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CHAPTER 14

Legal Aspects Originating from
Using Software Products Via Internet
Dr. Azza M. Khalil

Abstract

The Internet as one of the biggest information network created many legal prob-
lems which haven’t been come to legal experts mind before. This paper explains
these problems and highlights on one of most important problem among them
which is copyright owner all over the world. The paper also answered the guestion;
is the existing copyright law enough? and if not, what is the proposed legislation
which could realize the intended palance between copyright owners and users of
the internet?. The paper also discusses the U.S.A experience in this matter and the
bills which were introduced to the Congress to amend the copyright law in light of
world wide network technology such as the internet.

- The original text is writlen in the Arabic Language.
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PART FIVE
LEGAL ASPECTS OF SOFTWARE
INDUSTRY IN EGYPT






CHAPTER 13

Production of National Directory
For Cooperative Education :
Case Study
Dr. Atta E.E. EL-Alfy

ABSTRACT

This technical paper presents a case study to a project of an intelligent computer
program production for establishing a national agricultural cooperative develop-
ment directory which fulfils the following usages: educatianal usage to identify
cooperative members and leadeis with agricultural cooperative development en-
tries; advisory expert system usage to claify the requirements and procedures of ag-
ricaltural cooperative development; scoring system usage to identify current levels
in the different areas of agriculture; and future usage for the benefit from the results
and indicators of the directory.

The case study emphasizes the steps of development, maintenance and collect-
ing the produced software in the directory from the perspective of the computer-
aided software engineering. Also, the study emphasizes the structured systems
analysis, the object-oriented design and information hiding. The software design is
geared to computerize a number of important works inside the program to facilitate
its performance, quality and speed of the software precollection stage.

This project was conducted in cooperation with a team of experts under the di-
rection of the Faculty of Agriculture, Mansoura University and the Central Labora-
tory of Expert systems at the Ministry of Agriculture.

- The original text is written in the Arabic Language.
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The text in the reuslt arc generated by the system, and the origin text can be shown
upon user request.

CONCLUSION

Our goal is to build knowledge-base system that exploit the knowledge extract-
ed from prescriptive texts, and could use its knowledge base to check situations or
cases against provisions of the statutory and regulatory texts. The systems could
use attribute of the classes to ask the user about the situation. The questions would
be generated by using interrogative expressions with the objects and their relevant
attribute names, and applying the syntax rules of the Arabic language for questions
and declarative sentences. The system compares the user’s answer with the expect-
ed response, concludes whether the described situation conforms to or violates the
law, and indicate the articles that has been violated.

REFERENCES

Aboul-Ela, et al,, “knowledge Representation for Environment Law™ 5th Inter-
national Conference On Artificial Intelligence, 1CAIA, Feb. 27-March 3, 1997.

Aboul-Ela, et al., “knowledge Acquisition From Statutary Text” 3rd Conference
On Sciences Arabization, Science Arabization Society, Ein-Shams University,
March 12-13, 1997.

Anthony G. Francis, et al., “A Comparative Analysis of Case-Based Reasoning
and Control-Rule Leaning Systems “AAAAi-94 Workshop on Case-Based Rea-
soning, 1994,

Bemard Moulin and Danial Rousseau, “Automated Knowledge Acquisition
From Regulatory Texts” IEEE Expert, V. 7, N. 5, October 1992.

Daniels, J.J. and Rissland, E. 1., “A Case Based Approach to Intelligent Infor-
mation Retrieval “Web Journal of Current Legal Issues, 1995.

David M. Steier, et al., “Combining Multiple Knowledge Sources in an Integrat-
ed Intelligent System™ IEEE Expert V. 8, N. 3, June 1993.

184



the semantic and pragmatic knowledge helps increase the search recall, a measure
of how well a user retrives all relevant documents [Hsinchun , et al., 1993].

In Information retrieval process, users are interested in text of articles and their
provisions; and search terms. The system triggered the topics of subject-area, de-
fined in the concept space, to help the user select the search term and then gener-
ates questions based on the atirjbutes that describe the concept in both semantic and
pragmatic knowledge. The retrieved information is a surnmary repesents the mean-
ing of the origin one, which can be viewed upon user request.

RETRIEVAL OF APPLICABLE RULES

The operation of retrieving applicable legal rules differs from simple data base
retieval in that it is not shnply retrieval by associative mechanisms consisting of the
specific legal name of the rule or of letter sequences of key words. This differs
from simple data retrieval in that by inputting actual legal facts, a final conclusion
can be obtained through automated legal reasoning. Moreover, the pricess by which
the conclusion was reached and the materia) which were used in the production of
the conclusion can be accessible for any given stage of the reasoning process [Ka-
gayama, 1995].

When it has been determined whether or not the problematic set of facts fal] un-
der the applicable law, and the legal interpretative process is completed, then the le-
gal conclusion is reasoned automatically.

Examiple:
in situati
Machine: ¢ as iz o) &y 5 g1 p g A1 Lo
Ser. U opdty

Maghiuc;u?;,aﬂit,ﬂiuwiyeﬁ! ke dor gt
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(data type is a pointer to an object of a Case Class type).
Action: e.g. (13 1),

(c J50, ko)
Object: e.g. (telalsdin),

{4, J‘:Hh)
Object Adjective (multipe values): (e.g. ¢&jLatty 2Ly L Jdalb)
Agent: Location: ,Time: Condition: ,Exception: ,Reason: Behavi-
our:

(All attributes are within the scope of action, and data type is
Case Class type except for agent and location it is object class
and place class respectively).

» The Syntactic Knowledge: It includes the grammar rules of the national lan-
guage, Arabic. It is organized around syntactic relations between words, such
as number agreement. This knowledge is used to generate senterces, either
questions or declarative. The system is based on generating multiple relevant
questions of certain topics, and the user select from them to navigate to other
questions based on the previous one. All these questions are not stored, but
the system generate them using semantic, pragmatic and syntactic knowledge.
The declarative sentences are generated when the system reason the answer to
the user.

Integrating all the knowledge sources is used to comprehend the situation
or the case the user wants to describe through an interactive and generic dis-
cussion between the system and the user.

CONCEPT-BASED INFORMATION RETRIEVAL

The unstructured nature and volume of textual information make the difficult
task of information retrieval even more problematic [Hisinchun, et al. 1993]. Docu-
ment management systems provide.little support for suggesting appropriate search
terms or helping users to search terms or helping users to search the document
space themselves, using the system’s basic pattern-matching capability. Research-
ers and practitioners have proposed various Artifical Intelligence methods to help
users choose search terms and articulate queries. When a document management
system incorporate semantic knowledge, users can ask to find related concepts or
synonyms. The process of continuously tracing cross-refernecing relationships in
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how objects are categorized and how they relate to each other in the world. It
represents also the lexical knowledge of the words, and the synonyms or relat-
ed concepts. This knowledge is used to create semantic constraints to link be-
tween words and in inference process. This knowledge can be viewed as a
concept space, in which varions domain-specific concepts are related.

xample:
CHLPEVY D S N (305-300-) D SRR S (% Y RUTY | ) [ U Sy (CPPUPY | JE¥) JUL 9

(&
(34ey =ND Xam g om (4l <N
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(ple O1) X e g wc (G 42 HIS)

N.B. In the above ‘semantic net:: * = ISA” which has the property of in-
heritance,

¢ The Pragmatic Knowledge: 1t identifies the objects being disussed in the cur-
rent context, the articles of law and their provisions, and the role of each ob-
ject within the context. Each article is represented as an instance, object, of a
CLASS describes the article of law. This CLASS structure is designed, also,
to assist the knowledge engineer through knowledge acquisition which de-
pends on acquisition from text. lt, also indentifies cross-referencing ralation-
ships in the articles.

Example:
Atticle Class;
Article No.: (e.g. Ad9)
Mode: (obligation or permission (e.g. ¢ k¥ )
Case: (The scope of the Article Mode, its data type is a pointer
to an object of a Case Class type.
e.8.( Gyl 5 5l dee s ),

(LY g yboe 3 Sl G o B 1)
Exception:  (Exception within the scope of Article Mode,

e.8. T s 5 e J gl ey V] LAY (g e b U e Slis
Time: Location: ,Reason:
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in the system, by satisfying the clauses of the production rules. The jurisprudential-
Iy assumptions inherent in the production rule approach to modeling legal knowl-
edge results in numerous difficulties. How dose one determine whether a situation
is within the ambit of a rule? what happens if no clear rule can be found that govern
the situation? What if rules conflict? In Common law legal systems these and other
problems are, at least partially, resolved by reference to previously decided cases.
Attempts have been made to develop production rule systems to reason with cases,
through the use of rule induction systems. Case based reasoner can match similar
cases with each other. Similarity is only found by testing for the presence or ab-
sence of predefined factors. But, The process of analogizing by humans shows that
the process involves more than the comparison of presence or absence of pre-
deifined factors. Any similarity perceived between situations depends on the con-
text which the situations are viewed [Michael , 1993].

Systems which reason with statutory (or regulatory) provisions have proved
more successful than those involved with case Jaw [V. Mital, 1992]. A statute or
requlation may have a complex structure with numerous interwined conditional
clauses and cross-references. To apply or reason with a certain statute, it may make
sense to represent the statute in a computerized form. Users put to the system a de-
scription of the relevant situaticnal facts and obtain from it the answers stating
which provisions apply and why.

KNOWLEDGE INTEGRATION

Designing a knowledge-based system with a single knowledge source is certain-
ly easier than integrating multiple knowledge sources. The knowledge sources may
use representations that differ from each other and from the representation used by
the knowledge-based system itself. Our representation of the knowledge depends
on the concept of the knowledge level. The knowledge level, as Allen Newell’s ter-
minology [David, et al., 1993], is a way of specifying intelligent systems as agents
with goals, knowledge, perceptions, and actions. Agents follow the principle of ra-
tionality; that is an ideal knowledge-level agent uses its knowledge to select actions
that it believes will result in the attainment of its goal. The search depends on the
type of interaction between knowledge sources, which are interdependent and inte-
gration requires a great deal of search. One method for integration in this case is
generate-and-test: One knowledge source generates candidate solutions, and the
other filters the candidates to yield directly usable solutions.

The following list describes how the proposed system repesents and integrates

the relevant knowledge sources and how the system uses each type of knowledge:
* The semantic knowledge: 1t provides a context independent semantic net of
the words. It includes Semantic features of the object and knowledge about
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CHAPTER 12

HYBRID STATUTORY REASONING
AND INFORMATION

RETRIEVAL SYSTEM

Dr. Magdy Aboul-Ela
&
Tamer Mohamed
&
Yasser Ramadan

ABSTRACT

Legal reasoning is the thinking process adopted by lawyers when they apply le-
gal rules to new case and draw legal conclusion. It is sometimes necessary to apply
or reason with a certain statute or body of regulation frequently. A client may put to
the system a description of the relevant situation facts and obtain from it the an-
swers stating which provisions apply and why. This paper presents a hybrid statuto-
ry reasoning and intelligent retrieval system for environment law in Egypt takes as
input either the representative structure of a problem case and output an advise to
the user to take a particular course of action regarding his case to achieve some ob-
jective or realize some legal rights, or generate a query to the information retrieval
system by using information derived from generated and interactive inquiry be-
tween the system and the user.

AUTOMATED LEGAL REASONING

Early attempts to automate legal reasoning involved the creation of legal expert
systems. Expert systems contain knowledge and reasoning strategies such that the
computer can apply the knowledge to problems in order to determine a solution. In
an expert system, knowledge is stored in the system in the form of production rules.
Reasoning in such production rule systems is a process of applying the rules stored
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NO. Criteria

1 Multimode rule. )
2 Object rule.

3 Scripting rule.

4 Multi-user rule.

5 Scalability rule.

6 Interoperability rule.

7 Hyperlink / hyperview rule.

8 Technology independence rule.
9 Extensibility rule.

10 Multilingual rule.

11 Performance support rule.

12 Standards rule.

Notecards is a system to help people organize their ideas. The users of Note
Cards are assumed to be authors, designers, and researchers. On the other hand, hy-
permedia systems are envisioned as tools for building large industrial - strength
performance - enhancing systems. All but one of the Halasz criteria are explicity or
implicitly covered in the underlying rules. An apparant exception is his rule on

Table (2). The twelve criteria for hypermedia systems.

“virtual structures”.

Virtual structures are an attempt to overcome the static nature of the basic Note
Cards model. A user of Note Cards must map his or her ideas into individual units
which are stored one to a card. Each card gets a title and is placed into a “filebox”.
This means that the user must predefine a static stucture and Halasz calls this the

“problem of premature organization”.
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of being purchased and used in significant quantities. For example, the X window
System has become a market standard since all the important hardware manufactur-
ers offer implementations of it and all the major software vendors now write user
interface to conform with it. Instead of being voted upon with a show of hands by a
standards committee, market standards are determined by the vote of dollars in the
market place.

Hypermedia systems must comply with and support relevant formal and market
standards.

Unfortunately, multimedia and hypermedia are still such a young set of technol-
ogies that the standards process for them has not yet run its course.

However, a few standards such as JPEC, MPEG, unicode, MIDL, Hy Tine, and
MHEG have emerged. Such standards must be supported in hypermedia systems
and not replaced by equivalent proprietary methods.

5. CONCLUSIONS

Industrial strength applications are built today with tools such as 4GLs and
forms pakages. 1t is belived that hypermedia systems as described herein can dra-
matically alter the process and speed of building such applications as well as the
sophistication and usability of those applications.

Twelve criteria have been offered by which to judge putative hypermedia sys-
tems, refer to Table (1). Not all of these criteria have equal weight.

Rules 1,3 and 7 are essential and unchallenged. Rule 2 is largely agreed upon
but other approaches may yet prove viable.

Comparing these 12 rules with the work of Halasz et al, on Note Cards in which
he lists seven fundamental issues for hypermedia. The two approaches are very dif-
ferent due to the underlying assumptions differ radically.
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readily one’s location among them at any time, and to return easily to any prior lo-
cation or a navigated path,

4.8. The Technology Independence Rule:

A hypermedia system should provide independence from any particular ven-
dor’s technologies and guarantee that the hypermedia applications will continue to
work without change as the underlying technologies evolve.

4.9. The Extensibility Rule:

A hypermedia system should be easily extensible and contractible in functional-
ity and user interface in order to solve wide classes of application problems and to
accommodate users of all types.

4.10. The Multilingual Rule:

A hypermedia system should support user interaction, user communication, and
data storage and retrieval in languages other than American English language.

4.11. The Performance Support Rule:

A hypermedia system must accommodate both novices and power users, allow-
ing them to author visually and to debug user-friendly applications that can become
self-contained electronic performance support systems for their users. A hyperme-
dia systern must also be its own electronic performance support system.

4.12. The Standards Rule:

A hypermedia sysiem should support and comply with all relevant formal and
market standards. Standards reduce the number of choices to a tractable number. In
so doing, they allow product vendors to innovate and add truly useful features to
their products instead of devoting time to proprietary implementations of common
functionality. And standards-adherence by vendors gives the consumers of their

products the confidence that the products will be compatible with other products in
those areass.

There are two types of standards, namely, 1) formal standards and 2) market
standards. The former are debated and agreed upon by formal standards organiza-
tions or industry consortia. :

For example, the International Standards Organization (ISO) over the years has
published standards in different arcas. ISQ has defined-8-bit encodings for Roman
character sets, the architecture and functionality of network protocol stacks, and the
syntax and semantics of the SQL, databse - access language.

Market standards undergo a different process. They become standards by virtue
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9 - Extensibility Rule,
10-Multilingual Rule,
11-Performance Support Rule, and
12-Standards Rule.

4.1. Multimedia Rule:

A hypermedia system should support both user-driven and time-driven input
and output of the full range of sensory-rich mulimedia types, including not only
those items that are stored internally in the system but also those externally in other
data sources.

4.2. The Object Rule:

A hypermedia system should employ object metaphors for system interaction,
system storage, and application creation.

4.3. The Scripting Rule:

A hypermedia system should provide a rich, user-accessible scripting language
for extending and modifying the behaviour of the system and its application ele-
ments.

4.4. The Multi-User Rule:

A hypermedia system should support the collaborative building of applications
by multiple concurrent authors on networks of heterogeneous computers and the
execution of those applications by multiple concurrent users.

4.5. The Scalability Rule:

Applications developed with a hypermedia system should continue to work well
and with predictable performance characteristics when deployed in production en-
vironments that contain much more data and many more concurrent users than ex-
isted in the prototype or pilot version of the application.

4.6. The Interoperability Rule:

. Hypermedia applications should be able to exchange both data and control not
only among themselves, but aiso with external applications and data stores such as
SQL relational data bases.

4.7. The Hyperlink / Hyperview Rule:

A hypermedia system should allow users to establish different media types, to
browse and navigate those relationships in an ad-hoc-linear manner, to determine
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The list of MM types should be openended since the computer field advances
dramatically whenever new media types are introduced [think of 1/0 devices such
as the laser printer which drove the development of desktop publishing}.

6- A hypermedia system is defined as a comprehensive MM system that also has
hyperlinks between its “pages”.

There are other definitions for the hypertext system, multimedia system and the
hypermedia system as follows:

- A hypertext system is mainly determined through non-linear links of informa-
tion. Pointers connect the nodes. The data of different nodes can be represented
with one or several media types. In a pure text system, only text parts are connect-
ed. Thus, hypermedia is understood as an information object which includes links
to several media.

- A MM system contains information which is coded at least in a continuous
and discrete medium. For example, if only links to text data are present, then this is
not a MM system. It is a hypertext.

A video conference, with simultaneous transmission of text and graphics, gener-
ated by a document processing program, is a MM application. Although it dose not
have any relation to hypertext and hypermedia.

- A hypermedia system includes the non-linear information links of hypertext
systems and the continuous and discrete media of MM systems. Fig.(2) emphasizes
the relation among MM, hypertext (HT) and hypermedia (HM).

4 - ESSENTIAL ELEMENTS OF HM

There are twelve rules or criteria by which one can compare and evaluate hyper-
media systems. These rules can be classified as follows:

1 - Multimedia Rule,

2 - Object Rule,

3 - Scripting Rule,

4 - Multiuser Rule,

5 - Scalability Rule,

6 - Interoperability Rule,

7 - Hyperlink / Hyperview Rule,

8 - Technology Independence Rule,
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lower operating costs
increasedsales

BENEFITS
mproved cuslomer service

better gecision-making support

improved productivity
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Figure ! : Benefits & Barriers of Multimedia Applications.

5- A Multimedia system is a system as above where the pages may be of dif-
ferent individual media types or compound pages may include many media
types.

There are many MM applications such as:

Banking, insurance.... etc, refer to table (1). The benefits and barriers of

MM applications are shown in Fig.(1).

I = Multimedia (MM).
I1 = Hypermedia (HM).
III = Hypertext (HT).
Fig. (2): the relation among MM, HT and HM.
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The decade of the 1990s was bringing larger systems which work on multiple
platforms, serve scores of users, and were becoming commercially significant.

Companies like MacroMedia and Gain Technology have comprehensive sets
of products and are moving in different directions.

There are also important applications of these technologies in SW engineering.
An early application was Neptune, and a current example is Ensembie, an environ-
ment for the uniform analysis and synthesis of SW and multimedia (MM) docu-
ments. It is a framework for the integrated support of interactive development of
complex natural language and formal language document. The system has direct
manipulation capabilities as well as services for formal description of syntax, se-
mantics, and transformations of structured objects and representations. Users can
edit and view compound documents of many types of components represented in a
variety of media. Views can display the logical structure of a document as in a tree-
structured representation or a view might display the output of a transformational
process such as a printed view of a program.

3 - DEFINITIONS
1- The computer systems (CS) are operating by visiting a sequence of “pages”,
sometimes called cards or scenes.

2- A “simple page” might be a page containing text, graphics, animations and
other objects.

3- A “page” would be made up of some number of simple pages. In a system
that works with programs, e.g., Ensemble, a “page™ might represent a “mod-
ule” in the programming lauguage.

4- A hypertext system is a system as described above for which a user may also:
1- Create or delete pages,
2- Insert or delete one or more lines between two previously defined pages.
3- Edit pages,
4- Visit a page by following a link.

Thus, it is fair to talk about traversing a graph of pages in a hypertext docu-
ment.
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signers should meel these criteria and extend them. Consequenty, the technology
will go forward and every body will benefit.

2 - HISTORICAL OVERVIEW

Almost (53) years ago, Vannevar Bosh wrote an article (Bush, 1945} in which a
system was described.

This system was called Memex which could be said to have multimedia capa-
bilities (typed items, photographs, and have written annotations on microfilm). The
system also had associative memory and links representing “Trails™ between its ob-
jects. It is fair to credit Bush with being the parent of these concepts even though
the technology did not exist to implement them at time.

In the 1960s [Englebart, 1934, Englebart and English, 1968], the Augment Sys-
tem of Douglas Englebart had appeared. This system employed a mouse and an op-
tional one-handed board keyset, and offered genuine hypertext capability. It was so
much harder that the first system (which employed multiple media) would be iden-
tified, since the list of candidate systems is unclear. Ted Nelson’s first saw that
these principles could be extended to a hypertext network of all of society’s docu-
ments [Nelson, 1981]. Moreover, he expressed his visions in colourful language

("If computers are the wave of the future, displays are surfboards” (Van Dam,
1988)

In 1987, the Hypercard program [Goodman, 1990] was supplied to ali purchas-
ers of Macintosh computers. While Hypercard may be regarded as a primitive hy-
permedia system, its widespread availability stimulated, interest in this area, and
thousands of Hypercard stacks were created.

Notecards was developed at xerox from a different conceptual basis. It was in-
tended as a supporting system for collecting and organizing ideas, each repressent-
ed by a card and organized by links.

Intermedia was a major multi-user hypertext system intended to focus on schol-
arly and educational applications. With its annotation service, link browser and lin-
guistic tools, it intended to be both an authoring and reading tool. Certain imple-
mentation decisions have prevented intermedia from being adopted more
universally. These are documented in Haar et al [1992).

The extensive multimedia work done in Project Athena at MIT was contempora-
neous with the development of Intermedia.
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CHAPTER 11

HYPERAMDIA SOFTWARE

DEVELOPMENT TECHNOLOGIES
Farahat ¥. Farahat & Mohamed M. Essas

ABSTRACT

Hypermedia refers to a set of technologies that deals with a new method of: 1)

organizing and 2) supplying associations between different elements of multimedia
information.

It can deliver new freedom to users in exploring large amounts of mutimedia in-
formation at their own pace, and according to their own interests. Hypermedia will
lead to very high levels of user interaction and consequently very low lattency/high
bandwidth (BW) within the communication channe!.

This paper presents: 1) the fundamental properties, that a system have to drserve
the name “hypermedia system”, and 2) the features and technologies of hyperme-
dia in the light of application requirements.

1 - INTRODUCTION

An explosion of interest in multimedia, hypertext, and hypermedia systems and
software (SW) have been seen in the last few years. In 1987, the first major confer-
ence on hypertext took place at the university of North Carolina. Since that time,
large amount of literature has been created and different commercial systems are
now becoming available. It is now time to speculate about what is needed to devel-
op the promise of hypertext and hypermedia systems. '

Hypermedia has the potential to revolutionize the development and delivery of
applications as well as the sophistication and usability of those applications.

In this paper, the fundamental properties, that a system must have to deserve the
name “hypermedia system”, will be presented. Industrial users of such systems
should demand hypermedia systems that meet this set of requirements. System’ de-
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CHAPTER 10

Enrichment Self-Learning Pro-
grammes in the Curricula of Primay
Schools Utilizing Multimedia *

Prof. Dr. Aida A. Abou Gharib
&
Dr. Shaban H.A. Ibrahim

ABSTRACT

In the light of the current growing scientific and information progress, it is diffi-
cult to get satisfied with the existing curricula to reach achievement levels to fulfil
the competence of the pupils in the 21st ceutury civilizatin. Therefore, it is impor-
tant for the pupils to practice self-learning techniques through enrichment activities
accompanys or paracllel to the curricula utilizing multimedia programs which are
administered by computers. This fact underlines the need to conduct this study.

The investigation was conducted within the Division of curricula research of the
National Center for Educational Research and Development. The steps are as fol-
fows:

1- The formulation of a team which works and assigns tasks according to spe-
cialization and courses in the primary schools, propose work plans, set up
time schedule, for deliveries, and propose program criteria.

2- Design and production of the enrichment programmes for school curricula
(Arabic language, mathematics, science... etc.) in Arabic lauguage for Arabic
schools and language schools.

3- Implementing the proposed enrichment programmes for all stages of the pri-
mary schools on CD-ROMs in the Technological Development Center of the
Ministry of Education,

4- Evaluating the proposed curricula and judging their scientific and technical
corretness as well as their suitabllity fa primany schools pupils, besides the
extent of achieving their obiectives.

* The original text is written in Arabic.
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The exponential growth of Intemet use may result in reduction of grade of ser-
vice of telecommunication networks. Capacity increase is the challenge to telecom
operators. Communication satellites “see” a large customer population and provide
a large amount of - mainly entertainment - information. Interactive services are
possible with enhanced communication satellite systems. [11}

7. CONCLUSION

Muitimedia applications require Gigabit network. Multimedia networks have
these features:

1. Bandwidth of Gbps or more.

2. Multicasting.

3, Realtime constraints.

4. Reliability.

5. Quality of services.

It is obvious from the applicable study, which was performed at the GITEX ‘97
exhibition in Dubai that the greatest network companies have many solutions for

multimedia networks. These solutions agree with multimedia network features
mentioned above.
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Fig. 5: High performance Networking - Technology Evoluticn [6]

Gigabit Ethernet is a logical extension of today’s Ethernet and Fast Ethernet

standards that will provide maximum performance for the client/server networks of
tomorrow.

Gigabit Ethernet products are expected to be available starting in July, 1997,

and the Gigabit Ethernet (IEEE 802.3z) standard is scheduled to be completed by
January, 1998.

Local area network systems, in general, have been traditionally viewed as being
incapable of carrying multimedia and/or high speed real time traffic due to data rate
and protocol limitations. However, due to recent advances in video coding, on one
hand, and the emerging high speed Ethernet versions, on the other data rate de-
mands and resources seem to match quite well for many practical scenarios. There-
fore, appropriate “integrated” media access protocols are needed that (i) support
several classes of real time traffic; and (ii) compatible with the original data-only
MAC protocol so that on an integrated/multimedia services Ethemet LAN, stations
with integrated functionality can coexists with standard data-only stations. [10]
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port system embracing different networking technologies and providing a plarform
for advanced multimedia communication services. In this sense, high performance
networking must concentrate on quality of service in integrated networks, on over-
all signaling and management issues and related operational recommendations, and
on robust network and transport protocols. Operational experience will help deduce
organizational and technical constraints and define necessary agreements.

Realization of high performance networking will be in steps of evolution while
keeping a backwards compatibility to “classical” data communication services and
the connectivity and interoperability to the end systems (telephones, video-
conference centers) of today's mass market networks. It goes beyond conventional
data comrmunication, as defined by the 1SO-framework on “open Systems Intercon-
nection”, and beyond already established “audio/video-communications”.

A realistic vision of evolution requires the observatjon of three different levels:

o

* The development and introduction of high performance network (bearer) ser-
vice with ATM as a starting point and end-to-end network/transport protocols,
in order to ensure interconnection with established in-house and wide area
networking technologies, which are capable of handling the different demands
of multimedia communication.

» The development, introduction and management of high performance tele-
services, by providing a service platform and thus ensuring interoperation be-
tween multimedia end systems.

» The introduction of “Worid Applications™ linking users sharing the generic ap-
plications.

High Speed networking must include the two “lower” levels but with a clear
view to and feedback from the application level.
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6.THE LATEST AND THE MOST PROMISING
TECHNOLOGIES IN THE NEAR FUTURE

The telecommunications field is now at a tuming point where very high trans-
mission speeds are complemented by an increased demand for this high speed. At
the same time a cost-effective evolution from the current networks is required.

The planning of an ATM backbone network must be achieved with minimal dis-
ruption to existing network users while achieving economic benefits as soon as
possible. A major issue for the future is to ensure the interconnection of advanced
services on customer premises, corporate and public networks.

High development and investment costs will limit ATM based IBC coverage in
the short to medium term. It is likely that existing networks will be extended pro-
gressively. Overlay networks will be provided with optical fibre access and later be
incorporated within Integrated Broadband Communication - IBC.

To meet the objectives of this area, it is necessary to develop a broadband trans-
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» Preserve the minimum and maximum frame size of the current IEEE 802.3
standard.

* Provide full-and half-duplex operation.
* Support star-wired topologies.

e Utilize the CSMA/CD access method with support for at least one repeater/
collision domain,

» Utilize ANSI Fiber Channel's FC-1 and FC-0 as a basis for work.

¢ Provide a family of physical layer specifications that support a link distance
of:

- At least 500 meters on multimode fiber.
- At least 25 meters on copper (100 meters preferred).
- At least 3,000 meters on single mode fiber.
¢ Support a maximum collision domain diameter of 200 meters.
e Support media selected from ISO/IEC 11801.
¢ Adopt {low control based on the IEEE 802.3x standard.
* Specify an optional GMI1 (Gigabit Ethernet Media Independent Interface).
Applications and Topologies :

Just as in 10 and 100 Mb/s Ethernet, Gigabit Ethernet will be switched, routed,
and shared. All of today’s Internet working technologies, as well as emerging tech-
nologies such as TP-specific switching and Layer 3 switching, are full compatible
with Gigabit Ethernet. (The emergence of new protocols, such as RSVP, 802.1Q, -
and/or 802.1p, will provide multimedia support as well as VLAN and explicit pri-
ority support for Gigabit and 100 Base-T Ethernet). The initial application for Gig-
abit Ethernet will be in collapsed backbones between Fast Ethernet switches, re-
peaters, routers, and servers.
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5.4 COMPAQ Applications :

The increasing complexity of desktop computing and bandwidth-hungry appli-
cations such as multimedia, medical imaging, CAD/CAM, and pre-press processing
are demanding unprecedented LAN speeds. Out of all the availble high-speed LAN
technologies, Fast Ethernet, based on the popular 10 Base-T Ethernet, has become
the leading choice in meeting those demands by offering greater bandwidth and im-
proved client/server response times. Now, however, the increased use of Fast
Ethernet connections at the server and desktop is creating a need for even higher-
speed network technology at the backbone.

An IEEE (802.32) task force is developing a new Eihernet standard called “Gig-
abit Ethernet” that runs at 1000 Mb/s. Gigabit Ethernet employs the same CSMA/
CD protocol, frame format, and frame size as its predecessors, plus interoperability
and backward compatibility with the instalied Ethernet. Gigabit Ethernet will also
support existing applications, Network Operating Systems (NOS), and network
management.

Gigabit Ethernet will initially be deployed as a backbone interconnection be-
tween 10/100Base-T switches and as a connection to high-performance servers.

In November 1995 (9, Compaq Computer Corporation recognized the need for
Gigabit Ethernet technology and proposed the basis architecture to the IEEE 802
committee. in early 1996, the IEEE formed the Gigabit Ethernet Task Force
(802.3z) whose commission was to draft a Gigabit Ethernet standard. Compaq has
contributed significant technical input and resources to expedite the development of
this standard.

In April, 1996, the Gigabit Ethernet Alliance was formed by Compaq Computer
Corporation and a few other leading networking and computer companies to pro-
mote the Gigabit Ethernet technology and to ensure multi-vendor interoperability.
Since then the Alliance membership has grown to more than 72 companies.

Gigabit Ethernet Characteristics :

Agoal of the Gigabit Ethernet Task Force is that the Gigabit Ethernet standard
which meets the following criteria: [9)

* Run at 1000 Mb/s at the MAC/PLS service interface.
» Adopt the IEEE 802.3 Ethernet frame format.
® Meet the IEEE 802 functional requirement.

» Provide simple forwarding between 10 Mby/s, 100 Mb/s, and 1000 Mb/s Ether-
net.
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comfortably and seamlessly as your business evolves. Whether you need to up-
grade next year, our switching solutions work with you in mind. DIGITAL offers a
variety of high-performance solutions that protect your current investment while
meeting you ever-expanding performance needs. Both the GIGA switch/FDDI and
ATM systenis have been recognized by the industry as top choices.

The GIGA switch/FDDI System - Named Data Communications “Hot Product
of the Year” and the winner of R&D) magazine's “R&D 100" award for technology
leadership, the GIGA switch/FDDI system provides an easy way to implement

switched networks today, with the flexibility to grow to ATM technology as you
require.

The GIGA switch/ATM System - This high-performance networking switch has
been designated as Network World’s ATM Buyer’s Guide’s “Editor’s Choice™.
The GIGA switch/ATM System, a 10.4-Gb/s ATM switch, is the only ATM switch
that ensures network stability with FLOW master flow control, a zero cell loss traf-
fic management technique.
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Fig. 3 : Digital Switches [8)
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By combining the new GIGA switch/Ethernet system with Digital’s 64 -bit Al-
phaservers, GIGA switches. MultiSwitches, VNswitches, Ether WORKS adapters,
Internet/Intranet software, and web-based management, Digital offers the highest
perfoming and most scaleable Gigabit/Fast Ethernet solution in the industry.

LAS VEGAS, May 6, 1997 (s]- At the Net World + Interop exhibition here to-
day. Digital Equipment Corporation announced plans to extend its industryleading
GIGA switch and MultiSwitch 900 enterprise switching platforms to support high
performance Gigabit Ethemnet solutions. Digital will offer the industry’s broadest
range of high-performance switching options including 10 Mbps, 100 Mbps, and
1000 Mbps Ethernet, FDDI, ATM, and IP switching for both cells and packets.
Digital’s proven, integrated GIGA switch and MultiSwitch architectures provide
customers reliable, cost-effective migration options to support even the most de-
manding Intranet bandwidth requirements.

For proven ATM performance with industry-leading scaleability and flexibility,
nothing beats the DIGITAL GIGA switch/ATM family. These ATM Forum-
compliant systems deliver awesome throughput with guaranteed zero cell loss. And
with ATM, IP Switching, and [.LAN emulation all on the same switching system,
you get outstanding flexibility for adapting to changing network requirements with-
out changing your hardware.

From small high-performance workgroups to large campus backbones, the
GIGA switch/ATM systems scale seamlessly to handle your most demanding
LAN, VLAN, and WAN applications while protecting investments. You get a
choice of GIGA switch/ATM systems, each offering industry-leading performance
to support a wide range of high-performance applications. The 5-slot modular chas-
sis features the lowest cost for an entry-level system, supporting from one to 16
ports, while the 14-slot chassis offers high capacity-supporting up to 52 ports. Both
systems provide component redundancy for large, high-volume backbone applica-
tions and use a nonblocking crossbar switch architecture for high throughput and
low latency.

The DIGITAL family of switched networking solutions lets you evolve easily
into switching technology without disrupting your existing networking infrastruc-
ture. Because our high-performance switching products coexist with existing LAN
technology, your ATM and other switched networks can integrate with today’s
FDDI, Ethernet, and Fast Ethernet LANs. This means you add switched networking
as needed to protect your investment in existing technologies, and later evolve
those networks to full switch-based capabilities.

Plus, all our products are scaleable, no matter what size network you currently
operate. DIGITAL has the technology in place so that you can start small and grow
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Fig. 2 : ATM Pilot Network [7]

5.3 DEC Applications :

ATLANTA, GA., October 8, 1997 [8]- Digital Equipment Corporation today an-
nounced its next generation Ethernet switch, the GIGA switch/Ethernet, providing
up to three times the backbone capacity of competitive offerings. Featuring smooth
migration from high-density Fast Ethernet to powerful Gigabit Ethernet switching,
DIGITAL’s GIGA switch/Ethemet enables customers to upgrade their networks to
speeds of 1000 Mb/s as LAN baridwidth requirements of Intranets grow.

Digital has added a new high-density Gigabit/Fast Ethernet solution called
GIGA switch/Ethernet to the GIGA switch family. When fully saturated, this intel-
ligent 100/1000 Mb/s Ethernet switch delivers switching throughput of more than
33 miilion packets per second on a 45 + gigabit per second (Gb/s) backbone. Based
on the same robust and reliable features as the GIGA switch/FDDI, ATM, and IP
products, the GIGA switch/Ethernet switch offers up to 24 full-duplex Gigabit
Ethemet ports, up to 120 auto-negotiating 10/100 Fast Ethernet ports, up to 60 fiber
optic Fast Ethernet ports, or a flexible combination of these configurations, It is de-
signed with a fault tolerant, non-blocking crossbar switch architectur with no single
point of failure. And it is easily managed with integrated clear VISN Web-based
management.

The GIGA switch/Ethemel is a cost-effective backbone solution that is comple-
mentary to existing 10 Mb/s'and 100 Mb/s Ethernet technology. It shares the same
advanced features as its GIGA switch siblings, including non-blocking crossbar
technology, high throughput, scaleability, high availabilty and reliability, and quali-
ty of service. The GIGA switch/Ethemmet can be integrated with other GIGA
switches as well as with other members of the MultiSwitch 900 and 600 families.
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that pilot ATM platform in preparation for public ATM services.

In addition, multimedia trials were set up focusing on services for residential
customers in order to gain experience with muitimedia applications specific to pri-
vate households. Alternative technologies for residential broadband access needed
to be evaluated in conjunction with multimedia application scenarios for residential
customers.

Several infrastructures were employed to conduct the field trials. Business mul-
timedia projects mainly utilize the ATM. The network platform was extended be-
yond the German border by linking with the European countries. For residential
projects based on current telephone or cable TV infrastructures, different broad-
band access technologies were employed.

Switches of the ATM network are located in major German cities (Fig. 2} User-
network interfaces (UNI) of 2, 34, or 155 Mb/s bandwidth are offered to intercon-
nect multimedia applications on the ATM level, or terminal adapters to acccss Icga-
cy scrvices. Permanent virtual and connections (PVPs and PVCs) are set up via a
managerent system. Switched virtual connections (SVCs) are also available. The
ATM network also forms the backbone for the 34-155 Mb/s research network con-
necting universities and research facilities.

Management of ATM connections is conducted from a central ATM network
management center (ATM-NMC). A network management software was developed
to support configuration and fault management of PVP connections on the network
management layer. The ATM-NMC communicates with ATM switches via a Q3

interface based on the European Telecommunications Standardization Institute
(ETSI) NAS model.

Since the German ATM nctwork forms part of a European ATM pilot network,
means to manage ATM nctwoik in a multi-operator envirommemt were also devel-
oped and tested. Linking of network management systems via a telecommunica-
tions management nctwork (TMN) X interface on a cooperative basis (Xcoop) is
needed as an importantant prerequisite to automatically establishing ATM paths
across interconnected networks. Within the European Institute for Research and
Strategic Studies in Telecommunications (Eurescom) program, an Xcoop field trial
for ATM technology was conducted among several European project partners, The
procedure was to agree on a common specification of the information model at the
X interface for ATM configuration and fault management processes as well as sup-
porting communications protocol stack. Each partner would then implement the
specification in its own laboratory using different platforms. In consequential tests
the implementations were validated against each other.
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So far only the peak bit rate traffic is being offered or experimented with ATM
backbone network. Realizing ATM networks with statistical gain for optimum use
of the network would have to be conducted to generate stable standards and specifi-
cations on mutually agreed definitions of traffic parameters.

Communication
Tralfe

i

ATM based IBC

Digital CATV

Dedicaled Daxa

Digital TelephonyASDN

1990 2000 010 2020

Fig. 1 : Evolution Timeframe [6]

The fibre optics infrastructure in Europe now amounts to more than 6.6 miilios:
fibre-km. This infrastructure offers almost unlimited bandwidth to permit a wide
range of services to the user, such as HDTV, video on demand, multimedia, mobili-
ty, security, network management and others. The trend towards deploying ATM
and laying more fibre is paralleled by the evolution on the application side. Organi-
zations are now having a critical eye on their informaion processing capabilities

and reassessing the way they transfer information with their customers and suppli-
ers.

This technical evolution is mirrored by changes in competitive and regulatory
environments. Network operators are starting to compete outside their territory.
New entrants such as Cable TV operators, corportions with substantial assets in
communication infrastructures (power utilities, railways, or others), teleport opera-
tors and mobile and satellite operators are also emerging. The blurring of the
commpetitive lines means that a multiplicity of high-speed and lower-speed net-
works will coexist.

5.2 Germany Applications :

The experience gained with the Berlin metropolitan network led to building a
German ATM pilot network in 1994, [7) which was later linked to the European
ATM pilot network. A broad range of multimedia experiments was carried out on
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Multimedia networks cannot totally ignore reliability since as errors increase,
noise is added which ultimately leads to unacceptable presentation quality.

. Quality-of Service (QOS): Different applications have different communications
requirements. A conferencing system, where data is presented once and tolerate a
higher error rate than an application that records a multimedia data stream for fu-
ture playback. Although less sensitive to errors, the conferencing system requires
fast delivery, while for the recording application long transmission delays are of
no concern. One way that networks can support variations in requirements is by
allowing each application to specify ‘Quality-of-Service’ or QOS, parameters.
For example, consider an audio stream where data is produced by a source at a
constant rate of 64 kbps. An application might request the following QOS param-
eters: a bandwidth of 64 kbps, a maximum delay of 100 ms, and a maximum loss
rate of 1%. The multimedia network would then allocate sufficient resources to
satisfy the applications’s demands, or tell the application that the network is
‘busy’. [4]

5. APPLICABLE SOLUTION FOR
MULTIMEDIA NETWORK

This section presents the applicable solutions for multimedia network.

5.1 Advanced Communications Technologies and Services (ACTS) Appli-
cations :

The high performance network arca addresses the definition of the target net-
works, accounting for the emerging technologies, the identification of the missing
element, the development of the means to control these networks, and the integra-
tion of all the pieces while verifying their operation through experimental usage.
The technology of choice for integrated broadband communications is ATM, a suc-
cessful outcome of the RACE programme. A major benefit of ATM is the unifica-
tion of traffic types. The ATM technology acts as a multi-service integator allow-
ing to combine isochronous traffic (with real time constraints), connection oriented
traffic, based on variable data rate, and connectionless service, over a single set of
physical links. These characteristics are well suited for supporting multi-media ser-
vices, which are already attracting all kinds of users and service providers.

ATM is also distsnce, protocol and speed independent. It can be implemented
through the entire network, offering LAN-WAN integration and simplifying net-
work management and operation. ATM cells can be sent over SDH transmission at
speeds of 155 Mbit/s and higher, as well as over PDH at speeds of 34 Mbit's or
over LAN speeds of 100 Mbivs .
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3. WHAT DO APPLICATIONS REQUIRE OF
GIGABIT NETWORKS

Some guarantees are made about the bandwidth available between the two com-
puters, To see why this is so, consider an extreme case: | gigabyte of data is trans-
ferred over a network in which one link runs at only 19.6 kilobits; the transfer witl
take at ieast 115 hours.

Potential parameters for guarantees include:
e Network delay

¢ Bandwidth

» Reliability

e Failure recovery

e Service setup times

& Interarrival times

4. MULTIMEDIA NETWORKS FEATURES

Multimedia networks differ from current local and wide area networks in sever-
al ways. They are distinguished by the following features: 14

* Bandwidth: Multimedia networks are likely to have bandwidth of Gbps or more;
this is essential in the long-haul sections of the network where many simultane-
ous video streams can be expected. B-ISDN and ATM are examples of relevant

technologies and the basis of international standards for future multimedia net-
works.

e Multicasting: Distributed multimedia applications often require multicasting, the
transmission of data from one source to many destinations. The protocols for
multimedia networks allow the set of destinations to change over time. This
would be needed, for instance, in an electronic classroom where students can en-
ter and leave as they choose.

+ Real-time constrants: The transmission of multimedia data is subject to timing
constraints include limits on transmission delay and limits on the ‘jerkiness’” of
delivery. This is essential for applications that have ‘live’ sources or must present
synchronized audio and video stream.

¢ Reliability: In multimedia networks, reliability is a question of a quality. Audio
and video data, in comparison to text or numeric data, are less sensitive to errors.
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and protocols for data transmission. [1]

Multimedia is the intergration of text, audio sound, graphic images, animations
and full motion video. This technology is actually supported by three facts. (235.12]

1. The advent of VLSI that has led to producing powerful computers and work-
stations with high performance and huge storage capacities.

2. The evolutions of communications technology towards broadband ISDN and
ATM swiiching.

3. The advances in fiber-optics have produced high quality monomode fiber
transmission systems capable of delivering gigabits of data per second over
distances of hunbreds or thousands of kilometers with extremely small loss
rates. Some of these fiber-optic systems are capable of transmitting terabits of
bandwidth by using multiple gigabit channels.

This paper discusses muitimedia networking needs, the new and applicable solu-
tions as well as the features of multimedia network. This paper also presents a trip
report about GITEX’ 97 (Dubi) including interviews with its partners, such as DIG-
ITAL, COMPAQ, FORE system, Microcom and 3 COM..

2. SOME KINDS OF APPLICATIONS NEED
GIGABIT NETWORKS

This section presents a few number of possible uses of gigabit networks: (3]
2.1 Multimedia conferencing

One use is multimedia conferencing. Essentially, the idea that users should be
able to participate in conferences in which users sit in their offices and communi-
cate using voice, video and data connection to remote sites.

Multimedia Conferencing is expected to require gigabit bandwidths because the
video communication consumes a lot of bandwidth. In a conference with several

participating sites, the bandwidth requirements repidly approach a gigabit for video
alone.

2.2 Virtual Reality (VR) :

Another interesting application is virtual reality. The idea is to simulate an envi-
ronment so realistically that the user believes that he is in the new environment. To
construct such an environment requires a computer (o accurately mix sound, visual
images and sensations such as touch and temperature. If there are multiple partici-
pants in a single simulation, several computers may have to exchange a lot of data
to keep track of each participant’s behavior in the common area.
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CHAPTER 9

Multimedia Networking Technologies

Dr. Mohamed Mounir Essa
&
Dr. Alaa El Din Mohamed El-Ghazali

ABSTRACT

Desktop conferencing systems and other distributed applications require digital
networks for the transfer of audio and video data. Many current networks are not
appropriate for these applications, the protocols that govern current networks and
their limited bandwidths are ill-suited for digital audio/video traffic.

Multimedia networks, on the other hand, provide a better match to the commu-
nication characterisitcs of distributed multimedia applications. These networks are
specifically designed for multimedia traffic. Multimedia networks differ from cur-
rent local and wide area networks in several ways. They are distinguished by differ-
ent features, these features are presented and discussed in this paper.

Keywords: multimedia, gigabit networks, Asynchronous Transfer Mode
(ATM) reference model, performance guarantees, Broadband Integrated Service
Digital Networks (B-ISDN3), 1ISO (OSI),

1. INTRODUCTION

Multimedia computing and communications are areas of intense current interest,
software and hardware development, and future promise. Multimedia standards or-
ganizations are actively producing new standards for the field. Yet, the term “mult-
media” and the subject areas it covers remain. In the future, all computers and net-
works will support multimedia computing and communication to provide
appropriate services for multimedia applications. The high-speed petworks with
their higher bandwidth and transmission possibilities of all media kinds, have led to
networked multimedia systems. [1]

A multimedia networking system allows for the data exchange of discrete and
continuous media among computers. This communication requires proper services
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constraints of fully utilizing computer technology, the number cutting would
range from 37%,53% and 57% of top, middle and supervisory levels respec-
tively. Obviously, plans for switching training programs or other candidate
plans should benefit from such kinds of results. -

2- These estimates can present a value added measures of employing computer
technology as reflected to each category of managerial levels. This would
even has its own impacts when analyzing feasibility of projects moving some
of the commonly listed tangible benefits into the domain of tangible ones.

3- It could be also considered as targeted figeted figures of enhancement of
manager’s time towards efficient achievements of their tasks. In other words,
one would claim that alinost a percentage over 50% saving of middle manag-
ers could be saved when properly trained to use successfully applied comput-
er technology relevant to his domain of activities.

4- The estimates given here could be debated by different arguments including
the relative weights suggested for cach level as given in Table (1). However,
these figures have been selected via correlating both reported measures by
business experts [1], and those resulted from the empirical study which cov-
ered over 50 manager each level. More truthful measures may result for dif-
ferent application fields, however in analogous manner.

5- Debates could arise also from the suggested weighted impact values listed for
each business task, however it’s the intention of this research to enhance the
study via considering the applicability of more adequate forecasting models
;properly the fuzzy logic.

To sum up, this paper has presented 2 model with a number of guidelines to
evaluate empirically and analytically the impact of technology on different mana-
gerial levels. The importance of having such measures have been highlighted fo-
cusing on their great help to automating projects as well as re-engineering organi-
zational structures. 1t has been the intention of this paper to highlight and to
stimulate further research towards quantifying the problem of eomputer technology
impact on managerial levels from different perspectives of work practices, job defi-
nition and number cutting if targeted. Even debates would stimulate others to en-
rich such kinds of problems which lack intensive research!.
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EIF: Enhanced Impact Factor

EIF = RIF * TUF * UF where : TUF: Technology Update Factor
UF: Utilization Factor of Technology
RIF: Relative impact factor

The Relative Impact Factor (RIF) of individual levels as given in Table (2) as:
0.37, 0.44, 0.57 for top, middle and supervisory levels respectively. The relative
weight of the Technology Update (TU) is given to account for further improve-
ments that may take place in terms of more problems that can be supporied by com-
puter technology due to the fast changeable characteristics of computer technology
First the degree of successful Utilization of technology in the business mission of
managers is considered by the factor UF in the equation. Such a factor can be esti-
mated as the average percentage resultant from evaluating the degree of trend to-
wards letting technology override the traditional work practices and the degree of
successful implementation of technology resources.

Table (2) Estimate of the Weighted Impact Function of Computer
To Main Job Functions Of Management

Top Level Middle Level Supervisory
Function WIF CIF WIF CIF WIF CIF
Planning 0.35 19.25 5 10 b 3
Organizing  0.25 25 30 9.9 5 2.5
Controlling .80 4 0.85 11.9 0.9 39.6
Analyzing/  0.50 2.5 .0 9 8 4.8
follow-up
Communicat- 0.40 2.8 04 8.8 0.25 35
ions
Dectsion 0.40 5.6 0.3 2 0.5 1.0
Making
Supervising  0.20 0.8 0.2 2.5 0.2 4.0
Average Impact  37.45% 53.6% 56.9

Second, the estimated impact of technology on individual levels can be looked
upon in a number of different ways:

1- It could be employed as an indicator to those interested in number cutting
when considering the reengineering of organizational structures of business
organizations. For instance, under conditions of proper implementation and
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* Computer technology supports managers at different extents basically in the
form of: managing information, reporting, skills and requirements. For in-
stance; if the weighted impact function is 30% of the problems encountered
by the planning needed by a certain managerial level while the planning cov-
ers a 20% of the job span of needs; then the correlated impact factor (CIF) of
technology on this attribute would be 6%.

5-Estimate the overall impact factor of technology for each managerial level by
calculating the accumulated sum of the correlated impact functions over the span of
business mission of each management level. This would come up with an overall
measure of the impact function as corresponding to individual managerial levels.
For instance, the estimated overall impact of technology on top management would
be the accumulated sum of the individual CIF measures as defined from step - 4 for
planning, organizing, control and the rest of the business attributes characterizing
the business need for the top managerial level. Similarly, other measures can be es-
timated for the both middle and supervisory management levels.

RESULTS AND CONCLUSIONS

The research has intensively reviewed many of the recent reported literature
covering advances and development in different computer fields. The proposed
mode! has been applied to estimate the averge impact function of technology on
each business mission. Table(2) summarizes the results obtained by correlating the
relative impact figures with the weight factors of the main job requirements previ-
ously listed in Table (1).

In order to highlight the estimated results as given in this paper taking in consid-
erations the main assumptions and rules suggested by the model, the following
comments are summarized:

First, it is important, prior discussing the implications of the estimated results
given in Table (2), to state here that those estimated figures are subjected to change
due to a numnber of reasons in additions to the aforementioned ones in the basic as-
sumptions of the model. These include, the dynamic feature of technology as well
as the mentality trends of managerial levels towards letting technology overload
their traditional work practices. In order to enhance the model, the resultant per-
centage of technology impact on each level can be further refined by considering
subjective weight factors together with two more other parameters; one for the fur-
ther improvement in technology and the other to account for successful implemen-
tation of CBIS as well as proper use of technology supportt to justify the different
trends towards applying properly the technology. An Enhanced Impact Factor
(EIF) can'then be defined for each level of management as given in the following
equation:
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technologies. Table (1) summarizes the results of cited frequencies of the skills and
needs for each category of the managerial levels. Obviously, different application
fields may have different values, however this would serve as an evaluation metho-
dology the cab be similarly applied.

Managerial Top Middle Supervisors

level Managers Managers

Skill/Need cited cited cited
frequency frequency frequency

planning 55% 20% 2%

Oranizing 10% 23% 4%

Controlling 5% 16% 44%

Analyzing/

Follow-up 5% 15% 6%

Communica-

tions 7% 12% 22%

Decision 14% 4% 2%

Making

Supervising, 4% 10% 20%

monitoring,

observing

Table (1) Results of cited frequencies of the skills and needs,

The figures given in Table (1) has been based on imperical study which covered
overl50 managers from the selected business field of common characterisitics. On
the other hand, the results whenever revealed great dispersion have been correlated
a number of agreed-upon figures as suggested by the management models especial-
ly the one given by J. Kanter [2], which have proven quite acceptable matching.
According to the proposed methodology, we have attempted to map these figures

into relative needs from the major functions supported by computer-based-
information systems.

Before proceeding into the analysis model, It is important to highlight the fol-
lowing comments:

* although different levels of managers have different job descriptions leading
to some divergence in their Business mission, they all perform the listed
. needs/skills in Table (1),
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1- Identify the main attributes of business mission of individual management
levels by analyzing the jop characteristics in terms of the relevant tasks and skills
needed to accomplish the job efficiently. Models suggested by business manage-
ment’s experts would be a starting point to be further refined via empirical as well
as ststistical analysis to define a distribution of major tasks over a certain job span
of needs and requirements. Analysis of such attributes should focus on categorizing
the different skills and tasks from perspectives of their processing requirements.
This would, in tumn, result in a number of tasks and functions such as those given in
Table (1) which accounts for the relevant business tasks identified for managerial
levels.

2- Apply forecasting models to estimate status of relevant computer technology
fields of more pronounced impact on business mission as identified by the previous
step. Such a step should come up with figures characterizing the relative contribu-
tion of technology on major application categories such as planning, organizing,
follow-up, decision making ..ctc. In result, an accumulative figure indicating the di-
rect impact of the technology as corresponding to individual job needs and require-
ments irrespective to the different managerial levels can be estimated. The estimat-
ed measure of technology impact on each considered function is defined as
‘Impact Function® (IF). For instance, an IF of 80% as resulted from forecasting
analysis of the evolving technologies as comresponds to the planning tasks. Obvi-
ously, such a figure wouid reflect the increasing success in the problems encoun-
tered by artificial intelligence as well as dedicated EIS supporting planning type
operations.

3- Define a weighted impact function{WIF) of technology for cach level of
management. Such a weighted impact function is derived by weighting the estimat-
ed relative impact of the step -2 to account for the different domains as well appli-
cation definition of a certain business function which differ from one level of man-
agement to another. For instance, planning while been necessary to both top and
middle management has different scopes of planning probiems. Obviously, the top
managemernt would deal with higher degrees of unstructured problems rather than

the case with other managerial levels. attributes of the business mission listed in
Table (1).

4- Correlate between the weighted impact function (WIF) as result from step-3
with the relative weight of individual jop description as identified in the first step.
A correlated impact factor (CIF) for each category of business mission can then
be calcuated as the product of the weighted impact function (WIF) with the relative
weights of jop percentage each level exerts or require to satisfy the specific listed
job reguirements. However, there has been quite an agreement in outlining the re-
quirements from perspective of basic functions supported by the computer-based
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ANALYSIS OF THE IMPACT OF COMPUTER
TECHNOLOGY A PROPOSED. MODEL

Developing a quantitative model to analyze the impact of computer technology
has to face a number of challenging problems:

* There has been no specific criterion to quantitatively weight the effect of indi-
vidual advances of the different computer fields to each level. For instance,
improving transaction processing while has direct impact on the business mis-
sions of clerks also improve the flow of information to the managerial levels.

* Many of the listed figures about the evolving technologies over time have
been based on logic judgment with intention to show the grow up of the tar-
geted techniques over time. For instance, success reports of developing more
dedicated Expert Systems, or maturity of developing some EIS to assist exec-
utive management are given to illustrate how relatively the technology has en-
countered more semi structured type problems to computer solutions.

* There has been; to the best of my knowledge; no correlation mechanism that
would relate or weight the impact of certain evolving technique or attribute of
the computer technology to the different levels of management.

The aforementioned factors reveal the challenging nature of the targeted niodel.
However, it has been decided to suggest a guideline criterion which can be applied
to find a correlation mechanism between the business mission model defined in the
preceding preceding section and the different forms of computer technology attrib-
utes.

In crder to explain the model, a number of important guidelines and assump-
tions need to be highlighted. First,We have to accept the fact that certain impact on
a lower level of managament would indirectly leads to the improvement of work
procedures of a higher level. However, there are some features which would appear
of more impact on a certain Jevel rather than on the other level. For instance, long
term planning and organizing is more relevant to the top management rather than to
the other levels. Second, there are a number of qualitative measures regarding the
proper use, satisfaction, and successful implementation of the computer projects in
the host organizations. Third, remains the fact that availability of computer based
solutions does necessary means that technology resources are highly utilized to
their maximum extent.

Consequently, in order to simplify the matter the model has considered the as-
sumplion of applying the available technology to full extent. Figure (3) Summariz-
es the analysis criterion adopted in this research; with the following steps:
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ANALYSIS OF THE BUSINESS
MISSION OF MANAGERS

The business mission of different managers has a number of common character-
istics in terms of their processing needs. Most literatures have identified a number
of atributes towards modeling the business mission of managers. In order to devel-
op our own refinement criterion we have considered the following methodology to-
wards setting a quantitative frame for the job processing needs as well as skills
needed for each level of the managers from the perspectives of data and informa-
tion processing:

1- define a detailed list of responsibilities and requirements based on the job de-
scription.

2- for each accountable responsibility, a number of skills to guarantee effective
perfomance of the job responsibilities.

3- perform a statistical frequency analysis based on a satisfactory sample of
managers ‘job description. For instance, we compute the relative percentage
of cited skills needed from the entire span of responsibilities identified for
each manager.

4- Analyze the cited frequencies of targeted skills from perspectives of its main
processing requirement: planning, organizing, decision making, managing
data and/or information, controlling, administrating, and making directions as
well as communications.

In order to highlight the aforementioned procedure, an in-depth analysis has
been made to a number of publisbed manager’s careers based on proper job de-
scription. A questionnaire has been prepared and used to verify the adequacy as well
as the realistic implementation of such listed needs and skills. The study has con-
sidered a set of companies working in the field of contacting, engineering and dis-
tribution covering a range from 20-30 managers from each level. The results have
shown some basic differences in terms of the monitoring problems, supporting the
decision making, automating work procedures and flow of data communication.

The listed needs of the manager’s skills can be supported or categorized in the
main functions of CBIS. For instance, controlling analyzing and monitoring are
typical functions of MIS and Decision support systems.

Figure (2) summarizes the main functions supported by an CBIS as reflected to
the different managerial Ievels. The relative presented functional areas in Figure (2)
has intentionally attempted to give relative weighting of the impact of each func-
tion in terms of the business mission of managerial levels.
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managerial work domain are highly unstructured, besides that successful ES ‘s cov-
er a very specific scope of the work domain.

* Executive Information Systems, EIS while being introduced in the last few
years, target improving the work mechanisms of executive managers as a special
enhanced form of MIS and DSS. Shch systems need to face challenging nature of
highly structured problems that managers need to solve.

* Office Automation has gained a dramatic jump in terms of their impact on the
flow of data and information in and out organizations reducing much the time and
paper work. Recent technology has contributed significantly to new forms of auto-
mation including electronic mail, conferencing and services through networks espe-
cially the INTERNET.

An in-depth study to the impact of technology on managerial level would then be-
come important but difficult if one targets detailed undoubted figures in a quantita-
tive manner. The difficulties of such analysis can be summarized due to the follow-

ing:

1- Both technology and managerial business missions are highly dynmic due to
the every day innovations and advances.

2- Study need to probe into the processing needs of the business such a study
would mission of individual managerial levels

3- Tt would be important to retrieve logical indicative figures from the continu-
ously changing power of computer technology in different fields as well as
different functions of CBI’s.

4- The main problem would be then, the correlation between the needs of a
manager’s business mission and the extent the computer technology would
satisfy, a problem that has been always for debate!l.

The following sections would attempt to introduce analyze the main problem of
this research along the highlights of the aforementioned difficulties.
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number of logically accepted as well as interesting results from the perspectives of
extent that technology can do as a replacement of human managers as well as the
importance of reforming their work practices and roles. For instance, results has
come up with figures ranging from 30% to 70% of dramatic change in the defini-
tion problems regarding both number and new work procedures of the business
mission of different levels of managers.

INTRODUCTION

Computer technology has been dramatically improving the information sys-
tems in most fields of business applications. Many literature have addressed the
scope as well as different examples of applying computer technology in many
fields, even from managerial level perspectives [1, 2, 3]. While most specialists
agree upon the importance of relying on such technology, there are a number of
guestioning regarding the extent that such techology would reduce the need to dif-
ferent manageria) levels. Obviously, work procedures as well as management prac-
tices of the managers have to change in presence of successful Computer-Based-
Information Systems (CBIS). Figure (1) presents a model indicating the different
comporents of a CBIS from the Input-Process-Output perspectives. Fron the fig-
ure, managers are directly included in the two components of the knowledge work-
ers and methods and procedures, while also implied by the different other compo-
nents of the model. Meanwhile, most specialist have agreed upon classifying CBI1S
in terms of their functions into a number of types. Figure (2) iilustrates the span of
types as reflected to the different pyramidal managerial levels. In this figure, few
comments would be important for subsequent analysis:

Management-Information-Systems (MIS), would provide managers with infor-
mation in different forms such as summaries, statistics, graphs as well as highly
structured modeled problems. Despite the value of such types in terms of improv-
ing managerial reporting as well as clear monitoring to the work problerss, such
types wouldn’t help much directly in the decision making process!.

* Decision Support System comnplete the value of the preceding MIS to the ex-
tent of providing managers with useful indicators to solve problems, thus support-
ing the decision making process. Although, dialogues of What-If? Question experi-
ence answer sessions are still relying much on the knowledge as well as the quality
of the still relying much on the knowledge as well as the quality of the managers.

* Expert systems while need to be field specific have employed advances in arti-
ficial intelligent and computers, attempt to provide managers with almost ready to
go solutions. However, it is important to remind here that many problems in the
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CHAPER 8

An Analytical Evaluation of the Impact
of Computer Technology on Manageri-
al Levels

Dr. Nashaat El-Khameesy

ABSTRACT

The impact of computer-based information technology has been addressed in
many literature’s, however in more or less in an abstract view. No one denies the
importance of compulters, however, very few have tried to analyze such an impact
in quantitative manner. In most cases, information specialists have to face both de-
clared and hidden forms of fractions while achieving their automation activities in
organizations. It would be quite important to analyze different forms of the impact
attempting some acceptable figures of the extent that such technology would im-
pose on the managers from different attributes. Such studies have to consider some
form of analytical as well as forecasting models to reach to indicators good enough
to for specialists as well as organizations in terms of impact on the number of man-
agers, their work practices and other related aspects. It would also highlight the
truthfulness of fear from computers ending in labor number cutting as well as re-
distributing powers in a certain organization.

Throughout this paper, an analytical study has been made to quantitively esti-
mate the effect of information technology on managers based on two main axioms:
First, the nature of the business mission of individual managerial levels has been
analyzed. Second, the extent of contribution of the computer technology; based on
the undoubted figures of the new advances, has been correlated with the basic
needs of the managerial levels, The study has also considered some typical compar-
ative figures based on a statistical study on a group of 150 managers from fifteen
Egyptian companies working in the sector of construction from the general busi-
ness sector. Such figures have also been compared to similar results from interna-
tional successful announced companies in literature. The study has resulted in a
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6. CONCLUSION

The paper provides a description of a software evaluation procedure. This.evalu-
ation procedure is a four-step procedure. The description is presented in terms of
actions and results in order to cover the practical issues of planning, controlling and
reporting on an evaluation.

The evaluation procedure proposed is adaptable to circumstances of any testing
entity (available personnel, evaluation techniques and tools), and flexible to rele-
vant standards of product type dependent quality requirements and of software en-
gineering processes, and to legal or contract issues.

The evaluation framework proposed is designed to allow technology changes
without needing modification of its basic principles. This is a consequence of the
approach taken to use evaluation modules. Although, the evaluation framwork ex-
plicitly refers to ISO/IEC- 9126, other quality models can be applied without any
serious change (o the evaluation procedure.

Running a product evaluation provides information that can help to estimate the
costs, improve evalution modules, or to identify needs for new evaluation tech-
niques. The experience gained, therefore, should be stored in a database for the
benefit of future evaluations.

One prime objective for developing this evaluation framework was to ensure
that an evaluation process is effective. In order to achieve this goal, many issues
have been considered, first; experience with evaluation modules and the module li-
brary, second; appropriateness of levels and sofiware characteristics, third; appro-
priateness of product and process representation, fourth; calculation of actual costs
in order to improve cost estimates, and appropriateness of the evaluation procedure.
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4.4. Reporting the Evaluation :

The last activity of the evaluation process is to collect all results, document the
process and structure them in the evaluation report. The evaluation report compiles
all outputs from the individual modules, including all observations made during the
evaluation process, into the evaluation results, which are a part of the evaluation re-
port.

The evaluation shall be reported accurately, clearly, unambiguously and objec-
tively, as required by ISO/IEC Guide [11]. This includes all the information neces-
sary for the interpretation of the evaluation results and all information required by
the method used in order to be able to control application of evaluation procedure
and the suitability of decisions taken.

5. STRUCTURE OF THE EVALUATION REPORT

A proposed structure of the evaluation report including its items is shown in
Figure 0.

#* Preface

» ldenuficanon of the Tesling Laboratory
s Idenuficanon of Evaluation Report
¢ Identification of Chient and Producer

# Evaluation Requirements

Idenufication of the Product

Product Qverview

Scope of the Evaluation

Relevant Laws, Standards and Regulations
Software Characlernistics and Evaluation Levels
Product Infonnation Required

#* Exaluauon Specification

* Idenufication of Evaluvation ltems

* Classificauon of Evaluation liems

» Specification of Characterisucs, Techniques and Product Irems
# Evaluation Plan

* Applicable Evaluation Modules

*  Oplimized Set of Evaluation Madules
« Ewvaluanion Process Planning

e Esumale ol Cosis

# Evajnation Resulls
» Deviauons from Evaluation Plan
+ Evaluation Reports ol the Evaluatuon Modules
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Figure 9 : The Proposed Stucture of the Evaluation Report.
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- Identifcation of a list of “metrics” applied (in case of checklists, it is the collec-
tion of questions applied).

- “Achievement inforamtion” i.e. coverage of checklists.

- Rating the results i.e. mapping onto the categories excellent, good, fair, poor (or
others).

The actual results are to be compared with the required results specified in the
evaluation specification. An evaluation conclusion shall be done according the
pass/fail decision criteria- if they are defined. If the decisicn is pass the evaluation
specifications and the actual resuls should be only repeated. If the decision is fail,
the measurement result that drove this decision should be highlighted.

{ Conducting the Evaluation ]

‘1\Applicalion of Evaluation Modules ]

-

Collecting and Assessing the Measurements
Results

_

Interaction with Legal Procedures
Considering the Performance of the
Evaluation

—_—

Figure 8 : The Actvities of Conducting the Evaluation.

In most cases, the evaluation may be expected to follow provisions and proce-
dures laid down in the evaluation specification and plan. From the legal standpoint,
the attempt must be made to identify and provide for potential problems. The most
significant problem would be that the evaluation plan cannot be implemented. This
may be caused by a number of factors of circumstances including the possibilities
that :
¢ Deficiencies appear in the evaluation plan.
® The software may not be as specified.

¢ Third party intervention may prevent performance.
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A first rough estimation of costs is obtained based on the evaluation levels. Here
a refinement of the estimation based on the selection of evaluation modules is con-
sidered. Each module includes data from which the cost of its application can be
derived. From this information the cost of implementing the evaluation plan is esti-
mated. Costs might be divided into cost of personnel and cost of applying tools.

In the interaction with legal procedures conceming the evaluation plan, the
client requests the production of an evaluation plan. This act constitutes the client’s
acceptance of the testing laboratory’s offer to draw up the evaluation plan subject
to the terms and conditions specified in the evaluation specification. The evaluation
plan may restate many of the provisions of the evaluation specification but will
also:

¢ ldentify specific evaluation modules to be applied.
* Prescribe a timetable for the evaluation process.
® Provide for logistics of the evaluation process.

The testing laboratory may offer to conduct an evaluation according to the eval-
uation plan.

4.3. Conducting the Evaluation :

The implementation of the evaluation plan means applying the evaluation mnod-
ules on the related product parts and ¢ollecting for each of them the application re-
sults. The output will be a collection of measurement reports resulting from the ap-
plicatition of the modules. The execution of the evaluation modules and the
interpretation of the results migh be supported by a testing laboratory’s workbench,
assistant or advisor.

Measurements can be manual, computer aided (e.g., using a check list manager
for applying check lists), or automatic {e. g. measuring the complexity in a source
code component using a static analyser).

The main task is to collect the measurement result and also to keep any informa-
tion (measurement data) about the measured product part that could be helpful for
an acceptance decision to be taken. Figure 8, shows the activities to be conducted
by the evaluation conduction.

Based on the results of evaluation modules, a synthesis of all measurement re-
ports might be necessary. This can be done by one of the following two possibili-
ties :

s Application of so called “Assessment Modules” where each of them defines a
multidimensional assessment method.

* “Summarizing” output of all evaluation modules by :
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modules can be substitiuted by a combination. The planning will be done in order
to optimize the coverage of evaluation of carrying through the evaluation.

To reduce the set of applicable modules to a minimal set of modules needed for
the evaluation, an equivalence relation might be introduced on the set of {all) mod-
ules in order to use representative modules which minimize the cost of the evalua-
tion with respect to the applicable evaluation techniques and tools.

In the optimization step, representatives of the applicable modules are selected.
Each testing laboratory can use those modules which have lowest cost. With the re-
sults of the application of modules, an evaluation statement for the software prod-
uct can be made.

Figure 6, shows the selection procedure. With information of the evatluation
specification, the evaluation items and the evaluation module library, a set of appli-
cable evaluation modules can be identified. In the step “Minimization of Evaluat-
tion Modules™ a set of representatives of equivalence classes selected according to
the specific constrains of the testing laboratory and to cost-effectiveness.

The optimized set of evaluation modules requires product, process and perhaps
supportive information as imposed by the input interface of the evaluation modules.
A refinement and adaptation step might be necessary, as shown in figure 7, to re-
late the information needed by the modules to the evaluation items identified by the
information classification.

Planning the evaluation process includes the usual activities to be performed at
the beginning of and during a project which are:

* Iidentifying the evaluation activities.

¢ Identifying resources (huinan, tools.... etc.).
» Allocating resources to activities.

® Scheduling and reporting progress.

The evaluation plan including the list of evaluation modules to be applied. Each
module includes information from which the cost of its application can be derived.
Hence, it is easy to calculate the total cost of the evaluation. However, the testing
laboratories act in a competitive market, and therefore the actual price of the evalu-
ation may differ substantially from the calculated cost. Furthermore, in some cases,

the cost may also include the whole, or part, of the development cost of a new mod-
ule,
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[ Designing the Evaluation J

Selection of Evaluation Modules ]

Identification of Granularity o
Information

Planning the Evaluation Process ]

1o L L

Estimation of Cost ]

Interaction with Legal Procedure
Concerning the Evaluation Plan

Figure 5: Activities of Designing the Evaluation

After determining the evaluation techniques, that is, identifying which software
characteristics should be considered and how thoroughly, and after identifying the
technical constraints of the product (like product type, design or program lan-
guage), a set of applicable evaluation modules are selected. from an evaluation
module library.

The selection process requires that the evaluation module library be searched for
evaluation modules, which will be useful in the evaluation of each attribute for the
target product. This directly implies two criteria to be applied in the selection of
evaluation modules : First, the module must be known and recognized to be useful
in the evaluation of the attribute for which it is to be used for. Secondly, the mod-
ule must be applicable to the product part on which it is to be used. For example,
many 3GL software metrics cannot be applied to object oriented or rule based soft-
ware, :

However, this set of evaluation modules may not be optimal for carrying out the
evaluation. Some modules may be redundant, some other modules may be missing.
It must be decided whether new modules must be developed or whether missing
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As shown in figure 4, specifying the evaluation consists of the following activi-
ties:

¢ Identification of available documents.

* Classification of items submitted.

® Attaching evaluation techniques to software characterictics.
¢ Validation of required information and available documents.

The evaluation specifications need not be concerned with whether any attribute

can or cannot be measured, i.e. whether particular evaluation modules are availa-
ble.

Neither should the specification be totally influenced by the wishes of the client
expressed in the evaluation requirement. If, at the product analysis stage, some as-
pect of the product is suspect and is deemed necessary to perform an investigation,
then this should be included in the evaluation specification. It will, of course, still
be the right of the client to withdraw the product from evaluation if the more exten-
sive evaluation is not agreed.

4.2. Designing the Evaluation :

The aim of designing the evaluation is to produce an evaluation plan by specify-
ing the set of evaluation modules to be used according to the evaluation specifica-
tion. It describes the selection procedure of evaluation modules, the adaptation of
the informtion classified to the information used by the selected modules, the plan-
ning of the evaluation, as well as the cost of evalution. The clause concludes with a
description of the interaction with legal procedures. Figure 5, shows the activities
of designing the evaluation.
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* Evaluation Techniques

Set of evaluation techiques, encapsulated in evaluation modules, which are to be
used in order to evaluate the software product for a software characteristic.

4.1 Specifying the Evaluation :

An evaluation specification is derived by negotiation and agreement with the
client of the evaluation and from available information about the software product,
i.e. product description, requirement specifications, user manual, etc. Also referenc-
es to application specific standards and guidelines can be included.

The evaluation specification shall state unambiguously the quality attributes of
the software product (functional and non-functional) to be evaluated. The quality
attributes of the software product shall be categorised according to the software
characteristics given by ISO/IEC-9126. Furthermore, for each quality attribute the
required value shall be specified. The list of attributes will be possibly modified by
the findings of the product analysis. This list represents the necessary compromise
between the characteristics of the product the client feels it is important to evaluate,
and a more comprehensive list of characteristics that an evaluator might feel to be
the appropriate set of attributes which should be evaluated.

[ ) - i D A TN
!

L Specifying the Evaluation 1
R,
-

p _
*—1 Identification of Available Documents ‘
.

N &

.-
I Classification of lems Submilted |

S, BN

\
[

Attaching Evaluation Technigues to
Software Characteristics ¥

Yalidation of Required Information
and Available Documents

Figure 4 : Activities of specifying the Evaluation.
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In the step designing the evaluation process, evaluation modules which define
the applicable evaluation techniques are identified and linked to the respective
characteristics. The selection and ordering of evaluation modules and the estima-
tion of costs complete the evaluation design. Performing the evaluation by the test-
ing laboratory, then comprises the application of the set of optimised evaluation
modules on the related documents and collecting for each of them the results.

The last step in the evaluation procedure is the reporting of all results achieved
during the evaluation requirement analysis, specification, design and performing.
The evaluation procedure considers the following basic types of information shown
in figure 3:

T _ - ]

Software Characleristics

- Subcharacteristics and Metrics -

Evaluation
Process
Product Information Evaluation
Techniques
- Liser handbooks, design
docuinentis or programs - - Evaluation Models -

Process Information

- Management Reports,
Quality Assurance Reports,
or Project Documentation -

Figure 3 :Information Needed for Software Evaluation

* Software Characteristics

Set of software characteristics, which are of interest and should be evaluated. A
break down into subcharacteristics and metrics may be helpful for comprehen-
sion.

* product Information
Including documents such as user handbook, documents, or code.
* Process Information

Including document such as management report, quality assurance report, or
project file.
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with their clients, and software users when studying and understanding the results.
Evaluation is conducted through a well-defined, step-wise procedure which, to
achieve flexibility, is*based on a library of evaluation modules. The standardisation
of these modules is beyond the scope of this paper.

The procedure is widely applicable for evaluating a software product, i.e. is ca-
pable for dealing with any type of software product ranging form off-the-shelf
packages developed for a general customer base, through projects commissioned
by a customer, to embedded software. This is obtained by using a level approach to
quality characteristics and providing a flexible view on classifying product and pro-
cess information.

The cost-effectiveness of an evaluation procedure is related to the level of confi-
dence required and this level will vary with the critical aspects of the software
product usage and the reason for conducting an evaluation. Guidance is provided
on how to make an estimate of the costs of evaluation as early as possible in the
procedure.

The procedure complies with reqirements stated in ISO/IEC guide 25, which
provides general guidance for the operation of testing laboratories and lays down
rules for creating a framework for the evaluation of all types of products including
software products.

Conformancy testing is not defined in this paper but can be applied if a norma-
tive quality model, identifying quality characteristics, metrics and evaluation tech-
niques, is given.

4. OVERVIEW OF THE EVALUATION
PROCEDURE

The evaluation procedure presented comprises four steps, which divide the eval-
uation into distinguished activities as shown in figure 2. Specifying the evaluation
finds out the conditions and constraints of the evaluation and defines the objectives
in addition to the formal description of the evaluation requirements, consists of the
identification of available documents and classification of items received into prod-
uct, process and (for the evaluation process) supportive information ig order to
identify which evaluation needs are to be performed. The evaluation techniques are
specified in order to determine the information required and identify the items
which are missing. They are formal records of the agreement between client and
test laboratory of what has to be achieved by the evaluation process. They provide
a nominal lists of software quality characteristics to be evaluated at a specific eval-
uation Ievel and identifies the source of data and evidence to be used in the ¢valua-
tion process.
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Analysability is an attribute of software that bear on the effort needed for diag-
nosis of deficiencies or causes of failures, or for identification of parts to be modi-
fied. Changeability is an attribute of software that bear on the effort*needed for
modification, fault removal or for environmental change. Stability is an attribute of
software that bear on the risk of unexpected effect of modification. Testability is an
attribute of software that bear on the effort needed for validating the medified soft-
ware,

3. EVALUATION FRAMEWORK
ACTIVITIES AND DOCUMENTS

The purpose of a software product evaluation is to provide any interested party
with quantitative results concerning a software product that are comprehensible, ac-
ceptable and trustworthy. This paper presents a procedure, which defines the activi-
ties of analysing the evaluation requirements, specifying, designing and performing
the evaluation, and reporting on the results of the evaluation. Figure 2, shows the
main activities and documents within the proposed evaluation framework.

Application
Product and Standards and
process Evaluation Evaluation Evaluation
Information Requirement .., -~ Modules®
echnigues Library

H i .

i Specifyin Designin Conductingw
i -% S > T
y

Specification Plan

Reporting

Resulits

L l__—:] D-ocument [: Aclivity

Figure 2 : The Main Activities and Documents within the Proposed Evaluation Framework.

The aim of this evaluation framework is to assist testing laboratories when pro-
viding the evaluation services, software producers in planning the evaluation, soft-
ware customers when specifying certification of the evaluation in their contracts
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As shown in figure 1, these sub-characteristics are accuracy, compliance, inter-
operability, security, and suitability for functionality. Reliability sub-characteristics
are fault tolerance, maturity and recoverability. Efficiency sub-characteristics are
resource behavior and time behavior. Usability sub-characteristics are learnablility,
operability and understandability. Protability sub-caracteristics are adaptability, in-
stallability, conformance and replaceability. Maintainability sub-characteristics are
analysability, changeability, stability and testability.

Suitabiliry is an attribute of software that bears on the presence and appropriate-
ness of a set of functions for specified tasks. Accuracy is an attribute of software
that bear on the provision of right or agreed upon results or effects. Interoperability
is an attribute of software that bear on its ability to interact with specified systems.
Compliance is an attribute of software that make the software adhere to application
related standard or conversions or regulations in laws and similar prescriptions. Se-
curity is attributes of software that bear on its ability to prevent unauthorized ac-
cess, whether accidental or deliberate, to programs and data.

Maturiry is an attribute of software that bear on the frequency of failure by
faults in the software. Faulr tolerance is an attribute of software that bear on its
ability to maintain a specified leve! of performance in cases of software faults or of
infringements of specified interface. Recoverability is an attribute of software that
bear on the capability to re-establish its level of performance and recover the data
directly affected in case of a failure and on the time and effort needed for it.

Time behavior is an attribute of sofiware that bear on respconse and processing
times and on throughout rates in performing its function. Resource behavior is an
attribute of software that bear on the amount of resources used and the duration of
such use in performing its functions.

Understandability is an attribute of software that bear on the user’s efforts for
recognizing the logical concept and its applicability. Learnability is an attribute of
software that bear on the user’s effort for learning its application (for example, op-
eration control, input, output).Operability is an attribute of software that bear on
the user’s effort for operation and operation control.

Adaptability is an attribute of software that bear on the opportunity for its adap-
tation to different specified environment without applying other actions than those
provided for this purpose for the software considered. Installabilitv is an attribute
of software that bear on the effort needed to install the software in a specified envi-
ronment. Conformance is an attribute of software that make the software adhere to
standards or conventions relating to portability. Replacebility is an attribute of soft-
ware that bear on the opportunity and effort of using it in the place of specified oth-
er software in the environment of that software.
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Since developers are responsible for producing software which will satisfy qual-
ity requirements, they are interested in the intermediate product quality as will as in
the final product quality. In order to evaluate the intermediate product quality at
each phase of the development cycle, the developers have to use different metrics
for the same characteristic because the same metrics are applicable to all phases of
the cycle. A manager is typically more interested in the overall quality rather than
in a specific quality characteristic, and for this reason will need to assign weights,
reflecting business requirements to the individual characteristics. The manager may
also need to balance the quality improvement with management criteria such as
schedule delay or cost overrun, because he/she wishes to optimize quality within
Jimited cost, human resources and time-frame.

ISOMEC-9126 suggest a further decomposition of each characteristic into a set
of subcharacteristics. These sub- characteristics are a step closer to the quantitative,
technical aspects of the software product. Figurel, shows these sub-characteristics.

sAccuracy
sCompliance
sInteroperability
aSecurity
sSuitability

Functionality

sTFault Tolerance

PP sMaturity
Reliability eRecoverability

Efficiency «Resource behavior
+Time behavior

Usability

Portability

Maintainability

sLearnability
«Operability
‘ sUnderstandability

;

sAdaptability
sinstallability
«Conformance
sReplaceability

= Analysability
*Changeability
»Stability
sTestability

Figure 1 : sub-characteristics of ISO/IEC-9126 standards
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2. ISONEG-9126 SOFVWAR!
QUALITY CHARACTEFISTIC S

ISOMEC-9126 standard defines six characteris*ics that < >3¢. tbe, with minmy’
overlap, software quality. These characteristics are furctior='i’y, reliability, vo1-
bility, efficiency, maintainability and portability.
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software. ISO/IEC-9162 is the software product evaluation standard from ISO. It
defines six cliaracteristics that describe with minimal overlap, software quality. It
Provides the definiiion of the characteristics and associated quality evaluation pro-
cess to be used when specifying the requirements for and evaluating the quality of
software products thoughcut their life cycle {7].

There is a wealth of knowledge abowt software quality available {8-171. The
greatest challenge in proposing any model for software product quality is to find a
framework that can accomuinodate this knowledge in a way that is constructive, re-
finable, and intellectually manageable. The prime requirement of any such mede] is
that it makes clear and diract links between high-level quahity attributes and explicit
product characteristics at all levels, Beyond this the model must provide:

* Systematic guidance for building quality into software.

* A means to systematically identify/classify software characteristics and quali-
iv defects,

* A structure that is understandable at a number of levels, refinable and adapta-
ble.

When carrying out a software products evaluation, clients require reliable re-
sults which can be used as a sales aid. An evaluation must be of value to many par-
ties of the software industry, including producers, vendors, users and to the com-
munity at large. This means that an evaluation procedure needs to be pertinent,
widely applicable and cost-effective. By pertinent is meant that the propenties cho-
sen to be evaluated are meaningful to the clients. This means that the purpose of an
evaluation, for cxample in the context of the functionality characteristics, is to as-
sure that the computer program is a trusted implementation of the design specifica-
tien, which in turn is a trusted transformation of the requirements specification. In
other words, the purpose of the evaluation is to answer the question “Is the claimed
functionality really available”?. This objective might be difficult to reach, especial-
ly raking inio account the diverging interests of the client or even the user of the
software product.

What kind of guidelines should be provided by the Evaluator’s guide? This can
be answered by asking the questions “What happens when a problem occurs during
an evajuation”?-and “What type of problems can occur”™?. A missing documents is
identified in the evaluation specification. A delayed document leads to a postpone-
ment of the respective evaluation activities. If there is a change of product repre-
sentation, a new evaluation specification has to developed or an existing one has to
be modified where applicable (e.g. change of programming language might impose
a change of some or all evaluation techniques, which might in turn have an impact
on the cost of evaluations). Other problems might be treated in a similar way.
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CHAPTER7

AN APPROACH FOR

EVALUATING SOFTWARE QUALITY
Dr. Alaa Mohamed Fahmy

ABSTRACT

In order to takle the increasingly important issue of software quality, ISO/IEC
9162 was developed. This international standard sets out six quality characteristics,
which are intended to be exhaustive. In order to successfully and practically apply
ISO/MEC 9162, an evaluation framework is proposed in this paper. It is designed to
allow technology changes without needing modification of its basic principles. The
proposed framework is a four-step procedure for the planning, controlling and re-
porting on software evaluation. These steps are specifying of the evaluation re-
quirements, evaluation design, conducting of the evaluation and reporting on the re-
sults achieved during the evaluation.

1. INTRODUCTION

Significant gains in the quality of software will not take place until there is a
comprehensive model of software product quality available. Several different mod-
els of software product quality have been proposed [1-6). While these models offer
interesting insights into various apects of software quality they have been strong
enough to stimulate siginificant gains in the guality of software or to gain wide ac-
ceptance.

Most recently the international standard ISO/TIEC-9126 Software Product Evalu-
ation Characteristics (1991) [7] has been put forward as a high-level framework for
characterizing software product quality. ISO is the abbreviation for International
Organization for Standardization and IEC is the abbreviation for International Elec-
rotechnical Commission. This standard appears to have drawn considerably on the
model originally proposed by Boehm [1]. While this standard can provide high-
level guidance, it does not go nearly far enough to support building quality into
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PART THREE

STANDARDS AND SPECIFICATIONS
OF
SOFTWARE DEVELOPMENT QUALITY
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(3) Functions of large enterprise’s products are becoming more complex and so-
phisticated in an open and changing environment. Therefore, they need applica-
tions of diversified nature. Intranet and Web software applications are evolved
to meet networking requirements.

(4) Various forms of computer management, control and maintenance systems play
important roles in operating and maintaining large software based products.
They perform complex functions and usually require a considerable amount of
effort to be developed and implemented.
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* reading and writing information to files on server.
(3) Java Language :

In this connection, it should be noted that Jgvg langugge has moved from being
an unproved but promising technology to a reliable tool for building business appli-
cations on Internet and Intranet [22].

Such Microsystems, Jave soft unit uses Jave for corporate developers. Also, Mi-
crosoft is working to encapsulate key portions of Windows 95 and NT applications
programming interface as Jave class libraries. This would make Windows pro-
grams written in C++, Visual Basic or other Windows development environments
more easily portable to Java.

CONCLUSION

As noted above, one cannot ignore the key technology trends that are now un-
folding in software production. Large software development firms and organiza-
tions, especially in advanced countries, are increasing their degree of software auto-
mation and improving their efficiency and performance by better software
management practices. Those firms which are existed in Egypt for example, should
do some extent acquire, purchase, integrate and exploit software development tools
to be able to provide their customers with working software prototypes and custom-
ers - oriented software. But this technological capalilities require increasing capital,
skilled manpower, access to external knowledge, and an organizational maturity,

which are not existed in many software development firms and organizations in
Egypt up to now.

The following reasons highlight the importance of technological implications on
software industry ;

(1) The rapid progress of integrated circuits technlolgy decreases hardware cost
steadily. Many hardware components that were developed several years ago
may be replaced by off - the - shelf software packages utilizing integrated cir-
cuits chips. Some components, which do not have off - the - shelf integrated
circuits products are preferred to be implemented in the form of Applications
Specific Integrated Circuits (ASIC). These measures also greatly increase the
hardware reliability.

(2) The wide applications of various types of Central Processing Unit (CPU) chips
simplifies the hardware design in the sense that the same hardware architecture
can be used to fulfill different kinds of functions with different specialized im-
plementation of software embedded in the CPU chips.
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* Porland’s Delphi
* Powersoft’s Powerbuilder

These two packages use ODBC, the Oper Database Connectivity Standard. Oth-
er tools exploit the naive network interfaces of database software itself.

{2) Microsoft’s Released Visual InterDev (IDE) @ [21]

This software package is an integrated Visual development environment for
building and Internet applications. This software package brings together a bundle
of visual tools to help Web resources. Visual InterDev shares a common develop-
ment environment with Microsoft’s Visual J4++ and Visual C++.

This package was designed to meet the foilowing user requirements :
* An integrated tool for higher productivity,

* Built-in database connectivity tool,

* Built-in development, publishing and site management,

* An open architecture based on HTML/HTTP standards,

* Easy back-end integration with client - server sysiem,

* Open database connectivity.

* Extensibility with other tools,

* Scaleable solutions, and

* A team - based development environment.

One of the important aspects of the Visual InterDev is its active server applica-
tion development. Microsoft uses the term Web application to indicate any Web
site that uses active content on server to perform applications such as pulling infor-
mation of a database, providing user input to database, and dynamically generating
HTML in response to user.

Web applications that are built with Visual InterDev typically use the Active
Server Pages (ASP) component on server, which contains server - side scripts (ei-
ther Vbscrits or Iscripts) along with HTML. The ASP pages can perforn almost
any task that the traditional application can do, e.g. :

* Integrating with database;
* displaying information to users;

* accessing external server components; and
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* Web Top Publishing (WTP) : This category currently has only one package,
NetObject Fusion.

In addition o HTML Tools which are very crucial to network applications,
there are some developed software packages which are of interest to Internet Web
and Intranet applications, such as :

1) Web middleware :

This technology has evolved to provide help to those who may have a database
that needs a Web front - end [20]. These software packages sit between Web server
and SQL database, eliminating some of the drudgery of Common Gateway Inter-

face (CGI} programming while improving productivity in applications develop-
ment.

CGI developed from a need to extend Web beyond simple delivery of HTML
documents because enterprises want to be able to process information submitted by
Web users in some intelligent way, Also, middeware stems a need for a mechanism
to connect a person running a Web browser to programs and files on the server end.

CGI was evolved primarily under UNIX, but was later translated to Windows
and Macintosh server environments. This defines how a browser user’s input com-
municate from a Web server process to an external program or script. Using CGl,
Webmasters could enrich their sites, connecting users to live data, whether it was
from a product database or a weather map.

The problem was that Webmasters had to write separate CGI programs for each
task in scripting languages such as C, Visual Basic, and Apple Script. These pro-
grams or scripts accomplished similar functions but rarely reuse code. Webmasters
needed to live databases, can provide important performance advantages over CGL
The traditional CGI programming uses a new process to be spawned for each invo-
cation of a given script.

For server handling few transactions, this is considered fine, but those handling
hundreds of transactions per hour can slow to craw) as memory fills with redundant
process. Most Web middleware software settle this problem by lauding a single
program, a server plug-in, that remains inconstant communication with the server
no matter how many transactions are outstanding. Commonly supported servers in-
clude Netscape, through its NSAPL, and Microsoft's Internet Information Sevver,
through ISPAPI.

Therefore, Web middleware products are tools which are considered as rapid ap-
plication development sclutions. Examples of these tools are :
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* Has direct support for movies and multimedia files, such as Shakewave, Quick
Time and AVL 1t is also required to look for image previewing and management
features.

* Other useful features to look for are spell checking, syntax coloring (the color
coding of HTML tags and attributes), and the ability to edit multiple documents.

* Ideally a software product should have also HTP ( and helpfully HTTP) transfer
support.

* It should have an uninstall option just in case the developer changes his mind.

1t should be noticed that HTML tools range from single text editors to DTD -
like programs which give complete graphical control over page design. Deciding
which package suits the needed page, the developer will depend on his skills as a
programmer and a designer in the meantime. For example, designers will appre-
ciate programs such as NetObjects Fusion because it gives them a DTP - level con-
trol over appearance of Web site. On the other hand, programmers will probably
prefer packages such as HotMetal Pro which gives them access to the latest HTML
and Web site gizmos like ActiveX controls and Java applets.

If someone is working with Web design team, he probably needs more than pick
of software. He will need different tools for different members of the team carrying
out different tasks.

The current version of HTML is 3-2. The latest update to the standard have es-
sentially been pushed through by Microsoft and Netscape as they constantly revise
these browsers.

The version 3-2 of HTML Document Type Defintion (DTD) includes most of
these Microsoft and Netscape extension alongside with minor revisions to the struc-
ture of some of the new elements to improve cross - platform and cross - browser
compatibility. Both Navigator 3.0 and Interment Explorer 3.0 can display docu-
ments created with the latest version of HTML.

The information system Web publishing tools or HTML Tools come in four dif-
ferent types which are :

* HTML editors : the developers works, here, in text mode and have buttons to
add to HTML tags.

* WYSIWYG editors : These products work much like word processors, so it
is not needed to edit HTML at all.

* Site Management Tools : These products focus on the creation and manage-
ment of Web sites rather than single pages.

in7



Therefore, the right authoring environment for these tools is crucial, learning
curve, playback and authoring platforms, and project are some of the factors to con-
sider.

There are several mid - to - high end authoring programs, mostly timeline - and
icon - based for Windows and Macintosh platforms. All the existed programs com-
bine graphics, sound, animation, video and text into projects with more sophisticat-
ed synchroniztion and interactively than is possible with multimedia presentation
programs such as Astound and Power - Point. Some such as Macromedia’s Direc-
tor and Advanced Media’s Media Master Pro, let the developers to create and edit
media right in the applications. Others, such as Apple Media Tool, work only with
media created elsewhere. All except Scala Multimedia MM100 let distribute the
work with run time player at no charge.

While Director is still the dominant player in the authoring market, most of the

applications which were introduced in 1995 are intended to chip away to various
niches.

For example, Innovus Multimedia program is geared toward business applica-
tions, while less emphasis on fancy graphics and animation and more focus on ease
of use database connectivity and network distribution. Media Master Pro, on the
other hand, bundles various media editors for an integrating authoring solutions,
and Scala Multmedia 100's distinctive multitasking operating system provides the
smoothest playback of Windows applications. Finally, looking Glass Software’s
Media Verse is a good choice for text - oriented applications, and Apple’s Media

Tool takes ease - of - use honors. and is also one of the best choice for cross - plat-
form work.

S5.INTERNET APPLICATIONS SOFTWARE :

The following presentation reviews in a brief manner some aspects of software
packages related to {nfernet and {nfranet or web applications. The HTML tools and
Web middleware, Microsoft’s Visual InterDev and language are introduced.

If it 1s needed to build a Web site, the right software should be allocated to help
in the creation of the required site. But just which of the more than 140 software
products [19] be selected and used to design the site?

There is a core set of features that it is important to look for in a Web publishing
packages, The chosen software package should do all the following :

* Supports the HTML 3-2 standard, and has the flexibility to handle future changes
to HTML standards.

* Handles Java applets, ActiveX controls and scripting and image - map creation, It

is needed also to look out for the ability to graphically edit forms, tables and
frames.
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(2) Delphi 3 Client / server Beta : released on May 1997, Porland is doing its
own matching, adding ActiveX and distributed applications development capabil-
ities. The main features of this package are :

* Descrption :

Porland International’s muitifier development tool based on object - oriented
Pascal.

* Strengths :
- Easy to use interface,
- More - mature distributed object technology,

- Object paradigm and repository encourage code form reuse.

* Weaknesses :

- Object Pascal has a sleeper Iearning curve than the Visual Basic.
- Manual migration path for converting applications to ActiveX documents.

The two releases raise the bar for Powersoft’s Power Builder 6.0. They also fi-
nally offer Windows developers some solid options for rapidly building and de-
ploying distributed applications across their networks and intranets. The improve-

ments in these tools may even be enough to lure developers away from Windows
C+— tools,

Also, both tools make it easy to create ActiveX controls and servers, ActiveX
documents that can be run from within a Web browser, and executable applica-
tions. Both tools can create applications with distrbuted components using Micro-
soft Distributed Component Object Model (DCOM). Also, both tools support only
development of 32-bit Windows 95 and Windows NT applications. 16-bit users of
Windows 3.x are left behind to use only older versions of these tools.

In fact, both development tools are very similar when it comes to developing
stand - alone a simple client - server applications. The real differences between
these tools emerge when they are applied to the task of enterprise wide application
development, then the gap between Microsoft’s and Porland’s strategies for distrib-
uted development becomes visible.

4. AUTHORING MULTIMEDIA SOFTWARE :

Multimedia authoring spans a huge range of projects from presentations, com-
puter - based training programs and product demonstrations, to enterlainment, and
education CD-ROMs, Simulations, Interactive Web sites and Space - alien - de-
struction games [18].
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The best practice for software reuse involves the following characteristics :
* Build a strong architecture that provides the framework for reuse activities,
* Use a software - development process that promotes and controls reuse,

* Reuse more than just code, such as product and project templates, models, re-
quirements, specifications,.. etc.,

* Practice domain development, such as identifying subdomains for a line of prod-
ucts, each with significant reuse potential. This helps reduce the scope of soft-
ware development to a manageable size,

* Integrate reuse into project management, quality initatives, and software develop-
ment. activities,
* Emphasize partnering to achieve reuse across product boundaries,

* Use automation to support reuse, including automated process improvement, soft-
ware repositories, configuration management, domain development engineering,
software factories, and integrated CASE.

3. RAPID APPLICATIONS DEVELOPMENT TOOLS :

In spite of there are many rapid applications development tools, only two of
them which are widely used are being discussed in this paper. Despite their paral-
lels, Microsoft’s Visual Basic and Porland International’s Delphi as rapid applica-
tions development tools, they are clearly oriented toward different audience [17].
Visual Basic is aimed to developers who are using Microsoft products almost ex-
clusively. Delphi provides similar (and in several cases better) functionality for dis-
tributed applications, In the same time the two have never looked more alike.

(1) Visual Basic 5.0, released in March 1997, brought the Visual Basic line
even closer to parity with Delphi’s performance by way of its long - awaited code
compiler. The main characteristics of the Enterprise Edition, are as follows

* Description ;
Microsoft’s development tool for a distrbuted database applications using Mi-
crosoft’s products.
* Strengths :
- Easy to use, with gentle learning curve.
- Native code compiler debugger for rapid code fixing.
- Includes also, interpretive debugger for rapid code fixing.
* Weaknesses :
- Immature distrbuted object implementation for enterprise class applications.

- Database development tools do not do much with other vendors® databases.
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ware execution speed. Prototype is built, and software developers can see how code
modification will work on the proposed hardware. Such tools are operating on
mini- and mainframe computers [15]. :

Automated tools alone are not significant to ensure productive software environ-
ment. With no coherent methodology standards and set of controls, automated
tools, sometimes, are just merely help developing a software project. Hence, they
can also create an image of modern methods and high technology without substan-
tively increasing productivity.

Successful use of automnated tools requires a fit between the tool and the envi-
ronment in which it will be used. The selection of the tools can be a complicated
and confusing process. Tools must, in some ways, be similar to what a development
company already does and knows; and they must be supported and maintained.

2, SOFTWARE REUSE :

If the programmer gets the software right for managing the movement of some
thing from one place to another, it can be reused effectively regardless of what is
being moved and how it is moving.

while reuse comes primarily through planning, design and organizationa! ef-
forts, new technologies such as software repositories and components can encour-
age software reuse. Components which are defined as reuse software services bun-
died into an independent package, have been hailed recently.

Texas Instruments Inc., in Dallas, Texas is considered, for example, a leader in

component reuse, identifies five types of components [16]:

(1) User interface controls, which are the technical widget, such as OLE controls,

(2) Technical infrastructure components, which include some bundled functionali-
ty, such as Internet connectivity,

(3) Domain - generic components, such as the corning authertification service
which provides functionality across the establishment,

(4) Domain - specific components, which provide a complete package of business
functionality for a partiular industry, such as telecommunications billing,

(5) Industry applications consisting of complete systems or templates for such func-
tions as materials management or general ledgers,

It is relatively cheap and easy to get reusability for the first two types of compo-
nents. Almost any developer can figure out how to use a package OLE custom con-
trol to create a sophisticated data window or provide some advanced functionali-
ty.such an image editor. The components do not require a lot of up - front plannmng,
and they are readily available at low cost nowadays.

103



Fig. (4) : The Cortex Application Factory
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* VHLL = Very High Level Language

Anyway, computer - aided software engineering, i. e. the CASE tools are availa-
ble nowadays, for each of the life cycle development stages such as requirements
analysis, detail design, coding and testing. However, these tools are not able, up to
now, to replace or take over all the manual work in each of these stages. A reason-
able approach is to combine these tools with the manual work, so as to maximize
efficiency and improve the design quality.

(3) Integrated set of Taols :

Some tools now link hardware and software design (e. g., an integrated set of
tools such as : C compiler, assembler, linker, simulator and debugger). These tools
are developed by many companies such as Microsoft and Quantitative Technology
Corp. (QTC), For example, the Q TC allows its software developers to evaluate de-
sign interactions of both hardware and software without waiting for a final version
of either. A simulation informs hardware team how design changes will affect soft-
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(2) Screen and report painters for prototyping user interfaces,

(3) Integrated dictionary for storing and cross - referencing all systems analysis and
design information.

(4) Automatic checking and reporting the completeness and consistency of struc-
tured diagrams.

2) The G, \pplication F .
This tool is used by systems analysts and programmers to develop and maintain

medium - to - large information systems. It is, also, used to lead a developer

through the steps of software development process and includes features similar to

those of “Exceleratoes”, including :

* screen and report painters for prototyping user interfaces.

* A dictionary for storing documentation about a system.

* Automatic checking for completeness and consistency of program specifica-
tions.

* A code generation capable of automatically generating about 95% of the
program code from program specification.

* Automatic program documentation generator.

Once accepted, the applications are translated into machine code by an optimiz-
ing compiler for fast computer run time and greater machine efficiency. Applica-
tions developed with the Cortex Applications Factory range form such applications
as sales tracking, order entry, accounting, inventory and payroll to more sophisti-
cated ones, such as regional price trends, tracking for commodities and orders for
materials, etc. Also, applications range in size from a few files, screens and less
than 50 database fields to those with several hundred files, screens and thousands
of fields [14].

the developed applications generators can produce major benefits in productivi-
ty and case of implementation, use and maintenance if accompanied with good
training and providing unexpected problems do not occur. Quantitative benefits in-
clude reduction in systemn life ¢ycle costs and rapid development prototypes to en-
sure quick turn around for end user assessment. Among the possible quantitative
benefits are the generation of documentation directly for specifications rather than
program code, rapid iterative prototyping and greater control over maintenance.

Automated software documentation management techniques are gradually being
introduced to software developers to improve quality of both software and docu-
mentation.
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to develop software one instruction at a time. Applications’ generators are also val-
uable for their ability to develop quick prototypes of a desired capability.

The emergence of application’ generators oriented around a database manage-
ment system (DBMS) and report - generation capability has created an attractive
approach for both software productivity gains and for software customization.
Some software development firms in advanced countries which are using these
lools have improved their productivity by factors of two as much as 20 across vari-
ous phases of the software life cycle [13].

The facilities in three different tools : one for complex, real - time computer sys-
tems, the others for business applications are presented here.

These tools are reviewed briefly to illustrate the variety of ways in which soft-
ware automation currently increases the productivity of software of all sizes and
types.

{I)Auto - G Tool ;

This development tool is produced by a small UK. company, Advanced Sys-
tems Architecture {ASA). It is so far the only non U.S. system design tool that has
been evaluated and supported by U.S. Strategic Defense Initiative (SDI). The ASA
company has focused its operations on high reliable, high security real - time com-
puter system$.

Auto - G tool uses a formal graphical notation, G, to enable software developers
to build a system on a workstation in stages, from requirement specifications to
code generation. When the design is complete, the Auto- G toolset provides a code
generation that converts detailed design automaticatlly into a variety of program-
ming languages, including for example, C and Ada languages. The Auto-G pro-
vides and includes the folowing :

* Menu-driven, on-screen selection of design symbols,
* On-screen editing,

* Full graphical manipulation,

* Hard copy output low - cost graphic plotters, and

¥ Automatic checking of logical consistency of design.

The excelerator of this tool has four basic facilities for autmating system analy-
sis and design tasks :

(1) Automatic diagramming tool for drawing structured diagrams, such as Data
Flow Diagrams (DFDs), structured charts, data models and control flow dia-
grams.
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Meitrics will not take hold in a firm or company unless they are supported at the
top of the organization. Senior management must understand the benefits and cam-
paign on their behave, supporting middle management who can otherwise find
themselves in an awkward position. But as this top level support, metrics need a
sponsor group. It is recommended that an entity whether governmental or non-
governmental should allocate full - time to tasks of promoting metrics and oversee-
ing their collection, a status which is not existed also in Egypt up to now. We rec-
ognize that the importance of the existence of quality standards which provide the
guidelines and criteria for software producers and can be quantified using metrics
techniques.

THE IMPACT OF NEW TECHNOLOGIES
ON SOFTWARE DEVELOPMENT

Research and development efforts in software development engineering have
produced new methods that show promise for improving programmers productivity
and software reliability. As the software development industry gradually becomes
less labor - intensive over time, the quality and availability of skilled labor will be-
come more important than labor costs. Pressures on the guality of software labor
markets will increase competition among software firms and organizations, for a
skilled labor in software production. But the introduction and adoption of these
new technological tools and techniques is completely difficult and expensive, and
they are thus adopted bit - by - bit as project budget allows [12].

1. AUTOMATED SOFTWARE DEVELOPMENT AIDS :

The conventional “Waterfall” software life cycle has been modified since its in-
ception in the early 1970s. The major stages of software production (specification,
design, coding, testing and maintenance) remain as planned, but efforts are under-
way to alter and automate many aspects of the software life cycle. Lower develop-
ment and life cycle costs are being realized through better structured and docu-
mented  software, program support library procedures, diagnostic aids,
environmental simulators, test data management systems and applications genera-
tors. Such tools and techniques support different phases of life cycle. Some tools
support early phases in the form of automated diagram drawing, screen painting,
and error checking. Others give assistance by automating code generation and doc-
umentation.

Sizable applications programs can be generated using a very small number of
user - language directives, which means that developing software with applica-
tions’ generators can be a far more cost - effective pursuit than hiring programmers
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Fig. (3) : Hewlett - Packard’s software engineering
productivity environment
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Successful integration, collection and use of software metrics into software de-
velopment process is the main objective of software firms and organizations using
such tools. The time factor involved in learning tools and incorporating them into
the entire development process has been the primary obstacle of time implementa-
tion. For example, the history of HP's Software Metrics Council shows that it took
roughly three years of collecting and analyzing data using software metrics before
there were sufficient data available to show measurable trends for the entire firm
[10].

Software productivity is improving at a modest rate of about 4% a year com-
pared with hardware, which is doubling in performance every four years [11]. To
identify and promote best practice in software metrics, a project called ESPRIT
brought together nine companies who have pioneered the use of metrics in Europe.
The group of companies had significantly collective experience to offer. The results
of this project were included in an interim report which describes an approach to
metrics using current best practices.
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Documentation is frequently a low priority activity in software developrment
process. Yet in the studies at IBM, the overall quality of software is very much a
function of documentation. The above figure suggests that 25% of all software de-
fects were in docurnentation delivered to customers [8].

Many tools are available for software metrics, some are in public domains to as-
sist in collecting and examining measurable results during the various development
stages; among of the already extensive utilized ones is the program called SOFT-
COST which is used by the U1.5. NASA’s Computer Software Management and In-
formation Center (COSMIC) which had developed and offered more than 1100
computer programs. The SOFTCOST package estimates software size, implemen-
tation productivity, recommended staff Ievel, proper location, amount of computer
resources required and cost of software documentation. Also, this program was de-
signed to provide project managers with a comparison between their expectations
of a project’s development and industry - based statistical expectations of the pro-
ject. The software metrics data provides an additional basis for budgeting time and
effort to a project.

A complete integrated set of metrics’ tools does not exist to be utilized by large
software firms in their development processes in Egypt, up to now.

Anyway, the following figure (3} illustrates what Hewleut- Packard Co. consid-
ers an ideal software development environment which is reinforced by tools and
metrics. The central database provides a common control mechanism for all impor-
tant parts of a project [9].




2. ASSESSMENT OF SOFTWARE METRICS :

The status of software metrics, or measurement, is stili somewhat immature and
imprecisely defined, in the case of Egypt for example [6]. Nonetheless, measuring
software products and software development can lead to substantial benefits for
reasonable costs. Short - term productivity improvements, and the establishment of
a common development environment, have been reported by companies that use
software metrics. To many project managers in software firms, software metrics are
a means for more accurate estimation of project milestones, and a useful mecha-
nism for monitoring progress [7].

Basically, software metrics are a way of measuring the various attributes of the
software development process. Attributes include the size of a program, its costs,
the number of programming errors or defects, the level of difficulty of the project
and the methods of communications required between members of the porject
team.

The following figure (2) shows an example of using software metrics in soft-
ware development in what is usually noticed as an ignored activity is documenta-
tion.

Figure 2 : Introduction of software defects
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ASSESSMENT OF SOFTWARE
STANDARDS AND METRICS

1.ASSESSMENT OF SOFTWARE STANDARDS :

Standards for software engineering will take a long time to develop. But with
the rapid technological improvements and increasing competitiveness characteris-
tics of the software industry, government agencies and other large purchasers of
software are using new techniques to evaluate contractors’ abilities to develop soft-
ware packages according to modern software engineering tools and methods. Also,
a great number of software firms and organizations are starting using new evalua-
tion techniques to asses their own ability to create critical software projects and as-
sess their overall competitiveness.

One methodology, developed by the Software Engineering Institute of Camegie
- University for the U.S. Air Force [4], examines a contractor’s capabilities in :

* QOrganizational and resource management, including software engineering
training and the adequacy of support facilities. This also includes, quality assu-
rance, process management, configuration control, and quality and quantity of re-
sources,

* Software engineering support and management, which includes the scope
and use of conventions, formats, procedures and documentation during the software
development phases, software quality assurance and data management. It also, in-
cludes the depth and completeness of the process and how it is measured, managed
and improved.

* Technologies and tools, a contractor may use in the software engineering pro-
cess some computer software development tools to cross - reference between mod-
ules and to design debug code.

Since this methodology has become only one additional part of criteria for pro-
curement, it is unlikely that it will create a radiczl change in contractors who are se-
lected for software development projects. But the evaluations will probably lead
major software firms to manage their software development process more closely.

An awareness of software producers of these evaluation methodologies is im-
portant to future development.

Raising some of the questions presented in various methodologies, [5] may im-
prove the software process in software development firms and organizations, and to
some degree enhance their competitiveness in international export markets. These
methodologies are usually concerned with standards and practices of the sofiware
firms in the preceding areas of contractor’s capabilities.
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* Leverage existing processes and minimizing some areas of change.
* Make the contributions of everyone in the development team very visible.

Therefore, managing change requires good communication of change, acknowi-
edgement of the progress to be made, and encouragement toward the optimum
goal. After each software life cycle checkpoint, the quality assurance team per-
forms an audit by interviewing the team members using checklists as mentioned in
the requirements phase. The software quality assurance members ar¢ actually con-
sidered the process consultants. They bring experience and maturity to the audit in-
terviewing, reporting and follow - up consulting.

These audits have several major benefits :

First, The project team should know ahead of time that a process they are using
during a phase would be objectively evaluated by independent team or firm. This
has the effect of evaluating the importance of using a defined process;,

Second, the audit interviews could cover critical issues and risks for the soft-
ware development’s products that are almost always a result of deviating from the
project’s plan or processes.

For example, during the audit a problem with inadequate staffing for test plan-
ning activities could be identified. The project plan calls for completion of test
plans for the context feature changes before the design complete checkpoint. There-
fore, the issues and risks should be reviewed by the management team and deci-
sions are to be made to take corrective actions.

1t is believed that the circumstances and development environment for the firms
and organizations are not unique. Many firms are trying various quality improve-
ment endeavors for software development and finding it very difficult to make the
changes necessary to be more rigorous and disciplined in their development prac-
tices. It is also, believed that many of the essential ingredients to make a software
improvement program should reduce the time span of the development cycle with
utmost efficiency and reliability.

Therefore, the capability maturity model (CMM) provides an excellent frame-
work for defining software development process improvement for small software
development firms. Achieving level - 2 of the CMM status has largely been a mat-
ter of establishing a direction with leadership from top management than instituting
a credible program for improving the practices used by software projects in plan-
ning and managing the work according to the guidelines of tthe CMM.
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** External commitments are reviewed and approved by the business team manag-
€r5s.

** Responsibilities are assigned for developing and maintaining the design phase.
** Adequale training and tools are provided for planning the design phase.

** A design phase plan is prepared according to document procedures.

** Design phase activities are documents in the design phase plan.

** Estimates of size, effort and cost for design phase planning are developed.

** Requirements are traceable in the design plan.

** Issues related to design are reported and tracked.

** Design phase plans are to be updated to reflect changes in requirements.

IV. DESIGN PHASE :

During the design phase of the software life cycle, the key process areas are
considered the practices in project tracking (i. e., managing and controlling work
products, especially changes in requirements), and in project planning for this
phase. The success in applying the software life cycle and the level - 2 of the CMM
model processes to this phase of work is evident from the following two major ac-
complishments: first, the team should complete every aspect of the design phase in-
cluding reviews and inspections. In the past, desigh specifications and design re-
views were cut short because of schedule pressures; Second, the team should be
able to make decisions early in the project about eliminating features that would be
too costly to implement.

For example, unit testing capability is a feature to be considered for the software
development, but it is eliminated during the requirements and design phases be-
cause of the staffing trade- offs. This action substantially reduces the risk of sched-
ule slippage later on.

V. IMPLEMENTATION PHASE : MANAGING THE CHANGE :

Getting the software development firm to adopt the changes necessary for the
CMM compliance is considered an important step in implementing the new pro-
cesses. Defining the new policies and procedures and team providing training is
necessary, but not sufficient. Changing the processes involves changing the culture
of the firm, and this is where it is ¢ritical to get everyone thinking about the chang-
es in a positive way. This aspect of change management is approached by deciding
what would be tried to accomplish the following goals :

* Demonstrate success with a phased approach.
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III. REQUIREMENTS PHASE :

During the requirements phase of the software development life cycle, the key
process areas to work on are practices for requirements management and project
planning. By using readily available customer survey data, structured processes,
management review milestones, and training, it would be able to reduce the time al-
located to perform this phase. It is important to gain a deeper understanding quickly
of the new features demanded by the customers, and to translate this information
into work steps that would be needed in the design phase afterwards.

One of the problems that the requirements phase is to face reducing the list of
possible things to be accomplished to a few high impact requirements that are to be
accomplished within the schedule. Thus, to collect requirements information, sur-
vey questionnaires based on a user - centered design methodology are to be created
to facilitate rapid feedback from customers using telephone surveys for example.
The process consultants designed standard templates for developers to describe the
customer requirements.

One criterion for determining what new features to include is an estimation of
resources and effort needed to design the new features. The decision making, pro-
cess is very essential element for narrowing the scope of the project and finalizing
the work commitments for the next phase of the software development,

A Scoftware_requirements checklist should be planned. A portions of this audit
checklist for requirements phase which is used to assess the software development

firm or organization life cycle against the level - 2 of the CMM model contains the
following factors :

** Responsibilities are to be assigned for planning requirements phase activities.
** Staffing is sufficient for the planned activities.

** Adequate training and tools are provided for planning activities.

** Requirements phase activitics are documented in a requirements phase plan.

** Estimates of schedule are prepared and included in the requirements phase
schedule.

** A software life cycle is identified or documented in the requirements plan and -
design phase.

** Work products for control] of the project during the requirements phase are to be
identified in the project planning documents.

** Commitroents are to be negotiated with the business team managers and other
affected groups.
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ware development teams. Communicating what is expected, describing changes
from the way it is used to do things before, and providing group of individual train-
ing in new methods are considered very important steps in deploying the process
changes. It is known, that the development project teams need to understand the
rules early, so that the project could proceed smoothly.

During the gssessment and planning of the improvement development process
project, it is recognized that many practices could be used at level - 2 of the CMM

compliance. Therefore, it is important to leverage as many of the current practices
and procedures to minimize the effort required and reduce the amount of change
being introduced. For example, standard software life cycle development toolset,
good practices and tools in configuration management, defect management, inspec-
tions, coding and testing are among the practices to be used. Also, a customer satis-
faction survey and software metrics are of much help.

The development environment consisted of a suite of tools integrated together
with the main development software tool such as CASE, ITE or SoftBench of HP
are much needed as a rapid prototyping tool. this tool is to provide the framework
of editing, compiling and debugging. Capabilities of these tools are also being used
to assist in program understaning through all graphs and documentation of object
oriented designs of the new features. Integrated, in such development tools, is a
configuration management tool for managing source code, and the ability to access
defect tracking. Having these tools is considered a major factor in maintaining de-
veloper productivity while making process changes in other areas.

Inspections and software metrics should be established as a part of the organi-
zational culture. Although, both of these areas are considered elements of the level
- 3 of the CMM, they are also, required for level - 2 to maintain the benefits which
are achieved project with these practices. Because inspections and metrics (defect
tracking, schedule slippage, and effort reporting) are institutionalized in the engi-
neering and software management practices, it is recognized that this would be dis-
tinct advantage for the development of the software maturity process of level - 3.

Also, in the planning phase, it should minimize changes within the areas of soit-
ware configuration management, i. e., software quality assurance, subcontract man-
agement.

Therefore, methods for measuring the progress of the software project develop-
ment are very important to be established in this planning phase.

The only way to do this is through auditing the phased stages of the software de-
velopment after each major checkpoint.
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* May specify who does what when.

Checklist * Specifies what or how in abbreviated format,

* A short form of procedures for easy reference or verification of actions.
Template * Specifies the content or quality of what will happen,

* Provides guidelines for creating necessary work products.

Training * Provides organized information on processes that individuals need to
perform their jobs,

* Covers policies, procedures, checklists, tepmplates, or instructions,
* May be formal classroom or informal orientation.
Work Product * Specifies a plan or results,
* Created as an output of applying a defined process,
* May need to be “managed and controlled”.
II. FORMAL PROJECT PLANNING AND DECISIONS PHASE :

To give this improvement project the greatest chance of success and reduce the
overall risk for the project, a formal project plan is to be developed covering every
phase of the defined work and the timing for deployment of the processes. This
plan is to review and to be approved by the team’s members before beginning the
implementation.

Several key decisions need to be made about how the project deliverables would
be designed, reviewed, approved and deployed into the software development oper-
ations. Also, several models for the process creation, approval and deployment are
to be examined and discussed before it is decided to use a definedeploy approach to
be mapped into each development life cycle phase (i.e., requirements, design, im-
plementation and test). This could provide a structure within which process deliver-
ables could be refined and improved.

The software development process needs to show results as early as possible to
capture the attention of the organization, and to keep things focused on process im-
provement. To accomplish the objectives of the early showing results, the deploy-
ment stages of the development process are to be designed. This tactic provides vis-
ible results and feedback to the organization by coinciding with the life cycle
phases.

A series of short steps for defining, reviewing and approving the policies, proce-
dures and templates to be followed are needed before deploying them to the soft-
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* Are the project’s planning activities and deliverables tracked, (e. g., schedule,
effort and tests)? Fully or Partial.

* Are the actual results compared to the estimates throughout the project? Fully
or Partial.

* If there is a variance, does someone take corrective action or explain why vari-
ance has occurred? Fully or Partial.

* Are changes to the activities, deliverables and schedule discussed with the
people who will be affected? Fully or Partial.

* Does someone review the project results regularly with development team?
Fully or Partial : or Almost Always, or Often or Seldom.

Therefore, in applying the capability maturity model effectively, one of the criti-
cal steps in getting started 1s to understand the model in detaii. The speciflcations
of the model are to be reviewed, the interpretation should be developed. and the
model itself should be translated into a language to be applied by the firm. This is
considered an important step because the development maturity model contains
many practices that are better suited to large firms, and it is necessary to interpret
which of these practices would apply to the firm. Also ideas of how best to deploy
these practices should be developed.

Several process assets of the development firm could be leveraged to support
the key process areas requirements. These assets are software live cycle; formal
documentatjon for patches, releases and defect management procedures; and sever-
al informal methods of documentation for specifications, design and testing.

A mneed for a process architecture is to be needed when it is attempted to de-
scribe what deliverables would be needed to support the definition of processes. A
process architecture is analogous to other types of professions such as engineering
architecture (e. g., buildings, software, hardware, etc.).

Therefore, a process architecture describes the layout of computers needed to
build a system for a specific purpose.

The elements of a process architecture are as follows :
Policy * Specifies what will happen,

* Sets the cultural expectations,

* “That’s how the firm does things”.

Procedure * Specifies how it will happen,

* A set of steps for doing something.
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tribute to satisfying the intent of these attributes for each key process area. Any
firm or organization can use alternative procatices to accomplish the goals of the
capability maturity model.

III. THE CHALLENGES OF THE CMM :

It usually takes most software development firms about a considerable time
(about 2 - 3 years) to go from level -1 to level - 2 of the capability maturity model’s
compliance. However, based upon sound business reasons, the general manage-
ment of the firm could commit itself to reach level - 3 of this development model in
less time (about a year and half only) and assign few people to do the needed tasks.

During the planning stage, it could be discovered that because this is a reason-
able development process program, level - 2 could be completed in less time with
less people than the previous practice, because the CMM provides immediate bene-
fits to the firm which applies it.

Therefore, the software product development team could reach level - 2 of the
CMM compliance within a few time of staring the project, beginning with investi-
gating the project and continuing implementing it. Throughout this period, two de-
ployment cycles with the development team could be completed : the internal aud-
its of the team processes verify what is being operated at level - 2 of the CMM, and
several more audits of all the development tearn are executed externally.

SOFTWARE DEVELOPMENT LIFE CYCLE
L INVESTIGATION PHASE :

To investigating the current practice, a technique called Software Process Pro-
file could be used. This technique which was developed by Hewlett-Packard and
the Software Engineering Institute at Carnegie - Mellon University, is considered
an assessment of the state of an organization’s software development process
which identifies strengths and weaknesses, highlights the process improvements
which the organization values most, and recommends areas for change. The profile
uses the capability maturity model as a standard for evaluating the software pro-
cess. Through the use of questionnaires and open-ended interviews, the profile

could provide results for the key process areas of the software development maturi-
ty model.

To complete the profile, developers and managers of the project and the firm
must fill in 2 questionnaire that is to evaluate the firm’s software process maturity
against the capability maturity model’s requirements. The results of this question-
naire are to be compiled into a software process profile for the firm. An example of
typical survey questions to assess the software project tracking and oversights are :
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* Requirement Management :

1 - Requirements are controlled to establish a baseline for software engineering and
management.

2 - Plans, products, and activities are kept consistent with the requirements.
* Software Project Planning :

| - Estimates are documented for use in planning and tracking.

2 - Project activities and commitments are planned and documented.

3 - Affected groups and individuals agree to their commitments related to the pro-
ject.

* Software Project Tracking ;
1 - Actual results and performance are tracked against the software plans.

2 - Corrective actions are taken and managed to closure when actual results and
performance deviate significantly from the plans.

3 - Changes to software commitments are agreed to by the affected groups and in-
dividuals.

Finally each key area has five common features or attributes :

1 - commitment to perform and describe the actions needed to ensure that the pro-
cess is established and will endure and typically involves policies and senior
management sponsorship.

2 - Ability to perform and describe the precondiiions that must exist in the project
or organization to implement software process competently. Ability to perform
typically involves resources, organizational sttructures, and training.

3 - Activities to performe and describe the roles and procedures necessary to imple-
ment a key process area. These typically involve established plans and proce-
dures performing the work, tracking it, and taking corrective actions as neces-
sary.

4 - Measurement and analysis which describe the need to measure the process and
analyze the measurements.

5 - Verifying implementation describes the steps needed to ensure that the activities
are performed in compliance with the process that has been established. Verifi-
cation typically encompasses reviews and audits by management and software
quality assurance.

The intent of CMM is to describe needs to be done to develop and maintain soft-
ware reliable as well, not how to do it. CMM further describes practices that con-
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Thus, “CMM?” is seen as a maturity or growth model in which a firm works its
way up the five levels and, even after having attained level 5, is still in the process
of continually improving and maturing.

Each of the five levels is also defined by the key processes associated with it.
There are 18 key process areas that make up the five levels (see fig. 2: above).
These processes are to be chosen because of their effectiveness in improving an or-
ganization's software process capability. They are considered to be requirements
for achieving a maturity model.

Managerial processes are those that primarily affect the way operates to make
decisions and control the project.

Technical processes are those tools that primarily affect the way developers op-
erate to perform the technical software work.

Some software development firms and organizations. particularly in the U.S.
started to use the capability maturity model to assess their software development
process and software management. The importance of such assessment is to indi-
cate the maturity and tecnological levels at which a firm is operating. More impor-
tantly, it may indicate the strong and weak areas of the firm’s software develop-
ment capabilities, thus identifying immediate imporvement priorities, interim
improvement goals and progress measures.

One implication of the maturity process model for the software procedures in
Egypt, for example is clear i.e., technology and managing the process of software
engineering tangible producis will become increasingly impotant. An undersiand-
ing of the maturity model and how it might be of practical benefit to sofiware de-
velopment firms and organizations in Egypt, should be a research priority to be
conducted.

1. GOALS OF THE CMM’s KEY PROCESS AREAS :

The CMM provides a structure for each of the key process areas. Also, each key
process area has one more than goals that are considered important for enhancing
process capability.

The goals for the three of the key process areas in level 2, are shown in the fol-
lowing:

Level 2 : Repeatable. basic project management processes are established to
track cost, schedule, and functionality. The necessary process discipling is in place
to repeat earlier success on projects with similar applications.
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Figure 2: The fife levels and key process areas
of the capability maturity model

Level 5
Optimizing (Continuaily Improving Process)
* Process Change Management

# Technology Change Management

# Detect Prevention

Level 4

Managed (Predictable Process)

* Software Quality Management

* Quantitative Process Management

Level 3

Defined {Standards, Constituent Process)
# Peer Reviews
# Software Product Engineering

* Inter group Coordination

* Integrated Software Management

* Organization Process Defintion

* Organization Process Focus

Level 2
Repeatable (Discipline Process)
# Software Configuration Management
# Software Quality Assurance
* Software Subcontract Management
* Software Projecl Tracking and oversight
* Requirements Management

Level 1

Initial {Ad Hoc, Chaotic)

* Managerial Processes
# Technical Processes
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sign and code reviews, training programs, and increased organizational focus on
software engineering, including measuring specific tasks in the development pro-
cess. Some uncertainties remain about the value of the measurements, the best ones
to use and the appropriate response to reviews. In this level, the software engineer-
ing practices that lead to consistent output are known and understood, and are used
across the whole firm or organization.

(4) The Managed Process Level :

A firm typically has a minimum set of process management for each level in the
software development life cycle, and it conducts extensive amalysis of the data
gathered during reviews and tests. Automated tools and techniques are used in-
creasingly to control and manage the development process, as well as to support
data collection and analysis. Therefore, within tthis level, the defined clements
from the proceding level No. 3 are quantitatively instrumented, so that the level No.
5, the optimization level can be achieved.

(5) The Optimized Process Level :

This level exists in firms and organizations in which their development process
operates smoothly as a matter of routine and continuous process improvement is
conducted on the defined and quantified processes established in the previous lev-
els. Therefore, these firms at this tevel have achieved a high degree of control over
their process, have automated data gathering and typically have a method for im-
proving and optimizing these operations. This includes identifying and replacing
obsolete technologies, more sophisticated analysis of error and test data, and the in-
troduction of error cause analysis and preventive studies {3].

The following figure (2) illsutrates these five levels of the “CMM?”. The items
listed are called key process areas. These areas determine an organization’s soft-
ware development maturity.
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Figure 1: Software Development Maturity Model

OPTIMIZED
1 I
MANAGED
1 L
DEFINED
L I
REPEATABLE
1 L
INITIAL

This model is utilized if firms and organizations interested in software develop-
ment can judge the effectiveness of their software process has five maturity levels :
initial, repeatable defined, managed and optimized.

{1) The Initial Process Level :

A software development firm has ill-defined procedures and controls. It typical-
ly, operates withoul project controls and does not integrate tools and techniques
with the process. Coding and testing are being dominant activities. Established pro-
cedures, if they exist, are usually abandoned in a crisis. Therefore, This level is de-
scribed as ad hoc, poorly controlled, and often with unpredictable results in terms
of schedule, effort, and quality.

(2) The Repeatable Process Level :

A Software development firm or organization established basic project controls,
such as : project scheduling, coding standards, software quality assurance, and
change control. Mechanisms are in place for ensuring that the designer or the de-
sign team understands each software requirement. Statistics may be gathered on
software code and test errors. The strength of the software development firm may
stem from its prior experience at doing similar work, but it may face major risks
when presented with new techniques. Therefore, in this level, the outputs of the
process are consistent (in terms of schedule, effort and quality) and basic controls

are in place, but processes that produce these results are most defined and under-
stood.

(3) The Defined Process Level ¢

Standards and methods for technical and management activities required for
software development are established at this level. These specifically include de-
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SOFTWARE DEVELOPMENT PROCESS

A major promise in software development process is that the quality of a piece
of software which is governed largely by the quality of the process used to develop
and maintain it.

Continuous support for a software development improvement effort requires at
least tow things : a clearly defined improvement model to follow, and success at
applying the model in the firm or organization.

Manufacturing enterprises are always looking for more efficient ways of pro-
ducing products because they realize that an efficient process yields lower costs,
better quality and increase customer satisfaction. Software developers and produc-
ers are no different from their hardware counterparts in that they want to use the
best software development process available.

In any mature software process, the methods, techniques and technology are to
be used effectively and produce reasonably consistent results. Improvements in
quality and productivity occur in part from automation. But in an immature soft-
ware developed process, unpredictable results occur : formal procedures, cost esti-
mates and project plans are lacking; and technology is used on ad hoc basis;. The
prospects of software development in Egypt will depend largely and increasingly
on the processes carried out in the software development life cycle to be followed.
There is considerable middle ground between these two development processes ex-
tremes. The Capability Maturity Model (CMM) for software developed by the Soft-
ware Engineering Institute at Carnegie - Mellon University is a process model that
provides excellent guidance to improve software development processes.

I. THE MATURITY MODEL :

The Capability Maturity Model (CMM) [2] is used to evaluate and improve the
way software is built and mentained. This model was first released in 1987, it was
originally based on the experience of members of the Software Engineering Insti-
tute. The “CMM" has been continuously improved and refined since 1987 through
successive revisions based on industry - wide and world - wide input. Yet, even
though it is based on experience, it is only a model, which is an abstract, general
framework describing the process used to develop and maintain software.

Like any model, it requires interpretation to be used in specific context. The ap-
proach used by “CMM” is to describe the principles and leave their implementation
up to the managers and technical staff of each firm which will tailor “CMM” ac-
cording to the culture and experiences of its own environment.

Perhaps the most well - known aspect of the CMM is its description of fife stag-
es of maturity levels of a firm’s software development process. These levels are
shown in the following figure.
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Without establishing processes, methods and techniques, software development
firms and organizations often solve the same problems over and over again. The
average'large software project continuous to cost twice as much as its initial budget
and it is completed a year or two behind its schedule; approximately 25% of such
projects are never completed and remaining about 75% require inordinate amount
of maintenance.

Therefore, the adaptation of new technologies and the more efficient computer
programs are crucial for software industry. 1t is claimed that the market directs the
evolution of software industry. The new market dominated nowadays, by the Inter-
net will be important in short - term, which Egypt has to consider in its efforts tc
develop its software industrial sector.

The utilization of new technologies in software development and engineering is
considered the basic guideline to have a share in the interantional market of soft-
ware products. Therefore, a strategy of software industry should be underlined and
emphasized by the concerned parties. There are two advantages of such a sirategy:

* the first one, should bring the software development firms closer to customers
or users, who, all over the world are not looking for one time transaction. Thex
want at least a ten year partnership. This model helps to understand the challenges«
that firms and organizations ar¢ going through.

* The second software strategy, deals with by breaking up into industry units.
we ¢an maintain our entrepreneurial culture and continue to grow like a small com-
pany or firm. Therefore, a core software development center should be maintained
for the firm’s human resources and financial module. but responsibility for all sales
and services will rest with the individual business units.

Taking, these two strategies in consideration, software products and new tech-
nologies should be patented for preserving intellectual property rights. For exam-
ple, the U. S. Patent and Trademark Office (PTO) issued about five thousands pat-
ents for software products in 1993 [1]. This is an eightfold increase over the
previous decade. The number was expected to exceed 5500 with the year 1995. 1t is
stated that the most popular areas of software patents are; image processing, fol-
lowed by network and communication systems. Anecdotal evidence suggests that
U. S. and Japan hold half of all the software patents issued world wide.
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(4) An expansion and fragmentation of industry resuiting in large number of inde-
pendent software vendors.

The technology of software development as related to tools and methods, as de-
fined broadly as procedural methods, organizational models, and technological
knowledge of development tools which are used to transform inputs into outputs, is
becoming an increasingly important element in international competitiveness of or-
ganizations and management of software production process of firms.

This paper reviews some new software development practices being introduced
by software development firms to assist in software engineering and software con-
trol costs and improve the quality of both the final products and the process of de-
veloping software. Some new technologies that will affect the entire software pro-
duction process and that will require a reorientation in thinking about the
investment and technological options are examined in this paper.

Therefore, the paper highlights the Capability Maturity Model (CMM) which
gives software development firms and organizations a framework for evaluating
their development processes and taking appropriate steps to improve them. The
model’s five levels include the initial level at which business adopt the program. In
the second level, software development firms are able to deliver their software
products on a consistent schedule and with a specific quality level. In the defined
level, the developers begin to understand what practices let them to deliver consis-
tently, and they disseminate the practices across their firms. At the management
level, the piractices are quantified, and at the optimized level, the new programs are
established as routines and maintained with constant improvments.

INTRODUCTION

Software development firms and organizations in Egypt as in other developing
countries are still struggling with inappropriate tools and methods utilized in soft-
ware development process. This problem is due to the following factors :

(1) Lack of knowledge on the discipline.
(2) Lack of experience.
(3) Difficulty of measuring the development effort accurately.

(4) Implementation of designs with which poor quality does not surface until the
finished products is either tested or installed for operation.

(5} High life cycle costs resulting from a system that was not designed for reusabil-
ity or maintainability.

80



CHAPTER®6

TECHNOLOGICAL IMPLICATIONS

ON SOFTWARE DEVELOPMENT
Porf. Dr. Mohamed M. El Hadi

ABSTRACT

The World - wide computer industry has been characterized since its inception
by continuous innovation, improvement and rapid change. The developments have
resulted in the growing importance of software, 1. e. the programs that run comput-
ers and allow them to communicate with each other through data network.

Egypt as a newly developed country is trying to seek a share in the on-going
global information of its software industry through a variety of policy and industri-
al measures. At the same time, a growing number of software development firms
and organizations are beginning to develop software to be marketed domestically
and abroad.

The world - wide software industry is still very much new mental industry. Any
assessment of international software industry and market has to rely on insufficient,
inconsistent and unreliable data. This makes the projections for the future software
products and services an exceedingly risky undertaking. Nevertheless, such projec-
tions have been made and the range from 70 - 180 billion US § by 1990 which has
doubled by naw.

There are at least four major forces which promoting rapid changes of software
industry in the world at large, and in the Egyptian situation in particular; These
forces are as follows:

(1) A productivity bottleneck in programming, with software and software - related
support activities now accounting for the overwhelming of total system costs.

(2) The move away from single vendor solutions : as the typical way for organiza-
tions to meet their information systems needs towards custornized, integrated,
multi - vendor hardware and software solutions.

(3) The increasing emphasis on software production and sales by hardware ven-
dors, leading construction by large and medium sized firms.
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6. CONCLUSION AND FUTURE WORK

The main goals of this paper are :
¢ to introduce the concept of formal incremental specification,
¢ to present a quality assurance model for software development process, and

4 to improve the increment development of software products by refining the speci-
fication and conducting the quality assurance model to all the development phas-
es.

In this paper software engineering, and quality assurance tools and techniques
are considered the foundation of the development of software products improve-
ment.

The formal incremental specifications means that the specifcation must be clas-
sified into increments : cause-effect specification increment, real time specification
increment, temporal specification increment, and structural specification increment.

The incremental specification is considered a comprehensive specification of
the software product as the base of the development process. Applying the quality
assurance model to all the software development phases represent the foundation to
the software product total quality.

As one of the parallel processing machines; data flow machine is considered as
a case study to apply the formal incremental specification and the quality assurance
model. The specification and quality assurance toois and methodologies for the
data flow machine are presented.

Much more efforts must be done to define new quality assurance factors and
their testing methodologies for the tools of each of the specification perspectives.

Much more effort must be done to produce automated tools for the formal incre-
mental specification and quality assurance specifically and the development life cy-
cle generally.
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5. INCREMENTAL DEVELOPMENT FOR DATA
FLOW MACHINE SOFTWARE

The development process of data flow software products can be improved by
adhering the incremental mode! of sofiware development. The main problem is the
extraction of parallelism [ 10].

There are three levels of parallelisms :
# Program level : independent programs are executed in parallel,

¢ Task level : programmer specified procedures (tasks) are executed in parallel,
and

¢ Instruction level : independent operations within an expression are executed in
parallel, independent serial sequences are executed in parallel, and independent
functions are executed in parallel.

Accoding to the complexity of the structure and the behavior of the data flow
systems; there is a need for the incremental specification to specify all the levels of
parallelism accurately and completely.

Applying the Incremental Specification [1. 12, 20, 21]

¢ Cause-effect specification : the interaction among the components of the system
(at each level of parallelism) is specified using Petri Net as a formal specifica-
tion tool. The performance quality assurance factors are the safeness and live-
ness. The reachahility analysis is used as a testing methodology to asses the qual-
ity assurance factors.

¢ Time specification : the amount of time that can be taken by each of the interact-
ing components is specified using the PERT chart as a formal specification tool.
The performance quality assurance factor is the minmum required time for the in-
teracting components to terminate. The Critical Path Method (CPM) is used as a
testing methodology to asses the time requirements. Also Timed Petri Nets

(TPN) can be used to specify the real time interaction among concurrent process-
es.

¢ Temporal specification : The temporal relations among the interacting processes
are specified using Temporal Logic (TL). The performance quality assurance
factors are the availability, safeness, and liveness. The theorem proving metho-
dology is used to asses the quality assurance factors.
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¢ The Incremental Formal Specification of Software Products :

The incremental development as shown i fig. 4.2 considers the detailed design
phase of the development as the base to start the increments of the development
process.

In fact the specification is the basis of development, also it provides the commu-
nication between the user and the developer and it often serves as a standard docu-
ment across the remainder phases of development. The specification phase of the
development process is very important since the specification errors, if not fixed
very early, need a great effort and cost to fix [6, 7, 11, 15, 16, 17, 18].

Today software specification is considered as an independent area of study be-
cause of its importance to the engineering discipline. Specification leads to propo-
sals for simplification, which in tumn lead to a system that is easier to design, imple-
ment, and maintain [135].

Formal methods for specification provide the bases of specification quality assu-
rance, and so increasing the confidence in the developed software [15, 22]. Unfor-
tunately, most of software industries use informal methods for specification. Infor-
mal specifications may be easy to read and understand, but they are often
incomplete, vague, ambiguous, and can not be quality assured. Formal specification
must take into consideration the structure and the behavior of the specified system

[1].
Formal behavioral specifications consider three perspectives:
# cause-effect specification,
4 time specification, and
¢ temporal specification.

Each of the three perspectives has its tools and techniques to specify systems
and to define the quality factors for that specification.

Complete behavioral specification must posses the three behavioral specifica-
tion perspectives. The incremental specification process must consider the three
perspectives as formal increments of the behavioral specifcation as well as the
structural specification and the informal behavioral specifications. The informal |
spectfication is needed as explanations for the formal specification. The complete
incremental model of software development is shown in fig. 4.3.
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incremental development means that the software is developed in increments of its
functional capability. The advantages of incremental development are the testabili-
ty of increments and the cost effectiveness of product refinement. The Waterfall
model using the incremental development is shown in fig. 4.2.
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Fig. 4.2 : The Water{all model using the incremental development [4].
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In fact it is cost-effective to modify the sequence of software life cycle. Incre-
mental development of software product is one of the most important Waterfall re-
finements.

B.W. Boehm introduced a refinement to the Waterfall model of software devel-
opment process; that is the incremental development of software products [4]. The
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correcting the deviations from the requirements and measuring the software quality
factors [2, 19, 26].

Testing is the primary tool of software quality assurance. Quality assurance con-
cems not only performing a test, but also by defining the software products quality
factors, establishing standards for test, and introducing methodologies for test de-
sign and test cases generation {7, i6, 17, 26].

Software quality assurance must be conducted; in a specific methodology, to
each phase of the software development process as well as to the final software
product to achieve the total quality of the software products [19, 26].

Software quality assurance holds great promise for improving the practice and
moving the profession along the path toward a full software production engineering
discipline [16, 17].

A proposed general model for quatlity assurance is shown in fig. 3.1

Quality Factors Definitions

Prepare For Testing

(Test Procedures, & Test Cases)

Interpret
Execute Test Result
Tests

Fig. 3.1 : The proposed quality assurance model.

4, THE INCREMENTAL DEVELOPMENT OF
SOFTWARE PRODUCTS

The development process of software products is an engineering activity; so it is
classified into a set of phases [22]. The waterfall model; shown in fig 4.1; presents
the software products life cycle.

0



3. Software Engineering and Quality

Assurance
3.1 Seftware engineering :

Software engineering is a discipline concerned with the production and mainte-
nace of software products. As other engineering fields, software engineering con-
cerns of the development of software products in an effective, economical, and
timely fashion. Software engineering is based on the foundation of computer sci-
ence, management science, and engineering approach to problem solving.

The main goal of software engineering is to achieve the right balance among
quality, productivity, and cost effectiveness of software product [6, 7, 8, 16, 17,
21].

3.2 Software Quality :

There are many definitions for the quality of products generally, and the quality
of software products specifically. The following are some quality defintions [19]:

¢ From the manufacturing point of wiew; the quality means conformance to re-
quirements

¢ From the usability point of wiew; the quality means the intensity of failure (re-
liability).

4 From the product value point of wiew; the quality means the degree of excel-
lence at an acceptable price.

¢ From the customer point of wiew; the quality is the capacity to satisfy wants.

¢ American National Stanard Institute; the quality is the totality of featurcs and
characteristics of a product or service that bears on its ability to satisfy given needs.

The definition of software quality can be applied in the development process of
the software product as in defintion 1; as well as; in the operation phase as in the
definitions 2, & 4,

The most serious problems facing the software industry are the low-quality
probiems.

The Software Engineering Applied Technology Center (SEATC) for the Na-
tional Security Agency (NSA) addresses software quality as a key initiative to im-
porove software development [26].

3.3 Software Quality Assurance (SQA) :

Software quality assurance is the methodologies and tools of preventing or/and
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MIT Static data flow machine consists of four units:

¢ Memory unit : it is a collection of blocks; cell blocks; of central storage loca-
tions. Each block stores a node information which are operation, operands, and
the destination addresses. The fist step to execute a program graph is to load it
into the cell blocks. A part of the memory is used 1o store arrays to support rapid
access of array elements,

¢ Processing section : it comprises eight identical processors. The instruction set
contains floating point, fixed point, logical packet communicaticn, and shift in-
structions.

¢ Arbitration network : it communicates the enabled packet of instructions from
the cell blocks of the memory to the processing elements using a FIFO buffer.

& Distribution network : it communicates the results of execution from the process-
ing elements to the cell blocks of the memory using a FIFO buffer.

MIT static data flow machine has one communication path of 32 bits width and
11 words instruction packets. If a processor is faulty, the firing node is lost, i.e. no
result will be conducted to the next node or other processors, so the computation 1s
restarted from the beginning [21].

The execution of a data flow language program has the following steps:
¢ Data Flow Graph Construction

¢ Parallelism extraetion: instructions that are available for concurrent execution
are extracted.

¢ Program execution: the execution of a program is the firing of all of its data
flow graph nodes. For each node to be executed the following steps are required:

¢ Node Reading : The node information is read from the memory.

® Node Enabling : if all of the node input tokens are available, the node is ena-
bled to be fired.

* Node Firing : the node is aassigned to an available processor to execute the
operation associated with that node using the functional units of the processor;
then the resultant token is passed into the output arc.

® Result Distribution : the result is moved to the next successor nodes.
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2.1 Data Flow Versus Contral Flow :

Data flow computers are based on the concept of data-driven computation that is
different from the operation of the conventional Von-Neumann machine.

The main difference is that the instruction execution in Von-Numann is under
program-flow control, while in a data flow computer is driven by data availabilty.

Data flow is a technique for specifying computation in a two-dimensional
graphical form: instructions that are available for concurrent execution are written
alongside one another, and instructions that must be executed in sequence are writ-
ten one under the other. Information jtems in data flow computers appear as opera-
tion packets and data tokens. An operation is composed of the opcode, operands,
and destination of its sucessor instructions. A data token is formed with a result val-
ue and its destination.

2.2 Data Flow Machine : [10, 21]

Data folw machine is one of the most promising parallel processing machines.
Research and development on data flow computing have been started at 1968,
There are two main classifications for data flow machines: Static and dynamic data
flow machines [21].

MIT Static Data Flow Machine

One of the static data flow machines is MIT machine. The block diagram of the
MIT static data flow machine architecture is shown in fig 2.3.

»( MC —a»| PE |—»
—
—»| MC —p| PE |—»
——»{ DN AN
—]
—b| MC [——p |—» PE |—»

DN : Distribution Network, MC: Memory Cell, AN: Arbitration Network, &
PE: Processing Element

Fig. 2.3 The architecture of the MIT data flow machine [21).
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CU : Control Unit.
L IS PU : Processing Unit.

M : Memory Unit.
PU
IS : Imstruction Stream.
I DS DS : Data Streem.
—>» M

Fig 2.1 : The Von-Newnann Computing Paradigm [3].

Computers operate by executing instructions on data. The computer architecture
is classified on the basis of how the machine relates the instruction stream to the
data stream into 4 classes:

1 - Single Instruction stream, Single Data stream (SISD) Von- Neumann machines),
2 - Single Instruction stream, Multiple Data stream (SIMD),

3 - Multiple Instruction stream, Single Data stream (MISD),

4 - Multiple Instruction stream, Multiple Data stream (MIMD).

The architectures of SIMD, MISD, and MIMD are shown in fig. 2.2 (a), (b), &
{c).
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production of faster, more reliable, and cheaper electronic components; made it evi-
dent that the performance of uniprocessor computers is limited. The altemative to
sequential processing is parallel procéssing machines. The transition from sequen-
tial to parallel and distributed computing offers high computing power that is very
important to solve computationlly intensive problems {3,21}.

Data flow machine is one of the most promising parallel processing machines.
Conisderable progress is made in building data flow machines during the last few
years. The data flow computing concept is the most effective, promising computing
method to implement in machine architecture for high speed computing[21].

1.1 Motivation :

The production process of software products differs from the production of
goods. The manufacturing costs of software products are neglected; it is the cost of
copying a piece of software. Also, the maintenance process differs form software
products to hardware products. In software products the maintenance process con-
sists of two activities: correction and update. The corrective activity leaves the
functional specification intact while the update acivity changes the functional spec-
ification of the software product. Really the maintenance process affects the early
phases of the development process.

As the architecture of hardware becomes more and more complex; the support-
ing software products become more and more complex. As software products be-
come more and more complex; the development process becomes more and more
complex. As the development process of software product becomes more and more
complex; software engineering and quality assurance tools & techniques become
more and more vital to achieve cost-effective high quality product.

2. PARALLEL AND DISTRIBUTED
PROCESSING PARADIGMS :

The majority of today’s computers are conceptually very similar. Their architec-
tures and modes of operation follow the basic design principles fromulated by John
Von-Neumann and coworker [3]. The Von-Neumann approach is based on the sim-
ple idea of a control unit that fetches an instruction and its operands from a memo-
ry unit and sends them to a processing unit in which the instruction is executed and
the result is sent to the memory. The Von-Neumann paradigm is called Single In-
struction Stream Single Data steam (SISD) as shown fig. 2.1.
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CHAPTER 5

Towards Improvement of software
Products for

Parallel and Distributed Systems

Dr. Ahmed Taha Shehab El-Dean
&
Dr. Mohammed M. Eassa

ABSTRACT

Information technology is advancing at enormous rate, but most of sofiware
products are facing some problems. Due to the compexity of parallel/distributed
systems; the development of their software products is affected by many factors
and so it is eroor-prone and costly.

In order to achieve cost-effective with high quality; parallel/distributed software
products; much more efforts must be done in all the phases of the development pro-
cess specially the very beginning ones; the specification and design phases.

Software engineering and quality assurance techniques must be the foundation
of the production of parallel/distrbuted software systems.

This paper introduces a framework that combines the software engineering and
quality assurance techniques to improve software products for parallel/distrbuted
systems. The proposed framework for the development of software products is ap-
plied on the data flow machine as a case study.

1 - INTRODUCTION

Computer hardware is improved from vacuum tubes to VLSI, but there has been
no significant change in the sequential abstract computing mode}. The demand for
ultrahigh speed computing machines is incrasing every day. The major difficulty in
satisfying this demand in uniprocessing is the physical constrains of hardware and
the sequential and centralized control in the Von-Neumann computing model. The
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sufficiently compete that the risk of proceeding is minimized™?.

However, this model is to be distingushed from “iterative hacking”, where there
i$ no clear documented goal of development, and the code- test- debug cycle pro-
ceeds as rapidly as possible until either the delivery date arrives or someone de-
clares it to be “complete”. Throughout the paper we have noted that there are some
places where additional tools and research would be useful. These include:

4 Tools to identify ripple effects of changes, especially those involving the class
hierarchy.

4 Documentation black box specifications for widely used application frameworks.
+ Tools to manage the hierarchy of abstractions and performn automatic flattening.

While the absence of such tools is not a barrier to effective Cleanroom use with
object-orientation the tools would enhance the productivity of teams that combine
these approaches and would make the unique synergies between them even clearer.

Where Cleanroom techniques may be easily added to the stated OO methods,
technique integration may depend on successful demonstration, cost benefit analy-
sis, and the desire and will to improve software quality.
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whose abstraci atiributes are part of a “formal” attribute set. Parameter substitution
of the instance name for the formal attributes set would occur when the object is in-
stantiated or used, just as one would do with a procedure call. The box structures
approach provides for either a strong separation (e.g., stimulus history) between ab-
stract and concrete attributes or a weak separation (e. g., integer ID for both). It
also provides for a separation between abstract processes and their implementa-
tions. Every box has stimulus-response behavior, and a box always responds to one
message before accepting the next. However, there are certain difficulties at the im-
plementation level where, for example, an object may receive one message while
still processing a prior one. Concurrency is also a complicating effect. In practice,
these problems can be resolved by introducing a more robust or complex mathe-
matical model, or by paying careful attention during review to issues like re-
entrancy and shared-data conflict resolution.

In an object-oriented system, objects are also related to one another by inheri-
tance. From the point of view of box structures, inheritance is a way of contructing
a new data abstraction without having to copy an existing one. Depending on how
we define these specifications, a user of the derived class may or may not know it
is a derived class. Different languages have different facilities for defining objects;
we believe this specification approach can be used, with slight variations, in all cas-
es. Polymorphism and genericity present a signifcant challenge to understanding
object-oriented systems, because it may be diffcult to determine which method is
being invoked. We have described two approaches to documenting these methods.
One way is to completely document such a statement, using one conditional, con-
current assignment for each possible virtual method. Another technique would be
to have each method be so similar at the abstract views were identical, even though
their concrete implementations are differed. The latter is more in keeping with the
Intent of polymorphism, but the writing of good, clear, reusable abstractions is diff-
cult. In some of the preceding sections it may have appeared as if the Cleanroom
development is strictly top-down: the box specification is developed to ultimate
completion and design begins only at that point. This may reprresent an ideal cir-
cumstance in some project situations, but it is far from normal. In practice, some
amount of specification is done, then some design or architecture work, and then
additional specification. Reviews are used to make sure the evolving design meets
the evolving specification, and to make modifications to either or both when neces-
sary to keep them synchronized. Much designing takes place before and during the
specification activity for any object. This is an “elevator” mode! of development:
One moves up and down in the hierarchy of objects, but the last ride is top-down,
to force the developers to think primarily in terms of what the system does, instead
of how the system does it. The test for when any phase is “done™ is usually, “is it
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time-to-market. The decision to step back from formal verification is a complex
one involving management and technical staff. If done, cycle time may be only
marginally improved since the cost of fixing defects found in testing will likely in-
crease, as will the cost of technical support. Since the Cleanroom process is an in-
cremental one, some amount of adjustment can be made throughout the process,
but a clear understanding of the goals and priorities is important at the outset. Al-
though this opinion is not universal in the Cleanroom community, it is this author’s
belief that acceptable Cleanroom team review techniques span a continum between
informal inspection and full formal correctness proofs [31]. It is for each team to
decide, on an object-by-object basis, what point on this continuum to choose based
on the priorities and conditions at that time. An important part of that decision is an
assessment of the risks engendered by choosing to de less.

To illustrate, let’s again take the example in Figure 4 (the conditional integer ex-
change) and think about what would be required for a “full” verification. Before we
de so, we must point out that the code itself is a model for the object, and thus our
precise understanding of the language semantics are critical in program verifica-
tion. Since achiving that level of understanding for the entire C ++ language can be
very difficult, it may be useful to agree on a subset of C ++ or even to choose de-
sign language [32]. With that said, it is very much up to us what level of rigor we
want to present in our abstractions, and what parts of the semantics we feel com-
fortable leaving for careful inspections or even for testing.

There are many techniques for demonstrating correctness, and considerable vari-
ation in the “standard of proof” required. To use a legal analogy, a team designing
life-critical systems might ask for correctness to be demonstrated “beyond a reason-
able doubt”, whereas a team designing a prototype word processor might only de-
mand that the weight of the evidence points toward correctness. It is the author’s
opinion that, for some projects and some objects, inspection techniques suffciently
meet the requirements of a “Cleanroom” review. One of the major concemns with
sliding the standard of proof away from full verification, is that Cleanroom testing
is pressed into greater service as a way to find errors instead of focusing on measur-
ing quality. It may be prudent, in some project environments, to back up the Clean-
room reviews with formal testing techniques [33] if less rigorous.

5. CONCLUSION

There is a relationship between box structures and object ¢vientation. In an ob-
ject-based system, cach object (instance) is specified by a data abstraction. Each in-
stance has its own “actual” set of abstract attributes to which a process abstraction
would refer. In a class-based system, each class has an associated data specification
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applications. For example, the Microsoft Foundation Classes (MFC) and Borland’s
Object Windows Library (OWL) are frameworks for creating programs to run un-
der Windows. In the pre-frameworks days, programming for Windows required
manipulating a large number of application programming interface (API) functions
in order to even display a rudimentary window on the screen. Now, it is as simple
as creating an instance of the TWindow class (in OWL) and sending it the “Show”
message. Of course, the increase in power is somewhat offset by a decrease in flex-
ibility, and in most framework there are ways to directly access the underlying
Windows API. It is for the latter reason that most framework classes present an ab-
stract model (e. g. window) that is nearly identical to its implementation.

There are two special considerations when using application frameworks with
Cleanroom. First, the class inheritance hierarchy can grow to be quite deep (as
much as 6 deep) within the framework itself, even before the application devlop-
ment team has begun its work. There are dozens of classes and hundreds of meth-
ods, combining all types of polymorphism and virtual binding. Understanding the
abstract model of each class and the actual function of each method - the black box
behavior of each object - is a significant task.

There are many other challenges in framwork-based application development.
One is that programs are typically “dense” in method invocations: perhaps half or
more of the lines of code are method invocations. Another is that the framework
are often packaged with application and class generators that alleviate much of the
tedium of program construction. All of these considerations motivate careful and
judicious use of intermediate specifications, with it being extremely unlikely that
every method invocation will possess one. It also places a premium on develop-
ment teams that are very familiar with the framework in which they are developing,
s0 as to be able to treat many kinds of objects as if they were language primitives
like integer and string.

Finally, it is worth noting that most frameworks require applications to use
pointers and arrays, and other “less Cleanroom-desirable” constructs. Although
techniques for full formal verification of pointer operations have been proposed
[30], a more common approach is to always use care to make pointer-accessed data
objects as similar to full-fledged objects as possible, and to verify them as you nor-
mally would.

4.6. Verifcation and Inspection: Choices and Guidance

Although most Cleanroom literature has emphasized the mathematical purity of
verification, there are many projects that do not require life-critical reliability levels
and are willing to accept lower reliability levels, if doing so will improve their

57



evaluating whether the specification will meet customer needs. Clearly this is an
important aspect of system quality, yet there is nothing unique either Cleanroom or
OOA that addresses it. Techniques such as prototyping (either rapid prototypes or
early increments), facilitated application specification technique (FAST) [28],
Quality Function Deployment [29], and through team review can all make impor-
tant contributions, Many objects in the system will require a black box description,
and some of them will be complex enough to warrant their own object-oriented
analysis. In a pure world, such objects would not technically appear until the state
box or clear box designs, and so their actual specification would begin at that point.
However, if one chooses (o have a close mapping between specification objects and
design objects, then this division becomes much less clear, as does the entire dis-
tinction between the “specification phase™ and “design phase.”

4.4. Correctness Verification in QO Development

The heart of Cleanroom review is correctness verification based on the func-
tional model. In that model, the overall function of a procedure or process can be
derived from the functions of its parts. Then, the derived {or abstracted) function is
compared with the intended function (specification) to determine if the procedure is
correct with respect to ts specification. The goal of this section is to introduce tech-
niques that support the use of the functional mode! in verifying Cleanroom designs
that use objects. Warning: some of these techniques are not pretty! However, we
will show that they are necessary in order to support true program verification. The
most important part of correctness evaluation, and the hardest to get right, is to
choose which subspecifications to document. If too many are documented, then a
productivity price is paid in maintaining subspecifications that restate the obvious
effect of the code. If there are too few, then the review team must derive intermedi-
ate subspecifications in real time in order to do an adequate job of review. If those
subspecifications are not recorded, then subsequent re-reviews must again re-derive
the functions. One common standard among Cleanroom teams has been to recom-
mend that the function of every procedure-call be documented. We might call this
activity “flattening™ since it has the effect of producing a module that has on off-
page references (o other functions. Such a module canideally be verified in a vacu-
um, without knowing either the context in which it is invoked, or the subprocedures
that it relies on. Flattening presents more of a challenge in the object-oriented
world but it is even more important there. We will look at techniques for flattening,

beginning with simple procedures and ending up with subclasses and polymor-
phism.

4.5. Application Frameworks : Special Issues

Frameworks are class libraries that simplify the construction of specific kinds of
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teams, and gradually phasing in history (if necessary} after the team has some expe-
rience. Whatever has motivated us to do so, we may choose to organize specifica-
tion around a set of abstract attributes other than stimulus history. The form of the
black box description reflects this choice, as in Figure 5.

Stimulus Condition Response Model Update
check out a car to|poo! not empty and | OK, car number pool : = pool less car
renter renter is qualified selected
check out a car to|pool empty and rent- | Sorry, no cars no change
renter er is qualified
check out a car to|pool not empty and | Sorry, not qualified no change
renter renter not qualified

Figure 5 : Car- Rental System Specification (Fragment 2)

Now that we have apportioned the abstract conceptual model of the entire sys-
tem armong conceptual objects (and, potentially, classes, though space does not per-
mit us to expose these details) at the specification level, we can consider the meth-
ods we are applying to those objects (e.g., pool. remove - car; pool. is - empty) and
the effect of those methods on the abstract attributes of the object. Again, this is not
the same as state box design, since the object “pool” is not necessarily identified
with any state data - we could choose to implement the concept of a “pool” object
as several discrete objects, or further apportion its functions throughout a more
comprehensive state data object.

Applying transction closure to the richer models is the same as applying it to the
history model. We must ensure that every attribute is equipped to process any
method we apply to it. So, when we wrote pool. is - empty, we had to ask whether
the attribute pool has been initialized properly to give an appropriate response.

4.3, Finishing the 00/Black Box Specification

The process of completing the OO/black box specification alternates object
analysis with black box defintion. The purpose of both is to arrive at a complete de-
scription of the externally-visible of the system that can be easily validated against
the requirements and that gives appropriate guidance to designers. Space does not
permit a lengthy discussion of techniques to be used in validating the specification-
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Stimulus Condition Response

Check out a car to renter | cars are available and renter is qualified | OK, car number

Check out a car to renler | cars not available and renter is qualified | Sorry, no cars

Check out a car to renter | cars available and renter not qualified | Sorry, not qualified

Figure 4 : Car- Rental System Specification (Fragment 1}

Our primitive statements about “cars available” are understood to be predicates
on stimulus history that we will want to understand and documents as such. At
some point, we will have accumulated enough knowledge (o decide that the con-
cept of a “pool” of cars is important, and we can write a function on stimulus histo-
ry that returns a set of cars - the current pool. We could then rewrite the specifica-
tion in Figure 4 using “is - in pool (history)" rather than “cars are available.” As we
start asking more questions about the car-rental system, we would soon discover
that the cars themselves abstract attributes. For example, a renter might ask for a
particular kind of car, and we would need to extract a pool subset of cars having
that attribute. This kind of analysis might lead us to a hierarchy of car classes,
where the base class has certain attributes (e.g. Current Fuel Level) and the derived
classes {e.g. mid-size) have additional attributes. We can continue to describe car
classes and their attributes, all within the stimulus history framework.

One thing that separates this model from a true OO viewpoint is there are no
“write” methods or operations on the abstract attributes. There’s a very good reason
for this - the only “real” entity in the conceptual model is stimulus history. So,
there is no way to change the “pool of cars™ directly - the history is changed by a
stimulus from outside the system (e.g. check out) and then specification functions
on history enable a view of the pool of cars. As we notice, this feature of the histo-
ry model has its advantages and disadvatages.

4.2. OO/Black Box Specitication Beginning with Objects and Classes

When the specification activity starts with a richer conceptual model already in
place, it may make more sense to begin with objects and add the black box frame-
work to it. We may also decide, after some initial effort, that the history-based
specification is growing to be too cumbersome, especially if a conceptual model
has already been established. This is an occurrence that, in the author’s experience,
happens frequently with Cleanroom teams that are unfamiliar with black box analy-
sis, pointing us toward recommending the more generous abstract models to new
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and information hiding are included in the broader idea of abstraction.

® Messages are the primary, if not sole, information-transport mechanism among
objects. Within the broader category of messages, we include their various imple-
mentations, e.g., call/return and messages queuing.

® Inheritance defines a particular relationship among objects or classes, namely the
ISA relationship. Distinction among the different forms of inheritance is not es-
sential to the understanding of the ideas in this paper.

# Polymorphism means the ability to use the same expression to denote different
operations. It includes both operator overloading and genericity.

Any number of OO methodologies [11, 12, 13] have evolved to turn these ab-
stract concepts into workable software design paradigms. This paper favors no par-
ticular methodology or tool.

4. INTEGRATING OBJECT-ORIENTED ANALYSIS
AND BLACK BOX SPECIFICATIONS

Object-oriented analysis can be alternated with black box techniques to arrive at
a specification that combines the best of both approaches. The black box tech-
niques focus on describing the extemally-visible behavior, while OOA focuses on
organizing abstract attributes for ease of understanding that description. Where to
begin depends primarily on how well-formed a set of conceptual objects already
exists in the initial requirements or in the physical system being modeled. How
specification evolves will be considered, starting from both history and objects,

4.1 OO/Black Box Specification Beginning with History

Most box-structures examples begin with very general understanding of the con-
ceptual state and a list of stimuli that must be accepted and processed. This situa-
tion might present itself in a transaction-processing enviroment, such as the car-
rental service example described by Hevner [25]. That system was expected to re-
spond to requests such as “check out a car,” “return a car,” and so forth. At such an
early level of discourse, not much is known about conceptual objects except for the
basic object “car.” As we progress with a pure stimulus-history analysis, we see
that the responses to “check out a car” depend on system attributes like “cars avail-
able.” An initial specification sketch might have a fragment such as that shown in
Figure 4.
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This form of correctness is called “‘sufficient correctness” since we have not re-
quired that the domain of the actual specification be exactly the same as that of the
intended specification.

2.3.5. Design Summary

Although the emphasis of verification appears to be on design, a design is noth-
ing more than a structure linking carefully chosen and documented specifications.
Thus, the central skill of Cleanroom development is the ability to write a good
specification for an object of any size. One of the most challenging parts of Clean-
room development is maintaining these specifications. Almost any code change
will necessitate at least a small amount of specification change; a code change that
affects the user can require specification changes at many levels, as higher and
higher levels of specification are changed in order to maintain the chain of verifica-
tion. However, maintaining these specifications has many benefits, including: visi-
bility of possible rpple effeccts, re-examination and evaluation of high-level de-
sign decisions, training members who have just joined the team, and improving
everyone’s proficiency at review. Indeed, verification is easy when specifications
are good. A learned Cleanroom skill is writing specifications that give only enough
detail to support verification, yet hide enough that changes do not propagate unnec-
essarily upwards through the system.

Each step of box structures design introduces new black boxes. The process is
complete when all data and processes are expressed in terms of black boxes as
shown in figure 2, that are already implemented, either by the programming lan-
guage, by reused code, or by environment objects. Many languages encourage re-
use by permitting processes and data to be made generic for instantiation in differ-
ent parts of the system. In box structures these are called “common services”. Pro-
cedures, with or without parameters, are examples of common services, as are
shared data objects. Classes (in object-orientation} are a higher-order form of com-
mon services, where a number of objects have the same specification.

3. OBJECT ORIENTED SOFTWARE ENGINEERING

Object oriented software engineering is defined as a software engineering pro-
cess that incorporates several concepts [10].

@ Objects are the basic units of construction, whether in concept or in actual pro-
gramming. Objects are organized into classes that have common attributes and/or
operations.

® Abstraction hides implementation details of an object (or class) from other ob-
Jects in the system. The related, though not identical, notions of encapsulation
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the black box, whenever the black box’s behavior is defined. While there is a great
deal of mathematics behind the rigorous defintion of correctness, its presentation is
beyond the scope of this paper.

2.3.3. Process Design : The Clear Box

The third view of a system, object, or part is the clear box view. In this view,
procedural details of ordering and local data are exposed. As with the state box, this
is a partial exposure, as new specifications can be introduced. The common units of
structured programuning sequences, altermmations (if then and if thenelse), and iter-
rations (whiledo, dountily are the building blocks of the clear box. we did not have
to begin with a data-abstracting black box in order to see a clear box -- any process
abstraction will first be designed as a clear box.

2.3.4. Clear Box Correctness Verification

Because the step from process specification (black box) to clear box is a one-to-
many design step, it too requires verification of corrrectness as well as design qual-
ity assessment [24]. Figure 3 shows the general theory of clear box verification.
Given an intended process specification and a proposed clear box design, an ab-
straction operation is done to yield the actual behavior specification of the design.
The two specifications are compared and, if the actual specification sufficiently
meets the intent, the design is correct. Again the mathematical reasoning to support
this ¢laim can be found several sources, The fundamental issues of correctness are:

¢ Is the domain of the actual specification at least the domain of the intended speci-
fication? That is, is the actual function defined whenever the intended function is
defined?

¢ For every element of the domain of the intended specification, does the actual
specification produce the same result as the intended specification.

Specification 1 o Specification
(intended) J = {(actual)
designing abstracting
. Design ‘

Figure 3 : Schematic of Clear Box Verifcation
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2.2.3 Data Specifications

In the early work on specifications [8), all of the data objects were “pure mathe-
matical” integer data objects. However, we know that most programs use more
complicated data objects. One of the essential characteristics of any data object is
the mental picture we have of what is “inside” it. We can use this mental picture, or
abstract model, to understand and manipulate the object. This abstract model per-
mits us to discuss the value of the object without knowing its internals. An abstract
mode] defines a new data object in terms of more primitive or better-understood
concepts. The black box of a data-retaining object, to which we will refer as a data
specification, consists of an abstract data model and a collection of process specifi-
cations that can be used to manipulate it. These process abstractions are sometimes
called services, transitions, or methods. The definition of an abstract data model
and all of the operations on it constitutes a data type defintion, from which we can
instantiate data objects. The standard box structures literature takes this a step far-
ther and suggests a view of the abstract model that consists of only one entity the
history of all inputs received by the object. This entity, called stimulus history, has
its practical advantages and disadvantages [23].

2.3 Design : A Hierarchy of specifications

As the specification nears completion, the design activity begins. An object be-
ing specified as a process abstraction is designed first as a clear box; a data abstrac-
tion is designed first as a box. Each design reveals new biack boxes that may re-
quire further design. Because the black box specificaticn ideas can be applied to
both high-level {large) objects and low-level (small) objects, this hierarchy of spec-
ifications is self-similar throughout the development process as shown in figure 2.

2.3.1 Data Disign : The State Box

The state box expresses the abstract model of a data-encapsulating system in a
more concrete form, in terms of objects that are either simpler to implement than
the entire system or that may already exist. The state box has two conceptual parts.
The state data is a collection of data objects and the machine is a process specifica-
tion that has access to the black box inputs as well as to the state data. There are
two important notes to be made. First, the black box and state box are different
views of the same system. The black box and state box have the same inputs and
outpats. The state box view exposes some concrete data aspects, and exposes no
operations-ordering or other concrete process artifacts. The second note of impor-
tance is that the step from black box to state box is a one-to many design step.

2.3.2 State Box Correctness Verification

A State box is correct with respect to a black box if it has the same behavior as
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Figure 2 : Box Structure Hierarchy

2.2.2 Process Specifications

A process is a definition for how states are transformed by the computer. In the
functional model, a process is defined by a mapping from “before” states of the
system into “after” states. This mapping is called a process abstraction or process
specification. There are several aspects of these specifications that are important to
Cleanroom, independent of notation, conceptually, at least:

¢ the evaluation of all the “before™ values is done before the process begins execu-
tion.

s assignment of “‘after’” values is done all at - once with no intermediate steps.

¢ only the “before™ values can be used to compute the output and there are no un-
documentes “global” data objects.

e there are no undocumented side effects, any data object whose value is changed
must be described.

¢ a response must be produced for one input before the next input can be accepted.

If these rules are followed, the process specification hides the order of opera-
tions and all procedurality, as well as local data of the algorithm and is completely
independent of its usage context. The specification of a complex such as a batch
compiler is necessarily long and detailed, but can done using this same idea. The
inputs would be the contents of source files, options, and command-line parame-
ters. Qutputs would include the contents of object files, listings, and screen messag-
es. Environmental structures such as memory and other resources can be treated as
both input and output. Graphics are often used in teaching box structures and in in-
formal discussions among developers. Their usage is somewhat more rare in large-
scale development efforts.
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2.2 Box Structures : A Formal Model for Cleanroom

As Cleanroom evolved, so did the formal modeis used in Cleanroom develop-
ment. The earliest Cleanroom projects used the functional model [17. 18]. Howev-
er, the functional model deals with the comectness of procedures; it does not have
specific techniques for dealing with data. Cleanroom teams used the method of
state machines [19, 20] where data verification was important. An additional ele-
ment was added, and an overall stucture proposed, by Mills [21, 22], with the result
called “box structures”. Since the resulting framework incorporates both functional
verification and state machincs as special cases, it is not incorrect to say that box
structures has always been the foundation for Cleanroom.

The box structures method as shown in figure 1, provides the software develop-
er with three different views of a software system, object, or part. The black box
view hides all of the object’s implementation details, including any implementation
or processing. The state box view partially exposes the data implementation while
continuing to hide procedurality. The clear box view partially exposes procedurali-
ty. Each of these last two views may include references to new hlack hoxes, defin-
ing a usage hierarchy as shown in Figure 2. The box structure usage hierarchy re-
sults from stepwise decomposition of black boxes until no new black boxes remain.
The usage hierarchy is orthogonal to the inheritance hierarchy of object-orientation.

2.2.1 Specification : The Black Box

Two kinds of black box specifications are separately considered: process speci-
fications and data specifcations. A process specification is the black box of a soft-
ware entity that does not retain data, it does not behave differently at different
times depending on prior usage. Process specifications would be used to specify
procedures, fragments of inline code, or batch applications. A data specification, on
the other hand, is used to represent an object that does encapsulate data, such as a
file, database, or object (in the object-oriented sense).

Black Box Stimulus history Kesponse FUNCTION
|
|
tate Box Stimulus ; H Response '
3
]
'
I
Clear Box Stimulus —pt StateData | o pesponse  PROGRAM
+ Procedure

Figure 1 : Box Stucture Method
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dressed by a parent class. It is the class concept that is the driving force behind the
composition of systems from reusable components.

Booch describes the underlying modéls (meta-model) upon which all object-
oriented methods are based [14]. He identifies the major elements in this meta
model as the software techniques of abstraction, encapsulation, modularity, and
hierarchy. The minor elements of the meta-model are typing, concurrency and per-
sistence [14]. These elements form the conceptual framework for the development
of classes that represent the behaviors and properties of an object type and their in-
tegration into a system. Also identifies three categories of methods that are used to
support system analysis and design: top-down structured design, data-driven de-
sign, and object-oriented design [14]. Top-down structured design is algorithmic
decomposition. Data-driven design derives the structure of software systems by
mMapping system inputs to system outputs.

One of the most important characteristics of object-orientation is its focus on the
behaviors of the system we are to develop, and the behavior of its objects through
this descrption of object behaviors, that we define the stimulus sequences, and re-
sponses involved in a system communicating with external objects and among
communicating objects within the system.

The discipline called “object-oriented analysis” has recognized the importance
of understanding the behavior of the software systems and objects of which they
are to be composed, Booch, Shlaer, and Jacobson [14, 15, 16] all identify the need
for performing analysis of and developing models to describe the behavior of a sys-
tem. It is interesting to note that one of the most important aspects of Cleanroom is
the development of an implementation-and state-free behavioral specification for a
proposed system and each of its obiects (black boxes).

2. THE CLEANROOM SOFTWARE
ENGINEERING

2.1 Fundamental Principles

Although some of the specific practices have changed over time, the fundamen-
tal principles of Cleanroom have remained very much the same [17]. First; pro-
gramming teams can and should strive to produce systems that are nearly error-free
upon entry to testing. Second; the purpose of testing is to certify the reliability of
the developed software product, and not to “test quality in”. Third; incremental
team-based management practices allow in-process feedback for continuous im-
provement, and limit the scope of human fallibility.
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The demonstrated success of the large-scale users of clean rooms, especially the
makers of integrated circuits, prompted Dr. Harlan Mills of IBM’s Fedral Systems
Division (FSD) to suggest that the same principles’ defect prevention during de-
sign, separation of design and test, and objective testing criteria, be applied to sofi-
ware development. Although the Cleanroom name, and some of its practices, were
first published in 1981 [5], it was not described in major journals until 1986 [6] and
1987 {7]. Together, these papers describe Cleanroom practices at that time.

Beginning in 1987, a number of other organizations, in addition to IBM, began
to apply Cleanroom techniques [8, 9]. Cleanroom have been evolved to keep up
with the changing world of software. Users of Cleanroom have adapted it to coexist
with a variety of tools and techniques. Several consulting organizations have been
formed to help teams use Cleanrooms, and Ph.D. Dissertations have addressed spe-
cial issues with the methodology. The keynote phrase for the large-scale adoption
of Cleanroom hinges on the idea of an “expectation of quality”. Cleanroom repre-
sents a fundamental shift away from the notion that errors are likely and frequent.

Object-oriented development is about analyzing and implementing systems that
comprise collaborating objects, where each object encapsulate the data methods
necessary to satisfy its processing requests. Object-orientation emphasizes the spec-
ification of the external interfaces of objects, and requires the practice of informa-
tion hiding and the encapsulation of functions and data that perform the work of the
object [10]. Objects provide convenient concept in which to think about the compo-
sition of systems. System composition through object requires thinking about the
architecture for a system in terms of assembling systems through the use of both
large and fine graines components. Viewing systems as a composition of collabora-
fion objects, also supports the idea of developing not just reusable assets, but do-
main- specific solution architectures for classes of problems, where architectures,
as well as objects, become units of system development and integration.

In pracitce, even though an enormous amount of software has been developed,
only a portion of it is recoverable from “mining and defining” efforts. As software
is developed in the future, and good software engineering techniques are employed
to define and develop robust software objects, we may one day build up a sufficient
quantity of software objects such that systems can be composed from reusable
components, and software development may become more of an integration acitvi-
ty than one of development. One of the most important contributions of OO meth-
ods is the concept of developing reusable classes, which through inheritance, may
be specialized [11, 12, 13]. This speciatizing of generalized classes and their meth-
ods permits some methods to be inherited without modification, and allows others
to be specialized as necessary to satisfy unique processing requirements not ad-
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CHAPTER 4

IMPROVING SOFTWARE RELIABILITY
THROUGH INTEGRATED CLEANROOM
AND OBJECT ORIENTATION DEVEL-
OPMENT
Dr. Alaa Mohamed Fahmy

ABSTRACT

Cleanroom software engineering is an approach to software development that
improves quality and reduces cost. The approach takes its name from the clean
rooms used in chip manufacturing, where statictical quality control techniques em-
phasize defect prevention over defect removal. Cleanroom focuses on software reli-
ability, but does not prescribe design techiques. Object-Oriented (O0) development
approaches offer techniques for developing designs and architectures that are ro-
bust, reusable, and maintainable. The combination of these two approaches leading
to an integrated Cleanroom/OO development process stronger than either individu-
al process. This combination offers reliability through cormrectness verification
based on the functional mode of Cleanroom ads well as design guidance character-
izing OO development. This paper shows how to integrate object-oriented analysis
with Cleanroom black box specification, suggests documentation needed to supporl
verification of OO designs. A guidance in making tradeoffs during the integration
process is also presented.

1. INTRODUCTION

Cleanroom software engineering 1s a set of principles and practices for software
management, specification, design and testing that have been proven effective in
improving software development quality while at the same time improving produc-
tivity and reducing cost [1, 2, 3,]. The name Caleanroom comes from the clean
rooms used mn high-precision manufacturing [4]. There many similarities between
Cleanroom software engineering and the hardware clean rooms after which it is
named.
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9. FUTURE WORK AND EXTENSION

This paper may be considered as an introduction to a series of research work
concerning the formalization of information systems. Although, there exist a varie-
ty of methods, techniques and tools which can be used during the system develop-
ment life cycle, their wide range of rules, and use may now cause problems than
they may solve. Mathematical modeelling needs precise definitions of every and
each aspect of information system developing process.

In this context, further work is currently done to include meta modelling, mathe-
matical data models, models of context diagrams, Data Flow Diagrams, Tasks, Pro-
cesses and Activities.
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This clarifies the use of models during the development of information systems
and their study with the help of meta-modelling. [7]. This will lead to the following
definition as the very first step to use the set theory as the basis of a “mathematics”
of the analysis phase.

Definition (7) :

“A Universe of Discourse (UoD) is a system of concrete entities which were,
are, or will be relevant to a given objective. An information system is a manual,
partially automated, or fully automated system of symbolic entities, representing
facts about concrele entities, that are recorded because of their relevance with re-
spect to a given objective, and that can be updated, retrieved, and from which other
facts, can be derived”. Figure 4 clarifirs the above definition.

Conceptual UoD
models

Formal Uod models Universe of

discourse

{

:

Information system

L

Figure 4 : Information systems modelling

8. FORMAL VISUALS

Many diagrammatic techniques are used for representation in the information
modelling process. An overview of the most popular ones can be found in [11]. A
modelling technique is a visual formalization if it is based on mathematical theory
with a corresponding graphical notation, i.e. the existing techniques can be extend-
ed with a rigorous definition of their semantics which formalizes the visual tech-
niques.

42



7. MODELS OF INFORMATION SYSTEMS

It is known [3] that there are 3 classes of systems:

~

o Conceptual systems : Systems of which entities are concepts or things in the
minds of people (e.g. Set theory}.

¢ Concrete systems : Systems of which entities are concrete objects {e. g. hardware
systems).

¢ Symbolic systems : Systems of which entities are uninterpreted syntactical sym-
bols (e. g. C - language).

From definition (1), models are systemns stand in a particular relation with an-
other system, so we may have nine possible cases, only four of them will be consid-
ered as shown in figure 3. It shows the nine possible transformations among the 3
types of systems. Each is a model type. We will consider: conceptualization, map-
ping, representations, and translation.

o Conceptualization model © Such a model may result after the observation of a
concrete system. It is the heart of the analysis phase.

o Mapping model : It is the conceptual model of a conceptual system (e. g. transfer
from DFD [10] to TSAC technique [11].

e Representation model : It is the symbolic model of a symbolic system (e. g. the
activity mode] of the DFD).

» Translation medel : 1t is the symbolic model of a symbolic system (e. g. the trans-
fer of data flow activity to the ISAC activity technique [11}).

/\4' Mapping

Conceptual system

Representation

Conceptualization

. . . . \
/’ realization application
\
/
applied realization

Symbolic systein Concrele system

formalized

theoretical model v

translation empirical model
Figure 3 : The model tdangle
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6. A VIEW TO METHODS, TECHNIQUES, AND
TOOLS

Definition (2) :

“The methodology of information systems development is the systematic de-
scription, explanation and evaluation of all aspects of methodical information sys-
tems development™ [8].

Even so, methodological schools differ: SWE, DBMS, MIS, and infological ap-
proach, 1t is a differentiation which can be considered as one of the causes of soft-
ware Crisis.

Definition (3) :

“A method is an approach, based on a certain way of thinking, to carry out an
information system development process, consisting of directions and rules struc-
tured according to a systematic ordering of development activities and correspond-
ing development process™ [8].

Examples are: 1ISAC, IEM, and SDM [9].
Definition [4] :
“A technique provides the description of the manner in which, and the notation

with which a part of the development must take place. This incorporates the practi-
cal steps to follow when carrying out a development™ [8].

Examples are : process decomposition, affinity analysis, change analysis, and
group interviewing [9].

Definition (5) :

“A notation is a system of symbols with a corresponding set rules, which deter-
mine the correct application of the symbols. A notation is used to denote the results
of a technique™ [8].

Examples are : decomposition diagram, association matrix, and NIAM [9].
Definition (6) :

“A tool is a possibly antomated mean to carry ou! a part of the development pro-
cess. A tools may support a notation, a technique, or even a method” [8].

Examples are : Designer 2000, Developer 2000 of Oracle, Power Builder of Sy-
base, and Newera of Informix [9].
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® What is the best way to construct a model, when a specific technique is applied?
& What is the formal basis of the modeiling technique?
* How is one particular model related to other models of an information system?

then we would realize a set of goals to get rid of the problems mentioned in Sec-
tion 3. The starting point for making the modelling techniques more explicit is the
claim that the modelling techniques more explicit is the claim that the modelling
process can be more formatized than it is now.[6].

5. THE HUMAN ROLES IN DEVELOPING A MODEL
FOR INFORMATION SYSTEM DEVELOPMENT

Figure 2 shows a view to the roles of people take parts in modelling information
systems. The lower part of the figure overviews the roles of developers while the
upper parts describes the activities of the environment. The following definitions
are given to each participant [4, 5]:

a} Commissioning Agent: A person who has the responsibility of giving the task
to deviop a system and the assignment of other roles in the environment.

b) Informant : A person who is specifying information about the organizational
and the hardware requirements and about the data to be stored in the informa-
tion system,

c) Acceptor : A person who is responsible of the approval of the complete inter-
mediate requirement specifications and the final operational system.

d) User : A person who plans and manages all development activities and the
related resources.

€) Analyst : A person who performs the analysis stage of the project in which
the system scope is defined and the current system in described (the modell-
er).

f) Designer : A person who develops the specifications of the new system (the
modeller).

g) constructor : A person who constructs and documents the information system
on the basis of the requirements’ specification.
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Diagrammatic formula modelling is shown in Section 8, while Section 9 propos-
es future research.

2. MODELLING

Developers make use of models more extensive in the mapping phase than in
the conceptualization phase. Variants of most model types are defined in relations
to the various development stages.

Definition (1) :

“A system A is used as a model to obtain knowledge about system B, where the
system A is neither directly nor indirectly interacting with the system B*".[3]

Models, through the history of information system development, are used wide-
ly for processes, data, databases, and interfaces. Tools such as diagrams, schemes,
tables. and programs are used to create a communication language among develop-
ers across the life cycles of systems.[6]

3. THE PROBLEM DEFINITION

The current modelling processes in information systems are suffering too many
problems:

 Different models are constructed for the same system at hand at the diferent de-
velopment stages.

¢ The modelling process takes too long.

» The models are not consistent with the systems they are supposed to model,
* The gathering of information’s specifications is hard.

* The modelling techniques are vague and unformalized.

* Experienced modellers are scarce and expensive.

* Automatic modelling tools are not exist especially in the early conceptualization
phase.

4. THE SOLUTION APPROACH

Abstract modelling and standardization is an approach to solve the problem of
informality during conceptualization i.e. make the modelling process of the tech-
niques applied during information systems development more explicit. If we can
answer the following guestions:
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there are general problem solving techniques: conceptulization which is the crea-
tion of a complete and formal system specification starting from the informal rough
specification, and mapping which is the transformation of the specifications on a
conceptual level (i.e. without presentation and implementation details) to the ma-
chine executable specification.

Figure 1 shows that development can then be depicted in a pathway in the 2 di-
mensional areas. The ideal path is to go sharply from the informal point to the com-
plete formal point and then sharply vertical to the machine level point. Any other
path especially the opposite of the above will cause a problem. This set of problems
was defined as the software crsis i.e. when large part of the conceptualization pro-
cess is performed on the mapping level.

informal complete
formal
starting point : conccptualization l
informal, rough . y conceptual
specifications

level

mapping

maching
L 4 Ievel
<

end point : completed
infermation system

Figure 1: concepalization and mapping

In this paper, we give a defintion of a model from the point of view of informa-
tion systems in Section 2, while the problem we try to tackle is defined in Section
3, and proposed approach in Section 4. In order to automate the analysis phase the
manual procedures and their performer’s roles should be precisely defined. The
task of Section 6 views and definitions of terms like: method, technique, and tool
are shown. Section 7 describes the relations between different types of models and
systems and where a model for an IS will be presented.
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CHAPTER 3

An Abstract Modelling for information Systems:

A first step to automate the analysis phase
By
Dr. M. B. Senocusy

ABSTRACT

Software is becoming more and more complex to be developed. New technolog-
ica] advancement and increasing user requirements demand large numbers of de-
signers and programmers, good cooperation, and experienced project management
for effective and efficient software development,

Despile the resources emploved in the software development especially in the
design phase (object orientation. highly specialized design tools: Newera with In-
formix, Power Builder with Sybase, and Designer 2000 with Oracle), the malfunc-
tioning of automated systems and projects rinning out of budget re regular news.
The software crisis is a frequent subject of the new media all over the world.

In arder to overcome this case in the future, improved methods and techniques
for software development will solve the crisis by increasing the quality of the anal-
ysis phase and hence of the developed software systems.

This paper is aiming to launch, formulate, and give precise definitions of micro
steps and micro entities during the analysis phase to reach a frame of a model for
an information system. The paper shows the conceptualization and the mapping
prosesses, define the *modelling” from IS point of view. This research includes the
abstraction of the human rules in information systems development. Also, a refine-
ment view of methods, techniques and tools are shown. Finally a model of an 1S 1s
gIven.

1. INTRODUCTION

More than 80% of computerized applications are MI15s in their various forms.[1]
Methodical information system development is mostly performed in stage such as:
scope definition, analysis, design, construction, and use[2]. During development,
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CHAPTER 2

The National Bibliographic Control of
Computer programs in Egypt*
Dr. Mostafa Husam El-Din

ABSTRACT

Three types of bibliographic tools are required for national bibliographic control
of computer programs.

The first tool comprises bibliographic records that identify every computer pro-
gram produced in the country, describe its content, and give access to facilitate ac-
quiring, and dealing with them.

The second tool gives, in addition to the bibliographic records detailed informa-
tion about the special characterstics of every program as given by the producer and/
or distributor, with extracts from the most prominent reviews on them.

The third tool covers all what have been written on every program. So, it helps
in identifying every article, paper, and even book written on every program.

No one of these bibliographic tools is available in Egypt, except some incom-
plete data or advertisemnents in newspapers and computer magazines.

So, this paper presents a vision of the prerequisites of national bibliogaphic con-
trol of computer programs in Egypt: the priorities, the responsible and authorized
agency, the standard bibliographic data, sources of collecting data, access or
searching points, availability of the data in terms of forms and formats, and conti-
nuity and regulation of dissemination these data.

* The Original Text is writien in Arabic Language
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An extreme problem of managing change affects individuals, firms, professions,
and countries. Even in the best of circumstances, the transition will put some indus-
tries and countries at a severe disavantage. This transformation of employment re-
inforces the urgency and strategic importance of education and the need for lifeong
learning at all levels.

Both theory and evidence suggest that in the long run new technology should
create more jobs than it destroys. But the long run can take a long time. Unfortu-
nately there may be prolonged lags between job losses and the creation of new
jobs. And the new jobs may anyway be inappropriate for the displaced workers.
Governments can help by making workers more adaptable through improvements
in education and training and by removing obstacles to free markets in labour and
in goods and services.

8 . CONCLUSION

The Software industry of Egypt may have a chance of becoming the Second
Garments Industry, both in terms of the social change that it can bring and also the
economic boost that it can give to our economy. The industry has the highest possi-
ble ROL The growth of training centers also points to the fact that there is a healthy
demand from the people as well as the industry. We should and we can sell our
Software worldwide, but there is a long way ahead.

We need to educate more people and support lifelong learning. Make govemn-
ments more efficient, accountable, and transparent. Increase effectiveness of eco-
nomic reforms. Monitor and protect the environment. Reduce information and in-
come inequalities. Overcome natural disadvantages. Diversify into information-
intensive industries. Promote small and medium enterprises. Participate in global
trade and competition.

Also, an information-friendly environment must be created. An information in-
frastructure must be deployed. New demands for education and training must be
met. Sectoral information networks must be developed. Consortia for advice, in-
vestment, and research must be created.

Constraints and hazards of information society must be recognized. Social and
technical complexity. Waste and misallocation of scarce resources. Cultural preser-
vation and social disruption. Social and employment inequities.
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Bank projects show mixed experience with information in Africa. Government
agencies are the dominant users of information technology (information technolo-
gy) in Africa. As in the industrial countries, the returns of the use of information
technology are mixed. Analysis of 76 World Bank projects in Africa including
Egypt shows that government and aid agencies alike need to make more intensive
efforts in the design of projects with information technology components. Specific
examples of information technology use in Egypt show the core constraining fac-
tors to lie in limited human and organizational capacities [26].

7.4 Cultural preservation versus social disruption

An information society Should both benefit from and contribute to worldwide
cultural assets. A balance should be maintained between import of artistic, recrea-
tional, and educational products and local generation and consumption of culture-
enhancing products. Without that balance, the information revolution could weaken
the cultural ties that bind communities and nations. The information revolution
greatly facilitates production, publishing, and intermational dissemination of cultu-
ral products by individuals. citizen groups, and communities.

Enhanced access to telecommunications and broadcasting creates opportunities
for those who would enhance culture, society, and human life, as well as for those
who would diminish or destroy them. Social control through information censor-
ship is unworkable, yet information technology creates threats to individual priva-
cy. Advocates of a benevolent and fair society must accept new responsibilities for
influencing access to communications.

7.5 Social and employment inequities

Information technology has an increasing capacity to capture the knowledge and
expertise required for many human tasks and to repeat those tasks with an unprece-
dented degree of speed and precision. This capacity constitutes a singularly power-

ful force for transformation of the employment landscape for both high-skilled and
low-skilled jobs.

Many low-skilled jobs will be lost. Others will migrate to the lowest bidder
Countries can compete for the migrating jobs, but they must mainly count on mas-
sive retraining to raise the skill level of the workforce as a whole. High-skilled jobs
will increase their wage differential, but the information revolution will reduce the
number of jobs in this category as human skills are increasingly automated. Fur-
thermore, a shrinking pool of highly effective suppliers who best master technology
and knowledge for competitive advantage will perform many of the remaining jobs.
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The transferring of investment and operation responsibility for the telecommuni-
cations infrastructure from the public to the private sector is an urgent and particu-
larly complex task. It involves sacrificing local short-term revenues and control to
gain the investment volume and service improvements that a competitive private
sector can supply.

From 1989 to 1994, the Ministry of Finance of Kenya built a public financial ac-
counting and budgeting system. Creation of this system ran into difficulty in re-
cruiting technical staff- a problem typical of developing countries. A training pro-
gram was developed to train computer programmers, develop, their organizaticnal
skills, and instill in them the importance of accountability. As team-work is uncom-
mon in Sub-Saharan Africa, the training emphasized the critical role of teams in de-
veloping and maintaining complex systems. The six-month programs produced 20
programmers at a cost of appoximately US $3,000 per person. Turnover rates, how-
ever, stood at about 50% [24]. Japan is just beginning to go online and few compa-
nies have taken the information technology route. It is estimated that just 8.6% of
all personal computers in Japan are hooked into a network of some kind, compared
with 52% in the US. This may be partly due to different attitudes on information
sharing. The US is far more comfortable with putting information out- giving ac-
cess to anonymous people and being non- hierarchical. That’s not customary in Ja-
pan. To address this problem, Nippon Telegraph & Telephone and researchers at
Stanford University’s US- Japan Technology Management Center co-sponsored Ja-
pan Window, an electronic information service offering Internet users access (o in-
formation on Japanese technology, science, business, industry, government and cul-

ture and allowing Japan to leam about the Internet by developing software products
[25].

7.3 Waste and misallocation of scarce resources

In the absence of appropriate policy incentives, adequate quality stanards, and
competitive discipline, a society could allocate scarce development resources to in-
formation infrastructure investments that create waste or perversely increase social
inequality. Such is the case when telecommunications services are available only to
the urban rich, when incentives favor use of technology more for recreational than
productive purposes, and when an excessive share of investments are directed to-
ward military purposes.

Wasteful information infratructure investments also can occur because of inade-
quate definition of the expected benefits and inadequate measurement of the actual
results. Benefits in terms of societal capabilities and institutional objectives can be
and should be defined for projects, but it is very complex to measure the results ob-
Jectively, and it is tempting to hide behind alleged intangible benefits.
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6.7 Creation of consortia for advice, investment, and research

Social networks and consortia have systematically addressed market fatlures
and externalities in the supply and diffusion of information technology through fi-
nancing of prototypes and large investment projects. advising on intangible invest-
ments related to physical investments. and sharing of best practices among enter-
prises. These are enuabling conditions for program impact and wide diffusion of
information technology and its benefits.

Science networks are supplanting journals. A daily wire service is operational
for preprinis and live reports by researchers in more than 10 disciplines in science
and mathematics. About 20.000 ¢-mails flow dailv to more than 60 countries with
abstracts of new preprints and research reports. Thousands of [ull papers are down-
loaded daily |23].

Printed scientific information has been doubling every 12 vears. Journal
subscrption prices doubled in 8 years, A 1994 directory lists 440 electronic journals
and research newsletters. up from 110 in 1991, Proponents and some agreements
arc emerging on electronic low-cost dissemination of scholarlv work, but nol yer
agreement on relereeing. scholarly priority, journal of record, and other issues tra-
ditionally resolved by print journais. Scholarly journals could become an anachro-
nism. In this change is an opportunity for Egypt and other developing countries:
Participation in inlemational research will depend on ideas. results, and evaluations
by peers, not on Jocation,

7. INFORMATION SOCIETY CHALLENGES

7.1 Constraiais and hazards that must be recognize

The information revelution fuels change of remarkable pace and scope, but also
of remarkable unevenness. Failures and horror stories litter the history of the infor-
mation industry. Even the success stories, when scrulinized, reveal formidable so-
cial and technical complexities. The power of information technology, which has
so much potential for social good, can also be harnessed for selfish, dangerous, or
even destructive ends.

7.2 Social and technical complexity

Developing and deploving information systems and telecommunications capa-
bitities 1s socially and technicaily complex. even in the face of technoligica! ad-
vances and obvious potential benefits. Countries need to marshal substantial re-
sources, often from abroad, to accomplish this task. They need to establish
effective incentives and management schemes to facilitate adoption and effective
use of new systenis.




A World Bank report on the East Asian miracle discusses education: “lnvest-
ments in both physical capital [for education] and schooling contribute significantly
to economic growth. An increase of 10% in the primary or secondary school enroll-
ment rate would raise the per capita income growth by 0.3%. Primary education is
by far the largest single contributor to the HPAEs’ [High Performance Asian Econ-
omies)] predicted growth rates. Between 58% (Japan) and 87% (Thailand) of pre-
dicted growth is due to primary school enrollment. Physical investment comes sec-
ond (between 35% and 49%), followed by secondary school enrollment. Far and
away the major difference in predicted growth rates between HPAEs and Sub-
Saharan Africa derives from variations in primary school enrollment rates. Educa-
tion is the main theme of the story of the difference in growth between Sub-
Saharan Africa and the East Asia high performers [22].

6.6 Developing of sectoral information networks

Social networks based on electronic communications are needed to enable alii-
ances that connect institutions in agriculture, education, health, banking, industry,
and other sectors. Once operational, these networks multiply opportunities for tech-
nical cooperation, research, coordination, information sharing, and private transac-
tions.

Electronic customs clearance, transpotation arrangements, and other electronic
commerce capabilities have reduced import and export transaction costs substan-
tially for many countries. More than 60 commercial, educational, non-profit, and
govemnment entities in the U.S. have joined CommerceNet, formed in April 1994 to
facilitate the use of an Internet-based infrastructure for electronic commerce to al-
low efficient interactions among customers, suppliers, and development partners to
speed time to market and reduce the costs of doing business.

Toolnet is a network for small scale development projects that fosters exchange
of information, experiences, expertise, and solutions to technical problems. It pro-
vides multifunctional electronic mail to link field workers, local organizations,
technological institutions, international development organizations, and individuals
to each other and to national and international networks. It is sponsored by TOOL,
a non-profit organization in the Netherlands directed toward technology tranfer to
and among developing countries. Toolnet Access Points are operating or planned in
about 25 countries worldwide [21].

The Minitel network in France connects nearly 30 million private and business
subscribers in France through 6 milion small terminals operating through the nor-
mal telephone network. It carries about 15,000 differnet services, which have creat-
ed around 75.000 net jobs. It has indirectly helped to create 300,000 new jobs
boosting efficiency and competitiveness.
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Figure 2: Average Annual Telecom Investment in Developing Countries

6.4 Strategic information systems for Egypt

Should include sector-wide information systems for education, health public
sector management, and transportation. Electronic payments, education and science
networks, trade facilitation, disaster prevention and management, and national sta-
tistics might also be defined as strategic systems.

An information system provides a societal capability based on the use of infor-
mation that encompasses its full context of people, institutions, policies, processes,
incentives, data. information technology, and infrastructure. A strategic information
systemn provides a fundamental capability of such importance that it can enhance
the scope and efficiency of an entire sector and economy.

6.5 Meeting new demands for education and training

Demand for specialized information professionals, computer, computer literacy
throughout the workforce, and lifelong training are challenges for most countries in
the face of rapidly changing technology and shifts in job mixes. Meeting the de-
mand will require the efforts of universities, private companies, training institu-
tions, computer societies, and accreditation councils.

Effectiveness of telecommunications technologies for secondary and post-
secondary education has been fairly well documented. Research on the costs and
benefits 15 much more limited. Hewlett Packard provides interactive voice and data
communications in more than 100 classrooms worldwide, and estimates that its
system delivers iraining at one-half the cost of traditional classes {17].

Some 16.000 schools in the US have a networked computer Lab. Increasingly,
they are linked nationally and internationally. National Geographic and other have
used networks to conduct experiments and aggregate data [21].
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There is a real and present danger of deepening inequity of access to informa-
tion both within and among countries. The information revolution confronts coun-
tries with a major new equity issue, not of wealth but of information. If the adjust-
ment agenda does not lead a country toward widespread access to information
services, those without access will face a double hardship, lacking both information
and economic opportunity.

6.1 Strategic consensus among partners.

Government, the private sector, local communities, non-governmental organiza-
tions, and international organizations such as the World Bank Group all have a role
play in creating information economies in Egypt. The broader and more effective
the partnerships among these agents, the faster the adjustment will accur. The most
important role of partnerships is Lo create consensus on strategic priorities and com-
mitment by the various stakeholders to a national strategy to create or enhance in-
formation infrastructure in Egypt. A national strategy must include identification of
the sectoral reform policies and strategic investments needed (o deploy the infra-
structure as well as priorities for implementation. Reaching strategic consensus is a
difficult but very important initial step toward an information economy.

Government action and reform can build competition. Private sector competi-
tion fueling growth of telecommunications and information industries could not
have taken place in advanced countries without complementary government action
and reform. Nor could have development of national infrastructures, without public

investment in certain critical areas (such as R & D) or changes in laws and regula-
tions.

Asian informatics strategies have public and private support. Taiwan identified
production of PC clones as a sirategic industry. Japan’s Sigma project to expand
software tool usage and common development platforms is a public/private partner-
ship. Singapore’s trade sysiem initiative into an informatics strategy [14, 15].

6.2 Creation of an information- friendly environment

Characterized by coherent telecommunications reform and information policies;
laws protecting investment, intellectual property, and individual privacy; open and
well-regulated information and communication markets; education policies that fa-
vor a skilled labor force; and effective regulatory and standard-setting institutions.
Such an environment supports availability, diversity, and low cost of information
services and products. Clearly, the task of creating such environment falls to not
but all of the partners for development {16].




applications. Export of high-skill jobs requires advanced and lifelong training. In-
formation systems have supporting roles in education-efficient administration, low-
cost delivery, and production of appropriate educational materials. Computer-based
training is an effective tool for lifelong learning.

Education correlates with employment, income, and opportunity. In industrial
countries, the well-educated are more likely to be employed. In the US in 1989, un-
employment was 9.1% for persons with high school or less education and 2.2% for
those with college degrees. In Japan, these figures were 7% and 2.3%. The well-
educated earn more, and the gap is widening. In the US in 1980 the eamings gap
was 30%; in 1988 it was 86%. The well-educated land jobs that provide them with
more training; the uneducated are locked out of opportunities to improve their skills

(11}.

Distance education in Africa has been used to pursue entirely conventional edu-
cational ends. Its main advantages: economy, flexibility, and suitability for widely
scattered student bodies [12]. Egypt is paving the way towards long distance educa-
tion as an effective means of providing quality education.

The Globe program is a good example of distance education. It is a world wide
science and education program coordinating the work of students, teachers, and sci-
enists to study and understand the global environment. Globe is an international
partnership involving countries around the world to: increase environmental aware-
ness, contribute to scientific understanding of the Earth, and help students every-
where reach higher standards in science and mathematics [13].

6. NEEDS AND MEANS TO IMPLEMENT A MAJOR
ADJUSTMENT AGENDA

It is easy to get excited about the opportunities, but the information revolution
dictates new needs for Egypt that must be addressed, whether exciting or not. For-
tunately the information revolution also provides the means to address this urgent
agenda of adjustments.

Egypt and other developing countries will pay a high cost if lag behind. Without
fast and successful adjustment, a software industry in Egypl can be hampered in
many ways: Local software production may be less competitive in international
markets against better quality, lower-priced, and more flexible products, especially
one’s that come from India, Malaysia, Philippines, Chian, Colombia, Korea and
Singapore. Productive software firms might lose market share due simply to inabil-
ity to connect to international trading networks and to participate on equal terms in
markets. Research and development might stagnate without convenient access to
international science networks.
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estimated call revenues exceed incremental cost of supply and (2) public pay-
phones {19].

The emergence of the global information infrastructure présents an extraordi-
nary opportunity for Egypt and other developing countries, sometimes called tele-
com lite. The new infrastructure is characterized by a variety of low-cost options
for locat connections, competing global operators for long-distance services, digital
transmission, and low-cost, reliable, simple network access with increasingly so-
phisticated terminals. The model for the telecommunications infrastructure allows
developing countries to leapfrog the industrial world’s enormous investment in
wired local loops, the most expensive part. Egypt can provide better service at a
much lower cost per subsriber. With radio and satellite options for the local loop,
widespread deployment of telecommunications becomes affordable, and Egypt can
have the technical support to coexist with conunerce in the information age [20].

The growth in telecom lines in developing countries in shown in figure 1, and in
figure 2 the average annual telecom investment in developing countries is shown
{9]. Telecommunications investment in less developed countries has been and will
be massive. Regional codes are as follows: NIS Newly Industrialized States of for-
mer Soviet Union, ECA Eastern Europe and Central Asia, LAC Latin America and
Caribbean, AFR Sub-Saharan Africa, MENA Middle East and North Africa, SAS
South Asia, EAP East Asia and Pacific. Data for charts from [9, 10].

millions of new lines

X0
185
T
146
120
100
=
[l
46
20
o]

1985. &2 I

1970 074
1975. 7%
1980 84 B§

Figure 1: Growth in Telecom Lines in Developing Countries
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6.3 A national information infrastructure

Consists of both the telecommunications networks and the strategic information
systems necessary for widespread access to communications and information ser-
vices. Deployment of this infratructure is a task of ten years or more and billions of
dollars in Egypt and most developing countries. It is possible only through the effi-
cient functioning of national and international markets for financing, engineeing,
and management services. An information one friendly environment is a precondi-
tion for investments. While the role of the private sector is paramount, the govern-
ment and often international organizations such as the World Bank Group alsc play
key roles as legislators, regulators, advisors and guarantors,

There is a correlation between telecommunications investment and economic
growth. A study by Hardy of 60 nations from 1960 to 1973 showed a causal rela-
tionship in both directions. Of ¢ourse telecommunications investment increases as
an economy grows, but there is also a small but significant contribution of telecom-
munications to economic growth. A causal relationship did not hold for radios. It
was therefore postulated that the organizational impact of telecommunications con-
tributed to economic growth, The study also found that the economic impact was
greatest in countries with low teledensity (telephone lines per 100 persons) [171.

Rural telephone switches are being produced by and for India. In 1980, India
had fewer than 2,500,00 telephones. almost all of them in a handful of urban cen-
ters. The country had only 12,000 public telephones for 700,000,000 people, and
97% of India’s 600,000 villages had no telephones at all. India was using its price-
less foreign exchange to buy the West’s abandoned technology and install obsolete
equipment, The technological disparity was getting bigger, not smaller. By 1987, a
three-year effort by many of India’s great young engineers had produced a series of
telephone switches, manufactured in India to international standards, and adapted
to village use. The 128-line rural exchange was housed in a metal container, cost
about $8.000, required no air conditioning, could be installed in a protected space
in the village, and would switch phone calls more or less indefintely in heat, dust,
and monsoons [18].

The costs of telecommunications are falling, according to desk research and
case studies from 26 developing countries that explores options for commercial
supply of rural telecommunications. Capital costs per Iine for the most appropriate
technology remains high but are falling: $1000 near urban areas and $2000-3000 in
rural areas. This kind of service can be commercially feasible with annual revenues
per line around $400 (urban) or $800-1200 (rural). The proposed strategy for serv-
ing villages and rural population centers, which is derived from a broad consensus
of world experience, is to provide lines to : (1) institutions and businesses whose

21



population receptive to technological change. As economies become more service-
intensive, workers must be retrained more frequently, and their performance be-
comes more dependent on access to IT. Accordingly, the diffusion of computer lit-
eracy shoud receive special attention in education strategy which in aiready the
case in Egypt.

In sum, most dynamic trade routes of the twenty-first century will be dominated
by transactions in intangibles rather than goods. Service industries will be responsi-
ble for the “roads” of the global “infostructure™ and they will be the main providers
of the content to be traded via electronic means. The adoption of a liberal trade and
investment regime is essntial for countries to maximize the benefits to be derived
from the intemationalization of services and to move toward the information age.
This is particularly true for developing countries especially Egypt.

4.3 Information Technology : The cutting Edge of the Services Revolution

The convergence of computer and communication technologies is promoting the
development of computer-mediated (or electronic) networks. These networks are
formed by systems of computers and communication hardware, and software that
allows users to communicate and transmit data and other types of information. As
digital switches -- computers replace electromechanical switches, and integrated
services digital networks (ISDNs) emerge, the technical feasibility of new value-
added services expands rapidly. Falling prices for hardware and software generate a
positive feedback effect as the demand for network services is affected not only by
prices but also by the expected size of the network [9,10].

This expansion is expected to accelerate as the cost of communication band-
width (the capacity to transmit more bits of information simultaneously) continues
to fall. Moreover, the cost of communication is becoming independent of distance,
and networks are becoming more international. Transnational corportions, for ex-
ample, are actively building international dedicated networks to address their com-
munication needs. Egypt is paying great attention for the expansion and enhance-
ment of the communication infrastructure [9].

5. ROLE OF EDUCATATION AND LIFELOGN LEARNING

Education pays rewards to an individual for an educational investment include
more employment options, higher income, and better future prospects. Education is
the best route to improved status for work force worldwide. The need for continued
education and training persists throughout a person’s career. Export of low-skill
jobs requires primary education of good quality, including language skills. India’s
large English-scientific and technical pool, give them the capability to team up with
American firms to develop new products and processes for world-wide commercial

18



mode of supply) renders it difficult to make a comprehensive evaluation of the eco-
nomic value of the offers and their liberalizing impact. In terms of industry cover-
age, developing countries covered a smaller subset of service activities in their of-
fers than industrial countries. Tourism and travel-related services were the only
activities in which a substantial number of developing countries made commit-
ments. Commitments in the area of communication services -- an area of critical
relevance for countries interested in pursuing outward-oriented strategies of devel-
opment were quite limited. These commitments are mostly related to value-added
telecom services (e.g., data processing, electronic data interchange) but cover less
than 20 percent, on average, of the service activities negotiated under this category.

The liberalization of trade in services actually achieved under the Uruguay
Round seems rather limited at present. However, while the immediate liberalization
may be limited, the agreement paves the way for future multilateral liberalization.
The framework agreed provides for continued negotiations to be completed over a
two-year period, and nothing constrains members from undertaking further unilat-
eral liberalization, provided it is consistent with the multilateral disciplines estab-
lished by the GATS [8].

4.2 Other supportive policies.

The services revolution places a premium on the development of a competitive
telecommunications system. Most developing countries, are hard pressed to meet
the demand for even basic telecommunication services. and investment in networks
for value- added services may be considered an unaffordable luxury. However,
technology now allows a country to develop a dual structure for telecommunication
services: a country can invest in low-cost, dedicated networks for business needs in
parallel with expanding the basic infrastructure, The private sector can play a lead-
ing role in this process, as it has been applied recently in Egypt.

Providing access to modern, high-quality communication services is not
enough. Countries can be at a competitive disadvantage in long-distance exports
because of non-competitive pricing of telecommunication services. (This has been
the case for Eygpt and Eastern Caribbean countries). The use of alternative means
of telecommunications (e.g., low-cost satellite stations) may be inhibited by mon-
opolistic practices of the basic telecmmunications providers. Establishing a com-
petitive framework for the provision of telecommunication services is therefore
necessary.

Another important constraint faced by developing countries concerns the quality
and relevance of the training of their work forces. In-house training can partially
mitigate the shortcomings of the formal educational system in preparing workers to
use IT in service industries. The main challenge, however, is to make the general
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Border policies account for only some of the impediments to internationaliza-
tion. Services are regulation-prone, and the domestic regulatory environment can
create additional barriers to international competition (state monoplies in service
industries, legal barriers to entry in economic activities, price controls). Domestic
deregulation is often a necessary complement to the opening up of the foreign trade
and investment regime. Also, differences in regulatory environments for service in-
dustries across countries may restrict access on a de facto basis (for example, dif-
ferent standards for accreditation of professionals). Accordinggly, effective liberali-
zation may also require harmonization of regulatory practices among major trading
partners (e.g., as pursued in the context of the Single Market initiative in Europe).

Alongside unilateral liberalization of services, countries are pursuing liberaliza-
tion though reciprocal negotiations. An important achieverment of the Uruguay
Round is the adoption of the General Agreement on Tarde in Services (GATS),
which extends multilateral rules and disciplines to services. Several recent regional
integration arrangements have also included liberalization of services.

The GATS covers four modes of international delivery of services: cross-border
supply (e.g., transborder data flows, transportaion services), commercial presence
(e.g., provision of services abroad through FDI or representative offices and
branches); consumption abroad (e.g., tourism); and movement of personnel (e.g.,
entry and temporary stay of foreign consultants). It broadly follows the GATT
(General Agreement on Tariffs and Trade) tradition, emphasizing nondiscrimina-
tion [Most-Favored-Nation (MFN) and natjonal treatment]} and prohibiting policy
instruments that resemble quantitative restrictions. It innovates, however, in cover-
ing transactions associated with commercial presence (that is, establishment trade)
and introducing a concept of market access that encompasses nonborder restrictions
(e.g., limitations on the type of legal organization under which foreign providers
can operate are, in principle, prohibited).

Unconditional MFN is a basic obligation of signatories, but MFN exemptions
are allowed. Market access and national treatment, in tumn, are specific obligations
under the GATS. They apply only to the service industries and activities specifical-
ly listed by the country in its schedule of commitments, at the level of each mode
of supply and subject to the limitations made explicit in the offer. The GATS
adopts a positive list approach with respect to sectoral coverage of service indus-
tries -- that is, only the industries scheduled in the offers of the negotiating parties
are subject to GATS discipline. This practice is less transparent than the negative
list approach adopted, for example, in the North American Free Trade Agreement
(NAFTA), in which all service industries are covered unless specifically exempted.

The complexity of the agreement (with offers made by service activity and
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1t is important to note that markets for these services are sensitive to technologi-
cal change. Long-distance services in data entry, for example, are expected to con-
tinue to expand in the near future, reflecting the continuous fall in cormmuncation
costs. Progress in optical recognition technology and the development of online
services for credit card and check clearing, however, can significantly affect the
need for data entry in the future. These services may lose some of their dynamism
as they are displaced by innovations in software and scanner technology in the in-
dustrial world. Nonetheless, the increasing number and diversity of information-
intensive jobs, the technical feasibility of new long-distance services (e.g., in re-
mote clerical support). and the dynamism of Foreign Direct Investment (FD1) flows
and of the global demand for software suggest that the overall market for long-
dictance services will continue expand {5].

While creating possibilities for new exports, the internationalization of services
is important also for Egypt as importers of services, Long-distance access to the
“floating pool” of nonproprietary knowledge. for example, is being revolutionized
by computer-mediated networks, such as the Internet. Electronic bulletin boards are
becoming more sophisticated and increasingly effective as instruments for the
transference of knowledge and for technical assistance. They can now combine
text, voice, images, and video and their use may significantly alter the prospects for
human capital assumulation in Egypt and other developing countries in the next
few years [5].

4. CAPTURING THE OPPORTUNITIES

To capture the opportunities offered by the intemationatization of services,
Egypt will need to adapt their regulatory environmenis and develop supportive
physical and human infrstructure {4,5,6,7].

4.1 Liberalization and regulatory reform.

Liberalizing the import regime for services is central to achieving increased effi-
ciency and competitiveness in the provision of services. It allows businesses to im-
port services that are not produced domestically or that are not available at a price
and quality required for competitiveness. Liberalization also fosters efficiency by
increasing competitive pressures on domestic producers of services. Because of the
nonstorability of many services, Foreign Direct [nvestment (FDI) is the major
mode of international delivery of services. Lowering barriers to FDI, therefore, is
crucial. Increasing recognition by Egypt of the need for such reform is reflected in
the liberalization packages encompassing the services sector that many of them
have unilaterally initiated in recent years. Yet most service activities continue to
face a more restrictive regulatory regime than do goods.

15



cost of a comparable American/European work force. In some cases, cost is not as
important as availabilty. If the project involves an advanced technology (e.g. using
Yisual C,, for a client/ server application), it may be difficult for the client to find
available talent in the normal labor pool.

There is also issue of stability. Offshore programmers are less likely to quit and
take another job in the middle of a critical project. Most of the problems associated
with the first stage of development within the software industry are obvious: The
overhead expenses reduce the competitive advantage of lower salaries, without pro-
viding any benefit to the client or the software vendors. Visas and work permits can
involve enormous red tape, and the delays may be unacceptable to a client with a
tight deadline. Language problems, cultural differences, and the difficulty of trying
to maintain a live-style comparable to the higher-paid U.S/ European colleagues
with whom the foreign programmer is working. All these are obvious but predicta-
ble problems. Similarly, the client will often express strong hesitation about hiring
a foreign programmer without an on-site interview. This poses a financial risk for
either the Egyptian vendor or the client, depending on who pays the travel costs.

A more subtle problem involves the “brain drain” from Egypt. In the long run,
perhaps the U.S./Europe should be rejoice in the fact that its software industry is
becoming a “melting pot”, just as its manufacturing industries did throughout the
nineteenth century. But national planners in the Egypt and other developing coun-
tries are very concerned, they are losing their best and brightest mind, because
many of the programmers who go to the U.S/Europe for software project never
come home. (Ironically, Egyptian government seems actually encouraged this prac-
tice in other fields, because expatriate workers typically send home a steady stream
of cash to their relatives. This was judged to be a more effective way of bringing
hard currency into the country than such traditional mechanisms as building a fac-
tory).

2.2 Stage 2 : On- site Analysis, Offshore Code

The second stage involves having a small group of systems analysts who will
work with the customer, on-site, to define the system requirements, which they
then transmit back to programmer in the home country. Most of the first-stage off-
shore players are planning to move in this direction. Using a small number of on-
site analysts saves considerable transportation and overhead costs. Having home-
country software engineers implement the design also minimizes the brain-drain
problem and allows the Egyptian firms to begin buiding its own infrastructure and
long-term expertise in software technologies. The problem and the disadvantages
of the second developmenttal stage are obvious: End users are reluclant to trust an
offshore firm several thousand miles away with the development of a mission-




vation and quality, on the whole Egyptian software companies are not entrenched
in the world-wide arena. In fact, due to relatively small local Egyptian market, it is
essential for Egyptian software companies to effectively reach export market, in or-
der to achieve growth and acquire market share. While many of Egyptian smaller
software companies are still focusing on local markets, export markets typically ac-
count for well over 60% of product sales among Egyptian larger and most success-
ful software companies, like Delta.

While a world-wide presence is the ultimate goal, the US market represents the
most immediate and logical opportunity. Barriers related to language, trade, and
standards can be overcomed compared, for example, to Europe and Asia. Further-
more, this market not only repersents enormous revenue generating potential, it has
a voice that is heard throughout the world. Products that are successful in the US
typically have more chance to succeed elsewhere. Market acceptance of a product
in the US means almost instant recognition worldwide. The strategic importance of
the US market is fully understood in the Egyptian industry, but what is less obvious
is how to succeed and continue to succeed in it. One major challenge is to have in
place effective distribution channels.

Small and medium-sized Egyptian software companies need useful input to their
marketing and distribution strategies, by identifying the trends affecting the distri-
bution of software products in the United State and Worldwide, and assessing their
impact on the use and effectiveness of distribution channels, developing strategies
for success, and practical conclusions and recommendations. The results are based
upon in-depth secondary research, interviews with representatives of software com-
panies, channel organizations and industry associations in Egypt, US, and Europe
as well as analysis by industry experts at Egyptian Sofiware Association (ESA) &
and Egyptian Society for Information System And Computer Technology (ESI-
SACT).

2. PATHTO INTERTIONAL SOFTWARE DEVELOPMENT

Egypt is expected to take a clear path with regard to international Software de-
velopment. This path has four distinct stages [2]. and each stage offers some inter-
esling opportunities.

2.1 Stage 1 : Export of Labour, i.e. Live in Contract Programmers

At first, teams of Egypt programmers will be knocking on doors, offering to de-
velop sofiware with teams located at the customer’s local site. The primary advan-
tage to this approach is low price. Even with the overhead of travel, Iodging, and
administrative expenses, the client often finds that he or she is paying only half the
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3. OPPORTUNITIES IN LONG-DISTANCE SERVICES

As service industries rely increasingly on IT, they tend to become more depen-
dent on capital and human-capital inputs. This has led some analysts to suggest that
developing countries like Egypt cannot compete internationally in services and that
policies to liberalize trade in services would limited interest to them. This view is
mistaken. Developing countries are already carying out areas of comparative ad-
vantage in 1T- based services, a process that will continue to evolve. Moreover, lib-
eralization is not only about expanding exports; even more important is its role in
helping domestic producers gain access to more efficient and diversified services in
world markets [4].

There remains much scope for expansion in Egypt traditional service export are-
as (e.g., tourism). A new area of special promise is long- distance services. Data en-
try was one of the first service activities to be internationally outsourced. This type
of activity requires only a low level of computer literacy and limited interaction be-
tween the customer and the supplier. The customer mails paper-based data forms or
sends scanned images of data forms electronically to the foreign provider for pro-
cessing. The supplier sends the computerized data back via telecommunication
lines or by mailing magnetic tapes. Countries in the Caribbean have been quite ac-
tive in exploring the market for offshore data entry.

Software programming is another activity that is increasingly traded across bor-
ders, with subsidiaries or partners overseas entrusted with developing software that
is transmitted electronically back to the parent company. For example, many lead-
ing international computer and software companies have set up R & D and produc-
tion operations in Bangalore, India. The Indian software industry, which is growing
rapidly, generated revenues totaling more than $500 million in 1993-94, two-thirds
of which came from exports. It it estimated that India has captured roughly 12 per-
cent of the intemational market for customized software [4].

There are no precise estimates of the size of the market for long-distance servic-
es that can be captured by Egypt. The fact that a significant share of these transac-
tions take place at the intrafirm level clouds the picture. However, rough estimates
suggest that 15 percent of the employment in services in industrial countries may
be internationally by developing countries. The potential impact of the globaliza-
tion of services in terms of job displacement in industrial countries does not seem
very large. But, from the perspective of developing countries, the potential impact
in terms of higher exports over the long term is significant, possibly as large as
their current total exports of commercial services. There are important niches in the
market for long-distance services that can be successfully exploited by Egypt with
a literate work force and a modem telecommunications system.
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crtical system. It’s often not clear to the customer whether the software developers
will understand the nuances of his or her requirements, nor is it clear how well de-
velgpers can respond to ongoing changes in those requirement.

The second stage, however, isn’t an all-nothing proposition: It work in some in-
stances, not in other. It’s particularly good for certain kinds of systems program-
ming projects, where the interface and the end results are well understood and
clearly defined.

2.3 Stage 3 : Offfshore Generic Software, i.e. Package Exports

The third stage in the growth of the offshore software industry is the develop-
ment of generic software products such as word processing packages, spreadsheets,
and database programs, generic applications that can be marketed both in the home
country and in the rest of the world. This stage often begins with the Egyptian soft-
ware developers producing software for their local markets. Stage 3 becomes more
interesting when the software developer in Egypt decide to bring their software to
the North American/European marketplace. Obviously, the same kind of problem
can exist when dealing with any other market that already has an advanced, com-
pitter-literate user population. Even if the new software is bug-free, the developer’s
cultural assumptions and trappings may cause problems.

But the real problem involves marketing. The cost to bring even the smallest PC
application into the American marketplace for example, can be daunting enough for
the Egyptian start-up software company.

2.4 Stage 4 : Exploiting Home-Grown Expertise

The fourth and final stage in the development of a software industry involves
the development of product that take full advantape of the native country’s unique
areas of applications expertise. There are many unique applications that originated
in Egypt, all of them involve indigenous applications expertise that is completely
independent of software technology per se, and all are being packaged as commer-
cially salable product. Egypt has built some wonderful muitimedia applications to
catalog. manage, and display its vast treasure of historical artifacts [3}. These appli-
cations are likely to be far more sophisticated than anything Americans would build
in the 1.5,

Ironically, Eygpt has also built some of the world’s most sophisticated financial
applications for manging its vast array of loans and financial-aid packages from nu-
merous countres, international agencies, and relief organizations. Other third-
world countries might find such applications quite useful, and they certainly won’t
find anything like them in the cataloge of Borland, Apple, or Microsoft.
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The software industry is becoming an arena of worldwide competition. Meas-
ured by revenues, by the number of firms engaged in software development, and by
the variety of available software, industry performance over the last six years has
been extraordinary. Although data are lacking and not very reliable, it is estimated
that the world market for software is increaing by 30 to 40 percent annually and
could reach US $ 500 billion in 1999 [1].

Five major forces are now promoting rapid changes in the worldwide software
industry: (a) A severe software personnel constraint, with software and software re-
lated support activities now accouning for the overwhelming percentage of (otal
system costs; (b) The global battle for operating system standards; (¢) The move
away from single vendor solutions as the typical way for organizations to meet
their information systems needs toward customized, integrated, multi-vendor hard-
ware and software solutions; {d) The increasing emphasis on software production
and sales by hardware vendors, leading to increasing concentration within the in-
dustry of large and medium-sized firms; and at the same time (e} An expansion and
fragmentation of the industry in growing number of independent software vendors.

This paper examines the global software market, particularly the major trends in
the international software industry. The paper then reviews the software develop-
ment process in Egypt and its labor, education, and training requirements, New
technologies will affect the entire software production process and will require a re-
orientation in thinking about invesiment and technological options. New organiza-
tional and software management practices are also being introduced into software
firms in an attempt to control costs throughout the software engineering process,
and to improve the quality of the products and an organization’s process of devel-
oping software. The major software engineering problems of the future will require
organizational solutions that: integrate advanced software development tools based
on object oriented technology and knowledge-based systems; provide flexible poli-
cies to ensure the best use, education and training on these tools and new methods;
and manage large system development projects. Some areas of software produc-
tion, especially for export markets, may be more cost effective than others. Ways in
which Egypt can exploit some of these opportunities are addressed. Software firms
in Egypt still have some way to go, and their role in the international software in-
dustry is likely to quite modest at best. Specific strategies for building a compeli-

tive software industry or enhancing the competitiveness of that industry are also ad-
dressed.

Egyptian software companies are gaining recognition throughout the Arab
world as producer of high quality, leading edge products. Yet this recognition is
still a far from what is deserved. Despite their proven excellence in software inno-
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CHAPTER 1

SOFTWARE INDUSTRY IN EGYPT:
OPPORTUNITIES AND CHALLENGES
Dr. Alaa Mohamed Fahmy

ABSTRACT

The role, status and future of software industry in Egypt, have been largely mis-
understood by most of the western world. The ecnomic, political and strategic sig-
nificance of Egypt make technological lacuna about it inexcusable. Egypt is the
most populous country in the region as well as one of the most intemationally
oriented computing community in the Arab world, and its trained people are among
its most important high-tech exports. Egyptian Government has been undertaking
an ambitious steps towards economic reform and technology development. Actions
have been taken to support software industry in Egypt. This paper highlights the
software potential in Egypt, its role in providing high quality employment for
young peopie. its innovative software packages and its ability to fulfill regional and
offshore development and service contracts. Challenges facing the growh and glo-
balization of Egyptian software Industry and the notion of the information society
and information- friendly environment is also discussed.

1. INTRODUCTION

The worldwide computer industry has been characterzed since its inception by
continuous innovation, improvement, and rapid change. These developments have
resulted in the growing importance of software, the programs that run computers
and allow them to communicate with each other through data networks. Develop-
ing and newly industrialized economies (NIEs) secking a share of the burgeoning
global information industry are promoting the development of their software indus-
tries through a variety of policy and institutional measures. At the same time, 2
growing number of U.8. and west European software and non- software {irms are
beginning to develop software overseas, often for foreign as well as domestic mar-
kets [1].
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