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Abstract

Over the years, formal methodologiesand tools have beenusedfor developing reliable and
robust systems.A stepaheadof conventional formal speci�cations, executablespeci�cations
bestow someadded advantagessuch as execution of speci�cations, easyexperimentation of
speci�cations and automatic test casegeneration. In most cases,thesemethodologiesand
tools have either been used by non-pro�t organisations (including government organisa-
tions) or the organisation that actually developed the methodology/to ol.

There are somevery important aspects besidesreliabilit y that a�ect the feasibility of their
use when it comesdown to the development of complex applications in large companies,
alsoknown asEnterprise systemdevelopment. This project looks into someof theseaspects
and tries to answer the questionsposed,by developing an industrial strength systemusing
AsmL for .NET and Microsoft C# .NET. This project also expounds the e�ect of using
executablespeci�cations on the software development lifecycle.
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Chapter 1

Literature Review

Software systems can be speci�ed using several formal tools and methodologies such as
Abstract State Machines, B, Z, VDM and Temporal Logic. However, Abstract State Ma-
chines (ASMs) are unique in the fact that they can provide a faithful, step-for-step model
of a system's evolving state at at any given level of detail (of Software Engineering Mi-
crosoft Research, 2001). Formal tools can only check for the internal consistencyof the
speci�cations, but the inabilit y to check the correctnessof speci�cations led to the notion of
executablespeci�c ations. Developed by Foundationsof SoftwareEngineering(FSE) group at
Microsoft, AsmL is a high-level programming languagethat implements the ASM paradigm
and can generateexecutablespeci�cations (Gurevich, 2001).

Formal methodologies and tools have been used to generatespeci�cations (including ex-
ecutable speci�cations) for systemsranging from trivial examplesto complex systemssuch
as an automated train system with noted success(Matra, 1999). In most cases,they have
either been used by non-pro�t organisations (including government organisations) or the
organisation that actually developed the methodology/to ol. When it comesdown to the
development of complex applications in companieswhich is also known as Enterprise sys-
tem development, there are somevery important aspects besidesreliabilit y that a�ect the
feasibility of their use.

This thesis explores the viabilit y of using AsmL as an executable speci�cation tool for
Enterprise systemdevelopment by developing an industrial strength systemusing AsmL for
.NET and Microsoft C# .NET. This thesis also propounds the e�ect of using executable
speci�cations on the software development life-cycle.
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1.1 ASMs: Abstract State Mac hines

1.1.1 In tro duction

An Operational model is the description of a system in terms of a mathematical machine.
Computer systemsare dynamic as they have a state that evolves in time (Gurevich, 2001).
An abstract state is an idealised representation of a system's state at any given time, at
the appropriate level of abstraction. The obscurity of computer systemsand the need for
disintegrating the computer systeminto a hierarchy of levelsof abstraction led to the notion
of ASMs (Gurevich, 2001).

ASMs are de�ned as the formalisation of the notion of systemat any given level of abstrac-
tion (Gurevich, 2001). ASMs provide an Operational model of software systems.The ASM
method is not a software life-cycle model (discussedlater under Chapter 4), but a succinct,
elegant and informativ e medium usedfor communication by the development team. It is a
method of documentation that can represent software at a higher level of abstraction that
can be producedat a much earlier point in the designprocess(Huggins and Wallace,2002).

1.1.2 The ASM thesis

The initial ideasof the ASM thesis appearedin \A New Thesis" by Yuri Gurevich in 1985
(Gurevich, 1985)and the �nal form of ASM thesis was published in 1999(Gurevich, 1999).
The ASM thesis was a starting point for applications of ASMs in academiaand industry.
The ASM thesis states (Gurevich, 2001):

Let A be any computer system at a �xed level of abstraction. There exists an
abstract state machine B that simulates A step-for-step.

The ASM thesis asserts that ASMs are versatile machines1 that can simulate arbitrary
algorithms2 in a direct and essentially coding-freeway. ASMs can simulate thesealgorithms
without implementing them on a lower abstraction level and by performing simulation at
the natural abstraction level of the algorithms (Gurevich, 1994) .

The thesis has beenproved from �rst principles in caseof sequential algorithms (Gurevich,
2000) and by giving an axiomatic description of parallel, synchronous algorithms in caseof
parallel algorithms (Blass and Gurevich, 2003).

1The term machine means that the model re
ects the system's behaviour.
2Algorithms in this context represent algorithms in a broad senseincluding programming languages,

architectures and proto cols (both distributed and real-time).
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1.1.3 ASM structure

Each ASM represents a particular view of the distinct stepsthat occur in the systembeing
modelled and the behaviour of a machine, also known as its run 3. A run can always be
depicted as a sequenceof states linked by state transitions4. Each state is a particular
con�gur ation of the machine and can vary from a trivial state to a very large and complex
structure. Regardlessof the complexity of the state, each step of the machine's operation
can be seenas a well de�ned transition from one particular state to another (of Software
Engineering Microsoft Research, 2002). The evolution of a system from one state to the
next is achieved by application of update rules5 to the current state of the system. An
exampleof a run can be diagrammatically represented as in Figure 1.1.

S1

foo
 = 10

bar = 20


S2

foo
 = 15

bar = 30


S3

foo
 = 30

bar = 15


Step 1

foo
 := 15, bar := 30


State


Changing part


Step 2

foo
 := bar, bar :=
 foo


Figure 1.1: ASM Run

3A seriesof states and state transitions that result from applying operations to each state in succession
until no more changesoccur is called a run.

4Moving from state A to state B is a state transition.
5ASM statements are called rules.
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1.1.4 The evolution of ASMs

The evolving algebra project was started by Yuri Gurevich in 1988 to bridge the gap be-
tween the computation models and speci�cation methods by improving on Turing's thesis
(Gurevich, 1988). More versatile machines that could simulate arbitrary algorithms, on
their natural abstraction levels, in a direct and essentially coding-free way were sought.
The evolving algebra thesis asserts that evolving algebras are such versatile machines
(Gurevich, 1994). Evolving algebraswere used to specify languages,real and virtual ar-
chitectures, validate distributed protocols and prove complexity results (Gurevich, 1994).
Evolving algebraswere later renamedas ASMs (Abstract State Machines) by the algebra
communit y (Gurevich, 2000). The obscurity of the notion of the computer system and the
needfor disintegrating the computer system into a hierarchy of levels of abstraction led to
the notion of ASM (Gurevich, 2001).

1.1.5 Reasons for using ASMs

A few accentuating reasonsfor usingASMs are (Huggins and Wallace,2002;Gurevich, 2000;
of Software Engineering Microsoft Research, 2001;B•orger, Egon, 1995):

� ASMs can provide a faithful , step-for-step model of system's evolving state at any
given level of detail.

� ASMs can be executeddirectly using various tools; this makes the transitions from
designingto coding and from designingto testing much easier.

� The notations usedto write an ASM involve minimal overheadand are easierto learn
and usethan those of other methodologies.

� Ideas can be expressedat the same level of complexity, overcoming the problem of
simple ideasbehind algorithms getting obscuredby encoding them in a language.

� Algorithms can be programmed in a representation-independent way.

� ASMs support non-determinism.

� ASMs can be usedto simulate arbitrary algorithms on their natural levels of abstrac-
tion, without implementing them.

� ASMs are scalableto large complex systemsincluding software/hardware co-design.

� ASMs link to application domain by appropriate ground models.

� ASMs allow for the separation of speci�cations from validation.

� Although ASMs have a rigorous mathematical foundation, they are easy to learn
without presupposingany previous theoretical training.
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1.1.6 Uses of ASMs

Initially , ASMs were used to give dynamic semantics to various programming languages.
Later, applications spreadinto many directions (Gurevich, 2000).

Since 1994 numerous advanced applications of ASMs appeared for protocol veri�cation
and in other �elds of computer science,namely formal grammars, databases,electronic
commerce,software architecture, �nite model theory and complexity theory (B•orger, E.,
2002):

1. ASMs were used to develop a component in a software package called FALK O6 at
SiemensCorporate Technology for the validation and veri�cation of railway timetables
(B•orger, P•appinghausand Schmid, 2000).

2. A distributed real-time constrained ASM was usedto specify the Universal Plug and
Play (UPnP) architecture for peer-to-peer network connectivity of intelligent devices
(Gl•asser,Gurevich and Veanes,2002).

3. A command-line debugger of a stack-based runtime environment was reverse engi-
neeredfrom the given 30k lines of C++ code, using three successive abstraction steps:
one to extract the ground model which de�nes the samecore functionalit y as the de-
bugger, one to re
ect the compile time structure of the underlying architecture (of
modules of classescontaining functions containing code) together with a restricted
view of the run time structure, and eventually a control state ASM focusing on the
interaction betweenthe command issuing user and the reacting runtime environment
(B•orger, E., 2002).

The abilit y to simulate arbitrary algorithms on their natural levels of abstraction, without
implementing them, makes ASMs appropriate for high-level system design and analysis
(Gurevich, 2000).

1.1.7 Other approac hes and ASMs

There are several other mathematical approachesbesidesabstract state machines that pro-
vide an Operational model of software systems. The most famous of these is the Turing
machine. Turing machinescan preciselyrepresent any computable function as the evolving
state of a machine that reads and writes binary digits to a serial memory (Barnett and
Schulte, 2001). The biggest problem with Turing machines is the non-correspondenceof
Turing machines to any common-senseview of the system. This problem is tackled by
ASMs by employing the user's view of the systemas the vocabulary of the virtual machine
and operations that make senseto the user (Barnett and Schulte, 2001).

6FALK O is a German acronym for \Timetable Validation and Timetable Construction".
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Other mathematical approaches that provide an Operational model of software systemsin-
clude Chemical abstract machine(Berry and Boudol, 1992)and Calculus of Communicating
Systems(CCS) (Milner, 1983). Both of these operational models are used for distributed
and parallel systems.

1.2 Executable speci�cations

Executable speci�cations (ES) are high-level programs written in formal pseudo-code that
has special language features for rigorously de�ning the evolution of a system at each
step of its run, at any chosen level of abstraction (of Software Engineering Microsoft Re-
search, 2001). Executable speci�cations can be usedfor creating human-readable,machine
executablemodels of a system's operation in a way that is minimal and complete with re-
spect to any given user-de�ned level of abstraction.

Some of the reasonsfor using executable speci�cations are (of Software Engineering Mi-
crosoft Research, 2001):

Solution to common problems in large-scale soft ware pro jects: If incorporated into
the development process,executablespeci�cations solve the following common prob-
lems in large-scalesoftware projects:

� How to start the testing processearly in the development cycle and reduce the
overall cost of testing?

� How to rigorously document the design?

� How to keepthe speci�cations up to date?

� How to test the implementation's functionalit y in depth and with full coverage?

Simple and precise de�nition of the system: Executable speci�cations are basedon
ASMs and, therefore have a single mathematical meaning. They provide a simple
and precise de�nition of the system being designed. The mathematical properties
of executablespeci�cations give the rigor neededfor algorithmic test casegeneration,
model-checking, and veri�cation. Executablespeci�cations are powerful enoughto de-
scribe non-deterministic behaviour and the evolving state of asynchronous,concurrent
systems.

Faithful and step-for-step mo del at a giv en level of detail: An ASM can adopt the
user's view of the system as the vocabulary of the virtual machine that models the
computation. With ASM-based executable speci�cations, a system's state can be
described in terms of variables that make senseto the user. The rules that encode
the dynamic behaviour of the systemare also expressedat a level of abstraction that
corresponds to the chosenview. Thus, an executablespeci�cation is a faithful model
that step-for-stepsimulates systemat a given level of detail.
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Sim ulation and Testing of the Design prior to Implemen tation: Executable spec-
i�cations can be precisely simulated and are interactive. Simulation can have the
following bene�ts:

� Interactive exploration of designvia simulation will reveal any ambiguities.
� Simulation givesan opportunit y to detect 
a ws in designbeforeimplementation

commences.
� Simulation can help in communicating the design to implementors, testers and

developers of other related components.
� Time required for testing can be reduced as testing commencesmuch earlier in

development cycle and proceedsparallel with implementation tasks.

Enforcing the Design during Implemen tation: Executable speci�cations can enforce
coherencebetween the designer'shigh-level understanding of the system's evolving
state and the implementor's interpretation of that system in low-level, running code.

Algorithmic generation of test cases: Comprehensive test suites can be generatedus-
ing executablespeci�cations.

1.3 N-tier architecture

N-tier architecture refers to the architecture of an application that has at least 3 \logical"
layers that are separate. Each layer interacts with only the layer directly below, and has
speci�c function that it is responsible for. Each layer can be located on physically di�eren t
servers with only minor code changes,henceincreasingthe scalability and the capability to
handle more server load. In addition, the internal functionalit y of each layer is completely
hidden from other layers. This makes it possible to change or update a layer without
recompiling or modifying other layers. Thus, additional features or changesto a layer can
be done without redeploying the whole application.
An n-tier application usually has three tiers/la yers:

1. Presen tation layer: Responsible for displaying user interface.

2. Business layer: Responsible for accessingthe data layer to retrieve, modify and
delete data, to and from the data layer. Also responsible for sending the results to
the presentation layer.

3. Data layer: Databaseor the sourceof the data itself.

1.4 COM+ comp onent services

COM+ is an extensionof Component Object Model (COM), Microsoft's strategic building
block approach for developing application programs. COM+ is both an object-oriented
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programming architecture and a set of operating systemservices.It addsto COM a new set
of systemservicesfor application components while they are running, such asnotifying them
of signi�cant events or ensuring they are authorized to run. COM+ is intended to provide a
model that makes it relatively easyto create businessapplications that work well with the
Microsoft Microsoft Transaction Server (MTS) in a Windows NT or subsequent system. It
is viewed as Microsoft's counterpart of the Sun Microsystems-IBM-Oracle approach known
as Enterprise JavaBeans(EJB) (Hillier, 2000;Szyperski, 1999).

1.5 Microsoft .NET

Microsoft announcedthe .NET initiativ e in July 2000. The .NET platform is a new de-
velopment framework with a new programming interface to Windows servicesand APIs,
integrating a number of technologies that emergedfrom Microsoft during the late 1990s.
Incorporated into .NET are COM+ component services;the ASP web development frame-
work; a commitment to XML and object-oriented design;support for new web servicepro-
tocolssuch asSOAP, WSDL, and UDDI; and a focuson the Internet (Thai and Lam, 2001).

The Microsoft .NET Framework is at the heart of the .NET platform. It managesand
executesapplications and Web services,contains a classlibrary (called the FrameworkClass
Library or FCL), enforcessecurity and provides many other programming capabilities. The
details of the .NET Framework are found in the Common LanguageSpeci�c ation (CLS),
which describesthe storageof data types,objects and so on. The CLS has beensubmitted
for standardisation to ECMA (the EuropeanComputer Manufacturers Association), making
it easierto createthe .NET Framework for other platforms. Currently, the .NET Framework
exists only for the Windows platform, although a version is under development for the *nix
basedOperating systems.

The Common LanguageRuntime (CLR) is another central part of the .NET Framework - it
executesthe programsimplemented in .NET languagessuch asC# and Visual Basic .NET.
There are two steps required to convert a .NET languageprogram into machine-speci�c
instructions:

1. Visual Studio compileshigh-level languageprogram into Micr osoft Intermediate Lan-
guage(MSIL) , which de�nes CLR7 instructions.

2. At execution time, the CLR compilesthe MSIL into machine languagefor the partic-
ular platform on which the CLR executes,creating a single application.

An extra step of converting from .NET languageto MSIL, rather than compiling directly
into a machine languagehasbeeninduced for portabilit y betweenoperating systems,inter-
operabilit y between languagesand execution-management features such as memory man-
agement and security.

7CLR can weave together code converted into MSIL from other languagesand sources.
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One of the most exciting features that .NET Framework provides is languageinteroperabil-
ity . Software components written in di�eren t languagescan be compiled into MSIL, then
combined to create a single program. MSIL allows the .NET Framework to be language
independent. Any languagethat can be compiled into MSIL is called a .NET-compliant
language8 (Deitel, Harvey M., Dietel, Paul J., List�eld, Je�rey A., Nieto,Tem R., Yaeger,
Cheryl H. and Zlatkina, Marina, 2002).

1.6 AsmL

Basedon the conceptof ASMs, Foundations of Software Engineeringgroup at Microsoft Re-
search developed a high-level executablespeci�cation programming languageAsmL. AsmL
for .NET is integrated with Microsoft's software development, documentation and run-
time environments. AsmL is .NET-compliant enabling it to inter-operate with other .NET
compliant languages.AsmL supports writing complex speci�cation of object oriented and
component oriented software and their execution (Gl•asserand Veanes,2002).
AsmL is discussedin greater detail under the chapter on AsmL (Chapter 2).

1.7 Conclusion and thesis plan

Over the years, formal methodologiesand tools have beenusedfor developing reliable and
robust systems.A stepaheadof conventional formal speci�cations, executablespeci�cations
bestow someadded advantagessuch as execution of speci�cations, easyexperimentation of
speci�cations and automatic test casegeneration. However, there are many unanswered
questionsthat determine the viabilit y of using executablespeci�cations for Enterprise soft-
ware development. This thesis addressessomeof the questionsposedand tries to answer
them. This project also expounds the e�ect of using executablespeci�cations on the soft-
ware development life cycle.

The thesis proceedsas follows:

� Chapter 2 discussesAsmL.

� Chapter 3 expounds the case-study(e-commercewebsite) undertaken and the obser-
vations.

� Chapter 4 discussessoftware development life cycle in generaland expoundsthe e�ect
of using executablespeci�cations on the software development life cycle.

� Chapter 5 presents conclusive remarks and recommendationsfor future work.

8At the moment there are about 27 .NET-complian t languagesincluding APL, C#, COBOL, Component
Pascal, Ei�el, Fortran, Haskell, J#, JScript, Mercury, Oberon, Oz, Pascal, Perl, Python, RPG, Scheme,
Standard ML and Visual C++ .NET.
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Chapter 2

AsmL: ASM Language

2.1 AsmL: An extension to ASMs

Basedon the conceptof ASMs, Foundations of Software Engineeringgroup at Microsoft Re-
search developed a high-level executablespeci�cation programming languageAsmL. AsmL
is integrated with Microsoft's software development, documentation and runtime environ-
ments. AsmL is singlethreadedbut is embeddedinto a multi-threaded runtime environment
(Gurevich, Y. and Schulte, W. and Veanes,M., 2001). AsmL supports writing complexspec-
i�cation of object oriented and component oriented software and their execution (Gl•asser
and Veanes,2002).

AsmL addressessome problems with the languageof original ASMs and extends it in a
number of directions (Gurevich, Y. and Schulte, W. and Veanes,M., 2001; Barnett and
Schulte, 2001):

Powerful t yp e system: AsmL extendsthe background structure by including arithmetic
and facilitating the formation of structures such as sets, sequences,maps and tuples
of data.

Partial up dates of sets and maps.

Blurring the di�erence between expression and rules: AsmL makesprogramming eas-
ier and morenatural by blurring the di�erence betweenexpressionand rules. In AsmL,
an expressionmay include rules so that the evaluation of the expressionmay produce
updates.

Mac hines: AsmL usesthe keyword machine to indicate the program itself and its sub-
machines. Machines can also return results.

Exception handling: AsmL usesexception handling in a systematic way that enables
writing of cleaner code that emphasisesthe intended functionalit y. When combined
with synchronous parallelism, this easesspeci�cations.
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Ob jects: AsmL is object oriented.

Garbage collection: AsmL supports Garbagecollection.

Ob ject initialisation problem: AsmL supports the initialisation objects at creation.

In tra-step comm unication: AsmL allows the calling to and from other components in
one single step.

2.2 Reasons for using AsmL

AsmL o�ers a rich set of features(Gl•asserand Veanes,2002;Gurevich, Y. and Schulte, W.
and Veanes,M., 2001;Barnett and Schulte, 2001;Microsoft, 2003;B•orger, E., 1999;B•orger,
E., 2002;Grieskamp, Gurevich, Schulte and Veanes,2002):

1. AsmL speci�cations resemble pseudocode over abstract data structures.

2. Easy to read and understand by systemengineersand program developers.

3. Practical experienceswith industrial applications helped to establish a pragmatic
understanding of how to model complex systemsbehaviour with a degreeof detail
and precision as needed.

4. AsmL speci�cations that are executableand written in the style of literate program-
ming are easyto comprehend.

5. AsmL can be usedto explore and test the design.

6. AsmL can be usedto verify the product against speci�cation.

7. AsmL can be usedto validate the speci�cation.

8. AsmL speci�cations can be usedfor test-casegeneration and runtime veri�cation.

9. AsmL is massively parallel1.

10. AsmL speci�cation can be subjected to analysiswith a variety of formal methods, for
example, re�nement calculus proof.

11. AsmL supports COM connectivity that allows it to beusedin a language-neutralway:
any languagecan be usedto implement the speci�cation.

12. AsmL includes a state-of-the-art type systemwith extensive support for type param-
eterisation and type inference.

1One state-change of an AsmL program may be a complex transaction involving numerous subprograms.
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13. AsmL is .NET-compliant, enabling it to inter-operate with other .NET compliant
languages.

14. AsmL for .NET can usethe rich set of classesprovided by Microsoft Foundation Class
(MFC) library.

15. AsmL supports the useof assertions.

16. AsmL supports COM+ servicessuch as transactions.

17. AsmL (ver. 2) usesXML and Microsoft Word for literate speci�cations.

18. SinceAsmL is basedon ASMs and cangenerateexecutablespeci�cations, it inherits all
the advantageso�er ed by ASMs and executablespeci�c ations such asnon-deterministic
behaviour and algorithmic test casegeneration.

AsmL for .NET is .NET compliant which makesit ideal for generatingexecutablespeci�ca-
tions as they can be further extendedand the �nal systemcan be built over the executable
speci�cations, eliminating the need for building the system from scratch. This also re-
ducesthe probabilit y of errors as the validated speci�cations would be usedfor the system
development.

2.3 Examples

A few exampleswould give a better feel of AsmL. In the �rst example, the parallel updat-
ing of variables is demonstrated. In AsmL, it is possibleto make updates in parallel and
evaluate all the membersof a set or sequencein a singlestep. Opposedto conventional pro-
gramming languagesthat do everything sequentially , AsmL favors parallelism by default.
Parallel evaluation is helpful becauseit greatly reducesthe number of steps required to
specify an algorithm.

In the �rst example,a classPerson is de�ned that has a member variable age to store the
age of a person. A set called People is declared that contains 3 variables (John, David
and Ray), which are instantiations of class Person. The agesof John, David and Ray
are incremented on a yearly basis from the year 2003 to 2009. Each step of the machine
evaluates all three agesat once. This is illustrated in Figure 2.1.

class Person
var age as Integer

John = new Person(20)
David = new Person(16)
Ray = new Person(25)
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People = {John, David, Ray}

GrowOlder()
forall p in Peopl
p.age := p.age + 1

var year = 2003

Main()
step while year<2010
WriteLine("John's age is " + John.age + " in " year)

WriteLine("David's age is " + David.age + " in " + year)
WriteLine("Ray's age is " + Ray.age + " in " + year)
GrowOlder()
year := year + 1

State 1

John.age
 = 20

David.age
  = 16

Ray.age
 = 25


State 2

John.age
 = 21

David.age
  = 17

Ray.age
 = 26
 State 3


John.age
 = 22

David.age
  = 18

Ray.age
 = 27


......


Figure 2.1: Parallel evaluation of the AsmL program as an ASM trace

It would take 9 steps to do the entire calculation, instead of the 27 steps that would be
required if the ageof each personwere incremented sequentially .

In the secondexample, a set(S) of natural numbers is de�ned. A function (IsOdd) is also
de�ned that returns true if all members of set S are odd, false otherwise. IsOdd uses
universal quanti�cation over the set S to determine the result and returns the result as a
boolean value.

S = {1,2,4,6,7,8}

IsOdd( i as Integer) as Boolean
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return (1 = i mod 2)

Main()
test1 = (forall i in S holds IsOdd(i))
if test1 then

WriteLine("All odd numbers")
else

WriteLine("Not all odd numbers")

The output is:

Not all odd numbers

This example demonstratesthe rigorous mathematical models on which AsmL is built on.
AsmL allows for the application of set operations on the set data type thus mapping to
real-world setsdirectly.

2.4 AsmL supp ort for Design by Con tract

One of the main goalsof every program is reliabilit y, that is, correctnessand robustness.A
program is correct if it performs according to its speci�cation and it is robust if it handles
situations that were not covered in the speci�cation in a graceful manner. One way to
prove the correctnessof a program with respect to a (formal) speci�cation is Hoare (1969)
(Meyer, 2003). Basedon the Hoare calculus discussedin this famous paper, Meyer (1992)
developed a method of software engineeringcalled Design by Contract.

The principal idea of Design by Contract (DBC) is that a classand its clients have a con-
tract with each other: The client must guarantee certain conditions beforecalling a method
specialized on the class (the preconditions), the class guarantees certain properties after
the call (the postconditions). If the pre- and postconditions are included in a form that
the compiler can check, then any violation of the contract betweencaller and classcan be
detected immediately (Meyer, 1992).

AsmL supports Design by Contract by providing assertionsthat constrain the behavior of
the running program for the purposesof error checking. Assertionsdo not a�ect the mean-
ing of the program's run. An AsmL implementation may optionally halt the program's run
if an assertion'sconstraint has not beenmet(Microsoft, 2003).

There are three forms of assertionsin AsmL for .NET(Microsoft, 2003):
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1. Preconditions: The expressiongiven by a precondition is a predicate that must
evaluate to true if the constraint is to be satis�ed. The predicate is evaluated in a
context that includes the statement block's local �eld instances.

2. Postconditions: The expressiongiven by a postcondition is a predicate that must
evaluate to true if the constraint is to be satis�ed. The predicate is evaluated in
a context that includes statement block's local �eld instancesand, if the statement
block includes a return statement, a binding of the identi�er result to the statement
block's return value.

3. Data-orien ted constrain ts: A data-oriented constraint is a Boolean-valued condi-
tion used to check the integrity of data-oriented restrictions. A constraint declared
within a data type must always be true , or an error will occur.

2.5 Other approac hes and AsmL

Algebraic models use algebraic equations that represent static constraints and de�nitions
(that is, the rules relating the input and the output of a system). There are a number
of other approaches that give an algebraic model of software systems, in contrast to an
Operational model. AsmL embracesthe formalism of algebraic speci�cation but extends it
with the dynamic properties of ASMs. Thus, AsmL can be used to build algebraic models
of a system but is not limited to static de�nitions and correctnessconstraints. Instead,
the symbolic vocabulary that characterisesan abstract state machine may include dynamic
state variables whosevaluesevolve during the run.

The main focus of AsmL is entirely on faithfully describing discrete systems in terms of
evolving state. Thus, AsmL doesnot have an associated methodology for theorem proving
or model checking, although executable speci�cations are well suited as input for many
typesof static analysis. An executablespeci�cation written in AsmL will typically have a
static analysis search spacethat is several orders of magnitude smaller than an equivalent
implementation written in a standard programming language.

2.6 AsmL in terop erabilit y

One of the main reasonsfor using AsmL is that AsmL is .NET-compliant enabling it to
inter-operate with other .NET compliant languages. Following are ways that can be used
to exploit the interoperabilit y provided by AsmL:

2.6.1 AsmL code as COM+ comp onents

Deployment of AsmL code asCOM+ components could provide with the 
exibilit y required
for AsmL code to interoperate with other languages.COM+ servicessuch as Transaction
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support (provided by Microsoft Transaction Services)and MessageQueuing can also be
usedfor building reliable and robust applications.

2.6.2 AsmL code as part of .NET pro ject

An AsmL document can be added to an existing Visual C# .NET project. This allows
for the use of AsmL code in conjunction with code written in another .NET compliant
language.

2.7 Conclusion

Based on abstract state machines, AsmL is a software speci�cation languagethat can be
usedfor creating human-readable,machine-executablemodels of a system'soperation in a
way that is minimal but complete, with respect to any given user de�ned level of abstrac-
tions. Speci�cations written in AsmL are called executablespeci�c ations.

With a rich type system,interoperabilit y with other .NET compliant languagesand support
for COM+ services,AsmL provides the ideal platform for generating executablespeci�ca-
tions that can be scaledup to robust and reliable systems.

In the next chapter, we will investigate the feasibility of using AsmL for Enterprise system
development via a casestudy.
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Chapter 3

Case-study

To investigatethe feasibility of using AsmL for Enterprise systemdevelopment and to study
the e�ect of using AsmL on the software development life cycle, a case-studywas under-
taken. The case-studyinvolved the building of a 3-tier web-basedbook store. The system
usedCOM+ servicesfor providing transaction support.

The systemwas �rst designedusing Uni�ed Modelling Language(UML), components then
written in AsmL and then each component was sequentially transformed to a functionally
equivalent component in C#.

3.1 N-tier software architecture

N-tier software architectures emergedin the 1990sto overcomethe limitations of two tier
architectures. N-tier architecture refers to the architecture of an application that has at
least 3 \logical" layers that are separate. Each layer interacts with only the layer directly
below, and has speci�c function that it is responsible for. Each layer can be located on
physically di�eren t servers with only minor code changes,henceincreasing the scalability
and can handle more server load. In addition, the internal functionalit y of each layer is
completely hidden from other layers, thus making it possibleto changeor update one layer
without recompiling or modifying other layers. Thus, additional features or changesto a
layer can be done without redeploying the whole application.

An n-tier application usually has three tiers1(Fig. 3.1):

1. Presen tation layer: Presentation layer is the layer responsible for displaying user
interface and \driving" that interface using businesslayer classesand objects. For

1 tier and layer are synonyms for each other.
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Figure 3.1: Three tier architecture

example, in ASP.NET it includes ASPX pages, user controls, server controls and
sometimessecurity related classesand objects.

2. Business layer: Businesslayer is the layer responsible for accessingthe data layer
to retrieve, modify and delete data to and from the data layer and send the results
to the presentation layer. This layer is also responsible for processingthe data re-
trieved and sent to the presentation layer. For example,in ASP.NET it includesusing
SqlClient or OleDb objects to retrieve, update and delete data from SQL Server or
Accessdatabases,and also passingthe data retrieved to the presentation layer in a
DataReader or DataSet object, or a custom collection object. It might also include
the sending of just an integer, but the integer would have beencalculated using the
data in the data layer such as the number of recordsa table has.
This layer is often divided into two sub layers:

(a) BusinessLogic Layer (BLL): BLL is above Data AccessLayer, meaning BLL
usesDAL classesand objects.

(b) Data AccesLayer (DAL): DAL is responsible for accessingdata and forwarding
it to BLL.

For example, in ASP.NET it might be using SqlClient or OleDb to retrieve the data
and sendingit to BLL in the form of a DataSet or DataReader. BLL is responsiblefor
preparing or processingthe data retrieved and sendsit to the presentation layer. In
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ASP.NET, it might be using the DataSet and DataReader objects to �ll up a custom
collection or processit to comeup with a value, and then sending it to Presentation
layer. BLL sometimesworks as just transparent layer. For example, if we want to
passa DataSet or DataReader object directly to the presentation layer.

3. Data layer: Data layer is the databaseor the sourceof the data itself. For example,
in .NET it is often Microsoft SQL Server or Accessdatabase.

n-tier architecture can provide with an e�ectiv e distributed client/serv er design that pro-
vides the following advantagesover the two-tier architectures:

� Performance

� Flexibilit y

� Maintainabilit y

� Re-usability

� Scalability

3.2 The system

The case-studyinvolved the development of a down-scaledversion of famous e-commerce
websiteAmazon.com. The basicfunctionalit y of the systemcould be summarizedas(Hillier,
2000):

The application will create an e-commercewebsite that will sell e-books. Cus-
tomers of this websitewill be able to search for books of interest, add them to a
shoppingcart, and purchasethem. There are2 typesof users: the customersand
the administrators. Customers can browse and order books, view and change
their personal information, search for a particular book using its title, author,
etc. The databaseadministrator can add or delete books from the catalog, add
or delete authors/publishers and add or delete additional administrators.

3.2.1 Re�ned speci�cations

The online bookstorewill beable to provide customerswith the convenienceof buying books
online. There will be a catalogueof all booksavailable in the bookstore. This cataloguewill
be stored in a databasesystem that will keep track of all items. The system will support
two typesof users: Administrators and Customers. Customersshould be able to:

� Log on to the system using their login ID and password.
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� Browsetitles.

� Search titles based on various search criteria such as author name, publisher name
and book title.

� Purchasea title.

� Changetheir personaldetails.

� Log out of the system.

Administrators should be able to:

� Log on to the system using their login ID and password.

� Add/up date/remove titles from the system.

� Add/up date/remove authors from the system.

� Add/up date/remove publishers from the system.

� Changetheir personaldetails.

� Add new administrators to the system.

� Log out of the system.

3.2.2 UML

The system was modeled using Uni�ed Modeling Language (UML). The following UML
document/diagrams can be found under Appendix A:

� Use cases: Use casescapture someuser visible function. Each use caseachieves a
discrete goal for the user.

� Use case diagrams : Use casediagrams show the usecases,the usersand the rela-
tionship betweenthem.

� Class diagram : Classdiagram shows the collection of classesrequired for the system
and the relationship between them. Class diagram o�ers a simple static view of the
classof a system.

� Package diagram : A form of classdiagram that shows how classescan be divided
into modules and high-level relationships between packages. It provides a high level
view of the systemor a speci�c subsectionof the overall method.
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� Sequence diagram : Shows the interactions between class instantiations (objects)
arranged in time sequence.It shows the objects participating in the interaction and
the sequenceof messagesexchanged.

� State diagram : Displays the sequenceof states2 that an object goesthrough during
its life in responseto received stimuli, together with responsesand actions.

3.2.3 Other design documen ts

There were someother designdocuments associated with the system which were not part
of UML. These included entit y relationship diagram (App endix B) and assertionsfor use
cases(App endix B).

3.3 Implemen tation

After designing the system using UML, the implementation of the system started. The
implementation of the system involved a 2-step conversion of the design into the �nal
system. Thesestepsare discussedin the following sections.

3.3.1 Class creation in AsmL

The system design was �rst converted into AsmL classes.Assertions were added to each
classto allow for Design by Contract. An example of assertionsin AsmL is given below.
In this example, a function LogIn is created which is responsible for logging a user into
the system. This function assumesthat the lengths of login ID and password passedas
parameters (loginID and passWordrespectively) are greater than zero. This assumption
is documented by the use of require . LogIn also sets and guarantees that the Boolean

ag LoginStatus is set to either true or false , depending on whether the user has been
loggedin or not. This guarantee is documented by the useof ensure.

//function to log a user in
LogIn(loginID as String, passWord as String) as Boolean

//pre-condition
require Length(loginID) > 0 and Length(passWord) > 0

var ReturnString as String = ..;

if (...)then
2A state refers to the value associated with a speci�c attribute of an object and to any actions or side

e�ects that occur when the attribute's value changes.



22

//login details OK

/*...
* Add code for changing the LoginStatus to true,
* providing user with access
* to the system depending on the user type
...*/

//post-condition
ensure LoginStatus = true

else
//invalid login details

/*
* Cleanup code (if required)

*/

//post-condition
ensure LoginStatus = false

If any of the assertionsis not satis�ed, an exceptionMicrosoft.AsmL.AssertionF aile dExcept ion
is thrown.

3.3.2 Conversion of AsmL classes to C# classes

Each of the classesin AsmL were then sequentially replacedby the functionally equivalent
classeswritten in C#. However, while replacing the AsmL classeswith the oneswritten
in C#, several issueswere identi�ed. These issuesare discussedin the following section
(Section 3.4).

3.4 Implemen tation issues

Although AsmL has a number of advantages to its credit, however, a number of imple-
mentation issueswere discovered while developing the system using AsmL for .NET and
Microsoft C# .NET. Theseproblems are discussedin the following sections.
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3.4.1 Reference resolution

Referencesare required to use the classes/librarieso�ered by the .NET framework. The
referencesadded to the project were often not resolved by the AsmL compiler making the
compilation processunpredictable3 when code is written in Microsoft Visual Studio .NET.
Even worse, there is no way or description of how to add referenceswhen AsmL code is
written in Microsoft Word. Moreover, upon addition of EnterpriseServices 4 asreference,
the complete development environment (Microsoft Visual Studio .NET 2003) crashed5.

3.4.2 AsmL code as COM+ comp onent

Deployment of AsmL code asCOM+ components could provide with the 
exibilit y required
for AsmL code to interoperate with other languages.COM+ servicessuch as Transaction
support (provided by Microsoft Transaction Services)and MessageQueuing can also be
usedfor building reliable and robust applications. However, for compiling AsmL code as a
COM+ component, assembly level attributes have to be added. These attributes can not
be programmatically added to AsmL code.

The workaround to this problem is that AsmL document be made a part of a C# library
project as opposedto a blank C# project. The assembly level attributes are then added to
the �le AssemblyInfo.cs . Although, this allows AsmL code to be deployed as a COM+
component, but there is another big problem with this method discussedin the section
below.

3.4.3 In terop erabilit y

As previously stated, AsmL is .NET compliant. This is one of the main reasonsfor using
AsmL as it enablesthe executable speci�cations to inter-operate with other .NET com-
pliant languages. However, it was found that this interoperabilit y is `one-way' only, that
is, although the code written in AsmL can inter-operate with code written in other .NET
compliant languagessuch as Microsoft C# .NET but not vice versa.

Outer single-state ASM formation

The inabilit y of other .NET compliant languagesto emulate an ASM introduce a number
of problems. AsmL usesthe semantics of abstract state machines as the framework for the
dynamic aspects of the program. Thus, AsmL has runtime contexts known as states with

3Currently , the work around is to synchronize the AsmL code in Microsoft Word and then re-compile the
solution in Microsoft Visual Studio .NET

4Required for COM+ services.
5Error message:System.ExecutionRunTime generated an exception.
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�xed associations of variable namesto values. The changeof one state to another happens
as an atomic transaction called a step. Within any given step, any number of changes
to variables may be proposedby meansof update statements, but the changeshave only
e�ect for subsequent state. Within a given state, the valuesof variables remain unaltered
(Microsoft, 2003).

This fact hasa major impact on the interoperabilit y of AsmL code with other .NET compli-
ant languages.AsmL code i s interoperablewith other .NET compliant languages.However,
by the fact that the valuesof variablesremain unchangedwithin a given step, the usefulness
of this interoperabilit y is devalued somewhat. This can be best clari�ed with the help of an
example:

namespaceExample1
import System
import System.Data

//class definition
public class MyClass

var myVar as Integer = 10

//default constructor
[EntryPoint]
public MyClass()

myVar := 40

//update the value of myVar
public updateVar()

step
myVar := 20

step
WriteLine("Value of myVar within updateVar: "+myVar)

//print the value of myVar
public printVar()

step
WriteLine("Value of myVar: "+myVar)

In the above AsmL code, classMyClass has been de�ned with a member variable myVar,
which would be updated by the following C# code that is created as part of the same
project and within the samenamespace.
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using System
using System.Data

namespaceExample1
{

class Tester
{

static void Main(string[] args)
{

MyClass iclass = new MyClass();
iclass.printVar();
iclass.updateVar();
iclass.printVar();

}
}

}

Upon execution, the output of the above code is:

Value of myVar: 10
Value of myVar within updateVar: 20
Value of myVar: 10

This output di�ers from what we get when MyClass is usedby the following code written
in AsmL.

Main()
step

iclass = new MyClass()
step

iclass.printVar()
step

iclass.updateVar()
step

iclass.printVar()

The output of the above code is:

Value of myVar: 40
Value of myVar within updateVar: 20
Value of myVar: 20
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It is clear from the output that the value of myVar remains samebetween any two func-
tion calls, if the two functions are called from another languagenot supporting the step
command.

State 1


State 2


State 3


Inner
 ASM

(
AsmL
)


Outer
ASM

 (
C#)


Figure 3.2: ASMs formed while interoperating

Here the value of myVarremainssameeven after updateVar() is called becausethe C# code
that calls the function wraps the ASM formed by AsmL code in a bigger ASM (Fig. 3.2).
SinceC# doesnot support step command, the changein the value of myVaris not visible
as changesare only visible in the following steps.

This particular problem rendersthe much proclaimed interoperabilit y useless.The problem
persists with the following ways of getting AsmL code to interoperate with other .NET
compliant languages:

� Deplo ymen t of AsmL code as a COM+ comp onent : This method does not
help as AsmL for .NET is the only languagethat supports the step command. This
onceagain results in the formation of an outer ASM with a single-state.

� In tro duce another layer of AsmL code to form an in termediate `outer'
ASM : The formation of an outer ASM with a single state is recursive. Hence, no
matter how many layersof AsmL code are introduced,an outermost single-stateASM
would be formed resulting in the sameproblem of `1-way interoperabilit y'.

Other in terop erabilit y problems

There were someother interoperabilit y problems identi�ed while developing the system:
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� Someof the data structures such as Sets usedby AsmL are not supported by other
.NET compliant languages.

� With the useof mapsin AsmL, System.String cannot be usedasa key or value type.

� Code written in another languagecannot changevaluesof variables de�ned in AsmL.

� Typesfrom other languagescannot be cast/converted to those in AsmL.

� Cannot use data accessorsin AsmL to change a value from code written in other
languages- results into a \collision".

� Inconsistent meaning of important keywords such as in in AsmL and other .NET
compliant languagescan often lead to confusion.

Due to the interoperabilit y problemsdiscussedabove, the casestudy had to bedown-scaled.
The AsmL implementation was limited to a text-based version only. In addition, instead
of replacing each of the classeswritten in AsmL with the functionally equivalent classesin
C# sequentially, all the classeshave to be replacedat once.

3.5 Other problems with AsmL

Several other problems pertaining to the useof AsmL for .NET (version 2.2.400)exist that
were discovered during the implementation of case-study:

� Compilation time: AsmL for .NET (ver 2.2) is .NET compliant which implies
that the code written in AsmL for .NET is fully interoperable with code written in
other .NET compliant languages.Upon compilation, AsmL code is �rst compiled into
an intermediate C# code equivalent, which is then compiled to generateMicrosoft
Intermediate Language(MSIL) code. This `double'-compilation incurs a 100%extra
compilation time.

� Lack of documen tation: Although in its Beta phase,AsmL needsmore documen-
tation on the useand details of the languagefor wider acceptance.

� Single AsmL documen t per pro ject: Only one AsmL document can be added
to a project. This forces the squashingof complete code for the system in a single
document. This results in reducedreadability and maintainabilit y of the code, which
in turn limits the useof AsmL to small sizedprojects.

� Indeterminate In telliSense: The IntelliSense6 support for AsmL is indeterminate.

6 IntelliSense is a feature provided by Microsoft Visual Studio .NET to increase the productivit y by
predicting the keywords being typed in and letting the user select the appropriate keyword/function from a
pop-up menu.
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� Inconsisten t keyw ords : Someof the important keywords like in have inconsistent
meaningsin AsmL as comparedto other .NET compliant languages.

� Scope separation using spaces: Spacesare usedto separatethe scopesin AsmL as
opposedto bracesusedin conventional languages.This results in reducedreadability
and maintainabilit y of the code.

� Information hiding: The deriving classcannot accessthe protected membersof the
baseclass. This limits the OO capability of AsmL for .NET.

3.6 Conclusion

With interoperabilit y problemsand other problemsexisting with AsmL for .NET, the grad-
ual re�nement of AsmL code into C# by bit-by-bit component replacement is not possible
at this point in time. As a result, all components have to be replaced at once. However,
this is a problem that can be �xed in the future releases.

In the short term, the existing problems limit the useof AsmL as a practical languagefor
real Enterprise system development as we intended it.
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Chapter 4

Soft ware Dev elopmen t Life Cycle

Description of a software product from its conception to its implementation, delivery, use
and maintenance is called the software life cycle and the steps through which the product
progressesis called the software life-cycle model (P
eeger, 2001;Schach, 2002). There are
many software life-cycle modelsdescribed in the software literature. Someare prescriptions
for the way software development should progress,others are descriptions of the way soft-
ware development is done in actuality. Although thesemodels are sametheoretically, they
di�er in practice (P
eeger, 2001).

Most popular software life-cycle models include Build-And-Fix Model, Waterfall method,
V model, Rapid prototyping Model, Incremental model, and Spiral Model (P
eeger, 2001;
Schach, 2002; Sommerville, 2001). For the purposesof this project, we will be consider-
ing the Waterfall method in detail and the e�ect of using executablespeci�cations on this
model. Not only will we be studying the e�ects, we will also intro duce a new model to
re
ect the changesneededfor using executablespeci�cations.

4.1 SDLC with executable speci�cation language

Over the last decade,there have been numerous advancements in the world of Enterprise
system development. New technologies/methodologieshave taken over the old ones. Two
such casesare:

� Overtaking of 1/2-tier architectures by n-tier architectures.

� Replacement of structured development with Object Oriented development.

This sectionnow considersthe e�ect of using an interoperable executablespeci�cation lan-
guageon Waterfall method and other SDLCs for creating n-tier applications using object
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oriented development paradigm.

4.1.1 Traditional model

The Waterfall method (Fig. 4.2(a)) was �rst put forth by Royce (Royce, 1970). In this
model, the requirements are determined, and checked by the clients and members of the
SoftwareQualit y Assurance(SQA) group. The speci�cations for the product are then drawn
up and then checked by the SQA group.i Thesespeci�cations are then shown to the client.
Once the client signso� the speci�cations, a project management plan is drawn. This plan
is also checked by the SQA group. When the client approves the developer's duration and
cost estimatesfor the product, the designphasebegins.

During the designphase,faults in the speci�cations might be detected. The speci�cations
may be incomplete, contradictory or ambiguous. Any such faults postulate the revision of
speci�cation document beforethe software development phasecan continue. In Fig. 4.2(a),
the arrow from the left side of the designphasebox back to the speci�cation phaseconsti-
tutes a feedback loop. The software production processfollows the loop if the developers
have to revisethe speci�cation document during the designphase. With the client's permis-
sion, the necessarychangesare then made to the speci�cation document, and the planning
and designdocuments are adjusted to incorporate thesechanges.When the developers are
�nally satis�ed, the designdocuments are handed to the programmersfor implementation.

Flaws in the designmay appear during implementation. Thesefaults have to be corrected
beforethe team can continue with software development. During the implementation phase,
the Waterfall method with its feedback loop permits modi�cations to be madeto the design
documents, the speci�cation document, and even the requirements, if necessary. Modules
are implemented, documented, and then integrated to form a complete product. During
integration, it may be necessaryto backtrack and make modi�cations to the code.

When the developersfeel that the product hasbeensuccessfullycompleted, it is given to the
client for acceptancetesting. When the client agreesthat the product satis�es its speci�ca-
tion document, the product is handed over to the client, installed and put into operations
mode.

Oncethe client hasacceptedthe product, any changes,whether to remove residual faults or
to extend the product constitute maintenance. As shown in Fig. 4.2(a), maintenancemay
require not just implementation changesbut alsodesignand speci�cation changes.In addi-
tion, enhancement is triggered by a change in requirements. This, in turn, is implemented
via changesin the speci�cation document, designdocuments and code (Schach, 2002).
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4.1.2 New models

With the development of n-tier application using object oriented paradigm, there are en-
capsulatedcomponents inhibiting the principle of information hiding in the Businesslayer.
These components are ideally highly cohesive, have low coupling and communicate using
well de�ned interfaces(Figure 4.1).
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Figure 4.1: 3 tier architecture and components in Businesslayer

With an inter-operable executablespeci�cation language,it is possibleto write thesecom-
ponents in an executablespeci�cation language.Thesecomponents can then besequentially
replacedwith functionally equivalent components written in the �nal target language.These
will not causeany problems because:

� Encapsulation of functionalit y will allow for sequential replacement of components.

� If a component is replaced,other components would not be a�ected asall components
communicate via well de�ned interfaces. High cohesionand low coupling would further
lessenthe e�ect of replacing one component on other existing components.

� Internal functionalit y of each layer in an n-tier architecture is invisible to other layers.
Therefore, replacing each component with a functionally equivalent module will have
no e�ect and will be transparent to the other layers.
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The useof executablespeci�cations introduceschangesto the traditional software develop-
ment life cycle models:

� A new phaseExecutable speci�c ation generation phaseis introduced betweenthe de-
signand the implementation phase.During this phase,the speci�cations areconverted
into executablespeci�cations.

� The implementation phase changes to Replacement phase. During this phase, the
classeswritten in the executablespeci�cation languageare sequentially replacedwith
functionally equivalent classeswritten in the target language.

The SDLC models to which thesechangesapply include:

1. Waterfall model (Figure 4.2(b))

2. V model (Figure 4.3)

3. Incremental model

For some SDLCs, it might be possible to avoid introducing an additional stage. Such
models include Rapid Prototyping model and Spiral model. With these models, a rapid
prototyping stage already exists. During this stage, the rapid prototype could be built
using AsmL for .NET and the components could then be replacedduring the Implementa-
tion phase. However, there is a slight problem with this approach. To sequentially replace
the components written in an executablespeci�cation languageby functionally equivalent
components written in the target language,the systemwould have to designedbeforerapid
prototyping. This defeats the purposeof rapid prototyping as it is meant to give a rough
idea of the system's functionalit y to the client without investing much time and e�ort in
designing/developing the complete systemand then changing it.

Therefore, it is best to introduce an additional stagebetween the designand implementa-
tion phase,even for the models for which it can be avoided. Although, this introducesa
seeminglyunnecessarystage. However, this new phaseis necessaryfor the useof executable
speci�cations and to avail the bene�ts outlined under Section 1.2.

In addition, the useof executablespeci�cations is inappropriate with Build and Fix model.
The reasonsare outlined below:

� This model doesnot have a designphasewhereasthe useof executablespeci�cations
require careful designingof the system.

� This model is usedfor very small projects only. Sincetime and e�ort are the governing
factors for theseprojects, the useof executablespeci�cations is highly unlikely.
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4.2 Conclusion

Although the useof executablespeci�cations doesprovide addedadvantagesoutlined under
section 1.2, it introducesan additional phasein all traditional SDLCs. This results in an
increasedamount of time and e�ort required to develop the system. The feasibility of their
use for Enterprise system development is governed by the balancebetween the amount of
e�ort/time required and the scale of the system being developed. Therefore, the use of
executablespeci�cations will only be limited to medium/large scaleprojects that can a�ord
the extra time/e�ort required to reap the advantageso�ered by executablespeci�cations.

With the lack of executable speci�cation languagesfully interoperable with other main
stream languages,these SDLCs will not be acceptedat this point in time. However, with
advancements in the �eld of executablespeci�cation languages,intro duction of fully inter-
operable executablespeci�cation languagescan be expected and so can the acceptanceof
propounded changesto traditional SDLC models.
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Chapter 5

Conclusion and Future work

This project studied the feasibility of using AsmL for .NET or an executablespeci�cation
languagein generalfor Enterprise systemdevelopment. It alsoproposednew life cyclemod-
els which were modi�ed versionsof traditional models to incorporate the useof executable
speci�cations as part of Enterprise systemdevelopment.

5.1 Conclusion

As mentioned earlier, there are many other aspects besidesreliabilit y that determine the
viabilit y of using formal methodologiesand tools for generating executable speci�cations
for an Enterprise system. Someof theseaspects are:

1. Cost: One of the most important factors that can a�ect the decisionabout which tool
is to be used for specifying the system, if at all any of the tools is chosenif the cost
involved is high.

2. E�ort: If the e�ort involved in specifying the systemis more than the e�ort required to
build the system, it is hard to imagine the methodologiesand tools becominga part
of the software development process.

3. Time: Projects delivered late is one of the biggest problems facedby the industry and
oneof the issuesthat softwareengineeringaims to solve. If the e�ect in terms of time is
exorbitant, not many systemswould bespeci�ed usingformal toolsand methodologies.
Moreover, the time required to develop the systemis directly proportional to the cost
involved!

4. E�ect on the soft ware developmen t life-cycle: Each organisation adopts a partic-
ular software development life-cycle model for development of the software system.
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The e�ect of using ES on the development processcan be one of the factors a�ecting
their choice.

5. Sta� training: The time and e�ort required to train an organisation's sta� can be
another important factor.

6. Main tainabilit y: About 70% of the software costs are attributed to maintenance re-
lated tasks(Schach, 2002). Therefore, the impact of using ES on maintenancecan be
another important factor.

7. Comprehensibilit y: Even though an organisation may recruit and train its sta� to
generateand maintain ES,but the comprehensibility may e�ect costand time required
to generateand maintain software, especially if more than a few peopleare working
on a project.

8. System protot yp e: Can the executablespeci�cations be usedas a systemprototype?
Or even better, can the �nal systembe developed by \
eshing" the executablespeci-
�cations?

9. Other advantages/disadv antages: What arethe other advantages/disadvantagesper-
taining to the useof ES?

10. In terop erabilit y with existing technologies/Re-usabilit y: Each organisationuses
di�eren t tools to developsoftwaresystemsdependingon the systemrequirements, sta�
and various other factors. If an organisation wants to (re-)use the ES to develop the
�nal software system, it is imperative for the already generatedES to inter-operate
with other languages/tools.

The following sectionsanswer some(4,8,10) of the aforementioned questions.

5.1.1 E�ect on the soft ware developmen t life cycle

Traditional life cycle models cannot be followed for developing systemsusing executable
speci�cations. New models are neededand this thesis proposesthese new models under
Chapter 4.

5.1.2 System protot yp e

Executable speci�cations cannot be usedto generatesystemprototype because:

� Careful designing is required if the executablespeci�cations are to be replacedwith
functionally equivalent code in another language. Normally, system is designedonce
rapid prototype has beenaccepted/approved by the client.
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� The e�ort required in generatingthe systemprototype using executablespeci�cations
could be a lot more than generating system prototype using someother tools. This
e�ort is not justi�ed as it defeats the purposeof prototyping. Prototyping is used
give a rough idea of the �nal system's functionalit y to the client.

In addition, becauseof limited interoperabilit y of executablespeci�cation languageswith
other conventional/main-stream languages,the �nal systemcannot be developed by \
esh-
ing" or gradually \evolving" the executable speci�cations. The executable speci�cations
have to be replacedby the code written in target languageat once.

5.1.3 In terop erabilit y with existing technologies

Executable speci�cation languageso�er limited interoperabilit y with existing technologies.
Limited interoperabilit y with existing technologies in turn limits the re-usability of exe-
cutable speci�cations.

5.2 Future work

Semi/Fully-automatic generation of skeleton executablespeci�cation languageclasseswith
assertionsfrom UML is one area that desiresfuture work. If a method or tool could be
developed that could generateskeleton classeswith assertionsin a given executablespeci�-
cation languagefrom UML, it would reducethe amount of time/e�ort required to develop
the executablespeci�cations from design. This in turn would lead to a wider acceptanceof
executablespeci�cations for Enterprise system development.

There are many formal methodologies on which executable speci�cation languagescould
be based. However, the standardization of one executablespeci�cation languageand the
opening up of its sourcecode could lead to thousandsof individuals/organizations working
on the development of this language. Features such as full interoperabilit y with existing
and upcoming conventional/main-stream languagescan then be expected. This approach
might lead to more rapid progresstowards the goal of quality tools/technologiesto enable
the use of executable speci�cations for Enterprise system development. Standardisation
and the open-sourceexecutablespeci�cation languageare therefore highly desirablefuture
developments.
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App endix A

.1 Use cases
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Login
Use Case # 1 Login
Goal in Context Log in to the system to purchase books or perform other tasks 

like changing account details or other system maintenance tasks 
(administrator only) 

Scope &  Level System, Primary Task 
Preconditions 1. User record exists in the system  

2. The user knows their user ID and password. 
Success End 
Condition

User is logged in and granted access to the system according to 
the user type. 

Failed End 
Condition

User is unable to log in. 

Pr imary Customer and Administrator 

Tr igger User requests to log in 
DESCRIPTION Step Action

1 System prompts user for username and password. 
2 User enters username. 
3 User enters password. 
4 System validates information entered by the user. 
5 The information entered is valid. User is logged in, given 

access to the system according to the type and a 
confirmation message is displayed. 

EXTENSIONS Step Branching Action
5a The information entered is invalid: 

 5a1. An error message is displayed.  
SUB-
VARIATIONS 

Branching Action

 - 
RELATED 
INFORMATION
Pr ior ity: Top
Per formance 2-4 seconds 
Frequency Often
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -
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Logout
USE CASE#2 Logout
Goal in Context Logout after each session to prevent unauthorized access to the 

system. 
Scope &  Level System, Primary Task 
Preconditions User is logged in. 
Success End 
Condition

User is logged out 

Failed End 
Condition

User is not logged out. 

Pr imary Customer and Administrator 
Tr igger Logout request is received 
DESCRIPTION Step Action

1 User selects to logout.
2 System logs user out and displays a confirmation 

message. 
EXTENSIONS Step Branching Action

 - 
SUB-
VARIATIONS 

Branching Action

 - 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 1-3 seconds 
Frequency Often
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -

Subordinates -
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Browse titles
USE CASE#3 Browse titles 
Goal in Context User wants to browse titles 
Scope &  Level System, Primary Task 
Preconditions -
Success End 
Condition

-

Failed End 
Condition

-

Pr imary Customer and Administrator 
Tr igger Search request is received 
DESCRIPTION Step Action

1 User selects the category that they want to browse. 
2 System displays the title(s) in the selected category. 

EXTENSIONS Step Branching Action
3 User selects a subcategory. 
4 System displays the title(s) in the selected subcategory. 
5 Steps 3 & 4 are repeated until there is no further sub-

category of the selected (sub)-category or the user finds 
the title that they were looking for. 

SUB-
VARIATIONS 

Branching Action

 - 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 2-30 seconds 
Frequency Often
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -
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Search title(s)
USE CASE#3 Search title(s) 
Goal in Context User wants to search for title(s) 
Scope &  Level System, Primary Task 
Preconditions 1. User knows the keywords for searching the book 
Success End 
Condition

Search results are displayed 

Failed End 
Condition

-

Pr imary Customer and Administrator 
Tr igger Search request is received 
DESCRIPTION Step Action

1 User selects to search for a book.
2 User enters the keywords and selects the search option. 
3 System displays the search results. 

EXTENSIONS Step Branching Action
 - 

SUB-
VARIATIONS 

Branching Action

 - 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 2-30 seconds 
Frequency Often
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -
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Add title(s) to cart 
USE CASE#4 Add title(s) to cart 
Goal in Context User wants to purchase title(s). 
Scope &  Level System, Primary Task 
Preconditions 1. User is logged in. 
Success End 
Condition

Book is added to the virtual cart. 

Failed End 
Condition

Book is not added to the virtual cart. 

Pr imary Customer 
Tr igger “Add to cart”  request is received 
DESCRIPTION Step Action

1 User selects title(s).  
2 User then selects “Add to Cart”  option. 
3 System adds the selected title(s) to the virtual cart. 

EXTENSIONS Step Branching Action
 - 

SUB-
VARIATIONS 

Branching Action

 - 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 2 seconds 
Frequency Often
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -
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View cart 
USE CASE#5 View cart 
Goal in Context User wants to view the list of title(s) that they have selected to 

purchase.
Scope &  Level System, Primary Task 
Preconditions 1. User is logged in. 
Success End 
Condition

The list of title(s) in the virtual cart are displayed. 

Failed End 
Condition

-

Pr imary Customer 
Tr igger ªView cartº request is received 
DESCRIPTION Step Action

1 User selects to view the cart.
2 System displays the list of title(s) that were added to the 

virtual cart by the user. 
EXTENSIONS Step Branching Action

 - 
SUB-
VARIATIONS 

Branching Action

 - 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 2-10 seconds 
Frequency Often
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -
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Remove title(s) from cart 
USE CASE#6 Remove title(s) from cart 
Goal in Context User wants to remove title(s) from the list of title(s) they had 

initially selected for purchase. 
Scope &  Level System, Primary Task 
Preconditions 1. User is logged in. 

2. User has titles added on to the virtual cart. 
Success End 
Condition

Selected title(s) are removed from the virtual cart. 

Failed End 
Condition

Selected title(s) are not removed from the virtual cart. 

Pr imary Customer 
Tr igger ªRemove from cartº request is received 
DESCRIPTION Step Action

1 User selects title(s) from the list of titles in the virtual 
cart.

2 User then selects the option to remove the selected title 
from cart. 

3 System removes the selected title(s) from the cart. 
EXTENSIONS Step Branching Action

 - 
SUB-
VARIATIONS 

Branching Action

 - 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 2-5 seconds 
Frequency Often
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -
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Checkout
USE CASE#7 Checkout
Goal in Context User has finished purchasing books and wants to finalize the 

order.
Scope &  Level System, Primary Task 
Preconditions 1. User is logged in. 

2. User has titles added on to the virtual cart. 
Success End 
Condition

Title(s) that were added to the cart are ordered. 

Failed End 
Condition

Title(s) that were added to the cart are not ordered 

Pr imary Customer 
Tr igger ªCheckoutº request is received 
DESCRIPTION Step Action

1 User selects to checkout.  
2 System prompts the user for credit card details and 

shipping address. 
3 User enters the credit card details and the shipping 

address.
4 The data entered is valid and accepted by the system and 

the list of title(s) that were added to the virtual cart by the 
user are ordered. 

EXTENSIONS Step Branching Action
 - 

SUB-
VARIATIONS 

Branching Action

4a The credit card information entered is invalid. 
4a1. An error message is displayed asking customer to 
re-enter their credit card information. 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 5-45 seconds 
Frequency Often
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -
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Update details
USE CASE#8 Update details 
Goal in Context User wants to update their details.
Scope &  Level System, Primary Task 
Preconditions 1. User is logged in. 
Success End 
Condition

User details are updated. 

Failed End 
Condition

User details are not updated. 

Pr imary Customer and Administrator 
Tr igger ªCheckoutº request is received 
DESCRIPTION Step Action

1 User selects to update their details.
2 System prompts the user for entering in the user details 
3 User enters their new details and confirms the data 

entered.
4 The user details entered are valid and the system updates 

the details and displays an appropriate message. 
EXTENSIONS Step Branching Action

 - 
SUB-
VARIATIONS 

Branching Action

4a The user details entered are not valid.
4a1. System displays an appropriate error message 
asking to re-enter their details. 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 5-8 seconds 
Frequency Rarely
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -
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Add title(s)
USE CASE#9 Add title(s) 
Goal in Context New title(s) need to be added to the system.  
Scope &  Level System, Primary Task 
Preconditions 1. Administrator is logged in. 
Success End 
Condition

The new title is added to the system. 

Failed End 
Condition

The new title is not added to the system. 

Pr imary Administrator 
Tr igger The user selects to add a title. 
DESCRIPTION Step Action

1 The user selects to add a title. 
2 System prompts the user to enter the required details. 
3 User enters in the requested details and confirms the 

details entered. 
4 The title details entered by the user are valid and the title 

is now added to the system. 
EXTENSIONS Step Branching Action

 - 
SUB-
VARIATIONS 

Branching Action

4a The title details entered are not valid.
4a1. System displays an appropriate error message 
asking to re-enter the title details. 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 4-6 seconds 
Frequency Often
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -
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Update title(s)
USE CASE#10 Update title(s) 
Goal in Context Title(s) need to be updated.  
Scope &  Level System, Primary Task 
Preconditions 1. Administrator is logged in. 
Success End 
Condition

The title is updated. 

Failed End 
Condition

The title is not updated. 

Pr imary Administrator 
Tr igger The user selects to update a title. 
DESCRIPTION Step Action

1 The user selects the title and update title option. 
2 System prompts the user to enter the required details. 
3 User enters in the requested details and confirms the new 

details entered. 
4 The title details entered by the user are valid and the title 

is updated. 
EXTENSIONS Step Branching Action

 - 
SUB-
VARIATIONS 

Branching Action

4a The title details entered are not valid.
4a1. System displays an appropriate error message 
asking to re-enter the title details. 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 4-6 seconds 
Frequency Rarely
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -
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Remove title(s)
USE CASE#11 Remove title(s) 
Goal in Context Title(s) need to be removed.  
Scope &  Level System, Primary Task 
Preconditions 1. Administrator is logged in. 
Success End 
Condition

The title is removed 

Failed End 
Condition

The title is not removed. 

Pr imary Administrator 
Tr igger The user selects to remove a title. 
DESCRIPTION Step Action

1 The user selects the title and then selects the remove title 
option.

2 Administrator confirms the request. 
3 The system removes the title from the database. 

EXTENSIONS Step Branching Action
 - 

SUB-
VARIATIONS 

Branching Action

 - 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 2-4 seconds 
Frequency Rarely
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -
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Add publisher(s)
USE CASE#12 Add publisher(s) 
Goal in Context New publisher(s) need to be added to the system. 
Scope &  Level System, Primary Task 
Preconditions 1. Administrator is logged in. 
Success End 
Condition

The new publisher is added to the system. 

Failed End 
Condition

The new publisher is not added to the system. 

Pr imary Administrator 
Tr igger The user selects to add a publisher. 
DESCRIPTION Step Action

1 The user selects to add a publisher. 
2 System prompts the user to enter the required details. 
3 User enters in the requested details and confirms the 

details entered. 
4 The publisher details entered by the user are valid and 

the publisher is now added to the system. 
EXTENSIONS Step Branching Action

 - 
SUB-
VARIATIONS 

Branching Action

4a The publisher details entered are not valid.  
4a1. System displays an appropriate error message 
asking to re-enter the publisher details. 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 4-6 seconds 
Frequency Rarely
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -



56

Update publisher details
USE CASE#13 Update publisher details 
Goal in Context Details of one or more publishers need to be updated. 
Scope &  Level System, Primary Task 
Preconditions 1. Administrator is logged in. 
Success End 
Condition

The publisher details are updated. 

Failed End 
Condition

The publisher details are not updated. 

Pr imary Administrator 
Tr igger The user selects to update publisher details. 
DESCRIPTION Step Action

1 The user selects the publisher and update publisher 
details option. 

2 System prompts the user to enter the required details. 
3 User enters in the requested details and confirms the new 

details entered. 
4 The publisher details entered by the user are valid and 

the publisher details are updated. 
EXTENSIONS Step Branching Action

 - 
SUB-
VARIATIONS 

Branching Action

4a The publisher details entered are not valid.  
4a1. System displays an appropriate error message 
asking to re-enter the publisher details. 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 4-6 seconds 
Frequency Rarely
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -
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Remove publisher(s)
USE CASE#14 Remove publisher(s) 
Goal in Context Publisher(s) need to be removed from the system. 
Scope &  Level System, Primary Task 
Preconditions 1. Administrator is logged in. 
Success End 
Condition

The publisher is removed 

Failed End 
Condition

The publisher is not removed. 

Pr imary Administrator 
Tr igger The user selects to remove a publisher. 
DESCRIPTION Step Action

1 The user selects the publisher and then selects the 
remove publisher option. 

2 Administrator confirms the request. 
3 The system removes the publisher from the database. 

EXTENSIONS Step Branching Action
 - 

SUB-
VARIATIONS 

Branching Action

 - 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 2-4 seconds 
Frequency Rarely
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -



58

Add author(s)
USE CASE#15 Add author 
Goal in Context New author(s) need to be added to the system.  
Scope &  Level System, Primary Task 
Preconditions 1. Administrator is logged in. 
Success End 
Condition

The new author is added to the system. 

Failed End 
Condition

The new author is not added to the system. 

Pr imary Administrator 
Tr igger The user selects to add a author. 
DESCRIPTION Step Action

1 The user selects to add an author. 
2 System prompts the user to enter the required details. 
3 User enters in the requested details and confirms the 

details entered. 
4 The author details entered by the user are valid and the 

author is now added to the system. 
EXTENSIONS Step Branching Action

 - 
SUB-
VARIATIONS 

Branching Action

4a The author details entered are not valid.  
4a1. System displays an appropriate error message 
asking to re-enter the author details. 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 4-6 seconds 
Frequency Rarely
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -
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Update author details
USE CASE#16 Update author details 
Goal in Context Details for one or more authors need to be updated. 
Scope &  Level System, Secondary Task 
Preconditions 1. Administrator is logged in. 
Success End 
Condition

The author details are updated. 

Failed End 
Condition

The author details are not updated. 

Pr imary Administrator 
Tr igger The user selects to update author details. 
DESCRIPTION Step Action

1 The user selects the author and update author details 
option.

2 System prompts the user to enter the required details. 
3 User enters in the requested details and confirms the new 

details entered. 
4 The author details entered by the user are valid and the 

author details are updated. 
EXTENSIONS Step Branching Action

 - 
SUB-
VARIATIONS 

Branching Action

4a The author details entered are not valid.  
4a1. System displays an appropriate error message 
asking to re-enter the author details. 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 4-6 seconds 
Frequency Rarely
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -
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Remove author(s)
USE CASE#17 Remove author(s) 
Goal in Context Author(s) need to be removed from the system. 
Scope &  Level System, Secondary Task 
Preconditions 1. Administrator is logged in. 
Success End 
Condition

The author is removed 

Failed End 
Condition

The author is not removed. 

Pr imary Administrator 
Tr igger The user selects to remove a author. 
DESCRIPTION Step Action

1 The user selects the author and then selects the remove 
author option. 

2 Administrator confirms the request. 
3 The system removes the author from the database. 

EXTENSIONS Step Branching Action
 - 

SUB-
VARIATIONS 

Branching Action

 - 

RELATED 
INFORMATION

-

Pr ior ity: Top
Per formance 2-4 seconds 
Frequency Rarely
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -
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Add new administrator 
USE CASE#18 Add new administrator 
Goal in Context A new administrator needs to be added to the system.  
Scope &  Level System, Secondary Task 
Preconditions 1. Administrator is logged in. 
Success End 
Condition

The new administrator is added to the system. 

Failed End 
Condition

The new administrator is not added to the system. 

Pr imary Administrator 
Tr igger The user selects to add a new administrator 
DESCRIPTION Step Action

1 The user selects to add a new administrator 
2 System prompts the user to enter the required details. 
3 User enters in the requested details and confirms the 

details entered. 
4 The new administrator details entered by the user are 

valid and the new administrator is now added to the 
system. 

EXTENSIONS Step Branching Action
 - 

SUB-
VARIATIONS 

Branching Action

4a The administrator details entered are not valid.  
4a1. System displays an appropriate error message 
asking to re-enter the user details. 

RELATED 
INFORMATION

-

Pr ior ity: Medium  
Per formance 4-6 seconds 
Frequency Rarely
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -
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Remove administrator 
USE CASE#19 Remove administrator 
Goal in Context An administrator needs to be removed from the system.  
Scope &  Level System, Secondary Task 
Preconditions 1. Administrator is logged in. 

2. Administrator is not trying to remove himself/herself. 
Success End 
Condition

The user is removed from the system. 

Failed End 
Condition

The user is not removed from the system. 

Pr imary Administrator 
Tr igger The user selects to remove an administrator 
DESCRIPTION Step Action

1 The user selects an administrator to be removed from the 
system and then selects the remove an option 

2 System prompts for a confirmation of action request. 
3 The user confirms the request 
4 The selected administrator is removed from the system. 

EXTENSIONS Step Branching Action
 - 

SUB-
VARIATIONS 

Branching Action

3 The user cancels the request.  
4 The selected administrator is not removed from the
    system. 

RELATED 
INFORMATION

-

Pr ior ity: Medium  
Per formance 2-4 seconds 
Frequency Rarely
Channel to actors Interactive
OPEN ISSUES  -
Due Date Release 1.0 
...any other
management
information... 

-

Superordinates -
Subordinates -



63

.2 Use case diagrams

Customer 


Log in


Log out


Add title(s) to

Cart


Search title(s)


Remove title(s)

from cart


View cart


Checkout


Update details


Browse titles


<<extends>>
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Administrator 


Log in


Log out


Remove title(s)


Search title(s)


Update title(s)


Add title(s)


Add author(s)


Update details


Browse titles

<<extends>>


Add publisher(s)


Update author

details


Update publisher

details


Remove

publisher(s)


Remove

author(s)
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.3 Class diagram
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Author


- ID : number

- Name : string

-
 YOB
 : number


+
 AddAuthor
 ()

+
 RemoveAuthor
 ()

+
 UpdateAuthor
 ()

+
 CheckAuthor
 ()

+
 CheckAuthorDependency
 ()


Title


- ISBN : string

-
 TitleName
  : string

-
 TitlePrice
  : number

-
 TitleYearPublished
  : number


+
 AddTitle
 ()

+
 RemoveTitle
 ()

+
 UpdateTitle
 ()

+
 CheckTitle
 ()


Address


-
 StreetNumber
  : string

-
 StreetName
  : string

- City : string

- State : string

- Zip : string

- Phone : string

- Fax : string

-
 Email
 : string


+
 UpdateAddress
 ()

+
 AddAddress

+
 RemoveAddress


Category


- ID : number

- Name : string

-
 Desscription
  : string


+
AddCategory
 ()

+
UpdateCategory
 ()

+
RemoveCategory
 ()

+
CheckCategory
 ()


Cart


-
 CartID
  : number

-
 OrderDate
  : date

-
 LastUpdate
  : date


+
 AddTitleToCart
 ()

+
 ViewCart
 ()

+
 RemoveTitleFromCart
 ()


Publisher


- ID :  number

- Name : string

- Comments : string


+
 AddPublisher
 ()

+
 RemovePublisher
 ()

+
 UpdatePublisher
 ()

+
 CheckPublisher
 ()

+
 CheckPublisherDependency
 ()


Administrator


+
 AddNewAdministrator
 ()

+
 RemoveAdministrator
 ()


User
 { abstract} 


-
 FirstName
  : string

-
 LastName
  : string

-
 LoginID
  : string

- Password : string


+
 LogIn
 ()

+
 LogOut
 ()

+
 UpdateDetails
 ()

+
 CheckLoginDetails
 ()

+
 BrowseTitles
 ()

+
 SearchTitle
 ()

+
 CheckDetails
 ()


Customer


+
 AddNewCustomer
 ()

+
 RemoveCustomer
 ()

+
 CheckOut
 ()

+
 CheckCreditCardDetails
 ()


1


1


1

1


1..
n


1..
n


1


1


Shipping Address


Class

Diagram


F
igure

1:
C

lass
diagram



67

.4 Package diagram

User
 Title


Figure 2: Packagediagram
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.5 Sequence diagrams
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User 


LogOut
 ()


 : User


Confirmation message


Use Case 2: Log out


User 


LogIn
 ()


 : User


[invalid log in details]

Error Message


CheckLoginDetails
 ()


Use Case 1: Log in


User 


BrowseTitles
 ()


 : User


List of title(s)


Use Case 3: Browse titles


User 


SearchTitle
 ()


 : User


Search result


Use Case 4: Search title(s)


[correct log in details]

Welcome Message


User  represents the

instantiation
  of respective

classes for  Administrator 


and Customer.

P.S
: User  is an abstract class


Figure 3: Sequence diagrams I
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Customer 


 :Customer


Confirmation message


Use Case 5: Add title(s) to cart


AddTitleToCart
 ()


 :Cart

Customer 


 :Customer


Lisr
 of items in cart


Use Case 6: View cart


ViewCart
 ()


 :Cart


Customer 


 :Customer


[Title present in cart]

Confirmation message


Use Case 7: Remove title(s) from cart


RemoveTitleFromCart
 ()


 :Cart


[No title present in cart]

Error message


Customer 


 :Customer


[Title present in cart]

Ask for details


Use Case 8: Check out


[No title present in cart]

Error message


CheckOut
 ()


Credit cart details and other details


CheckCreditCardDetails
 ()


[Credit card details valid]

Confirmation message


[Credit card details invalid]

Error message


Figure 4: Sequence diagrams II
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User 


UpdateDetails
 ()


 : User


[Valid details]

Confirmation message


Use Case 9: Update details


[Invalid details]

Error message


User details


CheckDetails
 ()


Administrator 


AddTitle
 ()


 : Title


[Valid details]

Confirmation message


Use Case 10: Add title(s)


[Invalid details]

Error message


CheckTitle
 ()


Administrator 


UpdateTitle
 ()


 : Title


[Valid details]

Confirmation message


Use Case 11: Update title(s)


[Invalid details]

Error message


CheckTitle
 ()


Administrator 


RemoveTitle
 ()


 : Title


[Valid details]

Confirmation message


Use Case 12: Remove title(s)


Figure 5: Sequence diagrams III
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Administrator 


AddPublisher
 ()


 : Publisher


[Valid details]

Confirmation message


Use Case 13: Add publisher(s)


[Invalid details]

Error message


CheckPublisher
 ()


Administrator 


UpdatePublisher
 ()


 : Publisher


[Valid details]

Confirmation message


Use Case 14: Update publisher details


[Invalid details]

Error message


CheckPublisher
 ()


Administrator 


RemovePublisher
 ()


 : Publisher


[No dependency]

Confirmation message


Use Case 15: Remove publisher(s)


[Dependency/title(s) from the

publisher exist]

Error message


AddAuthor
 ()


 : Author


[Valid details]

Confirmation message


Use Case 16: Add author(s)


[Invalid details]

Error message


CheckAuthor
 ()


Administrator 


CheckPublisherDependency
 ()


Figure 6: Sequence diagrams IV
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Administrator 


AddPublisher
 ()


 : Publisher


[Valid details]

Confirmation message


Use Case 13: Add publisher(s)


[Invalid details]

Error message


CheckPublisher
 ()


Administrator 


UpdatePublisher
 ()


 : Publisher


[Valid details]

Confirmation message


Use Case 14: Update publisher details


[Invalid details]

Error message


CheckPublisher
 ()


Administrator 


RemovePublisher
 ()


 : Publisher


[No dependency]

Confirmation message


Use Case 15: Remove publisher(s)


[Dependency/title(s) from the

publisher exist]

Error message


AddAuthor
 ()


 : Author


[Valid details]

Confirmation message


Use Case 16: Add author(s)


[Invalid details]

Error message


CheckAuthor
 ()


Administrator 


CheckPublisherDependency
 ()


Figure 7: Sequence diagrams V
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.6 State diagrams

Add publisher[Details OK] / Publisher enlisted


Enlisted


Remove publisher [Publisher exists & no dependencies]

 / Publisher removed


Update publisher details [Details OK]


Publisher State Diagram


Add title [Details OK] / Title catalogued


Catalogued

Remove title [Title exists] / Title removed


Update title [Details OK]


Title State Diagram


Figure 8: State diagrams I
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Add author[Details OK] / Publisher enlisted


Enlisted


Remove author [Author exists & no dependencies]

 / Author removed


Update author details [Details OK]


Author State Diagram


Register[Details OK] / User registered


Registered user 

(customer)


Remove customer

 / Customer removed


Update details [Details OK]


Customer State Diagram


Customer not normally

removed from the


system but the

functionality represented

in state diagram for the


sake of completion


Figure 9: State diagrams II
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Create new administrator [Details OK] / Administrator created


System

Administrator 


Remove administrator

 / Administrator removed


Update details [Details OK]


Administrator State Diagram


Figure 10: State diagrams III
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App endix B

.1 Entit y relationship diagram
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Figure 11: Entity relationship diagram
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.2 Assertions for use cases
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1. Log in 
Log in 

Pre-Conditions -

Post Conditions 

1. User not logged in, if incorrect login information or user not 
registered with the system. 

2. User logged in and given access to system depending on login 
information entered, if user registered with the system and correct 
login information entered.  

Invar iants -
Associated classes User, Administrator, Customer 

Associated methods LogIn(), CheckLoginDetails() 

AsmL code 

LogI n( . . . )  as . . .  
var  Ret ur nSt r i ng as St r i ng = “ ” ;  
i f  ( . . . )  
t hen   / / l ogi n det ai l s OK 

/ * . . .  
*  Add code f or  changi ng t he Logi nSt at us t o t r ue,   
*  pr ovi di ng user  wi t h access 
*  t o t he syst em dependi ng on t he user  t ype 
. . . * /  
ensur e Logi nSt at us = t r ue      / / post - condi t i on 

el se   / / i nval i d l ogi n det ai l s 
  / *  

         *   Cl eanup code ( i f  r equi r ed)  
         * /  
         ensur e Logi nSt at us = f al se     / / post - condi t i on 

2. Log out 
Log out 

Pre-Conditions 1.   User logged in. 
Post Conditions 1. User logged out. 

Invar iants -
Associated classes  User, Administrator, Customer 

Associated methods Logout() 

AsmL code 

LogOut ( Logi nI D as St r i ng)  as . . .  
r equi r e Logi nSt at us = t r ue      / / pr e- condi t i on 
/ * . . .  
*  Add code f or  l oggi ng t he user  out  
. . . * /   
Logi nSt at us : = f al se 
ensur e Logi nSt at us = f al se      / / post - condi t i on 
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3. Browse titles 
Browse titles 

Pre-Conditions -
Post Conditions -

Invar iants -

Associated classes 
User, Customer, Administrator, Author, Category, Publisher, 
Title 

Associated methods BrowseTitles() 
AsmL code -

4. Search title(s) 
Search title(s) 

Pre-Conditions 1. User enters in the keyword(s) to search for. 
Post Conditions -

Invar iants -
Associated classes User, Administrator, Customer, Author, Category, Publisher, Title 

Associated 
methods

SearchTitle() 

AsmL code 

Sear chTi t l e( KeyWor ds as Set  of  St r i ng)  as Set  of  Ti t l e 
r equi r e Si ze( KeyWor ds) >0     / / Pr e- Condi t i on 
/ *  
*  Add code f or  popul at i ng t he r esul t  set  
*
* /  
r et ur n r esul t  
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5. Add title(s) to cart
Add title(s) to car t 

Pre-Conditions 
1. User is logged in. 
2. A title has been selected to be added to cart. 
3. User is a customer 

Post Conditions 1.  The selected title is added to the virtual cart. 

Invar iants 1. User is logged in 
2. User is a customer 

Associated classes User, Customer, Author, Category, Publisher, Title, Cart 
Associated methods AddTitleToCart() 

AsmL code 

AddTi t l eToCar t ( myTi t l e as Map of  Ti t l e t o I nt eger ,  myCar t  
as Car t )  as . . .  
    r equi r e ( Logi nSt at us = t r ue)  and ( myTi t l e ne { } )  and 
( User AccessType = “ cust omer ” )      / / pr econdi t i on 
    const r ai nt  Logi nSt at us = t r ue  and ( User AccessType = 
“ cust omer ” )       / / i nvar i ant  
    

/ *  
*  Code t o add t i t l e t o t he vi r t ual  car t      
* /  

     
   ensur e Si ze( I ndi ces( myCar t . Ti t l es)  i nt er sect  
I ndi ces( myTi t l e) )  > 0     / / post - condi t i on 

6. View cart 
View car t 

Pre-Conditions 1. User is logged in 
2. User is a customer 

Post Conditions -

Invar iants
1. User is logged in 
2. User is a customer 

Associated classes User, Customer, Author, Category, Publisher, Title 
Associated methods ViewCart() 

AsmL code 

Vi ewCar t ( . . . )  as . . .  
  r equi r e ( Logi nSt at us = t r ue)  and ( User AccessType = 
“ cust omer ” )      / / pr econdi t i on 
  const r ai nt  Logi nSt at us = t r ue and ( User AccessType = 
“ cust omer ” )      / / i nvar i ant  
  / *  
  *  Code t o di spl ay l i st  of  t i t l e( s)  t o t he vi r t ual     
  *  car t  
  * /  
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7. Remove title(s) from cart 
Remove title(s) from car t 

Pre-Conditions 

1. User is logged in 
2. User is a customer 
3. The title that the user intends to remove exists in the list of 

titles currently in virtual cart. 
Post Conditions 1.  The title is removed from the virtual cart. 

Invar iants 1. The user is logged in 
Associated 

classes
User, Customer, Author, Category, Publisher, Title 

Associated 
methods 

RemoveTitleFromCart() 

AsmL code 

RemoveTi t l eToCar t ( myTi t l e as Map of  Ti t l e t o I nt eger ,  myCar t  
as Car t )  as … 
   r equi r e ( Logi nSt at us = t r ue)  and 
( Si ze( I ndi ces( myCar t . Ti t l es)  i nt er sect  I ndi ces( myTi t l e) )  > 0)  
and ( User AccessType = “ cust omer ” )      / / pr econdi t i on 
   
   const r ai nt  Logi nSt at us = t r ue and ( User AccessType = 
“ cust omer ” )      / / i nvar i ant  

/ *  
*  Code t o r emove t i t l e f r om t he vi r t ual  car t   
* /  

     
   ensur e Si ze( I ndi ces( myCar t . Ti t l es)  i nt er sect  
I ndi ces( myTi t l e) )  = 0     / / post - condi t i on 
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8. Checkout 
Checkout

Pre-Conditions 
1. User is logged in 
2. User is a customer 
3. The user has title(s) present in the virtual cart. 

Post Conditions 

1. The virtual cart is emptied, if correct credit card 
information entered. 

2. The virtual cart is not emptied, if incorrect credit card 
information is entered. 

Invar iants
1. The user is logged in 
2. User is a customer 

Associated classes User, Customer, Author, Category, Publisher, Title, Address 
Assoicated methods CheckCreditCardDetails(), CheckOut() 

AsmL code 

CheckOut ( myCar t  as Car t )  as . . .  
  r equi r e ( Logi nSt at us = t r ue)  and ( Si ze( myCar t . Ti t l es)  > 
0)  and ( User AccessType = “ cust omer ” )      / / pr econdi t i on 

  const r ai nt  Logi nSt at us = t r ue and ( User AccessType = 
“ cust omer ” )      / / i nvar i ant  

  / *  
  *  Code t o get  user  det ai l s  
  * /  

  i f  ( . . . )  
    t hen / / det ai l s OK 
       / *   
       *  Code t o check user  out   
       * /  
       ensur e Si ze( myCar t . Ti t l es)  = 0 and ( User AccessType = 
“ cust omer ” )      / / post - condi t i on # 1 
    el se   / / i nf or mat i on ent er ed i ncor r ect  
       ensur e Si ze( myCar t . Ti t l es)  > 0 and ( User AccessType = 
“ cust omer ” )      / / post - condi t i on # 2 
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9. Update details 
Update details 

Pre-Conditions 1. User is logged in 

Post Conditions 

1. User details are updated, if new details entered are correct and 
different from the ones initially. 

2. User details are not updated, if new details entered are 
incorrect or same as the ones initially. 

Invar iants 1. User is logged in 
Associated 

classes
User, Administrator, Customer, Address 

Associated 
methods 

UpdateDetails() 

AsmL code 

Updat eDet ai l s( myAdmi n as Admi ni st r at or ,  newFi r st Name as 
St r i ng,  newLast Name as St r i ng,  newPasswor d as St r i ng)  as . . .  
  r equi r e ( Logi nSt at us = t r ue)      / / pr econdi t i on 
  const r ai nt  Logi nSt at us = t r ue     / / i nvar i ant  
   
  i f  ( . . . )  
  t hen     / / i f  new det ai l s  cor r ect  and di f f er ent  f r om t he 
pr evi ous ones 
     / *  
     *  Code t o updat e det ai l s and Ret ur nSt r i ng 
     * /  
     ensur e ( myAdmi n. Fi r st Name = newFi r st Name and 
myAdmi n. Last Name = newLast Name and myAdmi n. Passwor d = 
newPasswor d)       / / post - condi t i on 
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10. Add title(s) 
Add title(s) 

Pre-Conditions 
1. User is logged in 
2. The user is an administrator 

Post Conditions 

1. The new title is added, if the entered information is correct 
and the title did not exist initially. 

2. The title is not added, if the entered information is incorrect or 
the title existed initially. 

Invar iants
1. User is logged in 
2. User is an administrator 

Associated 
classes

User, Administrator, Author, Category, Publisher, Title, Address 

Associated 
methods 

AddTitle(), CheckTitle() 

AsmL code 

AddTi t l e( . . . )  as . . .  
  r equi r e ( Logi nSt at us = t r ue)  and ( User AccessType = “ admi n” )    
/ / pr econdi t i on 
  const r ai nt  ( Logi nSt at us = t r ue)  and ( User AccessType = 
“ admi n” )      / / i nvar i ant  
     
  i f  ( . . . )  
  t hen     / / cor r ect  i nf or mat i on 
     / *  
     *  Code t o add a new t i t l e 
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t he t i t l e 
has been added 
  el se      / / i ncor r ect  i nf or mat i on 
     / *  
     *  Code ( cl eanup code – i f  r equi r ed)  
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t he t i t l e 
has not  been added 
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11. Update title(s) 
Update title(s) 

Pre-Conditions 
1. User is logged in 
2. The user is an administrator. 

Post Conditions 

1. The title is updated, if the entered information is correct and 
the new information is different from what it was initially. 

2. The title is not updated, if the entered information is incorrect 
or the new information entered is same as what existed 
initially. 

Invar iants
1. User is logged in 
2. User is an administrator 

Associated 
classes

User, Administrator, Author, Category, Publisher, Title, Address 

Associated 
methods 

UpdateTitle(), CheckTitle() 

AsmL code 

Updat eTi t l e( . . . )  as . . .  
  r equi r e ( Logi nSt at us = t r ue)  and ( User AccessType = “ admi n” )    
/ / pr econdi t i on 
  const r ai nt  ( Logi nSt at us = t r ue)  and ( User AccessType = 
“ admi n” )     / / i nvar i ant  
     
  i f  ( . . . )  
  t hen     / / cor r ect  i nf or mat i on 
     / *  
     *  Code t o updat e t i t l e 
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t he t i t l e 
has been updat ed 
  el se      / / i ncor r ect  i nf or mat i on 
     / *  
     *  Code ( cl eanup code – i f  r equi r ed)  
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t he t i t l e 
has not  been updat ed 



88

12. Remove title(s) 
Remove title(s) 

Pre-Conditions 
1. User is logged in 
2. The user is an administrator. 
3. The title exists in the system database. 

Post Conditions 1. The title is removed. 

Invar iants
1. User is logged in 
2. User is an administrator 

Associated 
classes

User, Administrator, Author, Category, Publisher, Title, Address 

Associated 
methods 

RemoveTitle() 

AsmL code 

RemoveTi t l e( . . . )  as . . .  
  r equi r e ( Logi nSt at us = t r ue)  and ( User AccessType = “ admi n” )    
/ / pr econdi t i on 
  const r ai nt  ( Logi nSt at us = t r ue)  and ( User AccessType = 
“ admi n” )      / / i nvar i ant  
  / *  
  *  Code t o r emove t i t l e 
  * /  
  ensur e ( . . . )       / / post - condi t i on t o ensur e t he t i t l e has 
been r emoved 
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13. Add publisher(s) 
Add publisher(s) 

Pre-Conditions 
1. User is logged in 
2. The user is an administrator 

Post Conditions 

1. The new publisher is added, if the entered information is 
correct and the publisher did not exist initially. 

2. The publisher is not added, if the entered information is 
incorrect or the publisher existed initially. 

Invar iants
1. User is logged in 
2. User is an administrator 

Associated 
classes

User, Administrator, Category, Publisher, Address 

Associated 
methods 

AddPublisher(), CheckPublisher() 

AsmL code 

AddPubl i sher ( . . . )  as . . .  
  r equi r e ( Logi nSt at us = t r ue)  and ( User AccessType = “ admi n” )    
/ / pr econdi t i on 
  const r ai nt  Logi nSt at us = t r ue and ( User AccessType = “ admi n” )   
/ / i nvar i ant  
     
  i f  ( . . . )  
  t hen     / / cor r ect  i nf or mat i on 
     / *  
     *  Code t o add a new publ i sher  
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t he 
publ i sher  has been added 
  el se      / / i ncor r ect  i nf or mat i on 
     / *  
     *  Code ( cl eanup code – i f  r equi r ed)  
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t he 
publ i sher  has not  been added
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14. Update publisher details 
Update publisher  details 

Pre-Conditions 
1. User is logged in 
2. The user is an administrator 

Post Conditions 

1. The publisher details are updated, if the entered information is 
correct and the new information is different from what it was 
initially. 

2. The publisher details are not updated, if the entered 
information is incorrect or the new information entered is 
same as what existed initially. 

Invar iants 1. User is logged in 
2. User is an administrator 

Associated 
classes

User, Administrator, Category, Publisher, Address 

Associated 
methods 

CheckPublisher(), UpdatePublisher() 

AsmL code 

Updat ePubl i sher ( . . . )  as . . .  
  r equi r e ( Logi nSt at us = t r ue)  and ( User AccessType = “ admi n” )    
/ / pr econdi t i on 
  const r ai nt  Logi nSt at us = t r ue and ( User AccessType = “ admi n” )   
/ / i nvar i ant  
     
  i f  ( . . . )  
  t hen     / / cor r ect  i nf or mat i on 
     / *  
     *  Code t o updat e publ i sher  det ai l s  
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t he 
publ i sher  det ai l s have been updat ed 
  el se      / / i ncor r ect  i nf or mat i on 
     / *  
     *  Code ( cl eanup code – i f  r equi r ed)  
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t he 
publ i sher  det ai l s have not  been updat ed
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15. Remove publisher(s) 
Remove publisher (s) 

Pre-Conditions 

1. User is logged in 
2. The user is an administrator  
3. The publisher exists in the system database. 
4. There are no title(s) existent in the system database published 

by the publisher to be removed. 

Post Conditions 
1. The publisher is removed, if there are no dependencies (no 

books by the publisher being removed) 
2. The publisher is not removed, if there are dependencies. 

Invar iants 1. User is logged in 
2. User is an administrator 

Associated 
classes

User, Administrator, Category, Publisher, Address, Author, Title 

Associated 
methods 

CheckPublisherDependency(), RemovePublisher() 

AsmL code 

RemovePubl i sher ( . . . )  as . . .  
  r equi r e ( Logi nSt at us = t r ue)  and ( User AccessType = “ admi n” )    
/ / pr econdi t i on 
  const r ai nt  Logi nSt at us = t r ue and ( User AccessType = “ admi n” )   
/ / i nvar i ant  
     
  i f  ( . . . )  
  t hen     / / no dependenci es 
     / *  
     *  Code t o r emove publ i sher  
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t he 
publ i sher  has been r emoved  
  el se     / / dependenci es 
     / *  
     *  Code ( cl eanup code i f  r equi r ed)  
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t hat  t he 
publ i sher  has not  been r emoved.  
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16. Add author(s) 
Add author (s) 

Pre-Conditions 
1. User is logged in 
2. The user is an administrator 

Post Conditions 

1. The new author is added, if the entered information is 
correct and the author did not exist initially. 

2. The author is not added, if the entered information is 
incorrect or the author existed initially. 

Invar iants
1. User is logged in 
2. User is an administrator 

Associated classes User, Administrator, Category, Author 
Associated methods AddAuthor(), CheckAuthor() 

AsmL code 

AddAut hor ( . . . )  as . . .  
  r equi r e ( Logi nSt at us = t r ue)  and ( User AccessType = 
“ admi n” )      / / pr econdi t i on 
  const r ai nt  Logi nSt at us = t r ue and ( User AccessType = 
“ admi n” )      / / i nvar i ant  
     
  i f  ( . . . )  
  t hen     / / cor r ect  i nf or mat i on 
     / *  
     *  Code t o add a new aut hor  
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t he 
aut hor  has been added 
  el se      / / i ncor r ect  i nf or mat i on 
     / *  
     *  Code ( cl eanup code – i f  r equi r ed)  
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t he 
aut hor  has not  been added
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17. Update author details 
Update author  details 

Pre-Conditions 
1. User is logged in 
2. The user is an administrator 

Post Conditions 

1. The author details are updated, if the entered information is 
correct and the new information is different from what it was 
initially. 

2. The author details are not updated, if the entered information 
is incorrect or the new information entered is same as what 
existed initially. 

Invar iants 1. User is logged in 
2. User is an administrator 

Associated 
classes

User, Administrator, Category, Author 

Associated 
methods 

UpdateAuthor(), CheckAuthor() 

AsmL code 

Updat eAut hor ( . . . )  as . . .  
  r equi r e ( Logi nSt at us = t r ue)  and ( User AccessType = “ admi n” )    
/ / pr econdi t i on 
  const r ai nt  Logi nSt at us = t r ue and ( User AccessType = “ admi n” )   
/ / i nvar i ant  
     
  i f  ( . . . )  
  t hen     / / cor r ect  i nf or mat i on 
     / *  
     *  Code t o updat e aut hor  det ai l s  
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t he aut hor  
det ai l s have been updat ed 
  el se      / / i ncor r ect  i nf or mat i on 
     / *  
     *  Code ( cl eanup code – i f  r equi r ed)  
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t he aut hor  
det ai l s have not  been updat ed
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18. Remove author(s) 
Remove author(s) 

Pre-Conditions 

1. User is logged in 
2. The user is an administrator  
3. The author exists in the system database. 
4. There is no title(s) existent in the system database by the 

author to be removed. 

Post Conditions 
1. The author is removed, if there are no dependencies (no books 

by the author being removed) 
2. The author is not removed, if there are dependencies. 

Invar iants 1. User is logged in 
2. User is an administrator 

Associated 
classes

User, Administrator, Category, Author 

Associated 
methods 

CheckAuthorDependency(), RemoveAuthor() 

AsmL code 

RemoveAut hor ( . . . )  as . . .  
  r equi r e ( Logi nSt at us = t r ue)  and ( User AccessType = “ admi n” )    
/ / pr econdi t i on 
  const r ai nt  Logi nSt at us = t r ue and ( User AccessType = “ admi n” )   
/ / i nvar i ant  
     
  i f  ( . . . )  
  t hen     / / no dependenci es 
     / *  
     *  Code t o r emove aut hor  
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t he aut hor  
has been r emoved  
  el se     / / dependenci es 
     / *  
     *  Code ( cl eanup code i f  r equi r ed)  
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t hat  t he 
aut hor  has not  been r emoved.  
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19. Add new administrator 
Add new administrator  

Pre-Conditions 
1. User is logged in 
2. The user is an administrator 

Post Conditions 

1. The new administrator is added, if the entered information is 
correct and the administrator did not exist initially. 

2. The administrator is not added, if the entered information is 
incorrect or the administrator existed initially. 

Invar iants
1. User is logged in 
2. User is an administrator 

Associated 
classes

User, Administrator 

Associated 
methods 

AddNewAdministrator(), CheckDetails() 

AsmL code 

AddNewAdmi ni st r at or  ( . . . )  as . . .  
  r equi r e ( Logi nSt at us = t r ue)  and ( User AccessType = “ admi n” )    
/ / pr econdi t i on 
  const r ai nt  Logi nSt at us = t r ue and ( User AccessType = “ admi n” )   
/ / i nvar i ant  
     
  i f  ( . . . )  
  t hen     / / cor r ect  i nf or mat i on and non- exi st ent  admi n 
     / *  
     *  Code t o add a new admi ni st r at or  
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t he new 
admi ni st r at or  has been added 
  el se      / / i ncor r ect  i nf or mat i on or  admi n exi st s 
     / *  
     *  Code ( cl eanup code – i f  r equi r ed)  
     * /  
     ensur e ( . . . )       / / post - condi t i on t o ensur e t he new 
admi ni st r at or  has not  been added
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20. Remove administrator 
Remove administrator  

Pre-Conditions 
1. User is logged in 
2. The user is an administrator  

Post Conditions 1. The administrator is removed. 

Invar iants
1. User is logged in 
2. User is an administrator 
3. The administrator is not trying to remove himself/herself. 

Associated 
classes

User, Administrator 

Associated 
methods 

RemoveAdministrator() 

AsmL code 

RemoveAuthor(...) as ... 
  re quire (Lo ginStatus = true) and (UserAccessT yp e = “admin”)
//precondition
  constraint (LoginStatus = true) and (UserAccessType = 
“admin”) and (...)   //invariant 

  if (...) 
  then     //no dependencies 
     /* 
     * Code to remove administrator 
     */ 
     ensure (...)      //post-condition to ensure the 
administrator has been removed


