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Constructing Formal Specifications from
Requirements Specifications Based on Model
Transformation

HIROYUKI NAKAGAWA,*1 KENJT TacucHI
and SHINICHI HONIDEN'2 1

Requirements analysis and formal methods are techniques for developing com-
plex systems. However, there is little research on reconciling the requirements
phase with the formal specification phase. To bridge this gap, we propose a
model transformation method which utilizes the KAOS, as a requirement anal-
ysis method, into VDM++ formal specifications, and provide developers with
a formal specification generator for model transformation. This method and
generator enable consistent and effective software development activities.
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Fig.1 Development process based on proposed method.
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Fig.2 Goal model for library system.
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Fig.3 Object model for library system.
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Fig.4 Responsibility model for library system.
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Fig.5 Example of operation description.
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Fig.6 Relationship between KAOS and VDM++ models.
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Table 1 Discriminating rule for entities.
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class JO0OOOO0O is subclass of JO OO
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public 0000000000 : 00 ==> 00
0000000000 (a00) == is not yet specified
-- TODO: 000000000000 DO0000
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Fig.7 Generated specification for library system class.
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class JOOOOOO T is subclass of DO OOOOO
operations

public t : () ==> seq of bool

t() == return [t1(0), t20171;
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Fig.8 Test case for library system.
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Fig.9 Goal model after requirements changed.
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Fig.10 Object model after requirements changed.
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Fig.11 Alterations in KAOS model.
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02 0J0000000O00O0O0O0booboooog
Table 2 Alterations of VDM+4+ specification by requirements changes.
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Table 3 Result of acquiring formal specification for library system.
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Fig.12 Object model for delivery tracking system.
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Table 4 Result of acquiring formal specification for tracking system.
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Table 5 Breakdown list of changes for two systems’ specifications.
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Al VDM++0O0OOOODODOOOOOOOO
/* 00000000o0o0oog =/
for all ent in KAOS_entities do{
ent 0000000 0O0OO0OQO ent.attributesO OO
ent JO000000O00O00O0ODO ent.attributesO OO ;
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/* 000000000 */

for all ent in KAOS_entities do{
if(ent 00 agent OO0 "Control"0OOOOODO)
then ent UJ agent.instancelist U U0 ;

if (ent.attributes.size()==1 &% ent.attributes(0).isSet())

then ent OO OO0O0O

if (ent 0 agent.instancelist 000000 & ent 0O0OOODO0O)

then{
if (ent.attributes.size()==0)
then ent [J VDM++_types OO0 ;
else ent [0 VDM++_objects 00O ;

/+ 0000000000 =/
0000000000000 open;
for all t in VDM++_types do {
t0o0oaooo;
if(t.Def 00000 !'=null)
then t.Def 00O VDM++O OO ODOOO
else VDM++O U O DOO0OOOODOOODOODOO;
if (t.DomInvar 00000 !'=null)
then t.DomInvar 000000000000 ;
else 0 0000D000DOODODOODOOODOOOO;
}
000000000 00n0d close;

/ 000000000000 =/
for all obj in VDM++_objects do {
obj 000000000 O0O0O0O0O0O open;
for all var in obj.attributes do {
var 000000000 Ovar 00000000000 ;
if (var.DomInvar 0 0 000 !'=null)
then var.DomInvar 00O 0O0O0OO0O;
else 00000000000 O0DOOOOOOOO;
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obj 0O0DOODOOOOOO0OO;
(00000 obj.attributes 1000 0O000OOO)
for all var in obj.attributes do
var [ Setter [ Getter 00O ;
obj UOOOOO0OODO close;

/» 0000000000 =/
for all ag in KAOS_agent do {
ag U0 00000000000 open;
for all ins in ag.instancelist do {
ins0O000O00O;
if (ins.Def 00O OO0 !=null)
then ins.Def 00 ins 00O0O0OOODO;
else ins 00000O000000O0COOO;
if (ins.DomInvar 0 0 00 O !'=null)
then ins.DomInvar 00000000000 ;
else ins J 0000000000000 O0ODODOODODOO;
}
for all op in ag.operations do {
if (op.inputList.size=0 && op.outputList.size==0)
then op 0000000000 O0COOOOOOGDO;
else op000000O0000O0DO op.name O op.inputlist,
op.outputList DO OO ;
opJOOODOO"is not yet specified"0D0 0O ;
if (op.FormalDomPre 0 0 0 00O !=null)
then op.FormalDomPre U0 op DO OODOOOOODO;
else op000000O0000O0O0OCDOODOOOOOOO;
if (op.FormalDomPost 0 0 O 00O !=null)
then op.FormalDomPost OO opO0000OOOOOO;
else op 00000000000 O0O0O0OOOOOOCD;
}
ag0000000000D00D close;

(0D 190 100 18000)
(00200 40 8000)
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