185,

[1] Summa Four, Inc., SDS-1000 System Description (1991)
[2] Summa Four, Inc., SDS-1000 System Software Overview (1991)
ft = # & A (Jiro Miwa)

BRI 49 SEERHE T M UM SR B LR, FE
HAZ =Y A (BR) Ath, FICERFy b7 —2 A7 AD
SE #— E AN, BIfE, thaits 27 A8 2 AN
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ZEMRFERFXIZE X T L : QUALTES

QUALTES : An Expert System with a Generic Knowledge Base

for Substation Stoppage Sequence Operations

BARE STHRE THEEA
EHRZ FAHARH KR A B

B 1 SH, Z2QALIGAYAT ARENEND—DEDFED DY AT AL R >T VA,

TOFRELT, [HBEBSOR VA Y 27 IRANR Y AT AQBEBOMES L LTED
ATET, TbBMERROI: D OB ERR D> THALTYIT 2 X > Bz
TELDEIDLWIMESRTH 3.

CO&S RRERERT 521, BRIRMELBRY — V2B T 2008 —DDHET
B2, VORI R 7 IEAMY — v LEEEEEY — L D007 Fu—FhiE 2
Hhb,

FEODRFE LI F A 8— b v 25 A TQUALTES] CREBHLEO 7 Fu—F12 &
D, BEER—RILV L% BB iz BT, AbER~— 2 (GKB : Generic Knowledge Base)
PHEL, NRERCBT2UESED T,

QUALTES X725 HH i, REFOEFERIFICE O TH S0 UHITR 3 N2 154 ERES
DIFREREER BT 2 2 Lizh s, =¥ Fa—3, 550U DREONSE & & 2 TEFH;
DFRMZ, WEET I 74 AINAY I 72— ARFALCEZELTEL 2 L1200, FIFES
NBEFEALDENBEEDERPRIESER T TR 2, ERELT, EEOB N T B
RTFIE L BREO RS — BRI L 72,

Abstract Today, most Al applications are developed from very initial stages. As a result, so-called

1.

“Knowledge acquisition bottleneck” make it difficult to develop practical systems. The knowledge for
problem solving should be formulated to be used for future applications.

One way to solve this problem is to develop special purpose development tools. There are two
approaches to develop such tool : the task specific approach and the domain specific approach.

The latter is effective when the characteristics of target domain tasks are well specified and when
there are serious needs to develop similar applications. Therefore, we have adopted the domain specific
one to develop QUALTES.

The main purposes of QUALTES are to support human operators to make and verify “Command
Table Sheets”, which define the proper operation sequences while executing maintenance tasks at a
substation. Using the Graphical Interface of QUALTES, end users can easily define the configuration of
an arbitorary substation. Command Table Sheets are automatically generated from the definition, and

they can be easily verified by the simulator.

i C ®» Iz
GH, ZLDAIERAY AT L ZRZNB—DSDFHEIDYAF AL o> Tl
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Plexsys & QUALTES 4 #£XH R 7SV b EFLE, BED STV FEF L 51
HTIRODT T 7L INELT 4, EFVR—RHR, 790y iar—va
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TOLI2EBNH S,
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2) ERENZEBIOZFAN— bV RFARAI YR TOYTHD, F—aFR—
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DB,
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W3, REMEVIZIVYIETNTIR, Y abv—FR07T 5 LEELH
R BRMOHNIRERF 2 v 7 TH5DHTH S, 25 LI ATMS %58
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* Substation Stoppage Sequences operation Support Expert System & DIEO®D S, %7 12@>0D subsystem DF & DU T
[QUALTES) @&,
** XE IntelliCorp H D BIFRIITH 3.
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2. QUALTES MBE%
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The Automatic Recognition of Handwritten Drawings
—The Signal-interlocking Table Generating System at East Japan Railway

BEE—- BHE - RFRE

E N FESEOGERMEME, CAD 7 — 2 OFMIAN AW 2 BRCE 3 2 L »51EH
IhTnw3,

ARTR, RARRESE () R ELA THEEFOMESBESREERS 2 7 4] (UTF,
FYAT L) ORFEICB W TRA L HEO HEREROFHEIC OV TRRS,
HEOBERHR T ¥ AN— b Y AT ARREL TAABITHEOFESENEEL SN T
Wh, T IAEYTFRERE LB FAN— DY AT AR, HIZOBH(EEEREEOEN)
PEZIITA S CEHBEETH S, %7z, HEOEBERAIERORIES Bz SE» 5
D, Z=FHPPEIRESHER/MBETE 20T, EONERFKENED 2,

COLIR, HERREMY AT 22ERMT 201}, BREL b UTOESEA >
M2z 3,

1) FBREOBNBESTHSZ L

2) BWEII—CHLTC2—IERICHETESR L

CNEHLEY AT AT, YURVESOER, MBERICE 325 —NARISDE
EEHEAT LT, EFRALIKKRIILTL S,

Abstract The automatic recognition technology for handwritten drawings has been a focus of attention
because of its advantage in cutting down on initial data input loads for computer aided design systems.
This paper describes the automatic drawing recognition technique adopted for the development of the
‘signal-interlocking table generating system’ for the Tokyo Electric Construction Office of East Japan
Railway Co., Ltd.

Knowledge engineering methodology including expert systems has been regarded as effective for the
automatic recognition of drawings. It is important that prototyping-based expert systems be easy to
add knowledge (or graphics to be recognized) onto. What is more, the point of automatic drawing
recognition lies in the method by which to verify the output ; that is, the whole transaction time greatly
depends upon how efficiently users can verify and/or modify the output of their systems. In like manner,
the following, besides recognition ratio, are also requisite for the implimentation of an automatic
drawing recognition system : ‘

1) Easiness of addition of graphics to be recognized

2) Easiness of user reaction to recognition errors

In contrast, the system developed for East JR has proved to be a successful one through the use of a

symbol dictionary, the adoption of graphics-directed error reference, and so forth.
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