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Formal Methods in Software Development
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Abstract There is a growing interest in formal methods for industrial software development. After a
brief review of methods is done here, RAISE—Rigorous Approach to Industrial Software Engineering
—is sketched as a tutorial introduction to these approaches. It is self-evident that the formal method
helps to radically improve software quality and to considerably cut down software production costs.

Regrettably, however, the mathematical aspect of formality has been a bottleneck to its widespread

industrial use.
The article is intended to discuss what we ought to do so as to accept these methods and train software

people in an attempt to make them exoteric.
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wp(S, PV wi(S, Q)= wp(S, PV Q)

wp(skip, Q)=Q

wiabort, Q)= false

wix:=e, Q)=Q[e/x] (Qle/x] 12 Q THBET 3
wp(Si ; b, Q)= w(S:, wil(Sz, Q) TR CRERAL L)

wp(if Bi—S:0B;~ S:0+++-0B,~Sx fi, Q)
=(BIVB:V+VB)A(B=>wiSy, Q)
AB=wp(Sz, QNN AN(Bn=wp(Sn, Q))
wp(do Bi—> S0 By~ S0 Bx— Sw od, Q)
=H(Q)VH(Q)V-
ZZT, H(Q)=QANA~(BV:-VBn)
H(Q)=wp(IF, Hw-1 (Q))VHI(Q)
IF (% dood % if~fi CBESMAT-bDOTH 3,

(555) 9

A
B3 3

TRTD

H@Q)ZSiD>3bD—2%2H<L b R EEIRETLTBLL, 20L& % Q H35RIT
TARBAEIGETHS., LZAT, ZOEETROVOEILT22BYALTRETH 2,

Wit 27075 AR EORBUERIE L U wdec(S, t) % S DETHEILL,
B L 1RBERIBRTAMEL T 5, % 2 TIRRMBRILT 3,
(QAB=>wdec(Sy, )\ AN(Q/AB»= wdec(Sh, t))
2 5i¥, BBEBV-VB, L LT,
' QA\BB= wdec(IF, t)
ZLT,
PABB=wp(IF, P)Awedc(IF, )\t =0 »SEIL T i,
P=wp(DO,P\~BB)
bR TS, ENRRLERTE S,
PABB=wp(IF, P) %z 5i¥ PAwp(DO, true)=wp(DO, P/\~BB)
FA4T7AZILE DTS T ADIERIL,
{P}S{Q}
BT SERDUHTIETH B, DRI,
1) 7us55KS %IT5.
2) wp(S, Q) xRD 3,
3) P=>wp(S, Q) xHEmrDH 2, £33 THHISHRDBEFIuS/ILTHS,
4) I LBFHE, FIKS 23T, EhE S ELTANRS,

MERRELXLELTZHATHS, REPOFEEZHP LDt 2ROT 5

t OfE

ens
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KYITH2, ZHhBIZDOOTOMHEBITEET 3,

2.8 WAHT OIS Sy

COEBBE BILRE)DGRICED L wS 70l s AOERAERR, ROX D%
YbDOTH5, DEIREFRERET S L, 7ul5 st 2+0BROBTCOEREL
LT, Z0EHE» S 7us 7 L88ENICHHTES LSk, ZOBES T
7o 0Z, DTELELABCHLTELL I EMREERS, RICE->Ti3, HE
AEER DT R TR ZD LS XL THESRS LiRES 2wy, A AWEFEOMEs
F3LTCEMNBIEBbRo TS, ZDLIRARR—RCEEEHREBOHLOD
T, PoevF v 7 OERNBERR, T.a4 Yk G 22510 & AHERERR £
BEBRACHRISNTWS, EREBOYATFLELTIR, WEEAKRYE)DPX R
R IVAZTN(I—2NKE)SD Nuprl(= 2 —/S— W) R ENH B, WET LI
DEZZ L > THEBMTIERY AT LAE2HETE ZBRBEICIZRWVA, ELWwS o
75 ADERFEZEL LTHEKEVDHDTH S,

2.9 EWHEOVWANWS

ZITEERE S OEANGTEDOWL Oh 2BENITHIT S, flicd, 534,
HELDFEND S,

ACT ONE/ACT TWO®:&!

ACT (Algebraic specification techniques for Correct and Trusty software
system) i¥, VY VIBAREOH. -V v ok 3REBEETH S, ACT
ONE iz 7 — 7 ROk REFETH Y, ACT TWO i3 ACT ONE DHiFR TH
RTF—VREBET 2L 2AR2BET 20, RAOSEEFITLREOVLDLYS
TP a—MUEES, MRT— S HOERSEECIAEZEERT 200DV TH
HTE 8B R MML D THS. ACT ONE ZEEHRE L i - B0t

R EELOTOS 07—y WERICEFDE EFIA SN TW S,

CIPB3L04LI51]

FLAYZA2HB.0LT 23 2vaAy X% OCIP(Computer-aided
Intuition-guided Programming) 7' v — 1%, & = >~ &t CIP % 1968 fEIC 52
B8, BEREZNC LB U530 AV A NOEIEBRRL S OFECH
WY 3 ERNERERD, 2O LCRO 70 s 7 AFEBNEENIIO NS &
IMELTE, TOREBNEECIP-L L 7a /s AR ERCIP-S ThH 3.

CIP-L iZfth» o Bk COLHEETE T2 55 T, wEA, A5E, B,
BIER, WITHER EOBRRIC L BEREHTHOTHS, ZOFHER, BEETC
HIBEOEEEPETLOTHFBNICL>TEEL, ZOERIESELHEL
ENNOERIZ L > THE R B,

CIP-Si, 7u/ 7 2FBT Lo TUITI7us/ 7 0HFE2XEBT 20T, Ch
B b CIP-L Tt hTw 3,

HDM™!

A7 4 —FHRFAOL vty roick > CREBED 7 HIT 1970 £4R12
MEINLEERNFETHS., ZOBOLOELTIRELEWL. 4 7A 50O
KR, —FRADEY a—N, K707 5 LAOKRIER R, —DD7usF
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L©MERFHBEELTEEDRbDEWVE S, AR EFESPECIAL (SPEClfication
and Assertion Language) & HSL (Hierarchy Specification Language) ® & 5, /¥
—F R ES 2V EFNSOEORMFE 2EART S, IO XS REREIRKEFEM
LT 7Fur 5 L%22L 50DTH 35, FDizHic ILPL(Intermediate Level Pro-
gramming Language) # EL T3,
IOTA S AT L4
1976 2 5 1983 I I THERFEOHER T 512 & - THFE S hi Ly
SEBET, SSLTRIELLEOHANFETHS., brbid, 518%bOMR
F—y BOBEREPLFNICE 27075 LADERSB L U2 DREEZ DWW TOFRT
Hotzdl, HEEETRPHRE - FHOLDOSEEREL, SHE—FhAFEREICED
CHEEREEZ, REAWRY 7 V2 7HBFBL TN E2XETIRELARET S
ZEithkolbDTH 5,
LOTOS
NROB RSB 2 EEMCIRT 2 B E b o LBANRIKERSECTER
45 (1SO 8807) TH 3. HHIR T — ¥ DEtdkid ACT ONE O#if 7 — & iz ¥l
L, BRRHEOERIRE 0t AHATHB R I+ -0 CCS e C AR
w7 D CSPP 2HEIZL T3,
me too"
EEOT7N_AHEOXEEZ, P.AYY -V UR2fLbLTdAav T K
DA —Y v IkELr STC Technology Ltd ¥ @ 4 F£Rch 7z 5 L EBAFR DR
BID me too THBH., I,
bk + EiTHgEE=a M €S
rwdEZIZES, BEREARRETVE, ERME, REOREELOLEZS,
RARZEF N EEBROZHr SHR T2, EFVELTRBRT - MO EE
Ho®, BIUVEENMHAEISRLS, RARVCORNEESZ S, ke LT,
EFNCE X LEOEANRA L BEEOMBARRA 25X 5. ZOBAMLEE me
too shell I & > THEIFL, TTF N EAROBRERT.
OBJ2[25].[361
BFEATRETHRFIOAESE SIc & > THFE s, FHERAR LW ETH
HE b ORBOZABBEETH 2, HEOIRZIVRD LI ZRHEZ > T
3.
® BlEff&EEYa—VEHFT,
@ MEEBHOIIBPEIITE S,
® BOEOLSBEENEETE, T Lo THSMLEPEROSEMRDS
RAIREIC L 5.
@ EV2-—LEEFDEE, HIR, BRREEHEL-TEHTE S,
VDM
VDM (Vienna Development Method) DS i3 & v>, 41X 1972 4E, $BFrid IBM
v 4 —VIFRITH S, %2 CRIBEMEREREEVDLICk > TF a7 4T
EPL/L DT EATo T E7eds, FEtEBO L » 12 PL/I DLEFR & FRHIRIRED
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BICEoTHFELLIEL, VDLIZH 3 VDM 242 Lick o7z,

ZZT VDM B BRI L L THREE RS 25, FetEiztthchisro
72D TRRTHEEIEV 1+ —V 28N, 7rv—2 rEET VDM BEEINVERE
FIBBICTIZLIIRB, Fov—2TED. Earr—rhuhicid g8k
077 AEROERERHEL NS, HETI C. Y a - ANETFVIEADHR
WHERE L TERZE>TWAY, 20T, #EBRANFEICEEY 7 by = 7HR%
DRBITEAT I EERIE VDM CHEEHT 5, BEERANOERD7-HITIX, LHL,
VDM QEESLETH > 1z, RER L 7o — 7 ROEEEH—L, EHIXEY
— WAL ETIML 72D, BREEFHEL iR S RIEAREERORE, EERN
EV7 07 «V—NVORE, BE /Ul A0KEEHORKELETH 3.

1987 F 27 3 LRMEFABEESOBRBC L > T VDM A HERAKTH 3
VDM BRI 7 V— 7R & h, £/ 3, 4 EDRHBR 1 EMIC b 2R ES ST
bild kil a0 = -7 VDM I 2 88, 8E, V-, HE@,
BEERVERE, BBk EEEEIC s 5, REERRIE 72 VDM OHRERSED
BB ERETL, $EBRHBILLEIIELTWVS,

BRWHFEELTO VDM i3, 7Yy v—2REEFRTY Fu—F2R->Twi
FIWICR2 3, Fryv—RIRRWBERTCROFEL2FOEEHMATS. T4b
b, HIHE, MREX, XURRMF, BREE, BREBEEEL THEEL, T
ELRIZDEEOEBRERKS, FHBRIIERFERRC &> TRIICESET 5,
Ralic TR U THEG REORER & B AN R 2R 2T 3, FY~—2ROFE
BELLTEEBLUERTH-o 106 IR UARTH -7, RERRRIHSRT—7
BHEETNVEATERL, AL E>TERALLIS LTS, ZDLE, HED
bORNLT, 7FHEMITL THIRIEL BB 2, RZZOBRETOWT
fhTs<.

HEIR VDM ORI R T — BB LB L LT, ZOMKRT—7 83
RERETHS, 2%, WZRES ¢HY, HOYHE Thbb 2R %4k
L:ROETH 2R E s 2 b0, ZOROEE o iz—#i,

w:IXS-S5X0
DBEL TS, ZHh%EHIF pre-w(i,s), %I post-w(i,s,s’, 0) DB TEET 3.
AiEEZ IXS EORETHD, BELIZIXSXSX0 EORETH 5. REHER
SRR THZHEEOMY F D DIz 3EREERRAL, ZDAREFRREZHAEL,
ZDLETHEANZIEHEE2{TS bD LT 3,
@ HEHEEHLT, FSRIT 37 -7 L TRLTBREE T 7=
BEET S Z L RT3 (EROAEEN).
VielIVseSe® pre-o(i, s)=>3s’€STo= 0 @post-w(i, s, s, 0)
@ HEEZEEMCERELLRCE, M2t Ro0dRte2mzTL
ZEEEHT 5.
VielIVsESepre-w(i, s)=post-w(i, s, ws(i, s), w.(i,s))
@ HRT—yB(EM) S %D EENZHRT -5 B(TA) S wiFbL
TRBUGET T 228, ZOR, REHEHAT S, (ret:S—S 2%27)
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s MEROTRTOT—5 (RIB) s ienfL <, ThEEHELiTHRED 7 —
ys BREETHI L,
VsES 3Is'eS eret(s’)=s
o & I LR OPIRRE so ICHIET 2 TRBT -8 50 SFEET S 2 L.
I50E S’ ®ret(so)=so
s TUBTF — 5 extied 3 BB 7 — 8 o8 BN RO R w1, THRET
— Y BTHBOHH 2T 2 L.
Vs'E S’ @ pre-S(ret(s’))=pre-S'(s’)
TR T — 2 @G 2HI L, WIS 3 LR T — 7 2% ORifF 2§,
zhagr bl L,
VY, s’ES @pre-Sret(s), ret(s)) Apost-S'(¥,s")
=post-S(ret(s), ret(s’))
cFHEOERMREEOSRICE > TITIN, ZUNELWI L E2RTROR
ik > TEEHT 5,
Z,121,1161,(201,1321,1371, (531, (541, 55]

ERREREREZ 1, 90 ERI VA VIR T 2 —FREFD ST IV IHRS NV
— T EoTERRN, BATREEATLRY ETFshTw3, HENEH, B
FlEbIREBBREEL, 2DAHATIE VDM L AR EZALTW3, fiR7 -5 8%,
HELORBFLZINO6DOLDOEHLE, ThOMHITREAEEAF—LLWVIH
HHZMHMEABRLCERT 2, TOAF—L2HaEbETCRELTHRERED
TLRT2BEE2 Lo T3, ELRAF—LZFIREHT.

3. RAISE!1281.1291,[301,[441,145]

RN AEDOWRR D91 RAISE 280 LiF 5, Zhid, ZihdtRigorous Ap-
proach to Industrial Software Engineering D& % » 2» & T#5H 5. RAISE i VDM
PHFERELTWS, Ll VDM RRAMICO > TRBOARZ L > THERS
h, BEShEES-BFRINTE TS, EE, VDM BEERCERLEDTH
¥, ST FMEREREINTHE, e AT,

1) VDMREV7boa7 «V—nNE2bo2TORPOLBAETINRETHS,

2) VDM BRE7NVERAITH o748, HEERORS ALY,

3) VDM RUfTHEOTRICHRTH o228, ThEHFALLWL,

4) VDM BB oBEicERE 2> Tidwikhote, EY 2 — BT EE

TH3,

5) VDM DFEHEIRLTLH—EL TR,

REn &> 2EREEeAN, BRAWEKREDL S, REOCDOEANGERE L OHE
EERETRETHD,

DI RENS, RNRAABREASOXEERZY, Trv—7 L REDOKRE «
R L Bt L i L 2HRHEHS 2B L, RAISE HHENEHE I NDOTH
2, BEREENERL2L -V 7 VY2 7HEBEHFEOBETHY, FOEECHR
B »XET3Y 7 a7 RABTAILETH T,
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1985 4 & 5 4, 115 NEDOBEHBIRD & 5 R L U TRHEEL .

1) RAISE /i

2) {LARECERE RSL

3) V7bTxT V=

4) RAISEX&

5) HHFIMI—R

AAREEREE RSL 2Bk X 5, ZDRDIRD XS REEEE2 5,

EBRTHS A ROHELRBILEEXOFEEOEEREEDLD,
DLEHL TS, HIEEEORER CEM L o BE—F, Kl e/vT
DIEREBI B2 LH 3, CNEFHEMTUEL L 5 eBFIRBVvOWLL,
FOYATLEEZLE, ]

RAISE D450 5 28 RSL (RAISE Specification Language) iz & % {43 VDM
icEzZNITVwY, DY, BIRT S [EERKR] 2F2 5. FLOEHDIKRE
2, BEBOEEARZEHKLTCHL, ZHRIEIRERHSFIBLT2HEEE LV LS
556, EEREHILBELHZED, Hitck->T, ZOHZEERBLTIAD
BUKL V2S5, Bit»roFEZZEVCHIEELLETH S, bOBEEOELER
BHID 2V EWS EE B2 d Livgy, EEARCEFTNEF -5 BREENIC
BEEBRLZORERNESS, ZOXIREZPOMRT—FHHEEHESR LT
{5, REOREX, HELERLP LIV LOEBSLETH B0, EEBERST
ETVLRIEHIMBTIIBWES S,

RSL iz, #F8Y, BOSE, ATRORMNTEETHY, LibEFAEE, WES
MOMELZHT. RERORRI—REFRTH 25, BN ETS BECHER
THENOLVSHEHHT VDM 53O TWE D THS., TDIHBDWLE DN

CERATHED.

T, FRATETVERELTECTA LI (K1),

class'end #27 7 ARE VW, DL IBIZESELEREELESE, FhodEH
TEIETNVIERERT LEX 5. object BIRTHDAYBOOK : 137 7 ARMEZHE L Ic®
THD3bD—2%&Y, £hiZ BIRTHDAYBOOK L &fHF 5 2 & 2&H%T 5,
e X BEFETH D, Voter ® Date i3 #F U LBMOABRLZIHRL Tz, i
DRTH%Z & %KY, Bdb=Voter—Date i3 & Bdb »% Voter > & Date ~DEHRD

BMTH2 I 2RT, BEHA F=D—>R DfE fZNLTid, ERK D O d 2L T

B f 2FRS R CHE (D) 2B8268E, BRACHLTZD d D% » KEHFHT 3
HHE fld-r], B f DEHB D » 5 d 2HIBBRFET 2 HE A\d} R e HRELT
w3, WEEHTIATAXB ZEREEE, A-set T ABROHEDES, DEDAD
MEGOR®FE T, A>BIZEREE A, {HF% B L 72K LR T, value - 13{H
NEET, FOHEHARCI->TEZ, 35X FDEBGLENA, BEY, WITH,
NEPZ P> CEHRLTEZ 3,

#1557 — % B BIRTHDAYBOOK D&t Bdb BOETH 5. Zih o 2EEAT 3
W new, add, - TH 5. new REEOHEEARE DL 2WHETH 2. add i3, &
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object BIRTHDAYBOOK :
class
type
Voter, Date
Bdb=Voter—m> Date

value
new : Bdb=[],
add : Voter X Date X Bdb— Bdb
add(v,d,bdb)=bdbt[v > d],
delete : Voter X Bdb — Bdb
delete(v, bdb)=bdb\{v},
find : Voter X Bdb — Date
find(v,bdb)=bdb(v)
pre vE dombdb,
remind : Date X Bdb — Voter-set
remind (d, bdb)
= dom([bdb|v:Voter ® bdb(v)=d]
end

1 BA%kE, EFINER

Fig.l Functional, model-oriented version

BELZOEEAPTEARKEZ TH LWEEREE2 DL 5, delete I35 2 - HiE
FOEEB2ELEABL WML, ind 352 - BHEEOEERZROUHT.
remind 352 - A 2HEB L T2EEEODEE 25 2 5, dom[bdblv:Voter @
bdb(v)=d] i¥, B bdb T, bdb(v)=d 27T bDIHIREL, ZOE&EHE Lo
bDOTH 35,

2REICHREEBBMERERICE > TEWHITH 5.

BRI HRT - BOREYERETH 2, B Bdb 2RHEL TOEWOTED
BBtk Z o TWwa EWwx 3, ZO%E, HES IR, BROBZ2EL, B
8, bbb, BBOKK aiom - i HBECERT 5, EEHK Bdb 0—2 D3R
fEbdb i%, new iz add #EREL72bDTH 3,

bdb=new-add-add--- (%)
X D IEERECE L,

bdb=add(vs, ds, add(vr-1, dn-1, *-add(v1, di, new)--+)

bbaA, BALL TIZIDFIZ delete ® find, remind bFAETN TR T TH
%, delete I3 ZNLAFID add 2RET 2 D0 6RB LI EEZ LD, £, find ®
remind iX bdb DREEZEZ 2V S, BR(F)DBEILZLTWBE EEZ TV, 20X
572 bdb DRBZH L T, ZhZNOBEEMESERT 20 2EX, £ I TRIUT S
BRE2ERE LTRRLAEET 2, L2,
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object BIRTHDAYBOOK :
class
type
Voter, Date, Bdb
value
error . Date,
new : Bdb,
add : Voter X Date X Bdb — Bdb,
delete . Voter X Bdb — Bdb,
find . Voter X Bdb — Date,
remind : Date X Bdb — Voter-set
axiom forall
v, vi . Voter,
d, d: : Date,
bdb: Bdb e
delete(v, new)=new,
delete(v, add(v,, d, bdb))
=ijf v=wvi then bdb
else add (v, d, delete(v, bdb))end,
find (v, add(v,, d, bdb))
=ifv=v, then d else find(v, bdb) end,
find(v, new)=error,
remind(d, new) =[],
remind(d, add (v, d,,bdb))
=if d=d then remind(d, bdb) U {v}
else remind (d, bdb) end,

end

2 BEMAL, HEiEM

Fig.2 Functional, property-oriented version

find(v, new)=error )

1%, bdb @ new &\ RIS L CHIEE v ORER 2B Lerror THBH LWV
DTHb, ZhiITHLT,

find(v, add(v,, d, bdb))

=if v=vi then d

else find(v, bdb) end
X, HBALEBROREDDD IZFL T, FEZF Vi OEEABATHS LBELL
&, TOAEEOREHR2ShNE, ZOEERRATHY, 2ITHRVERIEEL
DBIc Bk L BRBEOREBZARDS, LI I LEFERLTWS, Zhid, (%)
PELSERIECETEVVEVRSTWEDTHS, XHEIR, UL, find & add &
OED—DDRERBRL TR RTERLITREY, KFFbRLED IS LHBETH
5, fFbBbLNED L OBBHIRTRERE S 3,
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3i, BEREFVERICE23ATH 5.

object BIRTHDAYBOOK:
class
type
Voter, Date
Bdb= Voter—m> Date,

variable
bdb : Bdb,
value
new . Unit — write bdb Unit
new () =bdb : =[],
add : Voter XxDate — write bdb Unit
add (v, d) =bdb : =bdbf[v+— d],
delete : Voter — write bdb Unit
delete (v)=bdb:=bdb\{v},
find . Voter =5 read bdb Date
find (v)=bdb(v)
pre vEdombdb,
remind . Date — read bdb Voter-set
remind (d) = dom[bdb|v:Voter ® bdb(v)=d]
end

X3 RMERETIIERM

Fig.3 Operational, model-oriented version

BERIIHR T — A2 REBEBIR E E 2 Tw3, ZZTCIORBEERL LTRE
L, #h~DRA (assignment) & Z DFEREKIC L BRI EAFLIARRE DL 5,
RAXL B EREERIC O RA LD, BRPCRGTRERCLI>TRRT KL
SO H R GHIMbD—ERE) CZ oA L > THLS DRERIEA 2., £ /s,
REBRETNVIZZNCEET 28E D 2 WIZEROTIH, ZORERETHHT
ERIeREPOTHBERAISERZVI,

8T, 2 CIOBATOHEER,

IXS->SxX0

DEEHDLEZD, IR0 2L RXLBEELZVEFITHEMUY Unit 82N TH
HrLTEdRT 5, BuBMrzORT2ELT2BALBALLETHS, HEMR
EEHT 2 L& wiite >OHETITHEL, E7, BEFLRVES, DX VRBESE
THIREEEBBEITIE read 2 5. T2k 2,

new ; Unit — write bdb Unit

add . Voter XDate — write bdb Unit

remind : Date — read bdb Voter-set
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DEIITHS,
41, HEATRIEFVIBRIOBRETH 5.

object BIRTHDAYBOOK :
class
type
Voter, Date,
Bdb= Voter—m> Date

variable
find-res-var . Date,

remind-res-var . Voter-set

channel
new-c: Unit,
add-c : Voter X Date,
delete-c, find-c : Voter,
find-res-c, remind-c : Date,
remind-res-c . Voter-set
value
error . Date,
bdb-p : Bdb = in new-c, add-c, delete-c, find-c, remind-c

out find-res-¢, remind-res-¢ Unit

bdb-p(bdb) =
new-c? ; bdb-p([])
O
let (v,d) =add-c? in  bdb-p(bdbt[v> d]) end
u]
let v=delete-c? iz bdb-p(bdb\{v}) end
[w]

let v=find-c? in
if vEdombdb
then find-res-clbdb(v) ; bdb-p(bdb)
else find-res-clerror; bdb-p(bdb) end end
a
let d=remind-c? in
remind-res-cldom [bdb|v:Voter ® bdb{v)=d];bdb-p(bdb) end
value
new : Unit — out new-c Unit
new() =new-c!(),
add : Voter XDate — out add-c¢ Unit
add(v,d)=add-c!(v, d)
delete : Voter — out delete-c Unit
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delete(v)=delete-c!v,

find : Voter—out find-c in find-res-c write find-res-var Uhnit
find(v)=find-clv; find-res-var : =find-res-c?

remind : Date— out remind-c iz remind-res-c write remind-res-var Unit
remind (d) =remind-c!d; remind-res-var : =remind-res-c?

end

4 YFIBETILIEE

Fig.4 Parallel, model-oriented version

IHRETFF o AMIC——DBEEKELDL, TORMICL>TRETLET IV
%2 T3, HWEHKchan XL T, EERIZ chanlmsg IZ & > THEEX msg 2
chan iz3 0 ¥, ZEAIE chan?it X > T msg 223, ZOEEIZR 7O CSP
OB OB DO TH S, HERROHTIE, ThEEHET S 0L X bdb-p 23H
N, Zhdnew,add, delete, find, remind IZfH24F % msg 2ZFL, FEL TV
REEDbID 2 FH, H2VRERINLEZ2EODUHLRERFT 3, el 3BIRWEH
ERTLDT, FOLENRAICEIsT a» aDELoINBIRENDIDTH S,

RAISE iz k 2 70 7 5 AMERDB 2L, AR TH 3. ZOERIZE iz nwE
FoX3nb0ThHs, HEEERDLDIE, HAARE LT, RER, HREE,
BOWR, HEEA, SCER, BRI, SCRER R LS, B, BRESER, mEs,
YR, BRES, MoR, HEMLLEEHERTES, =Y - eBEEHL, @
WA, 58, Bk, AT ALENTESLICE> TS, EhEYVa -3t
7 NRAF—LTH5B, A7YV=27 Vi, ThABNRTETVORETHEDET
REDOEFITH S, AF—LRERRMONEEEEFIAT 2720122 7 AR A
237z D% WS, RAISE TR I o OFER% S 2 L2 IFMT 5. RAIDOMAARE
LT, £7-BEAERLOFNF OB O EEHIR L LTTH S, RAISE i&
VDM QEE FOFETH 505, bl C—o—2REE2EKRT 5, 22 TR
ORI DWT HEKT 3,

Hh Y i aude et fiet
V7V 2 TRROERNAEREIEZ, EIMLTINITOVTERERAL
W, T, FARBIREIBRNFERZIANLRETHD, ERANAEIELBS
ARREEETIERWL, ZOMARI>THEBLLEY 7y 2 7HRELLDOIILDD
GTbnw, REVY 7Y 7HEERHZOHBCOCHFERIRELAIFELL, V7
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Abstract Very effective efforts to analyze and design a system inevitably require both a systems
developer and an end-user to mutually have an identical understanding of a targeted system at the stage
of its design. At present, however, there are no methodologies or tools available by which to describe
systems design specifications which satisfy the following requirements :

1) High understandability for end-users preferably by representation in charts and graphics
2) Capability of representing shared functions and timing factors for the distributed processing

system consisting of a mainframe computer and micro-products.

The data flow diagram created by T. DeMarco does not satisfy item 1) above, nor the tranformation
schema by P. Ward item 2) above.

This paper proposes a new method of describing systems design specifications, which has been so
refined on the basis of the transformation schema as to meet both of the two different requirements. The
features provided by this method have enabled users to represent such control data as commands and
options to be issued to the system, to identify a computer system which operates in the distributed

processing system and to describe active/passive relationships in between.
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A Method by which to Create Dataflow Diagrams out of

Natural-language Specifications
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Abstract This report is intended to propose the framework and procedures which help to create dataflow

1.

diagrams out of specifications written in a natural language. The purpose of this study consists in
supporting the process of problem understanding which is required at the initial stage for various
software design methods.

The proposed framework begins with extracting both data-to-data relations and processes out of the
natural-language specifications rewritten into simple sentences according to the relation representation
model, and then goes to the further extraction df more relations and processes required for software
designing, while structuring them on the basis of two models—data structure model and data status
transform model. The extracted processes and data-to-data relations are easily transformable into
dataflows.

By showing the result of an application for which a simple problem was used, this paper tries to make

sure of the effectiveness of this method.
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A Proposal on the Specifications Description for Conversational Programs
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Abstract This paper is intended to propose how to describe the specifications of a conversational
program. In recent years, current trends are prominently showing that projects are growing larger and
larger in scale ; more and more program development is going out to external software houses whereby
more precise communications between a program designer and its developer have become what is
eagerly called for. The major communications medium is written program specifications, whose role is
played very importantly.

The method proposed here provides features such as
1) specifying the dialogue procedures (between a program and a user) in the form of a state
transition diagram
2) giving functional specifications for every transition from one state to another
3) using algebraic functions from an input state to an output state to give functional specifications
Practically used for a systems development project at a certain customer, the proposed method has
turned out helpful for effective communications between the systems designer and program creators.

This paper illustrates the framework of the method and some of specifications description samples.
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(BREH) 2RObDLT 3,
AANEN I RHERESR B, ANRG R TROAHTREICERT S b
DET 5,
KHEEHD : a7 AR K VINT  REINEREEL, EERR L OE
TEREDOANER « ISEEE L % 5,
LSBT 740 D AJREED & HITREANOBBOBB CHARTRIRES L
ZREFMEET, RL2E, F—IR—ADEFERMNC
OFERITHY T 3,

3. SRR A
X L EERAFIC DWW TR~ 3, K212 BNF (Backus Naul Form) i & 2 kST
ROWXEL T, TSI, TRE - B B L 0 BRans.,

{program {11%> =< R H LD >R E> GEEED
(RH L>=program<program %> ;
(HR=TREBNEA> man/machine interface>{program @ type>
CEBAB =EBABRER Lo BRI ;
<{man/machine interface> =man/machine_interface <X ZEDREEBH D) ;
{program O type> =program type<program QHEE) ;
HFE = BEEHFH|ANESHHEAE S ERE ST BT EE
HETE =type<BIES> | ; BIEE} ;
RIBE> =V I—FREER |7 74 VEEE
(7 7 4 VESEZE> =<7 7 4 VEIZ> =file of (L 3 — FEID;
AHEEE =input file<7 7 A VEBI K7 7 A VEED ;
CHAE S =output file<7 7 A VEBEI K7 7 A VEE} ;
Z7ANVEB>=KT 7 A VB, (T 74 VB (K7 74 VED
BIBEFEH> =function<PAES> | <BRE S ;
<BIME S = <BEEE> | -<BEHKAD | '

<BAEED 1 (GBIEED, <BIEED) A
<BIZED, GIEED>=<F -2 &) '
CHERERE 3R> =14RERCHR CBEARETR |, <BBREEED) ;
CHRRERERD = CRREB I~ CREB id) 1 AR > GHATRESY ;|
CATHRED =<AF1a <> ¥, (display_ format__id>, <AJI&H>
CARa" Y FY=(F—5 B '
CANEM = (&40
HEAIARER> =(display__format-id>, <PERZEEO(, <RNEFEEO!,

A7 74001, A7 7400

774 W=KT7 74 VED (RHBMELO=(F—FE)
SFEMIERD =<7 — & 8E M (RIEE
(F — % > =data detailes (7 — ¥ DEEAITTRY
<BIBRELME> = function detailes BN D ZEHTER

2 fHREEROH

Fig.2 Syntax of program specification

HRBRECHRED DD D TH B, RFEOFIEEL & VLB LOFROETIC
&0, 707 LAOBBEZ OB THAZCERNRER L2525 X5 BRI shTw
5.

R, U7 AOBEMIREIIRT 2 20 HISER & SHEERC T B, HIRE
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DBEEMRRIC ST D, FEARIE TS5 ARHRT 5 ETLBELRABNT 74 VED
VHEEREEAT 5. £, HRWBTRARIZ 74V EVI—-FORELHRT,
Lizso> T, HRFTCOBRBERIRSES - FBREErHLTERL TEw, —
D7 7 A VMUBTHNITES  BREE 2 AV TLE+Z 2 OREECRSTE, »
DB ZThERTIENTE LD,
3.1 B B

MR, WESH - ANEES - HAESE - FABE SR - BMEEERM» SHR
EhTw3, BBIUCAHAESHTRIMYFD 7 -5 ofttk2iERL, BEESH
LEEEERR TR U S S AR E R T 5.

1) HESH--HESHTCR, 70/ 4TROBOIER, va—-F, 7740

DEFLEET 5.
EHuL,
THRAE is MiEE
TEST 3.
va—Fi,
va-—F& is record
P X i
end record ;
TEST5. Va—FRHREEA:BRCEHOIIRFRHEERL 2D LT S,
7 74 nid,

774NVEl file of Va—FE;
THET3. fle of 3V a—FRZERIHONIESEERELLHDLT S,
ERoEOEE, AR,

Eff=, va—-F8, BEE=, 77414, va—-FE, EHH=
TTEBHDLT S,

2) AHAEEEH 70l L2BOAMNT7 7AVEEET S, A7 74
WOYERATREZD 7 7 4 VEIOXIGZEE ST 3,

3) BARESE-HBEEBETHVY 2BEERRT S, B, 527 -7 8(H
HEshR) »ofl 7 -y BAOERETIBETH S, [FRE]-[5EH]-[7
— I R—ADAHN] EL—HEOT— Iy BERE L TRAZZNTES, &1
T = R—=ADAHITIZOWTIE, ZOWENLHBECEESNS 22 H
RIRHTE 3,

R,
Bg 518 — BEsEL
where SHEREMRF
THRT, I, BEAEIBNESINTWETF—FETH 3.
where DRI, 51808 L OB O HIGRR 2 EdR 3 5.

4) HBEEEZHL-BEERHBET 2RI, FENCHAT S HAERLRBICLS
FEMRH D, TITiR, UTOBRICLDRBPIZL 3 FE2RAT 2,

BRF7 2— X TR, FEHTZOLBAEuY Yy /0o ZD 70l T AORBERF
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" 3.2

§¥

<HBREED
THRE T R4
xyz :XYZ
abc:ABC

CEE 0

L I
Xyz:TJO
ABC[J®

T—28%
DOXYZ~
@OABC~

3 XE@E:EERN, ABERRONT

Fig.3 Mapping rule between screen, screen information and variables

AEB D, —BCEETH D, —F, KA LZ3TRTE, BTRENAS
EOBRICBOLTEEREN S DI 2 DEEb» 5, ¥, FAMHRZY
TEEBRICIDTAMNr—RADHRE « T A MERORIENES L2 5,

CATPREE> i ANFIIHIGL, HITRE RHIRB G 5.

ATIHREBIE (AH 2 = > FXKEBERRCA NSRS OfT, HIRER EE
AT ELBOH A7 74 > ORTRT Z L X T Cdd~rz, (NEEHD
HEE2BRETLORIUTORELRAET S,

REE T ATRED 5 PR DOBITOBR THEHOBL L ZWERTH S

LERT,
A ATIRED S PR OBITOBRT, HE - MIsELELL
REBTHBZEERT.

ANEE « SEEHE, BEHR, ANa<Y R - AEERO=F0xEHE2
B 3iRY. ASRHE, ANEELEEBANO T — 5 BiEHRE b LitA—0F
—FRERFOANIR Y FRAIBRSEZ 602 DL T35, KA, B
BRAAD T — s ML Al—0O 7 — 2 B2 FOWTEROMEIZ & D ISEERL 4R &
naborts,

B

IR, ERARX ERY 7 by 27, A—Fv27) K& DTERRENRE -

T %, EHRBERZARLEREER T2 2L 75,

FRAIERIX, 7— o A L BSGEED SRS h B,
1) F—7M
e 2, UToFE#Hnitadans,
@ EmEIZOWT : BEK, AHHIEEDOT -5 84
DPS 1100 (Display Processing System 1100 ; EG&IEA v
7o x7) RERATIRIEERSES, BEASEET
@ 77ANVRDOWT I HATEZ 74NV ES, BRAR, F—HEHOTH
#
Va—-RED7 3+ —~v M BLUBHELS
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2) B oM
BT o &> wiEmaicda s,
< B LB (ROt OEE
QETHNE, HHETET—FR—RA A VI T 2 —AN—F Y DIEE

4. 1L bk 5 a2 B
ABETR, EFRFEEO ST LAREL L THREEROFZTRT.
4.1 B i3

Hikr LT, UTOEEBD TS0,

VDT B %@L CAADKSE, £, BEES (UT, AAERLE) 2%
FREL, DETHNEHEL - FEANETE 707 AR ER LIV, BRI,
RADHATITORVOT, KDoA F—I LTHABREERL TIEL Y,

ZTEIE, BANCREBEICL YV IHRELZRRLTBE, TRICHLBETES XD
WLTIELY, EEXS L CRFBREE» 5, 5L —F2EIELRL,

4.2 8 & 6
Tz, EREE7as 7 A0KREEAZRT.
program . {EFTER
HR
MADGR, {£FF, BEBSELITRT 5.
EBRABL S, BECHER ALY —FENBETHILNTES,

man/machine interface ;

type :
K47 is character string ;
K&, (£, EHES, LHEER is character string |
{EfTSR 7 — ¥ is record
i KA KA ‘
j fERR © AR
j mE EHEES
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end record ;
B8R 7 — 75 is record

r K& REmk

r EFRT -2 L ERRT -5
end record ;
ZEE7—7% is record

c KAwn Kédx

c (EFRT —5 | (ERRT -5
end record ;
{EfTEk~ A ¥ is record

m K&»% ! REDLR

m ERR 7% [ EFRT -5
end record ;
{ERTR7 7 4 W is file of (EFFR~ R ¥ ;

input file : JF : EAT&7 v A 1 ;
output file : JF : {Efi&E7 74 1 ;

function :

who : K%, (EFER7 74 A~ {EFR~ R ¥

where EFTE< R ¥ =KAo % UEFR7 74
is exist : K&i»7%, XFi#7 7 1 »— boolean

where * (K& b % {EFTER7 7 4 1) =0 — false

HEAD 2 QUEFRT 74 1) >0 true

str {(£FTiR 1 B8R7—2, ERRT 7 A V> EFiER 7 AV

where R 7 7 4 V' ={EF$8R7 74 1 U B8k 57—
mod {EFTER I BET—2, HFRT r A Lo>EFRT 740

where (EFT#k7 7 4 V' ={EFRR 7 7 4 LD

EE7—2. ¢ RA-EET -5, c EFR)

BEAERTE ¢

* A2 a—FiR ok
§~S81 :{“F0”, & &}—{S1, ¢ ¢}

* BEREE R *

S1~82 : {“F1", S1, €}={S2, ¢, ¢}

* AN BRR *

S2~82 {(B&EF-5, S2, is_exist(r K#&»%, JF)=false}

{S2, (Bp7—», MHEEER="complete’),
str £k (B&R7 -5, JF)}

*BRIT—*
S2~82 : (B#EF—¥, S2, is exist(r K#»%, JF)=true}

{S2, fnFEiER < already exist’, &}
* LEEERT *
S1~83 [ {“F2", Sl1, &}—(S3, &, ¢}
* 5 *
S3~S3 :{ZE7 -5, S3, (is exist(c K&d %, JF)=true

Ac fEFRT -8 "=+ AR—2)}
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{83, (XEF—75, WIEER="complete’),
mod (£Fk (KE7—7, JF)}
* BRI *
S3~83 :{FEF—7, 83, (is exist(c KAn%, JF)=true
Ac HEFTRT — 5 =ZA~—2))

{83, wholc K&»7%), €
*XERRLT—*

S3~83 : (FEF—2, S3, is exist(c K&k, JF)=false)
—{S3, LEKR="not known’, &}

* 77— FETRE *

S3~S4 :{“F3", ¢ KA, S3, &)~{S4, wholc K&»%), €

S4~S3 :{e, S4, &}—{S3, &, ¢}

* R = a—RRk

S2~81 : {“F9”, S2, &}—{Sl, & &}

S4~S3 : {“F9”, S3, €}-{S1, ¢, &}

*IRT *

S3~f :{“F9", Sl, &—¢

data_detailes :

JF AR ISAM,
key 3R KA»Z.
AT 488,

S1 P EEHBRRUATOED,

-~

£ A $%

FLI%4% F2U86% Fo:#T
L

S2, 83 :EHEARLTOED.

: n 4
name: 1 @ | gt
mAL I C__——— 1 ®

u ® K4
S — .
T @ | O
STATUS 1 ® @ REHS
L G nEHER

S4: BEHRIUTOEY., HARERTY > 5,

— o ®
— © @ K4

function_detailes
HEE |
PIEPIZBRBAL T TR LESSEATW S, ThoEiRigdEE 2
THWLNTWVWE LDT, BRIIUTOEY TH 35,
< : domain restriction
e 24,
14{Q1, a), (2, b), 3, A%, HRR{Q, a)}

(607) 61
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b d,

* : cardinality
Sk, RESHOEBERONTH S,

@ : overriding
REXIE,

(. a), (2, B}@{Q, 4),} i {Q, 4), (2. b))

b,

x—ylix, YOIEFSE2ET,

nE, FHLERIEECE EERIA L,

5. 8 b W I

—ICEME I, XN AELIIZONE LT, REERKOD
HAWCEY, 7077 AOBESREHOEBR TRE /W& 7o A AN S,
%G)%% 7oA LOBREAREEEPT L, AT udDLins,

7z, SREOFHIE 7077 AOFEVHFOEL 2RO LEELERTHS, VA
7A£ﬁ%ﬁ%®&$k§tDﬂﬁ%@?ﬂm%%tt%.&%Eﬁ@@;o&ﬁ%
R, FIR#EICE > T 70 r 7 ABREOBEBEDBIT ik 5,

otk EdER, wbiEFeY 22 FfNTOABRAT 20—V EbDTHS,
— 7, ITEARGEARSE I S EREE b0 & 855, L ZIE VDM, ZRZhT
HD, VDM 3T Tz BSIHE#EL T > Tw3, bhibhy A7 ABKE2ELTZ2LO
ELT, YOI LBRBEARCINSOERREEAD L5 5 T LIk, AFEM
DA a=yr—varALZHBIBRREDTILDOTHS, ZThdiID20T,
RO LB EREERT 5.

Bz, ARG 7077 AOMAFCREHY T VAT ARIABOLL M LDSE
BXhIFEVWTHS, £, EHFEORAOTIAORE» SWMEBO X LDOICES
2T, SEFMNMORBRCEELER AL W, $i, HEMARBTOLIEKIC
B, ZLOWBELAEER/L THLE0E, 20822 ) TRBOBEEZELL W,

BEZY# [1] RSDM 7u 7 7 AftikidadHisk, BA2=v A (f), BEM58 49 H.
[2] o7 7sfiRicdsas, BEz = R (#F)BFE, 1984
[3] D.C. Ince, An Introduction to Discrete Mathematics and Formal System
Specification, Oxford Applid Mathematics and Computer Science Series.
BEERMT K T M 3 (Hirofumi Kinoshita)
BEF0 46 £ RR LHEHEMFER ERTFERZEE, [44EH
Aoz v A BR)AH, WMETE, R, KITEQT 7V
—¥ 3 VERCHE, BHE, BR2=vAY 7 by 7
(bR) 2 A HHE S AT,
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BEY 7 bz TREDRICDFE

An Approach to Improved Productivity
in Communications Software Development

2R R 2

E #1980 EARFLLE, IS0 i X 5 0SI(Open Systems Interconnection), CCITT iz & 3
ISDN (Integrated Services Digital Network) OiZ¥e b2 DA fTb T & 7z, FH{LIR
TROVA Y IV EREDNTEY, BERZ LMV A YOFERLTOHTRS, ThE
TR, ThSOBEAMERLIAEREF X2 AV FORR, 10 AR—YEBI TV,

IS OFRIIBRENCK R b, BEHEEE, V-I7RA7—-vay, A=V Frarye
2a—FEDOFEEY 7 2T E L TEEINILBEND S, BHADHEEAVWTERE LIS
B, FROVURUPBBHETHL, vV EDRIL, RFEEHT I 0, BfEF
V7MY 27 ORRVBARTIEOMILSLEATD .

TR, 7ot aVBIREE, TAMATLAOEEUE, BEY 7 Y 2T OREH
FD72 DY —VOERFECOVTERABLE, ThEMVBILIRED, FEEADH
BOARETH D, » OBEIRFOERECEZ IS TESETHSI.

Abstract Since the second half of the 1980s energetic efforts have been made to standardize the Integrat-
ed Services Digital Network (ISDN) by CCITT and the Open Systems Interconnection (OSI) by ISO.
Those standardization efforts started with lower-layer protocols and now are under way for upper-layer

standards. The standard documents assembled by those organizations up to now have reached no fewer
than 100 thousand pages in volume.

Such standards need to be finally implemented on host systems, communications control units,
workstations, personal computers and the like for use as communications software. Current ways of
developing software, if applied for production of the software for those types of eqipment, would very
likely require a great deal of man-power. For the sake of less development man-power and easier
product maintenance, it is essential to establish a new approach which addresses the efficient develop-
ment of communications software.

This paper describes how to implement tools for improving productivity in the developing of
communications software packages including those for a protocol development language, automated
test systems, and so forth. The author believes that the use of what is written here would bring about
a reduction in man-power and make it possible to respond quickly to requirements for product

modifications like functional expansion.

1. 13 L & |IZ
AFETIX, OSI/ISDN 7o b aVE2ERT2EEY 7 bV = 7* AREORRILE
BIZDWLTERT 3.

*

ZITOEEVZ Y 2T7R, 081DV A ¥ I~T DTt an, BSCEDR—Yy 7 SubavEERTEY 7Y
LT EBERT S, DBInELvA Y70 T LS,
ISO : (International Standard Organization), OSI : (Open Systems Interconnection) Bt R 7 LRIt EEE&E
ISDN : (Integrated Services Digital Network) &7 & ViB{EHE

(609) 63
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1.1

1.2

L1 =
BE, aVEa—s@E2RE{BEIARCERL>2H 2.
TETOBEEYAT AR, A—ABHECEEOT—*7 2 F v 2EKL, 2HIC
HETOTHRAMBIUS - FAYATFARBHL TR, LhL, BECHILF
NYTRETOHEEGESE KD O NTE D, SBRIZEBESIIESHy—3
TN, RRAMYATLAORENEIRDONDZ L DT> TE T,
COBRIZIEZ 2728, BIEISO 240z OSI DEIRMBED SN TWE, A—%h
i, SBRACFEPTTHADT —F727F v 2 OSIERDO 7 — %7 7 F v icg D &
AT ZLRESD, £z, BIED OS] iIZHREEMIC b REVTH D, 1% 3~4 &£,
v b BROBEMLEEE, v b U — 2 EEEE, 32 ) T 4 KEEE OB
DREEBPOTWZERESD, LEdoT, A—hRIRPERIC7 + 0—
LT BESDH 3B,
INSIEHMIGL TV 7edicid, BRRY Y SUBLETHE, Z0OL> ks
TERRFDRILTOL DI, 7o avBEREOMRL, V7 Y2 70EE
DLRTE, BLUBHEETRELT I LnEETHS,
| :g) ‘
BEY 7 b = 7THRBMRED I DI121E, UTORTEE2ERT 248N 3,
D v4¥Fuss LWL/ B EERT 5,
VAYZu s akid, OSIVA Y 2~T 2 ERLBEY 7 Vv 27 Th
D, 79 b aNTERHMLEY 7 b 27 EY2a— N LTHERENS, B
ffbid, N FIVRBCHERTAAEE 7 o v avERRIUIA TS
VELTRMETZ2eThHD, HBbeid, NV FI2RE23 7052 MET
HBFERATER XT3 LTH3.
@ v4rrorssroTRoERLEHEET 2,
@ vA¥YSuss AeBEAECIL, Yoy MVECHEREETES L5
75,

@ 7obaVEEEIGERETY 7 b Y 2 7 ORI EER SR,

® TAMYRFARIDVAYTULS LT A DEBL/EN{EEEEL, B
RPMOEMEEX 3, ‘

® Ay LT—IBEA VST 2 —XERIEMLL, SHOBESE - TES S5
Bri¥s,

@ FT4Vv7 P )BIUBERT —7VERTREEORBIC LD, F—r~—2
T7RARREEL, NHBTEHET L3074 v —vavERrv 4y Fo
T LWERTET—T N OFSLEERT 2,

T4V bR, BEOIYT 4T 4 (EER, 77V r—y 3 v%)DiE
BIUVBMEERL7 74V THE, vA Y 7ul5o3F4v2 Y %F]
BT35Z8ikD, FIVAFE— I SRAEERET L E, PORKEEET
NIZRVWHRETE 3,

FHETIR, INSDOEFRFEIZOWT, BENCITRT 3.
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2. YRATLOBE
RSB EEKELLEY AT A%, FHE70 b 2 VK (VPM . Virtual
Protocol Machine) ¥ A 7 A& (LA VPM ¥ R 7 A4) £/, VPM Y A7 4k, Fa b
aVBEROBEL, BREERBLTZY 7V =T THS,
2.1 PRATLOBER

AVPM Y AF A%, ROADDY 7 b7 27 X VHERENS (KD,

1) VPM:VPM Y A F ADHLD T Ul 55TV Y Furl I 5L TH
BOBEERREET 3, ChsOBBRERILIhTBY, Yot avolEH »
— Ry x7, 7l A0BIPRIRBERIMEELEVE—Lf Y 72—
REMT 2, Lo TFrus 7 A0BHEER X, ZOEMERBEEOAMIILER
{, 7 b aNOHABRHNEBEZRZVA Y707 A 2ERT % 2 L2JREL
25,

2) ZubraVERIXESoy Yo b aVEREEIRT S S0y Y
T, VA4 Y7us I AQBERLSERRATA ¥ 7 2—AL, 7ubatk
BIZIEWHBTVYA Yol 7 A00REFEET S 7y THS, VPM
HRTLIREDT—FIR—R HEAT—TNVEDER, 3V 74T Vv—var7
oy YDFERATLIY VT —7BROODT—TVERH, BIUFVAYT
a5 ADEETHE o RAa—F (HRR) - 77 ¥ ara—F &R BERT
5,

3) FARFYATF LT RAIMNRAT LR, VAYTOSS5502=9y TR L,
BLUYATFALF AN 2REHARTITIRLDOY 70 27T, 7AMDOEE
fE2ERL T A MAMOEHEETREL T 5.

4) avT4Tv—yarerafyPe... av4Tv—varveXuyii,
VAY U SS AEBNER LT - NVOER, TF— I NVBER OB T X,
KEOYHEY « REHNAY PV ORBERBLIUT 1V M) LR R —HE

VPMs 27 4
[ [ [ |
7o ban - ar747v H—
VP M f B % 42 TAd —av.7 FHb
rA-EL YART 4L oy YART 4

FRZAEE A F— g ~— ARk HENT A b BN ERK 7 TR
bk PATFATALb

o 2 LI/OMER

FF— g _—R T 7 A LER

F7F—bF T2 a0

NMS 48

T4 Rty FX l:vw-ﬂz%ait lEL:-y}-?xb ’%‘yfv—ﬂ% l:amw—x

E1 VPM S RFLDOER
Fig.1 Configuration of VPM system
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BATEOVRT I eI 40THS, 7—2 ik, V4 ¥ 7ulJ s Lidzic VPM
EEBFEN, v Y ulS5A6kD 778X T5I LNAEETH 3.
5) ¥HE—FYRF Leeeer YR—-—PYRATAR, VA Y Turs70k0EDSNT,
vy 7 =5/ bV —RAT =5 OFE, HEROTE, 57> 77— ORERITS
V7 727 DEETH S,
2.2 L1¥7ns s LERDTN
VAYa s s AMEROTRNER 2 TR,

ANT—%
7 b 2
it 204
70t
VPM~=7o TaLr/ J T—%77Fx J T =7 J
7477 T73ar F—=7Nn R
o T—%F 0 FxF—T0:
. it - o . = et 2
e oy A Y?I\Iii1/»{"\”7077A%:|hllﬁll§“6
b7 —71n
v T TR
LAX7a 77 L00MNT 5 EHT—710
ASM 21 2 MR R DT R AR
$ Ci7oe 4
vA4x
7R 7T L

2 LAvY70ssLERDTN

Fig.2 Procedure of program development

Far7 7 EOMEERRCLIDANEN LT T E, ot afERIES
g viiz, VPM BMER T2 8@E7 —F 727 F v T —7 N, 70k Ra—RK, 727 ¥
a ¥ a— FEMGRD) 2FRT 5. 70 b aVMERZE 7o vy YOI, CED T >~
F=IuyYOARNLEE, £, TABRAEEER V74 v—yvay
Ty FDOANTLRY, Ay bV —2HEROR—AL LT HILERFERHENS,

ER& v 4 ¥ a5 a1, VPM 283752 i X DEWERIEEL 22,

2.3 LMY 70I5 LNDEERMZE(L

VA Y 7ur T AOERBIERILENTE D (KY), Fus/S<ix7o b anfER
XEFO Yy Y ORET ZEROFIRCZ > T, O~ DEFBCa—F AN, EE,
T NDEEFEZT>TwHE L, o7erS AL 0lHE, Yo/ A0EBH»
NARE, FREZBTILELL, 70 b aEBEBGEVWETASIARETH 5.
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it
3.1 VPM

e

BEY 7 b7 7 HEEMRCOFE

vAX TR ST A

WEBA > 77 2 — ADERE

|® 7or700%%

[@ 74v ot yoEs

| @ F—TNNER

[@ 7457208 |

[® Exmnes

|

[®@NMSA> 5 7:—20%% |

[@ s4=/n7> s0i#k |

7a 77 AAKEORER

|® 7oc2=t )y 7205 H

L@ a-E 3

|

[® A~ b=ty 7 205EH |

(@ 27—t 4x7 52 |

(@ 77y a>a—F

K3 703 LnEER

Fig.3 Standardization of program
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VPM e v A ¥ 7Ful/s A 0BE 24 R, RIGRTEIIRVvA Y Sus s
LHENEEA VY 7 2—RA T3 LidRL, 4T VPM 2NLTT—2 8 X UHIHH
BROBZELTI. £, BREIEENC 7y OB TITbh 3,
VPM LA ¥ FulS6bD4 v 7 x—ARMERLENTED, H—LER
ELTW3, 7075 L0EERA VY 7 2 —ADEEERZ LB XL, Foba
WEBBICERENTWE Y I T 47, ATF—bFAY T4, BXER, 0t
HOABBHNITHAICHEETES LI RERIN TV,

VPM BUTOBEER VA Y70 T AT 5, DI, Th o DEEIc DWW T
B33,
c T LRIy F ¥
< ARAFEALE
caYHNI1/0 LE

s&
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s T I R—ATF 7 AHE
cRAT— T v a vy
*NMS 1 v ¥ 7 = — A#gE
¢ F A4 <
RENTL

L4x7
i~ I/ N

LAX6
VAN UN

LA4x1
VA=V FN

X4 VPM ELAY 7075 LEDRE
Fig.4 Relationship between layer program and VPM

VPM
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CE = G

E B FERLLEY 7MY 27 82—V OEREFBREL TWEIHEI»ERERT 0K, H
HENCRBREETY, REEERALLET2—VREBHTI LW HEE, V707
DORBEERIET 27D DERREEHTH 3.

UL, SEOFTRTAROADALARERENE L, » ORIV LAERZIEERR
DERLBEECHSREFNERER2ETZY 7 by 2 7HEECBOL TR, HAEFRTOBMRE
& B ME ORI, TROFBRBEEDORREMIZZ S0, TRIZIBZFRD MO
BEPCHEIA POMAZOMERECSErRRL, £, Syyvary 20T 4hL
RAKREY 7 v 7 27 DRFECBEVTIE, MEFRR, WHCHAEDZ OMBEE» Y T
<, YFEE* OMES 2 bMbhdrRRWREIZH 5,

COXSRMEREHET 2ICE, EEVCAVRARTRBZOE $RTIRBIIXIAZN
LDERBPCPHIEL, FRVICLZBREZR/NRCMZ 2 BB LEICR S,

FRRTR, BEEP IR LCEEYORE 2HEL, TERMRIBIEIAEhED%
RRCHILT 2 HRO—D2 L LTIRREEZMWY L3,

2RI, REOMEMT 2BECT S0, HER2Z2=V AWK VAT L« Tuyy
FEEBIZBFEY 7 P2 TDY Y —ATOLAEEAL, ZOFTY 7 b7 2 7TREMNY
DL MBFTSNTOIDIDWTRRE, 0%, V7 b7 7RED—DDOHEL
LTOIRREDTHEEEDS, TOEEFXOCTERNL b LITHET 5,

Abstract It is an important activity in terms of software quality assurance to make produced software
available to customers only after validating its quality through the procedure of product inspection,
prior to its release, on whether or not it is in agreement with user requirements.

In software production, however, where the possibility is very great of errors invading in each
production process, thus bringing about the problem of ”the rearer the process is, the more difficult it
becomes to detect errors, "and then error correction takes huge quantities of time and labor, it is not
all rare that error-caused reworking may lead to a delay in delivery and an increase in development
costs because error detection comes at the final production stage in a quality validation effort for
pre-release product inspection. Especially, in large-scale software development which is mission-critical,
circumstances around a defective product hardly allows itself to escape not only problems related to a
delivery date and costs but blso a product liability issue.

Preventing such problems from arising requires activities by which to stop errors which have invaded
the product from being transferred on to the following process, thus minimizing the losses out of
reworking.

This paper takes up process inspection as one of the measures which prevent errors from being

transferred on to the next process by allowing a third party to verify the quality of the output resulting
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from each development step.

First off, the author writes about the Ninon Unisys software release process and also where software
inspectiqn is positioned in the whole process. Then, by picking out a sample case, he gives a brief
description of a methodology and its benefits of process inspection which exists as one of the forms of

seftware quality verification.
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Table1l Relation of inspection class vs acceptance
quality level
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IEKRE 4.0 =X 15=Y

AR 0.18 X<4.0 0.32Y<1.5
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FRPHEM (SSUR/Y+S) @ 25 27 A7z D D b 7 71 (SSUR) DR
RERM(EMSS/Y-S) t Y AT A4 0D b 5 71 (EMSS) DS
SSUR : Software Status User’s Report

EMSS : Emergency Maintenance Stop by Software
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Fig.2 Relation of inspection type and selected product group
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Fig.7 Software development step and process’inspection
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Table3 Relation of development step/output which is inspected
and inspection tool (check list)

RENGIE | | TEEEn TEREE
MRETERNE | MAESHESRER
BRBH | yamenms
NBILBRE | HBERERER
BREZ ) DRgaa | 7rivova—monmes
] L | matnw | ponwenzs
® T DRHE&B | FHMLLEL—BEBRED
P ” - FLEa-HEBRER
(a—rpmy | CREEH

Hi4kHR HERRHES HASRHEERER
(HEF7 R M) HEARRES HERBRREERER

e AR BEEABRHE S BEEHBHEERER
(BEET R 1) BERERABRRE S BEEARRETRER

~= a7 N RS Y= a2 T VIREE
[ B BRIERAB
DR ! Design Review CR : Code Review

REALEFT, FRHELIMPIER T 5 BIRFHEE £~ — R 12 S H L5 & 3
B2fTe, UTORFHZABCOWT, Z0OAEHHL IEREHES L LT L
H5, K8k, TRREFEEOHO LIERELME/ZEROBAI 2 HR LIz b0

Rev. 0
[mEHARSW: ] Rev. !
Rev. 2
T FRE AT 3 O e S T 7 O R S
(3tA - RE: - - HM: ——)

e £ A ~ % A I (mm
x o |z
[ ] ] | [ | o [

E

ita

=H

b |

ita

MH2XZNEAN

RE

Eix i

HE- ]

xE
E 4]

MHBHNSAE

;

f
itE | |
== 5 L i

e P

BO | Jww0 | IxHA0 | w0 | Ixx"w0 |3 =

8 TIBREXEETE/RER

Fig.8 Summary sheet of process inspection plan and actual



V7 TEBIBT L IERECHELEDS  (641) 95

TH5,
TEREONRE 22 TR L TREEY
TREBREOEBEF(TRPESRE VWSS —D 0 TR CHEREIEMKE)
TFEREE O EHEFFH
IEREOEMAE(IEHOEHRE VY2 —, RERIC L 2RES)
E R L HE AR X CHERROWNES %
(e SR N (st
TEREZORENE L FISNEH
BRIBTOREL LU IR MOEFETF— 5 OIEEHE
TiEMmEEYEORE
PASEMERIE, REHYTMLEE L ERWLEHE L TRRECET 24MT
WrpERHERCRBL, LDETHNISHBHES 2HRETT 5.
3.2.2 FARMERFEL IRREROER
TRERAEZIZ, BFESIM O TREESERITH > TEBSA TV D, fF
ERRL LTOIREENOSEMBFIEDKELHERL T3 2 2RET 3 LDl
bhaY—N(FzyZVANT, YHSPEAMEEY 7t v 2 7 DBREBXIT
BT 5 EEERLZ Y LICLTELR TV S,
PAREYEFNZ, ZOEREMI-> TIRFRE2EMT 5 2 LIk 5, REHE
LI L DERICL D, EEFIERELFRCEELH 2H81E, TORRZELYE
TR TRREFOEE 21T,
¥ 7z, FEIEMEFHICERT 2 0B85 354813, REBYTMSEEIE®E T
BREZRERL, HRESHAOEE:2B2 I Licn3,
M9k, BEREXLBOLBEENTH 2/BARBOLEREZ 2L D
Th5,
3.23 TERBRENERE
{rgiEHe s X U TEBREZORMHEIRbIE, TEREFEMEHE/ZER K ->TL
BRESEDOND,
BIBRTORER, FREZBRVWTIERZFEIIE LTV, —20 TR TIEH
M 1B Eeb: 28581, LEGURBIEHLEM L 0GR CHRRE O TER
BEErEETZIELNDHB, IORR, UTRRTZODAETIERELERT 3.
1) IREPERE - VEEa—R—FZE3REDHET, LEEL THEKE:E
i3,
PAREYEIE, HFBNTLEZEC TV E2a—R—F GEH@ELrEa—, 7
O/ hed—FbEa—, 7AMEa—%)2HE, AREOIBTHEORE
TERITOH, TERPEREICSIT2 VY 2—FK— i3, FEHELE, REEy
Y, Y R— MEBFISEML TT) B HUMIEEO L E2 2B TH 3,
TERPERER, FARTAY 7 2 7OREBNKE 22z 3138 TR
MR Ry, ITREMSE 222 P EREHEI R « R I R -85S
AL BFRD OEK(FRD 2B L EROEE L, BEDO D OFEFEED
$EER) SR & i B ERMER BT 2 72 21T 5 BAFHE LI & B S ERFII

CHCESNORORCRORCNS)



96 (642)

Y1, BARMM P (17) % CPSD O~ - XI5 PSDor SPSD or YUY I b T I i 1 ¢ : : :
: () DEBLEIRVLBTIUY Y bOABEESRBZNT WSS, | | : : g
| m 2UBiz ! (18) KK CPSD DEHMMBHAIRRAZATH S, P : : :
; : P : : i
{2, avy#-% i ( 1) PSDorsPSD KEALAYZ b9z7 3vX-2V bOMNAE | | : : :
vk iyey BROBOHMABIREAZATWID, oo : : ;
{3. F¥4» - ! ( 1) PDorSPSDor FOU¥ I b 73 iRALATOY 7 FEM ! ¢ : : :
: r;—;;z: ERRTREREH. RFHOSHMPMELRAZRTWESL, | | | : : :
i e7uw : :
H :k: { ( 2 ) PSDor SPSDor 7 UO¥ 2 b 73 iEREALESuY 2 8K, H H H H H
: : PRI XEARPEORIHOBANHACREETNT IR, | ! : : !
: { ( 3) PSDorSPSDor YUY I b -TIVRREALATOY S b M ! : : : !
: : ERBMTNENT 2~V Y ROBWHNBRAIERESAT WSS, | 1 ¢ : : :
: : " H
H v ( 4) PSDor SPSDor JU¥J b -FS5 RELAZODY I FER! H H ! H )
; : EARTSERENBE, BRSROBFHPALRAZATwED] | ! : : i

i6. ARM D0 1) MBYZFYz7 - avE-2vbOBDABRRUBMOTRKE! : : : : !
: : EOWTELSERENTWED, ‘ : : : ! : :
: P ( 2) PSDorsPSDor Z7O¥ 7 b -7 I VIRRALA ARM K€% T! P : : :
H H DAL IRNEEHREHELRBRAIRTIWE 2, H H H H . s
AAAAAANAANAANNANAAANAANANAAANANNANAANANNS L SAANAANAL AAAAAAAAAAAAAAANAAN
e, 2yuy- ( 1) NUL RO UNISYS R 5 V¥~ FD bR TZ3LTOBRADEEAII] H H H H :
5 Fﬁ‘ﬁﬂﬁﬂi REzxhTwabh, H ' 1 H H H
: P 2) BHMTAIRHEOWT, BRUEAEBonABNRMIEE: | : : :
: : hTwEm, : : : : : :

0O BFE O - - GREMFAFLIWISAE. +oen ---- .
: EREERWORKE,
X .. FRAMEATFLIWZLWSA. R BT 1T STttt :
i ITE MER! TRE!
- .. BEHAE2AEHBRAOSA. ! W l=xxssrezccazzéscazzsc)
P : : :
0 m=®mE 5 FROSOBTEHN" O" T, LENORAENAR 2B S, : : : : :
PR A A
, 4 - FROMOMTENTOT T, LENORRINARZES, P, : :
3 FRAMOEFEN" O" T, £tENORRANFALSHE L ; : ! !
---- [r— bomm—— 4o $rmm————— H
2 FRABOBTEN" O" T, LENORRENTAZEA . : ! : : :
=== imAR oAl &l &
1 o ROROETENT O T, LENORRENTAIBE, : : : ! :
0 -+ . HREBOBTEN" X" OHAE.
- . AREENMRHRAOSS,
(E) W HFE ... FREMOFHRE.
" HEE - ZEWORAOEE.
" EER - - . ZERWOREOMT.

9 SAMEFEIRERER

Fig.9 Process inspection check list of product specification description
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Table5 Test result of process inspection (quality data)
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Table 6 Test result of process inspection (cost data)
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The Implementation of a User Interface Manager (UIM)
for the CAD/CAM System
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Abstract In the efforts to develop and maintain more than one dedicated CAD/CAM system, the author
and his team members have noticed that the following problems are involved in the implementation of
a user interface :

1) There are many development processes and a large number of specification changes.

2) No wide difference is found between system in their implementation.

For all that, we have gone through a huge number of development processes for similar programs so
far for every construction of a CAD/CAM system.

To give a solution to such a problem, the author and his team have created a user interface manager
which, in developing a new system, helps to easily implement and modify a user interface, and further
provides availability common to related CAD/CAM systems.

This paper describes its modeled operation rules acceptable to all user interfaces, and its implementa-

tion as well as its representation forms.
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Tablel Function of command control
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Table 2 Function of input control
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Table 3 Function of 4-part in single graphical input
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Fig.2 Example: Command scenario of ARC-DEFINE command
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OMS/B—A Descriptive System for the Direct Manipulation Interface
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Abstract With a recent growing acceptance of the computing system, including the workstation,

1.

2

equipped with a high-resolution display and a user-friendly pointing device, the direct manipulation
interface has become a focus of attention as a user interface operable on the interactive system. The
object manipulation system (OMS) is intended to form a methodology by which to describe this graphics
-based interactive system.

This paper provides an overview of OMS/B, the basic system of OMS, with some examples also
included, where the objects to be directly manipulated are restricted to those of the Commom LISP
Object System (CLOS). Although its development was done on the KS-300 series, OMS/B is so made
as to allow an easy transplantation to other Common Lisp implementations because it is described with
the use of CLOS and CLX.

i L & (<

REERTREERA VT 4 Y I TNARABHOLEERERI VI 72—
(Direct Manipulating interface) iX, WY AFADA V¥ 72 —A L LTENT
WBMN L, ZOBNLRE R OREANGE Y X 7 A 28R T 5 FERIIHETL S
HTwiyy, OMS(Object Manipulating System)” iZHHERINEEY A 7 A DTRE
HROMILEHEET YO TH 3,

OMS/BiZ OMS DEEY AT ALATH D, ZDEEREDONSE % CLOS(Common
Lisp Object System)® DA 7 =27 FIZEEL D TH S, OMS/B Rt 5
BHE7HIERSEL LT Common Lisp® #, "4 Y FoyX74ELT X Win-
dow System**! ZFWTWw 3,

AR TIXEBRERNA VY 72— X2 FEONEEY X7 A% OMS/B TR T 335
BOEABETH 2R R 2L 2B T2 SHHAT 3,

. E X 8B %

OMS/BiE LispA 7Y =27 b DT 4 AS VA NDERRFEE, K VT4 75

* X Window System i3 MIT OBFEETH 3,
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AATEDRTEERLEDS S DBREAEL2ES TR TELA VI 7 = — R ki
5. BHECEAS A 7Yz 7 bOREEZHRR (view) LIRS, 2L T, —D2DA 7
Px7 PINMLT, ARHCEBOFRERGES RSB ZL8TES, Zhid, —D20F
TVr7 b, SELERRRFENEZSGNEDOTHY, DA TV =7 b
RRENIHEFC L > TENICHL LR THERRR L L SERBTH S, 2047
Y x7 bDRTRFER2FERE (viewtype) IZ & > TEHET 2., OMS/B Tl 7Y =2
FERRT B, BRI L > TRRAERIEET 3.

Elz, ERBRRA VT4 VI TFNRARERHVTIDAT Y =27 P OFREIR
L, ZOA 7Yz 7 PN UTERER{TI LB TE 2,

x BR

A7V 27 bORTTE, BLURRERA VT 4 VT FNA RCERIET 3 58:%
BET 5 b D% RRE (viewtype) £FES, FKRENE 2 5 AL TEET 2 28T
& TDI77ARETEF 7Y =27 (EDIFADA Y AY Y R) #FRT BRI
Rweond, £/, REORTHEEBHBOI FARNLTEHETLIENTES, &
DHETIE, HBI7TADA VAT VAN, FORTHTHRRT IR, 2075
ADA=N=7FADIHT, TORTENBRINTOIRLEENL 2 5 RTE
HINTWIRTAESAVSLNS,

e ziE, 2REFELOZRRT 7 5 R point L TIRERBEERTCERT
% cartesian-view REBEEEFN TRERT % polar-view BE X Sh3, ZORZ IR
point IZi3 =D DFRRE cartesian-view & polar-view 223, ZD kI, —
BZIZ—2D 7 F AR L THBOR T2 EHE TS I L8 TE 3,

2N, HBR/EDA /Y27 PR L TOABEMRFRALEET LI HTES,
77ACDAYRI VAT RFRT I, 775ACHIVRATY 2 ik
DRRFBDS bD—DRIEET 3,

3.1 % & ®
FKrRAIZ < 2 0 defview X VW TEET 3.
defview D31z,
defview (var parameter-specializer-name) &body body

ThH5, body HTWE var L o TRRT B VRS VA RBET 22 LN TE 3,
parameter-specializer-name 17 7 X & £ 7:13 (eql form) TH Y, HiFIXF#D 7 5 A
KU TRREEERL, BB form L eql oA YR F ¥ ADHHFRAEER TR
BEEHRT 2. body i~ 27 0 make-view 2 FILTHRFE XD & 512175 Db %k
T35,

make-view DI,

make-view form &optional viewtype &rest options

THY, form %7l L 72 #55R 2 RREY viewtype I2f > THRET 3. viewtype H1485
ENTHEEITRT 7+ 1V b OFREZH\ 5, options BETROMBERIEET 20
IRV 3, IEMEIZIZ < 2 O make-view 13 Z D5 1 5| TCRE N7 form OEERTT
50T R <, 20 form TERAI NI FHONBTE2RRFLTWEDTHS, FLT*
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O form %S setf AJRERIFEIZ, KA VT 4 VI FNA R AV TEOBEFOMEEER
TE&2LIKi5,
3.2 RROER (F3A4ALF)

defview @ body TR E LTV % make-view iIZ L o TIESO LB DR T %
BIET 3012+ 7 0 with-aligned 235 2.

with-aligned DHESCIZ AT OED TH 5.

with-aligned (direction &optional alignment tabular) &body body

direction i ¥ — 7 — I : vertical & 721 horizontal T% 1, body i@ s i
make-view IZ & > TIES W2 RO F R A2 FRAIZHET 5. direction 23 1 ver-
tical %z 5 1%, alignment i3 : right, : center, 3\ i : left DLW FRLDF— T — R,
direction %3 : horizontal % & i, alignment i3 : top, : center, 2>t : bottom @
WTFRPDF—T—F T, FHEFH, body TR E N7z make-view IZ & > THES
NAEBORTOMBEERHET 5. 51T, tabular ¥ LT EZRF—7—FDY X+ %
HET 3 kickb, with-aligned iz defview @ body R CANFIZLTHWS Z &
EHbET, 2RTORBATHIRRTIIENTE S,

FRMMFRLEVEREEL bicern

make-fill &optional &key width height

ZRAEL Tv 2, make-fill % make-view L &b¥THS Z LTk D, IFADFRTHER
BEHETHIENTES,

4. RRBOEHRH
4.1 2RTFAEELENR
Tz z2iE, RIKABRZ 5 A point iU TO LS CBETE 3,
(defclass point ( )
((x :type number
:initform 0
initarg  :x
:accessor point-x)
(y :type number
sinitform O
initarg  :y
:accessor point-y))
)

IHhIZED, 7T RApoint DA Y AF VA picHLT, xEAE, yEBErHT ATy
hDfE% Zh Zi(point-x p), (pointy p) TEETBILNTES, ZHEDAY
v F2RAWTZ 7 R point iIZxf L T, EREIEHRIC & 5 & RE Cartesian-View % &
#75,

(defview cartesian-view (p point)
(with-aligned (:vertical :left ' (:left :right))
(with-aligned (:horizontal)
(mape-view “x JB1E'"")
(make-view (point-x p)))
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(with-aligned (:horizontal)
(make-view “y FEE"")
(make-view (point-y p)))))
RIEZDAYRY YA p L THBEEHATERT 22002V y F 2 EET
%,
(defmethod point-theta ((p point))
with-slots (x y) p
(atan (/ y x))))

(defmethod (setf point-theta) ((p point) theta)
(with-slots (x y) p
(let ({(rho (sqrt (+ (expt x 2) (expty 2)))))
(setf x (* rho (cos theta))
y (* rho (sin theta)))))

theta)

(defrethod point-rho ((p point))
(with-slots (x y) p
(sgrt (+ (expt x 2) (expty 2)))))

(defmethod (setf point-rho) ({p point) rho)
(with-slots (x y) p
(tet ((ratio (/ rho (sqrt (+ (expt x 2) (expty 2))))))
(setf x (* x ratio)
y (* y ratio))))
rho)

INHDRAY Y FIZk>T, fRftheta ¥ 3F (FHA» S DIERE) rho ik zhZh
(point-theta p), (point-rho p) &L LTEHWET 22 L3 TE, {1 YAF VR pEdHlz
bR theta ¥ Erho 2 A uy FLTESHD & DI/ e TEB, #LT,
FORE polar-view BRI TO L > cB&E S 3.

(defview polar-view (p point)
(with-aligned (:vertical :left '(:left :right))

(with-aligned ( :horizontal)
(make-view “{RA")
(make-view (point-theta p)))

(with-aligned (:horizontal)
(make-view “3{E")
(make-view (point-tho p)))))

4.2 YR bDORREG

Fnil THVY A Mt cons tADEED ERZI LV TEZL, XEFIDPRI S
ERRICFIERB 2 b T& 3, ZhoDREE2ZNZH cons-view, sequence-view
ELTUTOES CEET 5,

(defview cos-view (cons cons)

(with-aligned (:vertical :left '(:left :left)
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(with-aligned (:horizontal)
(make-view ’car)
(make-view (car cons) (if (consp (car cons))
'cons-view
'default-view)))
(with-aligned (:horizontal)
(make-view ’cdr)
(make-view (cdr cons) (if (consp (cdr cons))
'cons-view

"default-view)))))

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

IhEHWT, (foo (bar baz) quux)’% cons-view THET 2 &

car foo
car bar
car car baz
cdr
cdr cdr nil
car quux
cdr
cdr nil

D LS5, sequence-view THERT S &

foo

(bar baz)

quux

DEdiciz3,

5. R B o # %
HBIIFACDARA—IN—I F AN L TCERINLBREEHANT, 25X CD4

VAYVARABRRRTBIENTES, ZDH,0MS/B TIREITIZRAS & 5 i
MRBTENEDCEETE 5,

7 7 A T ZFERE default-view 23D, TTD LispA7Y 27 Vi3 25A Tz
BL T3 DT, FRE default-view 2FIWTERT 2 Z L 3T 3, £78 default
View 3 7Y = 7 b 2 ZOHIERBETHRTT 3.

standard-class D1 > 2 ¥ > X (7272 L standard-object E 13 ) DT RTD X
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—/N—7 3 ATH3 7 7 A standard-object i3 F R instance-view 2D, F5E
instance-view i3 Y AF Y AR ZDI7 T ARLEDBIZTRTOAT Y bE L ZFDE
BRTT 3,
FRAY instance-view DEHIZUTOED TH 5.
(defview instance-view (obj standard-object)
(with-aligned (:vertical :left)
(make-view obj) ; default view
(with-aligned (:vertical :left '(:left :left))
(dolist (slotd (class-slots (class-of obj)))
(let ((slot-name (slot-definition-name slotd)))
(with-aligned (:horizontal)
(make-view slot-name)
(if (slot-boundp obj slot-name)
(make-view (slot-value obj slot-name))

(make-unbound-view (slot-value obj slot-name}))))))))
[FItRIC defstruct TEBE SN BT RCOWERI SADRA -2 FRTHB 7 5
A structure-object IZX L TH, DA VARSI VASEEEHZ L L b IRTNTDR T
v bRE, ZOEERTT 2RFE structure-view BEH STV 3,

6. 1R PpETFHIaY
ZD &5 defview E AN TRRENLERIINL T, HFREENEZZERELT
& ORA VT4 > T TN AOBE, QXA VT4 VI FNAADKY YD up -
down, @F —R—FDF—D upedown, EWBE2 N3, ZDEILRFALTF 4
TTNA AR F—R—FOREBOEALE A R b LR, 4R b DSF4: LB
TTINRSWBET 7v 3 v EFER,
OMS/B Tiz, UTD7 7 v a3 v #HAAHTREL TV S,
O RROBE
@ #HRBOEE
® FROWHE
@ FROEY
® A YRYVADEEDBIE
OMS/B Tid < 7 o define-mouse-action # iV THRREINT 27 7 v a v %R
793, define-mouse-action DI T DB TH 3,
define-mouse-action key string function
key TEERE NI/ RV I BRET B L, A RV I MFELLRR(L Ry by
LIRZRA VT 4 Y I TNA AR EATWAETE) 251# L LT function TIEE &
NIEBSRUHENRS, stringlid A= a—52FRT3BCHEwSRS,

7. OMS/B mR¥
OMS/B RBMEMEEERIZAN, THLRYFHNRZY AT ARAOTEEINRT
Wa, 74 Y FY¥RA7 A MIT © X Window System %%/ L, Common Lisp &
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XDA vy 7 x—2Rik CLX®, CLUE® %Rz, %7, OMS/B Dig5ki: UNISYS
KS-300 > Y — X k. Common Lisp % B\ TiF- 7=,

#Tix CLUE @ contact 7 7 A & LTEH S TWw 3, Contact iZ—D ™ 4 > I
VYATATOIEZBDV 4 Y FORHEYT 225 A Ths, %7272 u defview
RENMBEEINL 7 7 A L RRBLIIN L TEE (specialize) STz AV v I
make-view-internal £ L TE&H S 2, BB make-view-internal iz RE D 4
YRY YAPBESNBRICIFIE N, ZORRTHRTT 5 XTI L 2 DBFHcHT 218

WREED D,
8. S nHEE
OMS/B DEBITNESHOBEELT, UTOZ L3227 on 3,
1) X=a—e RROEEETCHNWT WA A =2 —{3, CLUE p38fit4+ 2 2 = 2

=AY 7 2—REFHLTWEN, X2a—b5b2277R (22 EVYR L)
ORFBE UTRAMGELBbRS, 25 T2 2Lk, Aza—HLTH,
LY EECRELHERAENERT I LNTE2THS ).

2) FROEH - OMS/BOMRET 2 HA VT 4 VI FNL AL BA TS 2 7
FOBEOEEIZDVWTIR, 2047V =7 bOMOET L RABCEF 2175,
Lo L, ~BRICRERZESERLLBEROBERELTREIZA 7Y 22 b0
BORERFRZEIRBE Wz, ZOBETE, FRERERNCETOES
RERETLRTRER 2, IheE@IT210), BRLTVWEAF TV =2 M iz
HUT, BHNCEBECEESZVLE I bR LESHS, LirL s
REZToROTRY AT LADAFNBSKEBEZDT, BIRFErE L 2 0EH)
55, |

3) EIBRR---OMS/B TRFETIIXFEFNZFCHIR L7248, HBELHRD—
HelTavdzrBcshid, FIRBEEIRSSICEBSTHSS.,

9. & b U T
FHL, EEERY THEEMRETRITEESHER SH X7 AFRE COBH
BEOD b L ifTo IR ET VTR 5. OMS O#EY A7 4 L L TD OMS/
Bid, EFEEESHIRTE 5 Common Lisp % — R 25t L7208, BRBOEE
BB EHRLIMITHY, o 7ur 53 YIERLETHLHREBHTE s L BD
s,
AP 21 257 2— 22 BET 3 ECO—BThiZEnTH S, BRICS
CORERBEYE RO REORZARESEY A7 AFRERZ 5 VI FRETEY
CEHOBEERL 2\,

£ZX# [1] B.Schneiderman, “Direct Manipulation: A Step Beyond Programming”, Lan-
guage, IEEE COMPUTER, Vol. 16, No. 8, 1983, pp. 57~69.
[2] G.Steele, “Common Lisp: The Language, 2nd Edition” Digital Press, Burlington,
MA, 1990.
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UNISYS 1) —X2200/1100 ¢> Common Lisp ZLF8%

An Implementation of Common Lisp on UNISYS Series 2200/1100

X B — X

B # Lisp3ESAEAZOEEL L THOSHEICRAVWERER-TED, HE,

FAN—P VAT LAEDAHFCHEASNTE T3, 34, Common Lisp & L TSI 44D
BRIESEDONTEY, 7= AT —v 3 2 PLICMER SRR CTHRICHETETwa,
bhbiid, UNISYS ) —X 2200/1100 £ Common Lisp 7 7V # — 3 3 > 2 B &
DAL, MERDOBFE 2D T3, 2200/1100 Lisp i, Lisp & O{REMMEEREL, o
INRATREDREEEE Y — S v VT B LI TS O—F R L o TWE, ZDOMI,
Common Lisp fHfRiZ& > eSO 54 75 Y, BX U Lisp DEEREATHZ A > 5 7Y
% % Lisp HETHRL T 3,

AT, Lisp 2 oW THIBLICA, BAFSH D 2200/1100 Lisp i2BIL T, MERDOARIC
DWLTHEMNT 3,

Abstract Designed for symbolic computations and possessed of many distinctive features unavailable in

1.

any other programming languages, Lisp has come into use in such areas as symbolic algebra, expert
systems, and so on. In recent years, Common Lisp, a dialect of Lisp, is on the way toward the
standardization of its language specifications, and several good implementations of it have already
appeared on the market by degrees for main use on workstations.

Nihon Unisys, Ltd. has been in pursuit of an implementation of Common Lisp with a view to making
Common Lisp applications operate on UNISYS Series 2200/1100. The approach employed for the 2200/
1100 Lisp is such that it has a Lisp-oriented virtual machine implemented, allowing a compiler to hit the
virtual machine as its target. Along with this, Nihon Unisys has developed a variety of Lisp libraries
which meet Common Lisp specifications and a Lisp interpreter which serves as an important feature, all
using Lisp itself.

This article presents a brief introduction to the Lisp language, and an overview of the 2200/1100 Lisp

now under development.

i L & iz

IFAN= MY RTLBEFEFTERACORB2AZ T35, FIFZOH &R
NELZFANR— Y RAT LB EHATE 2BBICRE->TWRYL, ZOKEZE
RO—DE LT, TFAN—bYRTFAEKLZEERENTH 2 TSN < F|
ATE2RBICE W BT onD, LiC, TEMELERLT2 Lisp 388
LTk, EF L% 5 08%1 Lisp BRON—F v 2 7DMICIE, 7—2 R F—v a3y
LORBERBEIRLENTEREZZTH B,

~H, AAVIV—A PR INRTRERSNEEAR T 7Y r— 5 Y OBE
BHD, TNOZENLTZF AN Y RATFLADOEREEEZ 201, A4V
V—ATORMEZEZ 20 BARRETH S, 72/ L, TFA—F Y RAFA

122 (668)
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KRS F, YATLAHMRBOREBLL TR Y- AT —vavDhARAL Y7V —Ak
DENTEBY, V=7 AT7—varTHERZITY, A4 Y7 V—ATZOER%2ITD
EVWS ERESEENTHS., ZOBARIE, V7—2RAF—Yar b ALYy 7 V—AT
A—07a77 L0838 ETE2%51F, ZALOBETOEESBRING., 22
A4 Y7V —ALTLisp LEREBREI 2B RLND 3,

LH T LispERY—2 A7 —v a3 YYUOBEREERToTWaR, LHELHWSS
v M7 4 — ATEBSNE, DOTIRITF A N— YR F L%, FIERAECR 2 X
IHEFEED TS, ZO—RELTHHD AL Y7V —AaTHB Y — X 2200/
1100 B2 77V 7 —v a v OETEEN L U Lisp DEROFR2T> T 3,

2. LispiZoWT
2.1 Lisp D4 #

T E WS BFOS L3, Lisp TRXFOFITRENZLHDOZI L THD L&
ZTdw, ZDOHR% Lisp Tl ¥y v RV LIRY, MBOEAKLEMTHD, —20
T—8THE, bI—DDERXNLTF—FRELT, F—F % 1RTILE~RLZY R
F2BB, YURNEVRA P ERAOWTHANLTTWL ZEIZEY, AEEDZWITS
SIEMR T - I EERER T LN TE B,

Lisp DD 70 75 L FFE L bR T o LB RISRTEY TH 3.

) a5 7—2DREAMBE—Lisp TR7UT S L%2HRT2hH2
WizRIR Y A P TERER, Ful 5 LAHhOKENEY Y ELTH S, Lo T,
777 hw TS LTHRI CEBBRIITE S, Thid, HER~R—A 2
TR0 77 A2MBE LTRSS & 5 iR 2 AR 2 TR T 3,

2) BABOEREEMNCEEMRELisp Tl v F AV Lav04 5 25b,
ENSEMATEILBHEETH D, 20D, 415775 5EHICERO
EBEEERTIIENTES, i3, 7o/ 5 L2 BEHCHERELTOLES
HEBITEUTH S, :

3) F—FATY =7 HEBHOBERERE B DAL S EFERTE S
0oL, T REMTAERE TS ROBEBHIELTYS, 2h
WXL T, Lisp CR7T - BB HER->THY, MIIECTAERERS XS
7T LEBELIENTES,

4) BWhix=r7uErRE oS SvHEENC IR EET A LIRE -
T, SRR EBHTITI LN TES, v 7 a3V —A7al 5 60—t
LTEREASNZ2DT, EHEELTERELIC WIS BB EERLT 2 Z L 58T
&3,

5) X EVEEESEENERIME SRR THEE—IZ, Lisp D715 LTIk
AEVDOHY BT/ IBBRERT 2LBRIRL, F—F47Y=2 b
PESN BT AT Y HEWZHY S Tohb, 2/, fihoBBEIALLL
ol T = F TV MR, A—RY e aVvrvavizikoTHBNICERSA
5, IDZERTa7IROAHEERERELBRTEILNTE S,
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2.2 Lisp® [t A

Lisp R BYIIR EEER 1T 7075 L 5EE DB ENLEETHY, 20
7eHDT—IBEELT, YURANLV**LY X M BRAEIN, ORI ALAGEREHEO
SF2RLCHERBCEDR, Y—A, IRy DY IaVv—yay, KEEER,
EORBILFAN-I VAT LAZEDOHERBIEDLNT & . $RAUEDOLETF TR, LE
W5y, LERMAZOREHED 72 HIT Lisp 28ibh, 1 { D0n0E/E Y X7 A5
FEANTETWHLS,

ZOTHEFL b, KERE TR F T ORGELET 2 7202 DE LA E
Ea@x 2L TEY, Lisp OREZLSHALTVLS, bokb, HEROENIME
B o RHRIC IR, FEMRCHEBOREN 2 ERT 2 2E0EIR, BohiBTLoME
HAT&khol:, LL, HEMOBEHOMLEREZENEDIGHAL 5 3 28 25HRRIIC
ERLDODH 5B,

2,3 Common Lisp &1E#1L

Lisp 3ARAHF COFRABRLTH o 27z, LERD 3 Wid FELEIHREEH
BOFTHRDIPIVEIRBEINTE, TO1D, BELOASR2ELILERD,
75 A0 HEEHEETE I LR 2TV, ZOREL2HEBET S 201, 1980
FEROHPZ 25 KEOHEE, B L ULESRLE R > T, Common Lisp®™¥ » i
Eh 3 EDSELROBRENTTbR T &k,

80 ERDEYITIZ Z ORI KRE TR BELOFREL 2D, S5 TEF ThZETH
TANSI oFBFIEE D Z itk »72, BETY, Common Lisp %R 5 #
EPEED, CofRCETOR JISFROEESED SN TR,

Common Lisp i%, B4 7 — % &, @2 HIEEX, D74 77 Y B % Lisp
DFFOBMIZD 2 SV RAATVRS, LHLESS, AEDHERD L L TOMEEL
5, FEBCARBELEHE LR RZ-oTWS,

2.4 Lisp7—5%

Lisp (LISt Processor D#&) CED K>S F—F i3, ZOLZRBIRTED VY R b du
T#H 5, CommonLisp TIZ, VA MUH B HEL OF—FBHEZAELTEY, #O—
EEUTZEAT 3.

£7, BELBOERLLLY VRV THS, ThiZABRTERL, RUARERD
YU RNVOHE— R MERMBPRIEL T3, ZDhd, 77V r—v a v ONRIEF
DHERELHTETZHZAVSH, 7077 A0hTCOERSL, EREERTLD
CHbAVLND, BR2XFOFTHANFINL Y YAV L ERIOTF—s B LTH
BahTns,

BROZERMBSHEHHRD T enTE, BE, WL O20RBEDOTE/INUIE,
BIUEHRBEN 778 UTHESN S, Lisp DR E LT, SERER, FHEHK
BHAEINTBY, LB BWTEIZRELTWS,

Common Lisp TIZZRTOEFIBHEBEESNTE Y, XFVNRXFE2EXRETS 1
RITEOEFITH S, £, 1RTOBEFIERZ Z LIRS, VR PG TEZRDT]
ELTRYRD ZeHBTES XS ZHBSHAESA TS,

oy v D HERHET b ALIRE N,
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Lisp Tix, choD7F =347 27 F DIEREDELBEDoNTBY, 1

TSLMETF—FF T2 b 2TFFAL « 7740, BEAHRIZIHL THLISE
ETBIEDTES, £/, —EEIHL OETRAAATRIC, BULF—si#8

PESND LS IKTRIN TS,
2.5 Lisp @ 8 #1

Lisp REABEISE L LTOHER2RH->TE Y, Yus/ 7 AER0EI Y L LTE
HEINDE, 7ol A0 TREHEZFEUHIREZMMET 3 L L > TiTbh 3,

ZDEE, BBCSIBESXTHRUCHT I L2EREED.

Lisp OB 5 A VR LEN 22 L TE Y, REIKLFERORX» 54225, B
BEEAT 3 HER, 7 A05HELRIEN 3 BRNERCE TV T3 fibuniks
EALCHET 2 L, BROBERRFEORZE TN B EFIHROEREEBICEZ S
NLHBIHTCEEHZT, SSRFET LR >TiTbh3 (H1)., 2hi25 A

YHEOHBTR—Y + V¥ 7y a v RATVS,

7SI ARETT IR, —RECRBEDLIIRFEFTR—F - YF¥rvavyk
T2 »DOIWENLETH 3, Lisp Ti&, FBGEA O3 [$% icFHE 3 5 Call by Value
ERENZARERAL TS, Thbb, HIBEER2ITIHEIC, TOEIFHK
ELTEZoNTWAARE S BEERATHO I, ZhERICTHEi+ 2 L8 nd 3,

AVF4maT—va Y ERENAEE*ERAV3 L, ZOEFRHEBECRET 2 2
ENRTED, aVF4=aT—yarild, 7ul 5,0 THRODEEATERE
BIZETIRESOS T LORERVIVELTRLZODTHY, BHEOY T NV—F
VEUHLTOEBEMERFEA L DOREY TS, Lisp Tk ZDavi 4 =ax—
varbEARO—BL L TRV ZenTESL(K2), avF4=az—vark
w2 LR LESE, 7uy 2 b2 Iro0lHEBABEAL L TRETL L

DITE, LERLHEET 3R SEOHEBE DR —HR BRIz 50,

(defun foo (x) ; B ER
(+ x 1))
(foo 2) ; BABoER
= (+x1) ; BB OBERL
= (+21) i Atk FHE
= 3 ; KR

X 1 Lisp ORIER
Fig.1 Function application in Lisp

(defun bar (x) i BHOMBOEE
(* (+ x 1) x))
(defun cbar (¢ x) ; IVTF4Saxz—vayv
(+ #' (Lambda (v) ; NSk e AT
(*x ¢ v x)) i XOMBREHWCRE LA
x 1)

M2 arFqzaz—a3rEAW-RAN%ES

Fig.2 Function definition using continuation

Y FUsS LASEORTHNERATOIYF 42z —vaYERLLDTH S,
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3. 2200/1100 Lisp & X 5 L4
BAERSEH D 2200/1100 Lisp ¥ A 7 A1k, UMD A4 YTV —ATHZ LY — X
2200/1100 LTS 3 Lisp Y A7 ATH B, ¥V —X 2200/1100 D7 — % 5 7 F 4
DLz, Lisp A& ORI EZERL, 20OREBBRESY —F v b L3320 ,845
EHETI LI 7 u—F R oTn 3,
2200/1100 Lisp ¥ R 7 A%, UTFIRFRT &3 5Eob BRI TV 3,

avRg4 - Lisp 70 7" 5 A 2 {RIEBIR CRITTEE R B Ic i 5.
TYIALYAT A RIEBROEEE S EH T 3,
S475Y . Lisp DfH &5A & BO%EE,

IhENIZRTERIDLEI i 3,

702X : . :
a8 H2 B S :

IEEPETX ]

747703

7 7 A N

Lisp7— /27— 3> s X B

3 2200/1100 Lisp M8
Fig.3 System structure of 2200/1100 Lisp

3.1 SUIMLLRAT A

TYIALYATAZ, AV THRY—Fy b T BRIERROBEE S FIHL 12
YOTH 2, (RIEEHIE Lisp CRWEF 7Y =227 b2 F—5 L L, 22l DES 5
FEERGTE T AR RFEBTE 2, UT RSB TR 7 — 2 OB, ]
BRROBR, FERROGEITOVTEHT S, 205 L, HKOHE, MHOWT
UCHLODAE, AT VEBRIZDOWTRS,

1.1 F—9F7 o bORA

VAL EWET 2 VEDLiIspDF—F 4 7Y x2 M, BEAEY Fzh ok
SOFHEERL, THIEHT RS L LTEBSRE, ZhicHLT, BEE
BHEFRATVRBE L 3RDES %L, B4 VI DbV ETF—FEZDbD RO
EPTEL, MIBERAVIA TS 27, BEEAITAT— TSV LI
B, RITFIZT =547V rOBOHESDETHZ Z b s, 84V 2f@s
POFTT - HWOBERSEEN T2 O0EHETH 3, 2200/1100 Lisp TiE, =D
—H%E 7 — S RIFROLDHEAL, BV ET VAL LTHEET 2 /54 >4
ZHOWTW3 (K4),

T=PFTV2I FOLHDAENZHRAS LBEDIRE, ZOFFLADT
A—NVERLEEZRSRESLBIEMNEE LY, ¥ Y —X2200/1100 D7 —+ 5 7 F
YT, TRV YU TR VEBRFIL 20 7 DIBE N7 FV AR EEL
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e+ 35 ey 23 b0

DI | R 7T OF L R

E4 s7F&RA5DORER
Fig.4 Tagged pointer format

92— A VEE ‘_7

Ry 7 W
v 22
XTIt - A€ [::::]E——a R4
[ ]
[ ]

X5 REMBR7—F70F+

Fig.5 Virtual machine architecture

BINERZ SV, F=3A 727 POBREBBERIIE ) bRk, YY—X
2200/1100 DHRE—FPTIE, —DD AV ZHT U Ey FOMENT KLV R SHET
Lo, BRRTB T TV 27 b 2—DD DNV I (F—=F 3y 2)I2iBY
FigEEE-TEBY, BRI6MEOZMEFERETE L5 1CLTw5,

TR, DNV 7 R2ERTARICREAEY BT IThER SR niz D, EEX
NTVLERAEVDORES K I>THEBRFEATES 2 EMOKS 2 3EHING, &
NEENT 2720, =54 7P 7 bOBIZL o TD NV 2 2 DET 2 551
HLTWw3,

3.1.2 R A # ®

REBIR, REVYXI*, a—p V48R, X5y 788, BIXUF 7Yz b
AEY 2ROHEBE L THEFIRTHL S (F5),

F—F DBRE - EHZTI 2DITR, ARS VPR RELVYA Y Ica— R4 3 0H
VH5. BEROFUTHL « BEROBIZ, 5IfH20iELE L ot o —7 Vs
ZRWVS, AZ v @B, avFamaz—vay, Z20ORDOEKEBE, FEHR
DR TET DDV A D EERT 2720ICHV3, REVYRAYIR, HEOL
FAIDEERVTEY, ZhEhTF— S RMOBERE L UF -5 472 22 b O
TFVR, 53075 2DbDOEFERT S, o—AVERR DY 70X E VH
BEERL TV, CThiBHVIRAS 2D YT L5 T ISRED LI
FrEs,

* eI, REOVIYRIERFITERDIREL VXS LS,
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$EJECT

. Module for function TAILP.
Entry point F204.

$(3)

1_49 CDVTOP - Start of code vector for TAILP
E_52 $EQU F204-FTOP
F204
WMLOAD VO, CONT
WMSTORE V0, ARG2 .
STKENV Vi, 2 . Stack Environment Allocation
VMLOAD V2, ARGO . SUBLIST
ENVSET v2,v1,0 .
WMLOAD V3, ARG2 . ARGS44
ENVSET V3, Vi, 1
WMSTORE V1, ENV
WMLCAD VO, CONT
WSTORE V0, ARG3 .
VMLOAD V1, ARG . LIST
WSTORE V1, ARG4 .
FNVAR193 . Do1ss
VMLOAD V2, ARG4 L
ATOM v2
JNIL V2, T206 .
VMLOAD V3, ARG3 . VAL
POPSTK v3 . Stack Deallocation
VMLOAD V0, ARG3 . VAL
WMSTORE V0, FUN
SETNARG 1 .
ENVLOAD  V1,0,0 . SUBLIST
WMLOAD V2, ARG4 L
EQ Vi, v2
WSTORE V1, ARGO
RESUME
T206 .
ENVLOAD  v3,0,0 . SUBLIST
WLOAD V0, ARG4 L
€Q V3, Vo
JNIL V3, T205
ENVLOAD V1,0, 1 .
POPSTK Vi . Stack Deallocation
ENVLOAD  v2,0,1
WSTORE V2, FUN
SETNARG 1 .
TLOAD v3 .t
WSTORE V3, ARGO
RESUME
T208 .
NILLOAD VO . nil
WMSTORE VO, ARGS
€202 .
VMLOAD V1, ARG4 L
COR Vi
WISTORE V1, ARG4
Ju FNVAR193 .
J_50 - COVTAIL . End of code vector for TAILP
$(4)
R_51 Lcov J_50 I_49 . Code Vector Reference for TAILP

. Constants for TAILP
. Constant Frame Obejct for TAILP

. Closure object for TAILP
F_53 LCLOSE E_52,0 R_51 S_NIL,DSYM S_NIL,DSYM S_48, DSYM .

6 (RIEHSOF)
Fig.6 Example of virtual machine instructions
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3.3 R B & 4

S, REVYRS EAE) DO T — Y EX 2T, 7T—5 2 e
EET 209, QEORNEEIHT 2GS, BLUMBOMFTHTIZZ ENTE S,
F—EEMRRIELEDOHEF L 22 AT Y, u—b V4, EHEE, Ju—nu
EHOEe Y, BEBFR>THWIERTH LI L > THIGT 2G50 H 5, 7—
BfER TR, 7527V =27 FORBEOSE - BY, T—FOBDHE, F—
7Y =7 bOER, BEFEEL o DD S, G, ¥rrrHmd,
BSE UL, AR5y 7F%28H 5,

Zoftiz, AHA, AV —F 47 « YAF LI NEDLDDOGSBH S, K
fHan$rid, MASM (Meta Assembler) 70y —Y % L LTERENLTRB Y, 20OHT
PRZIGUTH I N—F YIHUFHL 27> Tw 3, REGHOFZR 6 12RT.

3.1.4 BA¥ 8 &

BAfZ, 70—V v EITNARBHRT—IHEL LTEREINTWS, Ju—Y
Y3, AEBETIREGEOINEEDI—RRIIADKR, V5, FOZ Y P YK
4> b, BIUBEKEETT IRCLELHAEROME 2SR, BENTHYS
NBERDE»SRB(ET).,

Doy 7| 1322

B i sy gy | IFN2 2
+
,i T FL 2
R o® ‘—I\E—:l
70—y
err o]

X 7 BAEE

Fig.7 Structure of function

I—FRI7FiiE, EBIZY Y —X2200/1100 © CPU THEITX N 2 BIEEGH
FENTWSD, TORFRMO T -5 27V 22 b ERBCHEBEDO I N7 (4~
ArZ72varveny2)CEbhE, 2Ok, - FRIIDEEDT 7 £ A2,
NV 7ERFLAENT FVRAEBRWS, %72, a—FRZZBEHDO=> YRS~
FEFEDL, EROBEKIZ Yy oHFEINTWS, DD, 7u—Y Oz
IZYPYRLAVIDFT7EY bRFERTWVS,

B, BBOPTEEINIEHNT, BROMITREBEIATHI LODHEEF
7 27:007—-2#BETH2, 707,60y VN TEREINSEHIIEE
R0y, BAROWNMTCEEI N2 u—a VBN, b2wiEarFsmaz—y
avid, 2OAHOT oy 7EBIIECTY Y7 ShicRE2 D,
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3.1.

3. 1.

5 BEEOMFUHL EEB

BEEFUHR L BOMES YT 4 22—y a3 v IRV, ZhEEZEKEL
TH|/S ZeNTEBZ LR T TR, a3 4 51, BEERUHTRNICLER
JGLTCavi4=ax—yay2ERT3a3—-F2EKRT3. Z0aryiFi=ax—
vavid, RUBLAIOEKE a—- PRz 7 2HFLTED, R X UERTHES
HWHEZ->Tn3,

AVF 4 maT—Ya v YOREER, 24 I0AHBEMLTEY, 7077 4LD
DS SBHEANDE Z LRV, Lo T, DA77 bD IS ITAEY
FEEE YU TALERRL, RAY v 7EREFERL, TR ->LRATHRT %
ZENTES,

o—HNVEE, a5 ADRTT AR L L T—RNIES DD EkRORK
WETBZENTES, LPELEKEREE L GRT X RBEEER, A5y 7 TEH
TERVOT, PERZIGUTaVN{ I8 AEVFERIAY -T2 —-F2ERT S
DERH B,

6 ATEYBR(H—<RC L ar:GO)

Lisp Tix, =737 =27 bERA VY F 2HALTEREEN, =204 7Y b
BEHROA 7Y 227 v oBEENS ZEBNFEECKE IS, ZOLIRBRETIR S0
TIRBEVT =TTV bOAERVERETI LR PRVEETHS, 20D
728, Lisp TRAIPDZ 2056, HARALOAEY BHEEENFEOITE 2, ZOK
HBRA—RYavryav(GC) LHEh, oA 7Y =7 broBRINTHLEL
A7P 7 PRBBPAETHL LHEL, ZOHEBEBAATCE LI TTBEIL
TkoTiThbha. GCORLELDY, 77XV r—yaydR7 3=V ATKRERE
BEE-TVAY, O GCOARIHREATETLEM,

Zhoid, GCEITIIAIVITIZE>TNYFENAL VIV A I NBRIDIIHT
53, Ny FEIZGC BRBEIE S IFERT, 77 7 — a v OLE 2 —Rbli
L, GCRITS>bDTH3, ZOARTIE, HRLTIATYZEMBERNICEZ>TL S
LRSS ER T E RS R T B, AV ZVAVINER, 77V 75—y arD
ETEPRTLTA—RY « av o yvar 2P L2380 T, 77V r—yari
ERMcblzoThHiiEN3 Z Lz, UL, BTLTITI 20D —/N—~y
Ko, £k U TOETRBII Ny FRRRALTVL IS IV RICLBEICE S
EvbiuTia B,

Ny FBOGC #TIHN, 7= A7V 2 7 F OEFHH & ZRERICBT 2
SR HEEAAL RN Z GC 2RA 2 AR VER S TWEE,

GCi}y, @v—2 7Y R ZRA—FTAR, Qavrz 747 aE-HRK, @Y
Tr7VYR AT VT 4 VIR, OIBRICHETE S,

V=2 e FUR e AL =TFRE, 7V r—varyIMERALTWREETHWES
7Y 27 VERTEZ—EBNICE 20724, HoffuTtunint 727 + 2HBFH
TWEER DL LCERT 2 HARTH S, a7 F 47 « a¥—FRTE, ATV

* Lisp

DO—HETH2 Scheme T, DIV F4=az—Yari7urIL5008RT2HENHS.

* LispEAV—2AF—va¥ T, IDF—N—~y FENELTILHDON—F D =27 LOIRBLZ SN TV,
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EHEZOEHEIL, 7TV r—YavBBRZO—HARXATY =7 b EERT 3.
GCREETVWEATY 27 bidI—ADOAERYVEMizar—F52LickY, &
BOEME, BXUBBRETI. V77V YR AV T4y ARR, #7Y=2 ¢
TrIZ, TREBRTIRA VIORERFLTBE, ZOEMB 0Tkt 7Y
ZMRMDA T2 bSEBREENTVLRVOT, BAFAT 2w 30TH 2.
INHDOFREZNTN—R—ENH B, X)) LHEERE - BRTE22»
B, AVNI T4 v 7 aE—FRABBAE T LAV SNTW3, 2200/1100 Lisp T
BRATYEEBBREPEEINTORLY, aV87F7 4027 « at—FRe2HH
TH5IEZFELTEY, REMEFZTTIHELTnS,
3.2 aArng4 S
3.2.1 a1 SHEW
a4 ZOEMIE, VA N TREENL Lisp DY — A 7025 At L TRAEHE
WCRITARLZMAB LIV T— I 2EVHT 2L TH2, ZOBBTHRXLEDESH
Z 217wy, Common Lisp DZXEOHIEEE R 2> X1 FBMOIRI Z&DTE2HE
FERHEBECRE SRS, AL, 7947V =27 bicBT 2 8RELREGS
E1M1EHIEST S 7Y 37 4 THEBOMASDORIERT S, 72, a1 Vi
CRONBBERETICRITHITORIHHEO—FEITI L THS. Zhizvb®
LRELTHD, ETShudmwg2RELLD, EROA» S HERZHEL
Teh T s en—KiziTbh3,
Lisp DFBEITIE, S5 EBOFUHLE2A v I74 Y ZBELEY 7— 5 BDEH
RESOTHHZEOHNERELIZD T 22 0Tbh 3, LispDOY—AF s 35 A
XY A MTREEND D, 3/34 5% Lisp HETERT 2 O0BFEL 2TV,
2200/1100 Lisp ® a2 >»%4 5 b Lisp TR L T 3,
3.2.2 av(SOMIE
2200/1100Lisp2 > 734 7 QEIE, UT OB 2iE> TTbha, 2035 b
- FERETOBRBIX, o Lispa vy $4 3 THIRIZRICAERTOATL
5*[5],[9}~[ll].
TR
V—A7us 5 hADREE
BB UH L oER
EHER O
i a— F &R, Rt
RAEG A R
TFHRENR T, TuroeRNEHKLLY20, BIUFarv 4 ST~ r0
DEREZITV, BAIORMKEI2TTEZ 2175, V—RA 7077 A0RELTR, E
BADOEHHE, BBOA I 4 YREERT*, BEFCHLORAT, av74=
2aT—yavEROLLERREBRL, &5KERSBOBR T2, Bia—F
ZERT B, COBRBETS 5ICRFRBELETY, REVYRSOEDY YTE2TOR

@O ®06a06

* 2200/1100 Lisp 2 >784 91, FXEUZ £ > T3,
M EOIEFSRERICHELRWR—Y < VY7 v arvD—REAVIRLNVBRITILDEELIONS,
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3.3

3.3.

3.3.

3.3

o {REmNEERT 3.
SA4 75

RIS E shiey—7 v b T 5 av 34 Iahhid, EFECBShbOTI
H2W, Lisp 7075 8% XA VL TETTAIENTESL L% S, Lisp L
BRELTE, /Y8 7VIBLVIA 7S VEKERBLZL TR—ARTI L@ 2 S
W, IhoDT4 77 ) ERIRERGS L EENIET 5 7Y 27 4 TEROEAE
beTERT2ZENTE, Lisp7ul S LTHRETAILNTES, A9
V&Y, YVAMTERREWL 705 02WMOFSOT, Lisp TERBT S LMNTE
5, AVIFVY, FA4 77 VEARERMOEETERT AL LARETH S, H
&, RFO LT H» 5 2200/1100 Lisp TiX Lisp B & TR T 2 k2R L 1.
1 F—50NBS(4T77)Y

BEDF— DT —5 #WMOIKD> 5477V £ LT Common Lisp BEZHL TL>
2H0IE, VA MU, XFEFINE, EFILE, 77— ORTERENHS. Y
2 MAEIZBEL T, 7Y ST 4 7EEKELT, VA MOEZEERD HyEKsH Y,
INERAWTYRA IOV, a€—-FRT5880H2, b, ERY AL,
BV A M REOFESEE, VA MERERE L TIRYRSBEEEDH 3.

RIS TE 2 BZEOBEIC L > T 25 DEENH 24, TP 1 KRTOBE
BOBEFROSRIZ 7Y 27 4 THRTH 3. ZRITEFIB & CERILRBFTEERRE
REFIX, BEEFIEIE Ty 7 bIRiZh A F—FE L, 1LIRTORZ Y TREALTE
D, ZHERDHS B Lisp TERI N TWS, XFEFIEL TR, BEROMD H
LBz 27Y 374 7HE UTRIEBBRSFEEL TB Y, KXFNFEH
ZESATIVELTAELTWS,

Fl, RZ7FEVRAPORFIRL 1RTEOBERDOT|IL LTIOERD T8 TE S
MEEEEb BB, i, traEEzsheREOBEREROGHLREY, BMORK
WeDT2HDTH5,

2 BERES173Y

BEEECBEL TR, MERELLMAEES L UAMNEEERREGY TERS
htwd, MEPREELUTHETE 3 &5 2L, Lisp CRMER{TI Pus/74%
BLLENDS, Zhoid, NEENHIBEFRIAV M ITL-oTA VI VR
B2 ZiiE> T, BHHELRELLBREHLTE2BE5»8H S, 72, Common
Lisp OfEA T3, HEEIE, =ABKEORFZBRLEATED, ThHDHKD 5
A7V ELTHRET2LEYND 5,

.3 AHAZAT3Y

ABNS 475V, F—F A7 Y27 b OHAMRE L ASERBROMOERETS.
oMz, 77 ANHBVRIEEARIT N, ADSXEDHTT -2 2T 55
ENBD, TORHDOTF—FA 7z PELTAMN) —L03HB, TOA MY —A
DM Y Lisp TERRENTE Y, EEOAHRNIZITI 7V 274 THEKERVTW
%, Common Lisp Ti&, 7 7 A VEERTT—I 3727 b ELTHRRBEFITN
2H0RERTS, Thid, 774 VEAEZOBRBERICHST TEETZHOT, X

* B

YA TR F—IIHUTERERLTBL IRV A ML T — 18
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FHITRBE SN 7 7 A VEAREIFF21ToC, NAZA 7Yz 7 b 2EVHTHE
&% Lisp THEL TWw 3,

3.3.4 tDtDZA173Y

Common Lisp T3 ¥ Y RNV OHE—UR2EE T 2720 DRENNYy 7 —Y LEATL
298, Ny r—I T AHEED Lisp TEHLTWS, Ny yr—Yik, YUELVDH
HiEF—ET2NYyaRTHD, ThINTIRE, BREBVTLBEETHE, &
B, AVIFVIEG, BLUZEDDD~ 7 uBEKEES % Lisp 54 75V D—
W LTHEL TS,

4. AR O R

2200/1100 Lisp DNEZ BT & fe 3, RETIRZ OFEFKOBEIZ O W TRz
W5,

4.1 B R ¥ 8

4.1,

2200/1100 Lisp d ¥ —4 v b, 3 £ Tb 4 < 2200/1100 5 A + TH 5, LorL,
SHEABEMENTWA Y -2 A 77— a VRRBZAFETELZRETIE, KA+
L TEBEREREEITS LARMIZ LW, & {2 Lisp OERADBRIZZ, Lisp HEHHEL
TV3 2 ERMERORFC OV TOER» SHLLTHS S, LicdoT, LER
BISED S —% v P LTWB KRR kT Lisp 232 WiEE, 2 u ABROBEL L 3 2
Licizs,

ZD &3 BEE»S, 2200/1100 Lisp DRI, RIBBROBRETNTE EE» 5,
LispERAV—2 A7 —va vy ETru0RAayv .4 SOERETF->T &R, BFLT,
R ERET 27 VI 4 AV AT LORFEE TR b ETITV, PKERS 2RI
BESL2ZLTER, ZOLE, LKA METCOEERZBRT 27012, H
Bla—Frv_NDy s av—32ERL, V—2AT—var ETarv A VERD
REDSTZDEIICL T3,

—KH, 7475 ) DSV —27 AF— 3 >»® Lisp LER 2L TTV, FEFEHR
TTLIHDDSIAREKAR P EADBHEET> TS, 2Dk, 7477V DT R
POV =7 ATF—Ya v ETIT22 83 0REERABELTWS, 9477 YakKiok
EIBT, AVI TV IO BHEETY, S5 /uRav{ SEEEBMET
B3ZLWCE2TC, RAMEIRZVEY b Lisp MBERNERT A LR35, M3,
ZDAT v FIRENTV S,

1 RRESENFAE

BEDLZA, 7477V 2BETNII Lisp 707742 KA M ECETFTEIER
BEE THRTV S, 5827 Lisp LEBR E LTOBERTIIRE > Tk, IR
X, PEEGEHOGHIZRIEIAI>TE ST, IS AT VEEHENEEIh
Twiw, 7aRary4 53, BEFEMNRALCGEEIINET 2088550
D, EZ70Ey b® Common Lisp 7075 AD I V8 VIEJRETH D, 747
2 VEETIE, ER2 AR, 77 ABREEOEREIZIZIZKRTLTEY, 774
WY RThed ¥F 7 2—R, BRFAES, BEEBEORAEBLETHS, Fi,
4y 7Y REFBEITRE LB, TNy SOENICHERALTW S,
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5 &

SEM

BE, AR EECBET NI, Lisp 705427 0R a4 5T
ANVL, RAMZT 7ANEGEL2DL, VY7 LTETTEIELVBARETH S, E
Bz, HEIBWBIFA NI Y ATLARBIDHBEZED KRR M ETFHHL T34
BH5, FIRTIK, 7urar 4 S0HPIEMASM V—A70 /3 LTHY, 7
YTy, VYIDATYTHRLETHS, SBRERBOAF 7Yz ba—FeT740
ERE2HETZFETHY, ChZE2TA VI TV IV NI NEHRT 74N
PEHEU -T2 Z LpEEICR S,

SHOBEE LT, BoltlR2EDB LB ERA N ETHRET S LS R
BENT ZENTE S L) LIRBREREIMT 2L Th 5, BFINITIE, oA
Fh, 7YV —vay, k<12 UCS(Universal Compiling System) RS & DA
VT x—AREEL, RETHIELHRERBETHS. £, ERT7 AV r—v
avOFINYEVS RS, 5477 2BIROCFAT 2002 A =X L0
EHTER L, ETROXE)VFERERERT 2 Z LM TE, KA MYATALNDH
FENESLTBEIEMTEBLLHEZ TV,

o T R

LispEHY7 — 27 A 57—y avy2HWVWT 7 a AHFEL21T-> T & 72 2200/1100 Lisp iZ
DOLTHERONF2HHIENLie, HHATEZ7A 77 VIIREENTLEHD
D, Lisp 7075 5B RA L ECEITTHEZRAETIEDTRILNTER, &
R LIRS WEIRE > TWw5 2, RA + ETO Lisp BHREREAD RE
LBEoshieEZLTnS,
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SHEEENT K HBH — A (Kazuhisa Ohta)
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Productivity and Reliability in Software Maintenance/Modification
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FRTEBEL T3 YR T 2B 3HE « REFEEX DL THBRNRE, FhEHSVYRT
LDBFEERFE LGS, BERVBE VAT LA 2RET AE(L2 B I 7 — A0 7%
2V, ZOFETEZOIAMORBED I KERENFEL, EEOMKER L ZHATR—
BORFEET ZAHEMENH 5,

IR POFEICIZIRDOZDODEZF D 3.

D EEA-RBERECBEL Y -2 AAERRAT y PHTCHRRL, BLAzaA b

PEFER—ATHEET 3,
2) SIE--WBEROBHELHE - ST, FEE -HPE - EERE2ERLTTH
DNT7 =% AR EIZZAT v 7HTHRRL, FEEFINCKIRE & RTE TRRT 5.

BEBOBE, FHEHCRREORESEFRT 2720, BlOFRZMIL, SEEEEL»
335,

Abstract There are many reports and papers aimed at improving productivity and reliability in systems
development, but very few are seen which depict productivity and reliability involved in the work of
modification and maintenance required after systems are developed.

This paper describes how to perform the task of such modification and maintenance on systems in
practical operation. Cases are not infrequent where once a computer system is developed on a contract
basis, the user continuously requests the same developer to pursue the follow-on maintenance of the
system after it gets into operation. In this case, there is a possibility of there being wide difference in the
size of required costs, causing a disagreement between the two parties. There are two different
approaches to the cost evaluation that can be adopted on this occasion :

1) Actual result approach —— By representing all the man-power actually required for modification
in man-months or in the number of program code lines, all costs are summed up after the task has
been completed.

2) Systems integration (SI) approach —— By representing all the man-power projected in advance
with special attention paid to workloads, the level of difficulty and working environment through a
close survey and analysis of the work coverage, estimated costs are confirmed between the two
before a modification task starts.

This paper discusses how higher productivity is attained by the SI approach by giving a sample case
where there is great difficulty in leading to agreement in evaluation because of various interrelated

requirements.

1. &3 L & IZ
BELIV AT LAOBRB2HRET 200K, > Mg, BREROBON—FY =7

136 (682)



V7 bz TRIEFEOLENR L EREORE  (683) 137

LEFEEOBVY 7 by 2 7B L UMRNLERIKET 2, LErLN—FT270D
FRE c HREERMELRIE, YATLAORERBIRY 7+ v 2 7 OBEMIIAE (K
FLTWw3,

V7 b 27 ORFEERLVESER TR, YATLAEROBFEIEES
OB ERBRENL TS, V7 Y2 7ORTHEBLBIZDOWTIE, 58
WEERH» S £ 9 % THRT 2 BEEELPAREEDOERIC L 3%y 7 0 S HRICHE
v, YATLAOHWEAEBEDOH S,

BRI 2MERCH B8y 70l %, BRMICRRT 3703 EBOEELY LT
DEEBRIEL {IBETILENH S, Ny I7u/OEEZERICEY, 2&0E
FERAT S a—VPBRESL, Ny r7ulZBr)TEN LHROBBCEF TR 2B
BTES, Lol, —RECEEDFBEEAICB VT, FEEOXEL T 540
DSERBWTH, FEBLXERICRED, (EERA Y a—V2ERL, TEED FE
ERTERE 7R ERTT 20 CRSEOMBELERT 2 LENHS, V7
vz TREMEEOEEN L FEESIFEY C2 ¥, FEEOEENTARLZVE
S3WTALOFOERZIMEL, VAT LSS EH2 LENH S,

FOLDWCEBOFEREE NI TOFERZBEL TRRLLER2BEL, 20
BAEML, Chdr s DFEICRIIOEEERWHZ ) LEAL, BRIEBWTY,
HY TS SECBWTHIEDT — 7 o SRECLWUFERELERL, FLFEEE
fED 2 BEIZLTw3,

2. FEOXRET
21 ¥ BOHE

B LTHFERROMM TS L Y AT LARKEL 3SEHOEB» KD, V7
VAT ALELTSHEHDEE» RS, BYTYRAT AL, HIL TH3E—EIZiX
HE7 7 A NVBEET S, FY TV AT ARSI N, KERBT 2 2 COBRIE,
BREAFRLECRHESRR Y, 2L TL bFE—NBRE TR,

FRFN 56 EE TR LAV A T AREBC L WHBEIERLTE D, BMST7E
RO B LBE L EERETICH 3. 2070, VHAOHREEREICER
LRI T 2 Y A7 ABERBGROEERZ LT LY,

1) ¥BAOHE - EBBBIUHEBECLEIYATALLTHILTEY, H

REFIFENEHINLRRTH S, EHEEKR Y 7VLETH S,

2) HEBBOBE - EBCLEBDN—FU 27 2HATIEEICHD, THLE

BORRUE S BEREOLEEENREL TVE, TEEHIRY 70 L

v FUOETH S,

3) EBCOBE -¥EBLLBEBON—-FNY 7 2HATIREICHD, V7

AT AHBPET LIEMENTW S, FEEHRZ ) 7VAE LNy FAETH B,

2.2 FEBOREHE

BEBO) 7 NVAERHEER ) T VAEOHE, a5 ADBRAT v 7HEOH
HEE£1ITRT.

Ele v AT ABROBERK 1ITRT,



138 (684)

R1 TOT7L ATy TOBBENERBEE

Table 1 OQutline of program steps and process numbers
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Fig. 1 Outline of the system
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Table 3 Steps of corrective maintenance
on BB pew |asrr o 78| 17— (AR izﬁ(ﬁéﬁfg)
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R5 1985FE EHHAD KT ERDEEY
Table 5 Productivity of maintenance (Half of 1985)
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- fegEomEE | Wﬁo 7 v 7 AR HTH (%) £ B
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