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The Conversion of a Set, a Sequence, and a Map in VDM to a
Linked List in a Programming Language

Moonsung Yoo'

ABSTRACT

A formal development method is used to develop software rigorously and systematically. In a formal development method, we specify system
by a formal specification language and gradually develep the systemn more concretely until we can implement the system. VDM is one of formal
specification languages. VDM uses mathernatical data structures such as sets, sequences, and maps to specify the system, but most programming
languages do not have such data structures. Therefore, these data structires should be converted, We can convert mathematical data structures
in VDM to a linked list, a data structure in a programming language. In this article, we propose a method to convert a set, a sequence, and
a map in VDM to a linked list in a programming language and prove the correctness of this conversion mathematicaliy.

FI9c : H¥(tormal development method(s}), HM|{specification, formal specificatio, specification language(s)n). R2TXE
(data structure(s)), A2 HH|(data refinement), X8 TR&{data reification), YVDM{Vienna Development Method)
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2. VDM 7|2

VDM(Vienna Development Method)[9-11]-2 Z[12-15]3}
g 7 o) sol= AY WA doj(formmal specification
language)® v dlv}el] 9l IBM S aolA 7puEged
kel Foddk F4A F AEL Jones, C. B9t Bjoner,
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tion)e. 2 FAEY. 2 Fre g 2o

#5058
ext

pre

post

(2% 1) VDM E&He| 71X

o] 2ol ext rd(read only : Y7] AL wr (write-
and-read access: i 97] AL E FHE= o7 Wy
g Mdshed AHEED pre 719EE T4 A8 A ¢
Zgold T &, ME7(pre-condition)E% post 719 =
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A2 g pEpE obga 2ok

find(i : Id) n : Name

ext rd s map Id to Name
pre iSdom s

post n=s{i)

add (i : 1d, n : Name)

ext wr s map Id to Name
pre idom s

post s =sU{i—n}
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VYa € Abstract = 3r € Representation » retr (r) = a for
retr : Representation — Abstract
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domain rule -
¥Yr € R » pre -Alretr (r)) = pre -R (1)

result rule -
YT, r € Repre -Alretr (r}) A post-R (T, )
= post-Afretr {T), retr (r))
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union(B : SET} R: SET union{B:SET_L) R:SET_L
ext vd A SET ext rd A :SET_L
pre pre post (Vi 1.R.count
post R=A U B {3j: L.Acount - Rat(i) = Aat ()
v {3k : 1. B.count : Rat(i) = Bat (k)))
head R: T head) R: T
ext rd A D SEQUENCE  ext rd A @ SEQUENCE 1.
pre pre
post R=hd A post R=Aat (1)
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o714 Tt SEQUENCE 849 R23(4%, ¥4 )
ol .

DomRestr (S : SET ) R : MAP DomRestr{S : SET_L) R: MAP L

ext rd M : MAP ext rd M MAP_L

pre pre

post R=5<M post {¥i © 1.5.count
(3j: L. Rcount :
(3% : 1L.Mcount :

M.firat_at (k) = S.at (i} A
R.first_at (j) = M.first_at (k) A
R.second_at (F) = M.second_at (k) ))}

6. X8 7 &Hdata reification)off 3 =Y

FAH ArTzE FENY AT w1
ElehE AUsA =4z Boel 9 10,22). 17
7] M E SElE T8 AR TN FAHEE 24) 2
BT3RS HI(retrieve) T2t AAMH(total)o] 3 A
{adequate) -2 Hojolgity F4 ARTZ set, sequences}
map?) 73 AZTEE 92 fH2EAH o7|HE SET,
SEQUENCE, MAP® LINKED_LISTZ R # 3}

¢ SETAIMS FHT 3¢ retrl & 33 o] Aol Ho}

retrl{dr) = {dr.at(1), dr.at(2), -, dr.at (count)}. =7]A count
v 93 Y£EY 2 golt}h retrle] AAH(total)o]H
A FHadequate) -2 (Al 1) (el 2)9 2ok

(A% 1) retrl 2 #AAH (total)e] o).

(Z4) LINKED_LIST?] BEE == drofl téle] drati)
(Izizcount)?t EASTZ {drat(l), drat(2)--,
dratlcount)}7} EAgc} 3HEZ retrl S @A
 {total)o| t}.

(A2 2) retr12 F(adequate) S},
(9) 723 A (structural induction)& AbL-38l o
Fye
from d€ SET
1. 3dr € LINKED_LIST - dr.count = 0
2, retrl{dr) = {}
3. Adr € LINKED_LIST - retrl{dr) = {}
4. from dE SET(T), w & d
Adr € LINKED_LIST - retrl(dr) =d
4,1 from dr € LINKED LIST, retrl{dr}=d
411 {drat (1), dr.at (2),---, drat (count)} =d
412 w € {drat (1), drat(2),-, dr.at (count)}
413 ddrl € LINKED LIST Vi-1<izcount -
drl.at{i) = dr.at (1), drl.at (count+1} = w
414 retrl(drl}=d U { w }
infer 3drl € LINKED_LIST - retrl{dr) =d U {w}
infer 3drl € LINKED_LIST - retrl{dri)=d U {w}
infer 3dr € LINKED_LIST - retrl{dr}=d

¢ SEQUENCEA A 8 HZ ¢ retr2e vH&3 2] A
gt

retr2(dr) = [dr.at(1), dr. at{Z),---, draticount})]. retr2?} A}

H(lotal) o] ¥ adequate) 2 (A7 I (Al 49 2o,

(449 3) retr2= AAH({total)o] o},

(34) LINKED_LISTY] BE 2= drell 3l dratdi)
{lgigcount)?7t EAF=Z [drat(l), drat(2)-,
drat(count)]7t EAlgch IeEE reu2: A}
= (total)o| T},

(A2] 4) retr2+ % $Hadequate) &ttt
(%) 723 AdYE gty Y3
from d € SEQUENCE )
1. 3dr € LINKED_LIST * dr.count =0
2. retr2(dr) = [
3 3dr € LINKED_LIST - retr2 (dr) =[]
4, from d € SEQUENCE, w £ elems d
Jdr € LINKED_LIST - retr? (dr) =d
4.1 from dr € LINKED_LIST, retr2 (dr) = d
41.1 [drat (1), dr.at (2), -, drat (count)] =d
412 w & [drat (1), drat (2), -, drat (count)]
413 Jddrl € LINKED_LISTVi - 1=i<count -
drl.at(i) = dr.at (i), drl.at(dreount+1) = w
414 retrdr)=d 7 [ w ]
infer ddrl € LINKED_LIST - retr2{drl)=d ™ [ w ]
infer Jdrl € LINKED_LIST - retr2{drl)=d ~ [ w ]
infer Adr € LINKED LIST - rewr2 {drl)=d

e MAPY 73L& F 7j¢] A7 "erh 9E LINKED.
LISTZ THEch MAPYA S} HT 4 rew32 v
S Zol Fejdnt
retr3 (dr} = {dr.first_at (1)~ dr.second_at (1),dr.first_at (2)—

dr.second_at (2) ,---, dr first_at (count)—dr.second_at (count)}.

retr3ef AAF(total)o] ™ A THadequate) S (2] 5 (A

g 6)3 gk

(A2 5) retr3& HALE (total) ol ol

(%) LINKED_LISTS] 22 == droll tiahe] drfirst_ at
()7 dr.second at (i) (1<iscount)”t SAsIE=E {drfirst at
(1= dr.second_at (1), dr.first_at (2p— dr.second_at (2), -+, dr.
first_at (count)~>dr.second_at {count)}7t &A%} 1=z
Z retr32 HAA{total) el

(A 6) retr32 A adequate)st+t,
(59 T2 HAgygs sty Fuge,
1. ddr € LINKED_LIST - drcount =0

2. retr3{dr) = {}
3. ddr = LINKED LIST - retr3 (dr) = {}
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| 4. fromd € MAP, w={f—~s}-f & dom d
Jddr & LINKED_LIST - retr3 (dr) =d
4.1 from dr € LINKED_LIST, retr3 (dr)=d
4.1.1 {dr.first_at (1)~ dr.second_at (1),
dr first_at (2> dr.second_at (2),:-,
dr.first_at (count)— dr.second_at {count}} = d
412 f € {drfirst_at {1)dr.first_at {2), - dr.first_at (count)}
413 ddrl € LINKED_LIST, Vi- l=i=count *
drl.at () = dr.at {i),
drl first_at (count+1) = f, drl.second_at {count+1)}=s,
{drl.first_at {count+1} +drl,second_at {count+1)} = w
4.1.4 reir3 (dr) = dU {w}
infer 3drl € LINKED LIST - retr3 {drl) = dU{w}
infer 3drl € LINKED_LIST - retr3 (drl) =d U{w}

infer 3dr & LINKED LIST - retr3 (dr) = d

22 SET, SEQUENCE, MAPH} e g |4k
LIST® #HRsS de] dibd 22 7158 s
Hojopghrh o]d] #™UY proof obligations(F+ £9)
domain rule(Z 4 F F3)3} result rule(A = 7 3)o)c},
BEo oite] glofr] HAe} FHe HEA(pre-condition)
o] TRUE®|”] WF9 domain ruleo] o3 &4 & & Hg
7F gick mhebA result mudeel A& FHw Fasic 2 A
BEe] gEHe A dgly 53 &Y ZIE
AHRale result rules (Al 7)(FE 8,4 DA 7&
shaL ol wiste] Fsigch

.

= rlo we

® SET4|A 2] UNION @f4te] dA4bdl 2le] result ruled
(A2 7)5 2ot

(He 7

¥1i: 1.R.count,

{3j ' 1.A.count,
R.at{i) = Aat (j)) or
(3k ' 1.B.count,

R.at (i} = B.at (k)
=

retr1{R)} = retr1{A) U retr1(B)

(T
from A, B; R € SET
where retrl(A) ={A.at (13, Aat{2),, Aat{Acount)},
retr1{B) = {Bat (1}, B.at (2),-- B.at (B.count)) ,
retrl{R) = {R.at (1), R.at (2), R.at (R.count)}

1 from¥i : 1.R.count,
{3j ! L. Acount,
Rat (i) =Aac(3)) or
{Jk : 1..B.count,
Rat (1) = Bat (k})

1.1 retrl(R) = {R.at (1), R.at (2),--- R.at {R.count)}
={A.at{l), Aat{2) - Aat{Acount),
B.at (1),B.at (2),-+ B.at (B.count))
={Aat (1), Aat (2}~ Aat (Acount)}U
{B.at (1}, B.at{2),- B.at (B.count)}
infer retrl(R) = retr1{A) U retrl1(B}
2 8(V¥i: 1. Rcount,
(3j : 1..A.count,
Rat (i) = Aat{j)) or
(Jk : 1.B.count,
R.at (i) = B.at {k)))
infer
(Vi :1.Rcount,
(3j: 1.Acount,
R.at{i} = Aat (3)) or
(dk : 1.B.count,

R.at(i) = B.at (k)))
=

retrl{R) = retri{A) U retrl(B)

® SEQUENCE®I A 2] HEAD H4to] ¢ibell 2lod result rule
& (A 83 g}

(A 8)

R=Aat (1)

=

R = hd{retr2 (A))
(%)

from A € SEQUENCE
1. from R = Aat (1)
L1 hdiretr2 {A)} = hd[A.at (1}, Aat(2), -, Aat{Acount)]=Aat(l)
infer retr2 {R) = hd(retsZ (A))
28R =Aa (1)}
infer R = Aat (D)
=
retr2 (R)=hd(retr2 (A))

® MAP9] A 2] DomRestr(Domain Restriction : Z2l<€ A|&h)
¢ito] Aakel 2ol result rule (Ae] 92 2ok

48 9

(¥i:1.S.count,
(3j : 1. Rcount,
{3k : L.Mcount,
M first_at (k) = S.at (i)
R.first_at (j) = M.first_at (k)

. R.second_at {j) = M.second_at (k) )
=

R=S <4 M
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(Z%)

(a3

from M € MAP
Lirom (Vi : 1.S.count,
(3j : 1.R.count,
{3k : 1.M.count,
M. first_at (k) = S.at (i}
R.first_at (j) = M.first_at (k)
R.second_at (}) = M.second_at (k}}))
1.1 retr1{S) < retr3(M) = {S.at (1), S.at(2),- S.at (S.count)} <
{M.first_at (1)—~M.second_at (1).,-,
M first_at (M.count)—M second_at (M.count)}
= {Rfirst_at {1)R.at (1).second, -,
Rfirst_at (R.count)—R.second_at (R.count)}
infer =retr3 (R)
2. 8(¥i: 1.S.count,
(3j : 1.R.count,
{3k : 1. M.count,
M.first_at (k) = S.at (i)
R first_at (3) = M.first_at (k)
R.second_at {j) = M.second_at (k))))
infer (Vi: 1.S.count,
(3j - 1.R.count,
(Ik : 1. M.count,
ML.first_at (k) = S.at (i)
R.first_at (j) = M first_at (k)

R.second at (j) = M.second_at (k)))
=

R=54dM

7.8 €

VDME AHgshe] Hag AZELo]E Yutz¢] Ty
B dojz T o sjFstejol ¥ A7 VDMeIA A
245 otE AR FRY set, sequence, mapsl EZEIHT
doje] g TR WHEelth o FEH ArTEEE =
29 dojdA AEHE AsTRY d9E d2ege W
o] 71T o] =EAME I |F W 1 W] ©
DAde o FYsigct o =M ¥ VDM
A ApgatE X1ES AMEEAT ANH ez Aok AR
& =8l 224l set, sequence, maps EEIHT iog]
ATz 44 gAeT9 Hile] 7b5EE BT

gxEd

{1] Pressman, R. S., “Software Engineering : A Practitioner's
Approach,” 5th edition, McGraw-Hill, 2000.

[2] Hinchey, M. G. and Bowen, J. P, “High-Integrity System
Specification and Design,” FACIT series, Springer—Verlag,
London, 1999.

[3] Wing, J. M. “A specifier’s introduction to formal methods,”
IEEE Computer, Sept. 1950,

{4] Moller, B., Partsch, H., and Schrman, S.(eds.) “Formal Pro-
gram Development,” Springer-Verlag, 1953.

[5] Andrews, D. ]. and others, “Information technology pro-
gramming language-VDM-~SL,” First Committee Draft Stan-
dard : CD13817-1 Document ISO/IEC JTC1/5C22/ WG19
N-20, November, 1993

[6] Andrews, D., and Ince, . “Practical formal method with
VIIM,” McGraw Hill, 1991

[71 Parkin, G. L. “Vienna Development Method Specification
Language (VDM-SL),” Computer Standard and Interfaces,
16 : ppH27-530, 1994

{8] Pratt, T. W., Zelkowitz, M. V_, “Programming Languages :
Design and Implementation,” 4th edition, Prentice Hall,
2001,

[9] Jores, C. B. “Software Development : A Rigorous approach,”
Prentice Hall Int’l, 1980.

[10] Jones, C. B. “Systematic Software Development using
VDM," Prentice Hall Int’l, 2nd Ed., 1990.

[11] Woodman, M. and Heal, B. “Introduction to VDM," Mc-
Graw-Hill, 1993.

[12] Sheppard, D. “An introduction to formal specification with
Z and VDM,” McGraw-Hill, 1985

[13] Spivey, ]. “Understanding Z : A Specification Language
and its Formal Semantics,” Cambridge Univ. Press, 1988.

[14] Woodcock, J. C. P. & Davies, J., “Using Z - Specification,
proof and refinement,” Prentice Hall International, 1996.

[15] Wordswerth, ]J. B. “Software Development with Z: A
Practical Approach to Formal Methods in Software Engi-
neering,” Addison-Wesley, 1992,

[16] fF2A, “A 83 dade] e 722 VDM b2 77, g &) o
T=EA A108 A23E, pp247-256, 1998,

[17] Clement, T. “Comparing Approaches to Data Reification,”
in “FME'9 : Industrial Benefit of Formal Methods,” pp.
118-133, Springer-Verlag, 1994,

[18] Jones, C. B. and Shaw, R., “Case studies in Systematic
System Development,” Prentice-Hall, 1590.

[19] Andrews, D., and Ince, D., “Transformational data refine-
ment and VDM,” Information and Software Technology,
37(11), pp.637-651, 1995,

[20] Morgan, C. “Programming From Specifications,” Prentice-
Hall, 1890

[21] Morgan, C., Vickers, T. (eds.} “On the refinement calculus,”
Springer-Verlag, 1992.

[22] Bicarregui, J. C. and others “Proof in VDM; A practitioner's
guide”, Springer-Verlag, 1894,

o O A
T_':cg

e-mai} : msyoo@mail sangji.ac kr

1978 A gdigte A 3t
(o] %)

19914 ¥ 521 ofLhey 8 o) 343
(o] 844 41)

19964 ) = o)A o E G p s AlArel st
(o] ahura})

200008 ~"HA AN HFEHRFHE A9EAL

Tl aZEd 0] Fo AAHGF A2, AR 2ELEL ]

P
ol ™
)
"



