& £ £ )
%7 % T JOURNAL OF SOFTWARE Vol. 7, Supplement

AL & %% DD—VDM *
2R REE

(ﬁﬁ?k#*ﬁﬁﬁlﬁﬁ:ﬁfﬁﬁﬁ HE 210093)
<ﬁak#ﬁﬁm&#ﬁﬁ*@§iﬁ&tsﬁ$ MR 210093)

WE #HiEd VDM ﬁ&%?ﬁiﬁf?ﬁﬁi&‘ﬂ‘ﬁmﬁiﬂit AR TET&E%% S
S A2 M5 A O 3R 4 A B N LTI VDM, AT 5 2 H VDM B I — 0 8 1498
KA AT DD~ VDM. 7 DD—VOM #, TR AR N RIFH T R RE . JF T RT B H R
PR BB B

%8RRI HIE A #E, VDM BUR AL B Se bk

ERATFLEFE VDM 2—HEFHANHTEHERFELAHMER EH 28
4 BREAMAEHE . (DRSEGPRETED A E X (FTREAFARNRZR): OWEHER
EMELOEBEENEL AR JRESH B E M EARIERA, GG FFIMmpH %
218 T 12 B4R ) 2 SO FE R R 4R A5 2 ] i R A ek b P AT W R R AL &
—ZEHMAThEE. X Z2E W E . KR 2Y A A B ] i 2 ﬁiﬂ)ﬂ]ﬂeﬂﬂ VDM ﬂ‘]%ﬁﬁ
TEERERLNZESR 20T UERLEIEA THRRNGHAT R AR RENE
MNEHTRUAERES X RRGEPERFERLA NN s B ERZH 6.
X T BEE R S BEYIETiE, VDM %8 Adequency # R, Domain $)UH1 Result #L M
K2 E R R FRET X HEHES RN RBIEEH 2 B E . BRI
fREARAE 1 Hp abstract model, reified model Fl concrete model ﬁ}%jﬁ;r?ﬂiﬁﬁ
A WAL SRR AR BLAL. ' ' :

. rHr VDM BB, ﬁ”THZiﬂ ] sheciicaton o betract model |

(DEH BB E T R RETHERDT f| B edl ::; lfe'f“*“““
ﬁEﬁEﬁﬂ:ZF ‘ - “I"m““ o | date re:Llcaﬁons—

(D) Wi O 5 A B R [maliosion o ol |
80 R BT R B SR L B [ L L feomotin
Rﬁﬂ’l*‘t?&%ﬁl‘ﬁ]ﬁ‘]—%ﬁﬁ}, Bl VDMQ‘J%E‘\&#:&@
RS IALBMRE AT R, ETAERSH

» BAYFRBABHLREAS LZSNERES T WES RO S M. 1960 £4. 48, FEF AR KA
ik B R T . MR, 40,1963 BT, E%iﬂfﬁﬁﬁﬁkf#anﬂk
*?::Eﬂlﬁﬁ}\ B &, 210093, BSUA S H WML 1 7
" A 1995— 10— 00 W B A

© HIEERES AT hip:/ www. jos. org. cn



— 386 — £ % F #f 1996 ¥

BB MW .

RELRWEGERMR, FTERAEE BERERAASETHABRFNFR REE
EEET MR RRRE LA AR P S RAT BRI R KT
ERIA 2 A FE - ORLEE oy SRR AR R Y, N TS B 20 S8R AOF R
BARBEZRHAERNAEFTENF RSP AT ESFATIENERETEHEB
B3, FERELTET VDM R EHMERN LT A R ES B FURT S FERALHE
XTFRAFE&N. MES L, AR AZIHEN SR F R AER LALLM 2 A FE
LR R BB 8, T4 85 R AR B 34 T i, R8 VDM B8 T 58N
T B EESRTEHNE O RSE R M ST 4 1 S R4 T B

N T e LR, A E T AN RS E A RS S T R R
B HESREERERES M. THAER AAENNEAS R « M ST RARES R
7o FFRETRM T AR ETHENALMBRE T T TRRMMA. (O EREE
A RETFRAE ST ARG REARERE S OB —FRATRLFL. BT FHLR
W AR RAS AT 78 o 9 RS R AN SR8 1 8, 3 B PR S LT
B 2R A 3 L AR R T FT 7 ML ) A S B 4. HE A RS VDM, KA &
Btk VDM Ein— BB FFE A DD— VDM, #& DD— VDM w1, 338 40 @ Ao i i
A AT AR R e 5 #HTE%E%ﬂ*@%%ﬁwtﬁﬁLﬁﬁﬁ AFRERME THHANRIEY
FRFE.

1 BAAFEHEDD—-VDM

5 VDM F$:34,DD—VDM SFERERMARER I B RL4 S VDM 1k
KM AHAE. DD— VDM 5 VDM = EEHEFBR T, DD— VDM B R+ hn
THEFEIBTFE.FACTSHERLIEEMMTFRAEAS. H DD—VDM ik, M
BARYIHNEHYFEIBOT AL ENBEIMAFE HELTBARE 2 A&
PO B IBT E. BB Bt — R 5 B WA T MR RS SR 5 B 4 A NE
SETFEREIRASEAET PR E2AHEEN L TFREMS BTN E N EE
MR, B TR B THAN B EE RN S RE L. R, SRR E
Fi ERBERBEESBTRASRESHSNERANEHSXENEH. BN AT
BmAE 2 fiR. '

DD—VDM WEEHELFIATHESREE. HESBIEQEUTHE,

(DR 7  IR LR RN B E B IR W R (LI R R AR &
TR ML A A (BE T RER); |

(DFHALR GBI HEHEAPHERRATER 58— FREBEMHCHEH. %
FHRAMBENY M ERAGE— EEPTT%EIHEJ‘“H‘J%%W’J HEEEHRE . & FRLHEM
W ARERIFEEELE;

(OMAEW . EFHAHER L, ﬁﬁ?%‘ﬁfﬂ&?ﬂfﬁmuim AB R 2 AREAS TR
Mz B REEFEEAPH MU BHNL, MTHAMZENR T A HYN RS
FLoEX—FREFTIES SR BEEE EENE.

© HIEERES AT hip:/ www. jos. org. cn



e il & #¥F.HBAw#k#HFRF & DD—-VDM — 387 —

(BB BT TR FERAER =]
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I SCRR T3 b B — 4] B9 ] World 3%
B8 LA

world ; ; singfem . Name—set

marfem . Name—set
singmale  Name—set ‘ ]
marmale = Name—set
where | implementation J
inv—world (mk—world (sf ymf ysmymm)Y A is— disjoint &2 DD—VDMHAE R
—4(sf ymf ssmymm)
is—disjoint—4 : Name—set X Name—set X Name—set X Name—set—+B
is— disjoint— 4 (512522530500 A 51N UssUs) = {} /\_Jzn(sl UssUsd={}
/\San (Iluszun) = {}A s.ﬂ {n USZUJS) ={}
MARMALE () mm : Name—set
ext rd marmale ; Name—set

post mm = marmale
MARFEM () mf . Name—set
ext rd marfem « Name—set
post mf = marfem
SINGMALE () sm ; Name-—set
ext rd singmale ; Name—set
post sm =gsingmale
SINGFEM () sf + Name—set
ext rd singfem : Name—set
post sf = singfem
NEWFEM (f . Named
ext wr singfesn ; Name—set
rd marfem : Nawme—set
rd simgmale . Name—set
rd marmale  Name—set
pre f & (singfem |) marfem U singmale | marmaie)
post singfem = singfem' U {f}
NEWMALE (m : Name)
ext wr singmale, Name— set
td marmale : Name—set
rd singfem : Name—set
1d marfem : Name—set
pre m & (singfem |J marfem |J singmale |) marmale)
post singmale = singmale’ | {m)}
MARRIAGE (m : Name, f . Name)
ext wr singmale; Name—set
wr marmale : Name—set
wr singfem ;: Name—set
wr marfem : Name— set
pre m € singmale N [ € singfem
post marmale = marmale’ |) {m} A marfem = marfem’ U {f)
Asingmale = singmale’ — {m) A singfem = singfem' — {f}

B 15 4% world MR 2 HTER (EERERNLH)
sub—model—1 :
male ;;singmale + Name—set
marmale ; Name—set
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where
iy —male(mk—male smymm)) 2\ is—disjoint— 2(sm, mm)
is—disjoint—2 ; Name—set X Name—set - B
is—disjoing—2 (sm1e82) 2 0t sa={}
sub—model —2
Sfemale | singfem ; Name—set
marfem | Name—set
where

inov— female(mb— female 5f mf)) A is— disjoint—2(sf, mf)

B2, AFERATHEFRYURBTFEFEL RMN AL, LR HER
MARMALE ,SINGMALE 0% B FHA male, ME2H MARFEM,SINGFEM L ¥ B8
B female, BR AW L, ZE NEWMALE #l NEWFEM % B male LB R
Semale AA LG B , NEWMALE {3 B male Ti NEWFEM {0} & female, N\INET
MR female ;B NEWFEM WA RN TR :

NEWFEM (f . Name)
ext wr singfem ; Name—set

rd marfem . Name—set
pre f & (singfem |) marmale)
post singfem = singfem' |J {f)
FEFHE male 72N NEWMALE fIRANT .
NEWMALE (m ; Name)
ext wr singmale ; Name—set

rd marmale ;: Name—set
pre m € { singmale U singmale)
post singmale = singmale' ) (m)

RE MARRIAGE WIiEE A, i =M 2 M F2H 8.
MARRIAGEFEM (f 1 Name)
ext wr singfem : Name—set
wr marfem , Name—set
pre f € singfem
post marfemr = marfem' | {f} A singfem = singfem’ — ([}
MARRIAGEMALE (m ; Name)
ext wr singmale ; Name—set
wr marmale ; Name—set
pre m € singmale
post marmale = marmale’ | {m} A singmale—singmale’ — {(m}

£33, TERMT 2 MFHA.

sub— speci fication—1 (Male)
sub—model —1
MARMALE
SINGMALE
NEWMALE

sub— speci fication—2 (Female) :
sub—model — 2
MARFEM
SINGFEM
NEWFEM -

FALETFULE 24FHRY, FENRYTERNT .

world :: female ; Female
male ; Male

where
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inv —new —world (mk—world(f1, m1)) A\
let f1 = mk— female(sm, mm)> A ml = mk-—male(sf mf) in
is—disjoint—2(sm U mm, sf U mf)
MARRIAGE (m ; Name, f : Name)
ext wr female : Female
wT male : Male
pre pre—MARRIAGEFEM(f, female) A\ pre—MARRIAGEMALE(m, male)
post post— MARRIAGEFEMC(f, female' , female)  post— MARRIAGEMALE (m,male' ,male)

AR VDM i ey “ B R/ 51" (“Operation Quotation”™) 7EiZ H M L9 E W 72
PEEFEEANER IR TENNESEAARETH FRYTHERERE . AAY
AR ETERET B8/ MMAHBBAMANFB WA TR A W s o 2R
HRHEHEFRE.

BE BT FHY Male fl Female PIEH . i2H MARRIAGE B[ 2RI T .

MARRAGE{m . Name, f 1 Name)
MARRIAGEFEMCf); MARRIAGEMALE(m)
end

EHSEENE, BRI REMGRRAMEL. BHZ RSN M. AFEHEE
NEWMALE i NEWFEM 3| AR — A, BR¥E KX male AR Sfemale. (HRX 3 A5 W {E
A TERAER A P I E G D R Rk 4.

83 BRI, VRN LYY World A MBI 2 DB R FARIHLYY Male fIl Female. L7
L. FHL Male Rl Fenale W3- 53 RUE /M T, A0, Male W3R, 2 MR/
TFHE Singmale Fl Marmale.

sub—specification— 11 ; (Singmale)
singmale = Name—set
SINGMALE ) sm y Name—set
ext rd singmale ; Name—set
post sm=singmale
CHGSINGMALE (sm ; Name)
ext wr singmuale : Name—set
pre sm & singmale
post singmale = singmale’ — {sm}
sub— specification—12 . {(Marmale)
marmale = Name— set
MARMALE (O mm ; Name— set
ext rd marmale ; Name—set
post mm = marmale
CHGMARMALE (mm : Name)
ext wr marmale ; Name—set
pre mm € marmale

post marmale = marmale |) {mm)}

RJE » Male WTEMIMT .

male ;: singmale ; Singmale
marmale ; Marmale

where
iny—new—male(mk—male(sm, mm)) £ is—disjoint—2(sm, mm)
MARRIAGEMALE (m : Name)
ext Wr marmale . Name—set

wr singmale : Name—set
pre pre—CHGSINGMALE (m, singmale)
post post —CHGMARMALE (m, singmale' , marmale)
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A post—CHGSINGMALE (m, singmale’, singmale)

B 88 MARRIAGEMALE W4T,
MARRIAGEMALE (m, Name)
CHGSINGMALEGnY; CHGMARMALE(m)

end.
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LR HAEFENERNIWSEA RN, — MEENIRETE R BULT RN N
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Wb B8 DD—VDM JriE 3t CRRT2] oy SL SR @), 3 Spell —checker 5347 T %
H. %8 % 80, DD—VDM 5 VDM M5 L FHAE

1) DD—VDM B4 T 2 #igits S MEELS RIEFEEREMER. T VDM
o R T BB X — iR it

2) By FHOERR b BOHE o R T (SR L3 &ﬁﬁ?&%ﬁﬁtﬂﬁmﬁzmxﬁm_ﬁﬁ
& IFRER LT VDM S SeBig el , BRI RS "W IFE;

3) BIAEFHA L YRR MEE SR AT ESENY EREESETAE
5. WA VDM P A3 R 50 TR R 8 M AT

O BETIIATHARBENFE, MWTEL%%%&&* BRI RER: T
VDM I HMEX— 4.

R EM DD—VDM [T, A5 BB S BB RN, X R T W mA.

2 HES XN

B FEHE AR 0 £ B B3R R 0 15 BB B AE 5 4r B AP B 4h A
S REFREAERMMAENARN. M TFHRERINA TS, BYREAMNG ELZQER, §
FERERAMENYE T FHREZ BAXR B85S HANLRIEEMNATHERERY
RGN APHENAZRENY TN ZESHTE AN REEHEANE BT R
B E B E R AR g A B X 2 4R H A AL

2 ] AR E AR Y S 8 ) TE 79 TRV 2 DA AR A5 2 ] Y A ﬁi*ﬂﬁﬁ’fﬁﬂ%ﬁﬁﬂ?ﬁj& 2 [B) A0 i AH
WA T PR BT R A TR E S E A S R B B R IR, W SRR E E 11
2 1Bl i 6 2 [ iR 4 R 1) IE B HE. fﬁﬁ%ﬁrﬁﬁ%ﬂ?"]@f : TYPE,INV  TYPE ) B,
OPERATION —SET), HHNARES TRV ENL N I={e |e € TYPE A inv(e) ). ik =
RARVHEKARE D8], 2,2, ﬁﬁﬂﬁTﬂ’Ef‘B‘]?ﬁx 6. X &E-FRRIBZ A Al B T A
A MURRE . rnew—inv 3 2 X+ XZy— B
HFEFLAZLFEEASBRBEEHRN, RREGRE R comp (2 HEYN
decomp) ;

comp ; XX oo X X, | new—inv—32 (or decomp : T3, X+ X 3, |new—inv)

ERE.

1) comp (i—ryy-omsi—r)=i—r(or decomp G—r)="{i—r = yi—r,))
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2) comp BTGt (or decomp B—IED) , K

D 2, X X 2, lnew—inv="_(ryy*=r) | Grysrs s r ) EZ, X0 X Z, A new—inv (ryseees
)}

@i—r, i—r, (1< j < ) RABENNIBRE

i, BIEW world FRRASBRERN  HATER RSB comp X3 HMEH
decomp X1, FT5E LHTFAHBEH decomp

decomp: ZHZ, X Z,| inv—new—world

decomp(mk—*world(sm, mmy sfy mf))=(mk— female(sf, mf) ,mk—male(sm ,mm))
Hu, WHEB Y TR B
1) decomp &= —XF—BiLht, B

V  (mk—world (sm ymm ,sf ymf) smk—world(sm’ ymm' ,sf ymf)) €S,

(mk —world (smymm ,sf ymf) = mk—world(sm’ ymm' ysf ymf’)

= (decomp (mk—world (sm mm . sf mf)) ¥ decomp (mk—world (sm', mm'; sf, mf'})
2) decomp BeMh 3 8] 5, X 3, LHIBRA , B) |

Y (mk— female(sf mf) ,mk—male(sm,mm)) € 2, XZ;. 3 mk—world (sml,mml,sf1,

mfl1) € Z.

decomp (mk—world sm1 ,mml ,sf1l.,mf1))= (mk—femalé (sfsmf) mk —male(sm smm))

MFEERAPHE—FHEREA L, 7] R T B4R R
DV Gy, )EZ X X Z Inew—inv. pre(comp(ry, o ,r) ) pre—new(ry, 1)

(or ¥ r €3. pre(r) = pre—new(decomp(r)))
DV Gt Gy s r YE S X X5, | new —inv. pre(compryseora))
A post—new ((r' om0 yr' ) s (7150 ,r.))?post('cmnp(r'l vt ) scomp () 2a))
(or V¥ + ,réE. pre<r) A post—new (decomp (r' ) ydecomp (r) )=>post (r' yr))
HFEESH.EEIIA 2 4/ S MOD fl OUTPUT KA EHizH b FH T4, f5

MOD R aligiR il R A T4 &, #ln. |

MOD(MARRIAGE)={World, Female, Male, Singmale, Marmale, Singfem , Marfem}

MOD Ginv—world) = (World , Female, Male, Singmale, Marmale, Singfem, Marfem}

MOD(MARRIAGEMALE)={Male, Singmale, Marmale}

MOD(post —MARRIAGEFEM) = {Female, Siﬁgfem, Marfem}

M5 OUTPUT NI FRREHFE X ERSH.
ERGFEAZES RN EERNET .
DERESAPHERFEELEMR, ENEE TR, WAL S 2 E Hit,

MFFRAPHE ZH (PRE) op {POST} W& LT &Y LML,

DD—bop—1+ {PRE} GP {POST};

{PRE} OP {POST} | (A/F)
HF{PRE} OP {POST} | (A/F) %57 {PRE} OP (POST}H LB ABBESF 5
B4R, {PRE} OP {POST} | (A/F) I N LR EBHEA, EEHTERTR

W H A A,
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T BriE e “HE 48 (R R, 7Y R dm T R Y S 20 i .
DD fra1.\PRE} OP {POST), MOD(PRED) (| MOD(OP) = {}
—fra—1: TPRE A PRED} OP (POST ) PRED)

T FE L, BATH DD— fra—2
DD~ fra {PRE} OP {POST,MOD(X) N MOD(OP) = {}
{PRE}y OP {POST A X=X'}

2) VDM Wi BT A B A SN T R . TT7E DD—VDM o, EH S BEE
EF &ML B LR3I TR T LA R 7 T 4L 6 BB R
Rz EANASEAREESNEER. BRSIHNFAGEWEE ZBATHE
PFEHARE]. AR A AT € T . _

OUTPUT(OP1) (| OUTPUT(OP2)=1{}

MOD(OP1) (| MOD(OP2) = {}

{PRE1)OP1{POST1}; {PRE2)OP2{POST2)

(PRE1 )\ PRE2IOP1;0P2{POST1/\ POST2}
DD—cond -1, \PRELATEST ) OP1{POST1}; {PRE2\—TEST} OP2{POST?2)
*"{PRE1 ) PRE2} if TEST then OP1 else OP2 {POST1V POST 2]

i, MARRIAGE BYIEBAMEAIEH T .
BB DD—bop—1 I CIEE R
{pre —MARRIAGEFEM (f, female) \MARRIAGEFEM(f)
{post ~-MARRIAGEFEM(f \ female' , female) }
{pre— MA.RRIAGEMALE (m, male) }MARRIAGEMALE (m)
{post MARRIAGEMALA (m.male' ymale)}

DD —sequ—1 .

R 8T
MOD(MARRIAGEFEM) N MOD(MARRIAGEMALE)={}

OUTPUT(MARRIAGEFEM) N OUTPUT(MARRIAGEMALE) = { }

Wl DD —sequ—1 3N, )
{pre— MARRIAGEFEM(f, female) A pre fMARRIAGEMALE (m,male)}

MARRIAGEFEM(f) s MARRIAGEMALE (m) ‘

{ post — MARRIAGEFEM (f, female , female) A post — MARRIAGEMALE (m, male',
male)}
B % MARRIAGE Fiifi2 B4 HETERM.

R, DB FEAPREEEERE MR CaER HWH VDM T X TER
AN E B R T DD—VDM HEER AR, ERAN :EW R iR EAFHEMA TN
THRAERNEE. |

3 % &

DD—VDM N #HEFL BMESBAZHIBY RGN HR®T R R,EER
Yt 2 BB AR ABFNAR. SR TR (DN FHRANBRZHN 5 HER
BRGNS (DO ERKMNK G TEERPERZ %, RIAEE, -5 0wk 2@
RE; OOETXMI4~7], DD— VDM W AFITH FIXREF HFFRRME T W EH. X
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A FORMAL SOFTWARE DEVELOPMENT METHOD DD— VDM
La Jian Zhang Jianying

(Institute of Compruter Software  Nanjing University Nanjing 210093)
(State Key Laboratory for Novel Sqftware Technology Nanjing University Nanjing 210093)

Abstract After pointing out the main shortcomings of VDM in developing larger pro-
7 grams, this paper introduces a new concept —DD(date decompoéition) which is based on
the ideas of model split, modularisation and operation decomposition, and combines it
with VDM to form a more general formal develbpment method DD—VDM. As a result, a
more flexible development strategy can be adopted and the development complexity can be
effectively controlled.

‘Key wnrdsj Formal method, data decomposition, VDM, modularisation, complexity.
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