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A framework for improving software reusability
within quality constraints
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ABSTRACT

In this paper seven of the most important issues in software systems development
bave been investigated. These issues address two aspects, namely: software development
productivity and the final product overall quality.

For the productivity aspect, am approach has been devised relying on using
scripts, Built as a result of am analyst-user collaboration, these seripts, upen
interpretation, transform given user requiremeots into code. This prototyping
approach, in addition to being rapid, invelves the user in order to ensure his overall
satisfaction with the final product.
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For ihe quality aspect, a (wo-laversd repository of thoroaughly tested and verified
rewsable software componenls has been baill. The first layer contains the kernels to
lnterpret the seripta. This Is independent of the physical implementstion of the
functional components in the second layer. Usiag the repository, the core dala
manipulations of virtually any application can be antomatically generated.

Five applications coveriog five different domalns bave been designed and
implemented to investignie the merits of the above described framework

L INTRODUCTION

It Is ooticesble tha! ome of the mos! important goals of soMware systems
developers is (o be able (g directly transiate givea user requirements (nto compater code.
This direct transistion sims o minimizing t(he development effort and time as well 2
achieving maximam unser sstisfaction. Inthis paper we are concerned with same of the
key techmiques and sttributes that muost be considered (o Millill the above mentioned
goal, namely-

. Stapdardized user interface.

. Unpification of dats manipulation methods.

. Rapid software prototyping.

. Compilation of repositories of reusable software components.
+ Software sysiem maintaioability and modifiability.

. Final product reliability.

Due to the nature of query/response and storage/refrieval information systems,
the above described issors sre likely to be directly realized to some extest. Other
syslema such as data acquisition are mosily domain dependent and therefore special
coding is mandatory.

1.1. User interface

Deslgn of the user interface ls gettiog more and more stabilized through the
implementation of well recognized and widely used techniques, e.g. pop-up snd pull-
down menus, conlext sensitive belp screens, bot keys, windows ... ete. (See for example
(1] Employing such techniques epsures, (o some extent, familiarity of the aser with
navigsting throogh the system's various functions.

1.1 Data manipulations

Data manipalations gemerally coastitute the greatest propartion of the code size
sod ran tme of many info mation systems [I}. For this comsideration, receai
pregramming environments Include varfous buili-in data basdling mechanisma
However, some programming efTort is generally required to customize dats entry forms
fhat foclude application-specific manipulations.

Although linking and data processing routines are special cases that must be
bhandled separafely, in the current proposed spproach, these have been (rested na
moduales that could be added during amy stage of the sysiem developmentl. The lutter
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point is rather facilitated duc to the extensive use of scripts that internally characterize
the proper data type transformations, leaving the developer with ouly specifying the
required data flows and specific algorithms. This attempt is likely to satisfy the three key
festures of an automatic programming system under data manipulstions context [3].

1.3. Rapid software protolyping

In its early days form, it would have taken the developer quite some time to
design the data eotry layouts and the reporting formats to get the user's approval oo a
proposed software system. The protorype’s essential role is therefore to assess the merits
as well as the pitfalls of a proposed software system before actually going into the more
complicated processes and detsils of designing and implementing the full system. These
hﬁenhdlhitl‘lrh!h:

. the timing constraint normally imposed over software systems development, and
. the occasionally unclear sofltware requirements specification.

The latter point is partislly sttributed to the user who is nof sequainted with
expressing bis requirements in techuically acceptable terms, as well as it is attributed to
the analyst himself, who is sometimes oot aware of the user's real problem. Several
attempts are being made in formalizing users' requirements in acceptable technical
terms for the benefit of both contracting parties (See for example [4,5]). Rapid software
prototyping can aid in at least the following phases:

. gettiog the user to approve (or disapprove) a propesed software system in the
earliest stage possible,

. if the system is disapproved, its design can be modified and proposed again
until eventually its [ramework is aceepted, snd

. upon approval, the user is enabled to start feediog-in his data sets wWLil. the rea:
of the software system is still being developed.

This approach has a profound impact on reduciog the software development life-
cyele. Quality of the final product, however, must be maintained [6,7].

1.4, Software reusability

Another very important issue to be considered is that whether the development
process would start from scratch or rely on & repository of thoroughly checked reusable
software components [8]. These components are verified and validated against test data
patteros in a fashion similar to trouble-shooting in bardware component testing.

1.5. Maintainability and modifiablity

In the current context, a software system is considered maintainable when each
of its components can be isolated and verified. It is considered modifinble when all
alterations can be made at the system definition level rather than the component or the
ingtruction level. One of the aims of structured analysis and design is to enable
maintenance and modification of software systems in an easy manner. Techniques
employed in Computer Aided Software Engineering are therefore appreciable (See for
example 9,10]).
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L6. Reliabdity

It is generally important to be able to quantify reiiability in order to judge the
overall performance of a giveo software system. However, compariog two software
systems is not a straight forward process. Lockhart [11] pointed that there is oo such
thing as a geoeral purpose model of system reliability, Macro and Buston [12] have
associated reliability with compliance and modifiability. They have noticed that
modifiability, and coosequently reliability, are left with vo real metrics, They have also
concloded that the alresdy known measures such as MTBF sod MTTR, although
successfully applied to hardware systems, are nol adequate for software systems
reliability evaluation.

Ou the rond to quantily software reliability, Geist er al. [13] have been interested
in N version, real-time software reliability estimsie. In thei. :tudy, they have used 2
graphical Petri pet simulation tool that included arbitrary firing time distribution and
correlated firing, The model has been used to estimate MTTF using mutation analysis
applied to a simple model.

In this paper we introduce a performance index (8), defined as the ratio between
the probability of failure of 3 systematically budt software system and its worst case
vilue if the system is built from scratch. This approach has been used to assess the
gaioed performance when relying on repositories of reussble software components.

L. AIM OF THE WORK

This paper suggests a [ramework [for software systems development bearing in
mind the above mentioned facts, Other complementary features thal have been taken
Lm-im' tion throughout the development process arc also presented and

3. CASE STUDLES

In order to assess the merits of the proposed framework, the implemented
software has been applicd to five case studies. It has been used to generate five
applications io five different domains:

L. Scientific: Questionnaire data manipulation and processing. Given the acronym
(QUITE) standing for: Questionnaire Utilization in an Integrated
Tabulation Eavironmest.

2. Industrial: Machine Service Log and follow-up (MSL).

3, Commercial: Container Loading/Unloading Control (CLUC).

4, Managerial: Assets Control System (ACS).

S. Social: Social Development Crganization providing aid to the needy (SDO).

4. IMPLEMENTATION

In Mm-rmﬂmmmh-mmn.luu
be lpgically separated into two layers:
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Layer I:

Cousists of the system keroels used to inferpret the scripts. These seripts are
designed to contain menu definitions and procedural flow. The system kernels are:

. Data manipulation program generation keroel
. Query formation kernel

« Report generation kernel
Layer 2:

Contains the lower level procedures, functions and macros to be expanded as
appropriaste by layer 1. It must be noted that the same data manipulation procedures
and macros are re-used for query formation and report generation.

= &

Liyn & Carriy -

———

Figure 1. Logical overview of the proposed system

Layer 2 includes procedures to handle the possible dsta manipulation responses
described in Table (I) given below. These procedures can bandle plain, single option,
multiple option and key entries,

Anotber feature bas been added where a given response is designated a push
button that activates a sub-process. This sub-process is typically a lower level data
manipulation routine that bandles transactions (or details) concerning the parent data
base. This process is repetitive and logically unlimited. The system keeps track of the
links between the parent, children and grandchildren data bases,
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This layer separation in the repository guarantees thal (he wechanism of

sutomatically genersting programs I bolated from their sciusl  physiesl

This enhsnces the tailoring process to 2 grest extent, For crample: »

user who requires to handle the employees’ time sheet hourdy rather than dadly (eg., i »

typical payroll system) would aced only some amendments to layer 2 that have a9 cffert
on layer 1.

4.1. User interface

The user interface is generated from the script that contsins sil memn defimitions
and their associated attributes. The interface employs standard techmiqees such s
. Pop-up aud pull-down menus.
1““
-M_ﬂl‘lw
- Mot keys

In addition, most dats entry operations, other than pisin extries, are perfarmed
by scrolling all possible respomses on display. The sser i sshed o choase ane. This
apeeds up dais entry operatica and dimmates bumen arers sech 39 chemsing orroncens
codes.

4.2, Data manipuistion

In order to handle variows problem catesories in shwest 3 smiffed mssser,
common data manipuistions must be recognized im terms of daty types and possitle wser
responses. Table (I) summarizes the most observed responses at the daty cowry level

Table L Most common responses to data entry procedues

Data type
Common response String Intrger Real  Dote Boclesn
Plain entry/update v v ¥ v v
Single option ¥ ¥
Maultiple options v
Key ¥ ¥ v 9

Most industry standard software packages are well wuh L
bandle plain mmt*ﬂmﬁmﬁ-
the programmer to bandle, especiaily for multiple option and key cntries.

In the
:! implemented system single options, multiple options and key responses are

a Single oprion entries
These mﬁnhhﬂht“ﬂﬂ*“ﬂn-ﬂlw

corresponding code) is actuslly mavipulated and stored. In order to mimimize the
chances of occurrence of possible data entry ervors in sueh coded fieldy and to speed sp
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data entry process, ficlds of type single option are bandled such that: possible answers
are displayed and scrolled against the user until one is selected. The index or code of the
selected response is internally transferred to the data file instead of allowing the user to
enter the code himsell. This approach goes in harmony with the user interface that uses
pull-down and pop-up menus.

b. Mulfiple option entries

Multiple option entrics c¢an accept compound items that are mainly used in
searching and reporting. Possible answers in multiple option fields are popped-up as
help screens for data entry. A single code composed of 0's or N's for not selected and
digits indicating the rank of selected options is supplied by the user. Also, while editing
search classes, queries of the form Y12XN for instance can be formed where :

Y: means first option is selected (no matter what's its rank)
1: means second option is ranked 1

2: means third option is ranked 2

X: means ignore fourth option

N: means fifth option is not selected

This gives a noticeable flexibility in updating and analyzing data of this particular
nature,

e Key entries

IKey option entries prompt the user with an identification of the data item under
consideration. When appropriate, authorized users are allowed to interactively add new
entries.

4.3, Reusahle software components
4.3.1. Query formation

) Queries are built the same way data are entered where all features of data entry
and update are available. In a QBE maaoner, templates (typically the same data entry
screens) are used for building such queries. The only difference exhibited is in the use of
relational operators to build search classes, All relational operators (>, =, .. etc.) are
displayed as (GREATER THAN, IS , ... etc.) and scrolled on the data entry line for easy
selection and to enhance readability. The system then generates criteria upon which
queries are performed.

4.3.2. Report generation

Report gencration uses the same cancepts of queries. Reports are built with the
classical attributes: title, subtitles, column contents, formats and filtration criteria. The
other added features include:

. Field contents sre automatically obtained from related data files to replace codes of
single options, multiple options and keys. This feature enhances the produced
report readability.

0
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. Filtration criteria are pre-designated and stored, however, they can be inteructively
altered through the use of query formation serecas. The modified report
attributes together with a user selected report designation can then be stored for
later wse. In this process an indeflinite number of reports can be intersctively
designed and stored. This gives another dimension to the produced system

fleubiliry.
4.4, Prototyping

The use of scripts facilitated generation of all data manipulation parts of the
software system Lo the furthest extent. For instance, table (™ highlights the att. {butes of
a typical seript that are required to generate data storage and retrieval programs. The
same script is eventually wsed to interactively form queries. Similsr seripts are used to
generate reporis and menus.,

The above described seripts are interpreted by the system kernels to generute the
core data manipulation procedures upon which a user approval ran bie obtained, Sin.e
reading a seript is maturall, easier than understanding code, this protutyping approach
is expected o involve the user in the early requirements specification phase. Eventually,
an approval can be obtained on seripts rather than relying on screen demonstrations.

Table IL Typical steributes of dsta storage/retrieval programs

* Fide(s)
- Key attributes (e.g., single/compound, uniqueness..etc.)

. Title
. Sereen/Window coordinates
. Expected user response
Plain entry/update
Format and range
Single option
Set of feasible responses
Multiple options
Set of responses
Key relating other complementary databases
- Restrictions and validation criteris o
* Record handling mechanism
- # record editing mode
- screen edi maode
ki ting (browse-like mode)
- Sub-processes fo activate
- parameter passing
- Restrictions and validation
Im__===ﬂ-h_
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Any problem that may occur can be traced back to either the kernels of layer 1
or the components of layer 2. Any changes in these two layers are mapped directly to the
whaole system. Therefore, maintainability is assured through reviewing a limited set of
procedures and routines rather than the detailed software system. After corrections are
made to the procedures, the whole, or the affccted part of the software system, can then
be regenerated in a compilation-like process.

4.6. Modifiability

This in also assured through the use of seripts. Any modifications are done at the
definition level by updating the limited set of scripts that characterize the software
system. This process’ can be performed iteratively and an updated software system can
be immediately re-generated, until the user is eventually satisfied.

4,7, Relinbility

Reliability (R) is defined in this work as the probability that the system will not
fail (1 - Pg). This can be given by equation (1) where P(f2il|P;) is the probability that the
whole system will fail given that process (i) of the {1 processes has (ailed.

0
R=1-2 P(fail| P). P; 0]
1

Equation (1) is valid for siogle processor machines since 0o wwic thau vos
process can fail at a given time. A lower limit of reliability can be given by: (1 - LPy.
When uwsing reusable software components the value of Pi can be individually reduced
through appropriate verification.  Alse, in modular design, the aumber of redundant
components is reduced to its lowest limit. The net result is an increase in reliability,

Although thoroughly tested and verified, re-usable software components may fail
against special cases. Let us assume that the upper bound of probability of fatlure of
such components is given by Py, and the number of procedurcs in these components is
denoted by o among the overall system procedures (). Let us also assume that there
exists an upper bound P, denoting the probabuity of failure of externally added
components. Itis likely tbat Py << Py. Assumiog that P, = a.P, wherc a is generally 1,
probability of failure can be written as:

Pf=cPy+(Q-0)a by 2)
Let us define (8) to be the ratio between Py given in equation (2) and its expected

walue in case when the whole software system would be constructed from scratch. This is
given by equation (3):
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(ea-1) o
0= - . 3

a 0

Equation (3) bas been applied to the five case studies. Obtained 8 values are
considered indicators to how much the probability of failure is generally decreased when
heavily employing thoroughly tested rewsable software components.

5. AFPLICATIONS AND HESULTS

Following, is a briel review of applying the framework deseribed above to five
case studies, The case studies have been chosen (o cover five different application
domains as mentioned earbier.

Without loss of generality, only the first application will be described in some
details to ustrate the ideas behind the proposed framework. In face, it way the first

application that gave os the motivation to outline the suggested software development
framework.

Application 1. Questionnaire data manipulation and processing (QUITE):

Problem definition: A user who requires (o perform some questionnaire analysis
would need o wse an jadustry-standard software package to carry out the required
statistical snalyses. This may seem to be the most efficient way to perform the analyses,
but this is not always the case, since most of the available ready-made packages require
specific structures for the input dats to be maintained [14,1%]. Analyzing combined test,
numerie, boolean and date types of data is not always possible, and if available the user
often suffers from a considerable burden with regard to defining the data types and
their bandliog schemes, This may request that the user be extremely experienced in the
use of 3 cerain statistical package and may also include some programming effort to be
dome. Oftem, data type transformation routines are employed to convert from
questionnaires’ internally archived data elements to suitable formats for ioput to a
specific statistieal package. It has been decided to tailor such a software system using the
framework described earlier.

5.1. Design phase requirements

: The main objectives of the system design to be realized are summarized a3

I As data structuring may constitute 3 problem for a given user, be is not subjected to
the internal archive structure of the questionnaire design, Also the design must fulfill the
rqukuuﬂﬂhﬁ;uﬂ;uhhhﬂtlﬂnuﬂ.hhl“hﬂﬂ
needs. The user is ouly reqaired to specify bis data items in an abstracted manoer snd

&® W
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the software system is to generate the appropriste formats. Ooly plain text entvies
require the user to supply their maximum expected leagths.

2. Required to automatically, or at least easily, gencrate the data entry and editing
subsystem according to the questionnawe description given in step 1. This saves the
effort required in an esseatial, but tedious. phase. Also, it must have the advantage of
being seil modifiable accordiog to any alterations made in step 1.

3. Required to include techeiques for bandliog various types of data, especially for
combined analysis of multiple option entries and for performing the appropriate data
transformations. These dats type wansformations must be accomplished iotcrnally
without any user interveation,

4. Provide tools to allow the user to synthesize data filters used to extract study-specific
subsets of data, or more widely to identify scarch classes. These tools are expected to
utilize natural language specification and simple relational algebra.

S. Allow the user to easily design and produce reports of analyzed data in 2 self-
documented manner to reduce the effort usually associated with produciog reports for
timely information distribution.

In short, the overall objective is to create an integrated environment for
fuestioonaire data archiving and manipulation, starting from the design phaseofa
guestionnaire form to the actoal production of analyzed data in an easily readable
format,

It is worth noting that the above requirements are generally applicable to a wide
class of information systems other than this specific example. This fact has b2en tzken
care of during the design and implermentation phases. This issue resulted in an attempt
to construct a repository of rensable software components. It also stimulated the need to
identify which components are to be automatically generated and which are not. The
rest of the case study illustrates this point.

S.I.'Ejihuduip approach
Design of QUITE software system is organized as follows:

L Questionnsire build-up phase
11 Automatic generation of data manipulation subsystem

IIL. Analysis and tabulation pbase, which coosists of two sub-phases:
IML1 Classification
M2 Application of sealysis procedures with report generation [acilities
and sutomatically synthesized documentation.

Phase I, "Questionnaire build-up”, is 2 wser-friendly interface used to
interrogate the user on the questionnaire entries, their attributes and, if applicable, their
associated possible answers, The attributes of an entry may be either one of those
described in table (TIT).
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Table INL Data types used in the questionnaire analysis system

Data type Description

Text A plain text answer.

Integer Ag integer number.

Real A flosting point oumber.

Date A date expression.

Single option Refers to an index value of 1 up to the maximum number of

possible answers, eg. marital status.

Multiple optioes  Where more than one answer are valid. In this type the user
can weigh each answer with 4 number indicuting its order,
e preferred transportation facility.

Key lodicating a corresponding data item.

| Tﬂti: data type classification can hold true for most informution systems in use
and therefore suitable handliog mechanisms may be developed, validated and eventually
reused whenever such dats types are encountered.

Phase II, " Automatic generation of data manipulation subsystem", assembles the
required data entry and editing procedures guided by the questionnaire description
provided in phase I. Tt ereates data files to hold collected data entries and customize &
set of procedures to facilitate data entry and editing. Field names are coded internally
and formatted to bold the corresponding data types without amy user intervention to
ensure ease of operation and to eliminute nny possible ervors typically encountered in
manual archive structuriog.

Phase I, "Analysis and tabulation", is thes concerned with performing two
© main tasks:
1. It allows the user to fiter some of his entered data to obtain subsets of the
originally archived data if required. This data classification process is
cssential in specific studies.

2. It allows application of the analyzing procedures and synthesizes self-
documented reports,

5.3. Characteristics of the user interface

The user interface bas been designed bearing in mind that:

I. it must be user-friendly through the use of numerous belp messages and pop-up
menus for casy selection. Also, most data entries are being performed by selecting
possible answers using ooly the arrow keys.

1. search criteria are being bilt using simple relational algebra where all operandi and

ke needs an automatically synthesized description of search classes, user defined
nptlmﬁ “pumm caleulations and their decimal digits, or 3 combination of all
mentioned options.
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To fulfill the above requirements of the user interface, 3 number of routines have
been selected from the repository to minimize the clerical work required in dats entry of
hundreds of questionnaire forms with tens of eotries. In case of data entry nodier
update the user can select any questionnaire form and then navigate through its entries
until one is selected for editing. The system keeps track of the data types under
consideration and then calls the appropriate data mampulation procedures.

While specifying the required analyses, the user is asked to customize search
classes. A user defined caption is entered for the class and then a series of conditions are
edited, in natural language, to form the filtration criteria for the class.

5.4, Implementation overview

Figure (2) illustrates the user view of the proposed software system. The user
interacts with the system at three stages:

1. requirements specification to enable the system to bwild-up the questionnaire
form aud its entries,

2. eotry of collected forms using the automatically generated and/or assembled
data handling procedures,

3. noalyses specification through user defined search classes using natural
lnnguage and simple relational algebra.

Requiremanis Questionnalre
Specificalion Bud-up
|

Collected Data
Forms Entry
—l

Spectfication & Tabutation

Figure 2. User view ot QUTTE software system
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Figure (3) gives a schematic of the main componcnts of QUITE software system.

EEE0. . D

L N

. Automatically
* Synthesized
. Documentation |

Figure 3. Main components of QUITE software systen.
(Automatically generated or repositery taken procedures)*
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According to the requirements specification, the system produces 2
Questionnaire Description File (QDF) and a set of Possible Answer Files (PAFs) for
entries of single, multiplé and key option types. The above files are then used to build a
Questionnaire Entries File (QEF) to hold collected data and customize data entry
procedures to suit the used data types. The routine customization process is adaptive in
the sense that any changes made to the questionnaire description file are mapped
directly to the datn entry procedures.

In questionnaire analyses specification, queries are stored as search elasses and
then used in the tabulation processes. They are assigned user defined captions (QQDT)
for easy retrieval and for use in tabulation, and a query description is stored a5 0 set of
conditions formed in relational algebra and stored interpally as codes (QODC) but
displayed in natural laoguage f{orm. The anslyring routines then use the query
descriptions given above to form criteria upon which search classes are formed in
addition to automatically synthesized natural language documentation. Finally,
tabulated forms are produced contsining all or part of the above information as selected
by the user.

Figure (3) emphasizes the auiomatically geoerated or repository taken
procedures. The sulomaticaily generated subsystem consisted of 989 proceduores and
functions (Functional Components (FCs)) while the extra added procedures and
functions consisted of 567 FCs. The percent automated part is thercfore: 63.56%

5.5. llustrative example

A hypothetical guestionnaire form bas been designed to test the performance of
the implemented system. The test is mainly directed to investigate the meritq of buildine
software systews using the above described concepts. Inherent capabilities of the system
sre highlighted for assessing the goined benefits of such sutomatically generated
systems, It must be emphasized here that figure (3) shows the funetional component
clusters with captions related to the application example for illustrative purposes.
However, these components are applicable to a wide class of similar information
systems,

A set of 1000 questionnaire forms bas been stored. Data values bave been
generated using 3 random number generator, hounded by meaningful limits, chosen
according to the entries under consideration, Some human intervention was some times
essentisl to force the data set to illustrate certain conditions. Table (IV) contains the
thosen questionnaire entries and their attributes,

Following are some automatically generated output forms assamples of what
could be obtained using the proposed system. Table (V) illustrates ten user defined
search classes (shown only are user defined captions).
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Table w.w-mm_mmm

e ———— e TS

Eutry Attribute Possible anywers
' Employee name Text
Sex BDoolean MALE
I Employee £
Birth Date of Employce  Date
Salary plus Incentives Real
Marital Status Single-option SINGLE
MARRIED
DIVORCED
Wibow
Number aof Childrea Integer
Transportation facility Multiple-options ~ FRIVATE CAR
i to reach firm COMPANY BUS
PUBLIC BUS
UNDERGROUND
WALKING
BICYCLE

MOTORCYCLE
e e e e e ——————

Tabie V. User defined search classes

1 Male employees

2 Female employees

3 Employee name starts with SANDRA
4 Birth date later than I-Jan-T0

5 Single or divorced employees

6 Has more than 2 children

7 Preferred facility

8 Salary is less than $400

9 Salary is between S400-600

10 Salary is greater than $600

Table (VT) illustrates a typical system outputl produced from tabulating four
examples of occurrences of selected classes, While first and second sections of table (V)
illustrate classes composed of one condition, the third and fourth sections display
multiple condition classes,

Tahle (VII) illustrates s system output that shows two examples of occurrences of
a certain class in aoother. Table (VIIN) gives cross tabulnted classes while table (IX)
gives the same table but with resetting the percentile caleulation option.
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Table VL. Oceurrences of a certain class

Qccurrences of Class : | Male employecs

Percent Occurrences = 57,20 % Total Cases = 1000

Orccurrences of Class : 4 Birthdate later than 1-Jan-70

E:mllhul:u! Description ;
Class

4

Ll

Birth Date of Employee GREATER THAN 70.01.01
Occurrences of Class : [4] Birthdate later than 1-Jan-70 = 326
Percent Occurrences = 32.60 % Total Cases = 1000

Occurrences of Class : 5 Single or divorced employees

Synthesized Description :

Clags: 5

Marital Status IS SINGLE OR Maritsl Status IS DIVORCED
Occurrcances of Class : [5] Single or divorced employees = 500
Percent Occurrences = 50.00 % Total Cases = 1000

Oceurrences of Class : 7 Preferred lacility

Synthesized Description :

Class: 7

Transportation facility to reach firm IS SUCH THAT :
PRIVATE CAR IS NOT SELECTED
AND COMPANY BUS IS SELECTED
AND BICYCLE IS NOT SELECTED
AND MOTORCYCLE IS NOT SELECTED
OR  Traosportation facility to reach firm 1S SUCH THAT :
PRIVATE CAR IS RANKED |
Orecurrences of Class : [7] Preferred facility = 667
Percent Occurrences = 66.70 % Total Cases = 1000
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Table VI Occurrences of a class in anotber

Occurrences of Class : 3 Employee name starts with SANDRA
IN Class : 4 Birthdate later than 1-Jan-70

— = ==

Synthesized Description :

T e eee————
Class: 3
I
Employee name 1S SANDRA
Class: 4
Birth Date of Employee GREATER THAN 70.01.01
Occurrences of Class  : [3) Employee name starts with SANDRA
IN Class : [4] Dirthdate later than 1-Jan-70
IS= 47 OUT OF 316
. Percent Occurrences = 1442 % Totul Cases = 1000

Occurrences of Class : 1 Male employees
IN Class : 5 Single or divorced employees

Synthesized Description :

Class: 1

S

Empioyee Sex IS MALE

Class: S

—

Marital Status IS SINGLE OR

Marital Status IS DIVORCED

Occurrences of Class : [1] Male employees
IN Qlass : [5] Single or divorced employees
IS = 285 OUT OF 500

Percent Oceurrences = 57.00 % . Total Cases = 1000
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Tabide VIL Croms tabsistion of classes

Satary pher Sacemtees 1SS THAN 400
I

Salary ples kncemes CREATER THAN GR 15 400 AND
Salar gl Incenteoes PSS THAN OR 15 i
Clams : 1

= hews than 400
Sulary is herwers SH0-HI
l r-,-.-—-—-
CQrss  Defmicion 8 % v MW % TOTAL %
I Mseeomployees 71 79 9&3 830 78 T80 2 5120
1 Femslcomployees 113 1130 M8 3080 7 0™ 4% 4100
Toul ncadents 54 IR40 TSI U530 §5 S350 000 000
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Table IX. Cross tabulation with resettiog percentile calculations

Salary is less than $400

Salary is between $400-600

l ?hyh:ruhrﬁnm
Class Definition 8 9 10 TOTAL
1 Maleemployees 71 423 78 s

2 Female employees 113 308 7 428

Total Incidents 184 731 85 1000

It is worth mentioning that all tables described above along with their

The system has been put to practice by applying it to study the social impacts of
the Sea Level Rise pbenomenon on people living in vulnerable areas [16). Two districts
in Alexandrin city had been chosen for the study, namely: Amreya and Semouha, A
questionnaire form has been designed and the proposed sofltware system has been used
to manipulate the collected forms, The results obtained vis report generation and query
formation kernels have been successfully used in the study.

5.6. Generalizing the approach

The same procedures ha < been used to generate the other four systems by using
the concept of script files to describe data Nows, Other complementary functions that
bad to be constructed were added to fully characterize a given software system,

- Table (X) summarizes the number of sutomatically generated functional
components and their ratios to the total in each system. The ratios reflect bow much
data manipulations sre in such syvstems. It is poted that the number of functional
components has beco increased in the lutter systems aloog with increasing ratios of
automation. This is attributed to the several amendments and refinements done during
implementing the first software system, However, it must be noted that in (MSL) where

domain dependent computations were required the value of (5/02) was less than that of
the others.
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Table X, Automatically generated versus total functional components
L = == _____ ==~

System a 9] o) Ya
QUITE 989 1556 63.56
MSL 1794 3483 5151
CLuc 178 4312 64,35
ACS 5088 6373 79.84
SDO 4944 6012 82.10

Figure (4) illustrates the effect of a on 8. As & increases due to either refinement
of the repository compooents or, oo the contrary, (he course production of
complementary components, the value of § decreases to a lowest limit of (1-a/(1).

»
0.9
o.a
o7
0.6

6::.:
0.4
o3

0.2
o

O 4 8 12 16 20 24 28 a2 36 40

0%

Figure 4. Effect of a 00 8
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6, CONCLUSION

The aspects of software development preductivity and the final product overall
quality have been investigated in this paper. Seven key issues affecting the two aspects
have heen examined.

Relying on a repository of thoroughly checked reusable software components,
had a profound effect on reducing the software development life cycle. The concept of
using scripts greatly facilitated rapid software prototyping where a user approval bas
always been obtained within a considerably short time.

Unifying data manipulation, query and report geoeration proeedures in a
manner that is coherent with the user interface, resulted in both reducing the required
development time and enhancing the overall working environment The same data eatry
screens have been used for query formation and report generation. In query and report
formation only some matching patterns are entered for retrieving single events or use
the very same pattern to generate a report The above described approach requires the
user to get acquainted with a limited set of screen designs that are used in three
different ways. On the other hand this approach substantially reduces the programming
effort and time,

To some extent, the above described functional components are of comparable
size and complexity, except for the MSL application. The development time of each FC
is therefore approaching an average value of (T} given by (T=Et;/() where t; is the
development time of FC; As arough estimate, it can be concluded from table (X) that
the development time has been reduced to range between 17.9-48.49% with an average
of 31.73%, i.e. about one third of the required development time in classicsl systems
design. However, the exact estimate is dependent on each individual svstem according to
its nature.

It is evident that maiotainability has been practiced on a limited oumber of
components rather than implementing a full system from scrateh. Also, modifications
are generally reduced since they are applied to a very limited set of seripts rather than
the actual code.

Performance of the final prndﬁct has been related to the level of automation in
the development process. It is concluded that the continuous reflinements made to the
repository  components would lead to decreasing the probability of failure Ppwith a rate
proportional to (1/a2).

All of the above mentioned issues are always aiming at reducing the time
consumed throughout the software development life-cyele and obtain as early results as
possible from the proposed software system with reasonable quality.

One of the points whicl seems to be missing in tbis context is what's accepted to
be a formal requirement specification. It is noticed that this may be successful on the
level of single programs or functions, and could be understood by software developers.
However, on the level of systems this needs a great deal of research and review in order
to involve the ultimate target: the end user.
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Also, metries are being applied o code segments in order to quantify their
puﬁnlmll'l.l!l Although metrics are also required on the level of rystems, they are

ather complicsted snd cumbersome to be practically applicable. For this issue, we
m-ﬂﬂ-mm-mwmu the eriginal
#eripts rather than ibe fully implemented software system.
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Appendix A. List of abbreviations

Assets Control System

Computer Aided Software Engincering

Container Loading/1'nloading Control

Functional Component

Machine Service Log

Mean Time Between Failures

Mean Time To Fail

Mean Ti ae To Repair

Query By Example

Questionnaire Description File

Questionnaire Entries File
Questionnaire Query Description Classes

Questionnawe Query Description Titles

Questionnaire Utidization in an lotegrated Tabulation

Environmeot.

Social Development Organization

FHETL




