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One Approach For Evaluating the Distributed Computing Design System

DCDS provides an integrated environment to support the life cycle
of developing real-time distributed computing systems. The primary
focus of DCDS is to significantly increase system reliability and
software development productivity, and to minimize schedule and
cost risk. DCDS consists of integrated methodologies, languages,
and tools to support the life cycle of developing distributed soft-
ware and systems. Smooth and well-defined transistions from phase
to phase, language.to language, and tool to tool provide a unique
and unified environment. An approach to evaluating DCDS highlights
its benefits.

1. OCDS OVERVIEW

Distributed solutions to complex systems require sophisticated tools and
techniques for the specification and development of distributed software. In
response to this need, TRW has developed the Distributed Computing Design
System (DCDS) to provide an integrated environment for the specification and
life-cycle development of software and systems, with an emphasis on the
development of real-time distributed software. The primary focus of DCDS is
to significantly increase system reliability and software development produc-
tivity, through the use of disciplined techniques and automated tools. To
minimize schedule and cost risk, DCDS offers management visibility into the
development process. The development of DCDS is sponsored by the Ballistic
Missile Defense Advanced Technology Center (BMDATC).

As illustrated in Figure 1, DCDS consists of integrated methodologies,
integrated languages, and an integrated tool set. Following the five methodo-
logies, the user can produce specifications for system requirements, software
requirements, distributed architectural designs, detailed module designs, and
tests. The five languages support the specific concepts for each of the
methodologies, and provide the medium for expressing the requirements,
designs, and tests. All five languages use the same constructs and syntax.
DCDS formal languages, as opposed to natural languages such as English, can be

used without ambiguity - all components of the language are explicitly
defined.
J. Ellis
TRW

2 of 24



ORIGINAL PAGE I8
OF POOR QUALITY

INTEGRATED INTEGRATED
METHODOLOGIES LANGUAGES INTEGRATED TOOL SET

SYSTEM $SL
REQUIREMENTS L e o
METHODOLOGY

© TRANSLATOR
o REPORT GENERATOR

o STATIC ANALYSIS

SYSTEM \ o FUNCTIONAL T
SOFTWARE / SIMULATION &
a's&umsuzm REQUIREMENTS hsL ANALYSIS
Y
NETomove o GRAPHICS useRs

r____\ f:o

SOFTWARE DISTRIBUTED

REQUIREMENTS I negign {

SPEC HODOLOGY

METHODO \ DL TSL

DESIGN MODULE
DOCUMENT DEVELOPMENT |
METHODOLOGY
o TRACEABILITY
BETWEEN DATA
LEGEND: oesion | TEST SAsES
5L~ SYSTEM SPECIFICATION LANGUAGE Doy B DOLOGY
RSL ~ REQUIREMENTS SPECIFICATION LANGUAGE "‘E“j
DDL - DISTRIBUTED DESIGN LANGUAGE
DL - MODULE DEVELOPMENT LANGUAGE 4 POCIENTS
TEL - TEST SUPPORT LANGUAGE OF HW IDENTIFICATION ¥
DS - DATA PROCESSING SUSSYSTEM Hw DEVT ors)

Figure 1. The DCDS Unified Environment

As shown in Figure 1, the user has access to a variety of tools to incre-
mentally define the specification contents, and to check them for completeness
and consistency. For each methodology, the tools maintain a data base to
store the specification contents. The data base maintains the specification
information in a support suitable for automated and thorough analysis. DCDS
tools can also support simulation and various types of analyses.

Data extraction tools are used to generate readable listings according to
user-defined formats. The listings can be used as working-level documen-
tation, briefing charts, or incorporated into formal specifications. The data
base from one methodology is used as a source to initialize the data bases in
downstream methodologies, permitting automated traceability between specifica-
tions.
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3.

THE FIVE DCDS METHODOLOGIES

System Requirements Engineering Methodology (SYSREM) for defining
and specifying system requirements, with an emphasis on the data
processing subsystem.

Software Requirements Engineering Methodology (SREM) for defining
system software requirements, with an emphasis on stimulus-
response behavior.,

Distributed Design Methodology (DOM) for developing a top-level
architectural design for the system software, including distributed
design, process design, and task design.

Module Development Methodology (MDM) for investigating and select-
ing algorithms, defining detailed design, and producing units of
tested code.

Test Support Methodology (TSM) for defining test plans and proce-

dures against requirements, producing an integrated tested system,
and recording test results.

THE FIVE DCDS LANGUAGES

System Specification Language (SSL) for specifying structured
sequences of functions to be performed by the system, inputs/out-
puts between functions, performance indices for functions, and
allocations of functions to subsystems.

Requirements Statement Language (RSL) for describing a stimulus-
response structure of inputs, outputs, processing, and perfor-
mance of a DP subsystem in a form which assures unambiguous
specifications of explicit, testable software requirements.

Distributed Design Language (DDL) for describing the distributed
hardware architectures of processing nodes and interconnections,
the software architecture, the allocation of processing and data
to nodes, and the communication topology. '

Module Development Language (MDL) for recording detailed designs
and algorithms considered and selected for the design.

Test Support Language (TSL) for recording tests, their relationship
to the requirements, test procedures, and test results.

Figure 2. DCDS Methodologies and Languages
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DCDS is used to produce units of tested software, and to identify the
data processing hardware. Tools are available to aid in the software pfocess
construction activities. The final output (Figure 1) from DCDS is the
integrated and tested Data Processing Subsystem.

The DCDS methodologies and languages are defined in Figure 2. Within
each methodology, individual steps are provided and are explicit and obser-
vable. Acitivites are defined and must be completed prior to each of the
major reviews duirng the development life cycle. Well-defined interfaces bet-
ween the life-cycle phases allow a unified approach for using DCDS. DCDS also
provides measurable intermediate milestones for management visibility between
the major review points.

DCDS provides a unique and proven capability. First, DCDS is the only
integrated environment which addresses the entire life cycle of distributed
software development. The techniques are independent of the implementation
language, and can be applied effectively to development activities or used as
a verification and validation tool. Second, DCDS concepts are based on proven
technology - the early results, oriented for software requirements, have been
validated, improved, and now extended to support the complete system develop-
ment life cycle. DCDS is the result of 12 years of research and development,
as discussed in IEEE COMPUTER magazine.*

2. DCDS EVALUATION

To gain a better perspective on DCDS and its characteristics, DCDS was
compared against three other commerically available products. These three
products provide methodologies and/or tools for developing specifications and
software. To allow an objective and multi-factored comparative evaluation of
the different methpdologies and tools, TRW prepared a list of evaluation cri-
teria partitioned into three classes: (1) factors lending credibility to the
product, (2) costs of acquiring and using the product, and (3) benefits of the
product.

*M. Alford, "SREM At the Age of Eight", IEEE COMPUTER, April 1985, pp. 36-46.
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The individual criteria from each of the three classes was assigned a
value weight of *high", *“medium", and "low". A score of “better",
“acceptable", or "deficient" was used to evaluate each product against each
evaluation criteria. An explanation of each evaluation criteria and the
rationale for each individual score against each product is available.

The results of the evaluation are summarized in Figure 3. Since the eva-
luation was not performed by an independent organization, the other three pro-
ducts shall remain nameless. However, they do represent well-known products.
A1l the products support an overall acceptable rating, and have been used suc-
cessfully in major applications. DCDS received an overall higher rating
within this evaluation process due to the following discriminating factors:

e Automated traceability across life-cycle phases

e Automated analysis tools
e Documentation support capabilities

o Relatively low cost to acquire and use the product

It is anticipated that the evaluation approach and criteria as outlined
in this report could be used by an independent agency for a more in-depth ana-
lysis and evaluation of various methodologies and tools. The author wishes to
acknowledge Mack Alford and Bob Loshbough of TRW for their extensive technical
contribution to the author's summation of DCDS and its evaluation.
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