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ABSTRACT

~This paper proposes a systematic mean of consistency check for UML class diagram
and its related sequence diagrams repre_sentlnﬁ.the_crltlcal scenarios using B-Method. The B-
Method is a formal specification modeling which is used to describe the semantics of system
in terms of mathematical notations - Set theory and first-order predicate logic. In our
approach, a class dlagram and its related seﬂuence diagrams are formally translated into B
Abstract Machine (BAM) using a set of our translation rules. Our translation rules generate
the semantics of both structural and behavioral properties of the UML class diagram and
sequence_diagrams. _ s ,
This pa?er focuses on two parts. Firstly, the formalization of the UML class dla%[am
- a collection of classes and their relations sich as association, a%greﬁatlon, composition,
ﬁnenerallzat,lon,or inheritance, is investigated and defined for the structural property. Secondly,
e formalization of UML sequence diagrams - a collection of scenarios which illustrate the
major_interactions hetween related classes as to_achieve a specific goal, is defined for the
behavioral property and verified against their er?lnal structure in class diagram. Moreover,
we formally define the complex operations within the critical sequence diagrams by exploiting
the calling-called dependency between class operations from Hung Ledang’s work. The
formal specification in BAM is finally generated and verified by B-Toolkit.

Keywords: UML, Class Diagram, Sequence Diagram, B-Method, Formal Specifications

Modeling, B Abstract Machine
1 INTRODUCTION

UML (Unified Modeling Language) is the language used to analyze and design
software system. Both developers and users usuaIIY prepare a UML class diagram and ts
related sequence diagrams to describe the structural and behavioral Rﬂropertles of the target
software system. Practically, they have to finish a large number of UML class diagrams and
seqluence |a%rams and the’verification of the UML diagrams must be tediously conducted to
walkthrough the consistency among the diagrams. An alternative of the systematic approach
to deal with these problems is to exploit the formal specifications modeling to ease the
consistency checking. The formal specification modeling 1s a formal description of a software
system in"terms of mathematical notations as to help prove of syntactical and semantic
tchorrectness [1] 2T]he[gﬁfore, both developers and users understand the software system model in

e same way. [2], , ,
. T_hI)S/ ;f)aper proposes an approach to formally define class diagram and sequence
dl_a?rams into formal specifications called BAM (B Abstract Machlnez_. Irstly, the approach
will translates all attributes of classes from class dla?_ram and relationships among those
classes, Secondly, such approach will translate operations of class diagram from critical
scenarios of sequence diagrams. Our approach applies Hung Ledang’s Calling-Called
Dependency concepts on how to build the hierarchical structure of the related class operations
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[4¥ [5], The result of the translation in BAM statements helps to check the consistency of
software system which is represented by class diagram and sequence diagrams.

. IS Faper Is organized as follows. Section 2 presents overview of backgrounds.
Section 3 explains overview of our P,urposed scheme, while a case study of cash mone

transfer bank will be described in section 4. Section 5 illustrates the formalization of UMI

8l_ass dladgram and sequence diagrams. Finally, in section 6, the conclusion of this work is
iscussed.

2. Overview of Backgrounds
21 The Calling-Called Depencency between Class Operations [4], [

~ Hung Ledang proposed an af)proach to build the relationship among the class
operations into hierarchical tree, called the Calling-Called dependency between class
operations, to help construct a BAM. Hung Ledang divided the class oFeratlons r_egardm%
their C&”Iﬂ% behaviors into 2 groups; 1) Non-Basic operations are the class operations tha
typically call the other o‘)eratlons uring their run-time activities and 2) Basic operations are
tire operations that typically not call the other operations.

s/ \uninca
1 Non-Basic Op1() |
————
1.1 Non-Basic Op20 |
1 1.1.1 Basic Op2.1(Q
e

Figure |.Non-Basic and Basic Operations from critical scenario of sequence diagram

In figure 1, both operation Opl( ) and Op2( ) are Non-Basic operations that invoke
the other operations at least once. For example, the operation Opl( Eca,lls OpZQ_) once while
the operation Op2( ) also calls Op2.1( h The operation ,Op2.1(? IS Basic operation that does
not call the other operations at all. The Non-Basic operation Opl( ) is a calling-operation, and
the Basic Op2.1s ) is called-operation. While the Non-Basic operation Op2( )is both calling-
operation and ca Ied-operaﬂo& as shown in figure 2.

ST /,—/\
’/
1 Non.%swm GI 1.1 Non-Basic QpZ()
(Calling Operahony (Called Operation)

N\

N Mot
)///\
/
1.1 Non-Basic 0p2()\ @I 1 } 1 Basic Op? 1)
(Calling Operation) / (Called Operation)
5 5 N

Figure 2.Ca||ing-Ca|i§m6éndency of Non-Basic and Basic Operations
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22 BMethod

The B-Method represents a formal specifications modeling that can be used in
software development life cKpI.e. The specifications method focuses on the concepts of
modularity and information hiding. The BAM notations are used to specify a module to
represent each class or object. Each module is defined to encapsulate structural and behavioral
proFertles: The relationship between the BAMs can be defined to represent their
collaborations. In fact, developer practically considers a BAM module to a class and utilizes
them for developing many complex systems. The structure of BAM is graphically illustrated
in figure 3A and the essential clause names of BAM syntax is listed in figure 3B.

MACHINE

USES

SEES

SETS
VARIABLES
INVARIANT
INITIALISATION
OPERATIONS
END

Input

Operation

A (B)
Figure 3.The structure of BA
(A) Informationl%lljgleng ang ?Br)ufmuproer?ance '\C/‘Iauses in BAM

3. Qur Purposed Scheme

. We propose a scheme of translating both UML class diagram and related sequence
diagrams into BAM specifications and eventually conduct the styntactlcal and semantic
consistenc checkl\r}\g using B-Toolkit program [6], The overview of our proposed scheme is
shown in J%ure 4. We begin to consider the %lven class diagram and map, each class to a BAM
module with attributes. A set of BAM skeleton modules IS %enerated with the correspondin
attributes. The relations among classes are considered as well to create the relations of BA
accordingly. The related interaction among classes in sequence diagrams will be considered
especially ‘on the class operations and the oPeratlons of the BAM "modules are com[)lptely
apPende . In B-Methods, a BAM implementation module is expected to describe the details of
called operations sequences. We provide a set of rules to generate the associated BAM
implementation modules. The, formal specifications in BAM - the BAM modules with
relations and their implementation modules, will be finally gathered and refined. We provide a
set of translation rules to cope with activities mentioned above, The B-Toolkit program is used
to do the consistency checking. Both developers and users will be guided and provided with
our systematic scheme to evaluate their software system model in the early stage.
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Class Diagram N

Skeleton of BAM

~ >
~ Map Classes to s - modules
BAM
_-
-
-
Critical Scenario from y e
Sequence Diagrams [T~ _ 5o
=~ Appended -
BAM operations o
~
~
S
~
~
~
™ b
b J kN
Generate BAM Operations of the
e Implementation BAM modules
-
-
- 5 =
e -
- -~
-~
Implementations \ 2 > =
BAM ™~ ‘ _-
S Merge Final -~
BAMs =
~
~
~
~
~
~
B ~
h 4 Sa
Conduct ] = N
- — — Final Formal

consistency

check Spcecification in BAM

Figure 4.Overview ot purposed scheme
4. Case Study

, In this section, we introduce a case study of Tuition fee payment system. The class
diagram, in figure 5, shows a set of classes named as class Bank, Student, StudentAccount,
UniversityAccount, UndergraduateStudent With attributes, operations and their relations. The
thes of relations are drawn with multiplicity notations to describe the structural property of
the Tuition fee payment system. To demonstrate one of the payment scenarios, a sequénce
diagram, in figure 6, shows the interaction between classes to conduct the transfer cash from
studentAccount t0 UniversityAccount. A Student requests sank to do the operation
transfercashf). The Bank performs the requested operation by asking the StudentAccount to
do the withdrawM oneyo operation and asking the BankAccount t0 do the depositm oneyQ. TO
order to withdraw the money, the studentaccount Will perform the called operation

decreaseAmountQ.
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Bark
Student
MQ:%Q‘;SSTS*T’Q%G 1. 1.* [&stident_ID : STRING
At Siidnbes ®student_Name : STRING

StransferCash() : void [T

g 1 0 = =
/ 1
/ N
/’ \
/i o b G B
UhiversityAccount StudentAccaunt 1 <
QuniversityAccount_Name : STRING| [&studentAccount_Name : STRING

SdepositMoney() : vold SwithdrawMoney() : void
SdecreaseAmount() : void

Figure 5.Class diagram of a Tuition fee payment system

1.1. withdrawMoney( Jvold

F———————

1.1.1. decreaseAmount() : v
(J==—
]I
1.2. depositMoney( : vpld

J | |

Figure 6.Sequence diagram of a cash payment scenario

SRR, S

nslation of UML Class Diagram and Sequence Diagrams into BAM

This section will distinguish between the rule for translation of class diagram and of
diagrams by using a sample in case study of tuition fee payment system as follow
Generate BAM of BasicClass and BAM of Class will be described”in section 5.1.
Generate BAM of Relation hetween classes are association, aggregation and
composition. These will be provided in section 5.2. _
Generate BAM of sub class inherited all of attributes from super class will be
explored in section 5.3 T _ o
Generate BAM of Relation (or BAM implicit relation) between sub class inherited
from super class and the other class will also be presented in section 53.

Specify all of operations in BAM of BasicClass and BAM of Class by consider from
callmg - called of operations of critical scenario of sequence diagrams will be
rovided in section 5.4, -

Generate Implementation BAM of Class for describing the sequence order of the
|nv?ked5%peratlons in each scenario from sequence diagrams will be depicted in
section 5.5,

5.1 Translating UML Class Diagram

In this section, we demonstrate the translatin? of U&\/IL claés_tdiagrarg. inlto BAﬂl}/I
ass and named it accordingly in the

ACHINE clause, for example, BasicStudent and Student to represent class student. All of

the attrib

utes of each class are defined into VARIABLES clause. The types of attributes will
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be considered as sets in SETS clause while INVARIANT clause define the domain set of each
variable found in VARIABLES clause. The INITIALISATION clause containg the initial
Frecondlltlons of each essential attributes in a BAM module. The USES clause will represent
he relation between a BAM and the others. The BAM modules of BasicStudent and Student
are shown in figure 7.

MACHINE BasicStudent

SETS BASICSTUDENT

VARIABLES basicstudent,

student_ID, student Name

INVARIANT basicstudent C BASICSTUDENT A

student ID 6 STRING A student Name G STRING MACHINE
INITIALISATION basicstudent :-</) 1 f}ggesm
student_ID := null Il student_Name := null Basicstudent
END END

Figure 7.The BAM modules of class student
5.2 Translating the Relations between Classes

. An association between two classes in UML is formally defined as a BAM module
with “Asso” prefix to its name. The association is considered as a set of order pair of Cartesian
product of two relating classes. The multiplicity of the association will be defined as well to
represent the number of instance of each class which has relationship. Table 1 shows the
mapping between predicates for variety of multiplicity.

Table |. The Multiplicity and its mapping predicates

Predicate Multiplicity
ReIName ¢ BASICCLASS! X BASICCLASS?
dom(RelName) = basicclassl A ran(ReIName) = hasicclass2 A *0rQ.*

V (xxyy).(((xx 6 dom(RelName))A (yy 6 ran(RelName)))

—> card((RelName)[{xx}]) > 04 card((ReIName) 1[{yy}]>0)
RelName ¢ BASICCLASS! x BASICCLASS2
dom(ReIName) = basicclassl A ran(ReIName) = basicclass2 A 1.*

V (xx.yy).(((xx 6 dom(RelName)) A (yy ¢ ran(RelName)))
-> card((RelName)[{xx}]) > 1A card((ReIName) [{yy}])> 1)

ReIName ¢ BASICCLASS! x BASICCLASS?
dom(RelName) = basicclassl A ran(RelName) = basicclass2 A 1

Vo (xx yy).(((xx 6 dom(RelName))A (yy 6 ran(RelName)))

—> card((RelName)[{xx}]) = LA card((RelName) 1[{yy}]) = 1)

ReIName ¢ BASICCLASS! x BASICCLASS?

dom(ReIName) = basicclassl A ran(ReIName) = basicclass2 A 0.1
Voonyy)(((xx 6 domSReIName))A (yy 6 ran(ReIName)))
—»card{(ReIName)[{xx ]) > 0a card((ReIName)[{xx}]) < 1A

card((RelName) 1({yy})) > OA card((ReIName) 1[{yy}]) < 1)
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_ The sample of a BAM module for the association between class 8ank and student, in
figure 5, is shown in figure 8. The Aggregation and composition in UML are defined in the
similar steps. We use “Aggr” and “Compo”™ as the prefix to theirs names resEectlveIF. Figure 9
shows the composition Detween Bank and studentAccount. In order to implement the
aggregation and composition between two classes, the container class has to carry the implicit
references to all contents classes. Therefore, we automatically add a reference variable to the
container class. As shown in figure 10, the class Bank contains a set of studentAccount object
so that the reference to studentAccount object called Refstudentaccountip IS added.

MACHINE Asso_Bank_ dent

USES BasicBank, Basicstudent

VARIABLE asso_bank_student

INVARIANT assd_bank_student ¢ BASICBANK X BASICSTUDENT A
dom(asso_bank_student) = basichank A ran(asso_bank_student) = basicstudent A

Vo (xx,yy).(((xx G dom(asso_bank_student)) A (yy G ran(asso_bank_ dent)))
—> card((asso_bank_student)[{xx}]) > 1A card((asso_bank_student) 1[{yy}]) > 1)

END

Figure 8.A sample of the BAM for association

MACHINE Compo_Bank_StudentAccount

USES BasicBank, BasicStudentAccount

VARIABLE compo_bank_studentaccount

INVARIANT compo_bank_studentaccount cz BASICBANK X STUDENTACCOUNT A
dom(compo_bank_studentaccount) = basichank A

ran(compo_bank_studentaccount) = basicstudentaccount A

Vo (xx,yy).(((xx G dom(compo_bank_studentaccount)) A
(yy G ran(compo_bank_studentaccount)))

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

card((compo_bank_studentaccount) 1[{yy}]) = 1)
END
Figure 9.A sample of BAMs for composition

MACHINE BasicBank
VARIABLES

RefStudentAccountID
INVARIANT

RefStudentAccountlD G STRING
INITIALISATION

RefStudentAccountID := null
END

Figure 10.A sample of implicit reference for container class

5.3 Translating Sub Class Inherited from a Super Class
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When a sub class is inherited from a super class, the sub class will have almost the
same properties as super class. All of the non-private attributes and oPeratlons will be
implicitly copied from super class, as well as various relations. Technica I}(}, to generate a
BAM for a sub class, we can copy the BAM of super class and paste into the BAM of sub
class and do the refinement. In figure 11, a BAM for the sub class  derGraduateStudent IS
shown, all of the attributes and operations are copied from the super class student and the
variable names are refined to avoid the name clashing.

MACHINE BasicUnderGraduateStudent

SETSBASICUNDERGRADUATESTUDENT

VARIABLES basicundergraduatestudent,

undergraduatestudent_ID, undergraduatestudent_Name

INVARIANT basicundergraduatestudentc BASICUDERGRADUATESTUDENT A
undergraduatestudent_ID € STRING A undergraduatestudent Name 6 STRING

END

Figure 11.A sample of basic BAM for the sub class  derGraduateStudent

~Moreover, the association hetween the super class sank and student will be
implicitly inherited to the sub class underG raduateStudent a5 well. We define the extra
1|E_rnpI|C|t2assomat|on BAM between sub class Bank and UnderG raduateStudent as Shown in
Igure 12,

MACHINE ImplicitAsso_Bank_UnderGraduateStudent

USES BasicUnderGraduateStudent, BasicBank

VARIABLES implicitasso_bank_undergraduatestudent

INVARIANT

implicitasso_bank_undergraduatestudent
cBASICBANKXBASICUNDERGRADUATESTUDENT A
dom(implicitasso_bank_undergraduatestudent) = basicbank A
ran(implicitasso3ank_undergraduatestudent) = basicundergraduatestudent A

V (xx,yy).(((xx £ dom(implicitasso_bank_undergraduatestudent)) A
(yy £ ran(implicitasso_bank_undergraduatestudent)))
card((implicitasso_bank_undergraduatestudent)[{xx}]) > 1A

card((implicitasso_bank_undergraduatestudent) 1[{yy}]) it 1)
END
Figure 12.A sample of implicit association BAM for the sub class UnderG raduateStudent

54 Appending the Operations to BAM from Sequence Diagrams

After a set of BAMs is generated from a class diagram, these BAMS must be
appended with their operations described in the related sequence diagrams. Typically, the
sequence diagram shows_the operation names invoked and the correspondent operations
between twoclasses. L_Jsmﬁ Hung _Ledan?’s technique called Calling-Called Dependency
Model [4], we can classify the operations info “Basic” and “Non-Basic” operation groups. The
Basic operations will be appended into OPERATIONS clause of hasic BAM modules and the
Non-Basic operations will be appended into the related original BAM modules.
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As shown in figure 13, every operation names in sequence diagrams will be

appended into the BAMs completely.

MACHINE MACHINE
BasicUniversityAccount BasicStudentAccount
OPERATIONS OPERATIONS
Basic_depositM oney = Basic_decreaseAmount =
END END

MACHINE MACHINE

Bank StudentAccount
OPERATIONS OPERATIONS
transferCash = withdrawMoney =

END END

Figure 13.A sample of operation names appended into BAMs
5.5 Generating the BAM Implementation modules

_In-order to illustrate the sequence of the calling-called operations for each scenario
described by a sequence diagram, we generate the extra BAM implementation modules to
refine these sequences of invoked operations. As shown in figure 14, the BAM
implementation module of studentAccount Shows that the withdrawM oney operation in BAM
will call another operation named B asicjiecreaseAmount. Another examFIe is the BAM
implementation module of Bank. The transfercash operation in BAM will call two other
operations named withdrawM oney and Basic_depositM oney In Sequential order.

IMPLEMENTATION StudentAccountdmp IMPLEMENTATION
REFINE StudentAccount Bankimp
SEES BasicStudentAccount REFUSE Bank
SEES StudentAccount, BasicUniversityAccount
OPERATIONS
Value C- withdrawMaoney = OPERATIONS
VAR Value Value C- transferCash =
IN Value <- Basic_decreaseAmount = VAR Value
END IN Value  withdrawMoney
Value <- Basic_depositM oney
END END

Figure 14.A sample of the BAM implementation modules
6. DISCUSSION

This paper has been further developed from Hung Ledang‘s research, which allow
the user to specify multiplicity_of each class a_proi)_rl_atelY in BAM_of relation such as
association, aggregation, composition and BAM of implicit refation too. Therefore these can
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support “association class ofUML_cIassdlag[ram, and develop calling - called operations™
?fcrlhlcal Iscenarlo from sequence diagrams. These help to increase flexibility of UML design
rom developer.

1. CONCLUSION

We propose an alternative of the cansistency checking for UML class diagram and its
related sequence diagrams. Given a set of class diagram and sequence diagrams, we propose a
set of translation rules to map a class, its attributes, oPeratlons and relations between classes
into a formal specification notation called BAM. The translation rules guide to generate a set
of BAMs s¥stemat|cally and do some automatic refinement of the specification as well. The
\_/algletlltes ot relations “are covered such as association, aggregation, composition and
inheritance.

_The BAMs will be refined using a set of BAM implementation modules by
destcrlbmg the sequence order of the invoked operations in each scenario of the software
System. . o :

A case study of Tuition fee payment system is briefly described and the examples of
the BAMs are shown. The final BAM sge(:lflcatlon has been checked by B-Toolkit program
and the result has no conflict and applicable.
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! (BooleanType)

MACHINE
BooleanType

BOOLEAN = {TRUE FALSE}
END

(StringType)
MACHINE
StringType

ckTS
STRING

VARIABLES
null,
EmptyString

INVARIANT
null :STRING &
EmptyString : STRING

INITIALISATION
null ;= EmptyString

END

(BAM BasicSuplierBook)

MACHINE
BasicSupplierBook

SEES
StringType,
BooleanType



SETS
BASICSUPPLIERBOOK

VARIABLES
hasicsupplierbook,
supplierbook_Name,
supplierbookISBN

INVARIANT

hasicsupplierbook <: BASIC SUPPLIERBOOK &
supplierbook_Name : STRING &
supplierbook~ISBN : STRING

INITIALISATION
hasicsupplierbook := {} 1
supplierbookName - null I
supplierbook ISBN := null

OPERATIONS

hoolean <-- hasic_checkListOfBook(al,a2) =
PR.E

al STRING &

a2 STRING

THEN

[* User can insert or not insert condition's operation by using IF here */

boolean := FALSE

[* User can modify output value or post condition of operation here */

END

END

(BAM BasicSuplier)

MACHINE
BasicSupplier

SEES
StringType

ASUPPLIER

VARIABLES
hasicsupplier,
supplierName,
supplier_Address

INVARIANT

hasicsupplier <: BASICSUPPLIER &
supplier Name STRING &
supplier_Address STRING

INITIALISATION
hasicsupplier = {} 1
supplier_Name - null I
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supplier_Address := null

OPERATIONS

hasicsupplierl <" BasicContact(al) =

PRE

al STRING

THEN

* User can insert or not insert condition’s operation by using IF here */
basicsupplierl := null

* User can modify output value or post condition of operation here */
END

END

- (BAM BasicLibrary)

MACHINE
BasicLibrary

SEES
StringType

SETS
BASICLIBRARY

VARIABLES
basiclibrary,
libraryName,
library_Address,
HbraryNumberOfBook

INVARIANT

hasiclibrary <: BASICLIBRARY &
library_Name : STRING &

library Address : STRING &
library~NumberOfBook :NAT

INITIALISATION
basiclibrary ;= {} I
library_Name := null I
library~Address ;= null 1
library NumberOfBook :=0

OPERATIONS
voidbasiclibraryl <—Basic_addBook(alxl) =

al :STRING &

xI NAT

THEN
voidbasiclibraryl := null
END

END



(BAM BasicLibrarian)

MACHINE
BasicLibrarian

SEES
StringType

SETS
BASICLIBRARIAN

VARIABLES
basic! ibrarian,
librarianlD,
librarian_Name,
librarianSumame

INVARIANT

basiclibrarian <; BASICLIBRARIAN &
librarian 1D :STRING &

librarian Name : STRING &

librarian Sumame STRING

INITIALISATION
basiclibrarian := {}
librarian 1D := null
librarian~Name := null
librarian Surname := null

END

(BAM BasicBorrowReturnTransaction)

MACHINE
BasicBorrowReturnTransaction

SEES
StringType,
BooleanType

SETS
BASICBORROWRETURNTRANSACTION

VARIABLES

basichorrowreturntransaction,
borrowreturntransaction_ID,
borrowretumtransaction_Name,
borrowretumtransaction_DateBorrow,
borrowretumtransactionDateReturn,
borrowretumtransaction NumberOfBookToBorrow,
borrowretumtransaction NumberOfBookToRetum

INVARIANT
basichorrowreturntransaction <;: BASICBORROWRETURNTRANSACTION &
borrowretumtransaction 1D :STRING &
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borrowretumtransaction Name :STRING &
borrowretumtransaction~DateBorrow :STRING &
borrowreturntransactionDateReturn : STRING &
borrowretumtransaction_ NumberOfBookToBorrow :NAT &
borrowretumtransaction NumberOfBookToRetum :NAT

INITIALISATION

basichorrowreturntransaction := {} 1
borrowreturntransaction_ID := null |
borrowreturntransaction_Name := null I
borrowretumtransaction_DateBorrow - null I
borrowretumtransactionDateRetum = null I
borrowreturntransactionNumberOfBookToBorrow :=0 |
borrowretumtransactionNumberOfBookToRetum ;=0

OPERATIONS

hoolean <—Basic_checkLimitMaximumBook(xI x2) =

PRE

x| NAT &

x2 NAT

THEN

[* User can insert or not insert condition’s operation by using IF here */
hoolean := FALSE

[* User can modify output value or post condition of operation here */
END;

hoolean <-- Basic_confirmToBorrow(ala2) =

PRE

al STRING &

a2 STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE

* User can modify output value or post condition of operation here */
END;

hoolean <-- Basic_compareDateBorrowAndReturn(al,a2) =

PRE

al STRING &

a2 STRING

THEN

* User can insert or not insert condition’s operation by using IF here */
hoolean = FALSE

* User can modify output value or post condition of operation here */
END;

hoolean <—Basic_confirmToRetum(al,a2) =

PRE

al STRING &

a2 STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE

* User can modify output value or post condition of operation here */
END;
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E%slizcborrowreturntransactionl <-- BasicgetBorrowRetumInfo(al) =
al STRING

THEN

* User can insert or not insert condition’s operation by using IF here */
basichorrowreturntransaction! ;= null

* User can modify output value or post condition of operation here*/
END

END

(BAM BasicReservationTransaction)

MACHINE
BasicReservationTransaction

SEES
StringType,
BooleanType

SETS
BASICRESERVATIONTRANSACTION

VARIABLES
basicreservationtransaction,
reservationtransactionName,
reservationtransactionDateReservation,
reservationtransaction_NumberBook,
RefReservationBookID

INVARIANT

basicreservationtransaction <; BASICRESERVATIONTRANSACTION &
reservationtransaction Name : STRING &

reservationtransaction DateReservation : STRING &
reservationtransaction_NumberBook :NAT &

RefReservationBookID : STRING

INITIALISATION

basicreservationtransaction = {} I
reservationtransaction_Name := null 1
reservationtransaction DateReservation := null |
reservationtransaction NumberBook := 0 Il
RefReservationBookID := null

OPERATIONS

hoolean <—Basic_confirmToReservation(alxl) =

PRE

al : STRING &

x| NAT

THEN

* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE

* User can modify output value or post condition of operation here */
END



END

(BAM BasicPurchaseOrder)

MACHINE
BasicPurchaseOrder

SEES
StringType,
BooleanType

BASICPURCHASEORDER

VARIABLES
basicpurchaseorder,
purchaseorder_Date,
RefBookToOrderID

INVARIANT

basicpurchaseorder <: BASICPURCHASEORDER &
purchaseorder_Date : STRING &
RefBookToOrderID : STRING

INITIALISATION
basicpurchaseorder := {} 1
purchaseorder Date :=null I
RefBookToOrderID := null

OPERATIONS

boolean <—Basic_confirmToBuy(al) =

PRE

al STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE

[* User can modify output value or post condition of operation here */
END

END

(BAM BasicMember)

MACHINE
BasicMember

SEES
StringType,
BooleanType

SETS
BASICMEMBER

VARIABLES
basicmember,
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memberlD,

member_Name,
memberSumame,
member_Address,
member_DateBorrow,
member_DateReturn,
member_DateDeadLineRetum

INVARIANT

basicmember <: BASICMEMBER &
member_ID :STRING &
member_Name : STRING &
member~Surname : STRING &
memberAddress : STRING &
memberDateBorrow :STRING &
member~DateReturn STRING &
member_DateDeadLineRetum :STRING

INITIALISATION

basicmember := {} I

member_ID = null |
member_Name :=null |
member_Sumame :=null I
member_Address :=null I
member_DateBorrow :=null |
member_DateRetum :=null |
member DateDeadLineRetum :=null

OPERATIONS

boolean <-- Basic_checkMember(al,a2) =

PRE

al :STRING &

a2 STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE

[* User can modify output value or post condition of operation here */
END;

voidbasicmemberl <—Basic_aviableToBorrow =
BEGIN

voidbasicmemberl := null

END;

boolean <-- Basic_chargeFee(al,a2) =

PRE

al : STRING &

a2 : STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE

[* User can modify output value or post condition of operation here */
END

END
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(BAM BasicStudent)

MACHINE
BasicStudent

SEES
StringType,
BooleanType

BASICSTUDENT

VARIABLES

basicstudent,

studentYear,

StudentID,

student_Name,
StudentSurname,
studentAddress,
student_DateBorrow,
studentJDateReturn,
student_DateDeadLineRetum

INVARIANT

hasicstudent <: BASICSTUDENT &
student_Year :NAT &

StudentID : STRING &

student_Name : STRING &
student_Surname :STRING &

student Address STRING &
student_DateBorrow : STRING &
student_DateRetum :STRING &
StudentDateDeadLineRetum :STRING

INITIALISATION

hasicstudent := {} I

studentJYear :=0 Kk

Student ID = null Il

student_ Name := null I

student Surname = null I
student_Address ;= null I
student_DateBorrow :=null I
student_DateReturn :=null 1
Student DateDeadLineRetum := null

OPERATIONS

hoolean <-- Basic_checkMember(al,a2) =
PRE

al : STRING &

a2 STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */

boolean := FALSE

[* User can modify output value or post condition of operation here */

END;
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voidbasicstudentl <" BasicaviableToBorrow =

BEGIN

voidbasicstudentl := null

END;

hoolean <-- Basic_chargeFee(al,a2) =
PRE

al STRING &

a2 STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE

[* User can modify output value or post condition of operation here */
END

END

(BAM BasicInstructor)

MACHINE
BasicInstructor

SEES
StringType,
BooleanType

SETS
BASICINSTRUCTOR

VARIABLES

basicinstructor,
instructorPosition,
instructorlD,

instructor_Name,
instructor_Surname,
instructorAddress,
instructorDateBorrow,
instructorDateRetum,
instructor_DateDeadLineReturn

INVARIANT

basicinstructor <; BASICINSTRUCTOR &
instructor Position STRING &

instructor ID : STRING &

instructor Name STRING &

instructor Surname : STRING &

instructor Address : STRING &

instructor DateBorrow STRING &
instructor DateRetum : STRING &
instructor DateDeadLineReturn : STRING

INITIALISATION
basicinstructor ;= {} 1
instructor_Position := null 1
instructor 1D :=null 1

223



instructor_Name ;= null Il
instructor_Surname :=null I
instructor~Address := null I
instructorDateBorrow :=null I
instructorDateRetum :=null I
instructorDateDeadLineRetum := null

OPERATIONS

hoolean <-- Basic_checkMember(al,a2) =

PRE

al STRING &

a2 : STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
hoolean := FALSE

* User can modify output value or post condition of operation here */
END;

voidbasicinstructorl <—Basic_aviableToBorrow =
BEGIN

voidbasicinstructorl := null

END;

hoolean <—Basic_chargeFee(al,a2) =

PRE

al STRING &

a2 STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE

[* User can modify output value or post condition of operation here */
END

END

- (BAM BasicBook)

MACHINE
BasicBook

SEES
StringType,
BooleanType

| alSICBOOK

VARIABLES
basichook,
book_ID,
hook_Name,
bookDescription,
book~Edition,
bookJDateBorrow,
bookDateRetum,
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bookDateReservation,
hookBorrowFlag,
hookReservationFlag

INVARIANT

hasichook <: BASICBOOK &
bookJD :STRING &

hook Name : STRING &
hook~Description STRING &
book~Edition STRING &

hook DateBorrow :STRING &
hook_DateRetum :STRING &
hookJDateReservation STRING &
hook BorrowFlag :BOOLEAN &
book ReservationFlag :BOOLEAN

INITIALISATION
hasicbook := {} I
book ID :=null 1

book_Name := null I

hook Description := null I
book_Edition :=null I
book~DateBorrow :=null I
hook DateRetum :=null I
hookJDateReservation := null I
hookJ3orrowFlag := FALSE |l
hook ReservationFlag := FALSE

OPERATIONS

boolean <-- Basic_setBorrowStatus(al,a2) =

PRE

al STRING &

a2 STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
hoolean := FALSE

[* User can modify output value or post condition of operation here */
END;

hoolean <-- Basic_setRetumStatus(al,a2) =

PRE

al STRING &

a2 : STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE

[* User can modify output value or post condition of operation here */
END;

hoolean <—Basic checkBooklInfo(al) =

PRE

al : STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE
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I* User can modify output value or post condition of operation here */
END;

boolean <-- Basic_setReservationStatus(al,a2) =

PRE

al : STRING &

a2 STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE

[* User can modify output value or post condition ofoperation here */
END;

boolean <-- Basic_resetBorrowStatus(al,a2) =

PRE

al STRING &

a2 : STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE

[* User can modify output value or post condition of operation here */
END

END

(BAM BasicReservationBookUst)

MACHINE
BasicReservationBookList

SEES
StringType

SETS
BASICRESERVATIONBOOKLIST

VARIABLES
basicreservationbooklist,
reservationbooklistName

INVARIANT
basicreservationbooklist <: BASICRESERVATIONBOOKLIST &
reservationbooklist Name STRING

INITIALISATION
basicreservationbooklist = {} I
reservationbooklist Name —null

OPERATIONS

basicreservationbooklistl <—Basic getReservationBook =

BEGIN

basicreservationbooklistl := null

[* User can modify output value or post condition ofoperation here */
END

226



END

(BAM BasicBookToOrder)

MACHINE
BasicBookToOrder

SEES
StringType

BASICBOOKTOORDER

VARIABLES
basichooktoorder,
hooktoorderISBN,
booktoorder_Name

INVARIANT

hasichooktoorder <: BASICBOOKTOORDER &
hooktoorder ISBN :STRING &
booktoorder_Name : STRING

INITIALISATION
basicbooktoorder := {} I
booktoorder ISBN :=null I
booktoorder Name := null

OPERATIONS

basichooktoorderl <—Basic_displayListOfBook(al) =

PRE

al STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
basichooktoorderl := null

[* User can modify output value or post condition of operation here */
END

END

- (BAM SuplierBook)

MACHINE
SupplierBook

USES
BasicSupplierBook,
Asso_SupplierBook_Supplier

END
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(BAM Suplier)

MACHINE
Supplier

USES

BasicSupplier,

AssoDealW ithSupplierLibrarian,
Asso_SupplierBook_Supplier

END

(BAM Library)

MACHINE
Library

USES
BasicLibrary,
Asso_LibrarianJLibrary

END

(BAM Librarian)

MACHINE
Librarian

USES

BasicLibrarian,
AssoDealWithSupplierLibrarian,
AssoBorrowReturnTransactionLibrarian,
AssoReservationTransactionLibrarian,
AssoLibrarianPurchaseOrder,
AssoLibrarianLibrary

END

(BAM BorrowReturnTransaction)

MACHINE
BorrowReturnTransaction

SEES
StringType

USES

BasicBorrowReturnTransaction,
AssoBorrowReturnTransactionBook,
Asso_BorrowReturnTransaction_Librarian,
Asso_Member BorrowReturnTransaction
ImplicitAssoStudentBorrowReturnTransaction,
ImplicitAssolnstructorBorrowReturnTransaction
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OPERATIONS

E%rlzrowretumtransactionl <-borrowBook(al,az,a3xl,x2) =

al STRING &

a2 : STRING &

a3 STRING &

x| :NAT &

x2 NAT

THEN

* User can insert or not insert condition’s operation by using IF here */
borrowretumtransactionl := null

* User can modify output value or post condition of operation here */
END;

borrowreturntransaction2 <-- retumBook(al,a2,a3,xl,x2) =

PRE

al STRING &

a2 : STRING &

a3 : STRING &

x| NAT &

x2 NAT

THEN

[* User can insert or not insert condition’s operation by using IF here */
horrowreturntransaction2 := null

[* User can modify output value or post condition ofoperation here */
END

END

- (BAM ReservationTransaction)
MACHINE

ReservationTransaction

SEES
StringType

USES

BasicReservationTransaction,
AssoJReservationTransactionBook,
AssoReservationTransactionLibrarian,
Compo_ReservationTransaction_ReservationBook

OPERATIONS

reservationtransactionl <—reservationBook(al,a2,a3,xl) =

al STRING &

a2 : STRING &

a3 STRING &

x| NAT

THEN

[* User can insert or not insert condition’s operation by using IF here */
reservationtransactionl := null

* User can modify output value or post condition of operation here */
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END;

reservationtransaction2 <" insertList(al,a2) =
PRIE

al STRING &

a2 : STRING

THEN

¥ User can insert or not insert condition’s operation by using IF here */
reservationtransaction2 := null

* User can modify output value or post condition of operation here */
END

END

- (BAM PurchaseOrdler)

MACHINE
PurchaseOrder

SEES
StringType,
BooleanType

USES

BasicPurchaseOrder,
AssoLibrarianPurchaseOrder,
Aggr_PurchaseOrder_BookToOrder

OPERATIONS
hoolean <-- createTransaction(al,a2) =

al : STRING &

a2 STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
hoolean := FALSE

/*l\llJDser can modify output value or post condition of operation here */

END

- (BAM Member)
MACHINE
Member

SEES
StringType

USES

BasicMember,
Asso Member BorrowRetumTransaction
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OPERATIONS

memberl <-- getMember(al,a2) =

PRE

al STRING &

a2 STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
memberl := null

[* User can modify output value or post condition of operation here */
END

END

- (BAM Student)

MACHINE
Student

SEES
StringType

USES
BasicStudent,
ImplicitAsso_Student_BorrowReturnTransaction

OPERATIONS

studentl <—getMember(al,a2) =

PRE

al : STRING &

a2 STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */

studentl := null
[* User can modify output value or post condition of operation here */
END

END

- (BAM Instructor)

MACHINE
Instructor

SEES
StringType

USES
Basiclnstructor,
ImplicitAsso_Instructor_BorrowReturnTransaction

OPERATIONS

instructorl <—getMember(al,a2) =
PRE

al : STRING &
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a2 STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
instructor! := null

* User can modify output value or post condition of operation here */
END

END

: (BAM Book)
MACHINE
Book

SEES
StringType

USES

BasicBook,

AssoBorrowRetum TransactionBook,
Asso_ReservationTransactionBook

OPERATIONS
bookl <—getBook(al) =

™ 0
THEN
[* User can insert or not insert condition’s operation by using IF here */
hookl := null

[* User can modify output value or post condition of operation here */
END;

hook2 <—getBookInfo(al,a2) =

PRE

al STRING &

a2 : STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
hook2 := null

[* User can modify output value or post condition of operation here */
END

END

- (BAM ReservationBookList)
MACHINE
ReservationBookList

USES
BasicReservationBookList,
CompoReservationTransactionReservationBookList

END
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- (BAM BookToOrder)

MACHINE
BookToOrder

USES
BasicBookToOrder,
AggrPurchaseOrderBookToOrder

END

- (BAM IntermediateBook)

MACHINE
IntermediateBook

SEES
StringType

USES

BasicBook,
Asso_BorrowRetumTransaction_Book,
Asso_ReservationTransaction_Book

OPERATIONS
boolean <-- IntermediatecheckBook(al) =

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE

[* User can modify output value or post condition of operation here */
END

END

(AssoJ3orrowReturnTransaction Book)

MACHINE
Asso_BorrowRetumTransaction_Book

USES
BasicBorrowRetumTransaction,
BasicBook
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VARIABLES
asso_borrowreturntransaction_book

INVARIANT
assoborrowretumtransactionbook <: BASICBORROWRETURNTRANSACTION *BASICBOOK &
dom (asso_borrowreturntransaction_book) = basichorrowretumtransaction &
ran(assoborrowreturntransactionbook) - basichook &
Fxx,yy).(((xx :dom(asso_borrowreturntransaction_book)) &

(yy :ran(assoborrowretumtransactionjx)ok)))

=> card((asso borrowreturntransaction book)[{xx}])>= 1&
card((asso_borrowreturntransaction_book)~[{yy}])= 1)

INITIALISATION
asso_borrowreturntransaction_book := {}

END

(Asso_BorrowReturnTransactionJJbrarian)

MACHINE
AssoBorrowReturnTransactionLibrarian

USES
BasicBorrowRetum Transaction,
BasicLibrarian

VARIABLES
asso_borrowretumtransaction_librarian

INVARIANT
asso borrowretumtransaction librarian <: BASICBORROWRETURNTRANSACTION *
BASICLIBRARIAN &
dom (asso_borrowreturntransaction_librarian) = basichorrowretumtransaction &
ran(asso_borrowreturntransaction_librarian) = basiclibrarian &
F(xx,yy).(((xx :dom(asso borrowretumtransactionjibrarian)) &

(yy :ran(asso_borrowreturntransaction_librarian)))

=> card((asso_borrowreturntransaction_librarian)[{xx}]) = 1 &
card((asso_borrowreturntransaction_librarian)~[{yy}]) >= 0)

INITIALISATION
asso_borrowreturntransaction_librarian ;= {}

END

(AssoJJbrariandJbrary)
MACHINE
Asso_Librarian_Library

USES
BasicLibrarian,



BasicLibrary

VARIABLES
assolibrarianlibrary

INVARIANT
asso librarian library <; BASICLIBRARIAN * BASICLIBRARY &
dom (asso_librarianJibrary) = basiclibrarian &
ran(asso_librarian_library) = basiclibrary &
Hxx,yy).(((xx : dom(assojibrarianlibrary)) &

(yy :ran(asso_librarian_library)))

=> card((asso_librarian_library)[{xx}]) = 1 &
card((assoJdibrariandibrary)~[{yy}]) >= 1)

INITIALISATION
asso_librarian_library = {}

END

(Asso_Librarian_PurchaseOrder)

MACHINE
AssoLibrarianPurchaseOrder

USES
BasicLibrarian,
BasicPurchaseOrder

VARIABLES
asso_librarian_purchaseorder

INVARIANT

asso_librarian_purchaseorder <: BASICLIBRARIAN * BASICPURCHASEORDER &

dom(asso_librarian_purchaseorder) = basiclibrarian &
ran(asso_librarian_purchaseorder) = basicpurchaseorder &
Hxx,yy).(((xx dom(asso_librarian_purchaseorder)) &
(yy :ran(asso_librarian_purchaseorder)))
=> card((asso_librarian_purchaseorder)[{xx}]) >= 0 &
card((asso_librarian_purchaseorder)~[{yy}]) = 1)

INITIALISATION
asso_librarian_purchaseorder := {}

END
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(Asso_Member_BorrowReturnTransaction)

MACHINE
AssoMemberBorrowRetum Transaction

USES
BasicMember,
BasicBorrowRetum Transaction

VARIABLES
assomemberborrowreturntransaction

INVARIANT
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asso_member_borrowreturntransaction <: BASICMEMBER * BASICBORROWRETURNTRANSACTION

&
dom(asso_member_borrowretumtransaction) = basicmember &
ran(asso_member_borrowretumtransaction) = hasichorrowretumtransaction &
(xx,yy).(((xx : dom(asso_member_borrowretumtransaction)) &
(yy :ran(asso_member_borrowretumtransaction)))
=> card((asso_member_borrowretumtransaction)[{xx}]) >= 0 &
card((asso~member_borrowreturntransaction)~[{yy}])= 1)

INITIALISATION
assomemberborrowreturntransaction := {}

END

(Asso_ReservationTransaction_Book)

MACHINE
AssoReservationTransactionBook

USES
BasicReservationTransaction,
BasicBook

VARIABLES
asso_reservationtransaction_book

INVARIANT
asso_reservationtransaction_book <: BASICRESERVATIONTRANSACTION * BASICBOOK &
dom (assoreservationtransactionbook) = hasicreservationtransaction &
ran(asso reservationtransaction book) - basicbook &
Hxx,yy).(((xx :dom(asso_reservationtransaction_book)) &
(yy :ran(asso reservationtransaction book)))
=> card((asso_reservationtransaction_book)[{xx}]) >
card((asso_reservationtransaction_book)~[{yy}])

INITIALISATION
asso_reservationtransaction_book := {}
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END

(Asso_ReservationTransaction_Librarian)

MACHINE
AssoReservationTransactionLibrarian

USES
BasicReservationTransaction,
BasicLibrarian

VARIABLES
asso_reservationtransaction_librarian

INVARIANT
asso reservationtransactionjibrarian <; BASICRESERVATIONTRANSACTION * BASICLIBRARIAN &
dom(asso reservationtransaction librarian) = hasicreservationtransaction &
ran(asso_reservationtransaction_librarian) = basiclibrarian &
Hxx,yy).(((xx : dom(asso reservationtransaction librarian)) &
(yy ran(asso reservationtransaction librarian)))
=> card((asso_reservationtransaction_librarian)[{xx}])

=1&
card((asso_reservationtransaction_librarian)~[{yy}]) >=

0)

INITIALISATION
asso reservationtransactionjibrarian = {}

END

(Asso_SupplierBook_Supplier)

MACHINE
AssoSupplierBookSupplier

USES
BasicSupplierBook,
BasicSupplier

VARIABLES
asso_supplierbook _supplier
INVARIANT
asso_supplierbook supplier <: BASICSUPPLIERBOOK * BASICSUPPLIER &
dom (asso_supplierbook _supplier) = basicsupplierbook &
ran(asso_supplierbook_suppiier) = basicsupplier &
Hxx,yy).(((xx :dom(asso supplierbook supplier)) &
(yy :ran(asso_supplierbook_supplier)))
=> card((asso_supplierbook supplier)[{xx}]) = 1 &
card((asso_supplierbook_supplier)~[{yy}]) >= 0)

INITIALISATION
asso_supplierbook _supplier := {}
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END

(AssoDealWith_SupplierJ2brarian)

MACHINE
AssoDealW ith_Supplier_Librarian

USES
BasicSupplier,
BasicLibrarian

VARIABLES
assodealwithsupplierjibrarian

INVARIANT
assodealwith supplier librarian <; BASICSUPPLIER *BASICLIBRARIAN &
dom (assodealwithsupplierjibrarian) = basicsupplier &
ran(assodealwith_supplier_librarian) = basiclibrarian &
Fxx,yy).(((xx :dom(assodealwith_supplier_librarian)) &

(yy ran(assodealwith_supplier_librarian)))

=> card((assodealwith_supplier_librarian)[{xx}]) = 1 &
card((assodealwith_supplier_librarian)~[{yy}]) >= 0)

INITIALISATION
assodealwith supplier librarian := {}

END

(Aggr_PurchaseOrder BookToOrder)

MACHINE
AggrPurchaseOrderBookToOrder

USES
BasicPurchaseOrder,
BasicBookToOrder

VARIABLES
aggrpurchaseorderbooktoorder
INVARIANT
aggr purchaseorder booktoorder <: BASICPURCHASEORDER *BASICBOOKTOORDER &
dom(aggr_purchaseorder_booktoorder) = basicpurchaseorder &
ran(aggr_purchaseorder_booktoorder) = basichooktoorder &
Fxx,yy).(((xx :dom(aggr_purchaseorder_booktoorder)) &
(yy :ran(aggr_purchaseorder_booktoorder)))
=> card((aggr_purchaseorder_booktoorder)[{xx}]) >= 1 &
card((aggr_purchaseorder_booktoorder)~[{yy}]) >= 0 &
card((aggr_purchaseorder_booktoorder)~[{yy}]) <= 1)

INITIALISATION
aggr purchaseorder booktoorder := {}
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END

(Compo_ReservationTransaction_ReservationBookList)

MACHINE
CompoReservationTransactionReservationBookList

USES
BasicReservationT ransactionList,
BasicReservationBook

VARIABLES
compo_reservationtransaction_reservationbooklist

INVARIANT
compo_reservationtransaction_reservationbooklist <: BASICRESERVATIONTRANSACTION
*BASICRESERVATIONBOOKLIST &
dom(compo_reservationtransaction_reservationbooklist) = basicreservationtransaction &
ran(compo reservationtransaction reservationbooklist) - basicreservationbooklist &
(xx,yy).(((xx :dom(compo reservationtransaction reservationbooklist)) &

(yy ran(compo reservationtransaction reservationbooklist)))

=> card((compo_reservationtransaction_reservationbooklist)[{xx}]) >= 1 &
card((compo_reservationtransaction_reservationbooklist)~[{yy}]) = 1)

INITIALISATION
compo_reservationtransaction_reservationbooklist := {}

END

( plicitAsso_Instructor_BorrowReturnTransaction)

MACHINE
ImplicitAssolnstructorBorrowReturnTransaction

USES

Basiclnstructor,

BasicBorrowReturnT ransaction

VARIABLES
implicitassoinstructorborrowreturntransaction

INVARIANT
implicitasso instructor borrowreturntransaction <: BASICINSTRUCTOR *
BASICBORROWRETURNTRANSACTION &
dom(implicitasso_instructor_borrowretumtransaction) = basicinstructor &
ran(impiicitasso instructor borrowretumtransaction) = basicborrowreturntransaction &
xx,yy).(((xx dom(implicitasso_instructor_borrowretumtransaction)) &

(yy :ran(implicitasso_instructor_borrowretumtransaction)))

=> card((implicitasso_instructor_borrowreturntransaction)[{xx}]) >= 0 &

card((implicitasso_instructor_borrowreturntransaction)~[{yy}]) = 1)

INITIALISATION



implicitasso instructor borrowretumtransaction := {}

END

(ImplicitAsso_Student BorrowReturnTransaction)

MACHINE
ImplicitAsso_Student BorrowReturnTransaction

USES
BasicStudent,
BasicBorrowReturnTransaction

VARIABLES
implicitasso_student_borrowreturntransaction

INVARIANT
implicitasso_student_borrowreturntransaction <: BASICSTUDENT *
BASICBORROWRETURNTRANSACTION &
dom(implicitasso_student_borrowreturntransaction) = basicstudent &
ran(implicitasso_student_borrowreturntransaction) - basichorrowretumtransaction &
Hxx,yy).(((xx : dom(implicitasso_student_borrowretumtransaction)) &

(yy :ran(implicitassostudenthorrowreturntransaction)))

=> card((implicitasso_student_borrowreturntransaction)[{xx}]) >= 0 &
card((implicitasso_student_borrowreturntransaction)~[{yy}])= 1)

INITIALISATION
implicitasso_student_borrowreturntransaction := {}

END

(BorrowReturnTransactionJmp)

IMPLEMENTATION
BorrowReturnTransactionJmp

REFINES
BorrowRetumTransaction

SEES

StringType,

BooleanType,
BasicBorrowReturnTransaction,
Member,

Book,

BasicBook,

BasicMember
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OPERATIONS
borrowreturntransactionl <~ borrowBook(al,a2,a3,xl,x2) =
VAR
memberl,
bookl,
boolean
IN
memberl <—getMember(al,a2);
hoolean <—Basic_checkLimitMaximumBook(xlx2);
IF
hoolean = TRUE
THEN
hookl <-- getBook(al)
ELSE
skip;
hoolean <—Basic_setBorrowStatus(al,a2);
boolean <—Basic_confirmToBorrow(al,a2)
END
END;

borrowretumtransaction2 <—retumBook(al,a2,a3,xl,x2) =
VAR

hoolean

IN

hoolean <—Basic_setRetumStatus(al,a2);

hoolean <—Basic_compareDateBorrowAndRetum (al a2);
hoolean <—Basic_chargeFee(al,a2);

hoolean <—Basic_confirmToRetum(al,a2)

END

END

: ?

IMPLEMENTATION
ReservationTransactionimp

REFINES
ReservationTransaction

SEES

StringType,

BooleanType,

Book,

BasicBook,
BasicReservationBook,
BasicReservationTransaction

OPERATIONS

reservationtransactionl <—reservationBook(al,a2,a3 xl) =
VAR

basicreservationbook 1,

book?,

boolean

(ReservationTransaction_ imp)
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IN

hasicreservationbookl <—BasicgetReservationBook;
hook2 <—getBooklInfo(al,a2);

hoolean <-- Basic_setReservationStatus(al,a2);
hoolean <—Basic_confirmToReservation(al xI)
END;

reservationtransaction2 <—insertList(al,a2) =
VAR

hoolean

IN

hoolean <-- Basic_resetBorrowStatus(al,a2)
END

END

- (Bookjmp)
IMPLEMENTATION
Bookimp

REFINES
Book

SEES
StringType,
BooleanType,
IntermediateBook

OPERATIONS

hookl <—getBook(al) =

VAR

boolean

IN

hoolean <-- Intermedaite checkBook(al)
END;

hook2 <—getBooklInfo(al,a2) =
VAR

hoolean

IN

hoolean <—Basic checkBookInfo(al)
END

END

( termediateBookJmp)

IMPLEMENTATION
IntermediateBook_imp

REFINES
IntermediateBook



SEES
StringType,
BooleanType,
BasicMember

OPERATIONS
hoolean <-- IntermediatecheckBook(al) =
VAR
voidbasicmemberl
IN
IF
boolean = TRUE
THEN
voidbasicmemberl <—Basic aviableToBorrow
ELSE
skip
END
END

END

(PurchaseOrderJmp)

IMPLEMENTATION
PurchaseOrderJmp

REFINES
PurchaseOrder

SEES

StringType,

BooleanType,

BasicBookToOrder

OPERATIONS

hoolean <—createTransaction(al,a2) =
VAR

hasiccooktoorderl

IN

hasiccooktoorderl <—Basic displayListOfBook(al)
END

END

(Memberjmp)

IMPLEMENTATION
Member imp

REFINES
Member

SEES
StringType,
BooleanType,



BasicMember

OPERATIONS

memberl <—getMember(al,a2) =
VAR

boolean

IN

hoolean <-- Basic_checkMember(al,a2)
END

END

- (Instructorjmp)

IMPLEMENTATION
Instructorimp

REFINES
Instructor

SEES
StringType,
BooleanType,
BasicInstructor

OPERATIONS

instructorl <—getMember(al,a2) =
VAR

boolean

IN

hoolean <-- Basic_checkMember(al,a2)
END

END

- (Studentjmp)

IMPLEMENTATION
Student_imp

REFINES
Student

SEES
StringType,
BooleanType,
BasicStudent

OPERATIONS

studentl <—getMember(al,a2) =
VAR

boolean

IN

hoolean <—Basic_checkMember(al,a2)
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Architecture B Abstract Machine Case study Library System - Class Diagram
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Architecture B Abstract Machine Case study Library System - Class Diagram (Cont)
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Architecture B Abstract Machine Case study Library System - Sequence Diagram

1. Check Out

StringType

BooleanType

, :

MACHINE
BorrowReturnTransaction_imp

OPERATIONS
1.borrowBook() =
END

MACHINE
Member

OPERATIONS
1.1 getMember() =
END

MACHINE

BasicBorrowReturnTransaction

aPERAﬂONS

1.2 Basic_checkLimitMaximumOfBook() =

1.5 Basic_confirmToBorrow() =
END

MACHINE
Book

OPERATIONS
1.3 getBook() =
END

MACHINE
BasicBook

OPERATIONS
1.4 Basic_setBorrowStatus() =

LE/\

S

-2

FEHNE

MACHINE

Bor R nTr

OPERATIONS
1.borrowBook() =
END

StringType BooleanType

i 5

MACHINE
Book_imp

OPERATIONS
1.3 getBook() =
END

MACHINE
J IntermediateBook

OPERATIONS
1.3.1 Intermediate_checkBook() =
END

StringType BooleanType

A A

] ]
] 1
1 |
' 1
1 !

MACHINE
IntermediateBook_imp

OPERATIONS
1.3.1 Intermediate_checkBook() =
END

MACHINE
BasicMember

OPERATIONS
1.3.1.1 Basic_aviableToBorrow() =
END

MACHINE
Book

> OPERATIONS
1.3 getBook() =
END

MACHINE
IntermediateBook

OPERATIONS
1.3.1 Intermediate_checkBook() =
END
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Architecture B Abstract Machine Case study Library System - Sequence Diagram (Cont)

1. Check Out (Cont)

StringType

BooleanType

A A

MACHINE
Member_imp

OPERATIONS
1.1 getMember() =
END

MACHINE
BasicMember

> OPERATIONS

1.1.1 Basic_checkMember() =
END

USES A S

REANE

MACHINE
Member

OPERATIONS
1.1 getMember() =
END

StringType BooleanType

A A

MACHINE
Instructor_imp

OPERATIONS
1.1 getMember() =
END

MACHINE
Basiclnstructor

SPERATIONS
1.1.1 Basic_checkMember() =
END

StringType BooleanType

_______

-

A A

[] I
] |
1 I
1 |
i "

MACHINE
Student_imp

OPERATIONS
1.1 getMember() =
END

MACHINE
BasicStudent

OPERATIONS
1.1.1 Basic_checkMember() =
END

MACHINE
Instructor

OPERATIONS
1.1 getMember() =
END

MACHINE
Student

OPERATIONS
1.1 getMember() =
END

6¥¢



Architecture B Abstract Machine Case study Library System - Sequence Diagram (Cont)

2. Return Book

StringType BooleanType
A A

| 1
| [l
| 1
[} |

:

MACHINE MACHINE
BorrowReturnTransaction_imp BorrowReturnTransaction

OPERATIONS *| OPERATIONS
1.returnBook() = 1.returnBook() =
END END

MACHINE
BasicBook
>

OPERATIONS
1.1 Basic_setReturnStatus() =
END

MACHINE
} BasicBorrowReturnTransaction

—————— »{ OPERATIONS

1.2 Basic_¢ pareDateBorrowAndDateReturn() =
1.4 Basic_confirmToReturn() =

END

MACHINE
BasicMember

OPERATIONS
1.3 Basic_chargeFee() =
END

USES SEES REHNEA

09¢



Architecture B Abstract Machine Case study Library System - Sequence Diagram (Cont)

3. Make Reservation Book

StringType BooleanType

USES &S A REHNEA

»| OPERATIONS

¥ X

1 -l
MACHINE
ReservationTransaction_imp

OPERATIONS
1. reservationBook() =
END

MACHINE
ReservationTransaction

OPERATIONS

1. reservationBook() =
END

MACHINE
BasicReservationTransaction

»{ OPERATIONS

1.4 basic_confirmToReservation() =
END

MACHINE
BasicReservationBook

OPERATIONS
1.1 Basic_getReservationBook() =
END

MACHINE
Book

1.2 getBookinfo() =
END

MACHINE
BasicBook

> OPERATIONS

1.3 Basic_setReservationStatus() =
END

StringType

BooleanType

A

]
1
1
1
!

A

]
|
1
|
!

MACHINE
Book_imp

OPERATIONS

END

MACHINE
Book

“““““ > OPERATIONS

1.2 getBooklinfo() = 1.2 getBookinfo() =

END

MACHINE
BasicBook

OPERATIONS

END

1.2.1 Basic_checkBookinfo() =

i



Architecture B Abstract Machine Case study Library System - Sequence Diagram (Cont)

4. Borrow Book Reservation

StringType BooleanType
i i

1)
MACHINE ______| MACHINE MACHINE
BasicBorrowReturnTransaction H ReservationTransaction_imp | p ReservationTransaction

OPERATIONS : OPERATIONS OPERATIONS
1 Basic_getBorrowReturninfo() = ! 2. insertList() = 2. insertList() =
END ! END END

MACHINE
BasicBook

OPERATIONS
2.1 Basic_resetBorrowStatus() =
END

USES SES REHNE

(A4



Architecture B Abstract Machine Case study Library System - Sequence Diagram (Cont)
5. Buy New Book

StringType BooleanType
D) )

1
1

)
MACHINE MACHINE MACHINE

BasicLibrarian : PurchaseOrder_imp ~.--......pe PurchaseOrder

OPERATIONS OPERATIONS OPERATIONS
1 Basic_contract() = 1 2. createTransaction() = 2. createTransaction() =
END . END END

MACHINE
BasicBookToOrder

OPERATIONS
2.1 Basic_displayListOfBook() =
END

MACHINE
BasicSupplierBook

OPERATIONS
3 Basic_checkListOfBook() =
END

%B&Or@r
i E

MRy
G5

USES w A e
-6 , !

£4¢



(BooleanType)

MACHINE
BooleanType

SETS
BOOLEAN = {TRUE,FALSE}

END

(StringType)

MACHINE
StringType

QF.TS
STRING

VAﬁRIABLES

i,
EmptyString
INVARIANT

null ; STRING &
EmptyString : STRING

INITIALISATION
null := EmptyString

END

MACHINE .
BasicDepositor

SEES
StringType

BASICDEPOSITOR

(BAM BasicDepositor)

254



VARIABLES
hasicdepositor,
deposnor D,
depositor_Name,
depositor—Sumame,
depositor”Address

INVARIANT

basicdepositor <. BASICDEPOSITOR &
depositorID : STRING &

depositor Name STRING &
depositorSumame : STRING &
depositor Address STRING

INITIALISATION
basicdepositor := {} |
depositor 1D :=nul I
depositor ~Name :=null |
depositorSumame := null |
depositor_Address := null

END

(BAM BasicWithdrawer)

MACHINE
BasicWithdrawer

SEES
StringType

SETS
BASICWITHDRAWER

VARIABLES
hasicwithdrawer,
withdrawerlD,
wﬂhdrawerName
W|thdrawer8urname
withdrawer Address

INVARIANT

basicwithdrawer <; BASICWITHDRAWER &
withdrawer 1D : STRING &

withdrawer Name : STRING &

withdrawer _Surname ; STRING &
withdrawer_Address : STRING

INITIALISATION
basicwithdrawer := {} I
withdrawer [D :=null I
withdrawer Name :=null I
withdrawer_Surname :=null I
withdrawer~Address := null
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END

- ! (BAM BasicDepositTransaction)
MACHINE

BasicDepositTransaction

)
ring Type,
Boolgar#ype

SETS
BASICDEPOSITTRANSACTION

VARIABLES
basicdeposittransaction,
deposittransactionDate,
deposittransactionlD,
deposittransaction_DepositAmount

INVARIANT _

basicdeposittransaction <: BASICDEPOSITTRANSACTION &
depositiransaction Date : STRING &

deposittransaction 1D STRING &

deposittransaction DepositAmount : NAT

INITIALISATION
basicdeposittransaction = {} |
deposittransaction Date = null
deposittransaction 1D :=null I
deposittransaction_DepositAmount :=0

OPERATIONS _ :
B%%Iean <-- Basic_createDepositTransaction(al,a2,xl) =

al  STRING &

82 STRING &

x| : NAT

THEN =~ . . . .

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE N ,

[* User can modify output value or post condition of operation here */
END;

boolean <-- Basic_approveToDeposit(al,a2,xl) =

PRE

al : STRING &

a2 ; STRING &

x| _NAT

THEN . . . .

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE N ,

[* User can modify output value or post condition of operation here */
END;



basicdeposittransactionl <—Basic_listDepositStatement(al a2) =

PRE

al : STRING &

a2 : STRING

THEN . " . .

[* User can insert or not insert condition’s operation by using IF here */
basicdeposittransactionl := 0 N _

[* User can modify output value or post condition of operation here */
END

END

(BAM BasicWithdrawTransaction)

MACHINE _
BasicWithdrawTransaction

SEES
StringType,
BooleanType

SETS
BASICWITHDRAWTRANSACTION

VARIABLES _
basicwithdrawtransaction,
withdrawtransaction_Date,
withdrawtransactiofiD,
withdrawtransaction Withdraw Amount

INVARIANT

basicwithdrawtransaction <; BASICWITHDRAWTRANSACTION &
withdrawtransaction_Date : STRING &

withdrawtransaction 1D :STRING &

withdrawtransaction WithdrawAmount NAT

INITIALISATION
hasicwithdrawtransaction := {} I
withdrawtransaction Date := null Il
withdrawtransactionID := null
withdrawtransactionWithdraw Amount := 0

OPERATIONS | _ _

boolean <-- Basic_createWithdrawTransaction(al,a2,xI) =

PRE

al STRING &

a2 : STRING &

x| NAT

THEN = . . . .

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE . _

[* User can modify output value or post condition of operation here */
END;
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boolean <-- Basic_approveToWithdraw(al,a2,xl) =

PRE

al : STRING &

a2 STRING &

x| NAT

THEN . . . .

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE N _

EN%ser can modify output value or post condition of operation here */

basicwithdrawtransactionl <-- BasicJistWithdrawStatement(al a2) =

al : STRING &

a2 : STRING

THEN =~ . y . .

[* User can insert or not insert condition’s operation by using IF here */
basicwithdrawtransactionl ;= 0 - _

[* User can modify output value or post condition of operation here */
END

END

(BAM BasicStaff)

MACHINE
BasicStaff

SEES
StringType

BASICSTAFF

VARIABLES
basicstaff,
stafflD,
staff~Name,
staffPosition

INVARIANT

basicstaff <: BASICSTAFF &
staffJ D STRING &
staffName : STRING &
staffPosition STRING

INITIALISATION
hasicstaff:= {} I
staff ID :=null Il
staffd'Jame := null I
staffPosition := null

END
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(BAM BasicDepositOfficer)

MACHINE
BasicDepositOfficer

SEES
StringType

SETS
BASICDEPOSITOFFICER

VARIABLES
basicdepositofficer,
depositofficerlD,
depositofficerJMame,
depositofficer_Position

INVARIANT

basicdepositofficer <. BASICDEPOSITOFFICER &
depositofficer ID : STRING &
depositofficer_Name : STRING &
depositofficer~Position : STRING

INITIALISATION
basicdepositofficer = {} I
depositofficer ID :=null I
depositofficer Name :=null I
depositofficer~Position := null

END

(BAM BasicWithdrawOfficer)

MACHINE .
BasicWithdrawOfficer

SEES
StringType

SETS
BASICWITHDRAWOFFICER

VARIABLES
basicwithdrawofficer,
withdrawofficerID,
withdrawofficer*Name,
withdrawofficerPosition

INVARIANT

basicwithdrawofficer < BASICWITHDRAWOFFICER &
withdrawofficer ID : STRING &

withdrawofficer Name : STRING &
withdrawofficer~Position : STRING



INITIALISATION
basicwithdrawofficer := {} |
withdrawofficerlD := null I
withdrawofficer Name :=null |
withdrawofficer~Position := null

END

MAcCZI

BasicBranchManager

SEES
StringType

BASICBRANCHMANAGER

VARIABLES
hasichranchmanager,
hranchmanagerID,
branchmanager~Narne,
branchmanager_Position

INVARIANT

hasicbranchmanager <: BASICBRANCHMANAGER &
branchmanager _ID : STRING &

branchmanager_Name : STRING &
hranchmanagerPosition : STRING

INITIALISATION
basichranchmanager := {{ I
branchmanager_ID = null I

branchmanager_Name := null I
branchmanager_Position := null

END

MACHINE
BasicMoneyStatus

SEES
StringType

SETS
BASICMONEYSTATUS

VARIABLES
basicmoneystatus,
moneystatus_LastedDate,
moneystatus_Amount,
RefDayBalancelD

(BAM BasicBranchManager)

(BAM BasicMoneyStatus)



INVARIANT

basicmoneystatus <; BASICMONEYSTATUS &
moneystatusJLastedDate : STRING &
moneystatus Amount : NAT &
RefDayBalancelD : STRING

INITIALISATION
basicmoneystatus := {}
moneystatusLastedDate = null |
moneystatus_ Amount :=0 1
RefDayBalancelD = null

END

MACHINE
BasicSavingAccount

SEES
StringType

BASICSAVINGACCOUNT

VARIABLES
basicsavingaccount,
savingaccount_Date,
savingaccount”ID,
savingaccountName,
savingaccountType,
savingaccount_Baiance

INVARIANT

basicsavingaccount <: BASICSAVINGACCOUNT &
savingaccount Date : STRING &

savingaccount 1D : STRING &
savingaccount Name STRING &

savingaccount TyPe :STRING &
savingaccount_Balance : NAT

INITIALISATION
basicsavingaccount := {}
savingaccount_Date :=null I
savingaccount”ID :=null I
savingaccount_Name :=null |
savingaccount Tyi)e =null |

savingaccount_Balance :=0

OPERATIONS o

Bg{sgcsavmgaccountl <—Basic_increaseBalance(al xI) =
al : STRING &

x| NAT

THEN

(BAM BasicSavingAccount)
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[* User can insert or not insert condition’s operation by using IF here */
basicsavingaccountl := 0 N ,
ENLJqur can modify output value or post condition of operation here */

basicsavingaccount2 <—Basic_getCurrentAmount =
BEGIN

basicsavingaccount2 ;= 0 - .
/ENtles_er can modify output value or post condition of operation here */

tp)%sécsavingaccounw <—Basic_decreaseBalance(al xI) =

al  STRING &

x| :NAT

THEN . " . .

[* User can insert or not insert condition’s operation by using IF here */
basicsavingaccount3 = 0 3 /

EN%ser can modify output value or post condition of operation here */

basicsavingaccount4 <—Basic_checkBalance(al,a2) =

al : STRING &

22 STRING

THEN = . - . .

[* User can insert or not insert condition’s operation by using IF here */
basicsavingaccount4 ;= 0 J _

ENLE)ser can modify output value or post condition of operation here */

END

(BAM BasicDayBalance)

MACHINE
BasicDayBalance

SEES
StringType

BASICDAYBALANCE

VARIABLES
basicdayhalance,
daybalance_Date,
daybalance”IncreaseAmount,
daybalancéDecreaseAmount,
daybalanceTotalAmount

INVARIANT

basicdayhalance <: BASICDAYBALANCE &
daybalance Date STRING &
daybalance_IncreaseAmount NAT &
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daybalanceDecreaseAmount : NAT &
daybalanceTotalAmount : NAT

INITIALISATION
basicdaybalance .= {} |

daybalance Date = null |
daybalancelncreaseAmount := 0 |
daybalance DecreaseAmount :=0 I
dayhalance~TotalAmount := 0

OPERATIONS o
basicdaybalancel <-- Basic_increaseAmount(xl) =

THEN

[* User can insert or not insert condition’s operation by using IF here */
basicdaybalance] := 0 N _

ENlJqur can modify output value or post condition of operation here */

basicdaybalance2 <-- Basic decreaseAmount(xl) =

THEN

[* User can insert or not insert condition’s operation by using IF here */
basicdayhalance2 := 0 / _

ENUDser can modify output value or post condition of operation here */

basicdaybalance3 <-- Basic getDialyBalance =
BEGIN

basicdayhalance3 := 0 . _
/E*NLJqur can modify output value or post condition of operation here */

1

END

(BAM Depositor)

MACHINE
Depositor

USES |
BasicDepositor, . _ _
AssoRequestDepositTransactionDepositor

END



(BAM Withdrawer)

MACHINE
Withdrawer

USES
BasicWithdrawer,
AssoRequest_WithdrawTransaction_Withdrawer

END

(BAM DepositTransaction)

MACHINE
DepositTransaction

SEES
StringType

USES

BasicDepositTransaction,
AssoDeposit_SavingAccount_DepositTransaction,
AssoAftect_DayBalance DepositTransaction,
AssoRequestDepositTransactionDepositor,
Compo_DepositTransaction_DepositOfficer

OPERATIONS

deposittransaction| <—setDepositAmount(al,a2 xl) =

PRE

al : STRING &

a2 STRING &

x| NAT

THEN

[* User can insert or not insert condition’s operation by using IF here */
deposittransactionl := 0

[* User can modify output value or post condition of operation here */
END;

deposittransaction2 <—postDepositTransaction(al,a2,xl) =

PRE

al : STRING &

a2 : STRING &

xI NAT

THEN

[* User can insert or not insert condition’s operation by using IF here */
deposittransaction2 := null

[* User can modify output value or post condition of operation here */
END

END
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(BAM WithdrawTransaction)

MACHINE
WithdrawTransaction

SEES
StringType

USES

BasicWithdrawTransaction,
AssoWithdraw_SavingAccount WithdrawTransaction,
AssoAffect_DayBalance WithdrawTransaction,
AssoRequest WithdrawTransaction Withdrawer,
Compo_WithdrawTransaction_WithdrawOfficer

OPERATIONS

\Slggdrawtransactionl <—setWithdrawAmount(al,a2 xl) =

al STRING &

a2 STRING &

x| :NAT

THEN

[* User can insert or not insert condition’s operation by using IF here */
withdrawtransactionl := 0

[* User can modify output value or post condition of operation here */
END;

withdrawtransaction2 <—postWithdrawTransaction(al,a2,xl) =

PRE

al : STRING &

a2 : STRING &

x| NAT

THEN

[* User can insert or not insert condition’s operation by using IF here */
withdrawtransaction2 := null

[* User can modify output value or post condition of operation here */
END

END

: (BAM Staff)
MACHINE
Staff

USES
BasicStaff,
AssoDo_SavingAccount_Staff

END



(BAM DepositOfficer)

MACHINE
DepositOfficer

USES

BasicDepositOfficer,
CompoDepositTransactionJDepositOfficer,
ImplicitAssoDo_SavingAccount_DepositOfficer

END

(BAM WithdrawOfficer)

MACHINE
WithdrawOfficer

USES

BasicWithdrawOfficer,

CompoW ithdrawTransactionWithdrawOfficer,
ImplicitAssoDo_SavingAccount_WithdrawOfficer

END

(BAM BranchManager)

macZ e
BranchManager

USES

BasicBranchManager,
AssoDoMoneyStatusBranchManager,
ImplicitAssoDoSavingAccountBranchManager

END

(BAM MoneyStatus)

MACHINE
MoneyStatus

SEES
StringType

USES

BasicMoneyStatus,
Aggr_MoneyStatus_DayBalance,
AssoDoMoneyStatusBranchManager

OPERATIONS
moneystatusl <-- HstDialyStatus(al,a2) =

al :STRING &
a2 STRING
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THEN

[* User can insert or not insert condition’s operation by using IF here */
moneystatusl := 0 N .

[* User can modify output value or post condition of operation here */
END

END

(BAM SavingAccount)

MACHINE
SavingAccount

SEES
StringType

USES

BasicSavingAccount,
AssoDepositSavingAccountDepositTransaction,
AssoWithdraw_SavingAccount_WithdrawTransaction,
AssoDo_SavingAccount_Staff,
ImplicitAssoDoSavingAccountBranchManager,
ImplicitAssoDo”SavingAccountDepositOfficer,
ImplicitAssoDo_SavingAccount_ WithdrawOfficer

OPERATIONS
savingaccountl <—HstBalance(al,a2,a3) =

al STRING &

a2 : STRING &

a3 : STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
savingaccountl := 0

IENUDser can modify output value or post condition of operation here */

END

(BAM DayBalance)

MACHINE
DayBalance

USES

BasicDayBalance,
AssoAffectDayBalanceDepositT ransaction,
AssoAffect DayBalance WithdrawTransaction,
Aggr_MoneyStatus_DayBalance

END



(BAM IntermediateDepositTransaction)

MACHINE
IntermediateDepositTransaction

SEES
StringType,
BooleanType

USES

BasicDepositTransaction,
AssoDeposit_SavingAccount_DepositTransaction,
AssoAffectDayBalanceDepositT ransaction,
AssoRequestDepositTransactionDepositor,
CompoDepositTransactionDepositOfficer

OPERATIONS
tﬁ%)llzean <—Intermediate_approveToDeposit(al,a2,xl) =

al : STRING

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE

[* User can modify output value or post condition of operation here */
END

END

(BAM IntermediateWithdrawTransaction)

MACHINE
IntermediateWithdrawTransaction

SEES
StringType,
BooleanType

USES

Basic WithdrawT ransaction,
AssoWithdraw_SavingAccount_ WithdrawTransaction,
AssoAffectDayBalanceWithdrawTransaction,
AssoRequestWithdrawTransactionWithdrawer,
CompoWithdrawTransactionW ithdrawOfficer

OPERATIONS
boolean <—Intermediate_approveToWithdraw(al,a2,xl) =

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE N _

[* User can modify output value or post condition of operation here */
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END
END

(AssoDo_SavingAccount_Staff)

MACHINE
AssoDoSavingAccountStaff

USES
BasicSavingAccount,
BasicStaff

VARIABLES
assodo_savingaccount_staff

INVARIANT
assodosavingaccountstaff <: BASICSAVINGACCOUNT * BASICSTAFF &
dom(assodo savingaccount staff) = basicsavingaccount &
ran(assodo_savingaccount_staff) - basicstaff &
[(xx,yy).(((xx : dom(assodo_savingaccount_staff)) &

(yy ran(assodo_savingaccount_staff)))

=> card((assodo_savingaccount_staff)[{xx}]) = 1 &
card((assodo_savingaccount_staff)~[{yy}]) >= 1)

INITIALISATION
assodosavingaccountstaff ;= {}

END

(AssoDeposit_SavingAccount_DepositTransaction)

MACHINE
AssoDeposit_SavingAccount_DepositTransaction

USES
BasicSavingAccount,
BasicDepositTransaction

VARIABLES _ _
assodeposit_savingaccount_deposittransaction

INVARIANT

assodeposit savingaccount deposittransaction <: BASICSAVINGACCOUNT *
BASICDEPOSITTRANSACTION &
dom(assodeposit_savingaccount_deposittransaction) = basicsavingaccount &
ran(assodeposit savingaccount deposittransaction) = basicdeposittransaction &

269



210

H(xx,yy).(((xx : dom(assodepositsavingaccountdeposittransaction)) &
(yy : ran(assodepositsavingaccountdeposittransaction)))
=> card((assodeposit_savingaccount_deposittransaction)[{xx}]) >= 0 &
card((assodeposit_savingaccount_deposittransaction)~[{yy}]) = 1)

IMTIALISATION
assodeposit savingaccount deposittransaction := {}

END

(AssoWithdraw_SavingAccount WithdrawTransaction)

MACHINE
AssoWithdrawSavingAccountWithdrawTransaction

USES
BasicSavingAccount,
BasicWithdrawT ransaction

VARIABLES
assowithdraw_savingaccount_withdrawtransaction

INVARIANT
assowithdraw_savingaccount_withdrawtransaction <: BASICSAVINGACCOUNT *
BASICWITHDRAWTRANSACTION &
dom(assowithdraw_savingaccount_withdrawtransaction) = basicsavingaccount &
ran(assowithdraw_savingaccount_withdrawtransaction) = basicwithdrawtransaction &
H(xx,yy).(((xx :dom(assowithdraw_savingaccount withdrawtransaction)) &
(yy : ran(assowithdraw_savingaccount_withdrawtransaction)))
=> card((assowithdraw_savingaccount_withdrawtransaction)[&xx}}) >z %&

card((assowithdraw_savingaccount_withdrawtransaction)~[{yy}])
INITIALISATION
assowithdraw_savingaccount_withdrawtransaction := {}
END

(AssoRequest_DepositTransaction Depositor)

MACHINE
AssoRequestDepositTransactionDepositor

USES
BasicDepositTransaction,
BasicDepositor

VARIABLES
assorequestdeposittransactiondepositor

INVARIANT
assorequest deposittransaction depositor <: BASICDEPOSITTRANSACTION * BASICDEPOSITOR &



dom(assorequestdeposittransactiondepositor) = basicdeposittransaction &
ran(assorequest_deposittransaction_depositor) = hasicdepositor &
I(xx,yy).(((xx : dom(assorequestdeposittransactiondepositor)) &
(yy : ran(assorequest_deposittransaction_depositor)))
=> card((assorequest_deposittransaction_depositor)[{xx}]) = 1 &
card((assorequest_deposittransaction_depositor)~[{yy}]) >= 1)

INITIALISATION
assorequest_deposittransaction_depositor := {}

END

(AssoRequest WithdrawTransaction Withdrawer)

MACHINE
AssoRequest WithdrawTransaction_Withdrawer

USES
BasicWithdrawTransaction,
BasicWithdrawer

VARIABLES o
assorequest_withdrawtransaction_withdrawer

INVARIANT

assorequest_withdrawtransaction_withdrawer <: BASICWITHDRAWTRANSACTION *

BASICWITHDRAWER &

dom(assorequest_withdrawtransaction_withdrawer) = basicwithdrawtransaction &

ran(assorequest_withdrawtransaction_withdrawer) = basicwithdrawer &
I(xx,yy).(((xx dom(assorequest_withdrawtransaction withdrawer)) &
(yy :ran(assorequest withdrawtransaction withdrawer)))
=> card((assorequest_withdrawtransaction_withdrawer)[{xx}]) = 1 &

card((assorequest_withdrawtransaction_withdrawer)~[{yy}]) >= 1)

INITIALISATION
assorequest_withdrawtransaction_withdrawer:= {}

END

(AssoDo_MoneyStatus BranchManager)

AssoDoMoneyStatusBranchManager

USES
BasicMonei/]Status,
BasicBranchManager

VARIABLES
assodomoneystatusbranchmanager
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INVARIANT
assodomoneystatushranchmanager <: BASICMONEYSTATUS * BASICBRANCHMANAGER &
dom(assodo_moneystatus_branchmanager) = basicmoneystatus &
ran(assodomoneystatusbranchmanager) = hasicbranchmanager &
F(xx,yy).(((xx : dom(assodo_moneystatus_branchmanager)) &

(yy :ran(assodo_moneystatus_branchmanager)))

=> card((assodo_moneystatus_branchmanager)[{xx}]) = 1 &
card((assodo_moneystatus_branchmanager)~[{yy}]) >= 1)

INITIALISATION
assodo moneystatus branchmanager = {}
END
(AssoAffect_DayBalance_DepositTransaction)
MACHINE
AssoAffectDayBalanceDepositT ransaction
USES

BasicDayBalance,
BasicDepositT ransaction

VARIABLES
assoaffect_daybalance_deposittransaction

INVARIANT
assoaffect_daybalance_deposittransaction <: BASICDAYBALANCE * BASICDEPOSITTRANSACTION
&
dom (assoaffectdaybalancedeposittransaction) = basicdaybalance &
ran(assoaffect daybalance deposittransaction) - basicdeposittransaction &
[(xx,yy).(((xx : dom(assoaffect daybalance deposittransaction)) &
(yy ran(assoaffect_daybalance deposittransaction)))
=> card((assoaffect_daybalance_deposittransaction)[{xx}]) >= 0 &
card((assoaffect_daybalance_deposittransaction)~[{yy}]) = 1)

INITIALISATION _ .
assoaffect_daybalance_deposittransaction := {}
END

(AssoAffect DayBalance WithdrawTransaction)
MACHINE
AssoAffectDayBalanceWithdrawTransaction
USES

BasicDayBalance, _
BasicWithdrawTransaction



VARIABLES
assoaffect_daybalance_withdrawtransaction

INVARIANT
assoaffect daybalance withdrawtransaction <: BASICDAYBALANCE *
BASICWITHDRAWTRANSACTION &
dom(assoaffect_daybalance_withdrawtransaction) = basicdaybalance &
ran(assoaffect_daybalance_withdrawtransaction) = basicwithdrawtransaction &
L(xx,yy).(((xx : dom(assoaffect_daybalance_withdrawtransaction)) &

(yy ran(assoaffectdaybalancewithdrawtransaction)))

=> card((assoaffect_daybalance_withdrawtransaction)[{xx}]) >= 0 &
card((assoaffect_daybalance withdrawtransaction)~[{yy}]) = 1)

INITIALISATION
assoaffect_daybalance_withdrawtransaction := {}

END

(Aggr_MoneyStatus_DayBalance)

MACHINE
Aggr_MoneyStatus_DayBalance

USES
BasicMoneyStatus,
BasicDayBalance

VARIABLES
aggrmoneystatus_daybalance

INVARIANT
aggr_moneystatus_daybalance <: BASICMONEYSTATUS * BASICDAYBALANCE &
dom(aggr_moneystatus dagbalance) = basicmoneystatus &
ran(aggr_moneystatus_daybalance) - basicdaybalance &
L(xx,yy).(((xx :dom(aggr_moneystatus_daybalance)) &

(yy :ran(aggr_moneystatus_daybalance)))

=> card((aggr_moneystatus_daybalance)[{xx}]) >= 1 &
(card((aggr~moneystatus_daybalance)~[{yy}]) >= 0 &
card((aggr~moneystatus~daybalance)~[{yy}]) <= 1))

INITIALISATION
aggr_moneystatus_daybalance = {}

END

213



214

(Compo_DepositTransaction DepositOfficer)

MACHINE
CompoDepositTransactionDepositOfficer

USES
BasicDepositTransaction,
BasicDepositOfficer

VARIABLES
compodeposittransactiondepositofficer

INVARIANT
compo_deposittransaction_depositofficer <: BASICDEPOSITTRANSACTION *
BASICDEPOSITOFFICER &
dom(compodeposittransactiondepositofficer) = basicdeposittransaction &
ran(compodeposittransactiondepositofficer) = basicdepositofficer &
L(xx,yy).(((xx : dom(compo_deposittransaction_depositofficer)) &

(yy :ran(compo_deposittransaction_depositofficer)))

=> card((compo_deposittransaction_depositofficer)[{xx}]) = 1 &
card((compo_deposittransaction_depositofficer)~[{yy}]) >= 1)

INITIALISATION
compo_deposittransaction_depositofficer := {}

END

(Compo_WithdrawTransaction WithdrawOfficer)

MACHINE _ _ .
Compo_WithdrawTransaction_WithdrawOfficer

USES
BasicWithdrawTransaction,
BasicWithdrawOfficer

VARIABLES
compowithdrawtransactionwithdrawofficer

INVARIANT
compo vvithdrawtransaction withdrawofficer <: BASICWITHDRAWTRANSACTION *
BASICWITHDRAWOFFICER &
dom(compo_withdrawtransaction_withdrawofficer) = basicwithdrawtransaction &
ran(compo_withdrawtransaction_withdrawofficer) - basicwithdrawofficer &
L(xx,yy).(((xx dom(compo_withdrawtransaction_withdrawofficer)) &
(yy ran(compo_withdrawtransaction_withdrawofficer)))
=> card((compo_withdrawtransaction_withdrawofficer)[&xx}])

=1&
card((compo_withdrawtransaction_withdrawofficer)~[{yy}]) >= 1

)

INITIALISATION o .
compo withdrawtransaction withdrawofficer := {}
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END
( plicitAssoDo_SavingAccount_DepositOfficer)
MACHINE
ImplicitAssoDoSavingAccountDepositOfficer
USES
BasicSavingAccount,
BasicDepositOfficer
VARIABLES
implicitassodosavingaccountdepositofficer
INVARIANT

implicitassodo_savingaccount_depositofficer <: BASICSAVINGACCOUNT * BASICDEPOSITOFFICER
&
dom(implicitassodo_savingaccount_depositofficer) = basicsavingaccount &
ran(implicitassodo_savingaccount_depositofficer) - basicdepositofficer &
H(xx,yy).(((xx : dom(implicitassodo savingaccount depositofficer)) &

(yy ran(implicitassodo_savingaccount_depositofficer)))

=> card((implicitassodo_savingaccount_depositofficer;[{[xx}]}) >=1&
card((implicitassodo_savingaccount_depositofficer)~[{yy}])>= 1)

INITIALISATION _
implicitassodo_savingaccount_depositofficer:= {}

END

(ImplicitAssoDo_SavingAccount WithdrawOfficer)

MACHINE _ . _
ImplicitAssoDoSavingAccountW ithdrawOfficer

USES
BasicSavingAccount,
BasicWithdrawOfficer

VARIABLES _ _
implicitassodo_savingaccount_withdrawofficer

INVARIANT
implicitassodo savingaccount withdrawofficer <: BASICSAVINGACCOUNT *
BASICWITHDRAWOFFICER &
dom(implicitassodo_savingaccount_withdrawofficer) = basicsavingaccount &
ran(implicitassodo_savingaccount_withdrawofficer) = basicwithdrawofficer &
I(xx,yy).(((xx : dom(implicitassodo savingaccount withdrawofficer)) &

(yy ran(implicitassodo_savingaccount_withdrawofficer)))

=> card(gimpIicitassodo_savingaccount_withdrawofficerf[&xx}})x 1&
card((implicitassodo_savingaccount_withdrawofficer)~[{yy}])>= 1)



INITIALISATION
implicitassodo_savingaccount_withdrawofficer:= {}

END

( plicitAssoDo_SavingAccount_BranchManager)

MACHINE _
ImplicitAssoDo_SavingAccount_BranchManager

USES
Bas_lcSavm%Account,
BasicBranchManager

VARIABLES
implicitassodo_savingaccount_branchmanager

INVARIANT
implicitassodo_savingaccount_branchmanager <: BASICSAVINGACCOUNT * BASICBRANCHMANAGER &
dom(imp!icitassodo_savingaccount_branchmanager) = basicsavingaccount &
ran(impiicitassodo_Savingaccount_branchmanager) = basicoranchmanager &
(xx,yy).(((xx : dom(implicitassodo_savingaccount_branchmanager)) &
yy : ran(implicitassodo_savingaccount_branchmanager)))
=> card((implicitassodo_savingaccount_branchmanager)[{xx}]) >= 1 &

card((implicitassodo3avingaccount3>ranchmanager)~[ {yy}]) >= 1)

INITIALISATION,
implicitassodo_savingaccount_branchmanager := {}

END

(DepositTransaction Jmp)

IMPLEMENTATION
DepositTransactionimp

REFINES
DepositTransaction

SEES

StringType,

BooleanType,
IntermediateDepositTransaction,
BasicSavingAccount

OPERATIONS

deposittransactionl <—setDepositAmount(al,a2,xl) =
VAR

boolean

IN

hoolean <—Intermediate_approveToDeposit(al,a2 xI)
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END;
dexosittransactionZ <-- postDepositTransaction(al,a2,xl) =
VAR

basicsavingaccountl,
basicdaybalancel

IN
basicsavingaccountl <—Basic_increaseBalance(al xl);
END
END
f

(IntermediateDepositTransaction Jmp)

IMPLEMENTATION _
IntermediateDepositTransactionJm p

REFINES
IntermediateDepositTransaction

SEES
StringType,
BooleanType,
BasicDayBalance

OPERATIONS
boolean <* Intermediate_approveToDeposit(al,a2 xI) =
VAR
basicdaybalancel
IN
IF
boolean = TRUE
THEN
basicdaybalancel <—Basic increaseAmount(xl)
ELSE

skip
END
END

END

(WithdrawTransactionJmp)

IMPLEMENTATION
ithdrawTransaction imp

REFINES
WithdrawTransaction

SEES

StringType,

BooleanType,
IntermediateWithdrawTransaction,
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BasicSavingAccount,
BasicDayBalance

OPERATIONS

withdrawtransactionl <-- setWithdrawAmount(al,a2 xI) =
VAR

basicsavingaccount2,

boolean

IN

basicsavingaccount2 <—Basic_getCurrentAmount;
boolean <-- Intermediate_approveToWithdraw(al,a2 xI)
END;

withdrawtransaction2 <-- postWithdrawTransaction(al,a2xl) =
VAR

basicsavingaccounts,

basicdaybalance2

IN

basicsavingaccount3 <—Basic_decreaseBalance(al,xl);

END

END

(IntermediateWithdrawTransaction Jmp)

IMPLEMENTATION
IntermediateWithdrawTransactionjmp

REFINES
IntermediateW ithdrawT ransaction

SEES
StringType,
BooleanType,
BasicDayBalance

OPERATIONS
boolean <-- Intermediate_approveToWithdraw(al,a2,xl) =
VAR
basicdaybalance2
IN
IF
boolean = TRUE
THEN
basicdaybalance2 <-- Basic_decreaseAmount(xl)
ELSE
skip
END
END

END



(MoneyStatusJmp)

IMPLEMENTATION
MoneyStatus_imp

REFINES
MoneyStatus
SEES

StringType,
BasicDayBalance

OPERATIONS
\n}xrﬁeystatusl <-- listDailyStatus(al,a2) =

?ﬁsicdaybalancw
E?\Isigdaybalanc% <-- Basic_getDailyBalance

END

(SavingAccountdmp)

IMPLEMENTATION
SavingAccountimp

REFINES
SavingAccount

SEES

StringType,
BasicoavingAccount,
Bas!cDe,EosnTransactlon,
BasicWithdrawTransaction

OPERATIONS
ifxg\gaccountl <—listBalance(al,a2,a3) =

basicsavingaccountd,
basicdeposittransactionl,
basicwithdrawtransactionl

basicsavingaccountd <—Basic_checkBalance(al a2);

basicdeposittransactionl <—Basic_listDepositStatement(al,a2);
Ez,i\lsgwnhdrawtransactlonl <—Basic_listWithdrawStatement(al,a2)

END
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Architecture B Abstract Machine Case study Depositand Withdrawal System - Class Diagram
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Architecture B Abstract Machine Case study Depositand Withdraw System - Class Diagram (Cont)
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Architecture B Abstract Machine Case study Depositand Withdrawal System - Sequence Diagram

1. Deposit Money

StringType BooleanType
StringType BooleanType ? é
1
1 1
f A ! H MACHINE
g ! __ ____ | MACHINE IntermediateDepositTr ti
| 1 ] IntermediateDepositTransaction_imp
| ) OPERATIONS
MACHINE MACHINE i OPERATIONS » 2.1 Intermediate_approveToDeposit() =
DepositTransaction_imp DepositTransaction y 2.1 Intermediate_approveToDeposit() =
e ... 1 END END
ittty OPERATIONS ~~~ P| OPERATIONS ‘
i 2. setDepositAmount() = 2. setDepositTransaction() = \
! 3. postDepositTransaction() = 3. postDepositTransaction() = 1
i END END 1 MACHINE
i . BasicDayBalance
E (o > OPERATIONS
: m?H"ﬂE o T o 2.1.1 Basic_increaseAmount() =
| ° END
™| OPERATIONS
1 2.1 Intermediate_approveToDeposit() =
: END
]
[}
i
: MACHINE
; _____ ) 'B-aslcSavlngAccount
i OPERATIONS
i 3.1 Basic_increaseBalance() =
! END
1
1
1
i
1
¢ MACHINE MACHINE
| BasicDayBalance BasicDepositTransaction
|
________ . e .
OPERATIONS OPERATIONS
3.2 Basic_increaseAmount() = 1 Basic_createDepositTr tion() =
END END
USES SEES 7 REANE
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Architecture B Abstract Machine Case study Depositand Withdrawal System - Sequence Diagram

1. Deposit Money

ingAs t
> BasicSavingAccoun

StringType BooleanType
A A
] 1
{ 1
i i
MACHINE

DepositTransaction_imp

-| OPERATIONS

2. setDepositAmount() =

3. postDepositTransaction() =
END

S

StringType BooleanType

MACHINE
DepositTransaction

OPERATIONS

2. setDepositTransaction() =
3. postDepositTransaction() =
END

MACHINE
IntermediateDepositTransaction

OPERATIONS
2.1 Intermediate_approveToDeposit() =
END

MACHINE

OPERATIONS
3.1 Basic_increaseBalance() =
END

MACHINE
BasicDayBalance

OPERATIONS
3.2 Basic_increaseAmount() =
END

SEES. REANE

A

b p

MACHINE
IntermediateDepositT

_imp

OPERATIONS
2.1 Intermediate_approveToDeposit() =
END

MACHINE

diateDepositT: o

OPERATIONS
2.1 Intermediate_approveToDeposit() =

END

MACHINE
BasicDayBalance

OPERATIONS
2.1.1 Basic_increaseAmount() =
END

MACHINE

BasicDepositTransaction
OPERATIONS

1 Basic_createDepositTr tion() =
END
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Architecture B Abstract Machine Case study Depositand Withdrawal System -Sequence Diagram (Cont)

3. List Account statement

StringType BooleanType

K X

1 i}
MACHINE MACHINE
SavingAccount_imp SavingAccount

OPERATIONS OPERATIONS
1. listBalance() = 1. listBalance() =

END END

MACHINE
BasicSavingAccount

|===== »{ OPERATIONS
1.1 Basic_checkBalance() =
END

MACHINE
BasicDepositTransaction

OPERATIONS
1.2 Basic_listDepositStatement() =
END

I MACHINE
- BasicWithdrawT: tion

Lo » OPERATIONS
1.3 Basic_listWithdrawStatement() =
END

USES SEES. REFINE *
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Architecture B Abstract Machine Case study Depositand Withdrawal System - Sequence Diagram (Cont)

4. List Money Status

StringType BooleanType
i i

MACHINE MACHINE
MoneyStatus_imp MoneyStatus

OPERATIONS OPERATIONS
1. listDailyStatus() = 1. listDailyStatus() =
END END

L}

H MACHINE

H BasicDayBalance
1

OPERATIONS
1.1 Basic_getDailyBalance() =
END




- ) (BooleanType)
MACHINE

BooleanType
BOOLEAN = {TRUE,FALSE}
END

- (StringType)
MACHINE
StringType

™ TMG

VARIABLES
null,
EmptyString

INVARIANT
null : STRING &
EmptyString : STRING

INITIALISATION
null := EmptyString

END

(BAM BasicBank)

MACHINE
BasicBank

SEES
StringType

BASICBANK
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VARIABLES

basichank,

bankBranch,

bank Name
bankT otal Amount,
RefUniversityAccountlD,
RefStudentAccountID

INVARIANT

basichank <: BASICBANK &

bank Branch ; STRING &

bank Name : STRING &
bankTotalAmount NAT &
RefUniversityAccountlD _STRING &
RefStudentAccountlD  STRING

INITIALISATION

basicbank = {} I

bank Branch - null |
bank~Name := null I

bankTotal Amount :=0 I
RefUniversityAccountID = null |
RefStudentAccountID ;= null

END

MACHINE
BasicUniversityAccount

SEES
StringType

SETS
BASICUNIVERSITYACCOUNT

VARIABLES
basicuniversityaccount,
universityaccount_Name,
universityaccounfAmount

INVARJANT

basicuniversityaccount <: BASICJINIVERSITYACCOUNT &

universityaccountName STRING &
universityaccountAmount NAT

INITIALISATION
basicunjversityaccount = {} I
universityaccount_Name :=null |
universityaccount” Amount := 0

(BAM BasicUniversityAccount)
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OPERATIONS .
basicuniversityaccountl <—BasicincreaseAmount(xl) =

™

HEN
1+ User can insert or not insert condition’s operation by using IF here */
basicuniversityaccountl := 0 N ,
EN%ser can modify output value or post condition of operation here */

END

(BAM BasicStudentAccount)

MACHINE
BasicStudentAccount

SEES
StringType

BASICSTUDENTACCOUNT

VARIABLES
basicstudentaccount,
studentaccount_Name,
studentaccount_Amount

INVARIANT

basicstudentaccount <; BASICSTUDENTACCOUNT &
studentaccountName : STRING &
StudentaccountAmount NAT

INITIALISATION
basicstudentaccount = {} I
studentaccount_Name :=null I
Studentaccount” Amount := 0

OPERATIONS _
basicstudentaccount 1 <—BasicdecreaseAmount(xl) =

THEN

[* User can insert or not insert condition’s operation by using IF here */
basicstudentaccountl := 0 N ,

EN%ser can modify output value or post condition of operation here */

END



(BAM BasicStudent)

MACHINE
BasicStudent

)
ringType,
Boolgarﬁ')ype

SETS
BASICSTUDENT

VARIABLES
basicstudent,
student_ID,
student~Password,
studentName,
StudentSurname,
studentFaculty,
studentAddress,
student_Age

INVARIANT

basicstudent <: BASICSTUDENT &
student ID STRING &
studenfPassword : STRING &
student_ Name : STRING &
student™Surname : STRING &
student_Faculty STRING &
student”Address STRING &
student”Age : NAT

INITIALISATION
basicstudent .= {} I
student 1D :=null I
student_Password  null I
student”Name ;= null |
student™Surname :=null |
student~Faculty :=null I
student_Address :=null I
student_Age =0

OPERATIONS
B%oElean <-- Basic_sendDocumentStudent(al,a2,a3,a4,xl) =

al : STRING &
a2 STRING &
a3 : STRING &
a4 STRING &
Xl NAT
THEN

[* User can insert or not insert condition’s operation by using IF here */

hoolean := FALSE

/EN%ser can modify output value or post condition of operation here */
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END

(BAM BasicUnderGraduateStudent)

MACHINE
BasicUnderGraduateStudent

5=
ring Ty pe,
Boolgar%q')ype

SETS
BASICUNDERGRADUATESTUDENT

VARIABLES
basicundergraduatestudent,
undergraddatestudentlD,
undergraduatestudentPassword,
undergraduatestudentName,
undergraduatestudentSumame,
undergraduatestudentFacuity,
undergraduatestudentAddress,
undergraduatestudentAge

INVARIANT

basicundergraduatestudent <; BASICSTUDENT &
undergraduatestudent ID : STRING &
undergraduatestudentPassword : STRING &
undergraduatestudentName : STRING &
undergraduatestudentSumame STRING &
undergraduatestudent Faculty STRING &
undergraduatestudent Address : STRING &
undergraduatestudentAge : NAT

INITIALISATION
basicundergraduatestudent := {} I
undergraduatestudentID :=null Il
undergraduatestudentPassword ;= null I
undergraduatestudentName :=null I
undergraduatestudentSumame := null I
undergraduatestudent Facuity :=null I
undergraduatestudentAddress .= null I
undergraduatestudent Age =0

OPERATIONS
B&()Elean <-- Basic_sendDocumentStudent(al,a2,a3,a4 xI) =

al STRING &

a2 : STRING &

a3 : STRING &

a4 STRING &

x| . NAT

THEN . . . .

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE



291

/ENtlJDser can modify output value or post condition of operation here */

END

(BAM BasicGraduateStudent)

MACHINE
BasicGraduateStudent

=
ringType,
Boolgar¥1pype

SETS
BASICGRADUATESTUDENT

VARIABLES
basicgraduatestudent,
graduatestudentiD,
graduatestudentPassword,
graduatestudentName,
graduatestudent_Sumame,
graduatestudentFacuity,
graduatestudent”Address,
graduatestudent”Age

INVARIANT

basicgraduatestudent <; BASICSTUDENT &
graduatestudent 1D : STRING &
graduatestudent Password : STRING &
graduatestudent Name : STRING &
graduatestudent”Surname ; STRING &
graduatestudent™Faculty : STRING &
graduatestudent_Address : STRING &
graduatestudent”Age : NAT

INITIALISATION
basicgraduatestudent := {} 1
graduatestudent_ID :=null 1
graduatestudentPassword :=null 1
graduatestudent Name :=null 1
graduatestudent” Sumame := null 1
graduatestudent™Facuity :=null u
graduatestudent Address := null i
graduatestudent Age :=0

OPERATIONS |
boolean <—Basic_sendDocumentStudent(al,a2,a3,a4 xI) =

al STRING &
22 STRING &
a3 STRING &
a4 STRING &
Xl NAT



THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean = FALSE N .

/ENUDser can modify output value or post condition of operation here */

END

(BAM BasicStudentData)

MACHINE
BasicStudentData

=
ringType,
Boolgar¥1pype

SETS
BASICSTUDENTDATA

VARIABLES
basicstudentdata,
studentdata_ID,
studentdata”Name,
studentdata_Surname,
studentdata_Faculty,
StudentdataSubjectApprove,
StudentdataCreditApprove,
studentdata_Grade

INVARIANT

hasicstudentdata <: BASICSTUDENTDATA &
studentdata ID : STRING &
studentdataName : STRING &

studentdata Sumame ; STRING &

studentdata Facuity STRING &

Studentdata SubjectApprove ; STRING &
Studentdata CreditApprove : NAT &
studentdata Grade NAT

INITIALISATION

basicstudentdata := {} I
studentdata_ID :=null I
studentdata_Name := 11
studentdata”Sumame := null |
studentdata_Facuity ;= null I
studentdata”SubjectApprove := null I
studentdata_CreditApprove ;=0 |
studentdata_Grade -0

OPERATIONS
boolean <-- Basic_checkStudentRecord(al,a2,a3,a4,a5,x1,x2) =

PRIE
al: STRING &
a2 :STRING &



a3 :STRING &

ad:STRING &

a5 :STRING &

x| :NAT &

x2 :NAT

THEN . y . .

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE N _

[* User can modify output value or post condition of operation here */

\S(F)Qigbasicstudentdatal <-- Basic_setStudentdata(al,a2,a3,a4,a5,x1,x2) =
al :STRING &

a2 :STRING &

a3 :STRING &

a4 :STRING &

a5.STRING &

x| :NAT &

x2:NAT

THEN
voidbasicstudentdatal := null
END

END

! (BAM BasicReceipt)

MACHINE
BasicReceipt

=,
ringType,
Boolgar%pype

BASICRECEIPT

VARIABLES

basicreceipt,

receiptDateRegist,
receiptSemesterToRegist _
receiptSubj ectOfStudentF romRegist,
receiptNumberQfSubjectFromRegist,
receiptNumberOfCreditFromRegist

INVARIANT

basicreceipt <: BASICRECEIPT &

receipt DateRegist : STRING &
receiptSemesterToRegist : NAT &
receiptSubjectOfStudéntFromRegist : STRING &
receipt NumberQfSubjectFromRegist ; NAT &
receipt_NumberOfCreditFromRegist : NAT
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INITIALISATION

basicreceipt = {} |

receiptDateRegist .= null I
receipt~SemesterToRegist =0 I
receiptSubjectOfStudentFromRegist = null |
receipt NumberOfSutg,ectFromReglst =01
receipfNumberOfCreditFromRegist := 0

OPERATIONS | . . .
B?ﬁ;lean <-- Basic_confirmToPrintReceipt(al,a2,xI,x2,x3) =

al STRING &

22 STRING &

x| NAT &

X2 NAT &

X3 : NAT

THEN | y 2\

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE ~ _

/ENUDser can modify output value or post condition of operation here */

END

(BAM BasicRegistra)

MACHINE
BasicRegistra

5,
ring Type,
Boolgar#ype

BASICREGISTRA

VARIABLES

basicregistra,

registralD,

registra_Name,
registraStudentRegistStatus

INVARIANT

basicregistra < BASICREGISTRA &
registra_ID : STRING &
registraName STRING &

registra StudentRegistStatus  STRING

INITIALISATION

basicregistra .= {} I

registra_ID = null I
registra_Name :=null |

registra StudentRegistStatus := null
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OPERATIONS | o
\éoElgb”a\lsmreglstral <—Basic_requestToFirstRegistration =

voidhasicregistral :=null
END;

B%c)EIean <-- Basic_approveFirstRegistration(al a2) =

al STRING &

a2 STRING

THEN . . . .

[* User can insert or not insert condition’s operation by using IF here */
boolean ;= FALSE N .

/ENUDser can modify output value or post condition of operation here */

END

(BAM BasicRegistration)

MACHINE
BasicRegistration

=)
ringType,
Boolgar#ype

BASICREGISTRATION

VARIABLES

bas;creg%_lstratlon
registration_StudentID,
registrationStudentPassword
registration_OfferingCourselD,
registration” OfferingCourseName,
registrationOfferingCourseCredit,
registration~OfferingCourselnstructor,
registrationQfferingCourseSection,
reg_lstratjonOffermngourseRoom,
registrationJlotal AttendedCourseName,
registration_TotalAttendedCourseCredit,
registrationT otalOfferingCourseName,
registrationTotalOfferingCourseCredit

INVARIANT

bas;cregi_lstranon < BASICREGISTRATION &
registration_StudentID : STRING &
registration™StudentPassword  STRING &
registration OfferingCourselD STRING &
registration QfferingCourseName STRING &
registration OfferingCourseCredit : NAT &
registration_OfferingCourselnstructor ; STRING &
registration”OQfferingCourseSection ; STRING &
registration”OfferingCourseRoom  STRING &
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registrationTotalAttendedCourseName : STRING &
registrationTotal AttendedCourseCredit NAT &
registrationTotalOfferingCourseName STRING &
registrationTotal OfferingCourseCredit : NAT

INITIALISATION

basicRegistration ::ﬁ |

registration_StudentlD  null I
registration~StudentPassword :=null Il
registration~OfferingCourselD = null I
registration_OfferingCourseName := null 1
registration_OfferingCourseCredit := 0 |
registration—OfferingCourselnstructor - null I
registration_OfferingCourseSection = null I
reg!stratllonOfferln%CourseRoom =null |l
registration_TotalAttendedCourseName = null I
registrationT otal AttendedCourseCredit := 0 I
registration_TotalOfferingCourseName := null |
registrationTotal OfferingCourseCredit := 0

OPERATIONS
B%olzlean <-- Basic_validatelDAndPassword(al,a2) =

al STRING &
a2 : STRING
THEN

296

[* User can insert or not insert condition’s operation by using IF here */

hoolean := FALSE

basicregistration] <—Basic_obtainNewCourse =
BEGIN"
basicregistration] := null

/ENUDser can modify output value or post condition of operation here */

END

MACHINE
BasicTotalAttendedCourse

SEES
StringType

SETS
BASICTOTALATTENDEDCOURSE

VARIABLES

hasictotalattendedcourse
totalattendedcourseTotal AttendedCourseName,
totalattendedcourseTotal AttendedCourseCredit,
totalattendedcourse Grade

ENLJDger can modify output value or post condition of operation here =/

(BAM BasicTotalAttendedCourse)
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INVARIANT

hasictotalattendedcourse <: BASICTOTALATTENDEDCOURSE &
totalattendedcourseTotalAttendedCourseName : STRING &
totalattendedcourseTotal AttendedCourseCredit : NAT &
totalattendedcourse_Grade : NAT

INITIALISATION

basictotalattendedcourse = {} I
totalattendedcourse_TotalAttendedCourseName := null |
totalattendedcourse_TotalAttendedCourseCredit := 0 |
totalattendedcourse_Grade =0

OPERATIONS _
téaEsEcltthalattendedcoursel <-- Basic_getTotalAttendedCourse =

basictotalattendedcoursel := null N .
/ENUDser can modify output value or post condition of operation here */

END

(BAM BasicTotalOfferingCourse)

MACHINE
BasicTotalOfferingCourse

SEES
StringType

BASICTOTALOFFERINGCOURSE

VARIABLES

basictotalofferingcourse,
totalofferingcourse_TotalCourseName,
totalofferingcourse_TotalCourselnformation,
totalofferingcourse”TotalCredit,
totalofferingcourseJTotalFee,
RefOfferingCourselD

INVARIANT |

basictotalofferingcourse <: BASICTOTALOFFERINGCOURSE &
totalofferingcourse TotalCourseName STRING &
totalofferingcourse_TotalCourselnformation  STRING &
totalofferingcourse_TotalCredit NAT &

totalofferingcourse” TotalFee NAT &

RefOfferingCourselD STRING

INITIALISATION

basictotalofferingcourse = {} |
totalofferingcourse_TotalCourseName :=null I
totalofferingcourse_TotalCourselnformation - null |
totalofferingcourse TotalCredit ;=0 |



totalofferingcourseTotalFee ;=0 I
RefOfferingCourselD := null

OPERATIONS

hasictotalofferingcoursel <—Basic_getTotalOfferingCourse =
BEGIN

hasictotalofferingcoursel = null

[* User can modify output value or post condition of operation here */
END;

hasictotalofferingcourse2 <—Basic_getTotalCredit =

BEGIN

hasictotalofferingcourse2 := 0

I* User can modify output value or post condition of operation here */
END;

hasictotalofferingcoursed <—Basic_getTotalFee =

BEGIN

basictotalofferingcourse3 := 0

[* User can modify output value or post condition of operation here */
END;

basictotalofferingcoursed <—Basic_setNewCourse(al,xl) =

al STRING &
x| :NAT
THEN

[* User can insert or not insert condition’s operation by using IF here */
hasictotalofferingcourse4 := null

I* User can modify output value or post condition of operation here */
END

END

- (BAM BasicOfferingCourse)

MACHINE
BasicOfferingCourse

SEES
StringType

SETS
BASICOFFERINGCOURSE

VARIABLES
hasicofferingcourse,
offeringcourse_Name,
offeringcourse_Section,
offeringcourse_Room,
offeringcourse_Instructor,
offeringcourseDetail,
offeringcourseCredit

INVARIANT
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hasicofferingcourse <: BASICOFFERINGCOURSE &
offeringcourse_Name STRING &
offeringcourseSection : STRING &
offeringcourse_Room :STRING &
offeringcourse_Instructor STRING &
offeringcourse Detail : STRING &
offeringcourseCredit :NAT

INITIALISATION
hasicofferingcourse := {} I
offeringcourse Name null I
offeringcourseSection := null I
offeringcourse Room :=null I
offeringcourse_Instructor := null I
offeringcourse_Detail := null I
offeringcourse Credit ;=0

OPERATIONS

hasicofferingcoursel <~ Basic getOfferingCourseDetail =

BEGIN

hasicofferingcoursel := null

[* User can modify output value or post condition of operation here */
END

END

: (BAM Bank)

MACHINE
Bank

SEES
StringType

USES

BasicBank,

Asso_Student_Bank,
Compo_Bank_UniversityAccount,
CompoBankStudentAccount,
ImplicitAsso_UnderGraduateStudent Bank,
ImplicitAsso_GraduateStudent Bank

OPERATIONS

hankl <—transferCash(al,a2 xl) =

PRIE

al STRING &

a2 . STRING &

x| :NAT

THEN

[* User can insert or not insert condition’s operation by using IF here */
bankl := 0
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[* User can modify output value or post condition ofoperation here */
END

END

- (BAM iversityAccount)

MACHINE
UniversityAccount

SEES
StringType,
BooleanType

USES
BasicUniversityAccount,
CompoBankJUniversityAccount

OPERATIONS

hoolean <—depositMoney(al xl) =

PRE

al : STRING &

x| NAT

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE

[* User can modify output value or post condition of operation here */
END

END

- (BAM StudentAccount)

MACHINE
StudentAccount

SEES
StringType,
BooleanType

USES
BasicStudentAccount,
CompoBankStudentAccount

OPERATIONS

hoolean <—withdrawMoney(al,xI) =

PRE

al : STRING &

x| NAT

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE

[* User can modify output value or post condition of operation here */
END
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END

- (BAM Student)

MACHINE
Student

USES

BasicStudent,
AssoRegistrationStudent,
AssoStudentRegistra,
Asso_Student Bank

END

MACHINE
UnderGraduateStudent

USES

BasicUnderGraduateStudent,
ImplicitAsso_Registration_UnderGraduateStudent,
ImplicitAsso~UnderGraduateStudent_Registra,
ImplicitAsso_UnderGraduateStudent_Bank

END

MACHINE
GraduateStudent

USES

BasicGraduateStudent,
ImplicitAssoJRegistrationGraduateStudent,
ImplicitAsso_GraduateStudent_Registra,
ImplicitAsso_GraduateStudent_Bank

END

(BAM UnderGraduateStudent)

(BAM GraduateStudent)

- (BAM StudentData)

MACHINE
StudentData

USES
BasicStudentData,
AssoRetrieveRegistraStudentData

END
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- 1 (BAM Receipt)

MACHINE
Receipt

USES
BasicReceipt,
AssoReceiptRegistration

END

- (BAM Registra)

MACHINE
Registra

USES

BasicRegistra,

Asso_Student_Registra,
AssoRetrieve_Registra_StudentData,
ImplicitAsso_UnderGraduateStudent_Registra,
ImplicitAsso~GraduateStudent_Registra

END

- (BAM Registration)

MACHINE
Registration

SEES
StringType,
BooleanType

USES

BasicRegistration,

AssoRegistrationStudent,
AssoTotalOfferingCourseRegistration,
Asso_TotalAttendedCourse™Registration,
AssoReceiptRegistration,
ImplicitAsso_Registration_UnderGraduateStudent,
ImplicitAssoRegistrationGraduateStudent

OPERATIONS

voidregistrationl <-- loginToRegistration(al,a2) =
PRE

al STRING &

a2 : STRING

THEN

voidregistrationl := null

END;

registration 1 <— getAttendedCourse =
BEGIN
registration! := null
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[* User can modify output value or post condition of operation here */
END;

registration2 <-- getOfferingCourse =

BEGIN

registration2 := null

I* User can modify output value or post condition of operation here */
END;

\ﬁ(hi%registrationZ <" setSelectedCourse(al,a2,a3,a4,a5,xl) =

al STRING &

a2 : STRING &

a3 STRING &

ad STRING &

ab STRING &

x| NAT

THEN
voidregistration2 := null

hoolean <-- confirmToRegist(al,a2 xl) =
PRE

al : STRING &

a2 . STRING &

x| NAT

THEN

[* User can insert or not insert condition’s operation by using IF here */
boolean := FALSE

[* User can modify output value or post condition of operation here */
END

END

(BAM TotalAttendedCourse)
MACHINE
TotalAttendedCourse

USES
BasicTotalAttendedCourse,
Asso_TotalAttendedCourse_Registration

END

(BAM TotalOfferingCourse)
MACHINE
TotalOfferingCourse

SEES
StringType
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USES

BasicTotalOfferingCourse,
AssoTotalOfferingCourseRegistration,
CompoTotalOfferingCourseOfferingCourse

OPERATIONS

totalofferingcoursel <-- getTotalOfferingCourselnformation =
BEGIN

totalofferingcoursel €= null

[* User can modify output value or post condition ofoperation here */
END

END

(BAM OfferingCourse)

MACHINE
OfferingCourse

USES
BasicOfferingCourse,
CompoTotalOfferingCourseOfferingCourse

END

(BAM IntermediateRegistrati )

MACHINE
IntermediateRegistration

SEES
StringType

USES

BasicRegistration,

AssoRegistrationStudent,

Asso_TotalOfferingCourse_Registration,
AssoTotalAttendedCourseRegistration,

AssoReceiptRegistration,
ImplicitAssoRegistrationJUnderGraduateStudent,
ImplicitAsso_Registration_GraduateStudent

OPERATIONS

voidintermediateregistration] <—Intermediate_setCourse(al,a2 xl) =

al : STRING &

a2 : STRING &

x| NAT

THEN

* User can insert or not insert condition’s operation by using IF here */
voidintermediateregistration! := null

* User can modify output value or post condition of operation here */



END
END

(Asso_Receipt_Registration)
MACHINE
Asso_Receipt_Registration

USES
BasicReceipt,
BasicRegistration

VARIABLES
assoreceiptregistration

INVARIANT
asso_receipt_registration <: BASICRECEIPT * BASICREGISTRATION &
dom (asso_receipt_registration) = basicreceipt &
ran(asso receipt registration) - basicregistration &
Hxx,yy).(((xx : dom(asso_receipt_registration)) &
(yy ran(asso_receipt_registration)))
=> card((asso_receipt_registration)[{xx}]) = 1 &
>z 1

card((asso_receipt_registration)~[{yy})]) )

INITIALISATION
asso_receipt_registration := {}

END

(Asso_Student_Bank)

MACHINE
AssoStudentBank

USES
BasicStudent,
BasicBank

VARIABLES
assostudentbank

INVARIANT

asso student bank <: BASICSTUDENT * BASICBANK &
dom(asso_student_bank) = basicstudent &
ran(asso_student_bank) - basichank &

Hxx,yy).(((xx :dom(asso_student_bank)) &
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(yy :ran(asso_student_bank)))
=> card((asso_student_bank)[{xx}]) >= 1 &
card((asso_student_bank)~[{yy}]) >= 1)

INITIALISATION
asso_student_bank = {}

END

(Asso_TotalAttendedCourse_Registration)

MACHINE
Asso_TotalAttendedCourse_Registration

USES
BasicTotal AttendedCourse,
BasicRegistration

VARIABLES
asso_totalattendedcourse_registration

INVARIANT
asso_totalattendedcourse_registration < BASICTOTALATTENDEDCOURSE * BASICREGISTRATION
&
dom (asso_totalattendedcourse_registration) = basictotalattendedcourse &
ran(asso totalattendedcourse registration) - basicregistration &
Hxx,yy).(((xx  dom(asso_totalattendedcourse_registration)) &
(yy :ran(asso_totalattendedcourse_registration)))
=> card((asso_totalattendedcourse_registration)[{xx}]) = 1 &
card((asso_totalattendedcourse_registration)~[{yy}]) >= 1)

INITIALISATION
asso totalattendedcourse registration = {}
END
!
, (Asso_TotalOfferingCourse_Registration)
MACHINE

Asso_TotalOfferingCourse_Registration

USES
BasicOfferingCourse,
BasicRegistration

VARIABLES
asso_offeringcourse_registration

INVARIANT
asso_offeringcourse_registration <: BASICOFFERINGCOURSE *BASICREGISTRATION &



dom (asso_offeringcourse_registration) = basicofferingcourse &
ran(asso_offeringcourse_registration) = basicregistration &
Hxx,yy).(((xx dom(asso_offeringcourse_registration)) &
(yy :ran(asso_offeringcourse_registration)))
=> card((asso_offeringcourse_registration)[{xx}]) = 1 &
card((asso_offeringcourse_registration)~[{yy}]) >= 1)

INITIALISATION
asso_offeringcourse_registration := {}

END

(Asso_Student Registra)

MACHINE
Asso_Student Registra

USES
BasicStudent,
BasicRegistra

VARIABLES
asso_student_registra

INVARIANT
asso_student_registra <: BASICSTUDENT * BASICREGISTRA &
dom(asso student registra) = basicstudent &
ran(assostudentregistra) = basicregistra &
Hxx,yy).(((xx dom{(asso_student_registra)) &

(yy :ran(asso_student_registra)))

=> card((asso_student_registra)[{xx}]) = 1 &
card((asso_student_registra)~[{yy}]) >= 0)

INITIALISATION
asso_student_registra ;= {}

END

(Asso_Registration_ Student)

MACHINE
Asso_Registration_Student

USES
BasicRegistration,
Basicstudent

VARIABLES
asso_registration_student
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INVARIANT

assoregistrationstudent <: BASICREGISTRATION * BASICSTUDENT &

dom (assoregistrationstudent) = basicregistration &
ran(assoregistrationstudent) - basicstudent &
Hxx,yy).(((xx : dom(asso_registration_student)) &
(yy ran(asso_registration_student)))
=> card((asso_registration_student)[{xx}]) >= 0 &
card((asso_registration_student)~[{yy}]) >= 1)

INITIALISATION
asso_registration_student:= {}

END

(AssoRetrieve_Registra_StudentData)

MACHINE
AssoRetrieveRegistraStudentData

USES
BasicRegistra,
BasicStudentData

VARIABLES
assoretrieve_registra_studentdata

INVARIANT

assoretrieve registra studentdata <; BASICREGISTRA * BASICSTUDENTDATA &

dom (assoretrieve registra_studentdata) = basicregistra &

ran(assoretrieve_registra_studentdata) - basicstudentdata &

Hxx,yy).(((xx dom{(assoretrieve registra_studentdata)) &
(yy :ran(assoretrieve_registra_studentdata)))

=> card((assoretrieve_registra_studentdata)[{xx}]) >= 1 &
card((assoretrieve_registra_studentdata)~[{yy}]) = 1)

INITIALISATION
assoretrieve registra studentdata = {}

END

(Agor_TotalOfferingCourse_OfferingCourse)

MACHINE
AggrTotalOfferingCourseOfferingCourse

USES
BasicTotalOfferingCourse,
BasicOfferingCourse

VARIABLES
aggrtotalofferingcourseofferingcourse
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INVARIANT
aggrtotalofferingcourseofferingcourse <: BASICTOTALOFFERINGCOURSE *
basTcofferingcourse &
dom(aggr totalofferingcourse offeringcourse) = hasictotalofferingcourse &
ran(aggr_totalofFeringcourse_offeringcourse) = basicofferingcourse &
Hxx,yy).(((xx :dom(aggr_totalofferingcourse_offeringcourse)) &

(yy :ran(aggr_totalofferingcourse_offeringcourse)))

=> card((aggr_totalofferingcourse_offeringcourse)[{xx}]) >= 1 &
card((aggr_totalofferingcourse_offeringcourse)~[{yy}]) = 1)

INITIALISATION
aggr_totalofferingcourse_offeringcourse := {}

END

(Compo_Bank_StudentAccount)

MACHINE
CompoBankStudentAccount

USES
BasicBank,
BasicStudentAccount

VARIABLES
compobankstudentaccount

INVARIANT
compo_bank_studentaccount <: BASICBANK * BASICSTUDENTACCOUNT &
dom(compo_bank_studentaccount) = hasichank &
ran(compo_bank_studentaccount) = basicstudentaccount &
Hxx,yy).(((xx :dom(compo hank studentaccount)) &

(yy :ran(compo_bank_studentaccount)))

=> card((compo_bank_studentaccount)[{xx}]) >= 1 &
card((compo_bank_studentaccount)~[{yy}]) = 1)

INITIALISATION
compo bank studentaccount := {}
END
(Compo_BankjJniversityAccount)
MACHINE
CompoBankUniversityAccount
USES
BasicBank,

BasicUniversityAccount



VARIABLES
compobankuniversityaccount

INVARIANT
compo_bank_universityaccount <: BASICBANK * BASICUNIVERSITYACCOUNT &
dom(compo_bank_universityaccount) = basichank &
ran(compo_hank_universityaccount) = basicuniversityaccount &
Hxx,yy).(((xx : dom(compo_bank_universityaccount)) &
(yy ran(compobankuniversityaccount)))
=> card((compo_bank_universityaccount)[{xx}]) >= 1 &
card((compo_bank _universityaccount)~[{yy}]) = 1)

INITIALISATION
compo bank universityaccount := {}

END

( plicitAsso_UnderGraduateStudent_Bank)

MACHINE
ImplicitAsso_UnderGraduateStudent Bank

USES
BasicUnderGraduateStudent,
BasicBank

VARIABLES
implicitasso_undergraduatestudent_bank

INVARIANT
implicitasso_undergraduatestudent_bank<: BASICUNDERGRADUATESTUDENT * BASICBANK &
dom(implicitasso_undergraduatestudent_bank) = basicundergraduatestudent &
ran(implicitasso_undergraduatestudent_bank) = basicbank &
H(xx,yy).(((xx : dom(implicitasso_undergraduatestudent_bank)) &

(yy :ran(implicitasso_undergraduatestudent_bank)))

=> card((implicitasso_undergraduatestudent_hank)[{xx}]) >= 1 &
card((implicitasso_undergraduatestudent_bank)~[{yy}]) >= 1)

INITIALISATION
implicitasso_undergraduatestudent_bank:= {}

END

( plicitAsso_GraduateStudent_Bank)

MACHINE
ImplicitAssoGraduateStudentBank

USES
BasicGraduateStudent,
BasicBank
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VARIABLES
implicitassograduatestudentbank

INVARIANT
implicitasso_graduatestudent_bank<: BASICGRADUATESTUDENT * BASICBANK &
dom_(lmFI|pﬁasso_graduatestudent bank) = basicgraduatestudent &
ran(implicitasso_graduatestudent_bank) = hasicbank &
Lxx,yy).(((xx : ﬁom_(lmi)Jl_Cl'[aSSO graduatestudent bank)) &
y ran(implicitasso graduatestudent bank)))

=> card((implicitasso_graduatestudent_bank)[{xx}]) >= 1 &

card((implicitasso_graduatestudent_bank)~[{yy}]) >= 1)

INITIALISATION
implicitasso_graduatestudent_bank:= {}

END

( plicitAsso_UnderGraduateStudent Registra)

MACHINE _
ImplicitAsso_UnderGraduateStudent_Registra

USES
BasicUnderGraduateStudent,
BasicRegistra

VARIABLES _
implicitasso_undergraduatestudent_registra

INVARIANT
Enplicitasso undergraduatestudent registra <: BASICUNDERGRADUATESTUDENT * BASICREGISTRA

dom_(imF_Iipitasso_undergraduatestudent_registra) = hasicundergraduatestudent &
ran(implicitasso_Undergraduatestudent fegistra) = basicregistra &
1x,yy)-(((xx - Gom_(lmiqllpltasso undergraduatestudent registra)) &
Yy ran(imp |C|tasso_undergraduatestudent_r_e?lstra)))
=> card((implicitasso_undergraduatestudent_registra)[{xx}]) = 1 &
card((implicitasso_undergraduatestudent_registra)~[{yy}]) >= 1)

INITIALISATION _
implicitasso_undergraduatestudent_registra := {}

END

(ImplicitAsso_GraduateStudent_Registra)

MACHINE _
ImplicitAsso_GraduateStudent_Registra

USES
BasicGraduateStudent,



BasicRegistra

VARIABLES _
implicitasso_graduatestudent_registra

INVARIANT
implicitasso, graduatestudent registra <: BASICGRADUATESTUDENT *BASICREGISTRA &
dom(implicitasso_graduatestudent registra) = basicundergraduatestudent &
ran(implicitassograduatestudentregistra) = basicregistra &
!(xx,yy[)).(( XX dom_(lmF_I|_C|tasso_graduatestudent_reg|stra)) &

yy : ran(implicitasso_graduatestudent_registra)))

=> card((implicitasso_graduatestudent_registra)[{xx}]) = 1 &
card((implicitasso_graduatestudent registra)~[{yy}]) >= 1)

INITIALISATION _
implicitasso_undergraduatestudent_registra := {}

END

( plicitAsso_Registration_UnderGraduateStudent)

MACHINE o
ImplicitAsso_Registration_UnderGraduateStudent

USES
BasicRegistration,
BasicUnderGraduateStudent

VARIABLES =~
implicitassoregistrationundergraduatestudent

INVARIANT
implicitasso registration undergraduatestudent <: BASICREGISTRATION *
BASICUNDERGRADUATESTUDENT & R
dom_(lmP_I|p|tasso_reg|stra_t|on_undergraduatestudent) = hasicregistration &
ran(implicitasso_tegistration_Undergraduatestudent) - basicundergraduatestudent &
100X, YY)-(((xx ('fom_(lmi)_l|p|tasso_reg|stra_t|on_undergraduatestudent) &

yy :ran(imp |C|tasso_r_e?|st_rat|on_undergraduatestudent))

=> card((implicitasso_registration_undergraduatestudent)[{xx}]) = 1 &
card((implicitasso_registration_undergraduatestudent)~[{yy}]) >= 1)

INITIALISATION
;Err’l%mtasso_reg|strat|on_undergraduatestudent ={
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( plicitAsso_Registration GraduateStudent)

MACHINE
ImplicitAssoRegistrationGraduateStudent

USES
BasicRegistration,
BasicGraduate Student

VARIABLES =
implicitasso_registration_graduatestudent

INVARIANT
implicitassoregistrationgraduatestudent <: BASICREGISTRATION * BASICGRADUATESTUDENT &
dom,(lmPI|p|tasso_reg|strat|on_graduatestudent) = baslcreglstratlon &
ran(implicitasso_egistration_graduatestudent) - basicgraduatestudent &
L yy)-(((xx d’om_(lmFI|_C|tasso_reg|strat|on_graduatestudent ) &

yy s ran(imp |mtasso_r_e?|st_rat|on_graduatestudent) )

=> card((implicitasso_registration_graduatestudent)[{xx}]) = 1&
card((implicitasso_registration_graduatestudent)~[{yy}]) >= 1)

INITIALISATION
implicitasso_registration_graduatestudent := {}

END

- 1 (Bankjmp)
IMPLEMENTATION
Bankjmp

REFINES
Bank

=
ringType,
Boolgar%q‘)ype,

StudentAccount,

UnlversHt){Account

OPERATIONS

bankl <—transferCash(al,a2 xI) =
VAR

boolean

IN

boolean <~ withdrawMoney(al.xl);
E(l)\loll)ean <- depositMoney(al /)

END



- (Registrationjmp)
IMPLEMENTATION
Registrationimp

REFINES
Registration

ST

ringType,

Boo_Igar%/Pype, ,
Bas!cReglstratwn,
BasicTofalAttendedCourse,
Ba3|cTotaIOfferl_n?CQurse,
IntermediateRegistration,
Total OfferingCourse

OPERATIONS
voidregistrationl <-- loginToRegistration(al,a2) =

hoolean
IN

t%(,)\lotljgan <-- Basic_validatelDAndPassword(al,a2)

registrationl <-- getAttendedCourse =

VAR

Pﬁs|ctotalattendedcoursel

t%e,l\lsiDcltotaIattendedcourseI <—Basic getTotalAttendedCourse

re&istrationz <-- getOfferingCourse =
VAR
basictotalofferingcoursel

E?\Isli)qtotalofferingcoursel <-- Basic getTotalOfferingCourse

voidregistration2 <-- setSelectedCourse(al,a2,a3,a4,a5xl) =
VAR

voidintermediateregistration|
IN
voidintermediateregistration] <—Intermediate_setCourse(al,a2xl)

boolean <—confirmToRegist(al,a2xl) =

VAR _
basictota!offeringcoursed,
tl?\ltalofferlngcoursel

basictotalofferingcoursed <—Basic_setNewCourse(al xI);
té)ﬁall)offermgcoursel <—{etTotalOfferingCourselnformation
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END

( termediateRegistrationJmp)

IMPLEMENTATION
IntermediateRegistrationimp

REFINES o
IntermediateRegistration

SEES
StringType,
BasicTotal OfferingCourse

OPERATIONS .
\\//oAlcEthermedlatereg|strat|onl <—Intermediate_setCourse(al a2 xl) =

basictotalofferingcourse2,
msmtotalofferlngcourse3

basictotalofferingcourse2 <* Basic_getTotalCredit;
t%a,\?lgtotaloffermgcourseB <—Basic_etTotalFee

END

(StudentAccountJmp)

IMPLEMENTATION
StudentAccountimp

REFINES
StudentAccount

S
ringType,
Boo_Igar%/]Eype,
BasicStudentAccount

OPERATIONS
boolean <—withdrawMoney(al xl) =
VAR

lb,%sicstudentaccountl
IF
boolean = TRUE
THEN _
basicstudentaccount L <—Basic_decreaseAmount(xl)

EkLSE
SKI
E!\FD
END



END

IMPLEMENTATION
lversityAccount_Imp

REFINES
UniversityAccount

SEES

StringTy]pe,
BooleanType,
BasicUniversityAccount

OPERATIONS
boolean <-- depositMoney(al xI) =
VAR

msicuniversityaccountl

IF
boolean = TRUE
THEN =~ o
téell_Séchmversnyaccountl <—Basic_increaseAmount(xl)
ski
EI\FD

END

END

(TotalOfferingCourseJmp)

IMPLEMENTATION
TotalOfferingCourseJmp

REFINES |
TotalOfferingCourse

S
ring Type,
Basicgoyf%rlng(;ourse,
BasicRegistration

OPERATIONS _ _
{;}kakoffermgcoursel <—getTotalOfferingCourselnformation =

basicofferingcoursel,
lb,elsmreglstratlonl

basicofferingcoursel <—Basic getOfferingCourseDetail;
basicregistration| <—Basic_obtainNewCourse

(- iversityAccountJmp)
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Architecture B Abstract Machine Case study Register System - Class Diagram

- — — — —

MACHINE
StringType —~t
e s ————————————— + END B T
' H MACHINE
) : BooleanType |- - -~ - -~ - - -~ -~ ———-——-
. MACHINE '
MACHINE Bagk END MACHINE
-k 4- - studentAccount ——; $—— END * UniversityAccount
END MACHINE END
MACHINE Compo_Bank_UniversityAccount
‘ Compo_Bank_StudentA A
END
MACHINE END MACHINE MACHINE
e - =~ it T BasicBank BasicUni ityA
END <—J END - : > END
A | i
|
MACHINE * i
Asso_Student_Bank !
- — MACHINE b= s ssnsansassnnaa
END StringType
MACHINE ::tirtlrl:E
BooleanType 3 END o
———— L. MACHINE ;
END Student END
MACHINE
END # AssoContact_Student_Registra
} Lo MACHINE
BasicRegistra
MACHINE -
B dent - MACHINE »| END
————— .. StringT! H
H END e L s srsseas :
1 MACHINE END
6 StudentData
MACHINE END MACHINE
StringType AssoRetrieve_Registra_StudentData
END . END
A MACHINE
e e e e BasicStudentData MACHINE
ven BooleanType
END == |premmececmcec e e e e e e—— i
END
(U0 IY)
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Architecture B Abstract Machine Case study Register System - Class Diagram (Cont)

MACHINE
StringType

END

Compo_TotalOfferingCourse_OfferingCourse

MACHINE
OfferingCourse

A

MACHINE

MACHINE
MACHINE
73 StingType BootaeiType (4
[ eee
P END END
P A
L MACHINE :
{ L -~ —{ Registration L .
T P :
E i i MACHINE
MACHING lesemsmamman - { MACHINE el Recelpt
Student IntermediateRegistration o
y END Y y
Lo \ MACHINE
MACHINE Asso_Receipt_Registration
AssoDo_Registration_Student \
\j + y END MACHINE
END
MACHINE MACHINE '3"3‘5"?'?000'!’t
' BasicStudent BasicRegi: END
' —1
i |Enp Y END +
|
: T L MACHINE
- MACHINE Asso_TotalAttenedCourse_Registration HE- Aae S TsloneriliCourse_Regletration
=== StringType b — Offe _Reg
i END o i
H END A e
| L |
i R MACHINE
~ - -p{ MACHINE MACHINE v L TotalOfferingCourse
BooleanType TotalAttenedCourse v »| MACHINE
.o s \._:- ________ ,‘ END
END END ! '
Y i | END
/ MACHINE !
MACHINE
MACHINE Strin ! =
BasicTotalAttenedCourse | gType R . TslcTothﬂoringCourso 5
e pemeee——- -» END -
END \ 4 END
A MACHINE
BooleanType
END
W o ' Iy

BasicOfferingCourse

END
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Architecture B Abstract Machine Case study Register System - Class Diagram (Cont)

[

[

A

Y

MACHINE MACHINE
»| ImplicitAsso_UnderGrad Student_Bank | MACHINE MACHINE ImplicitAsso_GraduateStudent_Bank
< Bank BasicBank |
e gl od (5o END
END B B
MACHINE MACHINE MACHINE MACHINE
ImplicitAsso_UnderGrad dent_Regist Registra BasicRegistra | ImplicitAsso_¢ _Registra o
END END END END
| l
|
MACHINE MASTaN. MACIUNE MACHINE
plicitA _Reg _UnderGrad Stud aglatrason b4 ImplicitAsso_Registration_GraduateStudent
END END END END
MACHINE
7| BasicRegistration
> Enp oy
MACHINE
MACHINE GraduateStudent
UnderGraduateStudent
END
END
v A
MACHINE | i L MACHINE MACHINE
BasicUnderGraduateStudent | | | | | BooleanType | | | BasicGraduateStudent
END i END. - | | EFTTEEEEE END
l Y
____________ MACHINE | _ |
__Uses .. ] SEES o[ mdiype: |
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Architecture B Abstract Machine Case study Registration System -Sequence Diagram

1. First Registration

MACHINE
BasicRegistra

OPERATIONS

1. Basic_requestToFirstRegistration() =
5.Basic_approveFirstRegistration() -
END

MACHINE
BasicStudent

OPERATIONS
2. Basic_sentDocumentStudent() =
END

MACHINE
BasicStudentD ata

OPERATIONS

3. Basic_checkStudentRecord() =
4. BaslclsetStudentData0 =

END

-2



Architecture B Abstract Machine Case study Registration System - Sequence Diagram (Cont)

2. Registration Process

StringType BooleanType

A A

1 ]
| |
| |
| |

MACHINE
Registration_imp

----| OPERATIONS

1. loginToRegistration() =
2. getAttendCourse() =

3. getOfferingCourse() =
4. setSelectedCourse() =
6. confirmToRegist() =
END

MACHINE
BasicRegistration

OPERATIONS

1.1 Basic_ DAndP:

END

d() =

MACHINE
BasicTotalAttenedCourse

OPERATIONS

END

2.1 Basic_getTotalAttenedCourse() =

MACHINE
BasicTotalOfferingCourse

OPERATIONS

6.1 Basic_setNewCourse() =
END

3.1 Basic_getTotalOfferingCourse() =

MACHINE

Inter g ation

OPERATIONS
4.1 Intermediate_setCourse() =
END

REFINE

>

StringType BooleanType

A A

i i

' ]

1 L}
MACHINE MACHINE

___ | TotalOfferingCourse_imp TotalOfferingCourse
apgmnous ------------ # OPERATIONS
6.2 getTotalOfferingCourselnformation() =
END
END
MACHINE
—— - BasicOfferingCourse
SPERAﬂONS
6.2.1 Basic_getOfferingCourseDetail() =
END
MACHINE
MACHINE BasicReceipt
BasicRegistration
- ... OPERATIONS

OPERATIONS
6.2.2 Basic_obtainNewCourse() = END

MACHINE
Registration

OPERATIONS

1. loginToRegistration() =
2. getAttendCourse() =

3. getOfferingCourse() =
4. setSelectedCourse() =
6. confirmToRegist() =
END

StringType
A

MACHINE

imp

OPERATIONS
4.1 Intermediate_setCourse() =
END

MACHINE
BasicTotalOfferingCourse

-~ OPERATIONS

4.1.1 Basic_getTotalCredit() =
4.1.2 Basic_getTotalFee() =
6.1 Basic_setNewCourse()=
END

MACHINE
IntermediateRegistration

OPERATIONS

4.1 Intermediate_setCourse() =
END

6.2 getTotalOfferingCourselnformation() =

END

6. Basic_confirmToPrintReceipt() =

(¢



Architecture B Abstract Machine Case study Register System - Sequence Diagram (Cont)

3. Cash Money

StringType BooleanType

4

1
1
1

e o

MACHINE
Bank_imp

OPERATIONS
1. transferCash() =
END

MACHINE
Bank

OPERATIONS

1. transferCash() =
END

MACHINE
StudentSavingAccount

OPERATIONS
1.1 withdrawMoney() =
END

MACHINE
UniversitySavingAccount

OPERATIONS
1.2 depositMoney() =
END

SES A RN

StringType BooleanType
4 A
| 1
; i
1 1
MACHINE

StudentSavingAcount_imp

OPERATIONS
1.1 withdrawMoney() =
END

MACHINE
StudentSavingAcount

OPERATIONS
1.1 withdrawMoney() =
END

MACHINE
BasicStudentSavingAccount

OPERATIONS
1.1.1 Basic_decreaseAmount() =
END

StringType BooleanType
X s
L) 1
1 1
1 1
1 1
MACHINE

UniversitySavingAcount_imp

OPERATIONS
1.2 depositMoney() =
END

MACHINE
UniversitySavingAcount

OPERATIONS
1.2 depositMoney() =
END

MACHINE
BasicUniversitySavingAccount

OPERATIONS
1.2.1 Basic_increaseAmount() =
END
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