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The logo for the Navy Standard Scftware Engineering Envirorment
(NSSEE) shows a sea serpent riding the crest of the software technology
wave and breathing structure into the software development process
(represented by the well-ordered field of ones and zercs). NSSEE should
be pronounced "Nessie" in honor of a lake-dwelling resident of the British
Isles. History does not record any interaction between Nessie and another
well-known British citizen, Ada. The modern Ada and NSSEE will be well-

acguainted, however. .




PREFACE

This is one of a set of documents resulting from the
work of the Naval Material Command's Software Engineering
Environment Working Group (SEEWG). The set includes an
"Executive Summary," *Framework for a Navy Standard Soft-
ware Engineering Environment,® and "Evolution Plan for a
Navy Standard Software Engineering Environment."

The Framework document provides a basis on which to
plan and develop a standard methodology-driven software
engineering environment for the Navy. The Evolution Plan
describes a strategy for transition to a standard software
engineering environment and also the evolution of the
environment itself,

These documents represent the culmination of the first
phase of an effort to develop standard tools and procedures
to support development of software for Navy embedded computer
systems. It is intended ultimately to implement a standard
software engineering environment encompassing the whole
software life cycle and supporting effective use of the Ada
programming langquage. In the interim, these documents will
provide a basis for co~ordinating decisions with respect to
improvements to existing software support systenms.
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FOREWORD

This document contains information on a framework for
a software engineering environment. It is the work of the
NAVMAT Software Engineering Environment Working Group
(SEEWG). The SEEWG studied the issues of what is the life
cycle of software, what is a software engineering process,
what is a software engineering environment, and what
methodologies, tools and techniques are applicable,

The Framework is based primarily on "Software Engi-
neering Environments for Navy Embedded Computer Systems,"
February 27, 1982, prepared for NAVSEA 61R by Soitware
Architecture and Engineering, Inc., Arlington, Virginia.

Other documents used for source information include:

1. Top Level Regquirements for Navy Minimum Ada
Programming Support Environment, 4 December 1981.

2. The Software Functional Description for the Software
Production Facility of the NAVELEX C3 Software
Support Facility, 29 September 1981, Software and
Computer Directorate, Naval Air Development
Center, Warminster, Pennsylvania.

cow W mcemeee -




Executive Summary for NSSEE Page ES-l
A AR R AN R AR RIS R AN c RN T T RN A RANP AN R ANARNRARTRLANP LRI ARNN RN ARk

EXECUTIVE SUMMARY

The Software Engineering Environment Working Group
(SEEWG) was established by the Chief of Naval Material
(MAT 08Y) on April 27, 1981. 1Its purpose was to coordinate
current and planned software engineering environment (SEE)
initiatives in the naval systems commands to ensure that
they are well integrated and non-redundant. Further, it
was to provide a NAVMAT focal point for addressing software
engineering environment issues and to coordinate action on
critical SEE related efforts.

The specific objectives defined in the SEEWG charter
were:

A. Provide a focal point for SEE activities within
the Naval Material Command (NAVMAT).

B. Coordinate current and planned SEE projects
within NAVMAT to ensure consistency, compati-
bility, and non-redundancy of effort.

C. Develop a specification for Navy SEEs that
is based on the Navy Minimum Ada Programming
Support Environment (MAPSE).

D. Guide the assimilation and integration of
standard SEEs into the Navy software develop-
- ment process. R
The working group formed to address these objectives L
was composed of designated managers and technical experts
from naval systems commands and field activities (listed in
Appendix A). In addition, the SEEWG obtained contracted
support from Software Architecture and Engineering, Inc.
(formerly Lesko/Fox Associates) of Arlington, Virginia.
A series of meetings was held to address the technical,
programmatic, and policy issues.

The objective of providing a focus for Navy software
engineering initiatives has been achieved.

The SEEWG members themselves represent a number of
the principal scftware engineering projects within the
Nary., Their commen effor+ to define the nature of a stan=-
dard scftware erydineering environment for the Navy
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has received significant recognition in both the Navy
software development world and in industry. Momentum
towards a new software engineering process for the Navy
has been created which can be exploited to assure the
development and introduction of new tocols and techniques
which have been identified as needed. NAVMAT and a re-
chartered SEEWG will manage this process to capitalize on
the progress thus far.

The objectives of develioping requirements for a MAPSE-
based software engineering environment is addressed in the
SEEWG report "Framework for a Navy Standard Software
Enginering Environment.® It should be noted that the
Framework proposed is preliminary to formal specification
of requirements for acquisition purposes.

The objectives of guiding assimilation and integration
of standard SEE's into the Navy software development process
has been addressed both in the Framework document and in
the "Evolution, Plan for a Navy Standard Software Engineering
Environment.” — This SEEWG product deals specifically with
the transition process from the current situation to the
future standard SEE and also with subgequent technological
innovation..

Thus,>¥pe two tangible products of the SEEWG effort
are the Framework and Evolution Plan documen The main
conclusions of each are summarized as follows.|

Framework for a Navy Standard Software Engineering Environment:

- The software engineering environment must support
the entire software life cycle. A life cycle model
has been developed in which to view software devel-
opment as an incremental process.

~ The software engineering environment must be
methodology-driven. A collection of tools is of
little benefit in the absence of an integrating
discipline for their employment.

- The tools and techniques to support each activity in
the software life cycle have been identified.

!
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- The information products derivable in each activity
of the life cycle have been categorized according to
whether the information must be baselined in the
softvare engineering environment data base or act.
RBaselined products are configuration managed and
persist over the life of the software system being
developed. Thus, the nature of the environment's
data base is fundamental to the choice of tools
provided and to the integrating discipline for their
employment.

Evolution Plan for a Navy Standard Software Engineering
Environment:

- The Navy Standard Software Engineering Environment
(NSSEE) will be based on the Minimum Ada Programming
Support Environment (MAPSE). The MAPSE provides the
best foundation upon which to build a fully-integrated
software engineering environment.

-~ Existing Navy application projects and support sys-
tems cannot be ignored and should be able to gain
some benefit from the concepts and products resulting
from the definition and development of the NSSEE.

An approach is described to assure the smooth
transition to a modern Navy Standard Software Engi~-
neering Environment.

- The Navy must build at least one integrated tool set
that will operate through all phases of the life
cycle model. The availability of such a Navy Stand-
ara Software Engineering Environment and the control
afforded by the baselining of standardized informa-
tion products will greatly improve the Navy's ability
to manage the acquisition and maintenance of effective
software systems at reduced life cycle costs.

- Current policies, standards, and gquidelines need to
be changed in order to provide a framework within
which a NSSEE can be built and used. Evolution of
these policies, standards, and guidelines will be
necessary as the Navy Standard Software Engineering
Environment evolves,
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- Training/education is extremely important for man-
agers, developers, and users of the NSSEE. Under-
standing how to use the Navy Standard Software
Engineering Environment competently is crucial to
deriving any benefits from it.

- The need for a research and development effort is
identified to ensure the timely maturing of software
technology to support full implementation of the
desired Navy Standard Software Engineering Environ-
ment.

Perhaps the most important result of the SEEWG effort,
however, may be the attention it has drawn to the need for
a standard software engineering process to support the
effective use of the Ada programming language in Navy
applications. Momentum for a modern Navy Standard Software
Engineering Environment (NSSEE) has been gathered. Action
by NAVMAT will now be taken to see that the SEEWG recommen-
dations give rise to actual specifications for a NSSEE
and to policies and standards appropriate to support it.
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PREFACE

This is one of a set of documents resulting from the
work of the Naval Material Command's Software Engineeriag
Environment Working Group (SEEWG)}. The set includes an
"Executive Summary,"” "Iramework for a Navy Standard Soft-
ware Engineering Environment,” and "Evoluticn Plan for a
Navy Standard Software Engineering Environment."”

The Framework document provides a basis on which to
plan and develop a standard methodology-driven software
engineering environment for the Navy. The Evolution Plan
describes a strateqgy for transition to a standard software
engineering environment and also the eveclution of the
environment itself.

These documents represent the culmination of the first
phase of an effort to develop standard tools and procedures
to support development of software for Navy embedded computer
systems, It is intended ultimately to implement a standard
software engineering environment encompassing the whole
software life cycle and supporting effective use of the Ada
programming language. In the interim, these documents will
provide a basis for co-ordinating decisions with respect to
improvements to existing software support systems.




FOREWORD

This Jocument contains the executive summary of tne
work done by the NAVMAT Software Engineering ¥nvironment
Werking Grecoup {SEEWG). rfor the past year, tihe nemders cf
“he SEEWG have been grappling wita the issues of what 2
software engineering envircnmnent is, what an environment
contains, nnw to acquire one that meets the Navy's needs,
and how tc deal offectively with the transition to the new
software engineering techneclogy.
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INTRODUCTION

The 3Software Engineering Environment Working Group
{SEEWG) was created by the Naval Material Command {NAVMAT)
in April of 13881, 1ts purpose was tc develop a strategy
for software 2ngineering environments in the Navy. The
goal of the SEEWG was to eliminate the duplication of
effort in support systems for software development and to
improve software development productivity and the relia-
bility of software. Specifically, its objectives were:

1. To provide a focal point for SEE activitias within
NAVMAT.

7. o ccordirate cuvrent and planned ZED fiodects to
easyre consisteacy. compatibility and nol-re tun~
dancy of effort,

3. To guide the agsimilacion and integration of
standard SEEs into the Navy software developme s
process.

4. To develop a specification for Navy SEEs that is
based on the Navy Minimum Ada Programming Support
Environment (MAPSE).

1.1 Purpose of the Framework

The Framework section presents the standard SEE in
terms of the methodologies and tools required %o support
the Navy's scftware life cycle management. It is prelim-
inary to developing a formal specification of SEE require=-
ments for acquisition. It will provide some ground rules
and a focus for the Navy's SEE efforts, both long and
short term.

Part I of the Framework outlines a well-defined doc-
trine for the software engineering discipline., This pro-
vides a ccntext for the Navy SEE framework,

Fare II Zefines the characteristics 2f a SEE. Some
cackground 1 the state-ci-the~art practice of software

nowne Navv 1s provided in Appendix A of the Framework.
vacx.;round .onformation sJuggests tne rat:onale for a3
srcgram.
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The Navy wili ceneflt Irom stact. g + Srogrim 20 Lacl -
aent, 1n a standard naanaer acrToss the L0, some £ ke
croven sofitwara engineering mnethodeloa:-s 1723 1o TR Lr
introduction will hegin to prepare Nuavy oserscrnel [.r tne
Navy stancdard SEE. LT W'l onelp tolnurove software oeliloa-
oility and the produchisizy f sciiware jevelopment., [t
will also begin standa:dization or sroduct Igrms at the
activity interface roints Jdescrized i1n Jecticn 1.4,

More research, analvrs.es and Zevelopnent s needad oo
mprove tha less wall understood meticdoioglies, technizues
and "200ls 97 scrtwarse engineering. The Tramewcrk ldentilies
1 aser =f these ltoms so chat 2ddisionel work tan e gin
O omeel Navy reguiremsnts. Thesc Jan o= [anroduced £ Navy
Lerrsoni 2l as they are relfined ind Lecmne aoxllable Sor oune
ZiorTgrag nechnslogiag 5uch as knowfeicc-ba:ed 2Xpers o :
ave experied Lo find many applications oy the tecnnolodm
s stili wndeveloved.

Ui Hdocurent 1w irtended for a wide audience .r the

- "he UACMAT placning and policy “ierarchs should viow

154 narLet for sofhwar2 engineRriag piranaing ard stand-

sods radefinition. Support sofrtware production groucs
voonid focus 2 the software engineecing process, ueth

3 and rnoels outlined to guide thelir short-term dec:
SN S ADBOTL §5tem upgrades. Acguisition managers shou
e asing the document to guide procuresment decisions r
11g RO saf*dare engineering and software engineering en
sonnents.,

L.2 Background

The current state of software engineering practice in
~he Navy exhibits a number of sericus weaknesses; the
basic ccncepts reflected in the FrameworxX are intended L0
counter tnese practices. Three points summarize the
sttaation Jdiscussed more fully in Aprendix Al:

variation in Practice - There 1s a wide range of
sof“ware engineering practices within the Navy and
among 1ts contractors. These practices lag the
state-of~the~-art by as many as fifteen years. The
same variation is evident in the support svstems
used.
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As a result, scftware is difficult to manage, scrt-
ware products vary Widely in cost, reliability and
Laintainability, and it is extremely difficuln ro
introduce advances in technology on a Navy-wide
basis to iaprove either roductivity or the ovara.
agquality o2f the software.

[

Need tc Increase Productivity - Based on the
analysls O projected work loads, the demand for
software will soon outstrip the rescurces available
faor preducing software. This is a potential threat
z0 fleet readinaess. The only viable answer is <
increase productivity, which can only be accompl
on the scale regquired by increasing the producti
of the process as a whole,

<
ishad
vity
Need for Focue - One way to increase productivity is
to lmprove the methodologies and tools used by the
production groups. The Navy has a large number of,
as yet, uncoordinated efforts to modernize its sup-
port systems. These efforts must be better focused
to make a significant impact on both productivity
and quality.

1.3 Guiding Principles

The Framework provides a means to improve the current
situation. The Framework was created with several funda-
mental principles driving the work. These principles
should be kept in mind when reading this document. They
are:

Based on Navy MAPSE - The Navy SEE must be consis-
tent with the Navy MAPSE. The SEE must include

full support for Ada plus an integrated data base.
It must also provide continuing support for existing
Navy standard programming languages.

Methodology-Based ~ The software engineering process
and its related methodologies are the foundation for
the SEE and its methodologies and tools. The entire
life cycle of software is included in the software
enjineering process. Each methodology is related to
specific activities of the process. The methodologies
and tools are divided into those that support crea-
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tivity and those that 5appo he recording of Zred-

ucts. (The Inrortance of splitting ceearivicy und

recording is liscussed in Pars T.) The concept oF

hawing tormal 107 faons cefined for wach sofuvwars

aniceesioy ac vt LS Tundaventsl o oaheasdacdl to-
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JnAa nf -ne TivYst Tricrities Do otne Navwe IZE oorogran,

15 tdentified v othe 3EZWS, 13 owhe :randarvdization oI otne
Zsrm of scftware Ang 1ts SoTpOreing tnfitrmacion Troduclts.
Joftware snouli ce transgcertablie at mialnum C05T ctetween
one supovert group Card envirtnment’ ~> ancther 3uppors
1roup {ané gpossibly 3 dififerent envirscnment:. This stand-
ardization will e acnhieved bv Jdefining =ne ZIormal inter-
faces between software life cvCsle astivities, as defined .n
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2art 1 Section 1.2Z2.

The congcept ©
~.4-1. 3Software =

nom
(0]
Q.
o4
O
r
3

r
W
o
(o9
r
ye
th
17
¢
O w
[
L W




o Tnatroduenion: Inrterface Stanaards

"~
e
AR AR SEEREREE RS AL SRS R A NE S S R R R R R R R I A S R X

uiTware Cener.ion Coruai

Soirware Lererstion

- eie - -

D O e L " ]

T e T (s Angly Siy

5

- e am———t— ._.--—g-—m. . s v s 4= b
.
S L i _p—————" & 7 2 R e R SN
--N--.;-u---.u»j
{ v -

s e o
Correctniess ;
Anatyses | .
o e e s W i 4 o 1

INTERFACE BASELINED PRODUCTS KEY:

Semantic information

Specification

Design

Source text, object modules, SYSGEN data, etc.

Development plan, ECR/TR log, etec.

CIOICIOIONO)

Test pian, test orocedures, "eview reports, etc.

Figure 1.4-1: Life Cycie Activity interface

e
XA

»

‘h—h;‘“-

oy

dimucanibstie




Page 6 .4 Introduction: Interface Standards
IR R AR ARREREEXRRRRREER R RRXERRRRRRRRRRRRRRRRRRRRRERRRRARRRARRER RN

divided into two activities: software generation and the
control of software generation. Software generation con-
sists of the four activities defined in Part I: require-
ments analysis, specification, design and implementation.
"Interfaces”™ between activities are the baselined products
created for the activity. These "interface" products are
used by others to work toward the creation of the final
software product.

The two activities of software generation control
are correctness analysis and management. The "interfaces"®
between the control activities and the software generation
activities are a variety of plans and measurements, most
of which are baselined products.

The baselined products that are the formal interfaces
are defined in Part Il Section l.1l.l1. Several of these
sroducts are identified in Figure l1.3~1. Specifications
for these formal interfaces will be part of the SEE pro-
jram. These specifications will define the form, content
and physical configuration of interfaces, which will
simplify moving them from one environment to another.

The SEE will have standard tools and procedures to
vrecord the interfaces. These standard tools will be for
recording the products. They will not preclude the use of
additional tocls and procedures for the creative aspects
of arriving at the definition of these baselined products.
Such an approach allows variation and innovation in the
creative aspects of the software engineering process while
standardizing the form of the recorded products.

This document defines the six life cycle activities
shown in Figure 1.4-1, It also describes the nature of
the baselined products for which formal interface speci-
fications will pe developed. These interface specifications
Wwill be tne subject of a future document.

l.3 Structure of the Framework

This Framework 1s divided into two major parts:

well-defined doctrine of sof:tware
nes, 1iacluding the methcdolegiles

Part I descrirze
i ii
£i¢ tools vital to 1%, This is

eng:ineering dis
and activity-sp

e -

e R
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thie fourdatior for :the Navy ST, as defined 1.1 Pert
11, and as it will evolve witn experience and the
advances of technology.

Part 11 defines the charac-—svig® as

o ics :
an integrated system consisting of a compu

support syster and data basc.

Appendix & prnvides some background on tne prorlems
P 3 L
'g the Navy in software development, The SEEWGC was a

acin
trect outyrowtrn of tre forecasts summarized 1n Apperdix A,

furn

2%
e

‘:3.

A glossary is provicded to define the terms, phr
and acronyms used within trnis document. [t is ot ot
as a srtandarzd for temminoloygy withir the Navy or ‘ndu

as .
¥ K-2¢
< 2
3

The heading for each pace of ~he document juides the
reacger by telling them, to four levels of indexing. ths
cart of the document being read. The page number telils
the major section being read (where s is Part I, Part
II, Aprendix A., Glossary or Index) and the page number.
Up to four levels of title will be given; the titles are
either full or slightly shortened.

Page s-## Section a.b.c.d. Title "a": Title "b*
Title "c": Title "g"
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paret I: .ontext of Software Fnqineering
LT T e A e T Tanvow ok Victw of 4 aoflwave
PERNSS - T cldae il Ll D LE8N do o BSel Ol 2l .l nTale,
T0L8 LuL.DCL. Loy sotiware ceve lopnent, uUafortunac-say. i3
dpkroach rarnnont address tiae llavy's problems la software
Jevelcpment. A software engineering 2nvircament must be

seen as an initzgrated data base and support system; it wiil
take a well-defined scitware ergineering process ard associ-
1t2d methocologies far more effective, With a comgrehensive
oEE supuorting i wel.l-defined process and methodcloasies,

the Navy's softwarce production groups should greatly improve
their productivity as weil as the reliability of their soft-
ware.,

Before the requirements for a SEE can be presented,
the doctrine underlying a software engineering environmen-
must be clearly defined. It would be unwise to design
tools for building a house without understanding the process
of building houses. Similarly, cne should not try to design
a SEE without first clearly defining the software engineer-
ing process. Therefore, Part I describes a comprehensive
software engineering process and its associated methodologies
so that a comprehensive SEE supporting it can be described
in Part II.

Simply defined, a software engineering process is a
set of activities for developing and modifying software
through its life cycle. This process becomes the framework
for a set of consistent software engineering methodologies,
A methodology is a repeatable human prccedure which supports
some aspect of an activity. A well-conceived methodology
separates the creative, intellectual aspects of an activity
from the clerical, mechanical aspects. A tool is a computer-
based aid which stimulates the creative, intellectual pro-
cesses or automates the clerical processes.

Some may take exception to the methodologies selected
but this is to be expected in any new field. These method-
ologies reflect good software engineering as it is knhown
today and were chcosen because they satisfy certain criteria:

~ They improve the effectiveness and productivity of
software development activities.

- They result in the creaticn of more reliable software.
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- They fit together to form an integrated set of method-
ologies.

- They separate the creative aspects of software devel-
opment from its more mechanical aspects.

- They promote the automation of the clerical, mechan-
ical aspects of software development.

A good SEE requires a comprehensive set of methodolo-
3ies. The implementors of a software engineering environ-
ment should include many methodologies, including some not
covered in this document. However, the implementors should
be guided in their selection by the criteria listed abocve.

1. Life Cycle Model

The life cycle model ¢of a software system depicts the
activities, and the relations among these activities,
lnvolved in the development, operation and life cycle
support of the system from its conception to its retirement.
Figure 1l-1 provides a graphic representation of the life
cycle of software (Fox [82}). 1In software engineering, the
distinction between development and continuing adaptation
{(often referred to as maintenance) is arbitrary, depending
when the first release begins operation. New releases,
based on changes to the system, periodically upgrade the
operational system.

The focus of the SEE description will be the develop-
ment and continuing adaptation segments of the life cycle.
Some operational requirements on the SEE, such as perfor-
mance monitoring, will also be discussed. The following
activity categories for software development have been
selected:

Requirements Analyvsis -~ Definition and analysis
of the user's evolving needs.

Specification - Translation of requirements into
a precise description of the externals of the scft-
ware system.

Design -~ <Creation of an abstraction of a software
system that is consistent with the speciiication
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Figure 1-1. The Life Cycle of Software
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and provicdes a reasonable description for implemen-
tation.

Implementation - (Creating a software system which
implements the design.

Correctness Analysis - Determining the correctness
of each product of the software development process.

Management - Planning, organizing, operating, monitor-
ing and controlling all activities within the software

development process with the objective of meeting
pre-established goals.

Although people have named and defined these categories
differently, the real difference arises from the relations
among the categories. These relations must be defined to
achieve the best productivity possible while creating the
most reliable software possible,

1.1 A Current Life Cycle Model

Figure 1-2 shows a simplified version of a common life
cycle model. The activity categories shown do not match
those defined in the previous section, but they map roughly
as follows:

Activities Current Model
Requirements Analysis Requirements
Specification Functional Design
Design Detail Design
Implementation Code and_Unit Test

Integration
Correctness Analysis System Test
Management (No match)

i dnadhe A_..-:
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Figure 1-2: A Current Life Cycle Model
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Trhere are many versions of Figure 1-2, somet.mes Jilled
~ne "waterfall® model. Some models use activity CJateor.es
scricely nied to certain standards, others ntave ver.i.:tat:i:n
teedback loops, but chey show some or all ot tne £ollcw:i.ng
snortcomings:

Tlnite Activity Phases - Management assumes achtiv-
1z:2s nave 3istinct beginnings and enaings. ALznongn
“ni3 noticn 13 appealing to managemen:t, tne actial
recnn.ical work involves a continuing iterat:ion ¢
Tog.oTments analysis, sgecificanion, deciin, lnolae-
Tmentat1on, and correctness analvsis ~sver “ne [ife
CyZ.e Of a4 software system. Ina lae Lrotelt, tne
management view is meosed on the des g"ers, tnereny
restricting the lterative process. Perhdags th:s3 1S

why a small design and implementati>n Jrcup is
better at creating qual:ity systems on schedule and
within cost.

Static Requirements - Requirements are treated as
though complete definition is possible early in the
development phase, and as though no further changes
will occur. Nothing could be farther :Zrom the truth.
Reguirements rarely are understood fully at the
start of software development, and the evolving
nature of the surrounding systems often lead to
changes in regquirements.

"Big Bang" Psychology - Software system development
1s seen as leading to the creation of a monolithic
system. For large systems this requires coordinating
the work of many programmers over extended periods
with changing requirements. Such an approach has
consistently resulted in overruns in schedule and
budget and poor guality software.

Testing as the Primary Means of Correctness
Ana.ysis - Testing is the traditional way to per-
orm correctness analysis. 3ecause testing occurs
late in the development phase, the majority of
errors, which are introduced in the earlier activi-
ties, are very costly to correct (Boehm [76])
Correctness analysis, in addition to testing, must
use other technigues to find and eliminate errors as
they occur. Such an approach could greatly reduce
software costs and improve reliability.

PO S
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1.2 A Recommended Life Cycie Model

four ‘dean

are recommended to remedy the shortcomings
of current life cyc

le models:

- Incremenrtal deva2lopment

- ECarly protctyping

-~ Extended correctness analysis

- Management integration

Many development groups in indust.y have succescfuly
used some of these concepts. The effective use of all

four could have a dramatic ilmpact on software duality and
productiviry,

1.2.1 Incremental Development

Incremental development can reduce the Jdistuptions on
the develnping svstem caused Dy changing reguirements. It
alsce increases manacgemeéent insight and contrcl. The concept
has been described in different forms (Milis (7o, and

Basili [75]). The basic idea is to build a soitware
systen in small, manageable increments, where each new
.ncrement s 4 new cvstem with additionai funrction. The
et "vs‘em relecse of a large project would consist Of
Tany LNCrHTents.
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Figqure 1.2.1-1 shows a life cycle model based on
incremental development. It is similar to the waterfall
model shown in Figure l1-2 through requirements analysis,
specification and design. Whereas the waterfall model
continues into code, integration and test of the first
release as a single production item, the incremental devel-
opment model proceeds to successive increments. Each incre-
ment, as shown in Figure 1.2.1-2, is analogous to the com-
plete waterfall model. FEach reiterates requirements analy-
sis, specification, and design to the degree necessitated
by changes which occur at the base level since the last
increment, or which results from the operational experience
of previous increments. If no such changes have occurred,
the increment consists of design elaboration, implementa-
tion, correctness analyses, and management only.

Using incremental development, it is not necessary to
have a consistent complete set of software system specifi-
cations and design before the start of implementation.
Because refinement and elaboration of these "front end”
products are formally built into each increment, a natural
framework for evolution is provided. Therefore it is neces-
sary to perform initial requirements analysis, specification,
and design to the degree sufficient to plan for development
of Release 1 and to begin increment 1, but “complete®™ gdefi-
nition is not required until the last increment of Release 1.

By dividing each system release into several incre-
ments (6-8 months in duration), management of change is pos-
sible in a controlled, efficient manner. Estimation, which
is usually based on metrics spanning the entire development
phase can be calibrated at the end of each increment allow-
ing for early detection and correction of schedule or
resource changes.

In summary, incremental development provides the fol-
lowing benefits which are not possible with the current
view of the software life cycle:

- It allows for early verification of estimates
. for development resource.

- It provides a framework for the non-disruptive
evolution of reguirements.

- It provides better insight into the system ang
application during development.
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- Tt angcrurages tatier janagement insight and
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METT AL S SDUNT U0 3 RaPacenient Dec.pective.  That
s, tf ZepiolF o lnizments that ave o M rescuve
allozation, tracking and control, dual:ty assurance, &nd

mascilne+ ceonmroil.  The desigrer's or srogrammer's vicw of

2 Jevelonment, although arnstvained by the management viz2w,
n33 another dimepsion, Witiin an iancroment, 2 designer mayv
30 through many iterat:ions of speciiicaticn, hign-level
design, and detailad design befcre completing the work.

This gives rise to twc different sets of methodologies.

One set suppor+ts the creative aspects, and the other reccrds
the result. We will return to a discussion of this impor-
tant distinction in Section 2.

1.2,2 Early Prototyping

Earlv prototyping fits well in a life cycle model
based on incremental development. A typical Embedded Com-
puter System (ECS) software development activity might
involve as few as three and as many as five or six incre-~
ments during development of the first release. If the
first increment is well designed and well planned, it can
be tested as a prototype to evaluate ill~-defined or risky
requirements. In general, prototyping will require special
tools.

Early prototyping can be enhanced by executable design
and throwaway code. Executable design languages could
shorten the time needed to produce a working prototype.
Throwaway code is temporary code written to create some
needec function for the earliest increments of the system.
The use of throwaway code is like breadboarding in hardware
development. I% applies the Brooks' dictum: "plan to
throw the first one away" (Brooks (75]).

+ A barel.ne 1s a version 0of the :10f-ware and re.:ied
Tarmat orl wrisn tas heen frozen s that suhsecue
FAanges carn occu onrLy ohoough che controlled rrocess ~f
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1.2.3 Extended Correctness Analysis

Figures 1.2.1-1 and 1.2.1-2 show correctness analysis
extending throughout development. Studies have shown that
50-80% of all errors are introduced during requirements
analysis, specification and design (Boehm (76]). Since it
may cost up to 100 times more to remove errors Jduring test-
ing than shortly after introduction, extended correctness
analysis 1is sorely needed.

To achieve such savings, technigques must be used to
show that the specification correcrly implements the
requirements, that the design correctly implements the
specification, etc. Thus, correctness analysis spans all
activities.

1.2.4 Management Integration

Management is an important activity often omitted from
life cycle models. It provides control over other activities
and provides contingency plans for unexpected events. To
be effective, it must be integrated closely with all other
activities,

Management involves both insight and measurement.
Insight involves seeing what people are doing as it is
being done. Measurements are needed to evaluate the work
and to allow management to learn from past efforts.

For instance, the frequency distribution of errors over
a development activity, the average time to detection, and
correlation of error types to methodologies used, could
lead to improved methods of software development. Measure-
ments also allcw management to assess progress and to make
adjustments for unplanned situtations.

1.3 Relation to Acguisition Management Models

The life cycle model presented in Section 1.2 supports
the definition of requirements for a SEE. More specifically,
it supports a discussion of the software engineering process
ccntained within a SEE. This model does not match directly

e Mo i A s o
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The software incremental development mcdel maps to the
acquisiticn model activities bracketed betweern system ccn-
cepts and systum integration and testing as follows:

Acguisition Incremental Development
i Model o Model

System/Sof uware Requirements Reqguirements Aralys:s
analysis

Software uivenments Analysis Specification

Preliminary Duesigr: & Detailed Design
Design

Code, Unic Testirg, and Ing lenmentalion
Intecration Tasting

Scfuware Tacfonaance Testing Corremingss Analyuis
formal Reviews {(~.q., PDR)

\No equivalent) Management

The incremertal development model activiiy ol desiygn
is divisibkle intc system level desiugn and program/cdata
desian (see Secticn 2.3)., Therefore it matches up well
wit.. the ccrresponding activities of the acyguisaihion mouel,

»

cre 0
The COrrectness analySis activity of the irooemental devel-
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R), can be auvcommodated within the incremental
t model with some minor adjustments. Software
ion Review (5SR! would occuc at the end of ~re
en specificaticon.  FPDR weould ~ccur it

tne first design activity within each increment, and
would occur at the end of the design acuvivity within .:zc
increment. With incremental development, multiple TULRs,
one in each increment, «#ill be neaded. Test Readings Review
fTRR) would occur when the csystem testing of the final
increment in a release 1s compiete. Svystem Recuirements
Review (SPR) anrd System Design Review (3DR) would occur
within the wider perview of the ECS developrent managemen’.

1.4  SEF Requirswinte Darived fyrom the Tifs Ty-7s M-
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The support syzhtem and data basa of *he STE must <.t
the Llife cycle mode) bacsd on incremente!l 1o -
Iacreaentsl fevelopnnnt levies seveoral dnmplrtant vou litee iz
on the SEE:
- The datae case muct support the hesclined prodoci.,
by irzrement, allowing for the posgibility of
increments overlepped in Liae.

- The data tase must also ailow programrers o .
intermediate products in their work space, provic
for iteration within increment.

~ There shoueld be an integrated set of teols used o
de{ine the products in the baselinec, and zoci sets

i
o aid the designer /nrogramner while worki:
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- Measurements of each activity must be captured for
management.

- Tools for drawing measurements from the data base
and for analyzing the measurements are also needed.

4. Metnoaoliogies and Tools

The £ollowing subsections explore methodologies and
tools which support the software engineering process
defined by the incremental development life cycle model.
The subsections also summarize the requirements they levy
on the SEE. The methodclogies chosen reflect today's
state-of-the-art. Certain selected alternate methodologies
might be chosen without major changes to the SEE require-
ments.

For each life cycle activity, the activity is defined
and characterized and applicable methodologies and tools are
then discussed. The methodclogies and tools are categorized
as follows:

Formal Recording Aids - Those methodologies and
tools associated with the capture of baseline
products. They must fit together from one activity
to another and promote traceability, which is the
relation of products (or their parts) in one activity
to the products (or their parts) in adjacent
activities in the life cycle model.

Creativity Alds =~ Methodologies or tools augmenting
the creative, 1lntellectual processes.

A minimum set of methodologies and tools for formal
recording 1s required. The creative aids, on the other hand,
can be anything that helps an analyst, designer, programmer,
or tester, create a product. The product is then formally
recorded for baseline control under configuration management.

The life cycle model described in Section 1.2 provides
a framework for defining appropriate methodologies and
tools. However, it must be placed in the context o< the
weapon system acguisition life cvcle for an understanding
of the rolie of the front-end software engineering methodolo-
3ies. Figure 2-1 shows a progression of weapon system
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Figure 2 10 The Starting Point of the Software Engineering Process
within a Weapon System Life Cycle
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design and specificationl documents at scme point afrer

the definition of the weapon system concept. In an ideal
world, the ECS software development agent would first

enter the process at the ECS Specification and Design

{(Type A specification) to ensure feasibility of the approach.
The formal starting point for software development would

be the Software Subsystem Specification (Type B specifica-
LAQN) .

The requirements analysis activity, which is the first
activity in the incremental development model, of necessity
will involve the software development agent in system level
guestions such as hardware/software trade~off issues.
Hopefully, such involvement will lead to a set of system
level requirements which will allow efficient design and
implementation of quality software.

2.1 Requirements Analysis

.

Requirements analysis involves looking at the require-
ments within the ECS specification and design level before
developing the software system specification.

In most cases today, the progression of Figure 2-1 is
just an ideal. More likely, the software development agent
is brought in after the equivalent of the ECS design is
complete. Furthermore, the requirements for the software,
as represented by the ECS specification and design documents
in the ideal case, are not well defined. They may be
contained in many sources including documents, memos, and
the minds of the ECS designers. Therefore, requirements
analysis also must address the capture and interpretation
of requirements from these sources.,

Al:hough requirements analysis begins the software
engineering process, this activity does not necessarily end
with the start of software specification. Reguirements
analysis continues over the software life cycle because of

l specification was defined in Section 1 as a rigcrous
external descripticn of a system without concern Zor (ts
interna. workings. This type of description is scme-:.mes
referred o a "bliack box."
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Reguirements are binding conditrions. In Figure 2--1,
reqguirements on implementors at on2 level in the hieracchy
are any binding conditions impoased at the higher levels.
These requirements can take nmany forms., For the fcllowing
discussion of requirements analysis, the different forms >f
regquirements will be classified as follows:

Context = Bounds on alternatives for the software
system design implied by the system mission or
environment.

Cescription - Characterization of what the required
system 1s to do without concern for how it will work.

Constraints - Any conditions whichk must be met in
designing or implementing the required system or
any quantitative performance measures to ose met by
the operational system.

Evaluation Criteria ~ Rules to be used in judging
the quality of the completed system.

Requirements analysis involves two sub-activities:
requirements interpretation and feasibility assessment.
Interpretation concerns identifying and defining software
requirements so that correct specifications are possible.
Feasibility assessment concerns determining the reasonable-
ness of implementing a svstem that can satisfv the recuirements
within schedule and cost. The identification of risk in
this regard may lead to a redefinition of the requirements
with the ECS designers.

221110 Requiremen~s Interpretation
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categorized terms. Examplesl of technigues based on semantic
models are Structured Analysis and Design Technique (SADT)
(Ross and Shoman [77]) and Problem Statement Language (PSL)
(Teichroew and Hershey [77]). The underlying semantic

models of SADT and PSL differ in categories and relations
chosen.

There are several benefits to expressing the require-
ments in the form of a semantic model:

Definition in Context - Key terms of the require-
ments, defined in the context of other problem-
related terms, reduces ambiguity and increases
understanding between the weapon system engineers
and the software engineers., Thus, semantics infor-
mation can be thought of as a sophisticated data
dictionary.

Specification Mapping = If the semantic model
categorles and relations were properly chosen, the
semantic information will suggest a natural mapping
for the system specification. This specification
pPrecisely expresses the description requirement.,

Consistency/Completeness Analysis - The semantic
information depicting the context and description
requirements can be analyzed for both consistency
and completeness. This analysis is based on the
relations found in the semantic model.

Traceability - The semantic information can
establish traceability between the requirements
source and the specification., It does this by
including references in the definitions of terms.
Later, these references can be extended to related
baselined products.

Design Aid - Naming consistency can be maintained,
and traceability can be extended, by definition of

1 Throughout Part I of this document, existing methodologies
and tools #ill be cited to i1llustrate the feasibility of the
concepts presented. They are cited as examplas cnly. There
1s no implication intended that these be taken as regu.re-
ments on a Navy SEEZ.
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requirements, which becomes part of the baseline.
An example of a comprehensive methodology for
semantics information capture is suggested in
Wilson [79]. Assuming the semantics information is
machine-encoded, it might be expressed in a formal
language such as Problem Statement Language (PSL).

Semantic Analysis - Once the reguirements are
expressed in the context of a semantic model, the
model relations can be used for a systematic analy-
sis of the completeness and consistency of the
requirements. This is achieved by asking guestions
which are answered with the aid of the relations,
such as "Are there any other processes which should
be related to Process A by the 'predecessor of'
relation?”

Traceability may be established through reference
relations between requirements and specification,
design and code, etc. The relational analysis can be
uged to assess the impact of requirements changes on
the baselined products.

The semantic analysis methodology also aids creation
by identifying areas of requirements incompleteness
or inconsistency.

Feasibility Analysis - Evaluating the feasibility
of requirements 1s a significant part of require-
ments analysis. Feasibility should be viewed from
the perspectives of design, performance and cost.

Design feasibility involves finding at least one
design that satisfies the reguirements. Any
apcroach from trial design to prototyping is appro-
priate. Performance feasibility is a special case
of design feasibility analysis. Once a trial design
is established, modeling is an effective technigque
for analyzing performance., Cost feasibility involves
estimating costs based on the trial design. Cost
analysis must consider the three key elements: the
development phase, the operations phase, and the
phase for continuing adaptation.

The software development agent may have to go through
several i1%erations with the weapon svstem or EZICS manager.
Together =néy can resolve,probiems Jiscovered during
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requirzinen-s analysis, =such as infeasible, inconsistent, or
SveEr-CInstrainlng reguiTements. The methadclozies summa-
cez2d above nay e used vefore oo acceptzhle set 2f regiire-

ments for the software sy tem 1s reached.
2.1.3 Supporting Tools

Several tools are effective in supporting the
methodologies described above.

Semantics Language Processor - A language processor
could perform syntax checking and recording of
semantics information entered via a language such

as PSL. The results would be available for later
analysis or retrieval. The information would
resemble a data dictionary augmented by relations.

Information Storage and Retrieval - This tool
would store and retrieve the semantic informaticn.
It might be based on a data base management system
(DBMS) using relational techniques. An example of
such a tool used in this application is IBM's
Query-by-Example (QBE) (Perriens [79]).

Semantics Information Analyzer - This tool would
use the relational nature of the semantics informa-
tion to perform consistency and completeness checks.
Problem Statement Analyzer (PSA) (Teichroew [77]) is
an example of a tool used to analyze data captured
through the use of PSL.

Report Generator - General report generators
would help create requirements analysis reports,
Examples of reports are (Orzech [79]):

~ Formatted problem statement report, which gives
the original relationships in a well-structured
format.
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- Data/activity interaction, which shows interaction
between data objects and activities, and

- Picture report, which diagrams the direct
relationships of an object,

“odeling Tcol =~ This toel wculd grovide gueuing
theory alds tailored to descriptions of computer
systems. The tool assists in developing performance
analysis models. Performance Oriented Design

(BGS [78)) is an example of such a queuing tool.
Qther modeling tools besides gueuing would also be
appropriate.

Resource Estimator - An estimation model can help
assess cost feasibility. The model would use char-
acteristics of the software system and the develop-.
ment approach to predict required manpower, sched-
ule, and computer resources.

Prototyping - Tools for developing prototypes of
software systems would be useful. They might
consist of a high~level language and an interpreter.

2.1.4 Requirements on the SEE

The requirements on the SEE data base, derived from
requirements analysis, are:

Baselined Products - The semantics information is
the only data associated with requirements analysis
that should be baselined. It should be under
configuration control and subject to change only as
requirements changes are approved.

Non-Baselined Data - Any information associated
with modeling, simulation, prototyping, or semantic
analysis should be saved temporarily. It can be
used later in requirements analysis iteration or
.other activities.

Measurement Data - Several measurements of the
requirements analvsis activity and its outputs
should be captured:
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- Number of inconsistencies or omissions found.

The support system must provide a framework for the
types of tools summarized in Section 2.1.3. Given the rela-
tional nature of the semantics information, another reguire-
ment might be that the DBMS support relational operations.

2.2 Specification

The specification activity should transform the descrip-
tive requirements into a precise statement of the software
system external behavior. Two key information sources are
used in this transformation: {1l) semantics informatiocn
captured during the requirements analysis, and (2) the ref-
erenced requirements information from which it was derived.
The resulting specification, along with the constraints
and evaluation criteria requirements, provides the basis
for design, implementation, and correctness analysis. In
most cases the constraint requirements should be included
as part cf the specification (perhaps as an appendix).
Thus, the gpecification will contain all that must be
known to implement the software system. The specification
also provides the basis for judging the correctness of the
implemented system.

2.2.1 Characteristics

Specification development consists of two distinct
acts. The first is to collect information that the
specification will contain, this is a creative process.
The second is the act of recording this information.
Although these 2cotiorc may pe carried out simuizincousliy.
normaily 1o oan ihevative facpion, tney should LDe 0aside e
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Deve.oping the system specification must be done in
such a way that the specification can always be shown as
complete and consistent.

The semantics information produced during requirements
analysis can provide traceability between the svstem require-
ments and specification. This link can show subjectively
the correctness of the specification. It is helpful in
providing insight into how the specification must be updated
as changes to the requirements are made.

If feasibility analyses were not conducted during
requirements analysis, they should be conducted during
specification development. Again, this analysis consists
of constructing a model (cr simulation of the system) and
performing analyses to see if the desired timing and accuracy
criteria can be met.

2.2.2 Methodologies

The specification information must be recorded in some
suitable form. As a minimum, the specification should
describe:

Interactions - the interactions of the software
system and 1ts outside environment (i.e., descrip-
tions of 1/0 device interfaces, sensor interfaces,
etc.);

Modes - externally visible modes of operation
(e.g., "initialize™ or "auto pilot"™); and

Tunctions =~ externally visible functions (e.g.,
mappings of inputs to cutputs).

furthermore, any methodology for recording the system
specification should produce a document which is:

Minimal - The purpose of a specification is to
define what the system must do. A minimal speci-
fication will describe only this; and it will not
imply any srecial use of the 3ystem. Such speciii-
tations are said to be plack box because they
descripe only the externally ooservable behavior

0% the system. A minimal specification has %the
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vaderstandable - 3lace the specillcation wil. €
ased heavlly as a reference tool by system imple-
mentors and maintainers, it should be clear and
concise. The information nust be well organized
50 that answers to particular guestions are easy
to f£ind. The text shou.id pe free of jargon.

Accurate and Precise - The specification must be
as complete and consistent as possible. The
specification should use as much formal notation as
possible. Such notation is needed for a formal
correctness analysis. It also makes automated
analysis of the specification information easier.

Easily Modified =~ The evolving nature of require-
ments suggests that the specification information

be easy to update and change. This can be done by
organizing the information so that different aspects
of the specification are described separately and
independently. This approach minimizes the impact
of a single change to the specification.

The creative aspect of specification develiopment is
the synthesis of the proper information for the specifica-
tion. This necessarily involves:

Completeness Analysis -~ This is done by trying
out a design of the system., Completeness analysis
generates questions which can help identify
information absent from the requirements. In most
cases, this activity will be done during require-
ments analysis.

Correctness Demonstration - The specification

must be shcwn as consistent with the reqguirements.
5iaze the reguirements may not be stated in a formal
wanner, a riscrous prcoof of their consistency may
not e wessible. The correctness demernstration s
Lhen produced thyough a subjective, informal araly-
318 cased onr the semantics informatica from reguire-
ner . s analvs:is |

= ey

errentlio and Mills (TT Y.
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consistency Anaivsis -~  Any methodolcgy for ce
forming “hls analysis depends on the form of =n
icazion inlormation. [t a formal sgecif:
Tion .angJage is ased, certain kinds of oroblems
nay one detected by analvzing this notation. In
dther cases, “he consistency of the specification

taZormation must Se Judged on a less precise 5asils.
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A good exampie 0of the state-cf-the-art in specificaticn
merncdclogies 1s that idvocated bty Parnas and Henincer
720, amd csed to Jdevelop the szecification for the a-"
£..3ht program.  The specxfxga Lon Zocumens (ncliudes Iformal,
mapbular notation which lends itself tco completeness and

consistency analyses.

2.2.3 Supporting Tools

The following tools help to develop the specification.

Language Analyzers - These can check for errors in
any formal notation within the specification
information. These analyzers are tailored to the
sgecification langquage or notation used. They
receive, as input, the specification (or some
portion thereof) and issue diagncstics concerning
syntax errors.

Consistency/Completeness Analyzer - These analyze
information entered via tormal language and detect
inconsistencies or omissions in the specification.
for example, tables might specify some outcome as

a function of various factors. The tables can be
checked to ensure that an outcome 1s 3jiven £or everw
event, and that no event corresponds to two mutualliv
exclusive outcomes.

Modeling Tools - These may be needed 1f no
performance feasibility study was conducted durin
requirements analysis.

Report Generators - These are needed to produce a

€inished document frcm the specif:cation informat:ion
stored in the data oase.
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2.2.4 Reguirements on the SEE

The requirewents aen the SEE Jata hase, derived from
the specification activity, are:

Baselined Products = The specification informeation
1s paselined. Any modeling information produced
might be haselined if it is crucial %o the life
cycle support of the software,

Non-Baselined Data - This material includes
partial specifications under development, alternate
specifications, and diagnostic information produced
by specification analysis tools.

Measurements - Examples of useful measurements

are: effort and resource data concerning the
development of the specificaticn, size data, number
of errors and changes made, and subjective measures
of the quality and completeness of the specification.

2.3 Design

Design involves creating an abstraction of a system.
When implemented according to this design, the system will
meet the software system specification, the constraint
requirements, and the evaluation criteria. A design formally
describes the system. Decomposition and abstraction are
the key means of dealing with the complexities of a system
during its design. Decomposition involves dividing the
system into pieces {modules, programs and data structures),
which can be related in some hierarchic fashion. These
vieces can be handled independently during further decompo-
sition of the design. Abstraction is used to suppress all
but those details needed to understand the design at any
level.

The concepot of hierarchy is important for traceability
and correctness of the design, The correctness technigues
Jeveloped thus far rely on a hierarchy in the design.
Turthermore, a complex decign can be better understood
trnrough abstraction plus a hiesrarchy showing the relations
among the pieces,

.
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A precise specirtication of tne system 1s vital tQ
los:5n 2rocess. Ceslgn zan teqgin without complate spe
cations, but the missing parts must be clearly acknowl
As unknown. The specification must be complete by the
design 1is complete,

»

Design Tensists of creation and recording. <{reation

15 3 highly 1nteilectual process. 3Several aiternative

designs may be created and assessed vefore a Zdesign agproach

is chousen. The creation activity draws on the skill and

axparience o2f the designers. It may require modeling and

trade~cff studies to reach a reasonanle scluticn. Once a

design approach is chosen, the formal recording act depends
~

)

>

the means oOf decomposition and choice of abstractions.
Tovmal recordiang is snhanced by technigques which foster
slarity, understanding, correctness analysis, and ease of
zhange,

Another view of design highlights the difference
oetween system design (design-in-the-~large) and data and
zrogram design (design-in-the-small). System desian
nvolves preaking ddown (Jdecomposing! the software system
"t hisrarchically-related modules. Zach macdule, in turn,
mas a4 wodule specificavion. Design~-in-the-small addresses
tne design of individual modules. It defines abstract data
structures and programs composing the module. These 2ro-
grams, in turn, may invoke functions of other modules. “ne
way program designs mTy be described is through a Program
Cesign language (PDL)*.

The method of decomposing the software system into mod-
ules is central to software system design. If modularity
15 not viawed oroperly, the software will not be easy to
change.

Two related concepts that are important £or credting
good modules are information-hiding and data-intens:ive
design. Information-hiding isclates design decisions likely
to change in the future. It also provides an interface

! ppL is also used as an acronym fcor "Drocess design language”
or "procedure design language.”
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elwedn the module and The vest of the rroduct tha: rermailns

vatid for all ver ns. Module snpecifications Jes.gped wizn

ng would vreveal Tuncticnal rapahnilit: oo
isicns onderlying the implementation.

Many people view data rather than function as the major
factor influencing a design. The design decisions deal wi“-h
data--its structure, the means of access to it, and the ‘fac-
tors involved in altering it. Module design, using the con-
cept of data-internsive design, would begin with the creaticn
of abstract data structures, followed by the design of the
programs acting on these data structures.

In summary, the recorded design consists of the
following elements:

- Module hierarchy representing the system decomposi-
tion,

- Module specifications to reveal the external
descriptions of the module, and

- Module designs consisting of program designs
and abstract data definitions.

The design of the system must support incremental
development. The design's decomposition structure should
allow the system to be built incrementally. Such a structure
may make the implementation easier and will almost certainly
make continuing adaptation easier. It also allows the
designer to focus on the more difficult parts of the design
in the beginning, thereby improving the chances for the
best solutions.

2.3.2 Methodologies

Three groups of design methodologies are identified:
formal recording of system design, formal recording of data
and program design, and creative aids,

There are severzal technigues for recc-d.ing the svae
cesign.

information=-iiiding - This -echnigue .nvolives
rsolating informartion with:n modules. The module
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limits are defined by the information (design
decisions, data definitions, etc.) to be isolated.
Design is based on the expected changes to the infor-
mation, thus localizing the effect of future changes
(Parnas [79]).

Module Specification - This technique allows
others to determine the intent of a complete module
by reading the module specification.

Uses Hierarchy - This technique explains which
programs depend on the correct implementation of a
given module to produce correct results (Parnas (79]).

The techniques for the formal recording of data design
and program design are:

Program Design Lanquage (PDL) - PDL is a useful
technique for formally recording the program design.
It is sufficiently low-level to support direct coding,
and is flexible enough to leave some questions unan-
swered while the designer proceeds with the design.

Stepwise Refinement -~ This technique goes hand in
hand with PDL. With stepwise refinement, specifi-
cations for the lower level code become part of the
documentation of the procedure. This makes the
intent of the code much clearer.

Abstraction of Data Types - With abstraction, the
designer can develop details where they are needed
(Guttag and Liskov [77]). This permits information-
hiding as well as a more independent implementation
of the system.

Many creative techniques exist for design. A designer
chooses technigues based on their individual approach to
creativity. Some prefer graphic technigues while others do
not. The choice of creative technigques should be left to
the individual, whereas the technigues for formal recording
must be standard. Described below are some representative
creative aids:

Data Flow Analysis =~ Module decomposition and
function allocation are bsased upon the data flows
required by the system, An example is Structured
Design (Stevens [74]).
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Cata Siructure Transiormation - Transiormation

s a design technigue in which ne structure of tne
:nput and output data Jdeterwlnes the structure of
the program ¢ Jackson [(77]).

Graphic Decompcsition Technigues - Graphs showing

hierarchic relaticns depict the decompos:ticon at
many levels. An example is Structured analysis and
Design Technique (SADT).

Graphic Control Descriptions - Other ways of show-
ing the control flows 1in the program are Petri Nets
and Warnier-QOrr diagrams.

2.3.3 Supporting Tools

Figure 2.3.3~1 lists the design methodologies outlined
in Section 2.3.2 and identifies tools that might support
some of the methodologies. The tools are briefly described
below. ’

Design/Specification Language Processor - These
check syntax and connections., Input 1s the system
design and the module specifications written in some
standard syntax. Output is a list of inconsistencies
or syntax errors.

PDL Syntax Analyzer - These detect mismatched
interface items and force the designers to maintain a
consistent syntax for the design. Input is a design
written in a PDL, and output is a list of syntax
errors and inconsistencies in data usage.

PDL Interpreter - These would allow a design to be

executed before it is actually coded. The interpret-
er's input is a design written in a PDL with program

input data. Its output shows the result of applying

the input data to the design.

Sraphics Package =~ These would support the creative

ohase of design., Vearious designs cculd be displaved
graphxcally to aid the desianer in making a choice.
Input mijht be module descriptions, hierarchy rela-
ticns, or data-use relations. Cutput might be jrapnic
vrepresentations Of this information.
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Methodologies Tools

Formal Recording:

Information-Hiding

Module Specification Design/Specification
Language Processor.

Uses Hierarchy

Program Design Language PDL Syntax Analyzer

PDL Interpreter
Stepwise Refinement

Abstract Data Types Report Generator

Creative Aids:

Data Flow Analysis Graphics Package
Data Structure Modeling Tools
Transformation

Graphic Decomposition

Graphic Control
Descriptions

Figure 2.3.3-1: Methodologies and Tools of Design

-




2,503 Methodcingi»s and Tocols: Design Qage -
Supporting Vools
P AC R A &L AL A ] AR L MR YR Y M AL N R e R RN XN b M A AKAATY A m MR L

Yodeling Tonls
]

hese are useful for Suoguiag
Fel3ible pEctioolar deaions cre.  rowodel il

s ohign=ieva'! JFooign oar nDuc. Lo rghu then Lo
exacution and %imianyg statistics. These sftatisi.:ie
may be used to determine if the design could mcet tihe
performance requirements.

-

Report Generators - These transform stored design
into documents ané reports. Thus the paselined design
will be stored in machine-readable form, permitting
required documents to be produced easily.

2.3.4 Requirements on the SEE

As with the other activities of development, the data
base must contain information on the design.

Baselined Products - Throughout the life of the
system, the most recently approved form of the design
must be stored in the data base. The system design
may be entered before the design of various subsystems
or modules.

Non-Baselined Data - This includes preliminary
designs as well as graphic displays used during the
creative process. Graphic displays may include tree
structures, block diagrams, and other material created
by design tools. The data base must provide for
maintaining the temporary designs developed before one
is actually chosen and baselined.

Measurements - These might include module intercon-
nectlon measurements, such as data bindings (Basili
and Turner [(75]). These might also include lower
design measurements, such as cyclomatic¢ complexity
(McCabe [76]), and operators and operands (Halstead
{771). Many of these measurements are normally taken
on the completed code, but with good, low-level PDL,
they can be taken (or approximated) during design.

Archival Data - Arch.ved 4
motivation hehind -<he choice
data should also include zas

ata snould capture the
cf des.gn. The archived
d

esig.s evclived from

-
[
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2.4 Implementation

The implementation phase should create a system which
implements the design correctly and meets the resource,
accuracy, and performance constraints in the specification.
Implementation translates design into the language of the
target computer, the data base, and other products needed
to create the operational system.

2.4.1 Characteristics

Implementation should produce an effective, understand-
able realization of the design. Clear, readable source
text is required for ease of maintenance.

The following are the key aspects of implementation:

Code Generation - This translates the design to the
machine language of the target computer. It varies
in difficulty based on the level of the design and
the level of the target language. Code generation
begins with the expansion of the detailed design into
the appropriate programming language. As with system
design, correctness arguments make a correct imple~
mentation easier to produce.

Assembly/Compilation - The generated code must be
complled or assembled. This process checks the code
for certain errors and produces its relocatable binary
translation (or object module).

Debugging = It is usually helpful to do as much
debuggling as possible on the host computer rather
than on the target computer. This is especially true
of unit testing. The testing might be done on the
cdevelopment host using a simulator of the target
machine. In some cases, a host-to-target connection
is used for the test. Another option is to translate
the source code for direct execution on the host com-
puter.

System Integration - Units f£rom the ccmpilation
actlvity are tagged with information con increment,
version and revision number, and are stored in the

e,
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those of the Ada develovrment Drocess.)

Svstem Generation or SYS5GEN - This process 1avolves
crezating an operational svstem for a target computer.
It uses ilntegrated components ©i4s INSLruct.ions <o
*he operating system, the linker loader, the cata
Dace management system, and special 5Y3CEN tocls,

The output from these instructions are load modules,
a data base or files, and the structures "ha- define
the system configuration. These will then he recordad
an a transportable physical medium such as maegneti:
tape. They will be in a form suirable for loading
the system into the target ECS,

Optimization - The system, or parts of it, mav need
to be "fine tuned” to meet performance specifications,
The performance criteria will vary according to the
system and can include external criteria such as
response times for transactions, or internal criteria
such as memory limitations, “thrashing® by the virtual
operating system, or priority structures,

The programming environment must be able to support Ada
as well as other Navy standard languages or authorized non-
standard languages. Supporting Ada requires: a compiler,

a run-time environment capable of the tasking and exception-
handling features of Ada, and a mechanism to handle the
separate compilation facilities of the language,

2.4.2 Methodologies

In many ways, translating a design into a system for
the target computer is a straightforward (indeed, almost
mechanical) task. Thus few methcdologies and many software
tools are available for this aspect of software development.

ured Programming - One-in, one-out contrii

St tur
structares are used {or all programs; =hus, 2roQrams
are ais¢ ore-in, one-out. Programs are viawed as
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2.4.3

function composition of the one-~in, one-out control
structures providing a rigorous basis for correct-
ness analysis.

Top-Down Implementation - System components can be

Jesigned, implemented and integrated in such an

order that, tnroughout the integra-ion process, in
operable subset of the system will exist; this s
called top-down implementation. As imglementation
proceeds, each new program is integrated into the
orerable subset. Top-down implementation is like
incremental development in-the-small. In fact, it is
performed within Jdevelopment increments.

Programming Teams - These have proved to be an
effective means of increasing productivity and guality
{Baker [75] and Weinberg ([71lj). On large projects,
the system design must be decomposed. Then components
can be assigned to several teams for concurrent
development with a minimum of interaction among the
teams. Productivity and reliability normally improve
when lilnteractions are minimized.

Instrumented Analysis - Errors can be identified,
located, and removed with data taken from the opera-
tional system during execution.

Parameterization -~ Well-designed systems have many
system~defining values that need to be changed as the
system evolves through its life cycle. These values
(or parameters) define such items as the number and

size of I/0 buffers, the code designated as permanently

resident in memory, and screen formating data. Par-
ameters can be either single values or tables of wval-
ues. Parameters in a well-designed system can be
changed at SYSGEN :time or at start-up time wi-ncut
modifying any of the code in the system.

Supporting Tools

The following tools facilitate implementation.

compiler - Reliable compilers are required for
nigh-level language coding. For "unstructured”
pregramming languages, such as FORTRAN, a oreprocessor

————-————-————-_______’

———————
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Assembler =~ T the ftware s

assembly language, an assemb er wi
is essential. Navy standard milita
oe supported.

Linkers and Lecaders =~ These programs Iosclve eX7e: i

references among separately cempiled or ass
grams, ancé create a "load module™® for execution an
the target machine.

Sinulators -~ Object modules for the target wachine
can be tested on the host computer with simulators.
Simulators for Navy ctandard military computers .=
a minimum requirement.

Host-Targeted Compilers - An alternative to simula-
tors are host~-targeted compilers. These tools;

use the source text created for the target comnurer
and generate object modules which can be run direct

on the host computer.

Debugger - Debugging is easier if it can be dJdone
using source text rather than object modules. The
debugger executes the source text instruction by
instruction. When an error is found, the debugger
translates the state of the computer into information
useful to the programmer, e.g., line number of the
source text where the error cccurred, values of var-
iables, input data being processed, etc. The debugger
also allows the programmer to set break voints in

the source text. These points suspend execution,
thereby allowing the programmer to examine (or medify;
variables before execution is resumed.

Pretty Printar =~ This pregram reformats the scurce
text intec & standard layout which makas the sourge
~est easler toc read.

yiadvsls Imeis -~ These wacisde programe whion
T-oduce cross refervence Listings, saps o variaoliss
«h.ch oare telingt s5et and used, 3analvs.s Ziagnostics ok
iata and Contril Sliw, as well as .ariout measaves of
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size, complexity, performance, etc. These capabil-
ities may be included as options in the compiler.

Daza Extraction/Reduction - This tool instruments
operational programs and allows information on dynamic
performance and accuracy to be extracted. The reduced
data simplifies analysis of bottlenecks, and helps to
identify poorly-performing programs.

System Builder - This tool supports the SYSGEN pro-
cess. It collects all of the programs, data and sys-
tem instructions needed to create an operational sys-
tem. It might perform consistency or completeness
tests, schedule recompilation of source text, and
automatically create jobs for the linker/loader.

The product is a generated system for ECS.

Ada Run-Time Support =~ This tool would provide the
run—-time functions to support compiled Ada programs.

2.4.4 Requirements on the SEE

Implementation will place the following requirements on
the SEE:

Baselined Products - The baselined products are the
source text, cbject modules, load modules, and any
required system generation information. The latter
might include a job control language sequence to
create the system plus the necessary system configur-
ation information and data. .-~

Non-Baselined Data - This information includes work-
in-progress, test data, drivers and stubs, and debug
and other analysis information produced by development
too.s.

Measurements - Examples of useful measurements

include data on the products of programming activities,
data on resources expended, data on changes and

errors, and subjective measurements of the gquality of
the implementation.
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correctness analvsis tegins Dy showing that the specifica-
£ion ra2flects the reguiremencts.

Figure 2.5-1 provides an overview of uthe scope of
correltness analysis {(Ferr=sntino and Mills [77)). Many
software developers are concerned with testing the compieted
system against the requirements without vagard for cthe

adequacy of the reguirements. This approach ©c correctness
analysis is unsatisfactory for the £ullowing reasons:

- The requirements mayv be inconsistent or incomplete
for proper capture of the intended purpose of the
system.

- Finding and correcting errors after system implemen-
tation is much more costly than correcting errors
where they are introduced.

-~ Corractness analysis improves the quality of soft-
ware. Quality cannot be tested into a system,

Thus, correctness analysis, as shown in Figure 2,5.,1-1,
consists of continuous analysis throughout the software
engineering process as well as testing of the implemented
system.

2.5.1 Characteristics

The main focus of correctness analysis is not reduction
in the number of errors introduced into the system, but
reduction in the error-day measure. The error-day measure
is the average length of time (in days) that an error goes
undetected. A system with a short error-day measure is
likely to be of high guality and 1low development cost
because of reduced reliance on testing to remove errors.

If a system has a long error-day measure, the system is
likely %tc be costly to develop and unreliable.

Lol x
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Figure 2.5-1: The Scope of Correctness Analysis
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Correctness analysis must span all activities to minimize
the error-day measure of a system. Figure 2.5.1-1 depicts
this coverage. The arrows indicate correctness analysis
activities as described below:

- Review of the requirements for consistency and
correctness. Because requirements are rarely defined
rigorously, the arrow is dotted. (1 on the figure.)

- IZf completeness and consistency cannot be established
at the requirements level, completeness and consist-
ency should be established with the specification
as a base. (2)

- Determining that the specification correctly
implements the requirements. (3)

- Determining that the system design correctly lmple-
ments the specification. (4)

- Determining that the design decomposition does not
violate the system design. (5)

- Determining that each unit of the implemented system
correctly reflects the detailed design and that the

implemented system correctly represents requirements
and specifications. (6 and 7)

Correctness analysis must be an integral part of each
phase of an incremental development plan. If incremental
development persists throughout the life cycle, these
activities apply to maintenance. When changes are made,

a full analysis of the system is not needed as only the
changed areas and the areas affected by the changes need
to be analyzed.

2.5.2 Methodo.lgies

The methodologies linked with correctness analysis are
either static analysis or dynamic analysi.. Static analysis
includes, in order of increasing rigor, reviews, insgections,
and proofs of correctness. Dvnamlc analysis i{ncludes a.l
sesting 2chn:Jues.
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Reviews - Reviews Jetoermine the ilnternal omgolere-
ness and consisghency of system reguirements and
zottware gneclflicaticn, design and "est infol gt
They ialsc assess its consistency wilth 12s predecess.

information. Reviews involve a broad rance 2f peop.e,
including developers, managers, users, and outside
experts oOr specialists. A review must have specific
objectives and questions to be addressed (Heninger
{78]). The review findings generate rework tasxs

for the development group.

Inspections - 1Inspections evaluate the correctness
of component level specification, design, code, test
plans, and test results. They are more formal and
rigorous than reviews. An inspection involves a
small group of people of a specific make-up, and
follows a well-defined procedure (Fagan {75}).

Proofs of Correctness - All development products
should be verified with an informal proof of correct-
ness. Certain critical kernals of code or special
applications may require a formal proof of correct-
ness.

Testing <~ Dynamic execution of the system or system
component with known inputs in a known envircnment is
a "test." 1If the test result is consistent with the
expected result, the component is deemed correct in
the limited context of the test. The following
baselined documents are created relative to testing:

- Test Plan - Defines the scope, approach, and
resource needed for testing.

- Test Procedures - Provides a detailed descrip-
tion of the steps and test data associated with
each test case.

- Test Results - Documents the results of each
test run. Unsuccessful runs trigger trouble
ceports which must be addressed by the development

group.

There are two apgroaches to testing -- black-box testing
and wnite-box testing. Black-box testing uses only knowli-
adge <of ext2rnals (tc the function) while white-box %esting
ises xnowledge of the 1nternai design of the function.
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Black-box testing uses the specification to develop
test cases (Howden [76]) and is most appropriate for system
testing because it directly demonstrates that the imple-
mented system satisfies the specification. White-box test-
ing uses design information to develop test cases (Miller

and Melton [75]) and is most appropriate for component
testing.

The relationships between system functions and compo-~
nent or system test cases should be clearly established.
Then, when changes are made to parts of a system, a subset
of test cases can be identified which will test the system
sufficiently. This process is called regression testing.
Effective regression testing is a good way to reduce soft-
ware development costs.

2.5.3 Supporting Tools

A representative set of tools to support the correctness
analysis methodologies is listed in Figure 2.5.3-1. Examples
of all these tools may exist today but not all of them could
be used. In many categories, they are not effective or they
were implemented in a narrow environment such as for FORTRAN
only. A brief description of each tool is given below.

Performance Model -~ Performance models evaluate
system performance constraints such as response time.
The evaluation is performed by an analytic model or
simulation model based on the system design. 1If the
performance model is used to evaluate regquirements
feasibility, a high-level design is assumed.
Performance models have been developed for many
systems, The Navy 1s currently developing a
generalized modeling tool called Performance Or:.ented
Jesign.

Prototyping Aid -~ Developing an operational
prototype will allow evaluation of requirements and
design approcaches. Executable design languages night
te useful in this regard; there are several examples
of these, such as APLGOL used on the LAMPS program,

lonsistency/Ccompieteness Ana.vzer - These .c0.s3
ali anaiys.s of Lnterna. c-consistency ané zcmpleta2ness
when specificaticonsrequirements are axpressed 1 2
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Correctness Analysis

e 1-37

[Te

ISR EAER A EREER LRSS SRS R EREERERRSRSESRNERNENFEEREEENENFEEER EE IR EINE &SR N




Page I-48 2.5.3 Methodologies and Tools: Jorrectness Analysis
Supporting Tools

IEEE SRR R ES R EREEEXERES SRR RRRERRER R RRRRERRRRRRRRElERR Rl Rl SR

machine-interpretable form.

Standards Checker - Standards checkers cerform
static analysis Of code or documentation and identify
standards violations. Some tools address part of
this ‘ob but none ¥nown t~ the authors would conform
to Navy MIL-STD--1679,

Assertion Analvyzez =~ These analyzers verify that

code correctly Llmgplements specification by check.ng
the tryth Of tae assertions {(empbedded in the code)

against actual program execution.

Symbolic Execution - Symbolic execution is useful
I0r proving the correctness of certain classes of
programs. It involves "executing” them symbolically
to prove certain assertions. The existing tools are
aimed primarily at FORTRAN programs.

-

Theorem Prover -~ Theorem provers automate proof-of-
correctness technigues. This technology is not in
use by production software groups.

Test Harness - A test harness provides the framework
for unit testing of procedures. With it, orogrammers
can 1nteractively define the procedure interface,
Jcepare test data, run an instrumented test, and
display the test result,

Test Data Generator - Rased on a given testing
strategy such as "test every path," this tool will
automatically develop test cases based on the code
{or perhaps the design).

Hardware Simulator - Hardware simulators allow
Qosect code Lor a target computer o be :testa2d on tne
ncst ceomputer.

Jost-Target Compiler = A software alternative to
hardware silmu.ators which use source text toO cenerate
obcect code that 2xecutes on the host computer.

Test Resu.ts Comparazor - This %00l compares actua.

uUn.t test results against 2xpected resul%ts. It i1ssues
1 trcuble repors 1f the %test ¥Yesu.Is are not correct.

Envircnment Simuiator, Stimulatce - The simulatcr
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Jduplirates che cperational 2nvironment of the ECE in
a1 vest facility. This is done before inteqration

s th the senscr and weepon systems, The stimeizv -

tes-s the system by simulating input vuch as sensor

and weapon interface signals.

Performance Monitor - These tools permit measurement
of system performance parameters, such as response time,
algorithm processing time, channel utilization, etc.

Data Extraction and Reduction - These tools help to
analyze the system dynamically. During execution,
data is captured and stored, and later reduced by
processing to create reports for the dynamic analysis
activity.

Scenario Generator - These tools control the complex
parameters which create the scenarios and drive the
simulation of the environment.

Black-Box Test Generator - These tools generate
functional test skeletons by using the specification
of the software system. The analyst then completes
the scenarios by adding detail to the skeleton. The
tools should include sampling technigues to assure
adequate coverage of the specification.

Reliability Model - These tools use the error
history of the system over its life cycle to estimate
a reliability measure for the system.

2.5.4 Regquirements on the SEE

The requirements on the SEE data base, derived from the
correctness analysis, are summarized below.

Baselined Products - Test plans, test procedures
and test results (of correctly executed tests) are
all baselined. They are controlled by configuration
management. The results of inspections and procfs
might also be baselined.

Norn-Baselined Data - The non-baselined dJata includes
WOrK=1n-progress, static analys:i:s data, trcuble
reports, and denus cdata. Temporary storage of this
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type of information 15 vegu.red.

Measurement Data - A number Of measurements issoc-
1ated with correctness anlaysis should be captured.
These include: number ~f modifications to a unit
number of errors found rer unit, number of test runs,
number of errces Ly errar category, and hest cover-ge.

The support system must draovide a framewcork for =zach
couwl 1Jenczified 1n Section 2.5, 3. In ~articular, tne
drmands o0 the 30pport SYStem levied Ly $itel "est Can oe
axtensive, One Or more dedlcated computers may de raguired
£o host tne environment simulator to support a system test
of an ECS. Special hardware may also be reguired to inter-
face *he environment =simulation computer with the target

computar oOr subsets of weapon svstems.

2.6 Management

Management has the responsibility of ensuring that the
software meets 1ts delivery goals of schedule, cost and
quality. Figure 2.6~1 illustrates the management prccess.

Planning and organizing resources results in the crea-
~icn 2f a development plan which shows how the resources,
ipplind within the software development pcocess, will meet
the delivery goals of scheduls, cost and quality. The plan
must alsc be able to accomodate modifications due t35 author-
ized <¢hanges and unexpected problems. Monitoring evaluates
Jrogress according to plan, effectiveness of Jdevelcopment
activities, and the Juality of the products (intermediate
and final}). The control activity is used to *-ake corractive
acrtion wren necessary.

Z.6h.1l Zharactaristics

Planning: The activity of planning involves est.mazing
what 1s needed to meet the objectives of the prolect, and
then or3janizing and allocaylng the resource to serfcrm :the
#OrXK, T3Timazion must consider the si e and compiexity oI
~ne scfiware Teing deveioped, =he sxill mix and sroductivity
2f the development orofessi“na s, <he schedu-_, Jctential
droblem areas, and the power and scpnisticatiacn ©f tne sup-

. .L“‘ B
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Man and Organize Hesources

!
|
|
|
|
?
Monitor " ey

Evaluate Progress, Activities and .
Quality of Products i

Corrective Action Needed?

Yes No
4
CONTROL ACTIVITY

1. Analyze Aiternatives
2. Make Decisions ;
3. Take Corrective Action ]

Foaure 2680 Tre Monggetien T ncess
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Tort rescurces.  Cnce 2stlmation 1s complete, the resources
will be organized and allocated to do the work.

Monitoring: This management activity is used to guage
the progress ot the work to date, the quality of the products
to date, tne quality of the development process, and the 4
adherence :to standards. “anagement must e constantly aware
2f the expenditure Of T2;01urce Lo meet the proiect goals
and tiae 2rogress of thv work toward the milestone Jdates.
Management must take Coogective actlon on expendltures or
orogress woizh 1s not acenrding <o plan,

Jsing guality assurance technigues, the guality of
edch product is compared to a pre-established index of quai-
ity. Products not meeting the standards would reguire
rewark. Accomplishment against plan is checked when pro-
Jress is avaluated. Technical progress and resources
expended must be watched against the budgets and schedules
of the development plan, and deviations marked for correction.

Quality assurance techniques are also used to check
=he gquality of the development process and adherence to
standards. The techniques used are similar to those of
correctness analysis. Reviews, inspections and test results !
ave audited and analyzed with deviations noted for correc- i
z.ve action. '

Controlling: Control must be maintained over both the
development process and the products of the process. The
control of the process focuses on meeting the goals and
oblectives (established in the development plan) through
the use of available resources., Authority i{s delegated and
responsiblity assigned through an organizational structure.

The control of preducts focuses on the groducts of
each activity in the software development process. {on-
fijuration management protects products bv creating a
master copy (l.e., a "baseline™) against which controlled
changes are made. This ensures the consistency of the
evolving system as requirements are defined, specifications
are Jdocumented, the design is de-relored and implementead,
and changes made.
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frecedence Networks - This planning methodelcgy 13
used to aialyze task dependencies and to devermine
the criticail a*h of developmpnt activities, 3uch an
analysis is uaua 1ly needed to Jdefine a real:istic
schedule. [t i1s also useful in evaluatlng contin-
gencies and creating contingency plans.

Change Control - This is the core of configuration
management. It controls all changes to bhaselined
products. The approval process for changes might be
as follows.

- The written request for change is submitted to the
configuration management function. It might come
from a change in regquirements or from a trouble
report documenting a defect.

- An assessment is made of the technical feasibility
of the change, and its impact on schedule and budget.

- The change is approved or disapproved based on its
value and cost.

- The Jdevelopment plan is modified and resources
adjusted to addé approved changes,

rn

ri

D

ied change is entered intc Lhe new

- The fullv v
baseline,
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Meny tools are applicable ©o management and can suppor<
“ne methcdcelogies and activities described acove. Some of
the more useful :tools for management include:

Resource Estimation Model - This software uses a
data base of measurements on past projects, along

1zh a descrintion of the new system, td creacts
2source estimates for development.

ISHE

Automated Precedence Network -~ This software crea
crecedence networX cnarts and determines the critic
catn based on the input of detailed milestones and
orecedence relations.

Automated WBS - This tool helps to create budgets
and a work breakdown structure.

(V)]

chedule Generator - This tocl uses output from the
secedence nrztwork, and orcanizational respensibil-
~ies (related to the WBS), to create schedules by
rganizacional entity, :

|

0y

orore

Change Request Tracker -~ This tool logs change
requests when submitted, tracks them through the
aporoval cycle, and records their resolution.

Resource Scheduling Aids -~ These tcols permit
resources, such as computers, cvonference roons,
terminals, and test equipment, to be scheduled.
Jsage reports on the resources and the scheduling of
the resources are the main functions of these tools,

lecort Generators - Report cenerators create
nanagement reports on technical, budget, and admin:-
strative status.

2.56.4 Reguirements on the SEtE

The activity of management impcses the f2..cwing
requirements on the SEE data base.
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Non-Baselined Dara -~ Significant amounts of infor-
mat.on associated with the management must be Xept
temporarily. This information includes engineering
change regquests, trouble reports, resource allocatiorn
piang, actual resource utilization reports, =echnical
milestone status, action item status, and the results
of guality assurance reviews,

Measurement Data - Many measurements are of interest
to management. These include the number of engineering
change proposals (ECP), and trouble reports (TR), time
to process an ECP or TR, resource use for each ECP

or TR, resource use by project activity, and software
size and complexity measures.

The support system must have certain minimum capabilities
to support management. These capabilities go beyond provid-
ing for the tools identified in Section 2.6.3. The support
system must provide an authorization mechanism that allows
management to protect the project data base from outside
influences. It should also limit access by internal users.

On the other hand, management must be able to monitor all
aspects of the project including the evolving products.

3. An Abbreviated Software Engineering Process

The software engineering process described in Sections
1 and 2, if rigorously applied, could significantly improve
development productivity and software reliability. Optimis-
tically, it might allow production groups to produce two Or
three times as much as they do now. Unfcrtunately, this
level of improvewment will not be encugh %o meet the Navy's
projected demands sver the next ten years. An order cf
magnitude improvement in productivity {or ncre!, 1is needed.
THUS, mechocds fcr shortenring the software encineerins
Trocess are needed.
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Thus far, the main focus of automation has been the
mechanical or clerical aspects of the software engineering
process. Actually, this semi-automates only a small part
of the entire process. The quickest way to abbreviate the
vrocess of developing software is to learn how to adapt
existing software to new software systems. This is analc- '
jous to grefabricated parts, the technigue which revolution-
ized the industrial process. Some, or even all, of the
design, implementation and correctness analysis activities
can be eliminated for parts of a software system under
development.

The potential for savings is significant. Although
most software development today i1s treated like the first
of its kind, there are few instances where similar functions
have.not been implemented already. Even in an ECS, where the
complex nature of the system suggests that each new system
is unique, there is much common function from system to
system. For instance, command and control systems are
largely a collection of functions common across different
c? systems, e.g., DBMS, display, message processing,
communications, etc. 1If we capitalized on this commonality
in the context of a modern software engineering process,
order of magnitude productivity improvements are feasible.

Two concepts which provide a basis for reusable software
are common components and application skeletons. Common
components are programs which embody a certain function or
class of functions which might be useful in several systems.
(An example 1s a data base management system.) An applica-
tion skeleton is a partly implemented software system
designed for a class of application. It can be tailored
to a specific applicationm in the class. An example is a
sim/stim system skeleton comprising simulation problem
contrel, chysical models, and a man/machine interface for
simulation control. However, it requires developing specific
weapons simulation code and interfaces to the target ECS
2f concern. The sim/stim application skeleton might repre-
sent "% of the completed system.

For common components and application skeletons to
become a real force {n productivity improvement, several
conditions must be met. Just as industry had to have
standards for the use of prefabricated parts, common com-
ponents and application skeletons w#will alsc reguire rigor-
ous standards. These standards will have to address iater-
face and development guidelines. Once standards are estab-

R R e - ooy oy
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Other tocls no ald efficient tailoring of common componencs
or applicaticn skeletons also will pe needed.

The software engineering process described 1n Sections
i and 2 provides contextual reqguirements for a SEE. The
full support of common components and application skeletons
also is a requirement on the Navy SEE. This support can
help the Navy meet its projected needs for software.
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o
~as chdaracrarived as an integrated sys*em coaslsting of o
zomgnler-oased support svstem and iaba vase. The pur wasp
of tn2 85BL is to support all persconnel involved in trne

dvve-opmn“* and contlnulng adaptatlon of software, a.ccoc-
ding "2 1 well-defined dcctrine of software engincerinc
2isciplines. Tart [ outlined such a doctrine o pr:v-ie
the conrext fov the SEFE requirements. Part II prov.des

requiremencts for the SEE.

Altnough the approach taken in this requ.rements
document assumez a close tie of the SEE cequicemenus ¢ <
unified set of software engineering disciplines, nor all
ellorns 1o build environments have folloved this l.ons.  loe
.ernacve s the so-called "tool wit" apprcach wherein 3

sez of tools (pussibly integrated) is provided., w~ith o
implied zcnstraints on the choice cf methodcloglzs or -e
Of :zhe tocls. An esample 0f a twol kit approach is the
Jnix Pr >3Admmer s Wworkbench (Dolorta [757). The tool kit

agproacnh 15 viavle fcr scme envirernments supporting code
gJeneration., When regquirements analvsis, specificatien,

and design are to be included, the tool kit approach ‘s

inadequate as these activities invelve 3 high degree of

intellectual and creative activity.

The primary characteristic of the SEE, as defined in
this document, is that it is methodology-driven. However,
several requirements are included which are derived from
useful tool kit concepts. For instance, tools toc build
tools have been proven valuable in tocl kit approaches and
are included in the SEE requirements.

The SEE must satisfy several general requirements. In
summary, they are:

-~ Scope - The S5EE must support all activities of the
life cycle of software as defired in Section 1.1.2.

- Apolicatnion - The SEE must adequately suppert the
‘L....—.__ -

Y
leve.opment and continulng adaptaticn of Yavy ECS,
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must be able to be rehosted on commercial and mili-
tary computers.

~ Evolution - The SEE must be flexibly designed
as software engineering methodologies and tools are
still evolving.

- Re-use - The SEE must encourage the capture of
oroven designs and implementations for re-use
without re-invention

- Reliability/Availability - The support system
must be reliable and stable enough to support
long periods of uninterrusted operation.

The SEE requirements are described in the following
subsections. Section 1 addresses the SEE data base. It
describes the content and different views of data that
must be supported. Section 2 addresses the requirements
for the support system. These requirements are described
in terms of characteristics of external interfaces, func-

tional capability, performance constraints, and design
constraints.
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L Data base

The data base of the SEE is i%s major integrating
leiuent. It will contain the current state of the coftware
vstem, the current state of the development process, and
istorical data reflectirg previous states of development.
in short, it will retain all the information on the activi-
ties of the various personnel working on a project.

The clear implication is that the SEE data caze will
contain far more data than currently stored in library
systems and specialized files today. For this reason, the
design of the data base and its relation tc the suppor:
system components 1< a key concern in the implementaticn
of a modern SEE.

This section of the dccument presents requirements fcr
the SEE data base. An effort has been made to avoid any
design implications which might overly constrain future
SEE designs. Therefore, the contents of the data base andg
relations among data objects in the contents, are
described but no logical or physical structure for the
data is imposed.

The contents of the SEE data base have been put into
categories, rather than simply listed, to aid in understanding
the data base. Many choices for categories were possible.

The categories finally chosen represent classes of data
having common contrcl attributes., As an example, the
"baselined"” category contains all data objects which will
be controlled by configuration management. The five major
categories chosen for data objects are:

- Baselined - Any data object considered to be a
part of the software system baseline and thus e
under control of configuration management.

- Non-baselined -~ Any information which is transient
or represents "work-in-~progress" towards a
baselined object.

- Measurement - Metrics derived from the development
- process activities for use by management, software
analysis, or historical guantitative analysis.

- Archive - Any guantitative cor gualitative data £from
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any of the other four categories retained for
historical purposes.

- Support System Library - All of the software and data
assoclated wlth the support system including tutorial
data, standard error messages, and SYSGEN data.

Basides the view of the data base defined by the above
categories, macro relations and micro relations must also e
supported. These views are defined in the relations section
of tre data base description as macro relations, (those
relations that encompass a large number of data base objects).
There are also many micro relations (those affecting small
numbers of objects) that must be defined in the data base
design; these are also described.

The following sections on the data bhase contents and
relations capture the essentials of the SEE data base.
However, many details have been omitted due to the magnitude
of completely defining all data and data relations. It is

feit that the degree of detail is sufficient for the intended
purpose of this document.

1.1 Contents

The contents of the SEE data base are described below
in the five categories outlined in Section 1. The contents
are described in terms of coarse objects, e.g., design
information, test plans, and temporary source areas.

A standard format is used for all data object descriptions

to pDermit conciseness and ease of reference; the format is
illustrated below.

OBJECT NAME (*': description of the data oblect.

[List of undefined data items or
elements composing the data object.]

Forms: [text or tables or graphics
or language or encoded.)

Reference: (reference to discussion
relating to> data obiect in Part I

or II.)

b
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. ‘ne asterisk (*, will be eithev W for reculre:
or ) for optional; required ittems s o LoT,larr
maraatory fow lnciusien in oa SZE while or miona

ones are not.
2. The term "text" under Form{s) means Enalish prose.

3. The term "language” covers all formal languages used
in a SEE: a formal grammar structure, a formal
semantics language, formal mathematical excressions,
JCL (job centrol language) procedures, cr formal
programming languages.

4. 7The term "encoded" refers tc computer-created
executable code which is either translated from
source text or combined with other executable
code modules to create executable load modules.

1.1.1. Baselined Products

A baselined product is any data object which is "owned”
by management and controlled by the configuration manage-
nent preocess. This implies that baselined products persist
over the life of the software system and that changes (o
these objects are controlled very closely. The SEE must
provide a means to manage change deltas to baselined prod-
ucts such that an audit trail is possible.

In development projects today, the baselined products
are the source and object code, generated systems, and
supporting documentation. Some of these baselined products
are in electronic form, while others may be maintained as
printed documents. In the SEE, all baselined products will
be maintained in electronic form in the SEE data base.
Printed documents can be created at any time using the infor-
mation stored in the SEE data base.

The haselined products are described below, organized
by the development prccess activity which creates them.

A. Regu:irements Analysis

+

-

tn

FURMATION (R):  The captured semain:ics
rugulrements for the software system.

EMANTICS
2f the

1Y K
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[Definition of terms, relations among terms,
references to documents containing the
requirement, references to other base-
lined products for traceability]

Form(s): text, language, graphics

Reference: 1I.2.1

Specification

SOFTWARE SYSTEM SPECIFICATION (R): The description

Design

of what the software system is to do; the speci-
fication must be written in a formal notation.

(External interfaces, operatiohal modes, output
functions]

Form(s): text, tables, language, graphics

Reference: I1.2.2

SOFTWARE DESIGN (R): The description of how the

system is to be implemented; the description
must be written in a formal notation.

[Module hierarchy, module specifications,
abstract data structures, process design
language (PDL)]

Form(s): text, language, graphics

Reference: I1.2.13

Implementation

SOCRCE CODE (R): The source code for all programs;

the code 1s written in the appropriate program-
ming language.
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SYSGEN DATA RV jay dacta required by the svstem
jeneration tools to create system load modules
including parameters for cperating systems,

axacutives, or configuration definitioen.
Form(s): table, encoded, language
Reference: I.2.4

SY3TEM LCAD MODULE (O): An image oI zne
system in machine-executable form.

43}
(@]
th
(r
EY
[
[
D

Form(s): encoded

Reference: I1.2.4

. Corre2ctness Analysis

CCRRECTNESS ANALYSIS PLAN (R): A description
Oof the total corrs :tness analysis
approcach to be t . .n for requirements
analysis, specit.ication, design and
implementation; the plan will also include
resource requirements and schedules.

Form(s): text

Reference: 1.2.5

TEST PLAN (R': A descripticon of
to be taxen specificaliy fo
it will include resource re
schedules,.

TEST PRCCEDURES (R): Tescrigticn o©f <he
individual test3 maxing ip 3vstem test
and :n.t tasts,
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Torm(s): text, encoded

Reference: I1.2.5

»3;

. Management

DEVELOPMENT PLAN (R): The current plan governing
all gevelopment or continuing adaptatinon
activities.

;Organization, work breakdown
structure, resource estimates, budgets,
progress status, and schedules]
Torm(s): text, tables, graphics

Reference: I1.2.6

STANDARDSS 'O The curvrent Navv <r groject

T 7T e¥andards for vezulrements, specifications,
desian, implementat:icn orcaram code and
test), correctness anaivsis of 31l phases,
Juailty 2ssurange  JAT, Tonildaration nanaje-
nent (CM), and managemean<,
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Form(s): text, tables

Reference: I.2.6

ECP/TR LOG (0): A log of the status of all engineer-
ing change proposals or trouble reports.

(Date of acceptance, organizational entity
assigned, date completed coding, etc.]

Form(s): text

Reference: 1.2.6
G. General

DERIVATIVE DOCUMENTS (0): Data objects used to
generate any standard documentation, e.qg.,
a User's Manual which might be derived from
information in the specification or design
data objects.

{User's manuals, systems programmer manuals,
SECNAVINST 3560.1 documents, etc.]

Form(s): text, tables, graphics, language
DOCUMENT TEMPLATES (O): Shell of standard documents

that can be filled from other baselined data
objects to create derivative documents,

‘Form(s): text, encoded:

AUXILIARY DOCUMENTS (0): Documents which are not
derived from baselined data objects and which
may be defined as baselined data objects,
e.g., externally-created documents entered via
the SEE text editor.

Porm(s): text, tables, graphics, language
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1.1.2 Non-Baselined Data

The salient characteristic of non-baselined data is
that it is temporary in nature (i.e., working material),
and is still in the iterative process. People with assigned
work must have space to work. These spaces are used to
store work-in-process, results of analysis runs, schedules,
etc. Devices such as "mailboxes"” (for message communication
among project members) would also be included in this
category.

An individual space should be defined such that data
objects within it are “"owned"™ by the individual and access
by others is controlled by the individual. This space
access must not be so restrictive as to limit management
review of technical status.

Examples of data objects which might reside in work-
spaces are described below by each development process
activity.

A. Reguirements Analysis
TRIAL DESIGN (O): Preliminary designs of sufficient

detall to support analysis of the feasibility
of requirements.

Form(s): text, language, graphics

Reference: I.2.1

MODEL INPUT (O): Model input parameters describing
-a trial design. :

Form(s): text, language

Reference: 1I1.2.1

MODEL RESULTS (O): Results of a modeling run
evaluating a trial design,

Form(s): tex+t, takle

Reference: I1.2..

© e ——————

[ S R
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PRCTCTYPE (Q): An operational prototype of a scft-
ware system.

Form(s): language

Reference: I.2.1

SEMANTICS ERROR LIST (0): A list of incomplete
or 1nconsistent areas identified in the
semantics information by a semantics analysis
tool.

Form(s): text

Reference: I.2.1
B. Specification

PARTIAL SPECIFICATION (0O): A specification, or
modifications, leading to a baselined specif-
ication.

Form(s): text, tables, language, graphics
Reference: 1I1.2,2
SPECIFICATION ERROR LIST (O): A list of incomplete,

inconsistent, or syntactically incorrect in-
formation comprising the specification.

‘Form(s): text, table

Reference: I1.2.2

C. Design

PARTIAL DESIGN (0O): An incompclete software design,
or design modifications, leading to a baselined
software design.
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Form(s): text, langquage, graphics

Reference: 1.2.3 i

iy

DATA FLOW DIAGRAMS (O): A graph diagramming the {
various states and transformation of data as !

it passes from input to output. .

¥

Form(s): text, graphics 1
Reference: I.2.3 4

.HIERARCHY CHARTS (0): A directed graph depicting a 1
hierarchic relation among software components. ]

Form(s): text, graphics

Reference: 1I1.2.3
D. Implementation

PARTIAL PROGRAMS (O): Prior to baselining: An
untested program, a partially developed
program, or a modification for a baselined
program. .

b |

orm(s): language, encoded

Reference: 11.2.4

STUBS (O): Stubs used in unit testing of a program.

Form(s): language

Reference: 1I.2.4, I1.2.5

STATIC ANALYSIS DATA (O): Output of a static analyzer
run against a partial program.

Form{s): text, tables
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Reference: I.2.5

DEBUG DATA (0): Output of a debug run against a
partial praogram.

Form(s): text, encoded

Reference: 1.2.4

-

2. Correctness Analysis

PARTIAL TEST PROCEDURES (0O): Test procedures in
development prior to baselining.

Form(s): text

Reference: I1.2.5

INVALID TEST RESULTS (O): Results of test runs
against a partial program.

Form(s): text, encoded

Reference: 1I1.2.5

TROUBLE REPORTS (0): A report of an error detected
in the baselined software system.

Form(s): text

Reference: I.2.5, I.2.6
F. Management

COMPUTER SCHEDULE (O): Current schedule for com-
outer use Dy various organizational units.

form(s): text

Reference: 1.2.6

E S S
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Non-Baselined Products

BUDGET TO ACTUALS (O): An up~to-date comparison

of actual resource used against budgeted
resources, including manpower, time, and com-
puter resources.

Form(s): text, tables, graphics

Reference: 1I.2.6,

MILESTONES (0O): An up-to-date record of status

agalnst milestones as defined in the baselined
development plan.

Form(s): text, table, graphics

Reference: I1.2.6

ALTERNATIVE PLAN ESTIMATES (0): Resource

General

estimations associated with alternate plans
for recovering from unexpected delays or
resource expenditures.

Form(s): text

Reference: 1.2.6

BULLETIN/MAIL BOX (O): A mechanism for broadcasting

news of system or project interest, or for

.sending a message from one individual to

another; (optionally) displayed on the
interactive text device or included
on any user-generated output.

Form({s): text
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duNT time-cag measurements before they are stored. The
372 data nase must be aocla to store segquences of time-taucged
neasuremenis representing an object tyge.
A. Product Measurements

Examples of measurement data in the product subcategory
ire 3iven below.

NUMBER OF SEMANTIC ENTITIES (0): A count of the
semanti® entities in the semantics (nformation.

Reference: I.2.1




Data Base: Contents Page II-17
Measurement Data

IEEEEAZ 2SRRI FRRR 2222022222 RR 2R iR X2 RX2AR 222Xt RoZRE

NUMBER OF SEMANTIC RELATIONS (0O): A count of the
one-to-one relationships among terms in the
semantics information. The number of semantic
entities and the number of semantic relations
provide a measure of complexity.

Reference: 1I.2.1

NUMBER OF SPECIFICATION FUNCTIONS (O): A count of
the distinct functions identified in the speci-
fication.

NUMBER OF MISSING KEQUIREMENTS (O): A count of the
specification inputs, outputs, operaticnal
modes, functions, or design constraints for
which no traceable requirement has been
identified through the semantics information.

Reference: 11.2.1, 1.2.2

NUMBER OF MODULES (0): A count of ithe modules defined
in the system level design.

Reference: I.2.3

NUMBER GF PROGRAMS (0): A count of the programs in
the detail level design.

Reference: I1.2.3

Cm e

NUMEER OF LINEE OF SOURCE TEXT (0): & count cf the
lines ¢ nen-couwmentary source text related to
the onerational software system.

Reference: 1.7
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RESIDENT MEMORY (O): A count of the number of
bytes of memory required by the nucleus and
transient areas of the operational system.

Reference: I.2.4

NUMBER QF KNOWN DISCREPANCIES (Q): A count of
the known discrepancies between the specifica-
tion and the requirements, or between the im-
plemented software and the specification.

Reference: 1I.2

RELIABILITY (QO): A statistical estimate of soft-
ware component or system reliability based on
error history and (perhaps) complexity measures.

Reference: I.2.5
B. Process Measurements

NUMBER OF ERRORS FOUND (Q): A count of the number of
errors found in the software products.

[by product (specification, design, etc.); by
increment, release or version; by types of
error; by severity (i.e., effort needed to
fix) )

Reference: 1.2

MAN MONTHS EXPENDED (0): A count of the man-months
of effort expended.

[by organizational entity; by life cycle
activity; by product; by increment, release,
or version; by individual]

Reference: 1I1.2.6
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INDIVIDUAL PRODUCTIVITY (O): A count of the man-
months of effort expended in certain activities,

{by product, by version]

Reference: 1I1.2.6

NUMBER OF CHANGES (0): A count of the number of
changes made to a baselined product.

[by release, by version, by life cycle
activity within increment]

NUMBER OF COMPILATIONS (O): A count of the number
of compilations of a program before accep-
tance for baselining.

NUMBER OF TESTS (O): A count of the number of unit
tests of a program before success.

1l.1.4 Archive Data

Archive data will contain a history of all projects
including the project's data base and especially baselined
data. Archive data should be kept after the development
phase and probably after the operational life of the system.
Analysis of it will help software professionals learn from
the past, both from successes and from failures. It should
| be mandatory for the baselined data (of the developed
i system) to be available, either online or in archive form,

; during life cycle support. Archive data, because of its
potential volume and infrequent access, will be stored
off-line. Media such as magnetic tape or microfilm would
be appropriate.

Archive data might include data objects from any of the
other four categories. For this reason, nc data objects are
y explicitly defined for this category.

“ne needs to be able to find and retrieve the desired
data objects tc make arch.ived data useful. Anr 1ndex of
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arci.7ed data must be created and wasncalacd.  Iadeasny
should be based on the time of archival, the project name,
the software system name (as modified by release and
version); all of these indices are needed. The index nust
contain a brief description of the data object and pointers
to where the data is stored.

1.1.5 Support System Library

A support system is an integrated set of computer-bas
tools supporting all of the activities of the software eng
neering process., The support system library will contain
all of the tools comprising the support system; it will
Also contain data assumed to be part of the support system
such as tutorial information, error information or SYSGEN
data. The support system library is considered baseline
data; therefore, the library and all modifications to it are
under configuration management,

The data objects of the support system library category
are described below.

SYSTEM SOFTWARE (R): Systems software components
‘including operating systems, data base manage-
ment system, telecommunications handlers,
utilities, etc.

[specifications, design, source code, object
code, etc.]

Form(s): text, language, encoded
Reference: II.2.2.1
GENERAL SERVICES (R): Scftware components of the

support system for general application use such
as a text editor and document generator.

(specifications, design, source code, object
code, atc.]

Form(s): text, language, encoded

Reference: I1I.2.2.2.1
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vsvecrficaticn, design, sourcs coua, o
cede, etc.)

Form(s): text, language, encoded

Reference: 11.2.2.2.2

USER-GENERATED TOOLS {O}): Any ool ur
individual or project for limitzd a;

[specilication, design, souvrce .:de, o2 ect
code, etc.]

Form{s): text, language, encoded
APPLICATION PARADIGMS (O): Reuseable ccmponents or

program skeletcons used to reduce deveicpment
time and cost.

[specification, design, etc.]
Forr(s): ruext, 1anquage, encoded
Reference: II1.2.2.2.3

TUTORIALS (R): 1Informatvion provided when "help” 1is
requested by an interactive us-rt.

]

e text

crm(

{7]

1.2 Relations Among Dota BRase Objects

Crie 01 cne unigue aspects of the 3SEE data base s the
ernzansive deqgrae ¢f 1ntervalation among the data objects
descrited ‘n Sect.on IT.1.l., These 1nterrelations will
Jr=atly complicate che -on ~f Jesigring the data tase
styvactare ard deta Lese mAanacement systen ([ DBME).  The
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purpose of this section is to describe the relations that
must be accommodated in the SEE data base.

Not only must one-to-one and one-to-many relations be
accommodated, as in a hierarchically structured data base,
but many-to-many relations must be accommodated as well.
Ffor example, the "linked from" relationship is many-to-many
because one object module can be linked from many other
object modules, and many object modules can be linked from
a single object module. If the number of many-to-many
relations in the data base 1s high, a relational DBMS for
the SEE might be more appropriate than a hierarchical
DBMS. The issuye of hierarchical versus relational organi-
zation for the data base needs further investigation.
Analysis is needed of such key factors as how the size of
the data base and the activity volumes impact performance.

Two classifications are used to describe the SEE data
base: macro relations and micro relations. Macro relations
tie many objects of the data base together to form a "meta
object,”™ an object with many parts which need to be refer-
enced as whole. Macro relation data will allow a meta
object to be addressed with one reference. An example of
a meta object would be a list of all baselined source pro-
cedures belonging to Project A. Micro relations reference
two or more objects in the data base.

1.2.1 Macro Relations

There are nine macro relations. Five are categories
described in Section II.l.l: Dbaseline data (and products),
non-baseline data, measurement data, archive data, and the
support system library. The other four macro relations
are: project, release, version, and increment. Since the
first five categories have been described, only the last
four are defined below.

Project - A project is an organizational entity
Wwilith an assigned development responsibility.
Therefore, a project macro relation identifies all
the SEE data objects belonging to (controlled by)
the proiect. These might include data objects in
the baseline, non-baseline, measurements, archive,
and support system categories.
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Re.e2ase -~ A release .S & 37 1c software system
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which has been Jdeploved ance .s »perational.
software systém may nave many cel b
1T1fe cvclie, and would inclaie alil 3 B
to a project, but is normally a cubset 2f a o

Version - A version 1s a variation of a release.
Different versions of the came release mich: oo
required to support multiple (but slightly different,
physical installations of the system.

Increment - An increment is a management uni«< of a
project associated with incremental development.
There may be several increments leading to a siagle
release, or an increment could equal a release
after the system is operational.

It weuld simplify processing associated with macre
relations if they could be represented in some hierarchic
structure, but such a hierarchical crdering is not pract:ical
for macro relations. As an example, .t would be convenlent
to associate a release of a software system with a prciject.
However, in practice, many r=leases might be controlled
by a single project and, for very large systems, many
prcjects might be associated with a single release. Simi-
larly, many releases of possibly different systems might
use the same version of a baselined subsystem controllied by
another project, and many versions of a system might be
associated with one release.

Macro relations can be thought of as different views
({possibly overlapping) of large pieces of the SEE data
base. The many-to-many nature of these views again suggests
that a relational approach might be better than a hierarchical
approach when designing the SEE data base.

1.2.2 Micro Relations

There are many limited relations among data objects
that should be supported by the SEE. These relations are
called micro relations because they are significant as
small sets of data objects. These micro relaticns are
briefly described below.

Traceability - Traceability relates individual
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LOualCEILa wv wuf pacit wa Che SpeccliiZazicon,
design, and source code which implement them, and to
the data which demonstrates their correctness.

This capability is useful in assessing the impact

of reguirements changes, and in defining regression
test sets for changes to the baseline.

One method of attaining traceability is through use
of the relational nature of the semantics tools
defined for requirements aralysis. These tools can
be used to establish references to the specification,
design, source text, and to test baselined data
objects.

The SEE also shall provide for traceability directly
through the use of micro relations. The traceability
relation will allow a direct tie of requirements to
baselined objects, or an indirect tie using an
associative attribute as shown in Figure 1.2.2-1.

Derivaticn ~ Many data objects are related because
they are derived from other data objects in the data
base, In some cases, it is important to retain this
relation explicitly to simplify the later use or
modification of the derived data object. An example
of such a situation is the inclusion of derived doc-
uments as part of the baselined products (see Figure
1.2.2-1. Another 2xample is the binding of certain
classes of measurements to the objects they measure,

Ancestry - Most data objects change during develop-
ment and during the life cycle of a system. In many
cases, such as source code of programs, it is impor-
tant to maintain the sequence among predecrs ssors.

An ancestry relation shall be provided to llow

for this.

Version - The version macro relation refers to the
YEX=200 A
mutation of a system or system release. To make
this view workable, micro relations should exist
which identify different mutations of date objects.
For example, certain programs might have s :veral
current implementations or versions.

Association -~ Certain data objects can be related in
ways that should be identified explicitly. For
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example, a performance model might have been developed
for an alternative system design. It is important

to bc able to associate this model with the appropri-
ate design.

The SEE support system should be capakle of monitoring
the data objects identified as having micro relationships.
It should flag reprocessing when one data object within a
micro relation is changed. An example would be a change in
a design. The source text and related data objects would
need to be examined and possibly adjusted.

- e -
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Examples of Micro Relations
among 3aselined Products




2.0 Support System Page II-27

S A NSSEEEA AR AR RS R RARRERRRRRARRRRRRRRRRRRRERRRRRRRR KR

.

2. Support System

A support system is an integrated set of computer~based 1
tcois supporting all activities of the software engineering ‘
process. The term "integrated” implies a system where :1
related tools have simple, compatible interfaces and a ‘
consistent structure across all tools. The suppor%t system {
contains a host computer and peripheral devices, extensive
software, and special interface egquipment. o

The support system requirements presented do not con- i

strain the choice of hardware or the hardware architecture.

These decisions are reserved for the SEE designers. How-

ever, characteristics of I/0 devices, target system inter-

faces, and performance constraints are given which restrict

the degree of latitude in hardware selection. Some design

constraints are defined for the software to ensure port-

ability, architectural flexibility, and ease of change.

The support system {hardware and software) must be
capable of handling all requirements of the standard
military computers used by the Navy as well as future
extensions to these computers. The Navy standard com-
puters include the AN/UYK-43, the AN/UYK-44, the AN/UYS-1,
the AN/UYS-2, the AN/AYK-14, the AN/UYK-7, the AN/UYK-20,
and CpP-642.

The support system must have a mechanism for creating
a2 hierarchy of priorities between projects and between
groups of users (or individuals) within projects. Creating
and maintaining the priority structure is the responsibility
of the management function controlling the critical resources
of the SEE.

The requirements for the support system are presented
in the following sections. External interfaces, functional
capabilities, performance constraints, and design con-
straints are described. In each section, an introductory
discussion is followed by itemized requirements. This
format was chosen to improve traceability and correctness
analysis for future implementations., Most of the itemized
requirements are mandatory and are marked (R) for required.
Dptig?al characteristics of the support system are tagged
Dy (0).

The sections under Support System vary widely in the




!

Page II-28 2.0 Support System

L2 RREREREEAREERLRRRR RS2 222X RRRERRRRRRRRZRR 22 ]

number of details presented. Because of the importance of
the command language as the primary user interface, it is
given detailed treatment. The text editor and the report
generator are also given special emphasis because of their
general applicability across activities. Special tools are
not addressed in detail due to the treatment given them in
Part I of this document.

2.1 External Interfaces

The external interfaces to the support system include
the command language, I/0 devices, and interfaces to target
systems. The command language is important because it
provides the only means to access SEE resources, and
because of its importance an entire section is devoted to
it. The characteristics of the I/0 devices are defined
only as necessary to ensure minimum capability. The universe
of possible interfaces for target systems is given with
general information provided for special devices supporting
simulation/stimulation.

2.1.1 Command Language

The main objective of the SEE command language (CL)
is to support software professionals by augmenting the
creative, intellectual activities and automating the cleri-
cal activities. The CL provides access to SEE resources
by SEE users - managers, designers, programmers, and
testers. The CL is the only way to access the SEE data
base and support system functions. It must be consistent
across all SEEs.

Because of the wide range of user skills, interests,
and use patterns, the CL must be human-engineered for both
the casual and the sophisticated user. A simple, easy~to-
learn subset must be available at one end of the spectrum.
At the other end, the CL must have the characteristics of
a high-level programming language for the user who must
perform complex work assignments on the SEE.

Such a diverse set of users, accessing the SEE resources
and representing many different projects, will require the
CL to have a comprehensive and flexible set of access con-

i aadutn,
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trols. These controls must maintain the integrity of the

SFE resources as
or user's data.

with a means for
products and SEE

well as protect the integrity of a project's
These controls will also provide management
controlling access by personnel to baselined
resources.,

2.1.1.1 Characteristics

The following sections list the required characteristics
of the SEE command language.

2.1.1.1.1 Simplicity

The command language must have the attribute of simpli~

city.
1

Users (R) = The CL must support a range of users
Trom the inexperienced, casual user to those who
use the SEE for complex work assignments, For the
inexperienced user, the CL must be capable of use
in a simple, non-procedural, menu-driven form.
Prompting (R} - When used interactively, the CL
mus* have a prompting mechanism to ¢id the inexpe-
rlenced user; prompting must be erpliclitly reguested
to trigger it.
Defau.ts (K) - The CIL must siwplify its use by
including defauits., Parareter defaults, as well as
“he apilifyr tc custcmize processing seguences chousd
be available.

2. 1.1.2 Power

The commend Tonguie must alsce rave power:

T e UG Y om e
T 2rlvian Lhe U3

2NG  L4NGwage Ior
T oinc.ude cendi-
, argument han-
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dling, variables, string manipulation, named proce-
dures, and simple but powerful I/0 instructions.

Additional Capability (O0) - Additional programming
capabilities should include control of stored proc-
edures via parameters and simple but powerful
arithmetic expressions.

Pipelining Capability (R) - The CL must support

the concepts of "pipeiining®™ and "redirection.”
Pipelining defines the standard output of one pro-
gram as the standard input to another with both to

be run in sequence. Redirection defines a non-stand-
ard destination for output upon error termination

or normal completion of a program.

User Extension Exits (R) - The CL must be extend-
ible through user-defined commands like functions
in a high-level programming language.

2.1.1.1.3 Integrity

The command language must foster reliability:

Reliability (R) - The command language must be
designed to foster creation of reliable programs.

2.1.1.1.4 Syntax

The syntax of the command language must have certain
attributes: - '

. Consistent. (R) - The CL syntax must be consistent
from its high-level, non-procedural use, down to
its detailed use as a programming language. It
must also be consistent across all SEEs.

ASCII Character Set (R) - The CL must use the ASCII
character set.

Included Comments (R) =~ The CL must allow comments
to se 1ncluded i1n CL procedures.
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English Structure (R) - The CL must be similar
to English with a provision for abbreviated forms
for the experienced user.

2.1.1.1.5 Entry Modes
The command language must support several modes of data
entry:

Interactive (R) - The CL must be available in an
interactive mode with prompting support.

Batch Control (R) -~ The CL must. control the execu-~
tion of batch jobs in the SEE.

Automatic Invocation (R) =~ A CL procedure must be
capable of being invoked from storage as though it had
been triggered from an interactive or batch mode.

2.1.1.1.6 User Aid

The command language must provide prompting information:

BELP (R) =~ “"Help" must be available to the inter-
active user at any point during command entry. Help
information must include the purpose, use, and for-
mat of commands and command arguments. The Help
function must be designed to serve as an immediate
source of information for a specific CL command or
function.

Tutofial (0) = Tutorial support should also be pro-
vided to educate a user interactively in the basic
capabilities of the SEE and the CL.

Abbreviated Commands (R) - Shortened CL commands
and names must be provided to simplify data entry
and reduce key strokes.
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2.1.1.1.7 Exception Handling

The command language must be able to handle a number
of exception conditions:

Messages (R) - Informative messages in English must
pe provided when a CL-related exception condition is

detected. The messages would have to include errors

related to syntax as well as content.

Specific Identification (R) =~ The specific command
or argument causing the error must be identified.

Correction (R) = Correcticn of the error must be
minimized to the data in error.

Abort or Redirection (R) =~ The ability to specify

a redirection on a given error condition must be pro-
vided. Also, an abort on the error condition must

be permitted; the abort must be graceful and the

user notified.

2.1.1.2 Capabilities

The following sections list the SEE capabilities avail-
able through the command language.

2.1.1.2.1 Session/Job Control

The command language must control both sessions and jobs:

Sessions (R) = An interactive session between a user
and tne SEE must be started and ended through the CL.

Satch (R) - Batch jobs must be started and controlled
during execution through the CL.
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English Structure (R) - The CL must be similar
to Englxsh with a provision for abbreviated forms
for the experienced user.

2.1.1.1.5 Entry Modes

The command language must support several modes of data

entry:

Interactive (R) - The CL must be available in an
interactive mode with prompting support.

Batch Control (R) - The CL must. control the execu-
tion of batch jobs in the SEE.

Automatic Invocation (R) - A CL procedure must be
capable of being invoked from storage as though it had
been triggered from an interactive or batch mode.

2.1.1.1.6 User aid

The command language must provide prompting information:

BELP (R) = “Help® must be available to the inter-

active user at any point during command entry. Help
information must include the purpose, use, and for-
mat of commands and command arguments. The Help
function must be designed to serve as an immediate
source of information for a specific CL command or
function.

Tutorial (0) - Tutorial support should alsco be pro-

vided to educate a user interactively in the basic
capabilities of the SEE and the CL.

Abbreviated Commands (R) - Shortened CL commands
and names must be provided to simplify data entry
and reduce Key strokes.
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2.1.1.1.7 Exception Handling

The command language must be :ble to handle a number
of exception conditions:

" Messages (R) =~ Informative messages in English must
De provided when a CL-related exceptiocn conditicn is
detected. The nessages would have to include errors
related to syntax as well as content.

Specific Identification (R) =~ The specific command
or argument causing the error must be 1i1dentified.

Correction (R) -~ Correction of the error must be
minimized to the data in error.

Abort or Redirection (R} =~ The ability to specify

a redirection on a given error condition must be pro-
vided. Also, an abort on the error condition must

be permitted; the abort must be graceful and the

user notified.

2.1.1.2 Capabilities

The following sections list the SEE capabilities avail-
able through the command language.

2.1.1.2.1 Session/Job Control

The command language must control both sessions and jobs:

Sessions (R) = An interactive session between a user
and che SEE must be started and ended thrcugh the CL.

3atch (R) - Batch jobs must be started and controlled

dJuring execution through the CL.
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2.1.1.2.2 Access Control

The command language must control user access to SEE
resources:

Access Control to SEE (R) = An access control

mechanism must be provided to protect key SEE
resources. These resources must include executing
SEE programs, SEE programs resident on the data
base, and any other data in the SEE data base which
is vital to the correct operation of the SEE.

Access Control by Project (R) - The access control

mechanism must support certain management functions.
It must be possible to restrict the access of project
personnel to various classes of project data. The
baselined products, in particular, must be completely
under the control of configuration management,

Data Protection (R} - Individuals must be able to
define data in their work space as private. This
must not preclude management inspection of work-
in-process.

Control of Security Classifications (C) - The access
mechanism should provide for security classifications
for designated portions of the SEE data base.

2.1.1.2.3 Data Base Manipulation

Tre command language must control the manipulation of
data obijects:

Data Base Creation (R) =~ It must Dbe dossitle
Create new data base obrects through the CL €fa
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Data Base Utilities (R) <~ Tt mus
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2.1.1.2.4 Program Invocation

The command language must control the use of programs:

Program Invocation (R) - The CL must be capable of
iavoking SEE programs or any other program in the
SEE data base.

Interactive/Background Interface (R) - The CL must
be capable of creating background jobs from an inter-
active session and report to the user the status or
results of the job and the disposition of the data.

2.1.2 Characteristics of SEE Hardware

SEE's are very sophisticated systems. The importance
of its hardware should not be underestimated as it has a
significant impact on the quality and performance of the
SEE to the user. The SEE must support many users with
widely differing applications and requirements. It needs
good, reliable hardware to fulfill its mission.

The SEE's processing power will not be discussed. The
hardware it needs to support its users directly will be
discussed but in terms of general characteristics. Detailed
specifications for hardware will not be presented. The SEE
hardware needed to support the user directly is listed:

Interactive Text Display (R) =~ This video device
must support the display and entry of data inter-
actively. It must display at least one page of
alphanumeric data. It must be easily read and
designed for minimum fatigue with continual use.

I~ must have local memory eguivalent to two full
pages. It must allow remote correction to the SEE
via a synchronous protocol. It must provide for
upper and lower case, have a clearly visible cursor,
support the 128 character ASCII set, contain special
function keys, and allow selection of character or
£ields on the display.

Bulk Printer (R) =~ This device must be designed
£or high speed printing of entire alphanumeric text
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addressing a sina.e2 (il1sTiay Tilcture elsoqgent (onoXxeil.
Buik Text iatry () =~ Tnis dev:ice zhould scan
printed alphanumeric text and ele rtronically 2ncode
them automacicallv. It should e capable of reading

multiple fonts.

S8ulk Graphics Entry (O) = This device shouuld scan
line graohics and electronically encode them auto-
ratically.

Quality Printer {(F) - Thnis device must create
printed outpu: of nublication <gcvality ‘i.e., camera-
ready copy). [t must suppeor: aultiple tconts and
simple line grapbics,

This device should crsate
ion quality.

Graphics Printer (0Q) =~
complex, high quality graphics of publica*

Individual Workstations (C} - Individual worksta-
tions, pased on microprocessor technology, might ke
provided for users. These devices should be abhle to
hold portions of the SEE data base temporarily, and
to operate in either stand-alone or attached modes.
They should provide the eguivalent I/0 capability of
an interactive text device with printed output and,
possibly, interactive graphics.

N

The SEE computers must support, either directly or
via I1/0 controllers and communication controllers, the fo

E
lowing physicai interfaces: Zlectronic Industries Association
{EIA) RS—-.22C. RS5-422,/422, X.21, IEEE 488, and ogtionally
X, 25. All T/0 devices shall adhere to> at least one of
wne reguivad thiree physical nwe face standards. For par-
atlel transfer, the Amevrican Standard Code for lnfcurmation
Interchange ALUII 1 U-bit~plus-pgarity ccde must be used.
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Purvose

Operation and
control of SEE
physical resources

Development and
continuing adaptation
of ECS software

Analysis of measurement

and archive data to
improve software
engineering process.

Figure 2.1.2-1:

I/0 Devices

Interactive Text
Display (R)
Bulk Printer (R)

Interactive Text
Display (R)
Interactive
Graphics (R)
Bulk Text Entry (O)
Bulk Graphics
Entry (O)
Bulk Printer (R)
Quality Printer (R)
Graphic¢cs Printer (R)
Individual Work-
stations (0)

Same as for
project personnel

SEE User Classes

_—
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2.1.3 Target System Interfaces

The SEE must support interfaces to ECS target systenm
equipment mainly for supporting software tests and ECS
system tests. Various interfaces must be provided to the
target systems on the assumption that the SEE provides for
down-line loading of the ECS software, environment simula-
tion, data extraction and reduction, and performance moni-
toring in support of tests.

The target system interfaces can be divided into two
classes: computer-to-computer and sim/stim. The first
class addresses computer-to-computer links between SEE
computers and target computers. The second class addresses
interfaces for stimulation of target system equipment.

The computer-to-computer interface will link a SEE
computer to a target system computer such that each appears
to be an I1/0 device to the other. The standard Navy mili-
tary computers supported include the AN/UYK-43, AN/UYK-44,
AN/UYS-1, AN/UYS-2, AN/AYK-14, AN/UYR-7, AN/UYK-20, and
CP-642.

The stimulation interfaces for target system equipment
will be supported through one or more interface controllers
with the following characteristics.

Modular Interface - The interface equipment will
be modularly constructed and programmable; this will
simplify changes to handle the special interface
requirements of new target system equipment.

Signal Conversion - The interface will provide
for analog/digital, digital/synchrn, and other con-
versions to support special target system equipment.

Format Conversicn - The device will be caralile of
format conversions under program control.

2.2 PFunctional Capability

This sectionn describec the functicns »f the support sys-
rem, 1% 135 only concerned witn “ha externally «ccessible




v - . -
- s ey

t ~ - - - < - - L Lot
B T s o sa et Ly 2ddressed
e et e o o I .o \.;;.A‘._;.H‘...A: Hae dwasz o suftwaLe
e i v e e O
e e . v a . dzzaao oo systeEm Sunc -
Dhwiim duvd o e wnde® s ae o e o LoD oyatel LunCctlons

{

ppors systen, 2oordinacion
and the itntegrity of the
ing runcrions iaclude

$ses Ilrect.yY supporting

sonztrol fas J:sourses i
amon< mulziple intaract:i.
data vase. The softwar~
data base manipulations
the software engineeri.:

L.
[V R
=G e U
3 M U
O
t O

,
Ias
<
>

2.2.1 3ystem Functicus

The support systes wust provide interactive and batch
rulesdsing in an envircnment With many users. It wibl
L .tzol all use of systen resources, s3upport iocal or remote
4s2rs or. A high-priority ctasis, and support satch processing
on a low-pricrity basis.

Y I o

2.2.1.1 Multi-User Interactive Support

The system must support multiple users in an interactive
Qnvironinent:

Multiple Users (R) - The system must support mul-
t“1ple users accessing SEE resources in an interactive
wcde; users may be either local or remote.

Resource Sharing (R) - The svstem must 2llow shar-
ing of SEE resources; contention for limited resources
shall be efficiently coordinated.

Multi-Level Security (R) - 1In the implementaticn of
any Of the system services for a SEE, no design
decisions should be made that would preclude the
implementation or retrofit of multi-level security
operations.
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2.2.1.2 Background Processing

The system must provide a foreground/background envi-
ronment :

Foreground/Background (R) - The system must have
both a foreground and a background mode thus taking
advantage of the inherent nature of interactive
processing. The system will allocate most of its
priority resources to service the foreground, thus
providing good response for short, interactive
processes. Background processing must be provided
to make full use of system resources. Stacked
batch jobs will be started automatically by back-
ground as rescources become available. (Batch jobs
are sequential in nature and reguire no manual
intervention.) Batch jobs can also be run in fore-~
ground.

Batch Jobs (R) = It must be possible to enter jobs
on a queue from an interactive session without
terminating the session. Notification of the job
status, and access to the results during the inter-
active session must be possible.

2.2.1.3 Data Base Management

The system will provide full data base support:

DBMS (R) - The data base managemeri: function (DBMS)
must allow creation, retrieval, and modificaticn of
data identified in Section II.1l.1, and must include
data relations.

Logical Views (R} - The data base management func=-
“ion must support lcgical views of data base cbrects
3s i1dentified in Section II.l.2Z2.

High -Level Punctions (R) = The 4data tase management
function must allcw manipulation of the data base
through high=-level function calls which reguire nc
knowledye of the physical organizatior 2r locaticn

of the data.
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2.2.1.4 Purpelining and I:direction

The svstem must suprort pipelining and redivrection:
J jadi r 2

Pipelining (R, - DPipelining permit:z several suo-
grams to be run in succession without operator
intervention. The output of cne program can de
deslgnated as the . nput to one or more succeeding
orograms via temporary €iles or buffers.

Rodirection {R) - Redirection of output due to
abnormal error ccnditicns or termination of a “ob
must be supported.

2.2.1.5 Operational Control

The system must provide the system operator with a
full set of controls:

control of Support Svstem (R) - Control must be
v1a the on-line cperator's console. The operator
must have adequate facilities and flexibility to
control how, when, and to what extent, system opera-
tions are performed. Functions such as system
startup, monitoring of operations, and system termi-
nation must be available. All system functions

must be capable of operation in full, partial, or
degraded modes.

System Configuration (R) - The system operator
must be able to configure the system during startup
or during operation. Reconfiguration shall be
non-disruptive to system users. (Configuration
changes can be made for a numkter of reasons such as
a component failure, the need for preventive mainte-
nance, or an intermittent error condition.)

Sackup and Restore (R} = The operator must have a

o>f
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Shovt-term and long-term backup stcrage must be
avallable, the first for active data and the second
: for inactive data., The operator must e able to
‘ restore active data quickly and inactive data simply
and directly. Restoring inactive data will requice
search arguments (such as project identifier) to
locate the data before it iz restored.

Svstem Degradation (R) -~ The support system musc
be able to degrade gracefully under increasing
levels of system errors. System users must be

i provided either automatic or.semi-automatic save

i procedures so that work-in-process can be saved

! before a forced or unforced sign-off. The system
must log the status for later analysis at the point
of degradation or crash.

System Recovery (R) - The operator must de able to
restore the system automatically, either fully or
partially, after system degradation or a systen
crash. The operator also must be able to determine
the system configuration, and the status of tie
background job stream, at the time cf the degradaticn
or system crash.

System Statistics (0O) -~ The support system should -
weep adequate statistics on what resources have

been used and by whom for analysis, cost accounting, 1
and billing.

2.2.1.6 Remote Access

The svstem must 3UpPpPOrt remnte CsSers:
remote Users (R) - Users whe are remete Jecaraph-
1:31;; MuUSt D0 acie Td access 3SEE rescources oOver
IeLLUOMmRUnNLcAl LUns pdtns I0Y 2ither Intaradtive M
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patch operations.

Remote User Interface (R) - The interface must be
the same for remote users and local users.

2.2.1.7 Access and Resource Control

The system must provide certain control functions:

Access Control (R) = A system mechanism must be
provided to control access to the SEE via a system-
wide list of authorized users. Access control must
also include password protection.

Resource Contrcl (R} - A system mechanism must Dbe
provided to control access of authorized users to
SEE resources. Resource control must also include
password protection.

Data Protection (R) - A system mechanism must be
provided to permit data to be protected as read-only
data, read/write data, or update data (read implied).
It must be possible to protect data (files,

records or fields) via a password mechanism. Such
protection shall not limit management control.

Security Protection (R) =~ A system mechanism must
be provided for protecting all or part of a data

base containing classified information. Such a
mechanism must also be capable of protecting project
information separately. (Encryotion is one technique
for protecting information either par+-ially or fully.
Different cryptographic keys can be used to grotect
information from different projects or different
users or both).

2.2.1.8 Utilities

The system must provide a variety of general-use
functions:

SEE Data Base Transport (R) - The SEZ must provide
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Full-Screen FEditing (R) - The text editor must sup-

port full-screen editing on a full page of text as
displayed on the interactive text display.

Buffering Capability (R) - Edit operations must be
pertormed on text 1n an edit buffer and will have

no effect on the data base copy until a store opera-
tion 1s explicitly given. Text in the edit buffer
#w1ll be viewed on the display through vertical and
horizontal scrolling commands. It must be possible
to merge separate text objects in the edit buffer.

Split-Screen Mode (0) - Multiple edit buffers
should be assigned to a single terminal user. It
should be possible to view these through split
screen operations; each edit buffer would be acted
upon as though it were supporting a single terminal.

Text Composition Mode (R) - The text editor must

support a text composition mode with the following
minimum operations:

- <Continuous typing with word wrap,

- Automatic reflow of text when
column boundaries are changed, and

- Insert and delete operations which exceed single
line boundaries.

Character String Substitution (R) = The system
must provide for the substitution of one character
string for another, wherever it appears within a
designated block of text, or within the edit buffer
in its entirety.

Tap Control (R} = It must be possible to define
tapbs on the screen to simplify cursor movement.

Cursor Positioning (R) =~ Control of the cursor posi-
tioning from the terminal must permit up, down, left,
and right movement, and commands for "home."

Edit Command Sequences (Q) =~ The system should cer-
mic named sequences of edit commands to be stored.
These sequences should be invoked to operate on
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data placed 1n the edit ouffer,

“onsistent Sfvntax (R) = The syntax and counverti.n
ol toe ed1t commands wust ¢ consistent wiith tihe
command language syntax.

)

Structured Progamming (3) =~ The editor should
support structured programming technigues Ly auyto-
matically indenting PDL and code, according :zo the
nested use of concrol structures, and automat:ically
uanderscoring PDL keywords.

Highlighting (O) - The editor should use highlight=
1ng (or reverse highlighting) to emphasize text
elements which are subjects of certain operations
such as an error condition.

Line-Oriented Editing (R) - The text editor must
provide certain line-orlented cperations: line
numbers for use in edit operations; a "f£ind" command
to locate a line number or chacacter string; commands
to insert, delete, move, or copy lines or blocks of
lines; commdands to shift lines or blocks of lines
left or right; and commands to insert, delete, or
replace characters within a line.

2.2.2.1.2 Document Generation

The system must provide a general purpose report gen-
erator:

Formatting (R) -~ The document generation function
must format text for viewing on an interactive
text device or for printing or plotting graphic ™~ —

material. NN ————

Photocomposition (G) - Text should pe formatted
Zor photocomposition equipment (or equivalent!.

input for Document Generaticr R} =~ The inpuar

- 4 p N

functlion must perm:i: text, sympoilc codes repre-
senting strings to be substituted in the text bef

printing, embedded commands which control text
format, and macro commands. {Macro commands are
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user~generated super commands conslsting Of groups
of embedded commands.)

Page Layout (R) - Certain page layout functions

must oe provided:

~ Line formatting including concatenation, center-
ing and right and left justification;

- PDefinition of blank lines for spacing;
- Definition of paragraph style and spacing;

- Provision for multiple fonts designated by running
headings or text blocks;

- Column definition;

- Definition of top, bottom, left, and right
margins;

- Provision for running headings and footings, and
automatic page numbering; and

- Definition of tab settings for tabular informa-
tion.

Text Composition - Certain text composition func-
tions must be provided:

- Automatic flowing of text into columns for proper
width, length, and layout specifications;

- Provision for inseparable text;
- Hyphenation;

- Provisions for text blocks which must stars at
the top of a page or the top of a column.

deadings - Up to seven levels of heading must be
allowed, each with unique formatting specifications.

Taple of Contents =~ Automatic generat:ion of the
~acle of contents with page numbering must be zro-
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vided. Optionally, manual placement shall be allowed.
Footnotes =~ Fluaving footnotes must e placed at

the oottem of tiie appropriate pages or obticnaliv
placed at the back of the document.

Revision Indicators - Provisions must o2e made :cr
Indicating revisions on each page.

Dicticnar - Provisions must be made to pros i
function for checking spellinc >f scandard =ncl
as well as project~specific terms, acronyms and
mnemonics.,

Index and Cross-Reierence - Provisions must e

wade for automatic ganeration of *evms fiadggec .
an index or cross-—referonca,

standard tyntax - The syntax and corven: Lons weed

Fnr Ihe Irtoraction with “nis too) mLss Le cOLS1SLer.
Wwiih these defined for the (L.

2.2.2.1.3 7Tool Bui:.ding Aids

The asyutem mugt encourage the creatlon and use of
tools concrructed fron too! atoms {rtocl fragrents) . Tools
will alw.'s he evolving as old tools a:e extended, new
tools are created, and single-use tools are quickly con-
structed and discarded. The tool building mechanism shou.d
he sianle, flavible and efficien: to use.

IO must orovtde a setn of
Y o Arams . These atems alolx
peocforw oA cenmitarias woth s
~roms ¢ . SOTTLEgre =g wel ng Lo
T MLALRIN 0L EeL nogh aunTort o tOsy e sl
NG EranTio 20 T oot oong,
.
> L = g eraT IO SroL ranLos
~ e Yoy toon RS i S SELrG et L Es L et
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?01 atoms will e degigned for, and mestly used by,
ne software engineering specialists. This approacn
lmits the general application of tool atcms but
lso simplifies the design and interface structure
nce tool atoms need not be designed for universal
e. This does not preclude the use of tool atoms
appilication programmers (and others) but they

se willing to learn how to design and construct
s from atoms.

w w r~‘(1 3

=5 UL
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ccmpbining Atoms (R) Tool atoms must be designed

for combination in pipelining fashion, or as calied
orocedures within a command language program.

Index (R) = An index of abstracts describing avail-
able tool atoms must be provided. This index would

be used during tool design and implementation.

2.2.2.2 Activity-Specific Tools

Requirements for activity-specific tools are derived
from the discussions of activities in Part I. These dis-
cussions outlined the methodologies which lead to the need
for automated tools. This progression from activity to
methodology to toeol is summarized in Figure 2.2.2.2-1.
Descriptions of each tool can be found in Part I under ‘the
appropriate activity description.

Only a small set of the tools is mandatory and marked
(R) for required. These are the tools required for the
formal recording of baselined products plus some frequently
used analysis tools. All other tools are marked as optional
(0). This approach is in line with the strategy of rigor-
cusly defining the baseline product methodologies, but
2l.owing the professional freedom of choice in the suppors-
ing methodclogies and tools which augment analysis and
creativity.

Each of the tools in Figure 2.2.2.2-1 to 2.2.2.2.6
should possess certain basic characteristics to assure
integration within the SEE support svstem. These charac-
ceristics are:

Standard Capapi.ities {(R' = FEach activity-specific
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1§ naxdacvory, and wihich iaclufes a comxanc . angu. 7,
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somrand language acooss all SETs.

Ionsistett Svnarnax: opticrnal Tools (L - wTzuzver
POSSIDIE. OPLictiul ACHIV.Iy~SSRCLELC tooli Wil
lnciude a command iarncacge should e irpleinsnted 50
that rheir commend language syntax and 7 nvenoi s
are consisteni witf the SEE command languace.
High-laevel Langquage (R} ~ Each acrivitv-cpecific
tocl must Se imp.emented in a high-level language

tO ensure porlabiliity.

Pipelining (R) = Certain groups of activity-
speciilc tOols must be implemented n such a way
that pipelining is possible among them. The sets

of such tools that must have pipelining capapiiity
within the set are shown in Figure 2.2.2.2-7. The
arrows ==> indicate the seqguence taken by pipelining,
while the braces [ ] define the se<t cf tcols in the
pipelining sequence.

Instrumentation (R) ~ Activity specific-tools must
be instrumented to generate the measurements data
described in II.1l.1.3,

——
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2.2.2.2=-1: Flow 0f Regquirements Analysis:
Activity to Methodology to Tooc:
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Activity Methodology Tool
Formal Language Analyzer (R)
Recording

Completeness Report Generator (R)
Specification Analysis :::
Consistency Consistency/Completeness

Analysis Analyzer (O)
Correctness — Modeling Tool (O)
Demonstration

Figure 2.2.2.2-2: Flow of Specification: Activity
to Methodology to Tool
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s Infovie Cod ALy e Sne il lration
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\\ T~ Stapw:iie kellnement  Theo

AR - SXE - -

- T~ PUL Iatergreter . i

Modeiing Tooli:

. v - Data Flow &nalySLS\\\
\\ N pata Structure
\ A Transformation
\\ Graphic Packages (O}
Graphic 7Jecomposition
Technigues //////’
Graphic Control

Technigues

Figure 2.2.2.2-3: Flow of Design: Activity
to Methodology to Tool
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Activity Methodology Tool
Assembler (R)
Compiler (R)
Structured Preprocessor (R)
Programming
Pretty Printer (R)
Design Extractor(O)
Analysis Tool (O)
Top-down
Implementation Implementation Linkers/loader (R)
Host~-targeted
_ Compiler (Q)
Simulator(O0)
Debugger(0)
: System Builder(O)
Parameterization
Ada Run-time (R)
Support
Instrumented
Analysis Data Extraction/

Reduction(0Q)

Figure 2.2.2.2-4: Flow of Implementation: Activity
to Methodology to Tool
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Activity Methodology Tool

Performance Model(O)
Reviews <Prototyping Aid(0)
Consistency Analyzer(O)

Inspections-::::Standards Checker(Q)
Assertion Analyzer(O)

Proofs-—==:::::::Symbolic Execution (O)
correctness Theorem Prover(Q)

Analysis

Component Test Test Harness (R)
Test Data Generator (R)
Host-targeted Compiler (O)
Hardware Simulator(QO)
Test Results Comparator (R)
Environment Simulator (R)

System Test Performance Monitor (R)
Data Extraction/Reduction (R)
Scenario Generator (R}
Black Box Test Generator (R)

General Reliability Model(0O)

Tigure 2.2.2.2-5: ¢Flow of Correctness Analysis:
Activity to Methodology to Tocl

DUV S
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s Activity Methodology Tool
Resource Estimation
////// Model (0)
Estimation Automated Precedence
: Network (O)
Management Precedence Schedule Generator (0)
Network

Change Control— Change Request Tracker (R’

Automated WBS (0)
Other Planning Resource Scheduling
Aid (0)
Report Generator (k)

Programming Teams

Figure 2.2.2.2-6: Flow of Management: Activity
to Methodology to Tool
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Requirements Analysis:

[Semantics language processor
==> gemantics information browse
==> gemantics analyzer
==> report generator]

Specification:

| (Language analyzer
7 ==> consistency/completeness analyzer
a=)> report generator]

! Design:

[PDL syntax analyzer
==> PDL interpreter
==2> report generator)

Implementation:

[Preprocessor
==> asgembler or compiler
==> pretty printer
aa> design extractor
==> analysis tools
2=> compiler or assembler
==a> linker/loader
==> hardware simulator
=3> debugger
==> data extraction/reduction]

Correctness Analysis:

[Test data generator
==> test harness
2=> hardware simulator)

-
<

igure 2.2.2.2-7: Pipelining for Activity-Spvecific Tools H
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2.2.2.3 Application Paradigms

Many software design and implementation problems are
well understood and continually recur in new systems,
Unfortunately, the designs and implementations of previous
systems are not captured and reused in succeeding systems.
Thus, a significant opportunity for productivity improvenment
is lost.

Two features of the SEE are described to address this
serious problem: reusable components and program skeletons.
Reusable system components are commonly recurring components
which can be designed and implemented once with appropriate
parameters for tailoring to different applications; these
components might include firmware. Program skeletons pro-
vide the structure into which application-specific modules
can be incorporated.

2,2.2.3.1 Reusable Components

The system must support and encourage the creation
and maintenance of reusable components:

Interface Standard (R) =~ A rigorous interface
standard must be provided for all candidate reusable
components; it would govern design, implementatiocon,
and documentation.

Library (R} - A library of reusable components
must evolve for use by all development activities,

Index (R) - An index of reusable components includ-
1ng summary descriptions and specifications, must

be provided to help the designer locate appropriate
components,

2,2.2.3.2 Program Skeletons

The system must also support program skeletons:

Design Standard (R) - A rigorous design standard

S
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must be provided for any major software system or
subsystem to be implemented as a skeleton.

Skeleton Library (R) = A sparse library of sub-
system or system skeletons must be provided for use
in new development activities,

Sunporting Tools (R} - A set of supporting tools
must be be implemented to aid in the expansion of
the skeletons.

2.3 Performance Guidelines

The performance of 2 SEE plays an important role in
~uneapvtions~~how well it responds to users, how many projects
¢ «an handle, and how reliably it performs. The basic
yeacit, reaquivrements, wten overlaid on the functional and
vecface vequirements, will determine the type and size of
rho system. The selection of hardware, software and data
3svoa are alli influenced by these requirements.

i
™

The s3ize of a SEE cannot be stated definitively as it
l..pends on the installation. Sizing must consider factors
3+ ~h 18: +the number of projects supported, the size cf the
¢..ojects, the number and size of simulations, and the user
pornilatinn., These factors will influence the size charac-
rerigtics: number and power of processors, memory, on~lire
data 3torage, number of I/0 channels, number of user ter-
minals, and off-line data storage. These sizing factors
also intluence the support software: operating system,
utilities, access methods, communications protocol, and
uanique software requirements,

The SEE must be planned for no more than 60% of the
available capacity for normal operations. This permits
more growth of the SEE during its early years. The SEE
must be capable of a 2008 growth in capacity through a
natural, design-consistent expansion of the hardware.

An effective SEE must provide a stable environment for
the users. This means not only high reliability (i.e.,
infrequent failures) but high availability (infrequent
periods of extended outage). Assuming that reliability is
high, availability can be kept high by having a well-designed
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nedular svstem and kv having rontipgency nlans for imexrpeaied
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are available ‘e.g., an alphanumeric display).

Partial system failure: failure of a component for
which hacian 12 not availadble, resalving w0 rest thoied

apeprailon of <he sgprort sysvem {(o.q Failare of
channel),

System failure: any failure of a Xey system component
that renders the entire support system i.operable and
for which no backup is available.

Software can also fail:

Environment changes: software environment changes can
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2.4 Design Constraints

Saveral SEE design constraints are mandatory: it must
be rehostable (capable of being moved easily from one host
to another host computer), it must have ease of extension,
and it must support Ada.

A SEE is rehostable if it can be moved to a different

ncst computer and hecome Juickly operable with the instal-
lation of the host-unigue kernel. The ability to rehost

a SCE can ornly be acnieved through extensive use of a
high~level language, asud through keeping machine-dependent

code within the non-trangportable kernel. All code outside
the kernel must be independent of the hardware and the
opesating system. Tools must be completely portable,

The attribute of being extendable can be attained
- vgh a flexible architecture and a standard interface
“~r aew tools. The flexible architecture allows tailoring
r a variety of hardware architectures. New tools can be
alied to the support system if they comply with minimum
interface standards.

2.4.1 Independence

The SEE design must support independence of software
in the following areas:

Portable SEE (R) - The support system software must
be portable except for the machine-dependent kernel.
The abstract interface to kernel services must be
identical across all implementations of the support
system.

1/0 Interfaces (R) - All I/O devices must be inter-
faced through abstract device interfaces to minimize
the impact of changes.

Data Base Independence (R) - The support system soft-

ware, with the exception of the data base management
system, must be unaffected by the physical organiza-
tion or the location of the data base.

Data Base Design (R) - The logical and physical
desligns of the data base must be strictly separated
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2.4.2 Architectural Flexibility

The SEE must be flexible:

Adaptable Architecture (Q) - The support system
software should be adaptakle to a distributegd
mini-computer architecture, or to a large mainframe
architecture, or to a hybrid architecture,

Geographic Distridbuticn (C) - The support sysia2n
s>frware functionsg should be adaptable to teograpi:ic
distribution, This might be accomplished “hr~:ab
system generation changes alone.

2.4.3 Ada Compatibility
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Some Background on

Software Development
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jnificantly affected 1f software causes delays in the
troduction of new systems or malfunctions 1n the weapon
stem. Fither situation i3 likely, given the stresses on

quality of the software engineering practices and tools.
1.1 A Comparison of Two Systems

This section compares twc operational systems to show
the disparity in software engineering practices 1in the
Vavy. The two systems are not ECS but are included under the
MIL-STD-1679 umbrella.

figure A.l.l~1 contrasts the software engineering
vractices and associated information for each system. The
most striking attribute of the contrasted systems is that
each 13 like a snapshot of the software engineering practices
accepted as the norm during their development. System A
reflects the middle 1960's, and System B the early 1970's.
The information, based on a 1980 review, shows that software
systems have an inertia which resists change. The cause
may be a lack of clear requirements, or insufficient
direction or motivation for the maintainers to re-engineer
2volving software. Even with properly meotivated maintainers,
software engineering environments for existing systems are
not designed to encourage reengineering.

Although these systems are but a small sample of Navy
socftware systems, it 1Is useful to state some generalizations
based on them. These generalizations are corroborated by other
Navy groups and systems.

Application of Standard - Current standards are not
uniformly applied to Navy systems, and are not evident
at 311l in olider systems. Systems seem to persist in
thelr original state. Re-engineering to improve the
the software relative to standards is uncommon over
the life cycle of software.

Support Tools Hosted on Target Computers =~ In many
cases, the support tools are hosted on the target
computer. This pervasive practice has been detri-
mental to the software. The target computers are
constrained in power and resocurce, and they do ncot
have a good set of modern software engineering tools.
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“he late 197 . This dispariiy re.. cc:s co some
Jdegree, the sfpnxst;cation of the group cesponsible for
either the original development or current malntenance.
Another factor 1is the pervasive practice of hosting devel-
opment and maintenance on the target computer. The
restricted power, resources, and support facilities of
most existing target computers, in terms of software engi-
neering, constrain what can be done and what is available,

Although the Navy has explicit standarde for the devel-
opment of ECS scftware, the standards are unevenly applied.
Much of the ECS software inventory was develcoped Leiore
tthe adoption of MIL-STD-1679, therefore, the systems in
che ECS inventory shcw varying degrees c¢f adherence Lo
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Date Operational

Target Computer

Age of Target Computer

Host Computer

Software Architecture

Standards

Modern Methodologies

Documentation

Support Tools

| I B Y

SYSTEM A

1970
CpP901

@l6 yrs.
CpP901

Outmoded OS,
change difficult,
no hierarchic
structure

None evident

None evident

Minimum
documentation,
non-standard

Card-based
editing

Tape libraries

SYMON/SYCOL
compliler

Assembler, system

integratcer,

link-11 simulator

Jorrarcsor of Twe Operaticnal

SYSTEM B

1oy

PDP 11/70
@7 yrs.
PDP 11/70

Modern 0S,
reasonable
modularity,
structured

Partial
adherence
to 1679

Structured
programming

Warnier-Orr
design

Formal T&E

Good
documentation,
non-standard

On~1line
editing of
disk-based
libraries

Good code
generation
suprors
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Reinvention of Software - In all ECS systems today,
many common functions can be identified. Neverthe-
less, these functions are designed and implemented
anew, again and again, for each system. Development
of reusable components could strongly affect produc-
tivity and reliability.

Lack of Management Rigor - Rigorous planning, con-
figuration management, and quality assurance tech-

nigques are not consistently applied to most soft-
ware development or maintenance projects.

Lacy of Sufficient Correctness Analysis - Correct-
ness analysls and software quality are pursued
through testing alone. The necessary techniques to
ensure high quality are not used on most projects.

1.2 Currently Available Support Systems

Support Systems: The Navy has several support systems
for the development and maintenance of ECS software.

Machine Transferable AN/UYK Support Software - MTASS
is a software support tool for Navy standard computer
systems. It consists of a CMS-2 cross-compiler, a
MACRO cross-assembler, a loader, a system generator,
simulaturs, and a FORTRAN cross-compiler. MTASS
provides library support for application programs

and can be hosted on several different computers.

Facility for Automated Software Production - FASP 1is
a support system, developed by the Naval Air Develop-
ment Center (NADC). It is hosted on both CDC and

PDP mainframes. FASP supports such languages as
SPL/1, CMS-2, MACRO, and ULTRA; and it produces

code for the AN/AYK-14, AN/UYX7, AN/UYK-20, AN/UYX-32,
and AN/UYS-1 computers. It features an integrated
data base containing programs as well as project
management information. Tools available include a
text editor, compilers, assemblers, linkers, loaders,
target computer simulators, unit test tools, and
management reporting aids.

SHARE/7 - SHARE/7 is a multiprocessor timesharing
system hosted on the AN,/UYK-7 computer. It provides
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an interactive environment for the software develop-
ment. It includes a text editor, on~line debugging
aids, compilers, assemblers, loaders, target computer
simulators, and a text formatter. The language proc-
essors generate code for the AN/USQ-20, AN/UYK~-7,

and AN/UYK-43 computers. SHARE/7 supports CMS-2,
FORTRAN, SPL, BASIC and several assembly languages.

These three Navy software support systems are well-
conceived, useful systems, however, they are limited
since they address only code generation and unit test.
The important functions of requirements analysis, specifi-
cation, and design are inadequately supported. Correctness
analysis also lacks support. There is a real need to
extend support beyond the scope of these systems.

Simulation/Stimulation Systems: Another type of support
system required ftor ECS software development and maintenance
is an environment simulation system. These systems are
sometimes called simulation/stimulation systems or simply
sim/stim. The Navy has developed and operates many of
these systems today for training and testing. A sim/stim
system might consist of (1) one or more computers to host
the environment simulation software, (2) special devices
to interface the environment simulation computer to the
ECS or other tactical hardware, and (3) a configuration
of the ECS along with some subset of tactical hardware.

Although the Navy's sim/stim systems have many common
functions, each sim/stim system has been developed with no
attempt to create a set of reusable components. Since 15 to
20 (or more) such systems exist, each costing from $10 to
$30 million to develop (plus more for maintenance), the
Navy's cost for this redundancy is significant.

1.3 A Case Study

A functional analysis of one Navy software production
group was performed as part of a software automation pro-
gram. This functional analysis shows some of the problems
and dynamics faced by Navy software production groups
today. The follcwing observations are derived from the
€inal report which was prepared by Systems Consultants,
Inc., October 15, 1980.
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Figure A.l.3-~1 vividly illustrates a common state in
software production groups todayl. Most of the autcmated
resource is dedicated to code generation and test, with
little or none of the resource supporting the activities
of specification and design.

The functiconal analysis data shows a very disturbing
trend of rapidly increasing workload in the face of constant
or decreasing resources. Figure A.l.3-2 shcws the vroiected
work load between 1980 and 1990 against the available work
force (based on current budgets). The imbalance is over-
whelming. Even if the budgets could be increased, the
facility probably could not hire the gqualified programmers ]
because of the projected programmer shortage.

A similar problem exists for the support systems and
mockups used for testing. Figure A.1.3-3 shows the addi-
tional systems which would be needed to support the pro- 1
jected work load. These additional systems represent a
significant capital investment. They will also require
fioor space not available at the facility.

The functional analysis attests strongly to the prob-
tems facing the Navy in ECS software. Accelerating growth
in the workload will soon overwhelm the production resources
and thereby threaten fleet readiness. Increasing the pro-
duction resources to handle the work load is not feasible
tecause of the cost and projected shortage of qualified
programmers. The only answer is to increase the productivity
of the available work force. This cannot te done w thout
a significant improvement in the support systems, methodol-
ogies and tools used by these groups. The current support |
systems are too narrow in scope to meet future needs.

2. Modernization and R&D Activities

Many people in the Navy have recognized the need to
improve the way software is developed and maintained.
Several Navy activities, aimed at developing improved
methodologies, tools and support systems, have alr ady
begun. In the past, these activities were not coc dinated,

{
1 The £igures in this section are copies of charts pre- 1
pared by W. Rosen of NOSC. i
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and thev often duplicated one another, Recently, tne Navy
has taken two significant steps to provide better focus
for modernization of software engineering.

Coordination ot Planning for Exploratory Development -

This activity is part of Program 6 within the Navy's

RDT&E accounts {(Research, Development, Test and

Evaliaation) and is referred to as "6.2" resource.

Wicthin the NAVAIR, NAVELEX and NAVSEA system commancs, f
ceople iavolved in 6.2 planning and control have H
Degun a cooperative effort, This effort will produce

a coordinated 6.2 plan for software engineering.

It should provide a better focus for 6.2 resource )y
and a more effective investment of the rescurce. '

Software Engineering Environment Working Group (SEEWG) -
MAT-08Y established the SEEWG to recommend ways to
eliminate redundant development activities for support
systems, and to focus efforts on developing a modern ]
Navy SEE., The SEEWG includes members from all Navy

system production groups and system centers involved |
in the development and maintenance of ECS software.

The results of these efforts will not be evident for some
~ime because the number of modernization activities is large.
The following subsections provide a sampling of these activ-
ities.

2.1 Modernization of Support Systems

In a preliminary survey of its members, the SEEWG iden-
tified more than 20 Navy modernization efforts in software
development or sim/stim systems. The list is far from
complete and dces not include similar efforts ty Navy
contractors to upgrade their in-house capabilities. These
modernization activities include developing project-specific
support systems, as well as extending MTASS, FASP, and
SHARE,/7 described in Section l1.2. Summarized below are
“wo imcortant examples of modernization efforts.

TRIDENT Scftware Support Svstem - TSS5S is a suppor:

system recently installed for development and nain-
tenance of TRIDENT ECS softiware, Hosted on two I3M
4341 computers, 1t uses many standard I3M software
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maickages for liprcary control, text edi.ing, Jdocument
sroduction, etc.  An attached AN,/UYK-7 complles
CMS-2 code and vuns uanit tests. T8SS supports coge
generation, u:nit test, and dccumentation,
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VAVETEX Sctftware Support facility -
hac submitted A Program Objectives Meuwlranauil
acquire a software support facility for use by
NAVELEX software production groups. About $60
million is reguired for construction, computer
hardware, software development, and personnel to

staff the SSF.
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The two modernization activities described above have
several significant differences. The main difference is
that TSSS is aimed at the support of a single program
whereas SSF will support a number of NAVELEX-sponsored
programs. These two support systems would not be likely
to foster similar methodologies or uniform applications of
standards. Also, tools from one are not likely to be
transferable to the other.

Two modernization activities (out of many in the Navy)
for sim/stim support systems are described below.
| Integrated Simulation System - ISS is a distributed
| sim/stim system under development. It can Jdrive
simultaneous testing in multiple mock-ups. It will
run on two to ten PDP VAX 11/780's connected in a
bus architecture, and it will support the sim/stim
needs of its facility.

Land-Based Integration Test and Training System -
LITTS is a program in the planning stage. The main
objective is to replace an older evaluation facility.
Another objective is to design LITTS to replace the
many sim/stim systems used by TRIDENT for sonar,
development cf defensive weapon systems, ma ntenance
: etc. cagh for LITTS comes
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The purpose of the Glossary is to explain the terns,
pnrases and acronyms as they are used within this document.
The definitions are rnrovided to promote understanding; =hey
are not offered as a standard for terminology within the
Navy or industry.
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SEE - ain integrated, computer-based suprcert svstam and Zdata
case. A 3EE is designed to improve the aeffectireness f
the scficware development Qrocess DV Uredting nore reliis.e
soitware; 1t uses 3 well-designed software englneering
orocess with Droven methcedelogiss and flexible, well-
designed tools.

semantlc analysis - evaluation of semantic information to
jerermine the complateness and consistency 2f the infor-
macion.

semantls language 2raocessor - 3cftwara Zesiined =2 check
syntax 2f a speciiic £ormal linguasze and to reccrd it for
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celzase - a self-contained ccpy oI a system . oOr system com-—
ponent; which can be installed 1n the field  normaliy =
Dostect hlas ceveral releases over LTS olle Jvile): o doars

cetavien that identifies ali dara apecty De_Crging "¢
{centrolled by) a release.

reliability - the ability of a functional unit to operate
without failure for a stated period of time under stated
conditions.

reliabpility model - a support tool fcr correctness analvsis;
this tool uses the error hiatory of the system over its
life cycle to estimate reliability based on attributes
such as size and complexity.

report generator - a generalized tocl for creating reports;
parameters are used to define the content of the report
and the data source, and then the report generator soft-
ware automatically creates the report.

requirement - a binding condition which states a mandatory
characteristic of an abstract or physical object; require-
ments may have different form: a specific description,
a constraint, an evaluation criteria for judging guality,
or implied by context,.

requirements analysis - analysis of the feasibility of
requirements while at the specification and design level,
and prior to development of the system.

resource -~ a means to accomplish a task; a resource, in the
management sense, refers to the money, time, people or
facilities available to accomplish a task.

resource estimation mod2l - a management tool which uses the
measurements from past projects, along with a character=-
ization of the system to be developed, to generate
resource estimates for planning.

reusable component - a scoftware component performing a spe-
. z1fic function and deliberately designed for reuse, with
options or variations in function to be selected via
{ rarameters; reasable components would be of known alcgh
juality, witn functiin and parameters well.-documentegd,
and {reely available on system librar:ies.

review - 3 methodologv used to gauge the 1nternal scmplete-
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1l1ny assurance or QA -~ the process of 2nsuring that 1 5rooess,
yster 20 sOrtwarsd Goshs pre-detixwd staaiaris.

by an interactive user for data,
NS noueTLlas L the request wiil =21lici

IromoThe systam,

The Tatnemacicals ool . Do
ty juees (Ltems to e

L

hi
o
(‘L
¢

)
T
O
"E

1]

L

reccosi: - a2 collaction of related data items treazed as a onico.

. r acrivicles associated with ragaining 1 sriox
Correct scate atter an error has occurred.

A
¥
i
ct
»
]
a
i
-+
i
3]

sxjuence ] wiabt orogsam Wwilol receive tne ounpat or
jram which has ended either normailv or abnormally:
ining deals with standard seguences, vedirection wi
ron--standard sa2quences.

abili%y <o define (as a non-standard
.

cn-anginear - the process of upgrading the Jdesign and 1mple-
mentation of existing systems.

2flow - moving words from one line of text to another to put
i3 many words as possible between a line's boundaries;
c2flow is used after continuous typing to create blocks
of text, or after changing line boundaries, or tc ‘ustify
ragged-right text.

rehostable ~ capable of being moved to a different host com-
zuter and becoming operative guickly with the 1installaczicn
nf %the host-~specific kernel.
iticnal data zase - a data base 1n which data cplechts are
organized as a collection of rectangular tables, =2ach
tabie teing a relation; users produce new relations by
combining cld ones {(by the use of a non-procedural data
manipulation) and do not need to Kncw the structure or
format of the data base, especially the phvsical struc-

ture,
regression %esting - a testing technigue which only :ests
the function which has cnanaed.
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executed separately to produce a specific result.

srocessor - the component of a computer which is cagabhle of
sequentially and non--seguentially interpreting and foc-
forming executable machine instructions.

droduct - the end result of an activity within the software
englineering process; for example, a specification is the
product of requirements analysis

productivity - a measure of output per unit of resource applied.

program - a seqguence of instructions designed to make a computer
perform a specific function.

program overlay - part of a program which, when locaded into
a computer's memory, will overlay or replace all or part
of a previously loaded segment or data of a program.

programmer's work space - the resources (notably data space)
controlled by an individual for performing their work
assignment.

program skeleton - a partly-created program which, with
simple extensions, can be used to create a new program.

project - an organizational entity with an assigned develop-
ment responsibility; a macro relation that identifies all
data objects belonging to (controlled by) a project.

proof technique - rigorous techniques for proving a program
correct or incorrect; proof techniques can be either for-
mal or informal; formal proofs use systematic logical ana-

lysis and proof tables to derive correctness of prime
programs, while informal techniques use a series of
rigorous correctness questions.

orototype - the creation and study of an abstract model which
will allow evaluation of regquirements and design
approaches.

PSL/PSA - Problem Statement Language/Prcblem Statement Analyzer.

?BE - Query-by~Examgle twm.) - IBM's relationail data base guery
language.
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PERT - Program Evaluation and Review Technigue; a specific
tocol for determining critical path and resource measures
in a complex project environment.

physical structure - how data is physically organized and
structured on a data storage device.

pipelining - the ability to define the normal output of zcne
program as the normal input to another program, both pro-
grcams being considered a standard sequence; redirection
deals with non-standard sequences.

FOD - acronyn for Perfcrmance Oriented Design, a modeling
tool under Jdevelopment for the Navy.

portability - a software component is portable when it can
be moved to another hcst without any change to the com-
ponent; it i3 rehostable 1f a different host-specific

cernel is required.

zortable - software which requires only the host-specific
kernel to run on a different host computer.

power - the ability of a programming lanqguage to handle
gophisticated problems simply and directly.

PPS - Program Performance Specification -~ describes the
verformance specification for a given software item cn a
jiven comput=2r system.

preprocessor - software which does a preliminary computation
or organization of source statements befcre it is compiled
or assembled; some source statements contain preprocessor
statements which, when executed by %he preprocessor,
alters the source statements.

oretty 9rinter ~ sofiware which formats listings %o make =zhem
easier to read and understand.

crivate data - data in an individual's work space which is
controlled by the individual.

procedure - a set of unigue instructions for performing a
specific function.

process - any unigue seqguence Of iastructions which can bte
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the Quzipat oI a cowpller or assembler; obiect aodules
an e 2xec.ted Jivectly un the comrvter fogv oare normally

connected with other object modules ty a linkage edlior

off-line - pertaining to perlpherzl devices (such as magnetic
tapes or disks) which are not directly ccrnnected to, or
accessindle by, the processing unit of 2 computer system.
on-line - pertairing to peripheral Jevices which are directlv
connected to, cr accessible to, the processing unit of
computer system.

operating system - system software that enables z data cro-
cessing system tO supervise 1ts cwn operations, and Jdpti-
mize the use of all hardware and software resources by
avtomatically invoking system programs,. appiicatiosn pro-
grams, language processors, ané data to ensure continucus
processing of a serles of jobs.

operators and operands - technigque for measuring the com-
plexity of a low level design (Halstead [77]).

cver-constraining requirements - requirements which constrict
the latitude needed by designers to consider alternative
approaches, thus, pecssibly, excluding an excellent design
approach.

patch - executable code (either absolute machine code, or
translated machine code from source statements) used for
making an immediate fix to a software fault.

path test analyzer - a tool used to examine possible paths
through a segment of code and to generate test cases for
these paths.

PDL - Program Design Language; a methodoclogy for formally
recording a program design; PDL is sufficiently clear tc
support direct coding but flexible enocugh %o leave some
Juestions unanswevecd while proceeding with desicn.

PDR - Preliminary Design Review - a formal review of the
early high-level design of a system.

v 2f a system to achleve a Jdesired

perv iz
Ty measure for a system.

ormance - the cavac
esyit: a Troductive

g orn
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nclel - a technigue by which an abstraction of system 1is
created =92 that it can be analyzed, and different sets of
variables evaluated; models are usually mathematical in
nature but can be semantic.

module -~ module is used very specifically in this document
to mean: a component of the system-~level design which is
f defined through the technique of information-hiding, and
decomposes into other modules or into programs and data

structures.

MTASS - Machine Transferable AN/UYR Support Software; a set
of software used for support and kept current by the Navy.

mutation - a micro relation that refers to version variations
of a system.

NADC - Naval Air Development Center.

NCCS - Naval Command and Control System.

NAVAIR - Naval Air Systems Command.

NAVELEX - Naval Electronics System Command.

NAVSEA - Naval Sea Systems Command.

nesting - the process of embedding structures, data, or sub-
routines, within others at a different hierarchic level.

non-baseline data - temporary information which is useful to
the task at hand but is not worth keeping permanently; as
an example, debug information from a test run is essential
to the testing process but is not needed once the test suc-
ceeds.

aon-procedural technigues - technigues for problem solving
which do not require an established sequence of steps or
instructions.

NOSC - Naval Ocean Systems Center,

NUSC - Naval Underwater Systems Center.

obect module - executable nachine instructicns which are
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media, that can ne sensed by machlnes Jesigred for that
purpose,

macro relations —- those relations bhetween items 1n a datza
Dase which enccmpass 21 large number of data base objects;
the nine macro relations are: baseline products, non-
baseline products, measurements, archive, system suppcrt
library, project, release, version, and increment; also
see micro relations,

mailbox - a message technigue used to communicate between
individuals or groups.

maintenance ~ see adaptation.

management - the function concerned with all activity
involved in the development and adaptation of software.

mapping - a correlation between two sets of data; e.g., the
format of a system specification would be based on the
semantic categories and relations chosen %o define the
system reguirements.

MAPSE -"M1nimum Ada Programming Support Environment.

measurement data - data objects of a quantative nature rep-
resenting some characteristic of the software development
process; measurement data is used by management to assist
in the planning and control of a project.

methodology - a repeatable human procedure or set of proce-
dures that 1s used to translate data, which is input to a
life cycle activity, into data which is the output of the
activity; a well-conceived methodology provides for the
separation of the creative, intellectual aspects of an
activity from the more clerical, mechanical aspects.

mlcro relations - those relations between items in a data
base wh:ch have significance in the context of a small
number £ data base oblects; the micro relations discussed
are: aceability, derivation, ancestry, version ;muta-
a system ov release), and assocla%ti:on; alsoc see
lations.

LAY

“:lestone - a checkonint marking the completion of a signi=-
ficant, clearly 1centifiable activity or task.
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interpreter - software which executes the instructions of an
interpretive language one at a time; APL 1is an interpre-
tive language.

ISS - Integrated Simulation System

Jjob - a uanit of work for a computer; a job normally includes
all of the system commands, programs, linkages, and files
needed to verform a complete unit of work.

job control language - a problem-oriented language used to
identify and specify all operations to be performed for
a Zcb.

LAMPS - acronym for Light Airborne Multipurpose System.

lainguage analyzer - a tool for analyzing a specification
“wrizten in a formal language.

life cycle - the set of activities, and the relations among
“hese activities, involved in the development, operation,
and continuing adaptation of a software system, beginning
with its conception and continuing to its removal from
use.

iinker or linkage editor - system soiftware which creates
strings or seguences of executable code by resoclving cross
references and connecting separate units of object code.

LITTS - Land-Based Integration Test and Training System.

oad module - programs in the form appropriate for execution
by a computer; load modules are the output of a linkage

aditor after it processes the appropriate object modules.

oader - system software which reads data and executable code
into a computer's memory.

l2g - a sequential file which contains time-ordered transac-
-ions against a data set.

rachine code or mnachine languace -~ s3ee ob‘ect ccde.

machine-readacle - proverly structired data, on a suitaple

-

P .
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implementation - the scftware development activity concerned
with the creation, unit test, and integration of code
€ulfilling a design.

increment - a management unit of a project associated with
incremental development (one or several increments may
equal a release); a macro relation that identifies all
data objects belonging to (contrcolled by) an increment.

incremental development - the concept of defining and build-
ing software in small pieces, with each succeeding one
resulting in a viable operational system with more
function.

independent -~ a quality of software by which it is free from
the influence of specific features offered on a computer
system (hardware) or an operating system (software).

index - a list of the contents of a data base and contain-
ing references to locate a specific item.

information~hiding - a technique involving the isolation of
information within modules; module boundaries are defined
by the particular information to be isolated, such as
design decisions and data definitions. Information-hiding
decisions are made on the basis of expected changes to
information thus localizing the effect of future changes
to one module.

inspection ~ a technique for evaluating the correctness of
a design, specification, code segment, test plan, etc,;
inspections involve a small group of specific people fol-
lowing a well-defined procedure (Fagan [75]).

instrumented analysis - a methodclogy which captures data
dynamically (during execution) and uses it to identify
anéd locate errors,

integration - the software development activity which com-
bin2s parts Sf a system -0 create a viable, overable system.

p nLerasLLYe - e Y o operat-on whernby esach entry by o2
Lo TN S P oK Lo oS T Tt tor
- . ol oToun tass mE el in Twlr oD g
svsnen ~ver whioh data nasses.
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graceful failure - a failure which only incapacitates a part
of a system rather than the entire system.

graphics - a pictorial means of presentlvg information;
dsually on paper but can also be on an int2ractive device P
which d:splays graphics.

e winich duplicates tne opera-

hariware s.mnu'lartor - ar
of a nardware Jdevice.
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tional characteristics

HoM ~ dierarchical Development Me'“ouo-;iy

ecifving, designing, and i1mplemen
Jd

cports f“ormal verification,

a
N

142] AT:

Orf
m
rf
0.
mO

ry b
[t e}

~s 3
<

’
[
[

g

~alo mecharism - an interactive feature which allows the user
1ty be Srompted on how to gerform an ngeration, or how &0
sO.7e 2 prcblem.

"

ping to discuver or learn; 4
9 ifles ircel? nased ~n past ser:
1le ”ax1ng prograss toward an acceoptable r
3 Dased on a series of arorcoximations fow
£ Heuristics is currently syncnomous wi
icial Intelligence (AI) and is used in kxnowled
nased expert systems.

h.2rarchic data base - a data base in which data objects are
organized in a specific hierarchy relative to one another:
users must xnow and understand the hierarchy to manipulate
data with ease.

high-level language - a programming language whose instruc-
tions 2d¢c not btear a one-to-one relationship with the
jenerated machine instructions; a high-level language may
either ze a prokblem~oriented language like FCRTRAN or a
iniversal language such as COBCL.

nost or hest computer - a general-purpose computer system
with ex<ensive support software and capacity; software
should ce develodped on a large scale, well-supported
nost rather than a target computer unless the target
computer is large scale and well-suprorted; once the
softwarz is developed it would be lcaded into the target
computer for operational use.
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TASP - acronym for Facility for Automated Software Prcduc-
~ion, a large support svstem, which uses commercial cor-
suters and was Jeveloped by Naval Air Development Tenter
(NADC).

failure - the degradation of a system when an error occurs;
see error.

fault - an incorrect implementation of the specification;
see error.

FCDSSA ~ Fleet Combat Direction Software Support Activity in
San Diego (FCDSSASD) and Dam Neck (FCDSSADN).

feasibility analysis - an evaluation to determine whether
there exists a design which satisfies the requirements
within system constraints.

file - a collection of related records treated as a unit.
firmware - software residing in read-only memory.

foreground -~ an operating system usually has two modes of
operation: background and foreground; foreground is
biased toward servicing short, interactive work requests
on a high priority basis, and background is biased
toward larger work requests (jobs) which are queued and
serviced on a scheduled or FIFO (first-in-first-out)
basis as system resources come available.

formalism ~ the mathematical or logical structure of an
arqument as distinquished from its content.

formatting tool - a tool for transforming software, or a
document, into a specific format.

FTORTRAN - acronym for FORmula TRANslation, one of the first
high-level languages which was commercially available;
FORTRAN was <esigned for writing programs to solve prob-

‘lams whilich <ould he srated mathematically.

UuLe rownondanre hziven G .
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entry point - the point within a program to which control is
passed by another program; each executable program should
have one entry point and one exit point.

environment simulator - a testing tool which simulates an
operational environment.

error - a discrepancy between the correct value or condi-icn,
and the actual value or conditicn. An error is a mani-
festation of a fault during execution and may cause a
failure; a fault is an incorrect implementation of the
specification; and a failure is the degradation of a sys-
tem when an error occurs.

error-day - the average time (in days) a potential error-
causing fault goes undetected.

error handling - see exception handling.

estimation model - software which uses a data base of meas-
urements on performance of past projects, along with a
description of the new project, to generate estimates for
the development activities of a new system.

exception handling - the special processing triggered by an
abnormal (usually erronecus) condition.

executable design - a design in a formal language which can
be interpretively evaluated to determine the design's
completeness, performance and correctness.

extendability - the ability to add, easily and with minimum
rework, new functions to an existing system.

external interface - a shared boundary between a component
of a system and a component considered to be outside the
system.

external reference - a program reference to a symbol ocut-
side of the program; external symbols and external
references are resolved either statically by a linkage
editor or dynamically by a loader.

external symbol - a symbol defined in an owning program as
available to other programs outside the owning orogram.
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the specification, provides a description for implementa-
tion, and is feasible within the appropriate constraints
(time, schedule, cost, etc.)

development -~ all the activities needed to specify, design,
implement, test, document, and manage the creation or
alteration of software.

diagnostics - warnings or error messages pertaining to the
isolation and detection of a potential problem, malfunc-
tion or error.

directed graph - consists of a set of nodes and directed
links connecting nodes, and has an implied direction; a
PERT chart is a directed graph; an acyclic directed
graph is a directed graph in which no sequence of links
leaving a node ever returns to it.

distributed data base - a data base whose components can be
geographically separated yet, conceptually and operation-
ally, are considered part of the same data base.

dJown~line load - the process of moving data or programs £com
a host computer to a target computer over a channel-to-
channel link.

driver - code that simulates the activity of a superior
software component while testing a subordinate component.

dump - the mass transfer of data from one medium (normally
internal) to another medium (normally external) either as
a safeguard against errors or as an aid to debugging.

dynamic analysis - analysis techniques which examine an item
by running it in a known environment; the correctness
analysis activity uses dynamic analysis through a variety
of testing technigues with known inputs and known environ-
ment.

ZlP - engineering change prcposal; a requested change to
hardware or software.

ECS - Embedded Computer System; a Navy system containing an
embedded computer and reguiring scoftware support.

£IA - Flectronic Industries Association.

.....

—— e

e
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variable, and a different procgram accesses the variaple
and uses 1it,

data dictionary - a central collection of definitions

describing the names and attributes of data elements in
a daca base.

data flow analysis ~ a design methcdology which uses the
movement of data in a system to decompose functions or
medules.

data object =~ abstraction for the attributes and values of
data.

data reduction - the processing performed on data to trans-
form ic from ocne form to another,

darta structure - a technigue for organizing data into a more
convenient form for manipulation without regard for its
actual physical structure, e.qg., a record of 30 data ele-
nents is more convenient to process than 30 separate data
elements,

0BMS -~ sSee data base management sSystem.

debug - an informal term used for the process of detecting
and eliminating faults in programs.

decomposition - the process of breaking an element into
smaller pieces, each of which can be further decomposed
independently of the others.

default - one of a set of alternative values or options that
is assumed when none has been specified.

derivation - a micro relation which provides the ability to
relate 3ata objects because one is explicitly derived irom

another.
design - the creative activity of describing a system through
tne technigues of abstraction and decomposition. Abstrac-

tion s used to suppress all but those detaills needed

to understand the design at a specific level. Decomposi-
tion i1nvolves dividing the system into pleces (modules,
programs and data structures) which car e related in
some hierarchical fashion. The resul-ant design: so.ves
the problem posed by reguirements, is consistent wish

PR U
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crash - an informal term for the abhnormal cessation of proc-
essing by a computer svstem,

creativity aid - any tool or technique which helps to develop
an idea.

critical path - the shortest path in a precedence network;
the path that represents the least amount of a critical
resource in a development project.

cursor - a position marker on a video display.

cyclomatic complexity - a measure for complexity which uses
graphs to study control flow. (McCabe [76])

C3 - command, control and communication.

DASD - contraction for direct access storage device, mag-
netic storage devices usually based on disk or drum tech-
nology and allowing direct access to a unit of data.

data base - the set of data required by an application,
function or system; the data can be redundant or non-
redundant depending upon the design of the data base; the
data can be organized hierarchically (like an inverted
tree), or relationally (showing how data is related
to other data), or as a network.

data base management system or DBMS ~ software which will
store, control access, retrieve, manipulate, update and
purge information from a data base shared by many func-
tions or applications in an organization. The value of
a DBMS is its simplicity to the user, separating the log-
ical attributes of the data from the physical attributes.
A DBMS allows the user to concentrate on what needs to be
done, while the DBMS handles all 1/0 operat.ons and data
manipulations. A DBMS generally includes: a data mana c¢-
ment function for storing and controlling access to data;
a Jata dictionarv for describing the data; a ageneralizegd
query lanqguage for retrieving and massaging selec-ive
data; and a veport Jenerator for printing massaged data.
The separation cof lcgical and physical attributes permits
crograms which view the data logically tc remain unchanged
when the physical structure of the data is changed.

data binding - a relat:cnshig whereby a program modifies a
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requirements have been met by the subseguent specifica-
tion, i.e., that no Lnconsistencies or cmissions exist in
the specification which should be expressed in a formal

\ language,

complexity - the sense of a whole having many intricate,
! interconnecting parts.

component - a gart or 2lenment of a whole; software components
are invariably complex parts within complex subsystems
within complex svstems.

2oncatenation - the process of connecting two or more strings
in a specific order, e.g., CA concatenated with BD yields

CABD.

1

configjuration - the relative arrangement of components in
a system,

conflguration management or CM - a management activity which
controls the changes made to a frozen (or "baseline®)
component or system, and thus protects 1t from unauthor-

ized alteration.

control flow analysis - a methodology for analyzing the
structure of control decision points within software.

ccntrol structure - a small set of loglic elements used to
create proper programs; a proper program has one entry
point, one exit point and well-defined input and output;
DO, DC-WHILE, DC-UNTIL, IF-THEN-£ELSE, and CASZ are com-
monly considered the basic control structures.

conversion - the process of changing from one dita process-
ing system to another, usually with a different instruc-
tion set architecture.

correctness - the concept that a software product satisfies
its functional and interface specifications; correctness
15 an obZective to be balanced against other, sometimes
contradictory, objectives but should te considered a
necessity in the development of all software.

O ensure that software correctly implements 1%s specifi-
ation and that faul:s are deteczed and removed soon
frer they are introduced,
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zharacter set - an agreed-upon set of elements used
rezent [ cor P

zent, xntrol, or orijanize Jdata; ASCIT and EB
exampies f standardized character sets.

CMS-2 - Compiler Monitor 3ystem~2; a Navy standard program
which translates the source statements <f the procliem— J
criented or nigh—-level IMS-2 language into oolect code.

CDR - Critical Design Review; a review of the detailed design
of an element of software held when detailed desiun is

complete,
code - loosely, a computer program; the term mnay represeint:
(1) the original instructions (source stacements); or (2

the resultant instructions created by ccmpiling and
assembling the source statements into executable object
code; or (3) the act of <creating (coding) a computer
progran--this last use ¢f code includes, loosely, che
activities of detail design, code and unit test.

code translator - software which converts programs £rom one
programming language to another programming language.
4

command language or CL - a source language consisting of
operatcrs which evoke functions to be executed.

commonality - the concept that similar function exists in
every software system.

compatibility - the ccacept that different computers can run
the same software without appreciable alteration of the

program.

compilation - the transformation of a program, written in a
problem-~oriented lanquage, into an =quivalent programming
language which is oriented to a specific machine; the
origiral program may be compiled independently of the
transformed program, which 1s usualily processed by an
assembler.

compiiatinon units - separate units of a connected set of j
i software programs which may pe compiled independently.

compiler - scftware used to transform source programs 1ato !
anocther programming language closer to the machine,

completeness analysis - the technigue ¢f ensuring that all
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satsn processing - the Zrocessing of accuaulated, similar
nniss 2% infarmasion e,7., a set of gayv.=ll records.
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anie attributes: the input is xnown, the resulting
2utput can be observed, and the internal worxAnqs
are noc considered,
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o2uffer - a stcrage area used to2 compensate for the 4
in aspeed betwr~en two functicns or I,/C devices dur
mcvement of data.

hvte - a sequence of adjacent binary digi%ts (bits) orerated
mn as a unit, and usually shorter than a computer word;
a nvte usually contains eight, and sometimes six, bi=3.

capacity - a measure of processing rate; the amount ©f data
that can be contained by a data storage device,

change request “racker - a tcol designed to simplify
control of change requests as they are entered, =
and resolved.

channel - 1in information theory, that part 2f a ccmmunica-
tion system which connects the message source witn the
message sink.
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and data formats.

rsgambly - AfF s -amsformine scur e Lo nEnnTs LC
dys e C “he g3e 2f assembler scltware
assertion - a formal s+tatement abcu+t the function of a ccde

segment; sssertinns can be used for farmal procis cf zor-

rectness or for dypamic verification during execution.

assercion analyzer - a verification tocl which allows embed-
ding of assertiors in code; dynamic analyzers verify rthe
assertions against actual software execution; stasic ana-

i
lyzers verify for syntactic or semantic correctness.

associsiion - a micro relation used to relate data ~blects
exp'icitly where che relationship is not obvious, =uch as
a performance model with a ~pecific system design.

audit - a methodical examination and review for a stazed
purpose.

automatic structurer - a tool which transforms unstructured
code into structured cpde.

background - the low-p' .1ty mode provided by an cperating
<

svstem; see foreground for a mcre compilete defiriticn cf
foregroend and background.

background job - a job which is run by the orperating system
in a low priority (background) mode when system resources
are not being completely used by the high priority fore-
ground mode, and the resources are available for use by
the background mode.

sackground job stream ~ a sequenrce of queued jobs which are
started and processed autcmatical.ly by the operating sys-
tem.

hackup - a copy of an original file, data base or system,
which is kept as a safecuard against the loss of the >rig-~

l inal.

baseline - the 2aody 2f 3Jata
at a specif-C Doins In T
1218782 the bedy of la
occur inder manigerent &
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such as Release 1.. as ¢f
alnst which changes can

about a svstem which defines 1t
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abstract data - data with non~specific attributes; see
abstract data type.

itbstract jat2 rype - a concept which assigns to data a ser
of high-~level, abstract attributes (ai.owable cperatiouns
and tests), until it can be given more specific attributes
by the process of stepwise refinement.

abstract interface ~ a concept which reveals only the intor-
mation needed to use an interface and nothing else; a
black-box definition.

abstract machine - any combination of hardware and scftware
which provides different characteristics than either
alone; a concept that a machine is the total of its hard-
ware and its software.

abstraction - the process of focusing cn selected gqualities
of a complex subject by suppressing all but those details
needed to understand the design at a selected level.

access controls - a mechanism for determining who can access

what data, and what operations can be performed on that
data.

acquisition management model or ACM - a life cycle model used
to plan and manage all activities for the development of
software systems.

activity - a category of related tasks from the software
engineering process; the term act1v1ty is synonymous with
the phrase "life cycle activity."

Ada - a modern high-order language for programming which will
become the standard language for DOD's mission critical
applications.

adaptation ~ the process of making changes to existing soft-
ware either to add new function or to correct an embedded
fault; adaptation is comparable to the more common term
"maintenance” or the Navy term "in-service engineering;"
it is not comparable to the term "life cycle support"
which includes all activities in the life cycle of soit-
ware,

alphanume~i: display - a device cesigned to Jdisplay alpha-

Tamer to 2 ove D00 Ro P shavacters oSlus a Linited set of
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further use.

semantic model ~ a description of the elements of a user’'s
environment and its specific requirements, using a
rigorously-defined syntax for categorizing terms and
establishing relations among the categorized terms.
Requirements, once they are precisely defined in a formal
syntax and recorded, can be analyzed with a variety of
semantic information tools,

set - a fundamental concept in mathematics of a well-defined
list, collection or class of objects. The objects in
sets are called the elements or members of the set and

can be anything: people, rivers, dates, numbers, etc.

SHARE/7 - a multiprocessor time-sharing system hosted on
AN/UYK~7 computers,

simulation - a technique for dynamically evaluating a design
before implementation is started; simulation requires a
model and a simulator.

simulator - a tool for simulation.

software - Broadly defined: the information needed to per-
form a desired function on a computer (the "hardware®).
Software includes the sequence of instructions to be exe-
cuted on the computer, the related data for the sequence
of instructions, and the instructions for the operating
system. (Note that the application data to be trans-
formed by the function is not included in the definition
nor is documentation such as user and operator instruc-
tions.) Narrowly defined: that sequence of executable
computer instructions and related data needed to control
the execution of a computer to perform a desired function.
The executable instructions must be in a form suitable for
loading into a computer; these instructions then control
the sequence of instructions needed to perform the func-
tion. Related data can be either real or abstract. Real
data has actual content and can be manipulated, e.g.,
AVERAGE = 1,.467 or DATE = 1 MAY 1982, Abstract data
defines what the data looks like, i.e., its form and
structure. (Notes: The term "related data" does not
include application data. The narrow definition of soft-
ware is an attempt to be unambiguous and implies that
scftware, in its purest sense, cannot be seen nor %ouched;
it also exclades instructions for the user and oterator's
instruc-ions.)
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software develooment - a phase of the software life cycle
including requirements analysis, specification, design,
implementation, correctness analysis, and management.

software component - a general term for software which per-
forms a specific function and has a unique identifier;
component can refer to a system, a subsystem, a routine,
or a segment of code.

software encineering - a discipiine based on sound engi-
neering principles and proven methcdologies, for creating
scftware that 1s correct, reliable and econcmical; the
application of repeatable methcodologies and proven disci-
plines to the design and implementation of software.

software engineering process - the overall set of activities,
aprlied throughout the life cycle of software, which pro-
duces the reguired information needed at the interfaces
of each life cycle activity.

scurce statements - the original sequence of instructions for
a unit of software (usually written in a high-level lang=-
uage) before it 1s transformed into object modules.

specification - the product of requirements analysis which
transforms the less rigorous system requirements into a
rigorous description of the external view of a system.

SSF - Software Support Facility, a proposed NAVELEX software
production facility.

standards checker - a static analysis tool which examines
code and documentation for violations of standards.

state machine - a function defined in terms of state transi-
tions which transforms a state with input into a new
state with output. More formally: a function (set)
whose members are ordered pairs of ordered pairs:
mn= [(x, ¥y}, (u,v)] , where each member of m has the
interpretation ((<state>, <input>), (<next state>,
<output>)).

static analysis - analysis techniques which involve a
detailed manual examination of an item; the correctness
analysis activity used three static analysis techniques,
here given in order of increasing rigor: reviews,
inspections and proofs of correctness.
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stepwise refinement - the process of decomposing a unit

into successive levels of greater and greater detail; =ach
decomposition is checked for correctness before <ortinuig

to the next lower level.

structured design - a methodology for creating a design:
data flow diagrams are analyzed and the structure is
derived by applying design rules and guidelines.

structured programming ~ a programming technigue which
views a program as a functional composition of a finite
small set of one-in one-out control structures.

stub - a component which simulates the functioning of a sub-
ordinate component during testing of the superior ccm-
ponent.,

support system - a set of tools (preferably integratedj
which are designed to aid software engineers in manipu-
lating information on a data base.

symbolic execution - a technigque for proving the correctness
of certain classes of programs by executing them symbol-
ically to prove certain assertions,

synchronous - two or more processes that depend upon the
occurrence of a specific event; having a regular or con-
stant time interval.

syntax - the rules concerning the pattern or structure of
the word order in a formal language.

syntax checker - a tool for examining statements and val-
idating their correctness against the rules of the formal
- language.

system generation or SYSGEN - the process of selecting
optional software components and creating a particular
operating system configuration for a specific installa-
tion.

system test - an independent verification that the system
meets specifications.

target computer - the computer syvstem which executes ECS
software.

TR
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table-driven code - code whose execution is controlled by
entries in a table or set of tables,

test - execution of a system (or component) with known
input to a known environment with expected results.

test data generator - a tool which automatically generates
nest data based on the design (or the code) and additi»nal
instructions such as "test every path through 'A'.*

test case - data designed to test a single path of a software
component.

test harness - a tool whicn provides a framework for testing
small units of code; it is an interactive tool for defin-
ing the procedure interface, preparing test data, running
~he instrumented test, and displaying the test results.

“ext editor - a tool for creating and manipulating prose in
machine-readable form.

tnroughput - a measure of the speed with which a computer
system will process a unit of work from a mix of jobs from
input through output.

throwaway ccde - the creation of code to prove a design but
which may have to be discarded because of what is learned
from the creation of the first version; analogous to bread-
beocarding in hardware.

time tag - the time-of-day and date information appended to
data.

tool - a tool, in this document, is a computer-based mecha-
nism that either stimulates the creative, intellectual
process, or else automates a clerical process; it is
a mechanism used to perform all or part of a methodology.

tool atoms - building blocks which alone perform no useful
task but, in combination with other tool atoms, can be
used to create useful tools.

tool kit approach - an approach to software engineering
wherein a set of tools (possibly integrated) is provided
to the software engineer but no constraints are implied
on the choice of methodologies or tools to be used,
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top-down implementation - an incremental implementation
approach stressing the creation of an operable, but
skeletal, system early in the life cycle; since the sys-
tem always works, stubs can be replaced with their com-
pleted component, and the system retested with all effort
focused on integrating only one component; top-down imple-
mentation allows one to deal with a single component's
problems more gracefully, and eliminates the need for
drivers but requires stubs.

traceability - a micro relation which provides the ability
to follow a requirement as it impacts specification,
design, code and other baseline products.

tree - an acyclic directed graph starting from a single node.

trouble report or TR - a mechanism for describing a defect
and tracking it.

TSSS - Trident Software Suport System; an ECS software
development system using standard commercial software
and hardware and supporting code generation, unit test
and documentation.

Type A specification - states the technical and mission
requirements for a system as an entity, allocates
requirements to functional areas, and defines the inter-
faces between or among the functional areas.

Type B specification - requirements for the design or engi-
neering development of a product (system component) dur-
ing the development period.

unit test - the testing of the lowest unit of software
independently of other programs which interract with it.

uses hierarchy - a hierarchy of modules wherein the relations
of higher level modules to lower level modules is one of
dependency, wherein the related lower level modules must
correctly implement their respective specifications in
order for the higher level module to function properly.

validation -~ an activity that assures that each product
reflects the requirements and specifications applicable
to it,
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veriflcation - a process that assumes that a product imple-
ments its design.

version - a variation of a release; a macro relation which
identifies varying current implementations of a system
which may be required to support multiple (but slightly
different) physical installations; a micro relation which
identifies the mutation of a data object.

Warnier-Orr diagram - a graphic technique for displaying
control flow in software.

WBS - work breakdown structure - a technique of decomposing
tasks into sub-tasks with resource and personal assignment
of responsibilities.

white-box - a testing technique which uses knowledge of the
internal design of a program, i.e., the input is known,
the internal workings of the program is known, and the
resulting output can be observed.

6.2 - Program 6.2 for Exploratory Development within the
Navy's RDT&E (Research, Develocpment, Test and Evolution) 1
accounts.
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The logo for the Novy Standard Software Engineering Enviromment
(NSSEE) shows a sea serpent riding the crest of the software technology
wave and breathing structure into the software development process
(represented by the well-ordered field of ones and zerocs). NSSEE should
be pronounced "Nessie" in honor of a lake—dwelling resident of the British
Isles. History does not record any interaction between Nesgie and another
well-known British citizen, Ada. The modern Ada and NSSEE.will be well-
acquainted, however., -




PREFACE

This is one of a set of documents resulting from the
work of the Naval Material Command's Software Engineering
Environment Working Group (SEEWG). The set includes an
"Executive Summary," "Framework for a Navy Standard Scft-
ware Engineering Environment,® and "Evolution Plar for a
Navy Standard Software Engineering Environment."

The Framework document provides a basis on which to
plan and develop a standard methodology-driven software
engineering envircnment for the Navy. The Evolution Plan
describes a strategy for transition to a standard software
engineering environment and also the evolution of the
environment itself,

These documents represent the culmination of the first
phase of an effort to develop standard tools and procedures
to support development of software for Navy embedded computer
systems. It is intended ultimately to implement a standard
software engineering environment encompassing the whole
software life cycle and supporting effective use of the Ada
programming language. 1In the interim, these documents will
provide a basis for co-ordinating decisions with respect to
improvements to existing software support systems.




FOREWORD

This document contains the outline pertaining to the
evolution to, and evoluticn of, a Navy Standard Software
Engineering Environment (NSSEE). An expansion of this
ocutline into a finished document will be completed by
October, 1982. The work was done for the NAVMAT Software
Engineering Environment Working Group (SEEWG).

The principal investigator in this effort was Robert N,
Charette, Naval Underwater Systems Center, Newport, Rhode
Island. Others that reviewed this document and provided
valuable inputs were: LCDR K. Paige (PMS 408), T. P. Conrad
(NUSC), T. E. Dawson (NUSC), G. Bain (NUSC), R. Bouse

(NUSC), T. Phillips (NOSC), H. Stuebing (NADC), S. Peele
{(FCDSSA), and C. Russ (FPCDSSA).
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I. INTRODUCTION

Construction of a Software Engineering Environment
({SEE) for the Navy will be a very difficult task. It will
require several orders of magnitude more effort than that
which will be expended to implement Ada. Therefore, a plan
is needed to evolve user and application projects/software
support systems into a SEE, and, while the SEE is evolving,
to allow these groups to make use of software engineering
concepts as they are developed.

This document is one of a series produced by the NAVMAT
Software Engineering Environment Working Group (SEEWG).
The first document, "Framework for a Navy Standard Software
Engineering Environment, " presents the goal of a standard
software engineering environment in terms of the methodol=~
ogies and tools required to support the Navy's software
life cycle model. The second document, a "Strategy Docu-
ment,"” discusses the programmatic issues of how to establish
and manage a SEE. This programmatic information is con-
tained in a memorandum from the SEEWG to MAT 08Y and is
not available for general review. The "Evolutiorn Document"
discusses the technical issues and policies, standards,
and guidelines necessary to transition to a NSSEE, as well
as the subsequent evolution of a NSSEE.
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- II. EVOLUTION TO A NAVY STANDARD SOFTWARE ENGINEERING
ENVIRONMENT (NSSEE)

‘ A. Technical Approach

1. Description of the Evolution Plan

—— e

a. Constraints

i) The NSSEE is to be based on the
MAPSE. The MAPSE effort, pro-
ducing a minimal set of tools
to support Ada, will yield the
Navy's most modern standard
software engineering tool set.
It is the most appropriate
starting point for the evolu-
tion of a NSSEE.

LY

ii) Existing application projects
and support systems cannot be
ignored and must be able to
benefit from the concepts and
products resulting from each
step in the development of the
NSSEE.

b. Plan Outline

i) The life cycle model in the
document "Framework for a Navy
Standard Software Engineering
Environment®” defines several
life cycle activities. The
interface between activities
will be defined by the Navy in
an interface specification
document controlled by the Navy.

ii) The Navy will build at least
one integrated tool set that
will operate through all
activities and interfaces.
These toocls and interfaces will
comprise the NSSEE., A minimal
tool set necessary to produce
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baselined data at each life cycle
activity interface will be pro-
vided. The completeness of the
interface definition, coupled
with the ability of the provided
tool set to satisfy these inter-
faces, should eliminate the
necessity of using any tools
other than those provided

within the NSSEE. However, the
NSSEE will incorporate supple-
mentary tools for each life
cycle activity that may, depend~
ing upon the project, be benefi-
cially applied. For example,
within the "specification”
activity, Figure 1, a language
analyzer tool is provided as
well as one (or possibly several)
modeling tools and consistency/
completeness analysis tools.
Thus, within the NSSEE, there
will exist flexibility for
tailoring tool selection to
satisfy application dependent
needs and still meet interface
standards.

2. Implementation Issues of a NSSEE

a.

An incremental approach will be used
to develop the NSSEE with the Navy
MAPSE as the first increment, Ini-
tially, work will be directed at the
interface point that is known best,
i.e., the code/test interface. The
initial definition of interface require-
ments is defined in “"Framework for

a Navy Standard Software Engineering
Environment” under the heading Base-
lined ®roducts. Figure 2 i1llustrates

the ‘ncrementzal agproach. showing the
grewehl of both tocl se and 1nterlace
data regulzements antil =he -Re 207 al
life crrele i3 supportel ny tne NSESED,

S

-
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b.

Ce

Implementation of the "complete”

NSSEE (as defined in the Framework
document) is beyond the current state-
of-the-art, thus, research efforts
will be required. Research areas

need to be identified and prioritized.
Areas of research called for in the
Framework document include:

~ methodology (which one(s) to
use within and across life
cycle activities).

- interfaces (syntax, semantics,
numbers of, etc.).

- tools (types required, build,
buy, etc.).

- quality assurance.
- software reusability.
Impacts of Incremental Approach

i) The incremental approach provides
the benefits of a standard
software engineering environment
in the near term while providing
for the phased introduction of
the results of Rs&D efforts as
they become available. It also
facilitates the graceful migra-
tion of current application
projects and support systems to
the NSSEE by providing for the
gradual adoption of standard
products and procedures as they
are produced.

ii) As new interfaces and tools are
added, there may be unavoidable
perturbations on previous work
completed on the NSSEE. Orderly
expansion and careful research
efforts should help minimize
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these impacts. The exact nature
of this expansion and under
whose supervisicn are uancesolved
issues.

d. The issue of training/education is
very important for managers, devel-
opers, and users of the NSSEE. The
understanding of how to competently
use the NSSEE is critical to any
benefits derived from it. The areas
of concern are training new and
retraining "old®" personnel (both gov-
ernment and contractors) and making
the user interface into the NSSEE as
simple as possible. To alleviate
these concerns the following will be
reqguired:

~ Complete documentation that is
tutorial in nature.

-~ A human engineered, user-
friendly interface for the
NSSEE.

- NAVMAT supported "Tiger Teams"”
to resolve on-site installation
and "learning curve” problems
as specified in the Strategy
Document.

B. Policies, Standards, and Guidelines to support
this approach.

1.

There is an immediate need for modification
of, or additions to, existing Pclicies,
Standards, and Guidelines in r~rdev no

have & tvarewoll (nlder which o YE0EE carn
ha built,

a. New Pclicies, Sitandards, and Guidelines
recommended are:

1) The PCA should designaze F
as the DA, and FCDSSAST as

Ve
N
[
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ii)

iii)

iv)

v)

vi)

LCSA (MAT 08Y is the PDA) for
the NSSEE.

The interface specification
should be a basis for a TADSTAND.
However, the specific character-
istics of the interface must be
reflected in a mil-standard.

The Framework document should

be used as the baseline reference
for the generation of a Navy
standard software engineering
environment TADSTAND.

MAT 08Y shall promulgate
"Framework for a Navy Standard
Software Engineering Environment”
as a companion to the Embedded
Computer Resources Master Plan.

MAT 08Y should use the Framework
document as the context for all
decisions/plans concerning the
NSSEE, including:

- Coordinating all current
and future software
engineering environment
related efforts.

- Research and development
decisions.

Once the NSSEE has been specified
and implemented, no other software
engineering environment efforts
will be undertaken by the Navy,
except those for the NSSEE.

Guidelines for coordination with
Joint Logistics Commanders' and
the AJPO work are required.
These are discussed more fully
in the Strategy document.

Standard licensing agreements
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for commercial tools that may
become part of the NSSEE should
be drafted.

vii) The nwued for a waiver from OMB
Circular 109 allowing for Navy
prescription of software engi-
neering tools and procedures
on contracted software acquisi-
tions should be investigated.

Existing Policies, Standards, and

Guidelines that may require modifica-

tions follow. Specific changes and

the justifications for each remain to
be documented.

i) Acquisition:

- SECNAV 5000.1a
- SECNAV 5200.32
- TADSTAND 2’ 3' 9, A' B' C,
ii) Documentation:
- SECNAVINST 3560.1
~ TADSTAND E

iii) Security/Privacy:
- OPNAVINST 5239.1
- OPNAVINST 5510.1F
-~ SECNAVINST 5211.5B
- NAVMATINST 5510.17

iv) Quality Assurance:

~ NAVINST 4855.1A

D

p—

PP
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v) Transfer of Responsibility for
Navy Tactical System Software:

i - NAVMATINST 5200.27A

vi) Update the Master Plan for S
Embedded Computer Resources T

2. Once the first interface specification is {
approved as a standard, the initial ele-
ment of a NSSEE exists. Thus, MAT 08Y i
must determine whether it will allow

waivers from this standard and also j
whether it will provide funding to facil- 4
itate compliance with the standard. Dur- ]
ing the transition period, prior to imple- 1
mentation of the full NSSEE:

a. New software support systems (i.e.,
NSSEE oriented and approved prolects)
will be required to meet this standard.

b. Existing software support systems,
running existing application projects
(e.g., Share/7 supporting MK1l7 FCS)
should be considered for a waiver
from this standard on a case by case
basis after a cost/benefit analysis
is completed.

c. New application projects will be
required to use support systems that
meet the standard. If it i{s desired
to use 0ld suppeort systems (e.g.,
avionic system "AIM-IX" running on
FASP), then these support systems
must be upgraded. As a conseguence
of this approach, these new application
projects will be able to migrate more
easily to support systems that accom-
modate the latest iteration cf the
interface standard.

d. Determining compliance with the
standard interface specification
implies an “accreditation" mechanism
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of some type. Accreditation procedurzs
{i.e., how the semantic and sy-tact.c
consistency of the interfaces is
maintained), and who is respons:cle,
need resolution.

3. In time, additional interfaces and standard
tools will be incorporated to "flesh-out"
the skeleton NSSEE. MAT 08Y, based on
recommendations of the NSSEE program and
management organization as described in
the Strategy document, will then need to
determine which support systems and/or
application projects are required to
upgrade to the standard tools and inter-
faces.

a. New application projects will be
required to use the standard tools
and interfaces.

b. Contractors will be regquired to
deliver products that meet the
interface specs, but not necessarily
to use the standard tools.

c. Existing support systems will be
upgraded on a case-by-case basis.

4. After a "complete” NSSEE (as defined in
the Framework documents) is available,
all new Navy projects will be required to
use it,.

w

Mo funding for upgrades to old support
sverems wil. De alloawsa,., This 2nsueres

e WESYE.,
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Adherence to Interface Spec.: Contractors
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¢. Contractors will be required to deliver
products that meet the interface speci-
fications, but not necessarily be
required to use the NSSEE. This will
allcw contractors to be innavative
in tool selection and use (e.g., to
galn or maintain a “"competitive edge”)
which in the long term should be
beneficial to the Navy. The NSSEE
will be GFE to any contractor in
response to direction from a Navy
sponsor.

Milestones
A schedule of milestones for the develop-

ment of the NSSEE and applicable policy
and standards revisions must be defined.
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III. EVOLUTION OF THE NSSEE

A. Continued evolution of the NSSEE .s required
to ensure the transfer of kbenefits as the
technology (hardware, software engineering
systems, etc.) evolves, experience is gained,
and/or reguirements change as shown in Figure 3.

1. The sources of new technology will be
from inside and outside the Navy commun-
ity, as described in the Strategy docu-
ment. The "Not Invented Here" and "main-
tain the status quo" syndromes must be
avoided.

2. A "software change control board" will be
incorporated to determine how, when, and

what new technology should be added to
the NSSEE.

3. Care must be exercised to minimize the
probability of a need to modify the
interface standard. All Navy projects
using the NSSEE may have to be upgraded
if the interface standard is modified.
In that event, procedures must be devel-~
oped to facilitate such upgrades.
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