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ABSTRACT
Infommation technology is advancing at enommous rate, but most of software

products are facing some problems. Due to the compexity of paralleldisuributed
systems; the development of their software products is affected by many factors
and so it is eror-prone and costly.

In order to achieve cost-effective with high quality; paralleldistributed software
products; much more effons 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 technigues must be the foundation
of the production of paralleldistrbuted software systems.

This paper introduces a framework that combines the software engineering and
quality assurance techniques to improve software products for paralleldistrbuted
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 VLSl, but there has been

no significant change in the sequential abstract computing model. The demand for
ultrahigh speed computing machines is incrasing every day. The major difficulty in
satisfying this demand in uniprccessing is the physical constrains of hardware and
the sequential and centralized control in the Von-Neumann computing model. The
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production of faster, more reliable, and cheaper electronic components; made it evi­
dent that the perfomance of uniprocessor computers is limited. The altemative to
sequential processing is parallel procEssing machines. The transition from sequen­
tial to parallel and distributed computing offers high computing power that is very
imporant 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 proucts differs from the production of
goods. The manufacturing costs of software products are neglected; it is the cost of
copying a piece of sofware. Also, the maintenance process differs fomm software
products to hardware products. ln software prOducts the maintenance prccess 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 prccess 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 prccess 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 conceptualy 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 instnction and its operands from a memo­
ry unit and sends them to a prccessing unit in which the instnuction is executed and
the result is sent to the memory. The Von-Neumann paradigm is called Single Ln­
stnuction Stream Sigle Data steam (SISD) as shown fig. 2.1.
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CU : Control Unit

PU : Processing Unit.

M: Memory Unit.

IS : Lnstruction Stream.

DS :Data Streem.

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

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

1 -Single Instnction stream, Single Data stream (SISD) Von- Neumann machines),

2 -Single Instruction stream, Multiple Data stream (SIMD),

3-Multiple lnstruction streamn, Single Data stream @MISD),

4 -Multiple lnstnuction streamn, Multiple Data stream (MIMD).

The architectures of SIM, MISD, and MIMD are shown in fig. 2.2 (a), (b), &
(c).
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A) SIMD

b) MISD

) MmMD
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M/ Memory, PU. Processing Unit, CU; Control Unit,

DS. Data Stream, & IS Lnstnction Stream
Fig. 2.2 ParalleL processing architectures [3].



2.1 Data Flo Wersus Contral Floy:

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

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

Data flow is a techique for specifying computation in a two-dimensional
graphical fom: instructions that are available for concurent execution are written
alongside one another, and instnuctions that must be executed in sequence are writ­
ten one under the other. lnfomation items in data flow computers apper 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 fomed 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 classifcations for data flow machines: Static and dynamic data
flow machines [2l].

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.
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DN : Distribution Network, MC: Memory Cell, AN: Arbitration Network, &

PE. Processing Element

Fig. 2.3 THe architecture of the MIT data fow machine [21].
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MIT Static data flow machine consists of four units:

-Memory uni : it is a collection of blocks; cell blocks; of central storage lccaم 
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 par of the memory is used to store arays to support rapid
access of aray elements.

Processing section : it comprises eight identical processors. The instruction set
contains floating point, fixed point, logical packeL communication, and shift in­
stnuctions.

4Arbirarion 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 resuls of execution from the prOcessم 
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 instrucLion packets. Ff a processor is faulty, the fring node is lost, i.e. no
result will be conducted to the next node or other processors, so the computation is
restarted from the beginning [2].

The execution of a data flow language programn has the following seps:

4Data Flow Grapl Construction

Parallelism extraetion: instnuctions that are available for concurent execution
are extracted.

Rrogram erecwtion: 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 informnation is read from the menOry'.

• 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 asscciated with that node using the functional unis of the processor;
then the resultant token is passed into the output arc.

• Resul Distribution : the result is moved to the next successor nodes.
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3. Software Engineering and Ouality
Assurance

3.1 Software engineering :

Software engineering is a discipline concemed with the production and mainte­
nace of software products. As other engineering fields, software engineering con­
cemns 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 gualify :

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 reم 
quirements

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

4From 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 wantsم 

American National Stanard lnstitute; the quality is the totality of features 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 prccess of
the software product as in defntion l; 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
problems.

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

3.3 Software 9uality Assurance (S9A):

Software quality assurance is the methodologies and tools of preventing orland
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corecting the deviations from the requirements and measuning the software quality
factors [2, 19, 26].

Testing is the primary tool of software quality assurance. Ouality assurance con­
cems not only perfoming a test, but also by defining the software products quality
factors, establishing standards for test, and introducing methodologies for test de­
sign aud test cases generation [7, 16, 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 engieering
discipline [16, 17].

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

Fig. 3.1 : The proposed guali%y 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.
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Fig. 4.1 : The "Waterfall" model of the software life cysle [4].

Ln fact it is cost-effective to modify the sequence of software life cycle. lncre­
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 prccess; that is the incremental development of software products [4]. The
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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 Waterfall model using the incremcntلa development [4].

72



:The lncremental Fomal Specification of Software Rroductsه 

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 fxed
very early, need a great effort and cost to fx [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 tum lead to a system that is easier to design, imple­
ment, and maintain [l5].

Fommal methods for specification provide the bases of specifcation quality assu­
rance, and so increasing the confdence in the developed software [15, 22]. Unfor­
tunately, most of software industries use informal methos for specification. lnfor­
mal specifications may be easy to read and understand, but they are often
incomplete, vague, ambiguous, and can not be quality assured. Fommal specification
must take into consideration the structure and the behavior of the specified system
[11

Formal behavioral specifications consider three perspectives:

4cause-effect specification,

4time specifcation, 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.

Cornplete behavioral specification must posses the three behavioral specifica­
tion perspectives. The incremental specification prccess must consider the three
perspectives as fommal increments of the behavioral specifcation as well as the
structural specification and the informa] behavioral specifications. The infomnal
specification is needed as explanations for the formal specification. The complete
incremental moel of software development is shown in fg. 4.3.
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(uality Assurance for Product Specifcation

Cuality Assurance for Product Design

(uality Assurance for Dctailed Design lncrenents

Fig. 4.3 : The complete incremenلقا model of software developmenl.
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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 model of software development. The main problem is the
extraction of parallelism [l0].

There are three levels of parallelisms :

,Program level : independent programs are execuTed in parallelم 

,Task level : programmer specifed prccedures (tasks) are executed in parallelم 
and

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

Accoding to the complexity of the stnucture 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 lncremental Specification [l. 12, 20, 21]

Cause-effect specification : thEe interaction among the conponents of the systemم 
(at each level of parallelism) is specifed using Retri Net as a foral specifica­
tion tool. The perfomance quality assurance factors are the safeness and live­
ness. The reachability 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 interactم 
ing components is specified using the PERT chart as a fomal specifcation tool.
The perfomance quality assurance factor is the minmum reguired time for the in­
teracting components to teminate. 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
€s.

Temporal specification : The temporal relations among the inTeracting processesم 
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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6. CONCLUSION AND FUTURE WORK
The main goals of this paper are :

4 to introduce the concept of fomal incremental specification,

to present a quality assurance model for software development prccess, and

4 to improve the increment development of sofTware proucts by refining the speci­
fication and conducting the quality assurance model to ahl the development phas­
es.

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

The fomal incremental specifIcations means that the secifcation 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 sofware product as the base of the development process. Applying the quality
assurance mode] to all the software development phases represent the foundation to
the software product total quality.

As one of the parallel processig machines; data flow machine is considered as
a case study to apply the fomal incremental specifcation and the quality assurance
model. THe specification and quality assurance tools 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
mnental specification and quality assurance specifically and the development life cy­
cle generally.
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