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The logo for the Navy Standard Software Engineering Environment
(NSSEE) shows a sea serpent riding the crest of the software technology
wave and breathing stricture into the software development process
(represented by the well-ordered field of ones and zeros). 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-
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 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 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 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 Software
Architecture and Engineering, Inc., Arlington, Virginia.

Other documents used for source information include:

1. Top Level Requirements 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.

iiJ
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EXECUTIVE SUMMARY

The Software Engineering Environment Working Group
(SEEWG) was established by the Chief of Naval Material
(MAT 08Y) on April 27, 1981. Its 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.

The working group formed to address these objectives ..
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 3EEWG members themselves represent a number of
the principal software engineering projects within the
Na7v. T-eir common effort to iefine the natire of a stan-
dard scftware engineering environment tor 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 tools 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 developing requirements for a MAPSE-
based software engineering environment is addressed in the
SEEWG report OFramework 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 "Evolutio Plan for a Navy Standard Software Engineering
Environment.u This SEEWG product deals specifically with
the transition process from the current situation to the
future standard SEE and also with subsequent technological
innovation..

Thus,khe two tangible products of the SEEWG effort
are the Framework and Evolution Plan document 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 aosence of an integrating
discipline for their employment.

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

Li
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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
soft:are engineering environment data base or not.
Baselined 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-
ar" 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 guidelines 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 riulting from zhe
work of the Naval Material Command's Software Engineering
Environment Working Group (SEEWG). The set includes an
'Executive Summary," "rramework for a Navy Standard Soft-
ware Engineering Environment," and "Evolution Plan foc 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 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 document contains the executive summa.-y of tne
work done by the NA% MAT Software Engineering Fnvircnment
Working Group (.EEWG). For the past year, the aembers -f
the SEEWG have been grappling with 4.he iss-les ot what a
soft-ware engineering environeent is, what an environment
contains, now to acquire one that meets the Navy's needs,
and how t- deal effectively with the transition to the new
software engineering technology.



Table of Contents

Introduction

1.1 Purpose of the Framework .................... 1
1.2 Background ....................... ........ 2
1 3 Guidi :g Pr 1riciles ......................... 3
1.4 Sofcware Engineer:ng Inter-ace ,35andaids .... 4
1.5 Structure of the Framework .................. 6

Part I: Context of Software Engineering

I. Life Cycle Model ................................. 1-2
1.1 A Current Life Cycle Model .................. 1-4
1.2 A Recommended Life Cycle Model .............. 1-7

1.2.1 Incremental Development ..............
1.2.2 Early Prototyping .................... 1-9
1.2.3 Extended Correctness Analysis..........-12
1.2.4 Management Integratio, ................1-12

1.3 Relation to Acaisition Management Moc 1--. 12
1.4 SEC R#equ~iremeixts Dtf ived fLn..m .-

Model... .. ............... .................... 

2. Methodologies and Tools ........................... 1--IC
2.1 Requirements Analysis ........................ -18

2.1.1 Characteristics ...................... 1-19
2.1.2 Methodologies ........................ 1-21
2.1.3 Supporting Tools ..................... 1-23
2.1.4 Requirements on the SEE ............. 24

2.2 Specification ................................. 25
2.2.1 Characteristics ....................... -25
2.2.2 Methodologies ........................ 1-26
2.2.3 Suppovting T-rols ................ 2b
2.2.4 Reqiirements cn the SEE ... 2.......... 29

2.3 Design ...................................... ..
2.3.1 Characteristics...................... -3C
2.3.2 Methodologies .......................
2.3.3 Support.ria Too s.......... ..............

-/..........).............................."

.r:,-4- E F . . ... .. . ..
r 4 i C : _ ei' ,r h EE. . . . . . .



2.5.2 Methodolo.gies ............ . -44
2.5.3 Supporting Tools ...................... -4"
2.5.4 Requirements on the SEE .............. 7-49

2.0 Manaciement .......... .-. .
2.6.1 Characteristics ...................... I-
..6.2 Methodclogies ................. .. 1-53
2.6.3 Supporting Tools .... ................ :--"4
2.6.4 Requllemencs on the ,;EE .............. -

3. An Abbreviated Software Engineering Pr.cess . -55

?art II: Description of A Software Engineering Env.Lonnmeut

1. Data Base ........................................ 7 -3
L.I Contents .................................... 11-4

1.1.1 Baselined Products ................... I-5
1.1.2 Non-Baselined Data .......... ......... I-l
1.1.3 Measurement Data ..................... 1!-'6
1.1.4 Archive Data .......................... 11-19
1.1.5 Support System Library ............... II-26

1.2 Relations Among Data Base Objects ........... 1;-2i
1.2.1 Macro Relations ...................... I-22
1.2.2 Micro Relations ...................... 1:-23

2. Support System .................................... I-27
2.1 External Interfaces ......................... 11-28

2.1.1 Command Language ..................... 11-28
2.1.1.1 Characteristics ............ 11-29
2.1.1.2 Capabilities ............... 11-32

2.1.2 Characteristics of SEE Hardware ...... 11-34
2.1.3 Target System Interfaces ...............

2.2 Functional Capability ....................... 11-37
2.2.1 System Functions ..................... 11-38

2.2.1.1 Multi-User Interactive
Support ..................... 11-38

2.2.1.2 Background Processing ....... 11-39
2.2.1.3 Data Base Management ........ 11-39
2.2.1.4 Pipelining and Redirection..I-40
2.2.1.5 Operational Control ......... 11-40
2.2.1.6 Remote Access ................ I-41
2.2.1.7 Access and Resource Control.1I-42
2.2.1.8 Utilities ................... 11-42

2.2.2 Software Engineering Functions ....... 11-43
2.2.2.1 General Services ............ 11-43
2.2.2.2 Activity-Specific Tools.....11-48
2.2.2.3 Application Paradigms ....... 11-57

-ii-



2.3 Performance Requirements .................... II-58

2.4 Design Constraints .......................... 1-60
2.4.1 Independence ......................... 11-60
2.4.2 Architectural Flexibility ............ 1I-61
2.4.3 Ada Compatibility ..................... ri.-61
2.4.4 Generalized Tool Interface ........... II-61

Appendix A: Some Background on Software Development

1. State-of-the-Practice in the Navy ................. A-i
1.1 A Comparison of Two Systems .................. A-2
1.2 Currently Available Support Systems .......... A-4
1.3 A Case Study ................................. A-5

2. Modernization and R&D Activities ................. A-6
2.1 Modernization of Support Systems .............A-0
2.2 Software Engineering R&D ..................... A-12

-iii-



-ist of Fi qu res

Ficure No. -%tie Paae No.

-c A c vitv Trter sc;2

The Lij fe Cyc r-zS ' twar. -

i-2 A Current Life Cycle Model i-5

1.2.1-1 Incremental Development Model I-io

1.2.1-2 An incremental Suc-Model 2-'

1.3-1 Joint Logistics Commanders
Proposed Life Cycle
Acquisition Model 1-14

2-1 The Starting Point of the
Software Engineering
Process within a Weapon
System Life Cycle 1-17

2.3.3-1 Methodologies and Tools of Design 1-34

2.5-1 The Scope of Correctness Analysis 1-42

2.5.1-1 Span of Correctness Analysis 1-43

2.5.3-1 Methodologies and Tools of
Correctness Analysis 1-47

2.6-1 The Management Process 1-51

1.2.2-1 Examples of Micro Relations
among Baselined Products 11-26

2.1.2-1 SEE User's Classes 11-36

2.2.2.2-1 Flow of Requirements Analysis:
Activity to Methodology to Tool 11-50

2.2.2.2-2 Flow of Specification: Activity
to Methodology to Tool II-51

2.2.2.2-3 Flow of Design: Activity to
Methodology to Tool 11- 2



2.2.2.2-4 Flow of Implementation: Activity
to Methodology to Tool 11-53

2.2.2.2-5 Flow of Correctness Analysis:
Activity to Methodology to Tool 1-54

2.2.2.2-6 Flow of Management: Activity
to Methodology to Tool 21-55

2.2.2.2-7 Pipelining for Activity-Specific
Tools 11-56

A.1.1-1 A Comparison of Two Operational

Systems A-3

A.1.3-1 Application of Automated Support A-7

A.1.3-2 Workload vs. Labor Resources A-8

A.I.3-3 Workload vs. ADP Equipment
Resources A-9



I NTRODUCT ION



1.0 Introduction Page 1

INTRODUCTION

The Software Engineering Environment Working Group
(SEEWG) was created by the Naval Material Command NAVAAT)
in April of 1981. its purpose was to develop a strategy
for software engineering 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 activities within
NAVMAT.

7. Po coordinate cu,:rent and planned SET Z oe* t7

e;~ur ~on~s~e~icy.coriparibii 11 t ru an ;.

jancy of effort.

I. To guide the *i;similazion and integ-atior of
standard SEEs into the Navy software developme'!
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 to support
the Navy's software 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.

Part :: _efines the characteristics )f a SEE. Some
zacxground n -he state-of-the-art practice of software

tn. ne Nx '- s crovided in Appendix A of the FrameworK.
± .ack._r :und i.nformatior. saacests tne rat:unale fr

SEE prcgraf.
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Ihe Navy wi1J enef It Srom ,ta . A L 1r ir to ,;
.n. :t, in a standa i iAnn- 3 ,C' 0 S th :, " .m e f

zrove'n -oftware eng net[ring :aetho c7 -,i i : -i'] 3
inttrcduct-on will be'Bn to prepare Dev -:rscr re tr
Navv sta'.card SE E . t wr.. v re.
oility and the pfi:Uuct. s:I:O :'- iev~e.ooDme- r.
will also begin st inda: --atIon ,)i udCd t >orMs at tn
ctivi tv interface :ointa oesr zed 1n ,ction 1.4.

More research, davs and .,: :- e t'2
,.mprove the less elI anerstcc :ie .. te.. nloice,
Ind :.ol L § software e ineering3. 'The :r mewcrk Ienti es

no n ,n er -i hese it- . S " t ?, m c ',-a'c, a -.
;ee' av ry quiremnrts. These t cri m i " )(o0ed trl Nary

~ a~i arv 3e refind -:i~3 r 2 e.
,.'rj ; -.- ch. ,gl ao -1 <ncw _  sed -- i odert .- ns

a3 t E x :.t--, t min a ;a app 1.i c-a t s the tecn ,'oqy
s -, :... ,.n<{e.elaoed

I' "  oc.::c '.- . i , nded for a wide audience .r t e
. ..e ''MAT ,n r and oIycv earo-. shc2LI *;low

a : for '0 L, enlnkfor~~ In.-ng arc sno
D r -befiLt1In. >ipport srftware production croucs

,,',i i c' ,e the r oCtware en,-, inee-nq process, !;,eth-clc-
j3 _Ir_2 tocls ouzu.lned to guide thei' short-term dec-irns

,n s-ppcrt ystem upgrades. Acquisition managers shou!'
e aing the document to guide procurement decisions reat-
-L3 to sof tware engineering and software engineering envi-
0o., e n t 3.

.2 Background

The current state of software engineering practice in
the Navy exhibits a number of serious weaknesses; the
!asic ccncepts reflected in the Framework are intended to
counter tnese practices. Three points summarize the
i"tation discussed more fully In Apcend:x A':

Variation in Practice - There is a wide range of
software engineering practices within the Navy and
among its zontractors. These practices lag the
state-of-the-art by as many as fifteen years. The
same variation is evident in the support systems
used.
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As a fesult, software is difficult to manage, sott-
ware products vary widely in cost, reliability and
.naintainability, and it is extremely difficult to
introc.uce advances in techn.ology or. a Navy-wide
basis to iiprove either piroductivity or the o':ra.
iuality Df the software.

Need to Increase Productivity - Based on the
analysis of projected work loads, the demand for
software will soon outstrip the resources avaiabhe
for producing software. This is a potential threat
:-o fleet readiness. The oniy viable answer is o
increase productivity, which can only be accompql>.h
on the scale required by increasing the productivity
of the process as a whole.

Need for Focus - One way to increase productivity is
to improve 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 Nav 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
engineering 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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Design

4 -Implementation

_ _ _ _ _ ____ I _ _,_,,

INTERFACE BASELINED PRODUCTS KEY:

G Semantic information

® Specification

® Design

1> Source text, object modules, SYSGEN data, etc.

Development plan, ECRiTR log, etc.

" Test plan, test wroceaures, review reports, etc.

Figure 1.4-1: Life Cycle Activity Interface
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divided into two activities: aoftware 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 II Section i.i.i. Several of these
products are identified in Figure 1.3-1. Specifications
for these formal interfaces will be part of the SEE pro-
gram. 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
record the interfaces. These standard tools will be for
recording the products. They will not preclude the use of
additional tools 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 basellned products for which formal interface speci-
fications will be developed. These interface specifications
will be tne subject of a future document.

1.5 Structure of the Framework

This Framework is divided into two major parts:

Part I descriCes a well-defined doctrine of software
engineering disciplines, including the methodolog:es
and activity-specific tools vital to it. This is
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t.,e foundation for thne Navy S} 7, as defined in Pert
1I, and is it will t-volve with experi:!nce -And the
advances of technology.

P?4rt iI defines the zharauti-+cs of a L-'E' -s
an irtegrated system ccnsisting of a computer-based
support systeir and cdta bosc.

Appendix A provides some background on :ne prot els
facing the Na-v in software development. The SE-EVG was a
di.rect outgrowtn of 1t17e forecasts summacized in ADpe.ncix A.

A glossary is provided to define the terms, phrases,
and acrony:ms usred w'thin this document. It is :_ ofeed
as a st:andard for_ teioriology withir, the Navy or :ndu S-ry.

The heading for each page of th± document g.ides the
re-ader by teiling them, to four levels of i.dexing, the.
part of the document being read. The page number tells
the major section being read (where s is Part I, Part
II, Appendix 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 "d"

***************** ********** ** **** ** **t************* *
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SC' TWARE ENGINEERING
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Part I: ontxt f Software Enoineeri1
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.yprodcj -a,:int address the Navy's, , omsi ftware
Jevelopment. A software engineering ervirunnunt must be
seen as an in, rated data base and support system; it w:LlI~ td -nethooiogie -,ad softwre or.

-Icutware engineering proess ard associ-
Ated ;11ethoc ,gie3 tar nore etfective. With a comrrehensive
LE' supporting a wel-def ined process and methodclo7ies,
the Navy's software production groups should greatly improve
their productivity as well 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 onwise to design
tools for building a house without understanding the process
of building houses. Similarly, one 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 procedure 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, inte lectual 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 known
today and were chosen because they satisfy certain criteria:

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

- They result in the creation 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-
gies. 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 above.

1. Life Cycle Model

The life cycle model of a software system depicts the
activities, and the relations among these activities,
involved in the development, operation and life cycle
support of the system from its conception to its retirement.
Figure 1-1 provides a graphic representation of the life
cycle of software (Fox [82)). In 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 Analysis - Definition and analysis
of the user's evolving needs.

Soecification - Translation of requirements into
a precise description of the externals of the soft-
ware system.

Design - Creation of an abstraction of a software
system that is consistent with tne specification
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Figure 1-1: The Life Cycle of Software
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and provides 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)

Ii
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Figure 1-2: A Current Life Cycle Model
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'inite Activity Phases - Management assumes act:-
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management view is imposed on the designers, t erev
u-estrictinq the iterative process. Pernaps tn:; is
why a small design and implementation grcu. is
better at creating quality systems on scheule and
witnin 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 from the truth.
Requirements rarely are understood fully at the
start of software development, and the evolving
nature of the surrounding systems often lead to
changes in requirements.

"Big Bang" Psychology - Software system development
is 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 quality software.

Testing as the Primary Means of Correctness
Anaysis - TestIng is the lraditional way to per-
form correctness analysis. Because 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 techniques to find and eliminate errors as
they occur. Such an approach could greatly reduce
software costs and improve reliability.
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incremental Development

Figure 1.2.1-1 shows a life cycle model based on
incremental development. It is similar to the waterfall
model shown in Figure 1-2 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. Each 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" defi-
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.

- :t provides a framework for the non-disruptive
evolution of requirements.

- it provides better insight into the system and
application during development.
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This gives rise to two di.fferent sets of methodologies.
(The set supports thi creative aspects, and the other records
the result. We will return to a discussion of this impor-
tant distinction in Section 2.

1.2.2 Early Prototyping

Early 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
needed function for the earliest increments of the system.
The use of throwaway code is like breadboarding in hardware
development. It applies the Brooks' dictum: "plan to
throw the first one away" (Brooks [75] ).
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Extended Correctness Analysis

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 during test-
ing than shortly after introduction, extended correctness
analysis is sorely needed.

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

.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 allow management to assess progress and to make
adjustments for unplanned situtations.

1.3 Relation to Acquisition 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
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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.

z. Metnocoiogies and Tools

The following 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 methodologies 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 methodologies 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 Aids - Methodologies or tools augmenting
the creative, intellectual processes.

A minimum set of methodologies and tools for formal
recording is 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 acquisition life cycle for an understanding
of the role of the front-end software engineering methodolo-
g ies. Figure 2-1 shows a progression of weapon system
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Figure 2 1: The Starting Point of the Software Engineering Proces
within a Weapon System Life Cycle
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design and specification1 documents at some point after
the definition of the weapon system concept. In an -deaL
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-

The requirements analysis activity, which is the first
activitv in the incremental development model, of necessity
will involve the software development agent in system level
questions 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
aeveloping 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.

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

I Specification was defined in Section I as a riccrous
external description of a system without concern for its
internaf workings. This type of description is scmetimes
referred to a "black box."
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Requirements are binding conditions. In Figure 2--1
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are any binding conditions imposed at the higher level,.
These requirements can take inanv forms, Fo, the fcllowing
discussion of L-ecuirements analysis, the different forms :
requirements will be classified as follows:

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

Description - Characterization of what the required
system is to do without concern for how it will work.

Constraints - Any conditions which must be met in
designing or implementing the required system or
any quantitative performance measures to oe 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 implementin, a system that can satisfy the reauirements
within schedule and cost. The identification of risk in
this regard may lead to a redefinition of the requirements
with the ECS designers.
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categorized terms. Examples I of techniques 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
categories and relations were properly chosen, the
semantic information will suggest a natural mapping
for the system specification. This specification
precisely 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
estabish 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 1 of this document, existing methodologies
and tools will be cited to illustrate the feasibility of the
concepts presented. They are cited as examples only. There
is no implication intended :nat these be taken as require-
ments on a Navy SEE.
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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 Anal sis - Once the requirements are
expressed in te 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 questions
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?w

Traceability may be established through reference
relations between requirements and specification,
design and code, etc. The relational analysis can be
used 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 Anal~sis - Evaluating the feasibility
of requirements is 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 requirements. Any
approach 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 technique
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
ieveral iterations with the weapon system or ECS manager.
Together they can resolve,problems discovered during
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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 information.
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 (791).

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 (771) 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.

'qodeling Tool - This too wc";.d pr.vide queuing
theory aids tailored to descriptions of computer
systems. The tool assists in developing performance
analysis models. Performance Oriented Design
(BGS [781) is an example of such a queuing tool.
Other modeling tools besides queuing 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 analysis activity and its outputs
should be captured:
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and

- 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 require-
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: (i) semantics information
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 of the specification (perhaps as an appendix).
Thus, the specification 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
speoification will contain, this is a creative process.
T he second is the act of recording this 7--tac!on.
.\1thooqh these -Ct'ons may ne c~~dout s.~~u1;
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Developing 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 zan provide traceability between the system recuire-
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 (or 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 its outside environment (i.e., descrip-
tions of I/O device interfaces, sensor interfaces,
etc.);

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

Functions - externally visible functions (e.g.,
mappings of inputs to outputs).

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 special use of the aystem. Such specif-
zations are said to be black box because they
describe only the externally ooservable behavior
of the system. A minimal specification has the
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:J3rta-a nd abic - 5±nce the s..ecifx,-ation Wi__ i.e
,-seJ-heav-y as a reference tool by system imple-
mentors and maintainers, it should be clear and
concise. The infotmation must be well organ.zed
so that answers to partlcular questions are easy
to find. The text should oe 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 development 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 shown as consistent with the requirements.
L.v:e the requirements may not be stated in a formal
,anner, a r.orous proof of their consistency iz av
not o possible. The correctness demonstration .s

-ten Produced tnrougn a sub~ect~ve, informal analy-
ss >ised on the semantics irf ormar1>. from *oum e r s i r. a s .s r er' en t io a r.d X 1 s 7 7 .
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Consistency Analvs s - Any :netnokjiog' for cer-tormn this a ina- s de pends n the form of te

SifZi C 'ion ination. r fornal specffc2-
a lnguage is ased, certain kivis of proolemns

.nay Oe detected bv analyzing this notation. .n
other cases, the consistency of the soecif-cation

..... a.n must be ludged on a less orecise oasis.

A good example of the state-cf-t.je-art in specifcation
oetncdclo;'es .s thai id docated by Parnas and :ieninoer

, . si d to de'elo e -sceci:tior. r e A--
-1Lnt cIram. The ipecificatin &cumenc :ncudes fzrma",
tabuUra notation which lends itself to completeness and
consistency analyses.

Supporting Tools

The following tools help to develop the specification.

ranguage Analyzers - These can check for errors in
any formal notation within the specification
inormation. These analyzers are tailored to the
specification language or notation used. They
receive, as input, the specification (or some
portion thereof) and issue diagnostics concerning
syntax errors.

2onsistency/Completeness Analyzer - These analyze
information entered via formal language and detect
inconsistencies or omissions in the specification.
?or example, tables might specify some outcome as
a function of various factors. The tables can be
checked to ensure that an outcome is given for ever,.-
event, and that no event corresponds to two mutualy
exclusive outcomes.

Modeling Tools - These may be needed if no
pertormance feasibility study was conducted during
requirements analysis.

Report Generators - These are needed to produce a
finished document from the specification i.forication
stored in the data base.
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2.2.4 Requirements on the SEE

The raqui-ewents cn zhe SEE data taso, derived from
the specification activity, are:

Baselined Products - The specification information
Is Easelined. Any modeling information produced
micht be 3aselined if it is crucial to 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 ,f useful measurements
are: effort and resource data concerning the
development of the specification, 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
pieces 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 concept of hierarchy is important for traceability
3nd correctness of the design. The correctness techniques
Jeveloped thus far rely on a hierarchy in the design.
7'rthermore, a complex design can be better understood
thnrough abstraction plus a hierarchy showing the relations
among the pieces.
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A precise specification of the system Ls vital to he
Jos:r : rocess. Cesiqn can teqin without 2omclete soeci-:-
cations, but the missing parts must be clearly acknowledged
As unknown. The specification must be complete by the time
design is complete.

2.3.1 Characteristics

Design :consists of creation and recording. Creation
s highly intellectual process. Several alternative

,Iesions nay be created and assessed cefore a design apcI n
i.s chosen. The creation activity draws on the skill and
excerience of the designers. It may require modeling and
tT ide-off studies to reach a reasonaoie solution. 0nce a

'es ; gn ooach is chosen, the formal recording act depe:ds
_(i the i, ans of decomposition and choice of abstractions.

,l recording is enhanced by techniques which foster
!_-mity, understanding, correctness analysis, and ease of

e: . e
Another view of design highlights "he difference

between system design (design-in-the-large) and dati and
rtogram :isiir (desion-in-the-small). System desion
nv-vol;es ,r,:ak.inc i on (decomposing the software iystem

.to niecarch-;-ali-.elated modules. Each module, in turn,
a nodule specification. Design-in-the-small addresses

tne design of individual modules. It defines abstract data
,cructures and programs composing the module. These pro-
grams, in turn, may invoke functions of other modules. 3ne
way program designs mfy be described is through a Program
Design Language (POL) .

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

Two related concepts that are important for creating
good modules are information-hiding and data-Intens-ve
design. Information-hiding isolates design decisions likely
to change in the future. It also provides an interface

1 PDL is also used as an acronym for "process design language"
or "procedure design language."
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e-en :he -oTdue and -he rest of the ,-rodu:t tha: rena ni
V3i i for all v1-s o1s. Module specifiation Jes,.gred
'nfo-nation-h 4 Jnq woulc .- v ct-o-3l :va " ea.,a
not the design decisicns underlyinq the implementaLton.

Many people view data rather than function as the major
factor influencing a de.;ign. The design decisions deal with
data--its structure, the means of access to it, and the lac-
tors involved in altering it. Module design, ising the con-
cept of data-interzsive design, would begin with the creatin
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:
ormnal recording of system design, formal recording of data

and proqram design, and creative aids.

There are several technicies fcr recc JLn- the s.. ;: v
cesign.

:nformation-idnc - This 'echniq,:e iv;.olves
isolating informatior. ' thin modules. The moduie
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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]). I

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 Language (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 techniques based on their individual approach to
creativity. Some prefer graphic techniques while others do
not. The choice of creative techniques should be left to
the individual, whereas the techniques for formal recording
must be standard. Described below are some representative
creative aids:

Data Flow Analysis - Module decomposition and
function allocation are based upon the data flows
required by the system. An example is Structured
Design (Stevens [74]).



Met odoa 1 ie:

Data S :cture Ta rsfor7,atIon - ransf-rma ton
is a design technique in which -re st:ucture' of t!te

input and output daza Jeteraines the structure Df
the program '7ackson [7] ).

Graphic Decomposition Techniques - Graphs showinq
hierarchic relations depict the decomjos:tion at
many levels. An example is Structured Analysis and
Design Technique (SADT).

Graphic Control Descriptions - Other ways of show-
ing the control flows in the program are Petrl Nets
and Warnier-Orr 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 is 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.

Graphics Package - These would support the :reative
phase of design. Various designs could be displayed
graphically to aid the designer in making a choice.

.nput mxt be module deszriptions, hierarchy rela-
ticns, or data-use relations. Cutput might be ;raphic

representations of this information.
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Methodoloqies 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
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will be stored in machine-readable form, permutting
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-
nection measurements, such as data bindings (Basili
and Turner 175]). These might also include lower
design measurements, such as cyclomatic complexity
(McCabe [76]), and operators and operands (Halstead
[77]). Many of these measurements are normally taken
on the completed code, but with good, low-level PDL,
they can be taken ,or approximated) during des.n.

Archival Data - Arch!ved data snould captire Lhe
motivation behind the :hoice of des-.cn. rhe archi-'ed
iata should also inclide -ast desig.,s evcled from
se or rejected I':rlnc2 de.elocment a>uc t: te
[e~ons for tl-e rl-?t n
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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
compiled 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
debugging as possible on the host computer rather
than on the target computer. This is especially true
of init testing. The testing might be done on the
development 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 - :nits from the compilation
activity are tagged with information on increment,
viersion and revision number, and are stored in the

h iI . .. . I
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those of the Ada nevelopment proc.ss.)

Svstem Generation or SYSGEN - This o ces n iYeo e
Creat n an ooerational system for a tarter ,omnut _r
It uses integrated components oils instructons t-
T:he operating system, the !inker':)ader, t- ct
base management system, and special SYSCEN tocls.
The output from these instructions are load modules,
a data base or files, and the structures *:ha- define
the system configuration. These will thern he e:'co.-ded
on a transportale physical medium such as magneiz "
tape. They will be in a form suitable foc loading
the system into the target ECS.

Optimization - The system, or parts of it, ma, need
to be Ofine 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, "thrashingO 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 methodologies and manny software
tool: are available for this aspect of software development.

Structured Programming - One-in, one-out :ontrol
structures are used for all programs; thus, programs
are also one-in, one-out. Programs are %.'ewec .s
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function composition of the one-in, one-out control
structures providing a rigorous hasis for correct-
ness analysis.

Top-Down Implementation - System components can be
iesigned, Implemented and integrated in such an

order that, tncoughout the integrati.on process, in
operable subset of the system will exist; this is
called top-down implementation. As implementation
proceeds, each new program is integrated into the
operable subset. Top-down implementation is iike
incremental development in-the-small. In fact, it is
performed within development increments.

Progranming Teams - These have proved to be an
effective means of increasing productivity and quality
(Baker [75] and Weinberg [71j). 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 interactions 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 1/O buffers, the code designated as permanently
resident in memory, and screen formating data. Par-
ameters can be either single .valjes or tables of val-
ues. Parameters in a well-designed system can be
changed at SYSGEN time or at start-up timo w'tnout
modifying any of the code in the system.

2.4.3 Supporting Tools

The following tools facilitate implementation.

Compiler - Reliable compilers are required for
nl h-level language coding. For "unstructired"
programming languages, such as FCRTRAN, a preprocessor

t t t tI
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Assemb er - 'f the software is tD be :.p er-:t'1
s-.mF languagc, an assembler with r.a ma .
is essential. Navy standard military 7omputers T, .-s
'.e supported.

Linkers and Loaders - These programs :osciwq ex'
references among separately :mpild or asscmbled pr-
grams, and create a "load module" for execution on
the target machine.

Simulators - Object molules for the target xachin.
can be tested on the host computer with s.iulatoe .
Simulators for Navy standard militacy computers ,
a minimum requirement.

Host-Targeted Compilers - An alternative to simula-
tors are host-targete-compilers. These tools;
use the source text created for the target com-iter
and generate object modules which can be run directly
on the host computer.

Debugger - Debugging is easier if it can be done
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 occurred, valjes of var-
iables, input data being processed, etc. The debugger
also allows the programmer to set break points in
the source text. These points suspend execution,
thereby allowing the programmer to examine (or modify;
variables before execution is resumed.

]rettx Printer - This program reformats -he source
text ;n o a stan, dard layoiit which :k'[ the 'o rte
-est easier to read.

cc'uce :'oss ref -e-:E-e st-ngs, ',aps o- raI'-.
' zh are bei.z . et a - anaI.-s i 3 n st IS Z

.. , i,. .. ,. contr',0 . :w, . s ,,,eV as .zr'ods .mea lt-,'r .:
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size, complexity, performance, etc. These capabil-
ities may be included as options in the compiler.

Data 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, object modules, load modules, and any
required system generation informaion. The latter
might include a job control language sequence to
create the system plus the necessary system configur-
ation information and data. 7

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

Measurements - Examples of useful measurements
inciude data on the products of programming activities,
data on resources expended, data on changes and
errors, and subjective measurements of the quality of
the implementation.
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correctness anciWvsis reains )y showing that the spe,:ifica-
tion reflects tne requirements.

Fiure 2.5-I provides an overview of uhe scope of
corre:t,,ess analysis (Fe:rentino and Mi lis 7 ). Many
software develooers are crncernec with testinfl .)e completed
system against the requirements witnouc tregard f)r zhe
adequacy of the requirements. This approach ":c correctnessanalysis is unsatisfactory for the followinq reasons:

- The requirements may 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.

- Correctness 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 quality and low development cost
because of reduced reliance on testing to remove errors.
If a system has a long error-day measure, tfe system is
likely to be costly to develop and unreliable.
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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.)

If 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 imple-
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 analvzed.

Z.5.2 Methodoogies

The methodologies linked with correctness analysis are
either static analysis or dynamic analysi-. Static analysis
includes, in order of increasing rigor, reviews, inspections,
and proofs of correctness. Dynamic analysis includes all
testing techniques.
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information. Reviews involve a broad range of people,
including developers, managers, users, and outside
experts or specialists. A review must have specific
objectives and auestions to be addressed (Heninger

8]). The review findings generate rework tasks
for the development group.

Inspections - Inspections 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 ["5]).

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 environment is
a "test." If 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 tbe steps and test data associated with
each test case.

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

There are two approaches to testing -- black-zox testing
and white-box testing. Black-box testing uses only knowl-
edae of externals ,tc the function) while white-box testing
ises knowledge of the internal design of the function.
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Black-box testing uses the specification to develop
test cases (Howden [761) 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. If the
performance model is used to evaluate requirements
feasibility, a high-level design is assumed.
Performance models have been developed for many
systems. The Navy is currently developing a
generalized modeling tool called Performance Oriented
Des ign.

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

-onsi.stency/Ccmpleteness Analyzer - These tools
a:i analysis of internal' :onsistencv and completeness
when specificatirn, requirements are expressed 17 a
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Review Performance Model
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Consistency/Completeness

Analyzer

Inspection Standards Checker
Assertion Analyzer

Proofs of Correctness Symbolic Execution
Theorem Prover

Component Test Test Harness
Test Data Generator
Hardware Simulator
Host-Targeted Compiler
Test Results Comparator

Sytem Test Environment Simulator!
Stimulator

Performance Monitor
Data Extraction and

Reduction
Scenario Generator
Black-Box Test

Generator

General Reliability Model

Figure 2.5.3-1: Methodologies and Tools of
Correctness Analysis
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machine-interpretable form.

Standards Checker - Standards checkers Perform
static analysi-s-f code or documentation and identify
standards violations. Some tools address part of
"hiS'oh but none ' nown t- the authors would conform
to Navy MIL-STD--1'9.

Assertion Analyzer - These analyzers verify that
code correctl- imlements specification by checkcng
tne :r....of t.he aissertions (embedded in the code)
against actual program execution.

Symbolic Execution - Symbolic execution is useful
zor 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 techniques. 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, programmers
can interactively define the procedure interface,
pcepare test data, run an instrimented test, and
display the test result.

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

H irdware Simulator - Hardware simulators allow
oc-ect code for a target computer to be tested :)n t:e
:ost computer.

Host-Target Compiler - A software alternative to
hardware simulators which ise source text to generate
oc-ect code that executes on the host computer.

Test Results Comparator - This tool compares actua!
un:t test results against expected results. :t issues
a trouble report if the test results are not correct.

Environment Simulator, Stimulatcr - The simulator
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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 dyna-cally. 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 techniques 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 Requirements 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 proofs
might also be baselined.

Non-Baselined Data - The non-baselined data inclices
work-in-progress, static analysis lata, trCuble
reports, and debuz data. Temporary storage of th:s
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:vpe of information .3:eq -red.

Measurement Data - A number of measurements assoc--
iated with correctness anlaysis should be captured.
These include: number ,-f modifications to a unit,
number of errors found :er init, number of test !:uns,
number of errocs "y errr .:ategory, and test cover--e.

The support system maust orovide a Iramework for each
to' i.Jent'.tied in Secton 2.5.. n a articuiar, the
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tnsve. One or mcre -ledicated computers may oe requi-ed
to host tne environment simulator to support a system test
of an ECS. Soecial hardware may also be required to inter-
facet 'he environment simulation computer with the target

,o nt - r or subsets of weapon systems.

2.6 Management

Management has the responsibility of ensuring that the
iottware meets its delivery goals of schedule, cost and
quality. Figure 2.6-1 illustrates the management process.

Planning and organizing resources results in the crea-
tion of a development plan which shows how the resources,
.ppli ij within the software development pcocess, will meet
the delivery goals of schedule, cost and quality. The plan
must also be able to accomodate modifications due to author-
ized changes and unexpected problems. Monitoring evaliates
orogress according to plan, effectiveness of development
activities, and the quality of the Products (intermediate
,nd !inai). The control activity is used to take correct:ve
act ion wr.., necessary.

2.6.1 haracteristics

?Lanninq: The activity of planning involves est manno
what is needed to meet the obDectives of the pro-ect, and
then or'anizinq and allocatinc the resource to oerf:orn th
work. Est:mat~on must consider the size and comolexi:: o
the software being developed, tne sk:ll mx and r ..... .
of the development professionals, the schedule, zotenti3
problem areas, and the power and scophisticatio-n of t-ne su2-
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o- fescQurces. Once st-mation is complete, the cesources
will De organized and allocated to do the work.

Monitoring: This management activity is ised to guage
th progress of the work to date, the quality of the products
to date, tz.e iualitv of the development process, and the
adherence to sta'd3::a. anaclement must ze constantly aware
of the expenditure ot 'mo'irce to meet tne -roiect c:oals
and tne progress of tin- work toward the milestone dates.
Magemen: must 5 2ectlve action. on 2xpenditures cr
proqress w.zh is not accr-ding to plan.

Using quality assurance techniques, the quality of
eadch product is compared to a pre-established index of qual-
ity. Products not meeting the standards would require
rewnrk. Accomplishment against plan is checked when pro-
gress is evaluated. Technical progress and resources
ex-pended must be L,atched against the budgets and schedules
of the development plan, and deviations marked for correction.

Quality assurance techniques are also used to check
Ine quality of the development process and adherence to
standards. The techniques used are similar to those of
correctness analysis. Reviews, inspections and test results
ae audited and analyzed with deviations noted for correc-
tive 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
objectives (established in the development plan) through
the ase of available resources. Authority is delegated and
responsiblity assigned through an organizational structure.

The control of products focuses on the products of
each activity in the software development process. Con-
fi.uration management protects products by creating a
master copy (i.e., a "baseline") against which controlled
changes are made. This ensures the consistency of the
evolving system as requirements are defined, specifications
are documented, the design is de'eloped and implemented,
and changes made.
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Pzecedence Networks - This Planning methodology .i
used to analyze task dependencies and to -Jt::errine
T:he critical path of development activities, Such in
analysis is usually needed to 'efine a real.stic
schedule. It is also useful in evaluating contin-
gencies and creating contingency plans.

Chanqe Control - This is the core of configuration
management. It controls all changes to baselined
products. The approval process for changes .ight be
as follows.

- The written request for change is submitted to thti
configuration management function. It might come
from a change in requirements 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 development plan is modified and resorces
adjusted to add approved changes.

-- The fully verified change is entered into the n(.w
baseline.
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. Supporting Tools

Mnv tools are apolicable to management and can supoort
tne methcdulogies and activities described acove. Some or
the more useful tools for management include:

Resource Estimation Model - This software uses a
data base of measurements on oast protects, along

Wt. a fes non of the new system, to creatm
resource esti.mates for develooment.

Automated Precedence Network - This software createi
crecedence network charts and determines the critical
cath based on the input of detailed milestones and
precedence relations.

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

Schedule Generator - This tool uses output from the
t:ecedence retwork, and organizational responsibil-
it'.es (related to the WSS), to create schedules by
*r7anizazional entity.

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

Resource Scheduling Aids - These tools permit
resources, such as computers, conference rooms,
terminals, and test equipment, to be scheduled.
Usage reports on tne resources and the scheduling of
the resources are the main functions of these tools.

Recort Generators - Report generators create
management reports on technical, budget, and admini-
strative status.

2.6.4 Requirements on the SEE

The activity of management imposes the fo!owinq
requirements on the SEE data base.



Non-Baselined Dat~a Siqnrficant amounts of irnfor-
-tat~on associated with the management must be kept
tem~por arily. :-his informration includes era-ineerinc
change requests, trouble reports, resource allocation.
plans, actual resource utilization reports, technical
milestone status, action item status, and the results
of quality 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 pro~ect 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
I and 2, if rigorously applied, could significantly improve
development productivity and software reliabliL2ty. Optlmis-
tically, it might allow production groups to proauce two or
three times as much 3s they do now. Unfortunately, this
level of iraprov'efent will not be encugh to meet the NavY's
projected demands .,ve-. the next ten years, An~ order of
Tmacn ltude lmprov.2ment in :r,ducttvJit- (or nore' is needed.
Th..s, 'f'oc' fo:orter':nc _!-e c7oftwarp ena.neer:'
-rz.cess are neeled.
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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
process of developing software is to learn how to adapt
existing software to new software systems. This is analo-
gous to prefabricated parts, the technique 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 is 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
C2 systems, e.g., DBMS, display, message processing,
communications, etc. If 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 is 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 application in the class. An example is a
sim/stim system skeleton comprising simulation problem
control, =hysical models, and a man/machine i.nterface for
simulation control. However, it requires developing specific
weapons simulation code and interfaces to the target ECS
of concern. The sim/stim application skeleton might repre-
sent ")9 of the completed system.

For common components and application skeletons to
become a real force in 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 will also require rigor-
ous standards. These standards will have to address inter-
face and development guidelines. Once standards are estab-
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or appliation skeletons a..so wil be needed.

The software engineering process described in Sections
and 2. provides c ontextual requirements for a SEE. The

full suppoJrt of common components and application ske'letons
also is a requirement on the Navy SEE. This support can
help the Navy meet its projected needs for software.



PART II

DESCPILPTION OF A SOFTWARE
ENGINEERING ENVIRONMENT



?sL: I Descri i-on ,f d SEE i"ay :--.

n -u-t. T , a ,-;of ware engineer t n- in n':)'on-nt ,
--as chiz.-er.:ed as ar. integrated s. sem 20,.-ztzrng of
zci-'er -oased support system -:nd 9ata blase. The CT -,Se
of ,:ne SEE is to support all personnel involvd ]i J.-
development arn, continuing adaptation of ......

to0 '.I well-jefined doctrine of softare enginc-rinc
'1c:1ni es 7art ' outlined such a doctrire t1oDr" -
the cox zc r the SEE requirrnments. Part I zov:_es
requirements for the SEE.

Altnouqh the approach taken in this requ,.ements
docume,-t assumes a close tie of the SEE -Cui e.m .
.nifj.ed ;et of software engineering disciplines, a'I
,.':-- o build environments have follood this line. ,

...erac-e hs te so-called "tool kit" approach whe-e:x. a
e : ooz. (oSibly integrated) is piovided. *itn (;o
implied :cnstraij:ts on the ,:boce of methodoloL:es or, e
of th'a tocols. An e:ample of a tool kit approach is tha
Uni Procrammer's 4orkbench (Dolotta [76j ). The tool kit
apcach is viaole. for some environments support.ng code
generation. When requicements analysis, specification,
and design are to be included, the tool kit approach ,_s
inadequate as these activities involve a 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 to build
tools have been proven valuable in tool kit approaches and
are included in the SEE requirements.

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

- S cooe - The SEE must support all activ.ties of the
life cycle of software as defined -n Section 1.

- A ;Ii afion - The SfE must adequately support !-he
3evelopment and cont:rnuinq adaptation :if v E3.

- :,e_-ostar;ie es tem and ': 4a-Li t"ase
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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
proven 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 uninterrupted 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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I. Data 5ase

The data base of the SEE is its major integrating
elemient. It will contain the current state of tne softwa:
sVsteri, the current sz-ate of the development process, and
historizal data reflecting previous states of development.
in short, it will retain all the information on the activi-
,ie s of the various personnel working on a project.

The clear implication is that the SEE data baze wi~l
contain far more data than currently stored in library
sysLems azid specialized files today. For this reason, the
design of the data base and its relation to the support
system components is a key concern in the implementation
of a modern SEE.

This section of the document 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 and
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 understandino
tne data base. Many choices for categories were possible.
The categories finally chosen represent classes of data
having common control 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
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 quantitative analysis.

- Archive - Any quantitative or qualitative 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
associated with the support system including tutorial
data, standard error messages, and SYSGEN data.

Besides the view of the data base defined by the above
categories, macro relations and micro relations must also be
supported. These views are defined in the relations section
of t'e 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 base 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
felt 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 oermit conciseness and ease of reference; the format is
illustrated below.

OBJECT NAME (*!: description of the data ob'ect.

[List of undefined data items or
elements composing the data oboect.!

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

Reference: (reference to discussion
relating to data ob-ect in Part
or II.]
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ones are not.

2. The term "text" under Form(s) means English prose.

3. The term "language" covers all formal languages used
in a SEE: a formal grammar structure, a formal
semantics language, formal mathematlcal excressions,
JCL (job control language) procedure-, or formal
programming languages.

4. The term "encoded" refers to 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 nanage-
ment process. This implies that baselined products persist
over the life of the software system and that changes to
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 .nfor-
mation stored in the SEE data base.

The hasellned products are described below, organized
by the development prccess ,ctivity which creates them.

A. Reau:reinents Analysis

SEMANTICS !NF 2.MAT:ZN -IR T.e cautured semaits_
of the reiuLirements for the software svstem.
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Baselined Products

(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: 1.2.1

B. Speci.fication

SOFTWARE SYSTEM SPECIFICATION (R): The description
of what the software system is to do; the speci-
fication must be written in a formal notation.
[External interfaces, operational modes, output

functions]

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

Reference: 1.2.2

C. Design

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: 1.2.3

0. Implementation

SOURCE CODE (R): The source code for ill orograms;
the code is written in the appropriate program-
ming language.
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Basel~rnec 2roduc~s

IT A'.R): Any Jata rec2Iuired by .ne 3vstemn
generation tools to :Cete SVStem Load modules
including parameters for operating systems,
executives, or configuration definition.

Form(s): table, encoded, language

Reference: 1.2.4

SYSTEM LOAD MODULE (0): An iage >e sof are
system in machine-executable form.

Form(s): encoded

Reference: 1.2.4

Correctness Analysis

CORRECTNESS ANALYSIS PLAN (R): A description
of the total corr : tness analysis
approach to be t -.n for requirements
analysis, specit.,cation, design and
implementation; the plan will also incl:de
resource requirements and schedules.

Form(s): text

Reference: 1.2.5

TES PLAN (R): A description of le accroach
to be taken specificallv for system test;
it will include resource requirements and
schedules.

_or_ s_ t text

Reference: Z..3

TEST PRCCEDURES SR): gescrt:.n -f 1"e
ind:ivJual tests makino jo system test
ind :rn-t tests.
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or-m(s) : text, encoded

Reference: i.2.5

M' anaoement

DFVELCPMENT PLAiN KR): Thc. current plan ioverniig
all development nc continui-vg adaptati-n
activities.

Organization, work breakdown
structure, resource estimates, budgets,
progress status, and schedules]

!Form(sl.: text, tables. graphics

Reference: 1.2.6
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Form(s): text, tables

Reference: 1.2.6

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.g.,
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.]

Forms): text, tables, graphics, language

DOCUMENT TEMPLATES (0): 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.

Form(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. Requirements Analysis

TRIAL DESIGN (0): Preliminary designs of sufficient
detail to support analysis of the feasibility
of requirements.

Form(s): text, language, graphics

Reference: 1.2.1

MODEL INPUT (0): Model input parameters describing

a trial design.

Form(s): text, language

Reference: 1.2.1

MODEL RESULTS (0): Results of a modeling run

evaluating a trial design.

Form(s): text, table

Reference: 1.2.1
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I

PRCTCTYPE (0): An operational prototype of a scft-

ware system.

Form(s): language

Reference: 1.2.1

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

Form(s): text

Reference: 1.2.1

B. Specification

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

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

Reference: 1.2.2

SPECIFICATION ERROR LIST (0): A list of incomplete,
inconsistent, or syntactically incorrect in-
formation comprising the specification.

Form(s): text, table

Reference: 1.2.2

C. Design

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

Reference: 1.2.3

DATA FLOW DIAGRAMS (0): A graph diagramming the
various states and transformation of data as
it passes from input to output.

Form(s): text, graphics

Reference: 1.2.3

HIERARCHY CHARTS (0): A directed graph depicting a

hierarchic relation among software components.

Form(s): text, graphics

Reference: 1.2.3

D. Implementation

PARTIAL PROGRAMS (0): Prior to baselining: An
untested program, a partially developed
program, or a modification for a baselined
progran.

Form(s): language, encoded

Reference: 1.2.4

STUBS (0): Stubs used in unit testing of a program.

Form(s): language

Reference: 1.2.4, 1.2.5

STATIC ANALYSIS DATA (0): Output of a static analyzer

run against a partial program.

Form(s): text, tables
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Reference: 1.2.5

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

Forrn(s): text, encoded

Reference: 1.2.4

E. Correctness Analysis

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

Form(s): text

Reference: 1.2.5

INVALID TEST RESULTS (0): Results of test runs

against a partial program.

Form(s): text, encoded

Reference: 1.2.5

TROUBLE REPORTS (0): A report of an error detected

in the baselined software system.

Form(s): text

Reference: 1.2.5, 1.2.6

F. Management

COMPUTER SCHEDULE (0): Current schedule for com-
outer use oy various organizational units.

Form(s): text

Reference: 1.2.6
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BUDGET TO ACTUALS (0): 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: 1.2.6.

MILESTONES (0): An up-to-date record of status
against milestones as defined in the baselined
development plan.

Form(s): text, table, graphics

Reference: 1.2.6

ALTERNATIVE PLAN ESTIMATES (0): Resource
estimations associated with alternate plans
for recovering from unexpected delays or
resource expenditures.

Form(s): text

Reference: 1.2.6

G. General

BULLETIN/MAIL BOX (0): 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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Measurements are lat~a objects .)t a quanti~ative !.trke
representingq sore zhara,-r"stic of the develczmen-, o)rzoe-,5
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.esaremen4-s reoresenting an ob~ect !type.

A. Produc!: Measurements

Examples of measurement data in the product subcategory
.ire given below.

NU.MBER OF SEMANTIC ENTITIES (0): A count of the
semanti.t entitles in t.1he semantics inf-zrmation.

Reference; 1.2.1
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NUMBER OF SEMANTIC RELATIONS (0): 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: 1.2.1

NUMBER OF SPECIFICATION FUNCTIONS (0): A count of
the distinct functions identified in the speci-
fication.

NUMBER OF MISSING REQUIREMENTS (0); A count of the
specification inputs, outputs, operational
modes, functions, or design constraints for
which no traceable requirement has been
identified through the semantics information.

Reference: 1.2.1, 1.2.2

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

Reference: 1.2.3

NUMBER OF PROGRAMS (0): A count of the po-ograms in
the detail level design.

Reference: 1.2.3

NUMBER OF LINES OF SOURCE TEXT (O); A count oF the
lines c., non-cn-inentary source text -eijated to
the o-ierational software system.

Re fe:e':e: T2 e

. -, , , ' ... . , .

1s. IT, -
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RESIDENT MEMORY (0): A count of the number of
bytes of memory required by the nucleus and
transient areas of the operational system.

Reference: 1.2.4

NUMBER OF KNOWN DISCREPANCIES (0): A count of
the known discrepancies between the specifica-
tion and the requirements, or between the im-
plemented software and the specification.

Reference: 1.2

RELIABILITY (0): A statistical estimate of soft-
ware component or system reliability based on
error history and (perhaps) complexity measures.

Reference: 1.2.5

B. Process Measurements

NUMBER OF ERRORS FOUND (0): 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) I

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: 1.2.6
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INDIVIDUAL PRODUCTIVITY (0): A count of the man-

months of effort expended in certain activities.

[by product, by version]

Reference: 1.2.6

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 (0): A count of the number
of compilations of a program before accep-
tance for baselining.

NUMBER OF TESTS (0): A count of the number of unit
tests of a program before success.

1.1.4 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
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, no data objects are
explicitly defined for this category.

Tne needs to be able to lind and retrieve trie desired
data objects tc make archived data useful. Ar index Qf
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ALa.Iied data must be created and . .
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 must
contain a brief description of the data object and pointers
to where the data is stored.

1.1.5 Support System ILibrary

A support system is an integrated set of computer-bas
tools supporting all of the activities of the software enq
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: 11.2.2.1

GENERAL SERVICES (R): Software components of the
support system for general application use such
as a text editor and document generator.

[specifications, design, source code, object

code, etc.]

Form(s): text, language, encoded

Reference: 11.2.2.2.1



ccde, etc. ]

F'orm(s): text, language, encoded

Reference: ::.2.2.2.2

USER-GFENERATED TOOLS ,0): Any tool. -riat, d by
7ndi, v;idua I or orOj"e c . fo 0.Iili-, i~ I j aji

[spec, ication, desiqn, source de, '~c
code, etc.]

Form~s): text, lang;iage, encoded

APPLICAT':ON PARADIGMS (0O): Reuseabie componeiiti or
program skeletons used to reduce develcjmei!
time anl) cost.

tspecification, deziqn, etc.]

FotTiL(s) . t:ex., a~,quag~e, ernCOL~e]

ReferZence: II.2.2.2.3

TUTORIALS (R): Informa-:ion providedl when "help" is
requested by an interactive us-'t.

Forrn(sl: text

1.2 R, It4ons Amnong Octa Rase Object~s

Cne c-e unicu e aszects of the SEE data base is tlhe
-r cf i.n'erre.Iation rniona tie eazta jbjects

Ss~ct:.on 17.1 -1. Tt.ese inter,:elations will
~~~., C'"ij Ct ts i-ng ti*e data tase

stL-c ir >_ .ta -as -ve iM) he
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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.
For example, the "linked from" relationship is many-to-many
because one object module can be linked from many other
object modulles, and many object modules can be linked from
a single oblect module. If the number of many-to-many
relations in the data base is high, a relational DBMS for
the SEE might be more appropriate than a hierarchical
DBMS. The issue 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.1.1: baseline 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
with an assigned development responsibility.
Therefore, a project macro relation identifies all
the SEE data objects belonging to (controlled by)
the project. These might include data objects in
the baseline, non-baseline, measurements, archive,
and support system categories.

,., .... .. A
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Macro Relations

Release A release a.<c~f~ c software system
wh-has been !eployec an _!i )perat.Lonal. A
software systerr may nave -many rIeeases over -.s
life cycle. ,tn3 wcui ircluJ aii ob.e'ts bebonciic
to a project, hu* is normallv a subset of a prose',

Version - A version is a variation of -a :lease.
Different versic(ns of the t:ame release migh, be
required to support multiple (but slightly different,
physical installations of the system.

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

It would simplify processing associated with macrD
celations if they could be represented in some hierarchic
structure, but such a hierarchical ordering is not pract:cal
for macro relations. As an example, it would be convenient
to associate a release of a software system with a prcject.
However, in practice, many releases might be controlled
by a single project and, for very large systems, many
projects might be associated with a single release. Simi-
larly, many releases of possibly different systems might
use the same version of a baselined subsystem controlled 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 relations are
briefly described below.

Traceability - Traceability relates individual
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design, and source code which implement them, and to
the data which demonstrates their correctness.
This capability is useful in assessing the impact
of requirements 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 analysis. 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.

Derivation - 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-P. Another example 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 predec-ssors.
An ancestry relation shall be provided to 1low
for this.

Version - The version macro relation refers to the
mutaion of a system or system release. To make
this view workable, micro relations should exist
which identify different mutations of data 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 be able to associate this model with the appropri-
ate design.

The SEE support system should be capable 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.
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t d - derivation relation
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Figure 1.2.2-1: Examples of Micro Relations
among Baselined Products

L1
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2. Support System

A support system is an integrated set of computer-based
tcols supporting all activities of the software engineering
process. The term "integrated" implies a system where
related tools have simple, compatible interfaces and a
consistent structure across all tools. The support system
contains a host computer and peripheral devices, extensive
software, and special interface equipment.

The support system requirements presented do not con-
strain the choice of hardware or the hardware architecture.
These decisions are reserved for the SEE designers. How-
ever, characteristics of I/O 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-l,
the AN/UYS-2, the AN/AYK-14, the AN/UYK-7, the AN/UYK-20,
and CP-642.

The support system must have a mechanism for creating
a 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.
Optional characteristics of the support system are tagged
by (0).

The sections under Support System vary widely in the
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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/O 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/O 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-
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trols. These controls must maintain the integrity of the
SEE resources as well as protect the integrity of a project's
or user's data. These controls will also provide management
with a means for controlling access by personnel to baselined
products and SEE 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 simpl-
city.

Users (R) - The CL must support a range of users
Trom the inexperienced, casual usec 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.

Promptinq (R) - When used interactively, the CL
av _ a--prom noti mechanism zo _i2 the inexpe-

ricrnce user: prompting musi: be explii!>Ay reque tec
to crigger it.

De[auLts , R) - The C1, must simiplify its use ty
:! ud' ng defaults. Parameter d-Ifaults, as we.i is

the ab it' to custcmize processing sequences snould
be available.

SI. 1. 2 Power

"b .orqmed "J~c? :e mus:-- also r. ave rCI,.Cr-

hst: zered ue:-. ... te nust :nc ,de condi-
and -:)oo control str,2Cture-', arqument ran-



Page 11-30 2.1.1.1 Support System: External Interfaces
Command Language: Characteristics

dling, variables, string manipulation, named proce-
dures, and simple but powerful I/O instructions.

Additional Capability (0) - 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 ot "pipelining" 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 JR) - 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 be included in 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:

HELP (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 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
be 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) - 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 fo:.lowing 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 :he SEE must be started and ended through the CL.

Batch (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 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:

HELP (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 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 4ble to handle a nuxrber
of exception conditions:

-Messaces (R) - Informative messages in English must
oe provided when a CL-related exception condition 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 identified.

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:

Sesslons (R) - An interactive session between a user
and the SEE must be started and ended through the CL.

Batch (R) - Batch jobs must be started and controlled
during 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 (0) - The access
mechanism should provide for security classifications
for designated portions of the SEE d ata base.

2.1.1.2.3 Data Base Manipulation

The command language must control the manipulation of
data objects:

Data Base Creation kR) - :t must be possible to
create new data base oblects through the CL facilities.

Data Base Utilities (R) - t must be possible to
-etrieve, copy, rerame, store and delete data base
-h-ects through the CL.

A"utorized Data Base Commands R) - Cormands fDr
3ata bse manipuiation which the oser -s authorized
: r.~~~o~ : ) .... e available to the aser.
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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
invoking 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 Disolay (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.
:t must have local memory equivalent 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
fields on the display.

Bulk Printer (R) - This device must be designed
for high speed printing of entire alphanumeric text



* .~. ~ oororr Sv ':;tem: 7 <.d - -f* &

kcn I- - I i'A .,-m - p. Ai.Z I-

1 2 a e -c; ye e Yxt !.;-K
." , . '. ' '_ t - c recr r pr.: The

d isolay w I.I I- '..-e 0 ro L 'o a l e cLtor D... . L, af.e

addressinq a sJ :,a isa'y - , -i cture el,-nent xe

Bulk Text L-ntrv - 2-is dev'oe : sh L can
printed alpnanumeric text and electron~ca'lv encode
them aatomatical'v, rt should be capa )" . , o readin a
multiple fonts.

Bulk Graphics Entry (0) - This device shc.;id scan
line graphics and electronically encode them auto-
na2t ically.

lityPrter - Tnis device must create
printed outpu-. ot -otlizaton alitv i.e., camera-
ready copy). Et must su pocr. , it ole r s ad
simple line graphics.

Graphics Printer (0) - This device should create
complex, high quality graphics of publicaticin quality.

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

The SEE computers must support, either directly or
via i/O controllers and communication controllers, the fol-
lowing physical interfaces! Electronic industries Association
(-IA) RS-432C. :'S-422/42-, X.21, IEEE 488, and optionally
X.25, AlL 7/0 device,- shall adhere to at least one of

e-ciued th:ee phvsical ..n'erface standards. -or oa'-
a.leul t anster, the A:zier'.canr .Sa;dard Code for 'Infcc.nmti on
:nerch-ange A(CT' --bit-p. us-parity ccde must he .
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User
Class Purpose I/O Devices

Operators Operation and Interactive Text
control of SEE Display (R)
physical resources Bulk Printer (R)

Project Development and Interactive Text
Personnel continuing adaptation Display (R)

of ECS software Interactive
Graphics (R)

Bulk Text Entry (0)
Bulk Graphics

Entry (0)
Bulk Printer (R)
Quality Printer (R)
Graphics Printer (R)
Individual Work-

stations (0)

Computer Analysis of measurement
Science and archive data to Same as for
Analysts improve software project personnel

engineering process.

Figure 2.1.2-1: SEE User Classes
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2.1.3 Target System Interfaces

The SEE must support interfaces to ECS target system
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 I/O device to the other. The standard Navy mili-
tary computers supported include the AN/UYK-43, AN/UYK-44,
AN/UYS-l, AN/UYS-2, AN/AYK-14, AN/UYK-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/synchro, and other :on-
versions to support special target system equipment.

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

2.2 Functional Capability

This section descripez t 4, fnctcns -f the siprcrt svs-
t9m. It is only concerned oitn t externally accessnlie
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data b~ase, [1he softw~ii: g inee rig r ,ions include
data base maniptulati.n3; .. i op-ocesses s~ec: supporting
the softwa-:e eigineeri:. ,:tiv ties.

2.2.1. _;ystem Functic-,s

'Lhe ippoLt syst , .uzit provide int~ractive and batch
p~u: 3sing in an enviwcuiment with many users. Tt will

_col a! .,se of syste% uasources, support local or remote
&,s or. a high-priorlty zasis, and support oatch processing

on a tow-priority basis.

2.2.1.1 Multi-User Interactive Support

The system must support multiple users in an interactive
enlvi r on:rern .

multiple Users (R) - The system must support mul-
tiple users accessing SEE resources in an interactive
Lode; users may be either local or remote.

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

Multi-Level Security (R) - In the implementation 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 sv:tem must provide a fcteglcijrdZ..ikiround erxi.
conment:

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 resources become available. (Batch jobs
are sequential in nature and require 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 managemen function (DBMS)
must allow creation, retrieval, and modification of
data identified in Section 11.1.1, and must include
data relations.

Logical Views (R) - The data base management fjnc-
tion must support lcqical views of data base ublectL
as identified in Section 11.1.2.

High-Level Fnctions (R)- The data base management
function mast allow manipulation of the data base
through high-level uinction :alls whicn requIre no
knowledge of the physical organization or locat.cn
of the data.
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:hese reiaLioris .;r changes to data objects.

2.2.L.4 P'_pelining and -.,direction

The 7vstem -nust tF q:'crt pipeiino arn ! redirecton:

PPelining tR' t pelining pe-7 !:tz several r' -
grams to be run in succession without operator
intervention. The output of one program can be
-iesignated as the nput to one or more succeeding
prolrams via temporary files or buffers.

Redirection (R) - Redirection of output due to
qbnormal error conditions or termination of a 4ob
Tist be supported.

2.2.1.5 Operational Control

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

Corntrol of Support System (R) - Control must be
via the on-line operator'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 number of reasons such as
a component failure, the need for preventive mainte-
nance, or an intermittent error condition.)

Backup and Restore (R) - The operator must have a
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Shod't-term and long-term backup sLoca2e iast be
available, the first for active data and the second
for inactive data. The operator must be able to
restore active data quickly and inactive data simply
and directly. Restoring inactive data will requre
search arguments (such as project identifier) to
locate the data before it iz restored.

System Degradation (R) - The support system muse
be able to degrade gracefully under increasing
levels of system errors. System users must be
provided either automatic or.semi-aitomatic save
procedures so that work-in-process can be sa-'ed
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 be able to
restore the system automatically, either fully or
partially, after system degradation or a system
crash. The operator also must be able to determ.ie
the system configuration, and the status of the
background job stream, at the time of the degradation
or system crash.

System Statistics (0) - The support system should
keep adequate statistics on what resources have
been used and by whom for analysis, cost accounting,
and billing.

2.2. i.6 Remote Access

The system .MUst s3lpport CemrJ te 2Sf-S:

FemotC Users 'R) - Tser wr.c are reniote ._2our~fh-
lz ly ,must ." '4, .. acceSS SEE .b-are oSe
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catch 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 Control (R) - A system mechanism must be
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. (Encryption is one technique
for protecting information either partially or fully.
Different cryptographic keys can be used to protect
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 Transoort (R) - The SEE must provide
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Full-Screen_Editinq (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 in an edit buffer and will have
no effect on the data base copy until a store opera-
tion is explicitly given. Text in the edit buffer
will 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.

Tab Control (R) - :t must be possible to define
taos 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 (0) - The system should per-
mi: named sequences of edit commands to be stored.
These sequences should be invoked to operate on
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data tlac-d in tne edit Duffer.

.onslstent Syntax (R) - The syntax and c n'e.
't tne edit Commaands rrust i Co'nsistent 4.tl :;;
command language syntax.

Structured Progamming (0) - The editor should
support structured programming techniques bv auto-
matically indenting PDL and code, according :o tne
nested use of control structures, and autgmaticaliv
underscoring PDL keywords.

Highlighting (0) - The editor should use .tignlight-
ing (or reverse highlighting) to emphasize text
elements which are subjects of certain operations
such as an error condition.

Line-Oriented Editin (R) - The text editor must
provide certain 'ne-orTented operations: Line
numbers for use in edit operations; a "find" command
to locate a line number or character string; commands
to insert, delete, move, or copy lines or blocks of
lines; commands 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.

Photocomposition (0) - Text should oe formatted
Tor photocomposition equipment (or equivalent).

input foc Document Generaticr _R) - Thc znp
Tunction must oermi: text, symboiic :odes reore-
senting strings to be substituted tn the text beare
printing, embedded commands which control text
format, and macro commands. (Macro commands are
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user-generated super commands consisting of groups
of embedded commands.)

Page Layout (R) - Certain page layout functions
must be provided:

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

- Definition 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 infor-ma-
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 start at
the top of a page or the top of a column.

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

Taole of Contents - Automatic generation of the
tazle of contents with page numbering must be pro-
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vided. Optionally, manual placement shall be allowed.

Footnotes - Fioa.ing footnote must be placec at
the oottem of the aopropriate pales or opticnai,
placed at the tack of the document.

Revision Indicators - Provisions must oe made :cr
ri{dicating revisions on each page.

Dictionary - Provisions must be made to
_unctionr for checking spellinc )f szandar,3 z71Q,

as well as project-specific terms, acionyms &r;c
mnemonics.

Index and Cross-Reference Provisions mu :t :_,
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_itoi-,is -_1 te aesined for, and mcstlyv se b,
t::e software engineering specialists. This approach
limits the 7eneral application of tool atoms but
also simplifies the design and interface structure
since tool atoms need not be designed for universal
use. This does not preclude the use of tool atoms
bj application programmers (and others) but they
must oe willing to learn how to design and construct
tools from atoms.

Cominbing Atoms (R) Tool atoms must be designed
for combination in pipelining fashion, or as called
procedures 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-
2ussions outlined the methodologies which lead to the need
for automated tools. This progression from activity to
methodology to tool 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-
ously defining the baseline product methodologies, but
allowing the professional freedom of choice in the support-
ing metnodclogies 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 system. These charac-
teristics are:

Standard Cacaoilities (R' - Each activity-specifl'
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Instrumentation (R) - Activity specific-tools must
be instrumented to generate the measurements data
described in 11.1.1.3.
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SE Functions: Activity-Specific Tools

Activity Methodology Tool

Formal - Language Analyzer (R)
Recording

Coupleteness Report Generator (R)
Specification Analysis

Consistency Consistency/Completeness
Analysis Analyzer (0)

Correctness Modeling Tool (0)
Demonstration

Figure 2.2.2.2-2: Flow of Specification: Activity
to Methodology to Tool
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A t iv it Methodology Tool
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// 
..- :e ', "i .
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Data F:cew A-ial-sIS

'\ \Data Strcture
Transformation

Graphic Packages iO

Graphic ecomposition

Techniques

Graphic Control
Techniques

Figure 2.2.2.2-3: Flow of Design: Activity
to Methodology to Tool
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SE Functions: Activity-Specific Tools

Activity Methodology Tool

Assembler (R)

Compiler (R)

Structured Preprocessor (R)
Programming

Pretty Printer (R)

Desiqn Extractor(O)

Analysis Tool (0)
Top-down

Implementation Implementation Linkers/loader (R)

Host-targeted

Compiler (0)

Simulator(O)

Debugger(O)

System Builder(O)
Parameterization

Ada Run-time (R)
Support

Instrumented
Analysis Data Extraction/

Reduction(O)

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

Activity Methodology Tool

Performance Model(O)

Reviews Prototyping Aid(O)
Consistency Analyzer(O)

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

Proofs -Symbolic Execution (0)
Correctness - - Theorem Prover(O)

-nalvsis
Component Test Test Harness (R)

Test Data Generator (R)
Host-targeted Compiler (0)
Hardware Simulator(O)
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(O)

Figure 2.2.2.2-5: Flow of Correctness Analysis:
Activity to Methodology to Tool
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SE Functions: Activity-Specific Tools

Activity Methodology Tool

Resource Estimation
Model (0)

Estimation Automated-Precedence
Network (0)

Management Precedence Schedule Generator (0)
Network

Change Control- Change Request Tracker (P,

Automated WBS (O)
Other Planning Resource Scheduiifig

Aid (0)
Report Generator (Y)

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
=-> semantics information browse
--> semantics analyzer
=-> report generator]

Specification:

(Language analyzer
==> consistency/completeness analyzer
==> report generator]

Design:

[PDL syntax analyzer
n-> PDL interpreter
==> report generator]

Implementation:

[Preprocessor
==> assembler or compiler
==> pretty printer
-=> design extractor
=-> analysis tools
==> compiler or assembler
-- > linker/loader
-=> hardware simulator
=-> debugger
==> data extraction/reduction]

Correctness Analysis:

[Test data generator
=-> test harness
-n> hardware simulator]

Figure 2.2.2.2-7: Pipelining for Activity-Specific Tools
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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 improvement
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, implementation,
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-
ing 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
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must be proviJed for any major software system or
subsystem to be implemented as a skeleton.

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

Supporting 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 a SEE plays an important role in
*.* tions--how well it responds to users, how many projects

it ,- n handle, and how reliably it performs. The basic
c i- 'it rpquirements, wt.en overlaid on the functional and

'; ,rface requirements, kill determine the type and size of
h;, system. The selection of hardware, software and data

; are all influenced by these requirements.

Thu 31ze of a SEE cannot be stated definitively as it
i.pends on the installation. Sizing must consider factors
. "h zs: the number of projects supporled, the size of the

jeots, the number and size of simulations, and the user
po[ liti n. rhese factors will influence the size charac-
rtristicl: number and power of processors, memory, on-line
data 3torage, number of I/O channels, number of user ter-
minals, and off-line data storage. These sizing factors
also influence the support software: operating system,
utilities, access methods, communications protocol, and
unique 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 200% 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

kIL_
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2.4 Design Constraints

Several 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,
ind it must support Ada.

A SEE is rehostable if it can be moved to a different
nost computer and become quickly operable with the instal-
lation of the host-unique kernel. The ability to rehost
a SEE can only be achieved through extensive use of a
hgh-levc. language, i through keeping machine-dependent
.ode w.thin the non-transportable kernel. All code outside
the kernel must be independent of the hardware and the
ope;:ating system. Tools must be completely portable.

The attribute of being extendable can be attained
< <-l a flexible architecture and a standard interface

z-r .iew tools. The flexible architecture allows tailoring
a variety of hardware architectures. New tools can be

a !:ed 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.

I/O Interfaces (R) - All 1/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
designs of the data base must be strictly separated
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2.4.2 -Architectural Flexibility

The SEE must be flexible:

kdaptable Architecture (0) - The support syster.;
stware should be adaptable to a distributed
mini-computer architecture, or to a large mainframe
architecture, or to a hybrid architecture.

Georahic Distribution (C) - The support sysenm
, ,'are unctions sh oiU-T-be adaptable to ,ograp/ic

dstr2bution. This might be accomplished hr-x'=b
system generation changes alone.

2.4.3 Ada Compatibility
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sn-icantv affected if software causes delays in the
introduction of new systems or malfunctions in the weapon
system. Either situation is likely, given the stresses on
the software production resources and the availability and
quality of the software engineering practices and tools.

1.1 A Comparison of Two Systems

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

Figure A.l.l-1 contrasts the software engineering
.)ractices and associated information for each system. The
iest striking attribute of the contrasted systems is that
each is like a snapshot of the software engineering practices
tccepted as the norm during their development. System A
reflects the middle 1960's, and System B the early 1970's.
Te information, based on a 1980 review, shows that software
systems have an inertia which resists change. The cause
:,ay be a lack of clear requirements, or insufficient
direction or motivation for the maintainers to re-engineer
evolving software. Even with properly motivated maintainers,
software engineering environments for existing systems are
not designed to encourage reengineering.

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

kpplication of Standard - Current standards are not
uniformly applied to Navy systems, and are not evident
at all in oiler systems. Systems seem to persist in
their 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 resource, and they do not
have a good set of modern software engineering tools.
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** *** *** ********* ************** ************ *** ********** **** **

SYSTEM A SYSTEM B

Date Oper;ational 1470 177

Target Computer CP901 PDP 11/70

Age of Target Computer @16 yrs. @7 yrs.

Host Computer CP901 PDP 11/70

Software Architecture Outmoded OS, Modern OS,
change difficult, reasonable
no hierarchic modularity,
structure structured

Standards None evident Partial
adherence
to 1679

Modern Methodologies None evident Structured
programming

Warnier-Orr
design

Formal T&F

Documentation Minimum Good
documentation, documcntation,
non-standard non-standard

Support Tools Card-based On-line
editing editing of

Tape libraries disk-based
SYMON/SYCOL libraries

compiler Good code
Assembler, system aeneration
integrator, support
link-li sim'ilator

7Tr- r c-r~ rf 7., rt q'
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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-
niques are not consistently applied to most soft-
ware development or maintenance projects.

Lack of Sufficient Correctness Analysis - Correct-
ness analysis 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,
simulators, 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 is
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/l, CMS-2, MACRO, and ULTRA; and it produces
code for the AN/AYK-14, AN/UYK7, AN/UYK-20, AN/UYK-32,
and AN/UYS-l 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 for 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 (I) 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 following observations are derived from the
final report which was prepared by Systems Consultants,
Inc., October 15, 1980.
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Figure A.1.3-1 vividly illuistrates a common state in
software production groups today1 . Most of the automated
resource is dedicated to code generation and test, with
little or none of the resource supporting the activities
of specification and design.

The functional analysis lata shows a very disturbing
trend of rapidly increasing workload in the face of constant
or decreasing resources. Figure A.1.3-2 shows the projected
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 qualified programmers
because of the projected programmer shortage.

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

The functional analysis attests strongly to the prob-
lems facing the Navy in ECS software. Accelerating growth
in the workload will soon overwhelm the production resources
aid thereby threaten fleet readiness. Increasing the pro-
d11ction resources to handle the work load is not feasible
because of the cost and projected shortage of qualified
programmers. The only answer is to increase the productivity
of the available work force. This cannot be 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 air ady
begun. In the past, these activities were not coo dinated,

The figures in this section are copies of charts pre-
pared by W. Rosen of NOSC.
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Figure A.1.3- 1: Application of Automated Support
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and they often dipli cated one another. Recently, tne Navy
has taken two significant steps to provide better focus
for modernization of software engineering.

Coordination ot Planning for Exploratory Developnt- -
This activity is part of Program 6 within the Navyws
RDT&E accounts (Research, Development, Test and
Fvliation) and is referred to as "6.2" resource.
Wizhin the NAVAIR, NAVELEX and NAVSEA system co.moands,
people involved in 6.2 planning and control havebegun a cooperative effort. This effort will produce
a coordinated 6.2 plan for software engineering.
1t should provide a better focus for 6.2 resource
and a more effective investment of the resource.

Software Engineering Environment Working Group (SEEWG) -

MAT--O8Y estabTis-hed the SEEWG to recommend ways to
eliminate redundant development activities for support
systems, 3nd 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
time because the number of modernization activities is large.
Phe 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 does not include similar efforts by 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 1.2. Summarized below are
two important examples of modernization efforts.

TRIDENT Software Support System - TSSS is a support
system recently installed for development and main-
tenance of TRIDENT ECS software. Hosted on two :BM
4341 computers, it uses many standard IBM software
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•kages fr l:brary control, text edi- ng, docwment
',.ducrion, etc. An uttached ANt,"YK-- compiles

CMS-2 code and 17uns unit tests. TSSS sopports code
generation, nit test, and dccurentation.

A' ... .. tw . .. .... . ilit, SSV: -- ,
Ia, su .mi.ced a Program Objectives Mc:;o.ar, n .Q
acquire a software support facility for use by
NAVELEX software production groups. About $60
million is required for construction, computer
hardware, software development, and personnel to
staff the SSF.

The two modernization activities desc:ibed 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 drive
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 Jefens,.ve weapon systems, ma(nterince
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The purpose of the Glossary is to explain the terms,
phrases and acronyms as they are used within this dociimernt.
2he definit-ions are £rovided to promote understanding; :;e,,
are not offered as a standard for terminology within the
Navy or industry.
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- a self-contained copy of a system or system com-
ponent' which can be installed in the fie1J normall-%

--~ec. is .everal :.eleases , s :evc)
r tnat identifies ali (ara ::ta oe)o w1.; ,

(controlled by) a release.

reliability - the ability of a functional unit to operate
withot failure for a stated period of time under stated
conditions.

reliabilitv model - a support tool for correctness analysis;
this tool uses the error history of the system over its
life cycle to estimate reliability based on attributes
such as size and complexity.

report generator - a generalized tool 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-
merits may have different form: a specific description,
a constraint, an evaluation criteria for judging quality,
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 model - 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 software component performing a spe-
:ific function and deliberately designed for reuse, witt
options or variations in function to be selected via
narameters; reusable comoonents would be of known icrn
_;alitv wit,- functr, an" oarameters well-documentec,
ind freely available on system libraries.

rev:ew - a methodology used tO gauge the internal :crnolete-
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.inin3 deals wirh tandard sequences, redirection wit ,

on-staindard ;: quences.

-c-nineer - the process of upgrading thp design and imple-
mentation of existing systems.

:efiow - moving words from one line of text to another to pur
as many words as possible between a line's boundaries;
reflow is used after continuous typing to create blocks
of text, or after changing line boundaries, or to ;ustifv

ragged-right text.

rehostable - capable of being moved to a different host com-
cuter and becoming operative quickly with the installazicn
of the host-specific kernel.

rel tionaI data base - a data base in whcich data JO'ects 3re
organized as a collection of rectangular tables, each
table being a relation; users produce new relations by
zombining old ones (by the use of a non-procedural data
manipulation) and do not need to know the itructure or
format of the data base, especially the physical struac-
ture.

regression testing - a testina tech.nique wh.ch ,nli tests
the function which has cnanged.
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executed separately to produce a specific result.

processor - the component of a computer which is caoable of
5equentially and rion-setuentially interpreting and, c-
forming executable machine instructions.

product - the end result of an activity within the software
engineering process; for example, a specification is the
product of requirements analysis

productivity - a measure of output per unit of resource applied.

program - a sequence of instructions designed to make a computer
perform a specific function.

program overlay - part of a program which, when loaded 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.

prototype - the creation and study of an abstract model which
will allow evaluation of requirements and design
approaches.

?SL/PSA - Problem Statement Language/Problem Statement Analyzer.

ZBE - Query-by-Examcle t:n. - IBM's relational ata base query
language.

Ii L 

I I lllIIlll I
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PERT - Program Evaluation and Review Technique; a specific
tool 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 aoility to define the normal output of one
program as the normal in-ut to another program, both or,-
grams being considered a standard sequence; redirection
deals wi:h non-standard sequences.

FOD - acronvm for Performance Oriented Design, a modeling
tool under develooment for the Navy.

portability - a software component is portable when it can
be moved to another host without any change to the com-
ponent; it is rehostable if a different host-specific
kernel is required.

portable - software which requires only the host-specific
kernel to run on a different host computer.

pocwer - the ability of a programming language to handle
sophisticated problems simply and directly.

?PS - Program Performance Specification - describes the
performance specification for a given software item on a
given computer system.

preprocessor - software which does a preliminary computation
or organization of source statements before it is compiled
or assembled; some source statements contain preprocessor
statements which, when executed by the preprocessor,
alters the source statements.

pretty printer - software which formats listings to make them
easier to read and understand.

private data - data in an indiiidual's work space which is
controlled by the individual.

procedure - a set of unique instructions for performing a

specific function.

process - any unique sequence of instructions whicn can be
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the oun,-it o a zonpiler or assembler; obet uodules

;cnnected with other obect moduies cY a Ink,7( e 1ct

to produce load modules.

uZf-1ne - pertaining to peripheral devices (such as magnetic
-apes or disks) which are not directiv connected to, or
accessibole by, the processinc it of ico-mputer syste .

on-line - nertaioing to peripheral devicet which are directlv
connected to, or a -cssinle to, t,e processing unit of a
computer system.

operating system - system software that enables a data cro-
cessing system to supervise its own operatiorns, and opti-
mize the use of all hardware and software resources by
automatically invoking system programs, appLicatin pro-
grams, language pcrcessors, and Oata to ensure continuous
processing of a series of jobs.

operators and operands - technique for measuring the com-
plexity of a low level design (Halstead [77]).

over-constraining requirements - requirements which constrict
the latitude needed by designers to consider alternative
approaches, thus, possibly, 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 methodology for formally
recording a program Jesign; PDL is sufficiently clear to
support direct coding but flexible enough to leave some
cuestions unansweree while proceeding with desicn.

PDR - Preliminary Design Review - a formal review of the
early high-level design of a system.

performance - the capacity of a system to achieve a desired
result; a Croductix::v eas-re for a system.



23ge g-l5 Glossary

nc<el - a zechnique by which an abstraction of system is
created vo 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
defined through the technique of information-hiding, and
decomposes into other modules or into programs and data
structures.

MTASS - Machine Transferable AN/UYK 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.

non-orocedural techniques - techniques for problem solving
which do not require an established sequence of steps or
instructions.

NOSC - Naval Ocean Systems Center.

NUSC - Naval Underwater Systems Center.

obiect module - executable machine instructions which are
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media, that can oe sensed by macnines designed for that
purpose.

macro relations - those --elations etween items in a data
base which encompass a large n:imber of data base objects;
The nine macco rlations are: baeline oroducts, non-
baseline products, measurements, archive, system suppcrt
library, project, release, version, and increment; also
see micro relations.

mailbox - a message technique 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 to define the
system requirements.

MAPSE - Ain-mum 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 is 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.

micro relations - those relations between items in a data
nast dhch have significance in the context of a small
nu:7ber of data base objects; the micro relations discussed
re: traceabi'ity, derivation, ancestry, version muta-
tion of a system ot release), and assoc"at:on; also see
muaro relations.

-ilestone - a checkooint marking the completion of a s cni-
7icant, clearly identifiable activity or task.
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interpreter - software which executes the instructions of an
interpretive language one at a time; APL is an interpre-
tive language.

ISS - Integrated Simulation System

;ob - a init of work for a computer; a Dob normally includes
all of the system commands, programs, linkages, and files
needed to perform a complete unit of work.

-ob control language - a problem-oriented language used to
identify and specify all operations to be performed for
a -ob.

'AMPS - acronym for Light Airborne Multipurpose System.

1ai1iuage analyzer - a tool for analyzing a specification
written in a formal language.

lire cycle - the set of activities, and the relations among
these activities, involved in the development, operation,
,nd continuing adaptation of a software system, beginning
with its conception and continuing to its removal from
ise.

linker or linkage editor - system software which creates
strings or sequences of executable code by resolving cross
references and connecting separate units of object code.

UITTS - 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
editor after it processes the appropriate object modules.

L>Dder - system software which reads data and executable code
into a computer's memory.

!-gq - a sequential file which contains time-ordered transac-
-ions against a data set.

rachine code or machine language - see ooect code.

achine-readaole - properly structired data, on a suitacle
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implementation - the software development activity concerned
with the creation, unit test, and integration of code
fulfilling 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 (controlled 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 methodology which captures data
dynamically (during execution) and uses it to identify
and locate errors.

integr3tion - the software development activity which com-
bines ,,arts zf a system to create a viable, operable system.

I III I II I , ,er,,v etr,:,
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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 ot presenting information;
isually on paper but can also be on an interactive device
which displays graphics.

har-ware s-mu' ator - : oftware whicn dup].ic3>es t:e opera-
tionai characteristics of a hardware levice.

4FCM - I -arch Kal Development Aethodocgy; a ,ethodo ogy
snecifying, designing, and implementing software;

Jso supports formal verification,

- 7'echarnsm - an interactive feature which allows the cser
be com;ted , how to perform an <ceration, or how to

so ;e a p rcnem.

stic - .'.terally, helpina to d~ cover or learn;
•-, isic urocesn , idifies t:elf based -)n pas!_ -e,:c-

while making progress towar- 3n acceotaoie res'l,;
Sjgec s I.s based on a series of ,prc imat ions t2war,
-hat -3sult. eur istics is cUrre.itly svnonomous with
irrificial intelligence (AI) and is used in knowledce-
based expert systems.

h erarchic data base - a data base in which data objects are
organized in a specific hierarchy relative to one another;
users :must know and understand the hierarchy to manipulate
data with ease.

high-level language - a programming language whose instruc-
tions do not bear a one-to-one relationship with the
generated machine instructions; a high-level language may
either ce a problem-oriented language like FOPTRAN or a
universal language such as COBCL.

host or host computer - a general-purpose computer system
with extensive support software and capacity; software
should ze develDped on a large scale, well-supported
host rather than a target computer unless the target
computer is large scale and well-supported; once the
software is developed it would be loaded into the tarzet
computer for operational ise.
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FASP - acrorym for Facility 'Or Automated Software Produc-
tion, a large support svstem, which uses commercial corr-
?uters and was Jeveloped by Naval Air Develooment -enter
(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
argument as distinguished from its content.

formatting tool - a tool for transforming software, or a
document, into a specific format.

FORTRAN - acronym for FORmula TRANslation, one of the first
high-level languages which was commercially available;
FORTPAN was designed for writing programs to solve nreb-
.erns ::lh ouJ t.. _ ted mathematically.

I I z
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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 condition,
and the actual value or condition. 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 erroneous) 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 out-
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 program.
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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 sequenca 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.

down-line load - the process of moving data or programs from
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.

dimp - 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 techniques with known inputs and known environ-
ment.

ECP - engineering change proposal; a requested change to
hardware or software.

ECS - Embedded Computer System; a Navy system containing an
embedded computer and requiring software support.

EIA - Electronic Industries Association.

MMM
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variable, and a different program accesses the variaoie

and uses it.

,lata dictionary - a central collection of definitions
describing the names and attributes of data elements in
a data base.

data flow analysis - a design methodology which uses the
movement of data in a system to decompose functions or

modules.

data object - abstraction for the attributes and valies of
data.

data reduction - the processing performed on data to trans-
form ic from one form to another.

data structure - a technique for organizing data into a more
convenient form for manipulation without regard for its
actual physical structure, e.g., a record of 30 data ele-
nents is more convenient to process than 30 separate data
elements.

C8MS - see data base management system.

*debug - an informal term used for the process of detecting
and eliminating faults in programs.

dtcomposition - the process of breaking an element into
simaller 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 jata objects because one is explicitly derived from
another.

design - the creative activity of describing a system through
tne techniques of abstraction and decomposition. Abstrac-
tion is used to suppress all but those details needed
to understand the design at a specific level. Decomposi-
tion involves dividing the system into pieces (modules,
programs and data structures) which can be related in

some hierarchical fashion. The resuflant design: 5oives
the proolem posed by requirements, is consistent with
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crash - an informal term for the abnormal cessation of proc-
essing by a computer system.

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 I/O operations and data
manipulations. A DBMS generally includes: a data mana £-

ment function for storing and controlling access to data;
a data dictionary for describing the data; a g3eneralized
query language for retrieving and massaging selective
data; 'rnd a report generator for printin a.,saged data.
The separation of logical and physical attributes permits
-royrams which v.ew the data logically to remain uncrianged
wren the physical structure of the data is changed.

data -inding - a relatlcnship whereby a program modlfies a
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requirements have been met by the subsequent specifica-
tion, i.e., that no inconsistencies or omissions 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 cart or element of a whole; software components
are invariably complex parts within complex subsystems
within complex systems.

concatenation - the process of connecting two or more strings
in a specific order, e.g., CA concatenated with BD yields
CABD.

configuration - the relative arrangement of components in
a system.

curfiauration management or CM - a management activity which
ciontrols the changes made to a frozen (or 'baseline")
component or system, and thus protects it from unauthor-
ized alteration.

conrol flow analysis - a methodology for analyzing the
3tructure of control decision points within software.

control structure - a small set of logic elements used to
create proper programs; a proper program has one entry
point, one exit point and well-defined input and output;
DO, DO-WHILE, DO-UNTIL, IF-THEN-ELSE, and CASE are com-
monly considered the basic control structures.

conversion - the process of changing from one oata 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
is an ob-ective to be balanced against other, sometimes
contradictory, objectives but should be considered a
necessity in the development of all software.

correctness analysis - a comprehensi've set of methodooges
to ensure that software correctly implements its specifi-
cation and that faults are detected and removed soon
after they are introduced.
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;haracter set - an agreed-upon set of elements used to ep--
re_.en., control, :.Dr or[anLze data; ASCIT and EBC>C ,

AI !' Is -;f stan,.ardized character st ts.

CMS-2 - Compiler Monitor System-2; a Navy standard program
which translates the soorce statements of the oro0lem-
oriented o, high-level CMS-2 language into ooject code.

CDR - Critical Design Review; a review of the detailed design
of an element of software held when detailed design is
complete.

code - loosely, a computer program; the term.e, Tiay repreeent:
(i) the original instructions (source stacQments); or
the resultant instructions created by ccmrpiiing and
assembling the source statements into executable object
code; or (3) the act of :reating (codinq) a computer
program--this last use of code includes, loosely, :he
activities of detail design, code and unit test.

code translator - software which converts programs from one
programming language to another progranuning language.

command language or CL - a source language consisting of
operators which evoke functions to be executed.

commonality - the concept that similar function exists in
every software system.

compatibility - the concept 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 language, into an equivalent programming
language which is oriented to a specific machine; the
original program may be compiled independently of the
transformed program, which is usually processed by an
assembler.

coipilation units - separate units of a connected set of
software progr.ms ,nch may oe compiled independently.

compiler software <ised to transform source programs intc
anothe: programming language closer to the machine.

com::!etenes3 analysis - the technique o ensuring that all
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b)u-r - a stcraqe -irea used to compensate for th:,e difference
in 9)oeed betw-en two functions or 7,:) devices during t."e
movement of data.

byte - a sequence of adacent binary digits (bits) operated
on a-, a -init, and isua.LLy shorter than a computer worl;
a byte ;sually contains eignt, and sometimes six, bilts.

c-apacity - a measure of processing rate; tne amount of data
that can be contained by a data storage device.

change request tracker - a tool designed to simplify the
control of change requests as they are entered, tracke,3
and resolved.

zhannel - in infor-nation theory, that cart of a :cmmunica-
tion system which connects the message source witn tne
messace sink.
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and data formats.

S F ' . . i. ,S.f 1 '. c : e , I ,

e c , - - e e -f ase rb t2r s c ware.

assertion - a formal statement about the function of a code
segment- ossertions can be used for f-rnal irocfs f :or-
rectness or foc dvnamic verification during execution.

asser:ion inalyzer- a ve rification tool wh.-:h allcws -bed-
dung ot assert-or's in code; dynai!uic analy-,.e -s verify r.>hz
assertions acainst actual software execation; sta'ic ani-
lyzers verifv for syntactic or semantic correctness.

assocYAi'ion - a mic-ro relation used to relate data -,b~ects
exp' 'citiv where the ralationship is not obvious, u as
a oerformance model with a -pecific system design.

audit - a methodical examination and review for a stated
purpose.

automatic structurer - a too]. which transforms unstructured
code into structured code.

background - the low-p, .ity mode provided by an operating
system; see foreground for a more complete definition cf
foreground and background.

background job - a job which is run by the operating 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.

background job stream - a sequence of queued ocs which are
started and orocessed automatical-y by the operating sys-
tem.

backup - ,a copy of an or~ginal file, data base or sv tem,
which is kept as a safez~iard, against the loss of the Dra-
inna±.

baseline - the -odv tf 3ata about a svstem. which defines it
at a sc = - ,.: on un - -me, such as Release . as of

L2,' 1 ,12" tne body Df Jata again7st which changes can
occu lder mana een,: control.
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abstract data - data with non-specific attributes; see
abstract data type.

)bstract 4atz type - a concept which assigns co data a iet
of high-level, abstract attributes (a~lowable operat.lns
and tests), until it can be given more specific attributes
by the process of stepwise refinement.

abstract interface - a concept which reveals only the infor-
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 on selected qualities
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 wno 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 activity 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 soft-
ware.

-31 pharme-i isplay - a device designed o J3Cplay alpha-
eI , r, MC' Tharacter c.uis a -: Dited set Df
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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 = li.467 or DATE = I 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
software, in its purest sense, cannot be seen nor touched;
it also excludes instructions for the user and operator's
instructions.)

.. . ..- - . . .. .. .. . . . . . . .. .
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software development - 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 encneering - a discipline based on sound engi-
neering principles and proven methodologies, for creating
software that is correct, reliable and economical; the
application of repeatable methodologies and proven disci-
plines to the design and implementation of software.

software engineering process - the overall set of activities,
Applied throughout the life cycle of software, which pro-
duces the required information needed at the interfaces
of each life cycle activity.

source statements - the original sequence of instructions for
a unit of software (usually written in a high-level lang-
uage) before it is 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:
'= [(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; each
lecomposition is checked f or correctness before ,r: u>.
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 technique 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 com-
ponent.

support system - a set of tools (preferably integrated)
which are designed to aid software engineers in manipu-
lating information on a data base.

symbolic execution - a technique 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 system which executes ECS
software.
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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
test data based on :he design (or the code) and additiJrni
instructions such as "test every path through 'A'.0

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
the instrumented test, and displaying the test results.

text editor - a tool for creating and manipulating prose in
machine-readable form.

throughput - 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 code - 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-
boarding 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 rilated 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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verification - 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, Development, Test and Evolution)
accounts.



INDEX



stract data type - I: 34; II: 52; G: 1.

abstract data structure - I: 30-31; I: 6.

abstraction - I: 2, 29-30, 32; G: 1.

acquisition management model - I: 12-14; G: 1.
ii

Ada - Intro: 1, 3; I: 37, 39-40; II: 53, 60-61; G: 1.

adaptation - I: 2, 22, 31; II: 1, 9, 36; G: 1.

ancestry - II: 24; G: 2. '1

application paradigm - II: 21, 57-58; G: 2.

application skeleton - Intro: 4; I: 56-57; G: 2. '1
architecture - II: 27, 38, 60-61; A: 3, 11; G: 2.

assertion analyzer - I: 47-48; II: 54; G: 3.

audit - I: 52; G: 3.

background - Intro: 1-3, 7; II: 34, 39, 41; G: 3.

black-box - I: 45-47; G: 4.

commonality - I: 56; II: 3; A: 11; G: 5.

completeness analysis - I: 27-28; A: 4; G: 5.

configuration management - I: 9, 16, 49, 52-53, 55; II: 5, 9,

20, 33; G: 6.

control structure - I: 37-38; 1I: 29, 45; G: 6.

correctness analysis - Intro: 5; I: 4, 6-7, 12-13, 15, 25, 27, 30P

41-50, 52; II: 14, 54, 56; A: 4; G: 6.

critical path - I: 53-54; G: 7.

cyclomatic complexity - I: 35; G: 7.

data base management system - I: 23, 37, 56; II: 20, 40, 60; G: 7.

data binding - I: 35; G: 7.

data dictionary - 1: 20-21, 23; II: 43, 52; G: 8.

INDEX-1

..... ... :-i: :' ..ll, u m ; ..W -r ._ ._, ..U a



data structure - 1: 23, 29-31, 34; I: 6; G: 8.

decomposition - I: 29, 30-34, 44; II: 52; G: 8.

derivation - I: 26; G; 8.

dynamic analysis - I: 44, 49; G: 9.

error - I: 6, 12, 28-29, 33, 36, 39-41, 49-50; 11: 4, 7, 14, 18,

20, 30, 32, 40-41, 45, 59, 62; G: 10.

error-day - 1: 41, 44; G: 10.

estimation model - I: 24; I: 55; G: 10.

executable design - I: 9, 46; G: 10.

feasibility analysis - 1: 21-22; G: 11.

HDM - A: 12; G: 12.

hierarchic - II: 13, 22-23; G: 12.

high-level language - I: 24, 38; G: 12.

information-hiding - I: 30-31, 34; I: 52; A: 12; G: 13.

inspection - I: 44-45, 47, 49, 52; 11:33, 54; G: 13.

integration - Intro: 1; I: 4, 7-8, 12-13, 37-38, 49; I: 48;

G: 13.

interface - Intro: 2, 4, 5-6; 1: 26, 30, 33, 48-50, 56; II: 2,

6, 27-39, 42, 48, 57-58, 60-62; G: 13.

macro relations - II: 4, 22-23; G: 15.

mailbox - I: 11; G: 15.

mapping - 1: 20, 26; G: 15.

micro relations - II: 4, 22-26, 40; G: 15.

model - I: 2, 4, 6-9, 12-13, 15-16; I: 11, 25, 55; A: 11; G: 16.

non-procedural - Intro: 4; II: 29-30; G: 16.

INDEX-2



patch - IT: 7; G: 17.

PDL - I: 30, 32-35; II: 6, 45, 52, 56, 60; G: 17.

performance - I: 2, 13, 19, 21-22, 24, 28, 35-37, 40, 46-47,

49; II: 2, 22, 25-27, 34, 37, 54, 58-59, 62; G: 17.

pipelining - II: 30, 40, 48-49, 56, 62; G: 18.

POD - II: 60; A:12; G: 18.

portability - II: 27, 49.

productivity - Intro: 1-4; I: 4, 7, 38, 50, 55-56; I: 57,

A: 1, 4, 6; G: 19.

program skeleton - II: 21, 57; G: 19.

proof - I: 27, 44-45, 47-49; II: 9, 54; A: 12; G: 19.

prototype - I: 9, 24, 46; II: 12, 50; A: 12; G: 19.

quality assurance - I: 9, 52, 55; 11: 9; A: 4; G: 20.

redirection - II: 16, 18, 40; G: 20.

relational - I: 22-23, 25; I: 22-24; G: 20.

reliability - Intro: 1-3, I: 1, 6, 38, 47, 49, 55; II: 16, 18,

54, 58; A: 4; G: 21.

requirements analysis - Intro: 4-5, I: 4, 6, 8, 12-13, 18-19,

22-28; A: 5; G: 21.

reusable component - Intro: 4; II: 57; A: 4-5; G: 21.

review - I: 13, 15, 44-45, 47, 52, 55; II: 11; A: 2; G: 21.

SADT - I: 20, 33; G: 22.

SCR - A:12; G: 22.

semantic - I: 19-27; II: 5, 12, 16-17, 24, 26, 50, 56, 62; G: 22.

static analysis - I: 44, 48-49; I: 7, 13; G: 24.

stepwise refinement - I: 32, 34; I: 52; G: 25.

:NDEX-3



structured design - I: 32; G: 25.

structured programming - I: 37, 39; II: 45; G: 25.

symbolic execution - I: 47-48; II: 54; G: 25.

system generation - I: 37-38, 40; II: 4, 20; G: 25.

system test - I: 4, 46, 50; II: 8, 37, 54; G: 25.

top-down - I: 38; II: 53; G: 27.

traceability - 1: 16, 20, 22, 26, 29; II: 6, 23-24, 26-27; G: 27.

uses hierarchy - I: 32, 34; I: 52; G: 27.

verification - I: 6, 8; A: 12; G: 28.

version - I: 4, 6, 9, 31, 36; I: 7, 18-20, 22-24, 37; G: 28.

white-box - I: 45-46; G: 28.

INDEX-4



EVOLUTION PLAN
FOR A NAVY STANDARD

SOFTWARE EINGINEERING
E[, VIRONMENT

oooo o 00-0.0ooo oo oo

SOFTWARE ENGINEERING ENVIRONMENT

WORKING GROUP

March 31, 1982

0 0 0 .......................... 0 0 0



The logo for the No'vy Standard Software Engineering Environment(NSSEE) shows a sea serpent riding the crest of the software technologywave and breathing structure into the software development process(represented by the well-ordered field of ones and zeros). NSSEE shouldbe pronounced "Nessie" in honor of alake-dwelling resident of the BritishIsles. History does not record any interaction between Nes6ie and anotherwell-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 Soft-
ware Engineering Environment,u 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 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 document contains the outline pertaining to the
evolution to, and evoluticn of, a Navy Standard Software
Engineering Environment (NSSEE). An expansion of this
outline 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. House
(NUSC), T. Phillips (NOSC), H. Stuebing (NADC), S. Peele
(FCDSSA), and C. Russ (FCDSSA).
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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 Stancard 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 "Evolution 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

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.

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 OFramework 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 tools and interfaces will
comprise the NSSEE. A minimal
tool set necessary to produce
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Description of Evolution Plan: Plan Outline

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 Droducts. Figure 2 i'2ustrates
the icremental .a.proach. The ing :he
grcwtn of both tocl mi* irid:
2 caA re-vi neents :ntii " .e .
ilec'ce. su ,ort0 : :y the NS TL



Page E-4 II.A.2.b. Evolution to NSSEE: Technical Approach[
Implementation Issues: Research
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Implementation Issues: Research
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* ***************** ****************************************** *

b. 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.

c. 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 R&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 .nder
whose supervision are an esolved
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
required:

- Complete documentation that is
tutorial in nature.

- A human engineered, user-
friendly interface for the
NSSEE.

- NAVMAT supported OTiger Teams"
to resolve on-site installation
and *learning curveO 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 Policies,
S'-aodarcis, !iC Gciideli.nes ii -

~.~a;~k n3c-r .;: ~2
,)e bu ilt.

a. New Policies, S!andards, ?;'d e es
recomme.1ded are:

Te PDA should es,:nate FYS 4C8
as the DA, and FCDSSASO as the
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LCSA (MAT 08Y is the PDA) for
the NSSEE.

ii) 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.

iii) MAT 08Y shall promulgate
"Framework for a Navy Standard
Software Engineering Environment"
as a companion to the Embedded
Computer Resources Master Plan.

iv) 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.

v) Guidelines for coordination with
Joint Logistics Commanders' and
the AJPO work are required.
These are discussed more fully
in the Strategy document.

vi) Standard licensing agreements
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for commercial tools that may
become part of the NSSEE should
be drafted.

vii) The nwed 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.

b. 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, D

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



Page E-10 !I.B.1.b. Evolution to NSSEE: Policies
Immediate Modifications: Recom. on Existing

v) Transfer of Responsibility for

Navy Tactical System Software:

- NAVMATINST 5200.27A

vi) Update the Master Plan for
Embedded Computer Resources

2. Once the first interface specification is
approved as a standard, the initial ele-
ment of a NSSEE exists. Thus, MAT 08Y
must determine whether it will allow
waivers from this standard and also
whether it will provide funding to fLicil-
itate compliance with the standard. Dur-
ing the transition period, prior to imple-
mentation of the full NSSEE:

a. New software support systems (i.e.,
NSSEE oriented and approved projects)
will be required to meet this standard.

b. Existing software support systems,
running existing application projects
(e.g., Share/7 supporting MKI17 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 suipport systems that
meet the standard. If it is desired
to use old support systems (e.g.,
avionic system "AIM-IX" running on
FASP), then these support systems
must be upgraded. As a consequence
of this approach, these new application
projects will be able to migrate more
easily to support systems that accom-
modate the latest iteration of the
interface standard.

d. Determining compliance with the
standard interface specification
implies an "accreditation" mechanism
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~~~~~~* * * * * * ** ** * ** * *** ** * ******* k * * * * * k * * * * * * * * * * * . * * *

of some type. Accreditation poe~
(i.e., how the semantic dr.'i sy-.tact.,:
consistency of the interfi ce±s .s
maintained), and who is responsi-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 INSSEE 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 required 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 t completeO NSSEE (as defined in
the Framework documents) is available,
all new Navy projects will be required to
use it.

%nf o'- Loprades to old support
e~~~~~ S~ w' ~'
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c. Contractors will be required to deliver
products that meet the interface speci-
fications, but not necessarily be
required to use the NSSEE. This will
llow contractors to be innovative

in tool selection and use (e.g., to
gain or maintain a Ocompetitive edge")
which in the long term should be
beneficial to the Navy. The NSSEE
aill De GFE to any contractor in
cesponse to direction from a Navy
sponsor.

5. 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 evolition of the NSSEE is required
to ensure the transfer of benefits as the
technology (hardware, software engineering
systems, etc.) evolves, experience is gained,
and/or requirements 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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NAVMAT UPDATES
ANALYSIS TO

OF POLICIES,
NSSEE STANDARDS,

PERFORM- AND

~V~t1NSSE~!E NSSEE
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