31

321

3.2.3

31
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D1
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D2

Cl

C2

N

D1

N

D2

3.2

3.2

AB

AB

3.2

3.2

—_— o~ o~

(B Abstract Machine Architecture)

3.3
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Machine Machine
A B
END END
Y Y
Machine
AB
END
Y Y 4 A
Machino Machino
BasicA BasicB
END END
...... V...
3.3 A B AB
321 i
ClassName
classname_Attributel, classname_Attribute?,
classname_AttributeN TypeAttrl, TypeAttr2...... TypeAttrN
3.4
ClassName

>classname_Attributel : TypeAttr] 1ypeAttrI
N>classname~Attribute2 : TypeAttr2

M>classname_AttributeN : TypeAttrN

3.4

Customer
35
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Customer

AXustomerJD : STRING
MycustomerJMame : STRING
locustomer~Age : NAT
A>customer~Address : STRING
AscustomerPhorieNumber : STRING
A>customer~Status : BOOLEAN

L 35 Customer

1
| |
(BasicClass)
MACHINE
SETS
VARIABLES
INVARIANT
INITIALISATION
1
ClassName
classname_Attributels classname Attribute2........ classname_AttributeN
TypeAttrl, TypeAttr2, = TypeAttrN
1
3.6
ClassName
s T
A
A>classname_AttributeN : TypeAttrN
3.6

3.6 BasicClassName 3.7



MACHINE

BasicClassName

SETS
BASICCLASSNAME

VARIABLES

basicclassname,

classname_Attributel,
classname~Attribute?,

classname AttributeN

INVARIANT

basicclassname (Z BASICCLASSNAME A
classname_Attributel GTypeAttrI
classname_Attribute? GTypeAttrZ A

classname AttributeN G TypeAttrN

INITIALISATION

basicclassname := (j) I

classname_Attribute

[ := InitialValue I
classname~Attribute2 :=

I
InitialValue

classname AttributeN := InitialValue

3.7
BasicClassName

BASICCLASSNAME

SETS
basicclassname

VARIABLES
classname_Attributel, classname_Attribute2, classname_Attributes, ... 1
classname_AttributeN

VARIABLES
InitialValue

INITIALISAT IONS
(Algorithm) 1

25



1
Classi Classi
classi_Attributel, classi_Attribute2........ classLAttributeN
TypeAttrl, TypeAttr2, .... TypeAttrN

BasicClassi
R1-1) MACHINE
R1-2) BasicClassi MACHINE
R1-3) SETS
R1-4) Classi BasicClassi ~ BASICCLASSI
SETS
R1-5) VARIABLES
R1-6) BasicClassi  basicclassi
classi_Attributel, classi_Attribute2......ClassLAttributeN
VARIABLES
R1-7) INVARIANT
R1-8) Classi
Basicclassi basicclassi ¢ BASICCLASSI.ovmrrvrirnnn (Invl)
classi_Attributel G TYPEALErL..cvccessimsisssssssssssinn (v2)
classi_Attribute2 ¢ TYPRAHIZ....cssssssssssssssssssssssisssnnns (Inv3)
ClassLALributeN 6 TYPEALLIN......vvvvvcrmssresssssssssesssssssssssnns (InvN+1)
(Invl), (Inv2).......(InvN+1)
‘o A
(Invl) A (Inv2) A ... A (InvN+1) INVARIANT
R1-9) INITIALISATION
R1-10) basicclassi := () v (Initl)
classi_Attributel := INILIAIVaAIUC.....crrmrrsrrssrsssssisssisssinns (it2)

classLAttribute2 := INitialValue......cvvvvmsssnssssssssssssissssnnn (Init3)
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classi AttribDUeN = INitialValue. ... (InitN+1)
(1), (2), (N+1)

(Parallel Assignment) I

1) 1@ 0. T(N+1) INITIALISATION
R1-11) END BasicClassi
3.5 Customer
(customer, ) (customer_Name) (customer_Age)
(customer_Address) (customer_PhoneNumber)
(customer_Status) customer
customer_Name customer_ Address customer_PhoneNumber
(STRING) customer_Age (NAT)
customer_Status (BOOLEAN)
BasicCustomer Customer
3.8
MACHINE
BasicCustomer
BASICCUSTOMER
VARIABLES
baslocustomer,
customerJD,
custorner~Name,
customer~Age

customer 8dress
customer=PhoneNumber,
customer~Status

E)NVARIANT

asiccustomer ¢ BASICCUSTONIER A
customer e STRING A
customer amee STRING A

s e g o
u '~

customer~P one umbere’%GrRlNG A
customerStatus e BOOLEAN
INITIALISATION

basiccustomer = () I

customerID =null I
customer~Name =null 1
customer~A8
customerﬁ\dress -null 1
customer~PhoneNumber :=null I
(I:Eulit[())mer_Status =FALSE

n38 Basiccustomer



USES
3.9

MaASgIHINE

USES
BasicClass

END

3.9

Classi Classi

MACHINE
Classi MACHINE
USES
BasicClassi USES
END Classi
Customer
BasicCustomer 3.10

MACHINE

Customer

BSES

asicCustomer
END

3.10 Customer



(StringType)
(BooleanType)

s
3 g Typ

STRING
V RIABLES

Strin
p’iX é l%T
TRING A
prStrm e STRING
ALl ATION

nuI = EmptyString

n

3.11

MACHINE
oolean Type

BOOLEAN {TRUE, FALSE}

312
VARIABLES
INVARIANT
(null
SEES
3.13

VARIABLES

INVARIANT

SEES

311 3.12

INITIALISATION

29



(FALSE)
SEES

3.13

3.14

30

INITIALISATION

3.14

MAC INE
BasicClass

%trlquTyé)LES

cIassnameAttnlg)ute il
classname~Attribute2,

classname AttributeN
INVARIANT
|assname Attribute| e gTRIN A
%X]ame~Anr|bute2 e STRING A
c[assnameAttnbuteN e STRING
INITIALISAT|O
c|assname Attrjgutel 2 nu” |
assname=Attribute2 :=nu

cfassname_AttnbuteN:: null
END

MACHINE
BasicClass

SEES

BooleanTyp
VARIAB
cIassnameAttnbuteI
classname~Attr|bute2

cIassnameAttnbuteN

INVARIA
o Ml 1 OO A

A
Classname AttributeN G BOOLEAN
INITIALISATION
classname_Attriputel := FALSE I
classname=Attribute2 := FALSE 1
6,e!ssname_AttributeN:: FALSE

END



3l

)
2)
3)
4)
3.15
Evo B
SuagTypo sicieind SR
Exo éno
SEES
Py
$ 315
3
3
Classi Classi
classi_Attributel, classi_Attribute?........ classLAttributeN
TypeAttrl 1TypeAttr2...... TypeAttrN
StringType
BooleanType BasicClassi
SEES
R3-1) MACHINE
R3-2) BasicClassi MACHINE
R3-3) SEES
R3-4) TypeAttrl  TypeAttr2 .. TypeAttrN  STRING
StringType SEES

R3-5) TypeAttrl  TypeAttr2 ... TypeAtrN  BOOLEAN
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BooleanType SEES
R3-6) INVARIANT
R3-7) R3-4
STRING

classi_Attributel e STRING A
classi_Attribute2 e STRING A

classLAttributeN e STRING INVARIANT

R3-5
BOOLEAN

classi_Attributel e BOOLEAN &
classi_Attribute2 e BOOLEAN A

ClassLAttributeN G BOOLEAN INVARIANT
R3-8) INITIALISATION
R3-9) R34 STRING

classi_AttribUe 1 := null

classi_Attribute2 := null ||

ClassLAttributeN := nul INITIALISATION

R3-5
BOOLEAN
classi_Attributel := FALSE I
classi_Attribute2 := FALSE |

ClassLAttributeN := FALSE INITIALISATION



R3-10) END BasicClassi

BasicCustomer 38
SEES
3.16
HcCisorer
EES
3oy
END
1 ,3.16 BasicCustomer SEES
3.2.2
(Prefix)
Asso
Aggr
Compo
(Multiplicity)
Asso_Classl Class2
Aggr_Classl Class?2 Compo_Classl_Class2
Classl Class2
* More
0. Zero or More
1.* One or More
1 One

0.1 Zero or One
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0. 1. 1 0.1
INVARIANT

RelTypeRelName _classl class2
Classl

Class2
RelTypeReIName _classl class2c BASICCLASS! x BASICCLASS?2
Classl Class2

BASICCLASS1 ~ BASICCLASS?

B 9k
Class Class2 Classl
Class2
dom(RelTypeReIName _class1 class2) = basicclassl A
ran(RelTypeRelName _classl class2) = basicclass2 A
V- (xx,yy).((xx e dom(RelTypeRelName classl class2)) A
(yy G ran(RelTypeRelName classl class2)))
-> card((RelTypeRelName classl class2)[{xx}]) >0 A
card((RelTypeRelName classl class2) [{yy}]) >0)
. AT
Classl Class2 Classl
Class2
dom(RelTypeRelName_classl class2) = basicclassl A
ran(RelTypeRelName _classl class2) = basicclass2 A
V- (xx,yy).((xx e dom(RelTypeRelName classl class2)) A
(yy e ran(RelTypeRelName classl class?2)))
-» card((RelTypeRelName_classl class2)[{xx}]) >0 A
card((RelTypeRelName_classl class2) | [{yy}]) >0)
. 7L
Class Class2 Classl

Class2
dom(RelTypeReIName classl class2) = basicclassl A
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ran(RelTypeRelName classl class2) = basicclass2 A
V (xx,yy)((xx G dom(RelTypeRelName_classl class2)) A
(yy G ran(RelTypeRelName_classl class2)))

-> card((RelTypeRelName_classl class2)[{xx}]) >1 A

card((RelTypeRelName_classl class2) 1[{yy}]) >1)
‘ 1

Classl  Class2 Classl

Class?
dom(RelTypeRelName_classl class2) = basicclassl A
ran(RelTypeRelName classl class2) = basicclass2 A
V (xx,yy).((xx G dom(RelTypeRelName classl class2)) A

(yy G ran(RelTypeRelName classl class2)))

-> card((RelTypeRelName_classl class2)[{xx}]) =1 A

card((RelTypeRelName_classl class2) I [{yy}]) = 1)
. 0.1

Classl  Class2 Classl

Class2
dom(RelTypeRelName_class! class2) = basicclass| A
ran(RelTypeRelName _classl class?) = basicclass2 A
V (xx,yy).(((xx G dom(RelTypeRelName classl class2)) A

(yy G ran(RelTypeRelName classl class2)))

—» card((RelTypeRelName classl class2)[{xx}]) >0 A
card((RelTypeRelName_classl class2)[{xx}]) < 1 A
card((RelTypeReIName_classl class2)'1[{yy}]) > 0 A
card((RelTypeRelName_classl class2) I [{yy}]) < 1)



Class?
3.17

Classl

3.18

3.

3.19

}
2 Class|
AssoName
Class1 desgiory Class?
3.17 “AssoName”
Classl Class?
17 BasicClass|
BasicClass?2 1 Class2
Classl Class2
Classl Class2 USES
ACHINE
BasicClass|,
AssoAssoTs\Iame_CIassI_CIassZ
END
3.18 Classl
AssoAssoName Classl Class2 USES

36
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MACHINE
Class?
USES
BasicClass2,
AssoAssoName_Class|_Class?
END

3.19 Class?

AssoAssoName_Classl Class2 USES

2
3.20
MACHINE
Agslé)éssoName Classl_Class2
BasmCI%sEESBasmCIassZ
assoassoname_classl_class2
INVARIANT=
asso ssoname_classl_class2 ¢ ASICCLASSE X BASICCLASS2 A
om?assoassoname cTassl class?) = basjcclassl A
ran(assoassoname Tlassl class2)” = hasicclass2 A
V (xx,yy). (E(xx G dom(assoassoname_ classl class?)) A
W G rangassoassoname classl cfass?)
—>Card((assoassoname_classl_class2)[{xX}]) = Cardinality of Class2 A
card((assoassoname _classl_class2 Cardinality of Classl
INITIALISATI (S o= y )
assoassoname_classl_class2 := ()
END
3.20 2
assoassoname _classl class2
asso AssoName Classl Class2
2
dom  ran
XYy

card((assoassoname_classl_class2) [{xx}])
Classl  Class2
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card((assoassoname_class1_class2) [{yy}])

Classl
Class2
Cardinality of Classl
1 Classl
Cardinality of Class2
Class2
4
4
Classi Classj
AssoName Classi Class]
AssoAssoName Classi_Classj
R4-1) MACHINE
R4-2) Classi
Class)  AssoAssoName_Classi_Classj MACHINE
R4-3) USES
R4-4) BasicClassi BasicClassj USES
R4-5) R4-1 Classi
Class)  assoassoname_classLclass] VARIABLES
R4-6) Classi

Classj  assoassoname_classLclassj
1 BasicClassi BasicClassj BASICCLASSI X BASICCLASS]

assoassoname_classi_classj ¢ BASICCLASSI X BASICCLASS].....ccuuens (1)
dom(assoassoname_classi_classj) = DaSICCIASSI.ummmmmmmmmmmmmmvmsmmssmissnnsnn (2)
ran(assoassoname_classi_classj) = DaSICCIASS].mummmmmmmmmmmmmmrmmmrmsmmssressrnnns (3)
X oyy ” " (For All) V (xx.yy)
XYy

XX G dom (assoassoname_classi_classj) A yy G ran(assoassoname_classi_classj)
Xy
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V (xx,yy) (xx e dom(assoassoname_classi_classj) A
yy e ran(assoassoname_classi_classj))

Classi
Classj assoassoname_classi_classj Xy
Classi Classj !
card((assoassoname_classi_classj)[{xx}]) Classj
card((assoassoname_classi_classj)™ [{yy}]) Classi
Classi Classj XX
yy Xy

V (xx.yy) ((xx e dom(assoassoname_classLclassj) A
(yy e ran(assoassoname_classLclassj))
-» card((assoassoname _classi_classj)[{xx}]) = Multiplicity of Classj A
card((assoassoname_classi_classj) [{yy}]) = Multiplicity of Classi )

LARAQB AM)
assoassoname_classi_classj ¢ BASICCLASSI X BASICCLASS] A
dom(assoassoname_classi_classj) = basicclassi A
ran(assoassoname_classi_classj) = basicclassj A
V (xx.yy) ((xx e dom(assoassoname_classi_classj) A
(yy G ran(assoassoname_classi_dassj))
—» card((assoassoname_classi_classj)[{xx}]) = Multiplicity of Classj A
card((assoassoname_classi_classjy_1[{yy}]) = Multiplicity of Classi )

INVARIANT
R4-T) INITIALISATION
R4-8) Classi
Class)  assoassoname_classi_classj := () INITIALISATION
R4-9) END
AssoAssoName_Classi_Class;
R4-10) AssoAssoName_Classi_Class; USES

Classi Classj



Order
Order

1 3.21

Cu stom er

ID : STRING

Name : STRING

e NAT

Address : STRING
PhoneNumber STRING
BOOLEAN

AAAAAAAAA
AAAAAAAAA

>>>>>>>>>

3.21

Customer BasicOrder

Customer
Customer

3.22 3.23

MACHINE

Customer

USES

BasicCustomer,
Asso_Customer Ordler

END

3.22 Customer

MACHINE

i

BasicOrder,
Asso_Customer Order

END

3.23 Order

Order 3.24

40

Customer
Customer
1...*
Customer

Order

~=> rder Name : STRING

~ =order Characteristic STRING

Customer Order

BasicCustomer
Order
Order

Order USES

Asso_Customer_Order
USES

Asso_Customer_Order
USES

Customer
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MACHINE
Asso Customer Order

HasmCustomer BasicOrder
RIABLES

ass0_customer order
inv a rian t

assocustomerorder < BASICCUSTOMER X BASICORDER A
dorn(asso_customerorder) = pasiccustomer A
ran(asso_customer Order)” = basicorder A

iy

—» card((asso_customer_order)[{xx
car%ka‘sso customer order) [{yy})=1)

INITIALISAT
80 _customer_order = ¢
END
3.24 Customer
Order
5
i
AggrName
3.25

WholeClass , .01 AgorName 1%  Pparteiass

3.25

(Reference )

VARIABLES
INVARIANT
INITIALISATION
WholeClass BasicWholeClass
Partciass BasicPartClass



W holeClass Partciass

AggrAggrName _WholeClass_PartClass USES 3.26

V\mec\ass

Basm\/\/hoIeCIass
AggrAggrName_WholeClass_PartClass

END
3.26 WholeClass

BasmwaNFCIass

%trlrF]ﬁTyéJLEs

RefPartClassID
INVARIANT

RefPartClassID e STRING
INITIALISATION

MMoatClassiD =l
END

3.27 BasicWholeClass
MACHINE
PartClass
USES
BasicPartClass,
AggrAggrName_WholeClass_PartClass

END

3.28 PartClass

MACHINE
BasicPartClass

END

3.29 , BasicPartClass

RefPartClassID
BasicWholeClass

42

3.29
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3.30

MACHINE
Ag réAggrName_V\/hoIeCIass_PartCIass

BasicWholeClass, BasicPartClass
VARIABLES
agﬂlaqgmame wholeclass partclass

%%a mame wholeclass ?artclassc BASICWHOLECLASS X BASICPARTCLASS A
§? %ﬁame wh? ass_partclass) = basicw olfclass A
ran(a ame ~ holeclass artclass)” = hasicpartclass A

V(YY) (((xx e dom(a ra mame_wholeclass partcl
W e ran(a gggﬁame Wholecfass paPthasséB%»
—» card((aggraggrname wholeclass_partclass)[{xx}]) > 1 A

card((aggraggrname_wholeclass_partclass) 1[{yy}]) >0 A

i Fa&i ﬁasqgrapgmame wholeclass partclass) 1[{yy}]) < 1)

aggraggrmame_wholeclass_partclass:= 9
END

3.30

aggraggrname_wholeclass_partclass

agor
AggrName WholeClass
Partciass 2
dom ran
Xy
card((aggraggrname_wholeclass_partclass) [{xx}])
WholeClass
Partciass
card((aggraggrname_wholeclass_partclass)  [{yy}])
WholeClass

Partciass
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5
' 5
WholeClassi Partciassi

AggrName WholeClassi Partciassi
AggrAggrName WholeClassi_PartClassi
R5-1) MACHINE
R5-2) WholeClassi

Partciassi  AggrAggrName_WholeClassi_PartClassi MACHINE
R5-3) USES
R5-4) BasicWholeClassi BasicPartClassi

USES
R5-5) R5-1 WholeClassi

Partciassi  aggraggrname_wholeclassi_partclassi VARIABLES
R5-6)

WholeClassi Partciassi ~ aggraggrname_wholeclassi_partclassi
BasicWholeClassi
BasicPartClassi BASICWHOLECLASSI X BASICPARTCLASSI
aggraggrname_wholeclassi_partclassi ¢

BASICWHOLECLASSI X BASICPARTCLASSI.....ccvmmvmsrmsssssssissssssssssssssns (1)
dom(aggraggrname_wholeclassi_partclassi) = basicwholeclassi. ... (2)
ran(aggraggrname_wholeclassLpartclassi) = basicpartclassi....mn (3)
Xy v v (xxyy)
XYy

XX 6 dom(aggraggrname_wholeclassLpartclassi) A
yy e ran(aggraggrname_wholeclassi_partclassi)
XYy
V (xx.yy) (xx G dom(aggraggrname_wholeclassLpartclassi) A
yy e ran(aggraggrname_wholeclassi_partclassi))

WholeClassi
Partciassi  aggraggmame_wholeclassi_partclassi Xy



R5-7)
R5-8)

R5-9)
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WholeClassi Partciassi

card((aggraggrname_wholeclassi_partclassi)[{xx}]) Partciassi
card((aggraggrname_wholeclassi_partclassi)[{xx}]) = 1
card((aggraggrname_wholeclassi_partclassiy_1 [{yy}]) WholeClassi

card((aggraggmame_wholeclassi_partclassiy_1[{yy}]) > 0 A
card((aggraggrname_wholeclassLpartciassiy 1[{yy}]) < 1
WholeClassi Partciassi
XYy XYy
V (xx.yy) (((xx e dom(aggraggrname_wholeclassLpartclassi) A
(yy e ran(aggraggmame_wholeclassi_partclassi))
—» card((aggraggrname_wholeclassi partclassi)[{xx}]) > 1 A
card((aggraggrname_wholeclassLpartclassiy=1[{yy}]) > 0 A
card((aggraggmame_wholeclassi_partclassi) I [{yy}) < 1) (4)
LAQRAR A
aggraggrname_wholeclassi_partclassi ¢ BASICWHOLECLASSI X
BASICPARTCLASSI A
dom(aggraggrname_wholeclassi_partclassi) = basicwholeclassi A
ran(aggraggrname_wholeclassi_partclassi) = basicpartclassi A
V (xx.yy) ((xx G dom(aggraggrname_wholeclassi_partclassi) A
(yy e ran(aggraggrname_wholeclassi_partclassi))
—> card((aggraggmame_wholeclassi_partclassi)[{xx}]) > 1 A
card((aggraggrname_wholeclassLpartclassiy=1[{yy}]) > 0 A

card((aggraggrname_wholeclassLpartclassiy 1 [{yy}]) < 1).oun (4)
INVARIANT

INITIALISATION
WholeClassi

Partciassj  aggraggrname_wholeclassi_partclassi := ()
INITIALISATION

END
AggrAggrName_WholeClassi_PartClassi
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R5-10) AggrAggrName WholeClassi_PartClassi
USES WholeClassi Partciassi
Company Department
Company Department
1.* Department
Company 0..1
331
A pDITay

I VN ——Y L*
%_?%d%— %@'ﬁm J g Nie-STNG

2 331 Company Department
331 1 BasicCompany
BasicDepartment BasicCompany
BasicDepartment Company
Department Company
BasicCompany Department BasicDepartment
Company
Department Company 1 Department
Company Department
USES 3.32 3.36
MACHINE
iy

BasicCompany,
éﬁl%l)r_Conﬁ)any_Department

332 Company
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MACHINE
BasicCompany

VARIABLES

RefDepartmentID
INVARIANT

RefDepartmentD ¢ STRING
INITIALISATION

FJelfDepartmentID = null
END

3.33 BasicCompany

MACHINE

Department

USES

BasicDepartment
éﬂ%rCompanyDepartment

3.34 Department
MACHINE
BasicDepartment
END
3.35 ' BasicDepartment

/I\\AA(r:CH(!'r\InEan Department
SR Ompanyep

BasmCompansy, BasicDepartment
ARIABLE

V

agor_company_department

IER/ARIEN'Iy' d

aggr_company_department ¢ BASICCOMPANY X BASICDEPARTMENT A

domfaggr company department) = basiccompany A
ran(a(gggjompgnyYEiepgrtment)) = basicdepaEtm)ént A

V (xx,yy).((xx e dom(aggr_company_department)) A

e ran(aggr_company_department
(& card&ggggr"_comppanyy"_ deppartmenm{xx}]) > 1A

card((aggr_company_department) 1[{yy}]) > 0 A

card((aggr_company_department)-1 <1
INITIAL AL jaagr_company_department)-L {yy}) <

aggr_company_department :=
D

1 3.36 Company
Department



6
CompoName
3.37
WholeClass L CompoName 1*  pgricigss
2 337§
VARIABLES
INVARIANT
INITIALISATION
WholeClass
Partciass
CompoCompoName_WholeClass_PartClass
USES
3.37

3.38

48
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MACHINE
CompoCompoName_WholeClass_PartClass

SE .

gasmWhoIeCIass, BasicPartClass

VARIABLES

Ic’c\)mcgloﬂ\ﬁ)%namewhoIeclasspartclass

compocomponame_wholeclass partclass ¢ BASICWHOLECLASS X BASICPARTCLASS A

dom(comg comgoname thIecIass gartcla $) = Baslcwholfclass A

ran(compocomponame_Wholeclass partclass)” = basicpartclass A

VYY) ((xx e dom%com ocorponame_wholeclass partclass)) A

6 ran(compocomponame_wnoleclass partclass

—> Card((compocomponame_wholeclass_partclass)[{xx}]) > 1 A

card((compocomponame_wholeclass_partclass) 1 =1
NTIALIsKE TR sompocomponare Wholeeless patlas) 1) = 3

compocomponame_wholeclass_partclass = ()
END

jilr 3.38 M u
compocomponame_wholeclass_partclass

compo CompoName WholeClass
Partciass 2

dom ran

XYy

card((compocompo_wholeclass_partclass) [{xx}])
WholeClass
Partciass
card((compocompo_wholeclass_partclass)  [{yy}])
WholeClass
Partciass
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6
6
WholeClassi Partciassi
CompoName WholeClassi Partciassi

CompoCompoName_WholeClassi_PartClassi

R6-1) MACHINE
R6-2) WholeClassi
Partciassi  CompoCompoName _WholeClassi_PartClassi MACHINE
R6-3) USES
R6-4) BasicWholeClassi BasicPartClassi
USES
R6-5) R6-1 WholeClassi
Partciassi  compocomponame_wholeclassi_partclassi
VARIABLES
R6-6)

WholeClassi Partciassi -~ compocomponame_wholeclassLpartclassi
BasicWholeClassi
BasicPartClassi BASICWHOLECLASSI X BASICPARTCLASSI
compocomponame_wholeclassi_partclassi C

BASICWHOLECLASSI X BASICPARTCLASSI..o.oomevnvmsssssssmsssssesssssssssn (1)
dom(compocomponame_wholeclassLpartclassi) = basicwholeclassi.......... 2)
ran(compocomponame_wholeclassi_partclassi) = basicpartclassi.......... (3)
Xy T V)
Xy

XX6 dom(compocomponame_wholeclassi_partclassi) A
yy G ran(compocomponame_wholeclassi_partclassi)
Xy
V (xx.yy) (xx G dom(compocomponame_wholeclassi_partclassi) A
yy G ran(compocomponame_wholeclassi_partclassi))
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WholeClassi
Partciassi  compocomponame_wholeclassLpartclassi Xy
WholeClassi Partciassi
card((compocomponame_wholeclassi_partclassi)[{xx}]) Partciassi
card((compocomponame_wholeclassi_partclassi)[{xx}]) > 1
card((compocomponame_wholeclassi_partclassi)'1[{yy}])
WholeClassi card((compocomponame_wholeclassi_partclassi) [{yy}]) = 1

WholeClassi Partciassi

Xy Xy

V (xx.yy) ((xx G dom(compocomponame_wholeclassi_partclassi) A
(yy G ran(compocomponame_wholeclassi_partclassi))
—» card((compocomponame_wholeclassi_partclassi)[{xx}]) > 1 A

card((
LAQAR Al
compocomponame_wholeclassi_partclassi ¢ BASICWHOLECLASSI X
BASICPARTCLASSI A

dom(compocomponame_wholeclassi_partclassi) = basicwholeclassi A

compocomponame_wholeclassi_partclassi)"L[{yy}]) = 1)....(4)

ran(compocomponame_wholeclassLpartclassi) = basicpartclassi A
V (xx.yy) ((xx G dom(compocomponame_wholeclassi_partclassi) A
(yy G ran(compocomponame_wholeclassi_partclassi))
-> card((compocomponame_wholeclassLpartclassi)[{xx}]) > 1 A
card((compocomponame_wholeclassi_partclassi) 1[{yy}]) = 1)....(4)

INVARIANT
R6-7) INITIALISATION
R6-8) WholeClassi
Partciassi  compocomponame_wholeclassi_partclassi := 9
INITIALISATION
R6-9) END
CompocompoNameJ holeClassLPartClassi
R6-10) CompocompoName_WholeClassLPartClassi

USES WholeClassi Partciassi
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1 Invoice
Invoiceltem
Invoice Invoiceltem
1.* [nvoiceltem
Invoice 3.39
. Invoice 1 LX Invoiceltem
%>invoice Date : STRING M>invoiceitem_Nanna : STRING
3.39 Invoice Invoiceltem
3.39 Basiclnvoice
Basiclnvoiceltem Basiclnvoice
Basiclnvoiceltem [nvoice
Invoiceltem Invoice
Basiclnvoice Invoiceltem Basiclnvoiceltem
[nvoice Invoiceltem
[nvoice 1 Invoiceltem
Invoice Invoiceltem
USES 3.40 3.44
MACHINE
Invoice
USES
Basiclnvoice, _
Compo_Invoice_Invoiceltem
END
3.40 [nvoice
MACHINE
Basiclnvoice
VARIABLES
ReflnvoiceltemID
INVARIANT
ReflnvoiceltemID e STRING
INITIALISATION

ReflnvoiceltemID :=null
END

3.41

Basiclnvoice
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MACHINE

Invoiceltem

Basiclnvoiceltem,
Compo_Invoice_Invoiceltem

END
3.42 Invoiceltem
MACHINE
Basiclnvoiceltem
END
3.43 Basiclnvoiceltem

MACHINE

Comgo_lnvoice_lnvoiceltem
USES ~

Basiclnvoice, Basiclnvoiceltem
VARIABLES
compo_invoice_invoiceitem
invariants’
compo_invoice_invoiceitem ¢ BASICINVOICE X BASICINVOICEITEM A
dom(compo invoice invoiceitem) = basicinvoice A
ran(compo_invoice_invoiceitem) = basicinvoiceitem A
V (xx,yy).((xx_ G dom (compojnvoiceinvoiceitem)) A
(yy G ran(compo invoice invoiceitem)))
—> card((compo_invoice_invoiceitem)[{xx}]) > 1 A

card((compo_invoice_invoiceitem) 1 =
INTIALISATIGN P~ et veteettem 2l = 3
compo invoice invoiceitem = <
END
3.44 [nvoice
Invoiceltem
3.2.3

11
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(Implicit  Relation)

I I
SuperClass
&superclass_Attribute! - TypeAltr!
gsuperclass_AtlribuleZ : TypeAt2
Q;;Jpsmlass_Ail nbufeN : TypeAttiN
SubClass1 SubClass2 SubClassN
&subclass1_Aftributet : TypaAltrl & subclass2_Attribute! : TypeAttrl & subclassN_Attribute! : TypeAttrl
gsubclassl_Allrihme’z - TypeAltr2 gsubclass?_mtn'bute? : TypeAttr2 gsuhclassN_Amibmez . TypeAttr2
Q;;chlassl_AitribMeN : TypeAtiiN Q;;chlasﬂ_mlnbuleN : TypeAttiN Q;I;hclassN_Aﬁlihm:N : TypeAttiN
Superclass Subclass'!, SubClass2...... SubClassN

(Superclass)
(BasicSuperClass)
superclass_Attributel, superclass_Attribute2, ...1 superclass_AttributeN

TypeAttrl, TypeAttr2.... TypeAttrN (Subclass)
Subclass'!, SubClass2..... SubClassN
(BasicSubClass) BasicSubClassl, BasicSubClass2, ... BasicSubClassN

subclassl Attributel,
subclassl Attributez, subclassl AttributeN, subclass2_Attributels
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subclass2_Attribute?, subclass2_AttributeN, subclassN_Attributel,
subclassN_Attribute2, ... subclassN_AttributeN
TypeAttrl, TypeAttr2....... TypeAttrN BasicSubClass
3.46 3.49

MACHINE
Superclass
USES

BasicSuperClass

END

3.46 Superclass
MACHINE

BasicSuperClass

VARIABLES

superclassAttributel,
supeclassJAttribute?,

superclass AttributeN

superclass Attributel e TypeAttrl A
sup'&rclass~Attribute2 e TypeAttr2 A

éUpercIass_AttributeN e TypeAttrN

END

3.47 BasicSuperClass
MACHINE

SubClassl

USES

BasicSubClass1

END

MACHINE
SubClass2
USES
BasicSubClass2
END



MACHINE
SubClassN
USES
BasicSubClassN
END

3.48 Subclass

MACHINE
BasicSubClassl

VARIABLES
subclass1 Attribute 11
subclassl_Attribute2,
0oy

subclass |_AttributeN,
superclass_Attributel,
superclass_Attribute2,

superclass AttributeN

subclassl_Attributel e TypeAttrl A

subclassi~Attribute2 e TypeAttr2A

A

subclassl_AttributeN e TypeAttrN A
superclass_Attributel e TypeAttrIA
suppe\rclass_AttributeZ e TypeAttr2 A

éuperclass_AttributeN € TypeAttrN
END

MACHINE
BasicSubClass2

VARIABLES
subclass2_Attribute 1,
subclass2_Attribute2,

subclass2_AttributeN,
superclass_Attribute,
superclass_Attribute2,

superclass AdttributeN

INVARIANT

subclass2_Attributel e TypeAttrl A
subclass2_Attribute2 ¢ TypeAttr2A
A

subclass2_AttributeN e TypeAttrN A
superclass_Attributel € TypeAttrl A
suppe\rclass_AttributeZ € TypeAttr2 A

s“L'JpercIass_AttributeN € TypeAttrN
END
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B

VARIABLES
su aassN_Attr, hutel,
sunclassN=Attribute?,

subclassN AttributeN,

superclass_Attribute,
superclass_Attribute2,

superclass AttributeN

INVARIANT .
SlGEngsN_Attngutele TypeAttr] A
suAassN_Attrl ute2e TypeAttr2 A
subclassN_AttributeN e TypeAttrN A

superclass_Attributel 6 TypeAttrl A
su;:AercIass_AttributeZ e TypeAttr2 A

s"tlJpercIass AttributeN € TypeAttrN

END
2 349 BasicSubClass
1
!
SuperClassi SuperClassi
superclassi_Attributel, superclassi_Attribute?, ... superclassLAttributeN
SubClassi subclassi_Attributel, subclassLAttribute?2.......
subclassLAttributeN SuperClassi SubClassi
SubClassi SuperClassi superclassi_Attributel,
superclassi_Attribute2, ... superclassLAttributeN
BasicSuperClassi
SuperClassi BasicSubClassi

SubClassi
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I BasicSuperClassi

R7-1) MACHINE
R7-2) BasicSuperClassi MACHINE
R7-3) SETS
R7-4) BasicSuperClassi ~ BASICSUPERCLASSI
SETS
R7-5) VARIABLES
R7-6) BasicSuperClassi  basicsuperclassi
superclassi_Attributel, superclassi_Attribute2,
... superclassLAttributeN VARIABLES
R7-7) INVARIANT
R7-8) SuperClassi
BasicSuperClassi basicsuperclassi ¢ BASICSUPERCLASSI ...(  plnvl)
superclassi_Attributel G TYPeALtrl......smrnsssssssinnn (Suplnv?)
superclassi_Attribute2 G TYPEAIIZ. ..o (Suplnv)
superclassLALLriDUtEN G TYPEALIIN...coovviviovmmsssssssssssssssssssssssssinens (SuplnvN+1)
(Suplnvl), (Suplnv2)......(SuplnvN+1)
e A
(Suplnvl) A (Suplnv2) A ... A (SuplnvN+1) INVARIANT
R7-9) INITIALISATION
R7-10) basicsuperclassi = (> v (Suplnitl)
superclassi_Attributel = INIIAIVAIUL....cmrrrmrsresvssinsssssssssssssnen (Supnit2)
superclassi_Attribute2 = INHIAIVAIUL . (Suplnit3)
superclassLAttributeN := INItIAIVaIUG. ... (SupInitN+1)

(Suplnitl), (SupInit2)......(SupInitN+1)
[
(Suplnitl) 1 (Suplnit2) I... I (SuplnitN+1)



R7-11)

R7-23)
R7-24)
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INITIALISATION
END BasicSuperClass
SuperClassi
MACHINE
SuperClassi MACHINE
USES
BasicSuperClassi USES
END 1 1 SuperClassi
BasicSubClassi
MACHINE
BasicSubClassi MACHINE
SETS
BasicSubClassi  BASICSUBCLASSI
SETS
VARIABLES

BasicSubClassi  basicsubclassi
SubClassi  subclassi_Attributel,
subclassi_Attribute2......subclassLAttributeN
SuperClassi  superclassi_Attributel, superclassi_Attributez, ....

superclassLAttributeN VARIABLES
INVARIANT
SubClassi
BasicSubClassi basicsubclassi ¢ BASICSUBCLASSI.....cuvn.. (Sublnvl)
SubClassi
subclassi_Attributel & TYPEAL Lo (Sublnv2)
subclassi_Attribute2 & TYPRALLIZ ... (Sublnv3)

SUDCIasSLALEFIDULEN & TYPRALIIN...ooovvvrvrvrrerrssmnsmessssssssssssessssssssnnes (SublnvN+1)



R7-25)
R7-26)

R7-27)

SuperClassi '

superclassi_Attributel G TYPEALLI L. (Suplnvl)
superclassi_Attribute2 G TYPEALLIZ.....rvvrmmmmmmmsssmsssmmsssmssssmsssrsssens (- plnv2)
superclassi_ AttributeN G TYPRALLIN.....vrvvvimmrmmmssrmnsssmsssmssssssssressen (SupInwN)
(Sublnvl), (Sublnv2)......(SublnvN+1), (Suplnvl),
(SupInv2).......(SupInvN) “,
A
(Sublnvl) A (Sublnv2)A ... A (SublnvN+1) A (Supinvl) A (Supinv2) A ... A
(SupInvN) INVARIANT
INITIALISATION
basicsubclassi := () wrvrerrrmnnnn (Sublnitl)
Subclass
subclassi_Attributel := INItIAIVaIUR. .. (Subinit2)
subclassi_Attribute2 := INtIAIVAIUR. . (Sublnit3)
subclassLAttributeN = INitialValu. ... (SublInitN+1)
Superclass
superclass_Attributel = INItIAIVAIUL....cvvrvvsirrsrssnrssrrrssssssisssnnnen (Suplnitl)
superclassi_Attribute2 := INItIAIVaIUL.....rvrvvrssrssrrmsnesssessne (Suplnit2)
superclassi_AttributeN = INItIAIVAIUE. ... (SuplnitN)

(Sublnitl), (SublInit2)......(SublnitN+1), (Suplnitl),
(Suplnit2)......(SuplnitN)
[

60

(Sublnitl) Il (Sublnit2) 1 ... I (SublnitN+1) I

(Suplnitl) I (Suplnit2) 1 ... I (SuplnitN) INITIALISATION
END BasicSubClassi



“ SibClassi

R7-28) MACHINE
R7-29) SiibClassi MACHINE
R7-30) USES
R7-31) BasicSubClassi USES
R7-32) END StibClassi
Customer
VIP-Customer 3.50
Customer
&customer_ID : STRING
&customer_Name : STRING
&customer_Age : NAT ;
Q)customer_Address : STRING |
&customer_PhaneNumber : STRING |
VIP-Customer
3.50 Customer VIP-Customer
3.50
Customer BasicCustomer
VIP-Customer 1 BasicVIP-Customer 3.51 3.54
MACHINE
Customer
USES
BasicCustomer
END

2 351 Customer A
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MACHINE
BasicCustomer

E

BAEICCUSTOMER

VARIABLES

haslccustorer,

customerID,

customerJName,

customer™Age

customer” dress
customer~PnoneNurmber

customer Status

f)NVAR

aSICCUStOMmer & BASICCUSTOMER A
customer ID  STRING A
customer~Name e STRING A
customer~Age 6 NAT A

customer Address e STRING A
customer~PhoneNumber e STRING A
customer~Status & BOOLEAN
INITIALISATION

hasiccustomer := ) |

customer 1D :=null I
customer”Name nuII
customer A 3
customeﬁfké1 ress -null |
customer PhoneNumber = null |
%ul\?tgrne@tatus =FALSE

3.52 Basiccustomer

MACHINE
VIP Cus omer

BasmVIP-Customer
END

3.53 VIP-Customer



MACHINE
BaémVI P-Customer

SETS

BASICVIP-CUSTOMER

VARIABLES

hasicvip-customer,

vjp-customer ID,

V| custonﬁrﬁNarm

V|p-customer~

vip-customer=~ dress
vip-customerJPhoneNumber,
vIp-customer~Status

LNVARIANT

asmw? customerc BASICVIP-CUSTOMER A
vip-customer | GSTRINGA
vip-customer—Name_G SIR G A
V| customer"Age G NAT A
VIp-Customer=; dress G, STRING A
vip-customer PhoneNumber G STRING A
vip-customer=Status ¢ BOOLEAN
INITIALISATION

basicvip-customer := 5 |

vip-customer 1D :=null |

V| -customer‘Name nuIII
vIp-customer~A g

vip-customer A dress -nuIII
vip-customer=PhoneNuraber:=null I
\é' -lgustoner_Status =FALSE

A 354 BasicVIP-Customer

(Superclass)
(OtherClass)
SubClassl, SubClass2......SubClassN 3.55 3.59



SuperClass |Oth¢rclass
SubClasst SubClass? o= SubClassN
3.55
SuperClass 0.1 1.7 OtherClass
SubClass SubClass?2 SubClassN

64

/ o o« - o U & o/ J 'y o
s1it 3.56 AnwdNWusuETINTUsTMINgUefAaraiuAaIaY Inedy/efaaraidunatauan

3.57

3.58

OtherClass

. 0.1 1.7 SuperClass
-
SubClass1 SubClass?2 = SubClassN
SuperClass 1 1.7 | OtherClass
SubClass1 SubClass2 SubClassN
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-E!—lherclass— 1 1.7 SuperClass
SubClass! SubClass2 | SubClassN@
3.59
Superclass OtherClass SubClassl,
SubClass2, ... SubClassN OtherClass
OtherClass
plicitRelTypeReIName_SubClass_OtherClass
Subclass OtherClass
plicitRelTypeRelName _SubClass_Other
Class USES
3.55 3.59
3.60 3.69
MACHINE
Asslgs SuperClass OtherClass
BasmSu%erCIass, BasicOtherClass
VARIABLES
ass0 superclass otherclass
END
3.60

MAEH&ISEO_SUbGaSSLOtheerSS

USES
BasmSubCIagsI, BasicOtherClass
VARIABLE

implicitasso_subclassl_otherclass

END



3.61

3.62

Im ﬁutAsso SubClass2_OtherClass
BasmSubCIassZ BasicOtherClass
VARIABLES

|mpI|C|tasso subclass?_otherclass

END

Im FutAsso SubClassN_OtherClass
BasmSubCIassN BasicOtherClass
VARIABLES
implicitasso_subclassN otherclass

END

MACHINE
[ SuperCIass OtherClass

gasmSuBerCIass, BasicOtherClass
VARIABLES
agor superclass otherclass

IEND

Im ?mtAggrJSubCIassIOtherCIass
BastubCIassI BasicOtherClass
VARIABLES

implicitaggr subclass1 otherclass

END

anfmt&lggr SubClass?_OtherClass
gasmSubCIassZ BasicOtherClass
VARIAB

|mpI|C|taggr subclassz otherclass

END

66



3.63

3.64

3.65

MA?_HINE

lIJrgE émtAggrSubCIassNOtherCIass
BasicSubClassN, BasicOtherClass
VARIABLES

implicitaggr subclassN _otherclass

END

MACHINE

ﬁ (SOtlerIassSuperCIass
BasicOtherClass, BasicSuperClass
VARI BLI?S

aggr otherclass superclass

END

MACHINE

Irg EcitAggr_OtherCIass_SubCIassl
gasmOtherCIass, BasicSubClass|
VARIABLES
implicitaggr_otherclass: subclass

END

ACHINE
Wg Ecib&lggr_OtherCIass_SubCIassZ
gachtherCIass, BasicSubClass
VARIABLES
implicitaggr_otherclass subclass2

END

MACHINE

bng EcitAggr_OtherClass_SubCIassN
BasicOtherClass, BasicSubClassN
VARIABLE

implicitaggr_otherclass sulbclassN

END

67
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3.67

3.68

MACHINE
Compo_SuperClass OtherClass

USES - :
BasicSUperClass, BasicOtherClass
VARIABLES

compo_superclass otherclass

END

M u

MAGHINE

brg Eutgompo_SubCIassI_OtherCIass
BasicSubClass|, BasicOtherClass
VARIABLES
implicitcompo_sulbclass|_otherclass

END

ACHINE
Wg Flscit&mpo_SubCIassZ_OtherClass
%asmSubCIassZ, BasicOtherClass
VARIABLES
implicitcompo_ subclass2_otherclass

END

MACHINE

bng Eut&mpo_SubClassN_OtherCIass
BasicSubClassN, BasicOtherClass
VARIABLES
Implicitcompo_subclassN_otherclass

END

Mu

ACHIN
('%lgrg _Ot%erCIass_SuperClass
gasmOtherCIass, BasicSuperClass
VARIABLES
compootherclasssuperclass

END

M u

68



3.69

SubClassi

ImplicitRelTypeRelName _SubClassi_OtherClass

SuperClassi

MACHINE
brgElsl(:ltCompoOtherCIassSubCIassI
BasicOtherClass, BasicSubClass|
VARIABLES
implicitcompo_otherclass_subclass|

END

MACHINE
brg%llsutCompo_OtherCIass_SubCIassZ
BasicOtherClass, BasicSubClass2
VARIABLES
implicitcompo_otherclass_subclass2

knd

MACHINE
brggllsutCompo_OtherCIass_SubCIassN
BasicOtherClass, BasicSubClassN
VARIABLES
implicitcompo_otherclass_subclassN

END

8

RelName OtherClass

RelName

RelType

OtherClass

ImplicitRelTypeReINameJBubClassLOtherClass

SubClassi  OtherClass

1 RelType = Asso

OtherClass

SubClassi

plicitAssoAssoName _SubClassi_OtherClass

69

RelType
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2 RelType = Aggr SubClassi

SubClassi
OtherClass ImplicitAggrAggrName_SubClassi_OtherClass
3 RelType = Aggr SubClassi
OtherClass
SubClassi ImplicitAggrAggrName_OtherClass_SubClassi
4 RelType = Compo SubClassi
SubClassi
OtherClass ' ImplicitCompoCompoName_SubClassi_OtherClass
5 RelType = Compo SubClassi
OtherClass

SubClassi plicitCompoCompoName_OtherClass_SiibClassi

SubClassi  OtherClass plicitRelTypeReIName_SubClassi_OtherClass

R8-1) MACHINE
R8-2) SubClassi
OtherClass  ImplicitRelTypeReIName_SubClassi_OtherClass
MACHINE
R8-3) USES
R8-4) BasicSubClassi BasicOtherClass
USES
R8-5) R8-1 SubClassi
OtherClass  implicitreltyperelname_subclassi_otherclass
VARIABLES
Rs-6)

SubClassi OtherClass  implicitreltyperelname_subclassi_otherclass
BasicSubClassi BasicOtherClass
BASICSUBCLASSi X BASICOTHERCLASS



implicitreltyperelname_subclassi_otherclass ¢

BASICSUBCLASSI X BASICOTHERCLASS......cooisesssmssssssssssssssssssssssssssssssssssss
dom(implicitreltyperelname_subclassi_otherclass) = basicsubclassi...........
ran(implicitreltyperelname_subclassi_otherclass) = basicotherclass............

XXy " " V- (xx,yy)
XYy
XX £ dom(implicitreltyperelname_subclassi_otherclass) A
yy £ ran(implicitreltyperelname_subclassi_otherclass) '
XX Yy
V (xx.yy) (xx e dom(implicitreltyperelname_subclassi_otherclass) A
yy e ran(implicitreltyperelname _subclassi_otherclass))
SubClassi
OtherClass implicitreltyperelname_subclassi_otherclass XX
yy SubClassi OtherClass
card((implicitreltyperelname_subclassi_otherclass)[{xx}])
OtherClass
card((implicitreltyperelname_subclassi_otherclass)  [{yy}])
SubClassi
SubClassi OtherClass
yy XYy
V (xx,yy) ((xx £ dom(implicitreltyperelname_subclassi_otherclass) A
(yy £ ran(implicitreltyperelname_subclassi_otherclass))
-> card((implicitreltyperelname_subclassi_otherclass)[{xx}]) =
Multiplicity of OtherClass A
card((implicitreltyperelname_subclassLotherclass) 1 [{yy}]) =
Multiplicity Of SUBCIASST ) wovvvvrverivssrrssnrsssnsssisssmsssmssssessssesssssssmssne

LAQAR A
implicitreltyperelname_subclassi_otherclass ¢
BASICSUBCLASSI X BASICOTHERCLASS A
dom(implicitreltyperelname_subclassLotherclass) = basicsubclassi A
ran(implicitreltyperelname_subclassi_otherclass) = basicotherclass A

n



12

V (xx,yy) ((xx € dom(implicitreltyperelname_subclassi_otherclass) A

(yy e ran(implicitreltyperelname_subclassi_otherclass))

-» card((implicitreltyperelname_ ubclassi_otherclass)[{xx}]) =
Multiplicity of OtherClass A
card((implicitreltyperelname_subclassLotherclass) 1 [{yy}]) =
Multiplicity of SubClassi )

INVARIANT
R8-7) INITIALISATION
Rs-8) SubClassi
OtherClass  implicitreltyperelname_subclassi_otherclass := ()
INITIALISATION
R8-9) END
plicitRelTypeRelName_SubClassi_OtherClass
R8-10) plicitRelTypeReIName_SubClassLOtherClass
USES SubClassi OtherClass
Customer
VIP-Customer Customer
Order 3.70
BTG
Scustomer Name - STRING ! he Ot
Emti, | S

A

VIP-Customer

3.70 Customer Order

3.70 Customer
VIP-Customer Customer Order
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Customer Order
VIP - Customer
Order
Customer Order
VIP-Customer Order 371 3.12

MACHINE

Asso Customer Order
USES ,
BasicCustomer, BasicOrder
VARIABLES
asso_customer order
Invari

ant”
asso_customer orderC BASICCUSTOMER X BASICORDER A
domfasso_customer order) = basiccustomer A
ran(asso_customer order) = basicorder A
V (xx,yy).(((xx e~ dom(asso_customer order)) A
yy e ran(asso_customer order)))

—> card((asso_customer_order)[{xx}]) > 1 A

card((asso_customer order) 1 =1
INITIAI_(‘SAHON Order) 1) = 3
ass0_customer _order =
END

3.71 Customer
Order

MACHINE
ImplicitAsso VIP-Customer Order

USES
BasicV/IP-Customer, BasicOrder
VARIABLES,
|mE)/I|C|tasso vip-customer order
INVARIANT .
Implicitasso vip-customer order ¢ BASICVIP-CUSTOMER X BASICORDER A
dom(implicitasso_vip-customer order ) = basicvip-customer A
ran(implicitasso_vip-customer Order )" = basicorder A
V (xx,yy).(((xx e domrgmphutasso vip-customer order )) A
(yy 6 ran(implicitasso VTp-customer order )})
-> card((implicitasso_vip-customer_order )[{xx}]) > T A

card((implicitasso vip-customer order) 1 =1
!NIT_I_AI_(‘SApTION P - )' [{yy}]) )
implicitasso_vip-customer order =,
END

3.72 VIP-
Customer Order
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3.3 m A

I

3
3.3.1 9 10
3.3.2 11
3.3.3 12 13 14
3.13
ClassX ClassA
®0pA1(ParameterAl : TypeParamAl) : TypeOpAl
classX : ClassX classA : ClassA

|L1 OpAl(ParameterAl : TypeParamA1) : TypeOpA !

H E

£ 373 ” OpA() classX  classA

3.13

BasicClassA OpAl(Parameterl : TypeParaml) :
TypeOpl OPERATIONS



33.1

9 10
9
OPERATIONS
Basic (Under  Score)
(Return Type)
(Output Variable) basic
boolean
voidbasic
1
OPERATIONS
boolean
void
OPERATIONS (Pre-Condition)
PRE..THEN

OPERATIONS



BEGIN..END

OPERATIONS
ClassA  ClassB
ClassB
ClassA
ClassB

Classe
ClassA
ClassB

ClassB
classe

ClassB
Classe
3.74

76

AB ClassB

¥0pB1(ParameterB1 : TypeParamB1) : TypeOpB1
®0pB2(ParameterB2 : TypeParamB2) : TypeOpB2
®0pB3(ParameterB3 : TypeParamB3) : TypeOpB3

ClassA

=
/)
£

ClassC
®0pC1(ParameterC1 : TypeParamC1) : TypeOpC1

classA : ClassA classB : ClassB

{ 1 OpB1(ParameterB1 : TypeParamB1) : TypeOpB1 !

Fom

2 OpB3(ParameterB3 : TypeParamB3) : TypeOpB

clagsC : ClassC

—

1.1 OpB2(ParameterB2 : TypeParamB2) : TypeOpB2 |

2.1 0pC1(ParamaterC' : TypsParamC*) : TypeOpC1|
I I
. | I
I | I
I I I
3.74 9
3.74 ClassA ClassB Classe
ClassB OpB1(ParameterBl : TypeParamBl) : TypeOpBl
OpB2(ParameterB2 TypeParamB2) TypeOpB2
OpB3(ParameterB3 : TypeParamB3) : TypeOpB3 Classe
OpC1(ParameterC1 : TypeParamCl) : TypeOpCl
ClassA ClassA ClassB ClassB
ClassB ClassB classe Classe



1

OpB2( ) ClassB OpC1L( ) Classe
OPERATIONS
BasicClassB BasicClassC
OPERATIONS
TypeOpB2 basicclasshbl TypeOpCl
basicclassd 3.75 3.76
OpBL() OpB3()
OPERATIONS ClassB
TypeOpBI classbl
TypeOpB3  classh2 317

Bisictlass

ban:;Fc%\sgtl) IgiBasi(:_OpBZ(ParameterBZ) =

BgrgmeterBZ e TypeParamB2

THEN

END

END

3.75 Basic_0pB2() BasicClassB

Kiictls

ga%E:FéGSTSI ’\<IS—Basic OpCl(ParameterCl) =

BgrgmeterCI e TypeParamCl

THEN

END

END

3.76 Basic_OpB1() BasicClassC



ACHINE
ClassB
OPERATIONS
|cjlléaasEsbI <—QpBI(Parameter'} 1) =
ParameterBI G TypeParamBl
THEN

END;
clgsEsbz <—QpB3(ParameterB3) =
ParaEmeterBB G TypeParamB3

END
END
£ 311 0pBL() OpB3()
9
: 9
Classi Classj ClassX Classi

TypeOpi Classj OpjO : TypeOpj

Classi Classi Classj
k classx
Classi Opi() classi Classi
classj Classj Opj0 Opi()
Opj0
Opi()
k
Opi()
R9-1) Classi
R9-2) OPERATIONS
R9-3) Opi() OPERATIONS
R9-4) Opi() Opi()

R9-4-1) Opi) PRE

78

ClassB

Opi() :
ClassX

classi

Opj0

R9-5



RY-5)

RY-6)

RY-6)

0pj()
RO-7)

RY-9)
RY-9)

R9-10)

Parameteri € TypeParami THEN
R9-4-2) Opi() BEGIN
Opi)
R9-5-1) Opi() ~ STRING NAT
THEN Classi
classh
R9-5-2) Opi()  BOOLEAN
THEN Classi  boolean
R9-5-3) Opi()  void
THEN 1 Classi  voidclassU
R9-5 Opi()
Classi
R9-5-1) Opi() ~ STRING  void
Opi() THEN
Classi  classil :=null  voidclassh := null
R9-5-2) Opi() ~ BOOLEAN
Opi() THEN
Classi  boolean := FALSE
R9-5-3) Opi() ~ NAT
Opi() THEN
Classi  classil :=0
END OPERATIONS
BasicClassj
OPERATIONS
Basic_Opj() OPERATIONS R9-10
R9-11
Basic_Opj() Basic_Opi()

19
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R9-10-1) Basic_Opj() PRE
Parameterj € TypeParamj THEN
R9-10-2) BasicjDpjO0 1 BEGIN
R9-11) Basic_Opj()
R9-11-1) Opi)  STRING  NAT
THEN BasicClass]
basicclassjl
R9-11-2) BasicjDpj0 BOOLEAN
THEN BasicClassj
boolean
R9-11-3) Basic Opj()  void
THEN BasicClassj
voidbasicclassj 1
R9-12) R9-11 Basic_Opj()
BasicClass]
R9-12-1) BasicjDpjO  STRING  void
BasicjDpjO
THEM BasicClassj
basicclassjl := voidbasicclassj 1 := null
R9-12-2) BasicjDpjO ~ BOOLEAN
BasicjDpjO THEN
BasicClassj  boolean := FALSE
R9-12-3) BasicjDpj0 NAT
BasicjDpj0 THEN
BasicClassj  basicclassjl := 0
R9-13) END OPERATIONS
Customer Order

3.78
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Customer

Order

&customer_ID : STRING
&customer_Name : STRING

+ [&order_Name : STRING
&sorder_Characteristic : STRING

&customer_Age : NAT
&customer_Address : STRING
&customer_PhoneNumber : STRING

¥getOrder(al : STRING) : STRING
®checkOrder(at : STRING) : BOOLEAN

customer : Customer order : Order

l I

1 getOrder(al : SIRING) : STRING

[

3.18

3.78 Order
getOrder(al : STRING) : STRING
customer Customer
Order
checkOrder( )
BasicOrder 3.79
getOrder( )
() OPERATIONS

MACHINE
BasicOrder

OPERATIONS
boolfean < BasiccheckOrder(al) =

PFE
al G STRING
THEN

END
END

Order

1.1 checkOrder(al : STRING) : BOOLEAN

checkOrder(al : STRING) : BOOLEAN

order Order
checkOrder( )
OPERATIONS

getOrder
3.80

3.79 Basic_checkOrder()

BasicOrder



MACHINE
Order

OPERATIONS
order1 <— getOrder(al) =

al*e STRING
THEN

END
END

$ 380 getOrder()

10

OPERATIONS

intermediate

ClassB Classe
ClassA ClassA
ClassB ClassB

3.81

82

Order

OPERATIONS
Intermediate

ClassA ClassB

ClassB ClassB
classe Classe
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AB ClassB
ClassA $0pB1(ParameterB1 : TypeParamB1) : TypeOpB1
$0pB2(ParameterB2 : TypeParamB2) : TypeOpB2
BC
ClassC
¥0pC1(ParameterC1 : TypeParamC1) : TypeOpC1
classA  ClassA classB : ClassB classC : ClassC |

I 1 OpB1(ParameterB1 : TypeParamB1) : TypeOpB1 l I
! L 1.1 OpB2(ParameterB2 : TypeParamB82) : TypeOpB2 |

TE |
11,1 OpC1 (ParameterC1 : TypeParamC1) : TypeOpC1 |
i
|
3.81 10
3.81 ClassA ClassB Classe
ClassB OpB1(ParameterB1 : TypeParamBl) : TypeOpBI
OpB2(ParameterB2 . TypeParamB2) : TypeOpB2 Classe
OpCl (Parameter C1 : TypeParamCl) : TypeOpCl
OpC1() Classe
Basic_OpCl() OPERATIONS
BasicClassC 3.82
OpB1() OpB2( )
OpB1( ) OPERATIONS ClassB
OpB2( ) OpBL( )
IntermediateClassB Intermediate_OpB2( )
OPERATIONS IntermediateClassB 3.83

3.84



TypeOpil

MACHINE
BasicClassC

OPERATIONS

basicclasscl <—Basic_OpCl(ParameterCl) =

ParameterCl e TypeParamCl
THEN

END
END

3.82 Basic_OpC1l0

ACHINE
ClassB

OPERATIONS
classl <r- OpB 1(ParameterB 1) =

PRE
ParameterB1 e TypeParamBl
THEN

END
END

3.83 0pBL()

MACHINE
IntermeidateClassB
OPERATIONS

Intermeidateclasshl <— Intermediate_OpB2(ParameterB2) =

PRE
ParameterB2 e TypeParamB2
THEN

END
END
3.84 1 IntermediateClassB
Intermediate_ O pB2()
10
10

Classi Class ClassX

Opi2() : TypeOpi2 Class]

84

BasicClassC

ClassB

Opil() :
: TypeOpj



ClassX Classi
Class k
ClassX classi Classi
Opi2() classi
Opj() Opi1o
Opi2() Opj0
Opj0

Opia() i
R10-1) Classi
R10-2) OPERATIONS
R10-3) Opil0 OPERATIONS
R10-4) Opi 10

R10-4-1) Opi 10

ParameterM e TypeParamM

R10-4-2) Opil()
R10-5) Opil()

R10-5-1) Opil()

THEN
classil
R10-5-2) Opi10
THEN
R10-5-3) Opi 0
THEN
R10-6) R10-5
Classi
R10-6-1) Opi10

Opi10

Opi 10

85

Classi
classx
Opil()
class;

classi
Classj

Opi2()

Opi2()

R10-4 R10-5
Opi 10

PRE

THEN
BEGIN

STRING NAT

Classi

BOOLEAN
Classi  boolean

void

voidclassh

Opil()

Classi

STRING  void

THEN
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Classi  classil := null voidclassM := null

R10-6-2) Opil0  BOOLEAN
Opi 10 THEN
Classi  hoolean := FALSE
R10-6-3) Opil0  NAT
Opi 10 THEN
Classi  classil :=0
R10-7) END OPERATIONS
Opi2() Op0 Classi
R10-8) MACHINE
R10-9) IntermediateClassi MACHINE
R10-10) USES
R10-11) BasicClassi USES
R10-12) OPERATIONS
R10-13) Intermediate_0pi2() OPERATIONS
R10-14  R10-15
R10-14) Intermediate_Opi2()
Intermediate_o pi2()
R10-14-1) Intermediate_Opi2() PRE
Parameteri2 e TypeParami2
THEN
R10-14-2) Intermediate_0pi2()
BEGIN
R10-15) Intermediate_0pi2()
R10-15-1) Intermediate Opi2()  STRING
NAT THEN

IntermediateClassi  intermediateclassil
R10-15-2) Intermediate_0pi2() BOOLEAN



THEN
. IntermediateClassi ~ boolean
R10-15-3) Intermediate Opi2()  void
THEN
IntermediateClassi  voidintermediateclassi 1
R10-16) R10-15
Intermediate_Opi2() IntermediateClassi
R10-16-1) Intermediate 0pi2()  STRING
\Oid
Intermediate_0pi2() THEN

IntermediateClassi  intermediateclassil := null
voidintermediateclassil := null

R10-16-2) Intermediate Opi2() ~ BOOLEAN
Intermediate_o pi2()
THEN IntermediateClassi
boolean := FALSE
R10-16-3) Intermediate_0Opi2() NAT
Intermediate_o pi2()
THEN IntermediateClassi
intermediateclassil := o
R10-17) END OPERATIONS
R10-18) END IntermediateClassi
Opj()
R10-19) BasicClassj
R10-20) OPERATIONS
R10-21) Basic_Opj() OPERATIONS R10-22
R10-23
R10-22) Basic_Opj() Basic_Opi()

R10-22-1) BasicjDpjo PRE

87



Parameter] ¢ TypeParam| THEN

R10-22-2) Basic_Opj() BEGIN
R10-23) Basic_Opj()
R10-23-1) Opi)  STRING  NAT
THEN BasicClassj
basicclassjl
R10-23-2) BasicjDpjO ~ BOOLEAN
THEN BasicClass]
boolean
R10-23-3) Basic_Opj()  void
THEN BasicClassj
voidbasicclassj 1
R10-24) R10-23 Basic_Opj()
BasicClass]
R10-24-1) Basic Opj() ~ STRING  void
Basic_Opj()
THENT BasicClassj
basicclassjl :=null  voidbasicclassjl := null
R10-24-2) Basic_Opj() BOOLEAN
BasicjDpj0
THEN BasicClassj  boolean := FALSE
R10-24-3) BasiciDpjO  NAT
Basic_Opj() THEN
BasicClassj  basicclassjl := 0
R10-25) END OPERATIONS
Customer Order stock

3.8



Customer
& customer_ID : STRING 1

89

Order

E)order_Name : STRING
1.." |&order_Characteristic : STRING

&customer_Name : STRING
& customer_Address : STRING

Togetdrder(al STRING) - STRING

1.1

chevk0rderfal

$getOrder(al : STRING) : STRING
®checkOrder(al : STRING) : BOOLEAN

/1 -

1

Stock
Qstock_Address : STRING

@®getStock() : STRING

STRING) “B OO0 LEAN

O/\
3.85 n 10
3.85 Order
getOrder(al : STRING) : STRING checkOrder(al : STRING) : BOOLEAN
Stock getStock( ) : STRING
customer Customer
order Order order Order
stock Stock Stock
getStock( ) Basic_getStock ()
OPERATIONS BasicStock 3.86
Order getOrder( )
checkOrder( ) getOrder( )
OPERATIONS Order checkOrder( )

getOrder( )
Intermediate_checkOrder( )

IntermediateOrder
OPERATIONS

IntermediateOrder

3.87 3.88



MACHINE
BasicStoc

OPERATIONS
; L\ <—BasicgetStock =

hasicstoc
BEGIN

END
END

90

ACHINE
rder

Basic_getStock() BasicStock

OPERATIONS
orderl <—getOrder(al) =

PFE

al e STRING
THEN

END

END

3.87

MACH

getOrderQ Order

INE
IntermeJl\éteOrder

OPERATIONS :
booIFean < Intermedaite checkOrder(al) =

P‘?E

al ¢ STRING
THEN

END

END

3.3.2

OPERATIONS

IntermediateOrder

Intermediate_checkOrder()



o

VARIABLES
I
OPERATIONS
3.89
SuperClass
¥0pSup! (ParameterSupt : TypeParamSup1) : TypeOpSup! Classx
®0pSup2(ParameterSup2 : TypeParamSup2) : TypeOpSup2
2
SubClass1 SubClass2 SubClassN
{ 1 OpSup1(ParameterSup1 : TypeParamSup1) : TypeOpSup1 IL
1.1 OpSup2(ParameterSup2 : TypeParamSup2) : TypeOpSup2
I
3.89 11
3.89 Superclass ClassX
ClassX ClassX
superclass Superclass Superclass

OpSupl(ParameterSupl  :  TypeParamSupl) :  TypeOpSupl



92

OpSup2(ParameterSup2 : TypeParamSup2) : TypeOpSup?2 SubClassl
SubClassN
Superclass
SubClassl SubClassN OpSupl( ) OpSup?( )
Superclass OpSupl( )
OpSup2( ) OpSupl ()
OpSup2 ()
3.90 3.93
MACHINE
Superclass
USES
BasmSuperCIass
OPERATIONS

suFE)erc ass1 <—OpSupl(ParameterSupl) =
ParameterSupIe TypeParamSupl

END
END

3.90 OpSupl0d Superclass

CHINE
Baé‘lcSuperCIass

OPERATI
basE:superc ass% <—Basic_OpSup2(ParameterSup2) =

RE
BarameterSu 2e TypeParamSup2
THEN pee TP d

END

FND
$ 391 Basic_OpSup2() ' BasicSuperClass




3.92

MACHINE
SubClassl
USES
BasmSubCIassI
OPE TIONS
Is:)uF?Eass 1 <OpSupl(ParameterSupl) =
ParameterSupl e TypeParamSupl
raan Ple 1yp p

END
END
MACHINE
SubClass2
USES
BastubCIassZ
OPERATION
Slg)g 5521 <« OpSupl (ParameterSupl ) =
ParameterSup 1e TypeParamSupl
Gy pLe 1yp p

END
END

MAC E
Nl bCI

Basmé/q\bTCIassN
sub assN <—OpSupI (ParameterSupl ) =

ParaEnIQleterSupI e TypeParamSupl

END
END

OpSupl0 SubClassl

SubClassN

93



4

MACHIN

Baé\lcSu‘b '?assl

OPERATIONS

basmsubclassl 1 <—Basic_ OpSup2(ParameterSup2) =

PRE
ParameterSupZ 6 TypeParamSup2

END
END

Mokt s

OPERATIONS
basmsubclasle < Basic_OpSup2(ParameterSup2) =

PRE
ParameterSupZ 6 TypeParamSup2

END
END

MACHIN

Baé\lcSul)ClFassN

OPERATION

basE:subcIassN? <—Basic_OpSup2(ParameterSup?) =

ParameterSupZ 6 TypeParamSup2

END
END
3.93 Basic_OpSup2() BasicSubClassl
BasicSubClassN
11
1
SuperClassi SuperClassi
SubClassi  SubClassi SuperClassi

OpSupMO : TypeOpSupil OpSupi2() : TypeOpSupi2
ClassX Superclass k
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classX ClassX superclass Superclass
OpSupi10 : TypeOpSupM superclass Superclass
OpSupi2() : TypeOpSupi2 OpSupMO0
OpSupi2()
OpSupM 0
OpSupi2() k
1
OpSupK) -~ m
R11-1) SubClassi
R11-2) OPERATIONS
R11-3) OpSupi 1) OPERATIONS R11-4
R11-5
R11-4) OpSupM 0 OpSupM 0
R11-4-1) OpSupil() PRE
ParameterSupH € TypeParamSupM THEN
R11-4-2) OpSupM 0 BEGIN
R11-5) OpSupM 0
R11-5-1) OpSupM0  STRING NAT
THEN Classi
classM
R11-5-2) OpSupM 0 BOOLEAN
SubClassi
boolean
R11-5-3) OpSupil0  void
THEN SubClassi
voidsubclassM
R11-6) R11-5 OpSupM0
SubClassi

R11-6-1)

OpSupil0  STRING  void
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OpSupi 10
THEN SubClassi  subclassil := null
voidsubclassU := null
R11-6-2) OpSupMO  BOOLEAN
OpSupMO THEN
Subclassi  boolean := FALSE
R11-6-3) OpSupMO  NAT
OpSupMO THEN
1 Subclassi  subclassM := 0
R11-7) END OPERATIONS
OpSupi2)
R11-8) BasicSubClassi
R11-9) OPERATIONS
R11-10) Basic_OpSupi2() OPERATIONS
R11-11 R11-12
R11-11) Basic_OpSupi2()
Basic_OpSupi2()
R11-11-1) Basic_OpSupi20 PRE
ParameterSupi2 e TypeParamSupi2
THEN
R11-11-2) Basic_OpSupi2()
BEGIN
R11-12) Basic_OpSupi2()
R11-12-1) Basic_ OpSupi2()  STRING
NAT ' THEN
BasicSubClassi  basicsubclassM
R11-12-2) Basic_OpSupi20
BOOLEAN THEN

BasicSubClassi  boolean
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R11-12-3) Basic_OpSupi2()  void
THEN
BasicSubClassi  voidbasicsubclassil
R11-13) R11-12
Basic_OpSupi2() BasicSubClassi
R11-13-1) Basic_OpSupi2()  STRING
void
Basic_OpSupi2() THEN
BasicSubClassi  hasicsubclassil := null
voidbasicsubclassiza := null
R11-13-2) Basic_OpSupi2() BOOLEAN
Basic_OpSupi2()
THEN BasicSubClassi
boolean := FALSE
R11-13-3) Basic_OpSupi2() NAT
Basic_OpSupi2()
THEN
BasicSubClassi basicsubclassil =0
R11-14) END OPERATIONS
Customer Order Goods stock
Order
Goods Order
Customer stock Order
getOrder(al : STRING) : STRING checkOrder(al : STRING) : BOOLEAN
Goods Order
Goods getOrder( ) checkOrder( )
Order 3.94
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C Order

\‘ ustomer_ID : STRING . |®order_Name : STRING " Stock
Ebcuslumar_Name.STRlNG 1 1 %order Characteristic : STRING 1 1 [@stock_Address - STRING
_Age : NAT —_—
s i e e Dpelrock): STRING |
& ( er(a G) - BOOLEAN
mer ; Cusl [ order : Order tock : k
| I l
1gﬂii(aL:SlFI‘G:SH\§
F11 Qe : SRNG : BIEAN
o sRe
| I
$ 394 =i Goods
3.94 Goods ?
getOrder( ) OPERATIONS
Goods
IntermediateGoods Intermediate_checkOrder( )
OPERATIONS IntermediateGoods 3.95 3.96
MACHINE
(Gooas
IE:JRATIONS
51 < getOrder(al) =
aﬁe STRING
THEN
END
END

. 3.95 Goods getOrderQ © il
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MACHINE

IntermediateGoods

OPERATIONS :

|PnteErned|ategoodsI < IntermediatecheckOrder(al) =
aﬁe STRING

THEN

END

END
3.96 IntermediateGoods

Intermediate_checkOrder()

3.3.3

12 13 14

Classjmp
IntermediateClass_ imp
3.97 3.98
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INPLEMENTATION

g@gfmass which has Calling Operations

Library BAM

f IntermediateClass or BasicClass which has Called Operations
CPRRATIONS

Output \lariable ofCallin Operat&onsfrom BAM ofClass which has Calling Operations

<— Calling Operations (Parameter

Output Variable ofCalled Operationsfrom BAM ofClass or Intermediate Class or Basic Class
Nﬂch has Called Operations

Output Variable ofCalled Operationsfrom BAM ofClass or Intermediate Class or Basic Class
which has Called Qperations

Called Operations (Parameter)
END
END

3.97 Classjmp

IMPLEMENTATION

ferme ggtec ass_imp

%é%soflntermediatemass which has Calling Operations

Library BAM

f IntermediateClass or BasicClass which has Called Operations
CPRRATION

Output Variable ofCalling Operationsfrom BAM oflIntermediateClass which has Calling Operations

<—Aﬁll|ng Operations (Parameter) =

Output Variable ofCalled Operationsfrom BAM ofClass or Intermediate Class or Basic Class
vNirich has Called Operations

Output Variable ofCalled Operationsfrom BAM ofClass or Intermediate Class or Basic Class
which_has Called Qperations

<—Called Operations (Parameter)
END
END

3.98 IntermediateClass.dmp

Classjmp

IntermediateClassImp
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Library BAM

StringType BooleanType
BAM of Class which has Calling Operations
BAM of IntermediateClass which has Calling Operations
BAM of Class or IntermediateClass or BasicClass which has Called Operations
Calling Operations (Parameter)

(Input Variables)
Output Variable of Calling Operations from BAM of Class which has Calling
Operations
(Output Variables)

Called Operations (Parameter)
Output Variable of Calling Operations from BAM of IntermediateClass which has

Calling Operations

Output Variable of Called Operations from BAM of Class or Intermediate Class or
Basic Class which has Called Operations

3.81 ClassA ClassB Classe

OpB1(ParameterB1 ; TypeParamBl) ; TypeOpBI
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OpB2(ParameterB2 : TypeParamB2) ; TypeOpB2
OpB2(ParameterB2 ; TypeParamB2) ; TypeOpB2
OpCl(ParameterCl . TypeParamCl) .  TypeOpCl
L OpBL( )
ClassB OpB1() OpB2()
2. OpB2( ) OpB1 ()
IntermediateClassB
OPERATIONS IntermediateClassB Intermediate
OpB2() Intermediate_OpB2()
3. OpC1() OpB2()
BasicClassC Basic

0pCl() Basic_OpCl()
ClassBJmp
IntermediateClassBJmp 3.99 3.100

| PLEMENTATION
ClassBJmp

REFINES

ClassB

SEES

Intermed|ateCIassB

OPERAT

classol <—OpB 1(ParameterB1) =
VAR

intermediateclasshl

N
I||En|E|e[r)med|ateclassbl < IntermediateJ3pB2(ParameterB2)

END

/ y3.99 / ClassBJmp
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IMPLEQ/IENTATION
Interme ateCIassBJmp

IntermeEateCIassB

SEES

BasicClassC

OPERATIONS

|ntermed|ateclassbl < Intermediate_OpB2(ParameterB2) =

ba%ﬁclasscl
tl%al\?l[gclasscl <—BasicOpCl(ParameterCl)

END
$ 31008 IntermediateClassBjmp
12
12
Classi Class ClassX Classi Opil() :
TypeOpM Opi2() : TypeOpi2 Class] OpjO : TypeOpj
ClassX Classi Classi
Class k ClassX
ClassX classi Classi Opil() classi
Classi Opi2() - classi Classi
classj Class] OpjO Opil()
0pi2() Opi2() Opj0
1. Opi 1o
2. Opi2() Classi
3. OpjO
3 Classi Classijmp

Classi IntermediateClassiJmp
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Opil() Opi2()

R12-1) IMPLEMENTATION

R12-2) Classijmp IMPLEMENTATION

R12-3) REFINES

R12-4) 1 Classi REFINES

R12-5) IntermediateClassi
SEES

R12-6) OPERATIONS

R12-7) Opi 10 classh
OPERATIONS

R12-8) VARS

R12-9) intermediateclassil

VARS
R12-10) IN
R12-11) Intermediate_Opi2()
intermediateclassM IN
R12-12) END OPERATIONS
R12-13) END
Classijmp

Opi2() Onio Classi

R12-14) IMPLEMENTATION

R12-15) IntermediateClassiJmp IMPLEMENTATION

R12-16) REFINES

R12-17) IntermediateClassi REFINES

R12-18) BasicClassj
SEES

R12-19) OPERATIONS

R12-20) 0pi2()

intermediateclassU OPERATIONS

R12-21) VARS
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R12-22) basicclassj 1
VARS
R12-23) IN
R12-24) Basic_Opj()
basicclassjl IN
R12-25) END OPERATIONS
R12-26) END

IntermediateClassiJmp

3.85 getOrder(al : STRING) : STRING
checkOrder(al STRING) BOOLEAN
CheckOrder(al :STRING) : BOOLEAN getStock( ) : STRING
1
1, getOrder( )
OPERATIONS Order getOrder( )
checkOrder( )
2, checkOrder( ) getOrder( )
IntermediateOrder
OPERATIONS IntermediateOrder
Intermediate getOrder() Intermediate_getOrder()
3. getStock( ) checkOrder( )
OPERATIONS BasicStock
Basic getStock( ) Basic_getStock()
Orderjmp
IntermediateOrderJmp 3.101

3.102



IMPLEMENTATION
Order mg
REFINE

rder
SEES

Interned iateOrdler
OPERATIONS

orderl <—getOrder(al) =
VA

hoolean

IN
ké(l)\(l)g)ean < IntermediatecheckOrder(al)

END
IV 3.101

IMPLEMENTATION
IntermediateOrderJmp
REFINE.S

|ntermediateOrder
SEES

OPERATIONS

boolean <— Intermediate_checkOrder(al) =

VA
bas{\éstockl

N .
f)asmstockl <—Basic_getStock
END

END
3.102

13

Orderjmp

IntermediateOrderJmp

106
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3.89 ClassX
ClassX ClassX superclass Superclass
OpSupl  (ParamSupl : TypeParamSupl)

TypeOpSupl OpSup2 (ParamSup2 : TypeParamSup2) : TypeOpSup2
OpSupl
(ParamSupl : TypeParamSupl) : TypeOpSupl OpSup2 (ParamSup? :
TypeParamSup2) . TypeOpSup2
3.103 3.104

IMPLEMENTATION

U erCﬁass  Imp

R FINES~

uper ass

BasicSuperClass

OPERAT|ONS

suRercIassI <r- OpSupl (ParamSupl) =

basmsuperclassl

fl)za'\slgsuperclassl <—Basic OpSup2(ParamSup2)

END
3.103 SuperClassdmp
IMP MENTATION
UECTassimp

%F'Hssf

BasmSubCIassI

OPERATIONS

subclassl 1 < OpSupl (ParamSupl) =
VAR

hasicsubclass| 1

N
E%al\?i[():subclassl 1<—Basic_OpSup2(ParamSup2)

END



R

Sl

SEES

BasicSubClass?

OPERATIONS

sunclass2l <—QOpSupl(ParamSupl) =
VAR

basicsubclass2l

IN
lIJEaI\in[():subclas321 <—Basic_OpSup2(ParamSup2)

END

I NLP l[aEsg/I EE\In']I'pATION

SuEbcllassN
SEES

BasmSubCIassN

OPERATIO

subclassNI <—OpSupI(ParamSupI)
VAR

basicsubclassNI

N
f%aNsi[r):subclassNI < Basic OpSup2(ParamSup?2)

END
3.104

13
13
SuperClassi
SubClassi  SubClassi

OpSupil() : TypeOpSupil OpSupi2() :

ClassX Superclass
ClassX ClassX
OpSupil0 : TypeOpSupil

SubClassldmp

SuperClassi

TypeOpSupi2
k
superclass
superclass

108

SubClassNJmp

SuperClassi

Superclass
Superclass



OpSupi2() : TypeOpSupi2 : OpSupMO
OpSupi2()
L OpSupil()
2. OpSupi2() Classi
2 1 SubClassi
Classijmp
OpSupMO A OpSupi2()
R13-1) IMPLEMENTATION
R13-2) SubClassiJmp IMPLEMENTATION
R13-3) REFINES
R13-4) SubClassi REFINES
R13-5) BasicSubClassi
SEES
R13-6) OPERATIONS
R13-7) OpSupMO
subclassMm OPERATIONS
R13-8) VARS
R13-9) basicsubclassm
VARS
R13-10) IN
R13-11) Basic_OpSupi2()
basicsubclassM IN
R13-12) END OPERATIONS
R13-13) END
SubClassiJmp
3.94 Order
Customer stock
getOrder(al : STRING) : STRING checkOrder(al :
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STRING) : BOOLEAN
getStock( ) : STRING

getOrder () checkOrder( )

checkStock( )

E\/IP EMENTATION
0005 Im
REFJNE

0005
SEES
IntermediateGoods
OPERATIONS
g/(}gdsl <—(etOrdler(al) =
hoolean

IN :
l%?\(l)gan < IntermediatecheckOrder(al)

END
3.105

IMPLEMENTATION
IntermediateGoods _ImP

REFIN
IntermeglateGoods
SEES

R Qcir'¢tnr’'L’

OPERATIONS

boolean <— Intermediate_checkOrder(al)
VAR
lljﬁswstockl

basicstockl <—Basic_getStock
END

END

3.106

checkOrder(al : STRING) : BOOLEAN

checkOrder( )

Goodsjmp

IntermediateGoodsImp

3.105

3.106

Goodsjmp

IntermediateGoodsImp
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14

M
ClassA  ClassB
ClassB Classe
ClassA ClassA ClassB ClassB
ClassB ClassB classe Classe 3.107
[m i ClassB
e i ®0OpB1 (ParameterB1 . TypeParamB1) : BOOLEAN
BC
e e, GlousC
¥0OpC1(ParameterC1 : TypeParamC1) : TypeOpC1
classA classB classC
[ | [
| 1 GBIRaenaieR. : sl BIEAN |
]_’LEIIHTI:'IRHQC/TW ThyRaend) : Ty
T |
| | |
| ! |
3.107 14
107 ClassB OpB1(Parameterl : TypeParaml) :
BOOLEAN Classe OpC1(Parameterl : TypeParaml) : TypeOpCl
ClassA ClassA ClassB
ClassB ' ClassB ClassB classe Classe

OpB1( ) , classe
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Classe OpC1L( ) [boolean = TRUE]
OpC1() classB ClassB
ClassBJmp
108
IMPLEMENTATION
ClassB_imp
REFINE
ClassB
SEES
BasicClassC
OPERATIONS
boolean <—OpBI(ParameterBl) =
VAR
basicclasscl
IN
IF
boolean = TRUE
THE .
basicclasscl — Basic_OpCl(ParameterCl)
i
E!\PD
END
FND
3.108 ClassBJmp
14
14
Classi Classj ClassX Classi Opi() :
BOOLEAN Classj OpjO : TypeOpj
ClassX Classi Classi Class
k ClassX ClassX
classi Classi Opi() : BOOLEAN classi
Classi classj Class [boolean =
TRUE] Opj0 Opi() Opi() : BOOLEAN
0 O
L Opi)
2. Opj0 Classi
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2 Classi Classijmp

Opj()
Classi Classijmp

Opil() Opi2()

R14-1) IMPLEMENTATION

R14-2) Classijmp IMPLEMENTATION

R14-3) REFINES

R14-4) Classi REFINES

R14-5) BasicClassi
SEES

R14-6) OPERATIONS

R14-7) Opi 10 classil
OPERATIONS

R14-8) VARS

R14-9) basicclassil

VARS

R14-10) IN

R14-11) IF

R14-12) Boolean = TRUE IF

R14-13) THEN

R14-14) Basic_Opj()

basicclassil THEN

R14-15) ELSE

R14-16) skip

R14-17) END IF.. THEN..ELSE..

R14-18) END OPERATIONS

R14-19) END

Classijmp
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Order getOrder(al : STRING) : STRING checkOrder
(1 :STRING) : BOOLEAN stock getStockO : STRING
customer Customer order Order order
Order stock stock 3.109
_g‘:”swme'j;t?r;;;me 1 1% gg:g:::g::::c:taSrTsTilglf;STRlNG

& customer_Name : STRING
& customer_Address : STRING

®getOrder(al : STRING) : STRING
‘checkOrdar(a1 : STRING) : BOOLEAN

/1.4'
A

Stock
& stock_Address : STRING

®getStock() : STRING

! I I
11 [boolean = TRUE] getStocko STRING |
j 1
I I
3.109 { getStockO
3.109
getOrder(al : STRING) : STRING
checkOrder (al : STRING) : BOOLEAN checkOrder(al : STRING) :
BOOLEAN getStock( ) : STRING getStock( )

checkOrderO hoolean = TRUE
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1. getOrder( )
Order getOrder( ) checkOrder( )
2. checkOrder( ) getOrder( )
IntermediateOrder
IntermediateOrder Intermediate

checkOrder( ) Intermediate_checkOrder()
3. getStock( )
BasicStock Basic getStock( ) Basic_getStock()

[boolean = TRUE] getStock( )

order Order
Orderjmp

IntermediateOrderJmp
Intermediate_CheckOrder()
IntermediateOrderJmp 3.110 3.111

IMPLEMENTATION
Order Im

REFINE

Order

SEES

IntermediateOrder
OPERATIONS

order1 <—getOrder(al) =
VAR

boolean

IN

boolean <— Intermediate_checkOrder(al)
END

END
3.110 2 Orderjmp
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IMPLEMENTATION
IntermediateOrder_imp
REFINES

IntermediateOrder
SEES

OPERATIONS
boolean <— IntermediatecheckOrder(al) =
VAR

basicstockl
IN
IF
boolean = TRUE
THEN _
basgc&tockl <— Basic getStock

Bb
END
END
it 3.1118 IntermediateOrderdmp
14
14
(Dependency Diagram) 14
112

Uil 3.112 ununnsTusiaiureang i 14 e
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Dependency ~ ®
1

Rule-1
Rule-2
Rule-3
Rule-4

Rule-5
Rule-6
Rule-7

Rule-8

Rule-9

Rule-10
Rule-11
Rule-12
Rule-13

Rule-14

—~ < < < < < =<

112

(Dependency Matrix)

31

< < < =<

—_< < < <

14

14
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Rule

1
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