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EXECUTIVE SUMMARY

The Immediate Software Development Issues project, initiated
by SEAG1Y in August 1984, sought to compare two current Navy
scftware development methodologies, RNTIDS and AEGIS Modular,
and to assess the potential effect on each by the adoption
of the DoD-standard language, Ada. The work was performed
by the Systems Research Center (SRC) o©f Virginia Tech in
conjuncticn with the Naval Surface Weapons Center and the
Fleet Combat Direction Systems Support Activity, Dam Neck,
Virginia. An evaluaticn procedure developed by SRC personnel
was applied to software samples (programs and documentaticn)
selected by NSWC personnel as representative of the develop-

ment process.

The evaluation procedure is based on the recogniticon of
linkages among software engineering objectives and principles
and among principles and attributes of the software, i.e.
programs and documentation. The identification of code and
documentation properties and the definition of metrics for
these properties enables an accumulative scaling of attri-

butes, principles, and cbjectives.

The evaluation procedure is judged to be scund, and the re-
sults are judged to be indicative of +the methedologies exam-
ined. The conclusions and recommendations of the study

follow:




Conclusions:

AEGIS Modular Supports the principle of structured pPro-
gramming and emphasizes the objective of software reli-
ability.

RNTDS supports the principles of structured programming
and good documentation and emphasizes the objectives of
maintainability, adaptability, and reliability.

The principle of information hiding is not supported by
either methodoleogy.

Software produced by both methodologies fails to exhibit
the attributes of traceability and well-defined inter-
faces.

RNTIDS achieves softwarse engineering objectives to a
greater degree,

Implementation dependencies prohikit the derivation of
benefits through insertion of Ada for selected functions.

Recommendations:

1.

Common software sSupport should be achieved as a conse-
quence of the evolution to Ada.

Converged CDS objectives should be prioritized to drive
the software development objectives.

The PGE Working Group should identify an underlying
software development methodelogy.

Visibility and emphasis should be given to scoftware en-
gineering cbjectives in order to cope with long-term life
cycle costs.

A research task to investigate the indicator concept
should be chartered by the PGE Working Group or others
concerned with softwars quality assurance.

Commentary, which eXpands and explains both the conclusions

and the recommendations, is included in the body of the re-

port.




ABSTRACT

A procedure for evaluating software development methodologies is developed based on the
linkage among objectives, principles, and attributes. The procedure utilizes metrics defined
to recognize surface properties of the software, leading to evidence of the presence or
absence of particular attributes. Application of the procedure to samples from the RNTDS
and AEGIS Modular Development programs reveals weaknesses and strengths that should
be addressed in efforts to produce a common CDS. The extension of the work is proposed
to address two major shortcomings of the evaluation procedure: (1) intensive demands on
humans in the analysis of code and documentation and (2) a high degree of subjectivity in

some property assessments.




PREFACE

Following the Executive Summary this report is organized and
formatted to reflect the final brief.ing, given to RADM Lowell
J. Holloway and the CDS Steering Group on 15 November 1985.
Briefing transparencies appear as pages on the right, and the
explanatory narrative accompanying each transparency, on the
left. The repcrt is concluded with a bibliography and ac-
knowledgments. The interim report and a paper describing the
early efforts to formulate and test the evaluation procedure
are included as appendices. The examination of the effect
of Ada on the current methodolcgies is reported in these

earlier documents.

The sample data used to derive the accumulative scoring for
attributes, principles, and objectives are toc extensive to
be included here. Questions concerning the data should be
addressed teo Dr. Harry E. Crisp, Naval Surface Weapons Cen-

ter, Dahlgren, Virginia.
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Initially, the task statement divided into three parts

C.1l: Comparison of the AEGIS Modular and RNTDS meth-
odologies in concert with an assessment of the
cost and benefits of using multiple methodol-

ogies,

C.2: Investigation of Ada language issues and the
difficulties and benefits in effecting the rapid

transition of existing projects to Ada,

C.3: Assessing issues affecting the accommodation of
Ada by either the AEGIS Modular or RNTDS software

development methodologies.

With the growing appreciation of the difficulty of evaluating
software development methodologies, the resealrch team was
directed to focus on the comparative evaluation of the AEGIS
and RNTDS apprcaches. However, the Ada-related issues, em-
phasized in the interim report (see Appendix 1), were not
ignored in the conclusions and recommendations provided in

this final report.




OBJECTIVE

PRESENT RESULTS OF AN ASSESSMENT
OF THE AEGIS AND RNTDS SOFTWARE

DEVELOPMENT METHODOLOGIES




The evaluation of software develcpment methedclogies begins
with the definition of "methodology." The literature in
software engineering considers +the software development

methodelogy to:

(1} Include methods and techniques for accemplishing
individual tasks (within the framework of global objec-

tives),

(2) Prescribe an order in which tasks are done and de-

cisions are made,

(3) Encompass the entire life cycle of software devel-

cpment.

A software development methcdology defines the required
utilities (tools) provided by the environment supporting that
methodolegy, and further, defines the mutually suppertive

roles necessary to achieve the integration of utilities.

The contribution of Navy scientists and engineers is present
throughout the report. Individual and group support is doc-

umentad in the Acknowledgements.




APPROACH

1. DEVELOP AN EVALUATION PROCEDURE
s  What is 2 methodology?
e How can they be compared?
2. APPLY THE PROCEDURE
| e In consonance with PGE Working Group

e Contributions from FCDSSA Dam Neck and NSWC




A major difficulty encountered in the development of software
for combat systems support is in recognizing the distinction
between systems and software regquirements. The system re-
quirements are developed as part of the systems engineering
task, and system performance is the major goal of this engi-
neering activity. Software perfermance, as it is required
to attain performance of the encapsulating system, is not a
software engineering objective. Software engineering must
recognize the required performance as a constraint or re-

quirement on the software engineering task.

The software engineering activity must extend over the entire
life cycle, beginning with the rsquirements and concluding
with maintenance over an extended time period. Products of

these activities include both deocumentation and code.
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The recency of software engineering and computer science
contributes to inconsistencies in termineclogy and uncertain-
ties regarding relationships. Nevertheless, computing tech-
neology has already had a significant impact on _terminology
common to the technical work place. The pyramidal illus-
tration is an attempt to depict software engineering as a
subdiscipline of computer science. This important subdisci-
piine focuses on the identification of principles and tech-
niques geverning the software development process, in the
attempt to evolve a science from the current art of software
production. While a particular software develcpment method-
ology might not embrace all the objectives of software engi-
neering, nor give equal weight to those objectives included,
the methodology sheould be clear and unequivocal in citing its
objectives and the principles supported to enable achievement
of those obkjectives. The tools and utilities embodying
software engineering principles should also reflect desired
principles from other areas of computer science, such as hu-

man machine interacticn, concurrent programming, ete.

The importance of the methodclogy can not be overstressed,
for in the methcdology is found the basis for functional
partitioning among tools and the basis for subsequent tool

integration to form an environment.
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Very little is found in the literature regarding comparative
evaluation of software development methodologies. Forced to
construct an evaluation procedure, the research team re-
treated to "first principles". The rationale used by the
team: to identify software engineering objectives from a
review of the open literature, to define principles required
Or necessary to achieve these objectives, and then to iden-
tify attributes of the software representing the product of
a process utilizing the designated principles to achieve the
identified objectives. The difficulty in recognizing ;ode
and documentation attributes in any software éxamination is
all too apparent. Consequently, the need is to identify
surface features and to define measures by which these fea-

tures indicate the presence or absence of attributes.




on

PROCEDURE DEVELOPMENT

IDENTIFY OBJECTIVES

e What qualities are desirable?

DEFINE PRINCIPLES

e How are desirable characteristics obtained?

LINK PRINCIPLES TO OBJECTIVES

¢  Which principles contribute to each objective?

DEFINE RESULTING ATTRIBUTES .

o Use of a principle induces what desirable characteristics?

DEFINE PROPERTIES ASSOCIATED WITH ATTRIBUTES

e What surface features give evidence of attribute presence or

absence?

o How to measure surface features?



The seven objectives listed on the right represent the strong
consensus to be found in the software engineering literature.
The terminology may vary, for example "flexibility" as op-
posed to "adaptability". Nevertheless, one or more of these
seven objectives can be found in any discussion of the soft-
ware engineering process. As noted previously, a specific
methodology may emphasize these objectives to different de-
grees, and that is certainly the case with AEGIS Modular and
RNIDS. Any methodeology should begin with a clear explication

of the objectives to be realized in utilizing that methodol-

ogy.
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PRIMARY SOFTWARE ENGINEERING

OBJECTIVES

ADAPTABILITY - The ease with which software can
accomodate to changing requirements

CORRECTNESS - Strict adherence to specifications

MAINTAINABILITY - The ease with which corrections can
be made to respond to recognized inadequacies

PORTABILITY - The ease in transferring software to another

host environment
RELIABILITY - The error-free behavior of software over time

REUSABILITY - The use of developed software in other

applications

TESTABILITY - The ability to evaluate conformance with

specifications



The seven principles of software engineering also represent.

a strong consensus. Two principles, top-down design and
modularity, are representative of a much earlier period (the
late 1960s9). Subsequently, both have been subsumed by func-
tional and hierarchical decomposition. Note that the abbre;
viated definitions for principles and c¢bjectives are
described more fully in the interim report provided as an

appendix.




PRINCIPLES FOR ACHIEVING OBJECTIVES

DOCUMENTATION - Management of supporting documents
(system specifications, user manual, etc) throughout the life cycle

FUNCTIONAL DECOMPOSITION - Components are parti-

tioned along functional boundaries

TOP-DOWN DESIGN - [teratively refining the definition

of software components

MODULARITY - The partitioning of software into

components

HIERARCHICAL DECOMPOSITION - Components defined

in a top-down manner

INFORMATION HIDING - Insulating the internal details of

component behavior

LIFE CYCLE VERIFICATION - Verification of requirements
throughout the design, development, and maintenance phases of
the life cycle

STEPWISE REFINEMENT - Utilizing a convergent design

STRUCTURED PROGRAMMING - Using a restricted

set of control constructs




Having established the pPrinciples to be supported, encour-

aged, or required in the software development process, we
then sought *o identify the attributes resulting from their
use. The nine attributes represent the desirable character-
istics of the products of the software development process.
Some attributes tend teo be intangible and abstract; however,

surface features manifesting these attributes are observable.




The evaluation procedure depends on the ability to link

principles to objectives and attributes. That is, a method-
clogy which emphasizes certain objectives should provide
through its tools the utilities and metheds embodying those
principles so that the product (source code and documenta-
tion) reflects the desirable attributes. The attempt to de-
fine linkaées among principles and attributes constitutes a

major contributicn to the software engineering literature.

A further contribution is the identification of properties,
the surface characteristics of software, that previde evi-
dence of the presence or absence of Ccorresponding attributes.
The formulation of metrics reflecting the degree tc which a

property is evident continues as an ares of investigation.




(:::: OBJECTIVES ::i:)

PRINCIPLES

ATTRIBUTES

PROPERTIES

__,,af”’#"ﬂ_J PROPERTIES
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PROPERTIES

(DOCUMENTATTON)

(PROGRAMS )

THE EVALUATION PROCEDURE




Selecting a single objective as an example, we show the four
principles contributing to the realization of that objective:
reusable software. Expanding one principle, information
hiding, we note the five attributes that should be evident
in software developed using a process governed by the prin-
ciple of information hiding. Narrowing our attention to one
of these attributes, well defined interfaces, we note the
five properties contributing evidence to the c¢laim that a

piece of software exhibits well defined interfaces.

The accumulative nature of the evaluation procedure should

be ¢clear froem this iliustration.



ILLUSTRATION OF THE EVALUATION PROCEDURE
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The product of the software development process is a col-
lection of programs and documents. Thus, while one software

component might possess a given property, another might not.

In the attempt to recognize the sampling nature of the eval-
uation procedure and to delineata mere carefully between
subjective and objective characteristics, a set of metrics
are defined for each property. Contributing to each metric
computation are obiective observations achieved through
scftware examination {elements), or subjective cpinicon based
on the examiner's reasoned conclusions. A code example
serves to illustrate the former and a documentation exampie

the latter.

The determination of all metric values and their consequent
property value is confined to an arbitrary range of one to
ten. Such a range avoids a "black and white™ pronouncement,
for in reality properties can be exhibited to varving de-

grees,




ELEMENTS, METRICS, AND PROPERTIES

¢ Relationship
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The code and documentation sampling process requires the
computation of metric values, either through objective ele-
ments or subjective opinion, and the accumulaticn of these
metric values to determine a property value. Property values
are accumulated in order to give evidence of the presence or
absence of an attribute. The scale cf one to ten could then-
be divided into a continuum in which a region around five
might indicate no evidence of either the presence or absence
of an attribute or conflicting and offseting evidence. From
3ix to ten the value indicates the strength of evidence for
the presence bf an attribute, and from one to four, the ab-

sence.

This evaluation procedure reflects a conclusion regarding a
software attribute as based on an accumulaticn of evidence,
much like a civil litigation process in which ne right nor
wrong can be ciearly discernible. Rather, the attempt is to
establish the preponderance of evidence in one direction or

the other.




EVALUATION BY ACCUMULATION OF EVIDENCE

METRIC GUIDELINES

PROPERTY DETERMINATION:
ACCUMULATION OF METRIC VALUES

ATTRIBUTE ASSESSMENT:
ACCUMULATION OF PROPERTIES

SCALE

ABSENCE o , PRESENCE
1 5 ‘ 10

NONE
OR
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The embellished illustration of the evaluation procedure de-
notes the linkages among bbjectives and principles and among
principles and attributes. Further it recognizes that prop-
erties of both documentation and source ccde can contribute
to the evidence of the presence or absence of an attribute.
This evidence should be implanted throughout the development

process, from recquirements to maintenance.

In summary, the logical basis for the evaluation procedure
is actﬁally a common characterization of all design problems:
the accurate expression of needs and requirements and the
generation of a product to meet them. The capability of the
design and development process should be measqred in those

terms.



(SWYED0ug) (NOLLYLNIWNTOT)
SA114340Yd
\vi )
S
SI1I4Id0Ud L
v v
g T $31143d0Y4d
| | o
SILNGILLY
1Inaoyd _
e JINYNI LRI
ONILSIL
_ _ NOLVINIWI T

NIIS30
SLNINIHINDIY

SS33044
SINIWIYINDIY OO0
any

. SIAILIIrY0
SN

Ear bt v

J4NAII0Hd NOLLVMTYA AH.L

N I T T

BE i s o - ol ) 4 e




The complexity of the property definition underlying the
attribute/principle/ocbjective accumulation of evidence is
shown in the relational diagram. A plus to the right of a
property indicates a contribution to the presence of an at-

tribute; a minus, to the absence.
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Evaluation of a methodology requires information describing
the methodology itself as well as information derived from
the application of the methodolegy in a particular project.
Methodology description and project requirements generalLy
provide informaticon regarding the guidelines, conventions,
or standards to be applied in producing the software. Often,
objectives and principles are identified in these in-
structions of how to accomplish the process utilizing the

methodology.

Project documentation, source code, and program documentation
are sources for information related to principles and attri-
butes. Within the program performance specifications and
interface design specifications, we find information regard-
ing the degree to which the methodology is understood and
applied in a particular project. The surface properties of
program design specifications and the source code provide the
input to metrics for code properties, either in terms of ob-

jective elements cr subjective opinion.
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APPLICATION OF THE EVALUATION PROCEDURE

¢ Restructured NTDS (RNTDS) for ACDS Block 0

e AEGIS Modular (AEGIS) for AEGIS Baseline 1



Altogether, twelve documents Serve as primary sources for the_
AEGIS Modular and RNTDS samples. From these documents is ex-
tracted much of the subjective opinion contributing to those

metrics related to documentation.

From the specifications of the program design, interface de-
sign, and progran performance comes the data related to the
source code. A total of 19 components from AEGIS and 99 from

RNTDS are included.




SUMMARY OF SAMPLE DATA

DOCUMENTS (PRIMARY)

AEGIS: The AEGIS Combat System Development Plan
The AEGIS Computer Programming Manual

The CSC Program Development Manual for the AEGIS
Program

Six Numbered Documents (PDS, IDS)

RNTDS: Functional Description for the Restructured NTDS Pro-
gram '

Two Numbered Documents (PDS, IDS)

SOURCE CODE:
AEGIS: Routines = 17  SLOC = 1170
SysProcs = 2  SLOC = 1370
PDS/IDS/PPS
RNTDS: Routines =99  SLOC == 5729
PDS/IDS/PPS



The subjective nature of documentation metrics is apparent..
Accuracy/completeness is one preperty and readability, an-
other. Metrics such as connectivity, completeness of the
document set, the presence of missing information, the use
of appropriate presentation tools, and others are assessed
with regard to one or both of these properties for each of
the routines making up the sample set. An overall average

is computed for the routines.



EXAMPLE OF DOCUMENTATION
METRICS AND PROPERTIES

PROPERTIES: ACCURACY/ READABILITY
' COMPLETENESS
METRICS
Connectivity 94 9.4
Completeness 8.7 8.7
{Document set)
Missing Information 8.7
(“TIBS", “TBD"™)
Use of appropriate 9.2
presentation tools
Effective use of 8.2
change bars
Overall 7.9 7.9

Average



An example of the objective nature of source code elements -
is shown to the right. Such items as "symbolic constants
defined", "references to externally declared variables", and
"number of go tos" are tallied to provide input data to the
metrics defined for properties such as "use of global
variables, ""parameterless calls", and "use of structured data
types.” In total, some 62 metrics are used for source code

analysis and 74 for code doecumentation.




MEASURABLE SOURCE CODE ELEMENTS

(Results for a single routine)

Total lines of source coda (excluding comments).... 25
Data tags dacl. in Proc. that are def'ad in SYS-DD, 0
Symbolic constants defined only in routine......... ¢
Hon-symbolic constants used in routine.......... C e 3
Is the calling routine known?..... e e e e e N

Distinct raf's to externally declared vari bles.,.. 5
Variables accessible by othar routines (globals)... 195
Variables accessibla only by routine {locals)...... 0
Humber of goto's.........e...... e e e e e e e 0
Humber of distinct exit points........oo oo vie... . 1
Humber of distinct entry points................. .o, 1
Humber of comment lines......v'e'vennenenonnenennes - 34
Humber of commented referencas +o documentation...,. 0
Total number of call statements......... e s e 3
Total number of control structures used.,..... e Z
Tatal number of structured data types ref'ed....... 3
Avarnge number of parms per call...v.vs i vnnnnnn. 0.47
Maximum level of control structursas nesting......... 1
Parcent code enclosed in control structures........ 52
Humber of comments (p27) / source lines of caode. ... 1.44
Numbor of goto's / source lines of codae...... e e 0.00
Humber of exits / Number of entries.......... e 1.00
Ho. of loecal variables 7 No. of global variables... g.gg

No. single line comments / block comments....... .




The comparison of AEGIS and RNTDS with regard to the nine

attributes reveals the average values tc be rather close.
Cnly in the case of traceability does a marked difference
appear. A noticeable difference also cccurs for readability.
In both cases the scores favor RNTDS. AEGIS scores slightly

higher with respect to cohesion.

The excessive variability of RNTDS with regard to
traceability gives cause for concern. Note alsc that both
AEGIS and RNTDS exhibit wide variability for well defined

interfaces.
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The Kiviat graph for attributes enables an overall compariscn -
of the relative performance for the twoe methodologies. in
general, the scores for attributes are very close, with a
nctable excepticon for traceability. RNTDS tends to score

slightly higher than AEGIS except for cohesion.
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The accumulation of attribute values to reflect supporting.

principles reveals only small absolute differences in most
cases, Notable exceptions are structured programming and
documentation. With regard to the former, both methodologies
score well; while RNTDS tends to score much higher for doc-

umentation.



SUMMARY OF RESULTS

PRINCIPLES
AEGIS RNTDS
Hierarchical Decomposition 6.4 6.7
Functional Decomposition 6.4 8.7
Information Hiding 6.1 6.3
Stepwise Refinement 6.7 8.9
- Structured Programming 7.7 8.3
Life-cycle Veriﬁcation 5.6 5.8

Documentation 5.6 7.0




The Kiviat graph for pPrinciples shows the generally hicher-
scores for RNTDS. Differences are small except for documen-
tation and structured programming, but the uniformly better
performance of RNTDS in the support of principles is judged

significant.
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The scoring for objectives in some sense forms the bottom.
line. In all cases higher scores are realized by RNTDS. It
is difficult to judge whether the differences are "signif-
icant." Certainly, the nature of the sampling and the aval-
uation procedure at this point does not permit a
determination of "statistical significance. ™ Howevar, the
urniformly higher scores of RNTDS as a result is judged sig-

nificant by the research team.



SUMMARY OF RESULTS

OBJECTIVES

AEGIS RNTDS

Maintainability | 6.4 7.0
Adaptability 6.4 7.0
Reusability 6.0 6.7
Portability 6.0 6.8
Testability 6.5 | 6.8
Reliability 6.7 7.0

Correctness 6.5 6.8




As 1in the case for Principles, the Kiviat graph for Objec~.
tives shows the uniformly higher scores for RNTDS. The mag-

nitude of the differences cannot be easily judged.

. The accumulative nature of the evaluation procedure tends
to dampen the differences (a low score on one property

is offset by a higher score on another)

. More experience with the evaluation procedure would im-
prove our understanding of its discriminatory capabili-

ties.
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With respect to conclusions and recommendations, the research
team has briefly summarized both in the following pages. A
more indepth statement together with commentary 1s included
on the following pages. Commentary is bracketed because in
some cases the opinion reflected in these comments is not
derived from the study alone. Nevertheless, the team be-

lieves that it is useful *o share these reactions.




n

CONCLUSIONS

AEGIS Modular:

Principle of Structured Programming
Reliability Objective

RNTDS: |
Principles of Structured Programming, Documentation,

Maintainability, Adaptability, Reliability Objectives

Both fail to support, information hiding

Both have difficulty with traceability and well-defined interfaces

-RNTDS achieves soltware engineering objectives to greater
" degree

Implementation dependencies prohibit ADA insertion benefits




- CONCLUSTIONS [AND COMMENTARY

1. AEGIS EMPHASIZES THE PRINCIPLE OF STRUCTURED
PROGRAMMING AND SOFTWARE RELIABILITY IS MOST
PROMINENT AMONG THE REALIZED OBJECTIVES,

RNTDS EMPHASIZES THE PRINCIPLES OF STRUCTURED
PROGRAMMING AND DOCUMENTATION: MAINTAINABILITY,
ADAPTABILITY AND RELIABILITY ARE PROMINENT AMONG

THE REALIZED OBJECTIVES, ;

X

3. RELATIVELY LOW MARKS FOR THE PRINCIPLE OF INFGRMATION
HIDING INDICATE THAT BOTH METHODOLOGIES HAVE DIFFICULTY
IN SUPPORTING SECURE, EXPLICIT COMMUNICATIONS AMONG
COMPONENTS,

DIFFICULTIES WITH COMMUNICATIONS CONSTRUCTS ARE A
MAJOR SOURCE OF INCOMPATIBILITY WITH ADA-DERIVED SOFTWARE
DESiGN OR ADA-BASED METHODOLOGIES




WITH REGARD TO ATTRIBUTES AND BASED ON THE PROPERTIES
DEFINED, RNTDS EXHIBITS HIGH VARIABILITY AMONG ROUTINES
 IN TRACEABILITY AND WELL-DEFINED INTERFACES,

Basep on THE PrOPERTIES DEFINED, AEGIS EXHIBITS LITTLE
EVIDENCE OF TRACEABILITY,

HiGH VARIABILITY AMONG ROUTINES FOR A GIVEN ATTRIBUTE
REPRESENTS A POTENTIAL LACK OF UNDERSTANDING OF A
METHODOLCGY OR THE INADEQUATE SUPPORT OF PRINCIPLES CONTRIB-
UTING TO THE PRESENCE QF THE ATTRIBUTE,

WriLe BoTH AEGIS anD RNTDS METHODOLOGIES SCORE WELL,
RNTDS REALIZES THE SOFTWARE ENGINEERING OBJECTIVES TO

A GREATER DEGREE THAN AESIS,

PERFORMANCE (CAPABILITY) 1S NOT A SOFTWARE ENGINEERING
OBJECTIVE! IT 1S AN ACCEPTED GOAL OF THE SYSTEMS ENGINEERING
TASK, ONE CAN INTERPRET THE AEGIS RESULTS AS THe SACRIFICE
IN SOFTWARE ENGINEERING OBJECTIVES TO ACHIEVE THE ‘SYSTEMS

ENGINEERING OBJECTIVE OF HIGH PERFORMANCE,

EMBEDDED SOFTWARE DEVELOPMENT METHODOLOGIES MUST BE
RESPONSIVE TO THE OBJECTIVES OF THE ENCAPSULATING SYSTEM YET
MUST EXERT AN INFLUENCE ON THE SYSTEMS ENGINEERING DECISIONS,

- Dozs RNTDS HAVE A CLEAR, ACCURATE PERCEPTION OF THE

ENCAPSULATING SysTem(s)? |
= Dogs AEGIS PROVIDE A BASIS FOR TRADEQFE ASSESSMENT?




BOTH METHODOLOGIES ARE TIED TO IMPLEMENTATIQN
DEPENDENCIES (CMS-2,UYK 7, SYSTEM ARCHITECTURE)

SO THAT INSERTION OF AN ADA-DERIVED “METHODOLOGY"
WOULD (A) REQUIRE REDESIGN OF THE ENCAPSULATING SYSTEM
(AEGIS or RNTDS) or (B) A SIGNIFICANT DEGRADATION OF
THE ADA CONCEPTS AND BENEFITS,

CONSIDERING THE HISTORICAL TRENDS IN HARDWARE (SPEED,
SIZE, AND COST) AND THE UNMISTAKABLE TREND TOWARD
DISTRIBUTED PROCESSING, FOR THE LONG TERM IT WOULD SEEM
MORE PRUDENT TO EMPHASIZE THE FACTORS AFFECTING LIFE~CYCLE
SOFTWARE COST RATHER THAN PERFORMANCE

THE DIFFICULTY IN AN ADA-DERIVED METHODOLOGY TRANSITION
Is GREATER FOR ALGIS THAN ForR RNTDS, BUT THE DIFFERENCE IS
NOT CONVINCING FOR THE POTENTIAL STRATEGY OF CONVERTING

AEGIS To RNTDS FOLLOWED BY A TRANSITION TO Apa,

PrRioR EFFORTS TO USE ADA AS. A SPECIFICATIN OF DESIGN
LANGUAGE FOLLOWED BY IMPLEMENTATION IN CMS-2 HAVE
SUPPORTED THIS CONCLUSION,




o

RECOMMENDATIONS

Achieve commonality through ADA evolution

Converged CDS system objectives be prioritized to drive software
objectives

PGE working group should identify software development metho-
dology

Give visibility and emphasis to software engineering objectives

Initiate task to investigate indicator concept



RECOMMENDAT IORS LAND COPFENTARY ]

|

PROCZED WITH DEFINITION OF A CONVERGED CDS

BUT RECOGNIZE IT AS AN INTERMEDIATE-TERM

SOLUTION NECESSARY BECAUSE AEGIS anp RNTDS
UPGRADES WILL EXTEND TO THE YEAR 2000 AND BEYOND.

VTHE AZGIS/ACDS ComMonALITY WoRKING GROUP SHOULD

BE GIVEN A CLEAR STATEMENT OF THE SYSTEM OBJEC-
TIVES SO THAT THE IMPLICATIONS WITH RESPECT TO
PRIORITIZATION OF OBJECTIVES FOR SOFTWARE DEVEL-
OPMENT CAN BE ASSESSED, [HE SYSTEMS' ENGINEERING
AND SOFTWARE ENGINEERING REQUIREMENTS MUST BE

CLEARLY DELINEATED,

THE PROGRAM GENERATION ENVIRONMENT SUBGROUP
SHOULD GIVE IMMEDIATE ATTENTION TO THE IDENTIF]-

CATION OF A SOFTWARE DEVELOPMENT METHODOLOGY.,

A REVIEW OF TOOLS AND TOOL AVAILABILITY IS HELPFUL;
BUT CONFIGURING AN ENVIRONMENT BASED ON AN ACCumMu-
LATION OF TOOLS IS AKIN TO COMPOSING A SYMPHONY BASED

ON THE AVAILABILITY OF INSTRUMENTS AND MUSICIANS,




(1]

SOFTWARE ENGINEERING OBJECTIVES BE EMPHASIZED
DURING THE SYSTEMS ENGINEERING TASK SO THAT
EARLY VISIBILITY IS GIVEN TO THE CONSEQUENCES OF
DECISIONS AND THE IMPLICATIONS FOR THE SOFTWARE .
SPECIFICAT.ION AND DESIGN.

AS ONE MOVES FROM REQUIREMENTS TO SPECIFICATION TO

DESIGN, THE ABILITY TO REALIZE SOFTWARE ENGINEERING
OBJECTIVES IS INCREASINGLY CONSTRAINED. SGFTWARE
=NGINZERING OBJECTIVES MUST BE ELEVATED TO A PRIMARY LEVEL,

-

A TASK BE INITIATED TO INVESTIGATE %HE INDICATOR
CONCEPT AS A MEANS OF AUTOMATING THE ANALYSIS OF
SOFTWARE (DOCUMENTATION AND CODE) AND TO EXTEND

THE EVYALUATION PROCEﬁURE AS A BASIS FOR SOFTWARE

- QUALITY ASSURANCE,

EXTENSION OF THE EVALUATION PROCEDURE TO THE AUTOMATIC
ASSESSMENT OF CONFORMANCE WITH SPECIFICATIONS CF
QUALITY IS EXCITING AND POTENTIALLY EXTREMELY B:NEFICIAL:




The additional data with regard to DDGS1 software development -
has been collected. The analysis is in progress, and the

summary of the results will be provided by 1 February 1986.

Support for the PGE working group continues in the efforts
of Dr. Arthur to assist Dave McConnell in the top level re-~

Jquirements document for the Converged CDS methodology.

Support is sought to extend the evaluation procedure by in-
vestigating the use of statistical "indicators" as a basis
for incorporating a more objective analysis. Indicators are
measurable characteristics which indirectly reflect non-
measurable characteristics. They have been used extensively
in certain areas of the social scilences. Further, the ex-
tended investigation would enable the development of more
automated procedures for code and documentation analysis in
order to reduce the high demands on human effort in the sam-

pling process.
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APPENDICES

APPENDIX A

James D. Arthur, Sallie M. Henry, and Richard E. Nance, "Im-
mediats Software Development Issues for Embedded Systems Ap-
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APPENDIX B

Sallie M. Henry, James D. Arthur, and Richard E. Nance, "A
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cdologies," Department of Computer Science, TR-85-20, 30
March 1985.

Note: Differences in content from the final report reflect
the continuing refinement of the evaluation procedure.
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