
A D— AO S O 636 II? RESEARCH INST CHICAGO ILL F/S 9/2
SOFTWAR E DATA REPOSITORY STUOY . ‘u~DLC 76 I. N DUVMJ. F30602—75 ’C—0257

UNCLASSIFICD I It*i—tGSSO 4S R~~c—T*—76—3G7 Pt

_ WI_n ’1 a 2  &
4
~b5os3e

S a
_ _  a”



- - 4

— 

j  I- e-

-
~~ V.’ ~ ~~~ 

~~~~ ~~~ 
V

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~*
V. 

c‘~~~V~ ~~~~~~~~~~~~~~~ .
~

.- . . _ .: - - - .‘

• 
~~~~ ~ • . 

• 
r

• - : 
• 

• . 
•: ~~~~~~~. * ‘L ~~~~~~~~~~~: 

~~~~~~~~~~~~~~
•.- 

•1
1,

~~ ~~~~~~~

~~~~~~~~~~~~~~~~~ ~~~ 
~~~~~~~~~~~~~~~

- •.~ $~
,,.•,

~~~~~~~~~~~~ 

-

~~~~ 
;~ 

V

I 

—

~~ -,

~~~~
.

-~, ~~~~~~~~II~~~~I 
-I

I! .
., . ‘ 

- ~~~~~
- -  

-.-
- 

.- 
. 

V~~t •I%
~
. IL~ 

. .

c



‘is

~1k~ :~, .~. S . . . !~~
‘ - • - ~~~~~ -

~~~

t~i -p~~•i .5. . 
. 

.

S.

4 .
S . ‘ S

~~

- 
•
~

~‘t . ~~~~~~~~~~~~~~~ . .

5! 7~-,• S 

. .. - - 
~~~~

• ~~~ ~~~~~~‘S ~ ~~- ~~~~~~~~~~~~~~~~ . •4. ~ 
• .

~

~ 
~- -~~~~~~~~~~~~~~~ S~~~~ 

~~~~~

~ -) 
‘S

~

1-

~~

.,

- .
~~ ~

,— ~~~~ 
S

~ . 
,

-

;~ - 
.~~



UNCLASSITIED
StC t . ~S4~~1Ie~~IC 4t IO a. 0’ twi$ 0*51 ~~~~ D.i. SAI.P.V) 

____________________________________

atAD ~ $TRUCt1O? SREPORT DOCUMENTATION PAGE •t,ost ~~~~~~~~ PORNV .- -

~~~ 
_ _ _/

~~ 
j2. 

$OVY *CC1U$0~~ I O  I 51CI ~~I tW ~~’1 Cal Li.O5 ~~u~~~St 4

4. t lt~~1(~~~~1~~ UU.) &. rss~ a

_ _ _ _ _ _ _ _ _ _ _ _ _ _  

7

$OFTWARZ JATA JZPOSITORY JTUD~
J 

/“ 
~1 

~~c~~ica1 p

_______________________ 

Jur~~~~75 - Aul 76
__________________________________ Ij ~~~ PI R ) S

~
. *u?wo~~.~ 

IITRI—E633%—28 I —

w~ N U M S C ~~.J

~ 
~~~~aineM7~~~ iiJ ~~~ F ft6I -7S-C4~~7’~~~~

1

4 Pt~~rO~~ui~~G Qa~~*w I Z A lION PI AW L aND ADDRESS 
— 

*0 •moc R a v  t~~1~~1wl . øU ~ j t~~’. 1*5k
*0 ( 4  4 oDR~ UNIt WUUStR$

lIT Research Institute 63?28F __________

10 Vest 35th~ Street ~
i
~#8l

6
Chicago XL 60616 _____________________________

‘I . CDw’ RO*. I.tNG O ’PI CI  NA V (  AND ADD RESS 

O 

IL ‘~~~~~~~ ‘

Criffiss AFB WY 13441 ~~~~~~~~

Rone Air Development Center (ISIS) Dcc, m767

14 i fOw i lOR i  AG(l.~~ t.*s~t 4 *~~9lC55(il li ft.,.,” IPOIP C.øi,.ltii’i4 0u sd ) IS S(CiJ ~4~~~C~. *S5 .  (•t iii. •pi

Same 
1J?~CLASSIFIED
IS. D(CI. * I S I’ ICA * I O ,  DO.p.0R*Di~~ G

SCM D*~~.t

_______________________________________________ 

N/A
14. D i S l R i S~j tiOo $1*1IMIN? (•I f f is a  RIp•re)

Approved for public release; distribution unlimited.

I’I. ~st~ s~jrs o~ ItaituEwl (.t U. .b.I,~~dl ,i .~~ v us al.cA ao. S i d tf.,.fl I f t.i  R.p.,t)

Same

*4 SUPP~ IM tN1 *Ry wotli

$ 
RADC Project Engineer:
John Palaimo (ISIS)

~I. kit WORDS (C olMv, .~ ,.vs,.. .sl. U n.c. ...,v au IftA*It)’ b~ 41.44 t.~~~b•P)

Data Repository Software Development

~~ 
Data Center Information Systems
Software Engineering Database Systems

ç~ \
\ 

Software Quality Software Experience Data

*S5t*AC? (Caulffiu.. au ~s.s.b Ill. U ..s.... .p aul Sl.0UI~ b~ bI•s4 ms ib P)

The purpose of the Software Data Repository is to upgrade the sof tears
development process through collection, analysis, and dissemination of sof t—

ware development experience.

A f~~ctiona1 definition of the repository including a discussion of the inputs,
4 processes, and outputs is pr .ented in this report. The input processing and

~~ the requirements of an information system for storing and processing the data
is discussed, along with a presentation of the recoemendations f,r the m

—— ,.. ~w $ ~~ ,~ 1473 S.I Y~.~~O’ ‘NOV 54 Is NO$O%.I1I

U UN,t v c~us,ncA?,oN OP bail sass ~~~~au Da. I—~~~~

it. 
_ _ _ _ _  

_ _ _ _ _ _ _k—. —
~~~~~~~~~~

—————-——-----
~~~

——-—- — — — - 
-- - —‘---- — 

- —

S - .-



UNCLASSIFIED
$SCvRI ’Y CI.  AiSIP,CAIIOM 0, loiS OAOI( S.’ 5.. . i4iM~~d)

repository including the development and operation of a pilot facility
and th. expansion of this facility into a fully operational center.

a

5. UI~CLASStTX~~
SICUCItI 1.U$IPSCA?sOss OP bail 0aS$~~ au 0 .  5uuIi ,~~~~~

_ _ _ _ _ _ _  - ~~— .5
— 

-S -- - •S~S_5•~5~

- - — - S ~~~~~~~~~~~~~~~~ — - 5 -



PREFACE

This technical report presents the results of a
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ment Center (RADC), United States Air Force, under
Contract No. F30602—75—C—0257. 3. Palai~o of RADC
was the Project Engineer.
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P. Llevellen, C. Proctor, R. Rebich, T. Ripley ,
P. Slawniak, P. Taska, and R. Wise from ItT Research
Institute; and P. Belford and W. Whisenant from
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EVALUATION

This effort is part of a program , the goal of  which is the implementation
of a centrcl repository f  or data and technical information for computer
•oftvare technology and engineering. This center will provide tools and
facilities to store , analyze , and disseminate authoritative scientific and
technical information concerning all aspects of computer software and the
software development process .

This effort fits into the MDC Technology Plan, particularly MDC TPO
11, Software Sciences Technology. The objective was to investigate areas
relating to the design, implementation and operation of a central repository
for software data, and to provide a prelininary design including functional
description and recommendations for a pilot capability. All major objectives
of this program were successfully addressed .

These results in concert with ~eco endations from a parallel study of
software data collection procedures and problems are being incorporated into
MDC plans for the implementation of a Data and Analysis Center for Software.
The Software Data Collection Study was conducted by System Development Corp
and is reported on in R.ADC—TR—76-329.

JOHN PALAIMO
Project Engineer
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1. Introduction

1.1 Report Introduction

This report presents the results of a study to develop the design for
a software data repository to collect , analyze, and disseminate software de-
velopment experience information.

1.2 Background

Software development research has been hampered by the lack of data.
Without the availability of historical data on the production of computer
software, we lack the ability to predict costs of future development , to
determine the best design, developmen t, and testing methodologies , and the
ability to effectively measure and predict the reliability of computer soft-
ware systems.

In recognition of this need , R.ADC contracted for this study to establish
the specifications for a software data repository for data and information
exchange. This repository wiL. serve the government/university/industrial
rommunity as the focal point for software development experience information.
Data acquired from various sources will be stored in a centralized data base
and made available to qualif ied users , analyses will be performed by compu-
ter software engineers and statisticians , and results will be produced in
the form of publications to be disseminated to repository users.

The purposes of the software data repository are to upgrade the software
development process through the collection , analysis and dissemination of
software development experience information; to provide a better understand-
ing of the nature , causes and effects of software failures; and to determine
those factors that contribute to the productivity and cost of computer soft-
ware development and maintenance.

The concept of a data center for the collection , analysis and disscrnina—
tion of information in a specialized area is not new. As early as 1963, in
“The Weinberg Report”115 400 Information Analysis Centers were identified .
This panel recognized the need for centers that would distill technical in-
formation and would serve more than disseminators of documents. The 1970
version of the Directory of Federally — sponsored Centers lists 110 centers
(COSAT I Pane]. 6). As an example of these centers, there are presently
eight DOD Information Analysis Centers which are administratively managed
and funded by the Defense Supply Agency (DSA). They are responsible for the
collection , evaluation , analysis and dissemination of scientific and techni—
cal information to the scien tists, engineers and technicians they support.
Among the specialized areas they deal with are hardware reliability, metals
and ceramics, mechanical properties, thermophysical and electronic properties
and machinability.

The generation of the design for the software data repository de-
fined in this report was guided by the IITR I experience in developing and
operating one of the above mentioned DOD Information Analysis Centers — The
Reliability Analysis Center (RAC).101, 106-114

1—1
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1.3 Report Organization

This report contains eight sections and three appendices .

Section 1 contains background information vhile Section 2providu a func-
tional definition of the Sof tware Data Repository including a discussion of
the inputs, processes , and outputs.

The requirements f  or processing the input data and documents is presented
in Section 3 and Section 4 contains the requirements of an information sys-
tem to manage the data including a discussion of the database characteristics
and structure.

Section 5 contains discuesions on data collection system s that automati-
cally and manually collect software data, data entry hardware devices that
are available on the market for consideration as tools to transform hard
copy data to computer—readable form, alternative information system and
database management system approaches , and alternati ve approaches for auto-
mating the document library.

The design for the Software Data’~Repository , including the devel-
opment and operation of a pilot facility and the expansion to a fully opera-
tional center, is presented in Section 6. Section 7 contains a summary of
the report recommendations and a bibliography is presented in Section 8.

Append ix A con tains a glossary of database management terms. Presented
in Appendix B are the results of a survey of the software development com-
munity to determine their interest in the repository . Appendix C contains
definitions of software engineering terms as they appear in the literature .

1—2



2. Definition of the Software Data Repository

2.1 Introduction

This section presen ts and describes the functional model for the Software
Data Repository. In pursuit of this model definition , the following sub—
tasks were performed :

— Review of the software engineering literature
— Survey of the software development community
— Visits to software developers and attendance at software engineering

conferences
— Meetings with RADC engineers
— Review of the literature on data center operations
— Observing the operation of the Reliability Analysis Center

2.2 Functional Model

The Hierarchy Input Process Output (HIPO) chart in Figure 2.1 provides a
graphical representation of the functional model of the Software Data Repos-
itory (SDR). The principal inputs to the SDR include production/development
reports that contain software experience data and documents that contain
textua’ information on the software development process. The data and docu-
ments form the basis for a document library and the two computer databases
that serve as inputs for subsequent updating and processing.

The major SDR processes include the acquisition of data and documents ,
the evaluation and summarization of these inputs, the production of reports
and data subsets, the performance of engineering analysis, data analysis,
and software model development.

The major outputs are the updated databases and document library , data
subsets for modeling efforts , published reports containing results of analy-
sis, and answers to inquiries and consulting actions.

As the document library and the two major databases form the heart of the
repository , the information content of each is first discussed.

2.3 Information Content

There are two major classes of information that form the inputs to the SDR.
The first class consists of production/development information relating to
the developmental characteristics of producing and monitoring computer sof t—
ware. The second class consists of textual or expository information relat-
ing to software development. From these documents the Document Description
Database, the Historical Database and the Complementary Database are generat—
ed (Figure 2.2).

The Document Description Database contains the information needed to re—
trieve the documen t accord ing to the users ’ need. This database , plus the
source documents, form the basis for a document library.

2—1
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The Uistozical Database contains st~~atized information obtained from the
production/development reports. The types of information containe d in this
database are productivity, cost, environment, and s~~~aris.d test and error
data.

The Complementary Database contains detailed testing , error , and change
information obtained from the production /development reports.

2.3.1 Source Data/Doc um ents

There are two maj or classes of information that form the inputs to the
SDR. They are :

1. Production/development reports related to the developmental character-
istics of producing and maintaining computer software. This data may be
in hard copy or cosputer—riadable f orm and provides experience data from
the following categories :

• Project Descri ption Reports
• System Development Logs —

• Configuration Management Reports
• Program Support Library Outputs
• Problem Reports/Correction Reports

Testing Summary Reports
Automated Testing System Outputs

• Operation/Maintenance Reports
• Engineering Change Reports

2. Textual or expository information related to software d evelopment .
These documents are from the following categories :

• Journal Articles/Te chn ical Pa pers
• Specifications/S tandards
• Symposia and Conference Proceedings
• Bibliographies , Surveys , Reviews
• Handbooks

Resear ch and Development Reports
Unpublished Technical Papers

2.3.2 Document Description Database

An entity represents an object or event in the system being modeled .
This database is made up of two entities.

• The Document Descriptor Entity — informatio n pertinent to describin g
the characteristic s of the data or the document.

• The Document /Data Cros s Referen ce Entity — inf ormatio n necessary to
retrieve the pz oduction/d .velopmen t data stored in the other two
datab ases.

2—4
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2.3.3 Historical Database

The Historical Database contains summarized information from the pro-
duction/development reports. The data is stored at the project, system
and module levels for each phase in the software life cycle.

As used within this report , a proj ect consists of one or more systems
and provides a solution to a problem . A system consists of one or more
modules and prov ides a meaningful software product to the user . A module
is a discrete identifiable set of instructions handled as a unit  by an
assembler, compiler or loader.

The software life cycle consists of six phases including the conceptu-
al, requirement, design, implementation, test and operation phases.

1. Conceptual Phase

Problem statement definition
Preliminary systems analysis
Alternative solution categor ies

2. Requirement Phase

Project objectives
System specifications
Request for Proposal (RFP) preparation
Proposal preparation and evaluation

3. Design Phase

Software component definitions
Interface and data definitions
Requiremen t compl iance

4. Implementation Phase

Program code production
Unit testing

5. Test Phase

System integration of the software components
System and acceptance tests
Requirement compliance

6. Operation Phase

System use
System maintenance
Detection and correction of errors
Modification to add capabilities and/or improve i erfozmance

2—5
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The Bistorical Database is made up of six entities (Figure 2.3) and
the contents of each is briefly described below.

~ The Project/Comp onent Descriptions Entity — descriptive and structural
information f or the project components; experience information on per-
sonnel assigned to the project ; and information on the computer systen
used.

• The Environment Entity — information , for each component and phase, on
the types of personnel and computer used , contract type , applicable
stand ards and collection procedures , and project constraints and pri-
orities .

• The Technology Entity — inf ormation on the various management, develop-
ment and testing philosophies , tools and techniques used for each com-
ponent and phase.

• The Resource Utilization Entity — the calendar time spent , the amount
of time for each personnel category and I or the computer, and the costs
for computer , personnel , travel and miscellaneous items.

• The Production Entity — su~~arized information , for each component and
phase , on the number of pages of documentation produced ; the number
and types of changes mad e, tests run , and errors uncovered and cor—
rect~d.

• The Software Characteristics Entity — the software produced in terms
of quality, complexity, stress applied and software constituents.

2 .3.4 Comp lementary Database

The Complementary Database contains detailed information from the pro-
duction /development reports. As in the Historical Database, the data is
stored at the project , systan and module levels for each phase in the
software life cycle .

The Complementary Database is made up of three entities and is expected
to grow as special collections on variou s projects are mad e (Figure 2.4).

The first entity is the Project/Component Descriptions Entity as d’s—
cussed under the Historical Database . if this information is recorded
I or the Historical Database , it can be integrated into the Complementary
Database. The other two entities are the Test Results Entity and the
Engineering Change Entity .

• The Test Results Enti ty — detailed information on the characteristics
of each test run including stress applied, error category, severity
and correction type , resources used , and affected areas .

The Engineering Change Entity — detai].d information on the character-
istics of each engineering change including change type, calendar time
and resources used .

2—6
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The information in this database is expected to be dynamic to support
various research efforts that demand detailed experience data . As special
needs are identified such as performing research in error analysis , main-
tainability, complexity measures , and program constructs , additional en-
tities will be provided dependent upon data availability . Also, obsolete
entities viii be deleted as data requirements change .

2.4 Process Over view

Major processing elements for the repository are briefly described in the
following paragraphs.

2.4.1 Data/Documen t Acquisition

A concerted and continual acquisition effort is required with full co-
operation of the many sources that generate information and data that may
be acquired through direct solicitation, voluntary contributions and in-
corporation of data requirements into software development contracts. The
major sources of data are military systems program offices , other govern-
ment agencies , project contractors , computer software developers , indepen-
den t R&D organizations , academic co unity, sympos ia , conference , seminars ,
and other open literature.

2.4.2 Input Processing

It is required that the incoming data and documents be thoroughly re-
viewed for relevancy, validity, accuracy and completeness prior to accep-
tance. This review is conducted by computer professionals with technical
expertise in software engineering. An accepted document is cataloged in
the library for subsequent retrieval. If this input contains production/
development data , it is suu arized and transformed into the SDR formatc
and then entered into the corresponding database(s).

2.4.3 Report Production and Engineering Analysis

The report production for the SDR implies producing subsets of the data
in both computer readable and hard copy form , state—of— the—art reports on
designing , developing , and maintaining computer software , and the results
of software modeling and other analysis efforts.

The types of analysis include evaluation and refinement of software
reliability and maintainability models , regression analysis on the factors
that e~f.ct productivity and cost , and other data analysis techniques such
as distribution fitting , calculation of means , averages , correlations, and
frequency distributions.

2.5 Output Types

The major output types and their uses are briefly described in the fo)low-
ing paragr aphs:

Database — access to the database for searching and/or copying the con-
tents of the databases.
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• Data Subscription — computer readable copy of the database(or a subset
of the database) and regular updating service.

• Data compendiums — publications that provide su ary information on the
database holdings .

Handbooks — publications that provide practical guidelines and procedures
fo r producing and maintaining computer software .

State—of—the—Ar t Reports — publications that provide the latest, authori-
tative information on software development techniques.

Technical Monographs — in—depth reports on a specialized software develop-
ment area such as evaluation and validation of software reliability models.

• ~Enquery and Consulting Services 
— these services provide the user with

knowledgeable assistance in the solution of a problem .

• Document Library — access to the documents within the library and/or dis-
tribution of copies of the documents.

Bibliography — a publication including references , bibliographic citations ,
and indices for user search.

2—9
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3. Input Processing Requirements

3.1 Introduction

One of the most critical and t ime consuming functions of the repository
is that of processing the input to assure that the information is valid ,
meaningful and easily retrievable. The purpose of this section is to de-
scribe the methods required to process the input . Figure 3.1 contains an
overall flow of the input processing.

The initial processing of the production/development reports and the tex-
tural documents is similar. Both types of inputs are evaluated , ind exed ,
and stored for future reference. If the input includes production/develop-
ment reports, the data from these reports is transformed and loaded into the
Historical and Complementary Databases.

3.2 Evaluation

The first task is to evaluate all incoming data and documents by careful-
ly reviewing the input to determine if the information is valid and is rele-
vant to the software development process. At this point , it is either
rejected for inclusion into the SDR or accepted for further processing .
Each accepted document is matched against the current source documents for
duplication. If a duplication exists, the duplicate document is stored with
the original and no further processing is required . If a duplication does
not exist, the accepted document is then indexed.

This evaluation process also takes into account the corporate sensitivity
of the data or the documents. A determination is made at the time of the
levels of security that must be applied to this information.

3.3 Indexing

Indexing is the task of assigning descriptive terms to the input. This
is an important process since the access to this information is through the
index terms assigned .

The Document Description Form (Figure 3.2) is completed during this in-
dexing task to provide a consistent recording of all indexing information.
The indexing information for the reports and documents is grouped into three
classes:

1) location term
2) bibliographic terms
3) subject terms or keywords

The location term assigned to any report or document is its accession
number. This accession number is unique for each report or document and
serves two purposes:

1) it is the primary means of locating the report or document within the
library

2) it is the primary means of cross—referencing the report or document for
retrieval
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SOFTWARE DATA REPO~ TORY
DOCUMENT DESCRI PTION FORM

Oats Ordered 
_______

Date Received 
_____

Oats Procme.d —

1. Document Accession Number __________________________________________

2. Tide

3. Auth ar(s) _________________________________________

4~ Company Name _________________________________________ 
_______________

5. Pu blication 
__________________________________________________________________________

Vol. #
_________ —___________________ 

pp . 
___________________ 

pub. date

8. Oocu ment Type 
_____________________________ 

7. Gov’t R.port #_______________________

Contract Dates __________________________ Contract I)

L Keywords _________________________________________________________________

a Abstract ________________________________________________________

Flpia 3.2 D.e.mest Descriptlos Fo,,s
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The bibliographical terms include title , personal and corporate author(s),
publication name, volume number , pagination , public ation date and document
type. For government reports , repor t number , contract number and contract
dates are also included.

Subject terms (keywords) describe the textual and data content of the re-
port or document. This task of assigning keywords is the most time—consuming
and critical procedure in indexing. The user depends upon the document being
correctly classified. If incorrect keywords are inadvertently assigned , that
information is less than optimally sui ted f or user needs.

An indexer reviews the foreword , abstract , table of contents, data defini-
tions, report su ary , and conclusions of each docume nt and produces a list
of terms that describe the content of the document. It is very important
that the indexer be as consistent as possible and call the same concept by
the same term everytisie it appears . To facilitate this requirement , a
thesaurus is used .

A thesaurus provides both the indexer and the retriever vith a list of
permitted terms. It contains definitions of the terms , cros s references to
synonyms and related terms, and cross reference to broader and narrower terms.

The following is a set of guidelines for selecting subject terms:

• Express all subject terms as nounE

. When citing term s descr ibing processes , use the gerundive form of the
verb . For example: debug becomes debugging

Use singular forms when citing :
— Spec if ic ma ter ial term s

e .g . ,  flow char t , sched ule , disc
— Specific terms representing properties , conditions or character-

istics
e.g., reliabil ity, availability, predictability , productiv i ty

— Terms describing a specific process
e.g., debugg ing,  verifying , program structuring

— Proper names
e .g . ,  Shooman Model

— Terms describing disciplines, f ields , subject areas
e.g., computer science, automated testing

Use plural f orms when citing
— Generic terms

e.g., operating systems , design techniques , costs
— Term s describing equipmen t or devices

e.g., compute rs, compilers
— Terms describing events or occurrences

e.g., failures , interactions

Use terms that are recognized in th e software development co unity,
are nn~.biguous , and do not occur too frequently in the literature.



3.4 Updating

Updating is the process of storing the source inputs in the document li-
brary and entering the information from the Document Description Form into
the Document Description Database.

The source inputs are labeled and stored by accession number with a copy
of the Document Description Form attached to the document. The particular
storage media is dependent upon the document form. Hard copy documents are
stored in file folders in filing cabinets, magnetic tapes are stored in tape
racks , and punched computer cards are stored in card files.

The information from the Document Description Form is transformed into
computer—readable form and entered into the Document Description Database.

The processing for the textual documents is now complete. The production/
development reports require further processing.

3.5 Analysis of Data Form and Content

Since the production/development data is destined for the Historical and
Complementary Databases, an analysis is made of the form and content of the
data to determine subsequent processing procedures. The data is examined
for incompatibilities with the requirements for the Historical and Comple-
mentary Databases. These incompatibilities take the form of inconsistent
coding values and field lengths, incompatible summarization levels, and dis-
tribution of data values .

3.6 Data Translation

The production/development data is transformed to the formats suitable
for the SDR databases. This translation is performed using manual proce-
dures and computer programs.

Using manual procedures , this process includes manually transforming the
data into the SDR formats and producing a computer readable copy of the
transformed data.

Using computer programs, this process includes defining and reading the
source data, transla”~..b the data according 

to the SDR data requirements and
outputing the transformed data. The extent of the translation is dependent
upon the incompatibilities uncovered during the analysis of the data.

3.7 Database Updating

This process includes entering the transformed data into the Historical
and Complementary Databases. During the updating process, the data is edited
for incorrect coding values, inconsisten t records , and duplication of infor-
mation. If needed , the data is corrected and reloaded into the database.
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4. The SDR Information System
V

4.1 Introduction

An information system for the SDR requires a computer hardware/software
system that provides processing capabilities for the SDR and a database
management system that provides automated tools for managing the data.

This section presents a general discussion on the requirements of the
hardware/software system including the capabilities of the ARPA network, the
general requirements of security procedures, a presentation on the require-
ments of a database management system (DBMS) to manage the SDR databases,
and a discussion of the characteristics of the SDR databases.

4.2 Requirements Sunniary

The basic feature requirements of an information system for the SDR are
listed in Th”le 4.~ Each feature has two columns associated with it. The
first column illustrates the need of a feature f or a pilot facility, the
second column illustrates the need for a fully operational center. The pri-
ority need is established according to the following levels:

M Mandatory This feature must be available.
D Desirable It would be desirable to have this feature , but if

not available, a suitable alternative can be found .
0 Optional It would also be desirable to have this feature but

if it is not available , normal operation would not
be impaired .

N Not needed Even if this option were available, it would not be
used .

Blank The requirement level has not been established .

Each of these features are discussed in the following subsections. A glos-
sary of terms is presented in Append ix A for those readers who are not
familiar with database terminology.

4.3 Hardware/Sof tware Systems

A hardware/software system to be used by the repository must provide f a—
cilittes for online and batch processing of standard and ad hoc retrievals,
batch processing for standard and arty ad hoc reports, online/batch proces-
sing for retrievals that result in lengthy answers, batch processing for the
maintenance and updating of the database. The system must be able to inter-
face retrieval results and report generation with application programs.

There are at least three options that fulfill these general requirement..
The first is to utilize a medium to large scale computer with its attendant
software and full range of peripherals, such as found in many computing cen-
ters (i.e., RADC computer center). The second is to purchase services from
outsid• vendors. A third option is to purchase a mini—computer and perform
all of th. processing functions tn—house .

4—1
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Table 4.1
Feature Requirements

Required
Feature Pilot Full

1. IlardwarslSoftware System
RADC Computer Center N
Dedicated Mini—computer N
Outside Computer Service N
Interi ace to the ARPANET 0 D

2. Mode of Operation
latch Retrieval 0 0
latch Maintenance N N
Online Retrieval 0 N
Online Maintenance 0 0
Onlinellatch Retrieval N D
Online/Batch Maintenance D D

3. Users
Data Administrator D N
Applications Progra er 0 hi
Nonprogra er H H
Parametric User D hi

4. Data Loading and Maintenance
Self—Contained hi hi
Host Language D N
Foreign Files N hi
Inpu t Verification D D
Reorganization D hi
Restart and Recovery D hi
Data Translation D N

5. Retrieval and Report Generation
Self—Contained H N
Interface to User Programs D N
Data Subsets - N N
Multi—Attribute Qualification hi N
Multi—Attribute Sorting hi H
Multi—Users 0 N

6. User Programs
Data Manipulation Language D hi

Data Files N

7. Databu . Characterization and Structure
Data Description Language hi hi

Schsma—S ubsch ema I) N
Data Structuring N N
Data Directory D hi
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Table 4.1

Feature Requirements (cont’d)

Required
Feature

Pilot Full

8. Security
Method

Adminis tra tive M H
Hardware 0 D
Opera ting System N M
DBMS D M

Technique
Read Access M M
Wr ite Access M M
Log—on M M
Password H M

Level
Datai.ase D M
File D H
Field D hi

I
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Any one of these environments could be part of a computer network (such
as the WA network). A computer network would facilitat e direct access to
a database and /or the application programs by a multitude of users.

4.3.1 ARPA Network

The ARPA network requirements for the SDR are to provide the facili-
ties f or distributing data subsets and receiving foreign files , and to
provide direct access to the database by qualified users. RADC has ac—

- -  cess to the ARPA network through the )lultics Operating System .

4.3.1.1 Introduction

The ARPA Network (ARPANET) has been operational since 1969 and is
composed of over 85 host computers distributed over 60 different loca-
tions in the United States . The geography and topol 2~~ of the network
are illustrated in Figures 1~.1 and 4.2 respec tively.”

The motivations for the network were to establish computer resource
sharing, to assist in contractor communication, and to demonstrate the
feasibility of packet switching technology.

This network was originally conceived and funded by the Advanced
Research Projects Agency (APPA) of the Department of Defense. The
Defense Communication Agency (DCA) has the primary responsibility now
and each user is assessed f or their network usage . Last year P.ADC was
assessed $60,000 . This year it is expected to be $72 ,000 . Bolt Bera—
nek and Newman (BEN) is the primary contractor for the development and
operation of the network. The MIT Laboratory of Computer Sciences is
presently under contract to develop ARPANET capabilities for the ML~LTICS
operating system on the Honeywell 6180 Computer system .

The ma j or attributes of the ARPANET are listed below.303

A distributed store — and — forward network of heterogeneou s compu-
ter system (hosts).

• Network Control Programs (NCP) are the software interfaces for con-
necting hosts.

• The hardware interfaces have the characteristics of either a channel
or a communications line.

• An Interface Message Processor (I)*’) is a specially modified Honey-
well 316 or 516 processor which serves as the communications compu-
ter in the network .

• A Pluribus I}~ is a multiprocessor Ih~ assembled by BEN using micro-
processors .

• Host to host messages are passed from the host to its I}~ , broken
into packets , and sen t to their destination .

• The route of any given packet is not established in advance and
several packets of a message may follow different routes .

• The destination D~ reassembles the message and delivers it to the
proper host.

• Three Protocol Levels hay , been established for co unication:
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— Level 1 governs logical exchange of information between host and
I

— Level 2 governs logical exchange of information between NCPs in
communicating hosts.

— Level 3 governs communications occurring between processes in the
host machines. Examples of this level include the data transfer
protocol , the f ile transfer pro tocol , and the special TELNET Proto-
col. The TELNET defines a network virtual terminal and permits all
terminals on the network to provide a similar interface to proces-
ses in a seperate host.

A Te rminal D2 (TIP) is an tMP which is augmented by additional mem-
ory and a multiline controller. The TIP contains a network control
program and a TELNET program to permit terminals to access the net—
work directly

4.3.1.2. RADC — ARPANET Accessibility
RADC is presently a TIP user on the ARPANET through the Multics Op-

erating System (Figure 4.3). Below is a brief summary of the status
of ARPANET accessibility by R.ADC:
• The lower level protocols (Levels 1 and 2) are well established and

would be of little concern to the SDR.
• The fi le t ransfer protocol (FTP) is also well establLshed . The

transfer parameters include type (ASCII , BCD , etc.), mode (stream ,
block) , and struc ture (f ile , record). This protocol is used exten-
sively for transferring messages (mail facility). In addition to
this protocol, there is a need for data transformation software (as
discussed in a previous section).

• The other higher level protocols are not as well established and
the user must learn the host dependent coimnands and conventions
(log—on procedures , job control language, file naming conventions,
etc.). In addition , the quality of documentation and assistance
availability varies from site to site. There is a need for a sys-
tem control language to provide a common means for users and appli-
cation programs to access the resources needed , independent of
their netwo’k location .092

• The Communication system is highly reliable .
The reliability of the host system varies from site to site.

• Backup processing capability is left to the user.
• File security is the responsibility of the individual host.

4.3.2 SDR Options for Utilizing the ARPANET

The ARPAN ET can be used for the repository at RADC to transfer subsets
of the production/development data to qualified users , and/or to receive
production/development data from th. software developer.

A higher level of usage of the ARPANET i~ to allow qualified users a
retrieval capability to provide them with access to the Document Description,
Historical and Complementary Databases . In addition th. repository person-
nel may retrieve production/development data from the developers ’ database
to determine applicability to the repository before actually receiving the
data .
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4.4 Security

As some of the product/development reports will include corporate sensi-
tive productivity and cost data, procedures and mechanisms must be estab—
lishsJ and utilized to prevent unauthorized access to this sensitive data.
tn addition, there must be security provisions to safeguard against the acci-
dental distruction of data and the disruption of user services.

The SDR security involves the computer system including its attendent
hardware and software components, the repository users, the repository and
computer site personnel, the physical environment , and the relationships and
interactions between all of the above (Figure 4.4).

Backup procedures such as restart and recovery can be incorporated to pro-
vide some level of data integrity. Also editing and validation can be accom-
plished to prevent the invalid entry of data.

Adequate technological safeguards to provide protection from deliberate
misuse or access to the sys :em are not now available in current computer
systems.305 The use of passwords for access to the operating system and
the database are available ~ut can be penetrated. These mechanisms will be
used, but , at least initially , the sensitive data submitted to the SDR will
physically be stored for manual retrieval rather than to make it available
through the computer system.

Sensitive data is that data which has been submitted to the repository
that the submitter considers sensitive. That is, the judgement of sensitiv-
ity will be left up to the contributor. It is expected that the sensitive
data may consist of the developers’ affiliation , projec t designa tions , pro-
ductivity data, and cost data.

4.5 Database Management System Requirements

Shown in Figure 4.5 are the major database management system functions
that must be considered for the SDR.’°’ Each of these functions is discussed
below including a discussion of the types of users of a database management
system

4.5.1. Users

The Conference on Data Systems Language Systems Committee (CODASYL) 206
defines four levels of users of database management systems . These are
data administrator , applications programmer , nonprogra er and the para-
metric user . The data administrator is the one perSon who is responsible
f or the creation , restructuring , security , etc. of the database.

The next level is th. applications programmer. These persons are com-
pu ter professionals who are v.11 versed in the current practices of data
processing. They are responsible for writing application programs, pro-
cessing difficult queries , generating reports , etc.
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The next two categories (sometime s termed the general user) are the
monprogrammer and the parametric user. The nonprogrammer is typically a
person who is knowledgeable in the functions of the organization but is
not necessarily a computer professional. The nonprogra er viii most of—
t~~ operate in an online environmen t and answer user queries. For the
software data repository it is assumed that the “nonprogramer” is fam il-
iar with the software engineering field bu t queries the da tabase in a
nonprocedural way without needing to know the structure of the data. It
is expected that all professional members of the staff of the SDR will
query the database in this way at some time or other , including management .

The parametric user is not skilled in the use of the computer , but does
have the kn owledge required to invoke predefined transactions (i.e.,  sup-
port personnel). This support function includes the important task of
data entry .

4.5.2 Data Loading and Main tenance

The loading of data is a tedious and time—consuming taFk and , as such ,
offers great opportunity for error. It is thus extremely important that
the facility for input verification, and error detection and correction
be provided .

As the input data will be arriving from many sources , the data must be
made compatible with the SDR database. There is need for  the capabilities
to read foreign files and translate the data.

There are basically three categories of data maintenance. These are
add /delete records , add/dele te/change values in a record , and a restruc-
turing of the database. The two modes that would be required are online!
batch and batch. With these two nodes , data could be entered online and
later processed in batch or entered in the batch node.

There is an additional requirement for the capabilities of restart and
recovery. Procedures for capturing information about changes to the data-
bases , audit trails , database dumps, roll back and toll forward on a
transaction—by—transaction basis are required . These techniques are used
to restore the database to a prior state after an error on the part of the
user , operator , pr c~gram , or malfunctioning hardware .

4.5.3 Retrieval and Report Generation

The major requirements of a retrieval and report generation subsysten
are to provide the capability of qualifying a subset of the repository
database on all attributes (and any combination thereof), sorting and/or
formattin g this subset , interfacing this subset to user program s , or
printing this subset direc tly to the requesting computer terminal. Since
some of the users of this system will be nonprogrammers, there is a re-
quirement for online tutorial material to aid in retrieval specifications.
it would also be highly d.sir.ab]e to have feedback on long retrievals.
This would require a combination of online and batch . Thus , retrieva l
specification would take place online and the actual processing w uid be
perfo rm ed in batch . There might also be the need f or some standa rd re-
trievals which would be run quite often and , thus , would be pr ede fined.
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It is anticipated that the repository would produce reports summariz-
ing the data. Therefore, this subsystem would have to have the capabili-
ties for multi—attribute qualification, running several different user
programs against the database, spec ify ing outpu t columns and head ings,
placing several different values under each heading , and placing limited
free—form remarks under certain headings.

There is the need for the generation of ad hoc reports which may occur
as a result of an online batch retrieval or may originate as a batch job.

4.5.4 User Programs

In order to support the repository adequately, the system will have
to provide for the running of a wide variety of user programs. These
programs might be written in FORTRAN, COBOL , JOVIAL , PL—l or some other
standard programming language , and require the use of a data manipulation
langua ge for read ing , writing , searching, and updating the database . De-
pending upon the function of the program , it must be able to operate on-
line , in batch and/or in the online/batch mode.

The user programs will vary from major modeling systems to statistical
analysis routines acting on subsets of the database. Some examples of
the programs that would be required for statistical analysis include mean ,
ran ge, var iance, standard deviation, confidence intervals, F—test, T—test,
chi—s quare test , analysis of var iance , regression analysis, analysis of
covariance and probability distribution fitting. Programs of nonstatis—
tical nature would include sort—merge, qualification to obtain a subset
of the database, and various routines that would be required for the gen-
eration of reports.

4.5.5 Database Characterization and Structure

A database management system must have the capability to define , load
and update the data, retrieve on the attributes of the data , produce re-
ports and be able to interface with user programs. There must be a data
description language to define the data structure , attribute type and 

-

length , and to handle coded values within the value sets.

As discussed in Section 2, there are three SDR databases:
Document Description Database
Historical Database
Complementary Database

The Document Description Database contains descriptive information on
the documents within the document collection. This database is made up
of two entities, seven group., and 17 attributes (Figure 4.6).

As def ined before , an entity represents an object or event concerning
t he software development process. An attribute describes the entity and
ii the smallest named logical unit of data within the database . A group
is a nam.d collection of attributes.
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The Historical Database contii~.s summarized environment , resource uti—
pp’ lization , production , testing , a.:d change data. This database consists

of six entities, 33 groups , 107 attributes and 33 value sets (Figure 4.7).
A value set is the set of all possible values for an attribute. The ini-
tial values for 24 value sets are illustrated in Figure 4.8. The values
for the additional nine value sets will be determined as data is accepted
into the database.

The Complementary Database contains detailed testing and change data.
This database consists of three entities, 14 groups, 67 attributes and
20 value sets (Figure 4.9).

Illustrated in Figure 4.10 are the entities and groups of the three
databases shown in a hierarchical manner .

4.5.5.1 Data Independence

As we learn more about the software development process and the
factors that affect cost, productivity and quality, the types of data
that are collected and includt d in the databases will change. As this
will be an evolving process ra ther than a sudden change , there is a
need to reflect these modifications minimizing the effects on the op-
eration of existing programs. There is a need to provide for indepen-
dence from the physical storage device, the ability to add new fields
to the records, and the ability to alter relationships. One method
of minimizing the effects of these changes is through the concept of
schema and subschema , and of execution binding .

The schema is a description of the database (Figure 4.11). The sub—
schema is a description of the data that is needed to meet the require-
ments of a particular program . The schema is translated by a database
management system into a set of stored schema tables. This is done
separately from any application program . At program compilation time,
the subschema is also translated into a set of tables. Then at execu-
tion time, the database management system “binds” these two tables
together in order to provide the data as described in the •subschema ,
to the program. The conventional approach is to “bind” the data to
the program at compilation time rather than execution time.
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F

Application Experience Standards / Specifications

Progra .tnq language Air Force
Computer .yIt~~~ A7SR 310-l(Tn-3)
Application area MIL -R-R-13313/11S21

MIL-SED-413 (USA? )
SAFSZ. EX HBT.200 12Per on Level 
~zscP 375-1
AFR 65-3

Manager )JSCP-I00-3,6Systsms An alyst SAMSO LXII III? 73-3
Senior Proqra~~.r DOD
Junior Proqrarmer DOD DIRZCT.5010.19
Computer Operator DOD 4120.17-s
Librarian MIL-STD-490
Cler ica l MXL-STD-IOOA
Other MXL— STO—4S 0 , 411, 412
A l l  Navy

N AVORD WS 1506
SECNAV !NSTR. 5233 .1SOftware Type NAVMATINST 4130.1
NAVAXRXNST 4130.1

Operating system Army
telecosm~unication system AR 700—51
Data base management system AMCR 11-26
Util i t i es NASA
Application programs NHS 10.40.2

SHUTTLE CM
Internal

Conceptual Collection Purpose
R.qu~rementsDesign Contract
Implementation Vis ibility
Test Evaluat e P.rsonn.l
Operation Evaluat , approaches

Schedul. monitoring
Cost monitoring

operating ~~. Reliability monitoring

Batch
Remote batch Collection Procedures
Time-sharing
Time-shar ing/batch Configuration ~tanaq ,I41entSoftware Zmpl.mentatjon Monitor (SIMON )

Man agement Dat a Collection
R.sponse and Reporting System

Integrated Managem ent , Project Analys is
Average turn-around tim. and Control Technique (IMPACT)

Interna l
Other

Contract Type
Constraint s

PRIM — Prime contractor
SUB - Sub-contractor Limit ed development computer

- Co-contractor accessibility
iwr - Interna l proj ect Operat ional computer different
CP?Y - Cost Plus Fixed Fee than dsvelopmsnt computer
CPI? - Cost Plus lncent iv. Fee Unstable d.sig n
COST - Cost with no fee Unstable requirements
T/M - Time and Materia l Unrealistic schedu le
FTP - Firm Fixed Price Inadequate funding
FPXF - Fixed Price Incentive Fee Inadequate statfinp

Limited management support
New application area
Hardwar. limitations

Ft~ure 4 .6 Value Sets
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8ES1TAVA1LAgL~”çJjp~’
f.!~!!ttLe5 

QualitY Measurl TYPO - Minor

Pr ocessing speed P.aliabtlt tY
Core uti lization I ~r rors/l OO O 1LMS ‘ode
Schedule Pro bability of •vCCsIJ

Cost 
des ignate aedel millised)

Meliability Failure rate

Maintainability (designate model utilized )

?rsm$f*rability
Cpmple xity Measure TYPO

Level musher of iflatructions

CPU 
(excludin g ccements)

2/0 Hal.tead length

klgorit~~ 
Cl measure
P2 measure
$4 measure

Document ?v~~ (DOD 4120.175) V measur e

Functional Description
Dat. Requ irements Document Stress Type
System/Subsystem Spec ii $.cstion
Program- Specificat ion Units of CPT. time

Data less Specification Wall clock time

Program Maintenance Minu*2 Number of instr uctions executed -
Users Manual Nur.ber of instructions executed — unique

Computer Operation Manual N umber of test executions
Test and Implementation Plan
Teat Analysis RspOrt Constituent Type

instruction Type Assembly langusg. instructions
MDL inSt ruct ion S

Hew Object words

Modified Unique var iab les
Th ro w-sway user macr os
Re-used Syster ma cros

Corm~ nt stateme nts
plathenatical instructions

Change Typ~ 
lrterna l contrOl instructiOns
Externa l ccr.trcl instructions

)Sardware sodificatior lnput ’OutPUt instruct ions

IUi cie r cy Uni que input formats

Nodified requirements Ur.aq us output fCrP~5t5
?ve rsqe S lields/input—Outpu t form- at
Dat a iters in data base
Pages of docu re r t a t aon

Functional test - s.lect ive
Fi .netioral test - .xh.ust*Ve seat Res~$t
Logicel test - selective
Logical test - sx~auIt iVe Success
Proo f of prograr cerr•ctnels Fai lure

Quality Measure Ty pe -

complete ness
Conciseness
Undsrstsndabili ty
Portability
Consistency
Maintainability
Testability
Usability
Me liabil ity
Structurednels
~fficzen Cy

Ta-j r. i ~ Value L,ts ICor.t d)

-~~~~~~~~~~~~~ 
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TECH ID

Chief proqra~~~r teasConfigurat ion mana gement
Mode l driven software

Automated analysis
Automated design tools — - -

tools

Design language
MI PO design aid
Process design language
Stats diagrams
Structure charts
Top-down design

Modular decomposition
Program support Library
Simulation
Structured prog r amming
Walk-th rouq hs

A ssemb ly language
Bottom-up programming
Comparator
Critical  piece first
Dat a base analyzer
Data dictionary
Documentation generator
Editor
H igher order Lan guage
Pre-compiler
Program restructuring
Re—usable code
Top-down programming

Assertion proof S
Bøtto *-up testing
Code standards auditor
Compa tability checker
Oats base comparator
Independen t test team
Progra m flow analyzer
Program structure checker
Reliabi lity modeling and measuring
Test case generation
Test data generation
Top-down testing

Fi;ure 4 .8  Value Sets (cont d)
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5. System Conside rations

5.1 IntroductiOn

This section contains discussions on:

1. systems that automatically and manually collect software data ,
2. data entry hardware devices that are available on the market for

consideration as tools to transform hard copy data to computer—
readable form,

3. alternative informat ion system and database management system ap-
proaches , and

4. alternative approaches to document library automation

The reader who is only interested in the recommendations for the pilot
facility would not lose the flavor of the repository if this section was
skipped. It is expected that this section will be used more for reference
purposes.

5.2 Data Collection Systems

The purpose of this subsection is to provide a general description and
data applicability to the repository of seven representative systems that
collect software experience data. The purpose of these systems vary and are
described ~or each case. Table 5.1 contains an indication of the types of
data each system provides.

5.2.1 Management Data Collection and Reporting System

The Management Data Collection and Reporting System (?~DC&R ) is being
developed by the IBM Federal Systems Division under contract to RADC. It
was initially specified in the Structured Programming Series Reports and
is part of the Program Support Library (PSL).043’ 079 , 087 The purposes
of this collection system are to provide management with information for
project control and to improve our understand ing of the software develop-
ment process. They have identified 112 data items for manual and auto-
matic collection.

They divide the data into two major classes, plan data and actual data.
The plan data describes th. characteristics of the project as originally
planned , or ss better estimates become available ; the actual data describes
th. characteristics of the project as the development progresses. Each of
ches. two major classes is further divided into fiv, types: project envi—
rona.nt, module, computer utilization, resource cost and program production.

Before explaining these five types , it is important to delineat, their
five levels for collecting data. The unit level is th. lowest level for
collecting data. The unit is a named subd ivision of a program which can
be treated as a single entity. Th. second level is the progral . This
is the lowest level that can be assembled (or compiled) and executed as

5—1
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Table 5.1
Data Collection Systems

I 
System Name

Entity/Group Name — — ______

P~C&R SIMON PET lIStS D~’ACT RXVP JAVS

Project/Component Descriptions
Project 3 3
System 2 2 1
Module 2 2 3 3 2 2 2
Coeponent ll) 3 3 3
Person 3 1 3
Computer 2 1

Enviraoment
Person 3 1 3
Computer 2 2
General 1 1 1

Technology
Technology 2

Resource Utilization
Calendar Time 3 2 3
Person Time 3 2 3
Person Cost 3 2
Computer Time 3 3 3
Computer Cost 3 3 3
Travel 3 1
Travel Cost 3 2
Misc. Cost 3 3
Total Cost 3 3

Production
Docunintati on 2 2
Instructions 2 2
Change 2 3
Test 2 2 3
~rrorCorrections

Software Characteristics
Quality
Complexity 2 2 1 2 2
Testing 2 2 2
Constituents 2 2 1 1 1 3 3

Test Results (Detailed)
Test Information 2 1 3 1 2
Error Information 3
Correction 3

Engineering Change
Change 3

Ray: 3 — Provides the majority of th. data required
2 — Provides an adequate amount of the da t a

— Provides a minimal amount of data
h ank — No data is provided

5—2

_ _ _ _ _ _ _ _ _ _ _ _ _  — - - - . - ~~~~~~~~ 
- —~~~~~~~~~~~~~



a single entity. The third level is the computer job, where a job is made
up of one or more job steps. A job step can be a compilation, utility run ,
etc. The fourth level is the subsystem, which is comprised of one or more
programs, and represents the computer software that is developed for a
project.

The project environment data provides a general description of the
project and of the software system to be developed ; and characteristics
of the personnel and the customer. The module data describes the unit and
the program in terms of dates , progra ing language, and name of program-
mer. The source code also constitutes part of the module data.

The computer utilization data describes the use of the computer , by
job, in terms of computer turn around time. The resource cost data de-
scribes the costs, by subsys tem, for materials , personnel , travel and
computer .

The program production data describes the development of the programs
and units in terms of number of compilations and changes; number of up-
date exacutiotis; and the number and types of improvements made or errors
corrected .

As illustrated in Table 5.1, the Management Data Collection and Report-
ing System provides a good portion of the kinds of data required for the
SDR databases. It is lacking in its collection of detailed testing, er-
ror , and correction information but does provide some summarized testing
and error data. Data on component descriptions, constraints and priori-
ties, quality , and engineering changes are not available through the
system but could be provided as supplemental information .

5.2.2 Software Implementation Monitor

The Software Implementation Monitor (SIMON) is being developed by
Mitre Corporation under contract to RADC.°2~~

°23’ 031, 085 The major pur-
poses of this system are to provide for the systematic and consistent col-
lection of data for research into factors affecting software quality and
cos t, and to provide technical and managerial visibility of the software
development process.

They have defined ill data items that should be collected during the
development cycle. The data is divided into five major types: project,
person, subsystem , module, and error—disc—information.

The project data describes the project as a whole; the person data dc-
scribes the assignments of programmers to subsystems; the subsystem data
describes the status of each subsys tem in terms of resources used (persons,
computer , etc.) and phases complete; the module data describes the program
or unit of compilation in terms of complexity measures, program attributes,
and status; and the error—disc—information describes the error -history dur-
ing development including number and types of discrepancies and errors by
subsystem and total .

5—3



Sfl~ N offers a viable approach to provide data to the SDR but it lacks
in its collection of detailed testing , error and correc tion information
although some s~~mar ized error data is provided . Data on component de-
scriptions , personnel experience , constraints and priorities , technology
amd production are not available and only computer and total cost data
is provided . All of the above, except for production data , could be pro-
vided as supplemental information.

5.2.3 Program Evaluation and Tester System

The Program Evaluation and Tester (PET) System is a test evaluation
tool developed by McDonnell. Douglas which automatically g~n~r~~~s self—
metric n: self—measuring software from existing software .~

?8
~
,
~

b0
~ Self—

measuring refers to the ability to measure the thoroughness of testing to
which a piece of  software has been subjected by analyzing sensors tha t
have been inserted into the software at selected points. Su~ nary and de-
tailed reports are produced that quantify the degree of testing to which
a program has been subjected .

The types of data collected relate to the paths in a program that have
or have no~ been tested. Although this system does not collect any cost
or productivity data , it could be used in conjunction with other data
collection systems to provide information on software validity .

5.2.4 Automated Software Evaluation System

060—063The Au tomated Software Evaluation System (ASES) was originally
designed by the University of California a t Berkeley under the sponsorship
of the U.S. Army Safeguard System Evaluation Agency to assist in the de-
velopment of large scale softwar e. The system produces reports that pro-
vide a list of statements , cross reference listings, language constructs ,
warning messages and structural characteristics of the program . It pro-
vides a static analysis by producing lists of undefined labels, unrefer-
enced labels , unreachable statements , statements with no successors with-
in the program, and direct predecessors to all labelled statements. It
provides for error detection related to semantics, language constructs
and program structure .

The software data collected is similar to that generated by a compiler ;
therefore , the data collection capability is very limited . This liinita—
tion, together with the fact that the system was designed to operate for
a specific programming system (CENT RA~) make it undesirable as a data
collection tool for the SDR.

5.2.5 The Integrated Mangement, Project Ana lysis and Control Technique

The Integrated Management , Project Analysis and Control Technique
(IP~’ACT) is a componen~ of the Software Factory developed by System De-
velopment Corporation.V11 013. 099 The purpose of IMPACT is to assist
the manager in evaluating project progress and spot potential difficul-
ties and development trends.
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IMPACT provides for the storage of schedul e, resource allocation, per-
sonnel assignment, programs, requirements and milestone information.
The data files for IMPACT are created and maintained by utilizing data
coded onto forms called Task Milestone Worksheets. These worksheets com-
prise a varie ty of forms all of which are required to comp .~tely describe
a project .

The first of the series of worksheets is called the IMPACT Information
Ite m Definition Worksheet . This worksheet is used to record program
module descriptions , milestone events , documents to be referenced or
written, modification s to be processed and validation criteria for testin g
and specification reviews. The Module Task List Worksheet is used to
record schedules , work units , resource allocation and respon sibility as-
signment data. Also entered on this form is cross—reference infor ma t ion
pointing to software documentation, milestones, module files , design
change records and software tests and validation criteria.

The third Task Milestone Worksheet is called the Module Environment
List. This form is used to record module , data and equipment interdepen—
dencies. This data is used to establish the hierarchic structure of the
software system. The Task Configuration Worksheet is used to record
tasks, subtaska, task interdependencies and formulas for estimating re-
source requirements per unit of work for the task. The Milestone Event
and Software Certification Authentication Log is used to record mile-
stone events, sof tware test schedules, milestone completion dates and
the name of the person who certified the milestone ks having passed.
This information is used to report software configuration status. The
Modification Milestone Log is the sixth Task Milestone Worksheet. This
form is used to record the processing steps to be followed for proposing,
evaluation, approving, and implementing changes.

The last Task Milestone Worksheet is used to record personnel assign-
ments. This data includes the employee name, person number, skill cate-
gory , organization code, and for each work assignment, the module name,
task name and charge number. The t ime expended on each task is added
to th. information when a task is completed.

In addition to the information mentioned above as manual input to the
IMPACT data base several production data items are captured automatically
from compiler generated information. These data items include:

I. Number of compilations per module
2 Number of tests executed
3. Computer time .xpenddd on compilations or test
4.  Module size (number of statements)
5. Cross reference information
6. Number of er rors encountered

The combination of th. manual and automatica lly collected data constitu-
tes the information retained in the IMPACT database. The IMPACT database
comptises the major portion of the project control data and is the major
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source of information used by software development managers to monitor
• pro j ect activity .

iMPACT provides a large percenta ge of data required for the SDR data-
bases . It is lacking the project and system descriptions including con—
straints , priorities and technologies used . However , these could be col—
lected independently of the Dg’ACT System . In addition, more detailed
configuration management data is collected than is required of the reposi-
tory and therefore .u arization is needed .

5.2.6 RXVP Automated Verification System

The RXVP System was developed by General Research Cor poration for fur-
ther research aimed toward identifying and solving problems of softwar e
reliability and qualit y and evaluating auto mated tools which enhance
software reliability.OSO 052, 058 P.XVP collects static arid dynamic pro-
gram behavior data by the insertion of software “probes” or “sensors”
at each decision point in the Fortran program so the outcome of each de-
cision can be recorded .

All of the data collected by RXVP is collected automatically . The data
retained in the database is related to test results and module behavior
during testing. The types of module data captured include :

• name, number , type
number of statements , symbols, entries, paths, external modules
referenced , path s (2 types), executable statement , branch executions

• complexity measurements , symbol usage checks
essential paths whose execution is necessary to ensure complete test-
ing coverage.

The RXVP data could form the basis of sri entity within the Complemen-
tary Database for the calculation of complexity and quali ty measurements.
However, because it is Fortran limited and there is rio cost , productivity
or project descr iption da ta , this would be of limited utility unless
these kinds of data had already been provided through other data collec-
tion systems.

5.2.7 Jovial Automated Verification System

The Jovial Automated Verification System (JAyS) was developed by Gen-
eral Research Corporation under contract to RADC and is a similar system
to RXVP operating on JOVIAL source code.°16’ 017 JAVS analyzes the
JOVIAL source code, assists the user in preparing test cases , and analyzes
the results of tests.

As with the RXVP data , the .3AVS data could be used in conjunction with
supplemental. cost and productivity data to perform studies on complexity
and quality .
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5.3 Data Entry Hardware Options

The data entry function is defined as those operations necessary to trans-
form required information from its original form to a form most suitable for
computer processing . This subsection presen ts a d iscussion of alternative
hardware devices that assist in this transformation process.

The traditional mode for achieving the data entry function involves the
presentation of the source data on an input document which is then read by
an appropriately trained and equipped operator and transformed to computer—
readable form (such as punched cards or tape , or magnetic ëape or disk, etc.)
by the entering of the information via some type of keyboard. The keyboard,
device itself may be used as a stand—alone unit (i.e., keyboard, control and
output are all self—contained), may be online to a host computer for inter-
active entry/response, or may be one of a multi—station installation (i.e.,
more than one keystation under the control of a single processor and cen-
tralized output storage).

5.3.1 Keyboard Devices

The keypunch has been around for many years and will continue to play
a significant role in the future in data entry procedures. However, new
technological advances of the past few years allowing the relatively in-
expensive replacement of hard—wired controller logic with state—of—the—
art microprocessors and semi—conductor memories, coupled with cost reduc-
tions which have been effected for magnetic storage drives, now allow
a number of other keyboard—to—storage approaches to be seriously considered
as very viable alternatives.

For the relatively low volume card—oriented environment a buffered key-
punch should be considered . At approximately $170 per month , little more
than the combined cost of an unbuffered keypunch and verifier, the capa-
bilities of both can be combined into one unit , with the added benefit of
significantly faster operation and normally many more allowable program
formats.

Another alternative, occasionally justified, is the keyboard to punched
tape device typified by the Te].etype ASR 33 , where data is entered onto
punched tape in an off line mode and then transmitted over communications
networks to a central computer.

A variety of stand—alone keyboard—to—magnetic storage devices may be
used to store data onto computer—compatible magnetic tape, magnetic tape
cassette or cartridge, or fixed or removable disk or diskettes. For
these device. the stored data is conveyed to the central computer by the
pooling onto a magnetic tape or disk and/or transmitting the consolidated
information via data lines. These dev ices offer significant advantage
over keypunch approaches in that record sizes are no longer limited to
the 80— (or 96—) character constraint of a punched card , upper- and lower
case alphabetics can be input to the system , the storage medium can be
reused, and throughput La dramatically increased.
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Stand—along key /magnetic tape keystations cost on the order of $150 to
$250 per month. I~ovever , at least one station sust be equipped with apooling and/or data c~~~ unications capability which will add another
$250 to $300 per month.

$ecause of their added reliability and simplicity of use , the key to
cassette , cartridge , diskette , and disk units are currently in much high-
er demand than the key/magnetic tape devices. Key to disk devices start
at about $400 per month and the others at abou t $150 to $250 per month.
As with the key to magnetic tape devices , however, at least one unit must
have a pooling and/or data com unications capability which may add another
$200 or $300 per month.

Keyboard entry can also be effected through online interaction with a
host computer. If this approach is used , online editing of the data as
it is entered can be performed. However, there is increased operator -
associated overhead resulting from timesharing response delays coupled
with the added communications line costs if the central computer is not
onsite.

If online data entry is elected , either hard— or soft—copy (e.g., CRT
display) terminals can be employed f or the data entry activities. Hard-
copy terminals, in general , cost less than their soft—copy counterparts
and offer the distinct advantage of a hard—copy record of all transactloua.
The soft—copy units , on the other hand, are generally more reliable arid
quiet, and besides not everyone needs a hard—copy record of all transac-
tions from the terminal. Costs for hard—copy devices can range from under
$50 pe~ month for the 10 character per second Teletype KSR 33 to abo~

t
$150 per month for a typical 30 character per second device. For about
$175 to $200 per month plus a modem, a 120 cps device may be acquired .

Soft—copy units are primarily CRT displays but could also incorporate
other techniques such as LEDs or plasma displays , or even an audible sig-
nal.. Typical limited capability display devices can be acquired for
about $100 per mon th while those with more desirable features are general-
ly available for about $150 per month.

In many cases , the same hard— and soft—copy devices available as online
data terminals are also available as integral parts of the keystations
used in many key/storage devices.

For installations with substantial data entry volumes, multi—station
key to storage devices should be given serious consideration. Such units
are considerably more costly than stand—alone devices and require signi-
ficantly more planning and preparation for their proper use. However ,
under th. proper circumstances, the vastly enhanced operator productivity
and system capabilities in the form of relaxed progr am format and bloc k
size restrictions and improved editing , verification , arid validation
capabilities , can make it all more than worthwhile.
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Being a complete computer processing facility in miniature, multi—
station key—entry systems come at a premium price, with typical costs
running from about $1,000 per month to an eight—station installation with
minimal capabilities to about $4,000 to $5,000 per month for more elabor-
ate capabilities and additional stations. The cost per station for the
average eight key installation generally runs between $130 and $200.

5.3.2 Nonkeyboard Data Entry Procedures

In many instances, particularly where there is a high volume of data
and there are trained operators in a controlled environment, the elimina-
tion of the keyboard entry step through the use of mark or character re-
cording can be most effective. For such instances where the amount of
information rEcorded on a single document is small, the use of mark re-
cording may be very much in order. If the information requirements are
such that the data entry document can be designed to be accoi odated
through the use of pencil marks in selected areas of the document, this
technique could indeed by the best alternative .

If the mark sense form can be incorporated onto a punched card , costs
for the required mark scanner are relatively low — typically running at
about $250 per month. Because of the added complexity of the document
feed ing mechanism , scanners for other sizes of marked documents are some-
what more expensive, typically running in excess of $1,000 per month.
Such mark readers can be used off line , reco rding onto magnetic storage ,
usually tape, or else directly online to a remote job entry (ME) terminal
or a host computer.

Where remotely—generated information must be processed in very high
volume , the use of machine character recognition techniques may be in or-
der. While devices do exist for directly processing handwritten charac-
ters, their high cost coupled with the prevailing high rejection rates
for such documents except for very strictly constrained circumstances,
precludes their serious consideration at this time.

On the other hand, many successful applications have been affected
with the use of automatic character recognition techniques using highly
stylized character fonts.  A number of such fonts have been standardized
in the industry and there are a variety of page and document readers
available to directly generate the required digitized information from
such documents. Typical optical character scanners f or the stylized fonts
can be installed for upwards from $1,500 per month while those recognizing
limited handprinted information usually cost in excess of about $2,500
per month.

Another viable option for large volum, installations is the use of a
so—called mixed media system which combines an optical character recogni-
tion (OCR) or optical mark recognition (OMR) reader with a multi—station
key to storage system . This approach allows source data to originate
from both traditional input forms and from scannable forms as is most
appropriate. It also affords improved error correction facilities for
resolving unrecognized character problems with OCR processing.
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3.3.3 Future Trends

It has been estimated5 that at the end of 1974, the total U. S. instal-
led base of data eritry/co~~~nications facilities amounted to about 840 ,300
units, about half of which were buffered and unbuffered keypunching de-
vices. However, the sam e source which predicts a 15 percent annual growth
in keyboard based installations through 1979 , predicts the following
growth factors by 1979 as a multiple of 1976 installations :

• Multi—station keyboard to storage devices —— Vp 230 times
• Intelligent terminals —— Up 7.5 times
• Soft—copy editing and conversational ter-

minals —— Up 3.4 times
• Hard—copy editing and conversational ter-

minals — Vp 1.2 times
Stand—alone key to disk storage devices —— Up 1.3 times

• Keypunches — Down 1.4 times
• Stand—alone key to tape devices —— Down 7.7 times

There are presently some 3000 to 4000 OCR units and an unknown number
of O!~ units installed , OCR has no t grown to the extent that was predicted
in the 1960s when the first feasible system was developed . Unless proce-
dures in the area of error recognition are vastly improved and/or more
effect ive handwritten character readers are evolved , growth in the use of
this approach will probably continue to be stunted .

O?~ techniques are very effective in highly constrained and specialized
situations. Modest growth in their use is probably to be expected .

As can be ~een by the chart above , however, the most spectacular growth
is expected to take place in the use of multi—station key/storage devices ,
with 250 keystations in use by 1979 for every one that was around in 1974.

Use of soft—copy CRT display terminals , presumably for real time appli-
cation, will more than triple while hard—copy conversational terminals
and stand—alone keyboard to disk and diskette units will show only modest
gains through 1979.

As more installation s switch to the newer techniques for key—entry the
actual keypunch population will declin e about 30 percent by 1979.

ly far th. biggest losers , however , are expected to be the stand—alone
key to tap e devices , with a decline of about 87 percent in installed key—
stat ions for the five—year period from 1974. As indicated earlier in

• this report, actual sales of key to compatible tape devices have been
steadily declining since the early l97Os in favor of the easier to use
alternatives offered by the key to cassette or cartridge or key to disk

‘ED? industry Report, published by international Data Corp., Waltham, Mass.,
1975.
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or diskette approaches in recent years will most certainly have a major
impact on the key/cassette and key/cartridge market. After all, the
diskettes are a thousand times faster (in search mode) than cassettes or
cartridges, contain about the same amoun t of data and cost roughly the
same.

These figures are also borne out by a spring 1975 Datapro survey re-
garding site intentions to change data entry facilities. Over half (52
percent) of the keypunch facilities and key to cassette facilities (58
percent) and two thirds of the key to compatible tape facilities (64 per-
cent) plan to replace their devices in the immediate future, while only
about 18 percen t of the key to disk and key to diskette facilities con-
template any near—term changes. The actual intention figures, in percent,
are shown below:

Users of the Plan to Change to the Following Types of Devices
Following

Types 0 line Key / Key/ Multi—Station 0thof Devices Tape Diskette Key/Disk er

Keypunches 17 4 12 26 2

Key/Tape 30 — 16 18 2

Key/Cassette 0 0 42 8 8

Key/Diskette 11 0 —— 4 4

Milti—Stacion 13 —— 4Key/Disk

Another notable future trend is the further blending of many of the
individually defined data—entry techniques for individual applications.
By 1979 the categories of data entry devices as defined in this report
will probably no longer hold . The advent of mixed—media systems and
multi—atation systems with remote data entry capabilities were breifly
discussed in this report. To this must be added the evolving use of such
facilities for remote batch entry, for accommodating sort and report gen-
era tion, as well as other sophisticated software capabilities, and the
ability of multi—station CPUs to communicate among themselves as well as
with Touchtone telephones.

5.3.4 User Guidelines

While there are obviously no hard and fast rules of thumb in planning
for data entry needs , in view of the technological discussions contained
in the earlier sections of this report, and the future industry expecta-
tions as discussed in the preseding subsection , a number of comments can
be made, most of which are self—evident:
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• As with any computer system , total system costs for the data entry
capabilities should be taken into account —— not just hardware device
costs. Such casts above and beyond the hardware include :

— personnel (operator and clerical support)
— training
— med ia handling and storage
— off ice space utilization
— data conversions
— back—up proc edures
— computer preprocessing time
— software programming

• Except for very small volume situations, unbuffered keypunches should
normally be rejected in favor of other alternatives.

• Because of the obsolete media and technologies incorporated , key to
punchsd tape and key to compatible magnetic tape entry devices should
not normally be onsider.d.

• Where key to diskette or key to disk pack facilities are cost justi-

fied , they should always be given greater consideration over key to
cassette devices unless the application is limited to data capture
and low volume editing.
In general, all other things being equal, multi—station key to storage
data entry devices or optical character recognition techniques are

best suited for installations with high data entry volumes, while

other stand—alone key to storage devices are mr’re spprc’priatP fr~r

lower vclume instsllatiCr ,s .

Por further gu idance , the reader is referred to the matrix in Table
5.2.

5.4 Information System Alternatives

There are three basic hardware alternatives f or fulfilling the general
processing requirements for the software data repository . They are the

utilization of:

1. The R.ADC Computer Center
2. Off—site facilitie s
3. A dedicated mini—computer

Below is a discussion of each of these alternatives highlighting the
database management system availability . It is assumed that the alternatives

have operational system software including an operating system , high 
order

language ccspilets, and a set of utility programs.
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5.4.1 The RADC Computer Center

The Information Sciences (IS) Division of RADC is curren tly maintaining
two Honeywell 6180 computer systems to provide services for various
computational needs at RADC. The GCOS and Multics Operating Systems are
available.

Seven database management systems have been examined for possible
use by the SDR. The system characteristics of each are sui arized in
Table 5.3 including the designation of the appropriate operating system,
the organization responsible for maintaining the system at RADC,
and an indication of whether its strengths are in the area of self—
contained capabilities or host language capabilities. Below is a list
of the major characteristics for each system. The current number of
users is classified into four categories. None means that there are no
current users, small impl ies less than 10 users , medium implies that
there are between 10 and 50 users, and large means that the system is used
by over 50 users.

For a definit ion of terms used below, see Appendix A.

210 , 220DM— 1 Characteristics

• Data structure—Hierarchical (part ial ly inverted)
• Host language

Self—contained
• Number of users — None
• Special Features — Designed to provide data independence features.

JANUS Characteristics 218 , 2 19 , 223

Data structure — Relational
No host language
Self—contained
Number of users — Small

• Special Features — Extensive statistical analysis package.

I—D— S Characteristics 214, 215

• Data Structure — Network
Host language
Self—contained (limited)
Number of users — Large 205
Special Features — I—D—S/II consistent vith the CODASYL/DDCL 73.

~~QS Characteristics 
212, 213

• Data Structure — Network, Hierarchical Singular 
-

• No host language
• Self—contained -

Number of users — Medium
Special Features — Cosmsrcial. version of the World Wide Data Man—
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agement System (WWDMS) . Interfaces with t— D—S files .

FMIS Characteristics 226

Data structure — Fully inverted
No host language
Self—contained
Number of users — Small

• Special features — Efficient retrieval capabilities.

?~~DS Characteristics 
217

Da ta struc ture — Hierarchical , Network, Relational
• Host language
• No self— contained

Number of users — Small or none
Special features — A function within the Multics Data Base
Manager (~~BM)

MIDS Characteristics 217

Data structure — Hierarchical , Network
Host language
No self—contained

• Number of users — Small or none
Special features — A function within the Multics Data Base
Mana ger (~WBM).

5.4.2 Off—S ite Facilities

Services can be purchased from cottunercial data centers, from installa-
tions connected to the ARPANET, and from commercial. networks. This alterna-
tive offers a wide variety of possibilities through the many di f fe ren t
hardware/software services available.

At tached to the ARPANET are a number of major large scale computers in-
cluding IBM, CDC , DEC and Honeywell computers . Other network services of-
fer a variety of processing capabilities . Some of the commercial network
possibilities are:

- INFONET
Computer Sciences Corporation

- DATANETWORK
Honeywell Information System

- BCS NETWORK
Boeing Computer Services

- UNA
Utility Network of America

- TY?.t~ET
Tymehare , Inc .
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The database aanag~~ent system alternatives are greatly expanded when
considering to use one of the network services . Some of the better known
DBMS are TOTAL, ADAMS, INS, SYSTEM 2000 AND IDMS (Table 5.4) The
basic capabilities are listed below .230

TOTAL Characteristics

• Data Structure — Network

• Most language
• No self—contained. Number of users — Large

ADAB/.S Characteristics

Data Structure — Network (partially inverted)
• Host language

Self—contained
Number of users — Large

~)~$ Characteristics

• Data structure — Hierarchical
• Host language
• Self—contained
• Number of users — Large

S?STDI 2000 Characteristics

Data structure — Hierarchical (partially inverted)
• Host language

Self—contained
Number of users — Larg e

IDMS Characteristics

Data structure — Hierarchical , Netwo rk
• Host language
• No self—contained
• Number of users — Large

The cost to purchase these database management systems vary fran
$30,000 f or a basic TOTAL System to $120, 000 for ADABAS with ful l  capabil i ty .
However, if these systems have been purchased by the commercial network
vendors themselves , the cost is distributed depending upon use .

The cost of service for both the hardware and software from these corn—
aercial networks varies with usage . The major cost elements are for on-
line database storage , CPU and 1/0 usage, local data entry and remote
batch terminals , and co znication services. A gross estimate for a
pilot facility based on previous projects offers a cost range of $8,000
to $19,000 per month)~

4
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An estimate using Boeing Computer Services and the IDMS database man-
agement on a surcharge basis was developed. The assumption s made were
that the application programs would occupy less than lOOK bytes of
primary storage , there would be 500 retrieval and update transactions
per day approximately 80 million characters of onl ine storage would be
required , and an estimated thirty (30) minutes per day of CPU time would
be required for this level of activity. The total monthly cost estimate
was $16,500 m d  was broken down as follows:

CPU and I/C Service $ 6,000
IDMS Surchar ge 2 ,400
One 3330 Spindle 1,300
Four dedicated ports 2, 000 -

Low speed terminals (6) 550
Low speed terminal maintenance 150
LIE terminal end supplies 1,100
Communication service 3, 000

5.4.3 A Dedicated Mini—Computer

The third alternative is the use of a dedicated mini—computer to
perform the information processing for the SDR. Some mini—computer
systems offer a subse t of database management capabilities as discussed
previously . These systems are termed f i le  management systems and pro-
vide the capabilities for data entry and query, but have limited
capabilities for database structuring and maintenance.

The following is a list of mini—computer systems that provide data-
base management or file management capabilities .~~

— Data General ECLIPSE
— General Automation 18/30
— Honeywell 60/62
— IBM System 3
— Hewlett Packard 3000
— Varian 75
— DEC PUP 11

A cost comparison for three mini—computer systems is provided ir.
Table 5.5. The hardwarefsoftware configuration for each is listed
below :

Varian 75/Vortex fl/Total

• 128K words parity core memory
Hardware floating point
16 line data communication multiplexor

• 93 million byte disk
• 75 ips, 800 bpi magnetic tape unit
• 800 1pm electrostatic printer/plotter
• Multiuser operating system

TOTAL Database management system
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BP

• ?lodel HP 32402C
• 128 K byte parity core memory
• Two 47 million byt . disks
• 15 million byte system disk
• Scientific and Commercial Firaiare
• 16 line aultiplexor
• 300 1pm electrostatic printer plotter

45 ips, 800 bpi magnetic tape unit
Multi—user operatin g system

• IMAGE/QUERY Database management system

PDP 11 /70— LA S-IDMS

• Model 11,70 HA
128 K word parity core memory

• 312 K word swapping disk
• 88 million byte disk unit
• hardware floating point
• 45 ips, 1600 bpi tape unit
• 500 1pm electrc static printer plotter
• 16 line multiplexor
• Mult iuser operating system
• IDMS Database management systeti’

5.5 Document Library Implementation Considerations

The previous sections assume d that the description of the documents
would be stored in a computerized database (The Document Description
Database). However , there are alternate methods for handling this in-
formation , their effectiveness dependent upon the size and utilization
of the Library .

The primary need of the software document library is one co~~on
to all libraries — the need for an effici ent storage and retrieval
system .

in order to provide optimal satisfaction of users ’ research needs,
any library requires :

1. A means of selectin g documents containing information relevant
to the purpose of its users.

2. A ~sans of describing (indexing) such documents in an accurate
consistent manner so that they can be subsequently retrieved
upon the user ’s request.

3. Convenient storage and accessibility to both the documents and
the indexes describing these documents.

4. The ability to manipulate indexed information f or search and
retrieval.
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5. Some form of meaningful , organized output to describe the results
of a search.

The Defense Documentation Center (DDC) provides a bibliographic
service to eligible users through their Technical Report (TR) Program.
The types of documents included in this program are the formally docu-
mented scientific ar.d technical results of Defense—sponsored research,
development, test and evaluation.

The Technical Report Program is a major source for documents related
to Defense—sponsored projects in software engineering. To supplement
these reports, other bibliographic services (e.g. ACM Computing Reviews)
should be used.

The DDC reports are assigned an AD (Accessioned Document) number
and are ca tegorized into a two—level arrangement consisting of 22
major subject fields, with a further subdivision of 188 related
subject groups . The subject groups related to software engineering
can be further subdivided to reflect the special level of indexing
needed for the repository.

Certain procedures are common to document processing within any
storage and retrieval system regardless of whether it is a manual ,
semi—automatic or computer—oriented system. These procedures include
the evaluation, description (indexing) and storage of documents. Pro-
cedures for the input, storage and manipulation of descriptive in-
formation, however, vary depending upon the particular system being
employed. These procedures are described within the context of each
system as it is discussed.

5.5.1 Ma n ua l Methods

Information listed on the Document Description Form (Figure 3.2) are
transcribed to a series of 5x8 index cards. Several index files are
established using this information. The primary files created are:

1. a complete bibliography — in the form of an abstract reference
card. This card contains all the information found in the record
and is filed numerically by accession number.

2. personal author and corporate author files — these cards lists
author, title, source and date of publicatio; and document acces-
sion number. These cards are filed alphabetically according to
the author’s surname or the corporate name.

3. a subject file — this file is set up in one of two ways:
a. a keyword is listed as subject heading , followed by the

author, title, source and date of publ ication, and the docu-
ment accession number. If a document contains information
covering more than one subject , a separate card is prepared
for each keyword used. These cards are filed alphabetically
by subject heading.
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b . one card is prepared for each subject term in the index. On
this card is listed only the accession numbers of all documents
dealing with that particular subject. These cards are filed
alphabetically by subject terms.

Manipulation and retrieval of indexed information becomes a difficult
and inaccurate process as the size of the file and the number of search
rsquests increase. A manual system becomes inadequate when documents
Rus t be searched with a combination of index terms . Each Index tern is
searched individually , pulled from the file and then crossmatched against
the other search terms. This type of manipulation increases the possib-
ility for human error, especially in missing matches. The index list
and bibliographic information i. then typed in the form of a search
report.

A mz.nual system requires much typing and duplication of information.
In addition to at least four different index cards for each document 1 all
bibliographic and index lists would have to be typed by clerical person-
nel. These files are periodically updated to reflect current file status .
Again , this requires considerable amount of retyping material already
found in the file .

A manual system is reco ended only when the document collection is
comparatively small , and the search requests are few in number and not
exceedingly specific.

5.5.2 Semi—Automated Methods

The semi—automated system differs from the manua l system in its
handling of the subject terms. An inverted—term matrix retrieval systen
is used for the subject terms.

An inverted—term matrix retrieval system involves the preparation of
a file record for each concept of term to be indexed . The system used
by the Reliability Analysis Center employs an 8— 1/2 by 11 inch card
(file record) for recording each concept . There are 10,000 possible
items (documents) to which accession numbers are assigned . The prepara-
tion of one such concept card actually amounts to performing one com-
plete search of the file. A request for the documents pertaining to a
particular concept (i .e. ,  cost estimation , reliability, modeling , e t c . )
is answered by listing the document accession number for which holes are
drilled on the particular concept card . The great power of the method ,
however , lies in the ability to combine concepts and immediately read out
the accession numbers pertaining to such combinations .

The advantages of this system are versatility availability of conven-
ient and inexpensive equipment, and savings in index scanning time re-
suiting from the inverted nature of the index record.

The most important feature of the inverted—te rm- matrix indexing syi
tem is the versatility vhich it gives the indexer . This versat ility
arises from the fact that the indexer need not foresee all the possible
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combination of concepts which will be of interest to the inquirers. New
concepts can be added to the index merely by adding new concept records .
Old concep ts can be easily modif ied or changed by eliminating from the
file only those concept records which are involved. The system can even
be used to f i nd items which do not include a specific concept.

The disadvantages of this system are some of the same as those of the
manual system. As there is still a need for, at a minimum, a bibliography
file and a personal author file, there is the requirement of typing dupli-
cate information.

5.5.3 Computer—Readable Methods

The information listed on the Document Description Form is keystocked
and entered into the database. Although information storage and retrieval
requirements do not require the full power of a database management system,
the capabilities of defining updating and querying the database can be
effectively utilized.

The output capabilities are greatly enhanced. In addition to the gener—
atior. of a bibliography and reports on the results of literature searches,
the following special reports can be produced :

— KWIC (Key Words in Context)
In this report , significant words in each title are permitted and
listed alphabetically so that each term serves as an access point
to the particular document in which it appears.

— KWOC (Key Words Out of Context)

This reports lists key words assigned to each document and cross—re-
ferences each keyword to its document title. This index is quite
useful in determining document content, since titles are often vague
or do not always list all types which are covered in the document.

The advantages of a computer—readable system are:

— The ability to manipulate any number of index terms at one
time, thereby providing depth and specificity which enhances
the retrieval capabilities of the system

— The eliminationof large amounts of time and repetitive cleri-
cal work involved in the generation of lists and creation of
file cards

— The ability to provid, the user with organized, meaningful
reports which describe the results of a literature search

— The ability to generate a bibliography by automated-means

— The ability to handle large volumes of information in a re-
latively short time
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P The disadvantages of a computer readable system are :

— The need for more highly qualified people to perform
the task of data entry and simple retrievals

— Cost of utilizing the computer system

— Dependency on the availability of the computer system

5.5.4 Distribution Considerations

An important factor to consider when designing a document
library is the level of document dissemination . The library can be a
lending library , a distribution center , a referenct library, or a com-
bination of the above. Factors to consider are copyrigh t permissions ,
proprietary and security needs , and the costs of reproduction and
shipping .
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6. Software Data Repository Design

6.1 Introduction

The functional model as presented in Figure 2.1 is the functional mod-
el of all the stages within the software data repository life cycle. As the
repository evolves, it is expected that the information content of the data
will change , the data collection, inpu t process ing, repor t produc tion , consult-
ing services, and the engineering and data analysis processes will, expand, and
that a greater quantity and a better quality of outputs will result.

A subset of the services and outputs described in Section 2 shall be
provided through the implementation of a pilot ~~cility. This pilot facility
should be developed so that continous services be provided to the software
development co unity as the pilot facility expands into a fully operational
center .

This section presents the design for the Software Data Repos-
itory including the development and operation of a pilot ~ ci1ity and tne ex-
pansion to a fully operational center.

6.2 Scope of the Pilot Facility

It is reco ended that the Software Data Repository pilot facility be
established as a separate contractor operated function and be administered and
guided by the Rome Air Development Center (RAD ”), U.S. Air Fotce. The facility
should be located in Rome , New York and utilize the computer systems available
at RADC .

6.2.1 Source Data and Documents

The two major classes of information that form the inputs to the
pilot facility shall consist of production/development data and
textual information. The production/development data shall provide
experience information on developing and maintaining computer software.
The major sources of this data for the pilot facility include datasets
that RADC has contracted to purchase and data that is acquired during
the development and operation of the pilot facility.

The f ive known production/development dataset sources and their
characteristics are listed in Table 6.1. The first three sources pro-
vide detailed testing and error data while the third source also pro-
vides some environment and resource utilization data. The last two
sources provide summarized testing and error data in addition to en-
vironment, resource utilization, and production data .

The second class of information for the pilot facility shall con-
sist of textual or expository information directly related to improv-
ing the process of designing , developing, testing and maintaining com-
puter software. These doc~~encs include research and development re-
ports , technical and journa l, articles , handbooks, conference proceed-
ings, and specifications and standards.
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The major sources for this information are:

A) Government reports relating to software engineering
— Unclass if ied , unlimited distribution

National Technical. Information Service (NTIS)
— Classified or limited distribution

Def ense Doc~imentation Center (DX)

NTIS is an agency of the U.S. Department of Co erce and is a cen—
tral source for the public sale of Government—sponsored research ,
development and engineering reports and other analyses prepared by
Federal. agencies, their contractors or grantees.

DDC is the clearing house for the Defense Department ’s collection
of research and development in virtually all fields of science and
technology. Research and development activities within the U.S. Gov-
ernment and their associated contractors , subcontractors , and grantees,
with current Government contracts, are eligible to receive most of the
information from the DoD data banks located at DDC.

B) DoD software development specifications and standards
— Naval Publications and Forms Center

All. documents listed in the DoD Index of Specifications and Stan-
dards can be ordered from the Naval Publications and Forms Center.
Th is DoD Index includes unclass if ied Federal , Military and Departmental
spec if ica tions , standards , and related standardization documents, and
those Industry documents which have been coordinated for DoD use.

C) All other documents related to software engineering
— Author or Publ isher

It is estimated that the number of textual. documents for the pilot
facility will be in the range of 2,500 to 3,500.

From the textual and production/development inputs, the Document
Description Da tabase , the Historical Database, and the Complementary
Databases shall be generated .

6.2.2 Document Description Database

This database shall. contain the information pertinent to describ-
ing the characteristics of the documents and the information necessary
to retrieve the production/development data stored in the other two
databases.

Approximately 1.5 million characters (without abstracts) are re-
quired for the database. If the abstracts were also included in the
database, there would be an additional requirement of 3 million char-
acters.
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6.2 .3 Bistorical Database

The Ristorical Database shall contain si arized information from
the production/development reports . Approximately 1,4 million charac-
ters are required for the known production/develop ment datasets (Table
6.2). This is expected to grow to approximately 3 million characters
during the development and operation of the pilot facility.

6.2.4 Complementary Database

The Complementary Database shall contain detailed information from
the production/development reports . Approximately 6 .4  mIllion charac-
ters are required for the known production/development datasets (Table
6.2). This is expected to grow to approximately 10 million characters
during the development and operation of the pilot facility.

6.2.5 Output Types

The major pilot facility output types are briefly described in this
subsection .

1. Historical and Complementary Database access
Access to these two databases shall be available to MDC and fac-
ility personnel.

2. Data Subscription
Computer readable data subsets shall be available for distribution
to aid in research efforts that require productivity , cost, test ,
error , change , and software characteristics data.  These snail be
used to validate and refine software reliability and maintainabil-
ity motels and to aid in add i t iona l  data  analys is studies.

3. Data Compendiums
Reports sumnarizing the database holdings shall be produced as
f acility publications .

4. A Stat e—of—the—Art Report on Testing Tools and Techniques
A report on various methods for testing computer software shall be
produced including the identification, classification , descriptic~ ,
and effect iveness of the testing tools and techniques.

3. A Software Engineering Glossary
A comprehensive glossary of software engineering terms shall be
produced.

6. Document Library
• Access to the Document Description Database and the source docu-

ments shall be available to MDC’ and facility personnel.

Search services and reference informa tion dissemination shall be
extended to include other Government Agencies and approved contrac-
to rs.
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The facility shall not act as a distribution center for  the docu-
ments within its collection . Ordering information shall be dis-
seminated to those requesting documents.

7. Software Engineering Bibliography
A bibliography shall be produced as a faci l i ty  publication and
include:

— annoted references to significant literature
— bibliographic citations for each reference
— indices for user searches including

concept index
subject term index (selected)
corporate author index

6.2.6 Analysis of the Pilot Input Datasets

The five known source datasets for the pilot facility were analyzed
to determined data content, and an analysis was performed to determine
the data requirements for representative facility outputs. The analy-
sis technique used was the generation of an input/output matrix listing
group/a t t r ibu te  names for the SDR databases , an indication of the con-
tent of each source dataset, and an indication of the data requirements
for the output products.

In Table 6.3 the first five columns reflect the data content for
each source dataset,  the last four column s denote the data requirements
for utilization of the data . The sources are those listed in Table 6.1.
The following is a discussion of each “use ” column in the matrix and
should be considered as examples of facility outputs.

A) Data Compendiums
Purpose — Provide summary information on the database holdings ,
Input Requirements — Project and system type; person and computer

type ; standards , collectiofl procedures and technology ut i l ized;
calendar , person , and computer time and cost; change attributes ,
quality and complexity measurements , and constituent- attributes.

B) Reliability Data Subsets
Purpose — Provide data subsets for software reliability modeling
efforts.

Input Requirements — System and module name and type; const itu ent
attributes; testing, error , correc tion , and change information.

C) Complexity Data Subsets
Purpose — Provide data subsets for calculation of complexity meas-

urements.
Input Requirements — System and module name mnd type; constituent
att ributes .

D) Cost Estimation Data Subsets
Purpose — Provide data subsets for cost estimation studies .
Input Requirements — Protect and system type ; person attributes;
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constraints, priorities, and technology attributes;, total cost;
amount of documentation and number of instructions produced;
quality and complexity measurements; constituent attributes.

This list of data requirements is considered to be open ended be-
cause of the need to provide a variety of data compendiums and data
subsets.

6.3 Pilot Information System Development and Reco~~ endat ions

6.3.1 Introduction

This section presents the reco~~ endations for  the pilot information
system and the deyelopment needed to establish an information system.

6.3.2 Developments for Input Processing

The input processing procedures discussed in Section 3 should be
followed. However, the following developments must first occur.

6.3.2.1 Construction of a Glossary of Software Engineering Terms

So that  there is a consistency of terminology to describe items
in the database , there is a need for the construction of a glossary
of software engineering terms. As part of the present study effort,
a glossary of software engineering terms used in the l i terature was
generated (Appendix C). This Glossary should be refined, and in
conjunction with the work now being accomplished by the IEEE Sub —
comsittee on Software Engineering Standards, be used as a guideline
for index ing documents and standardizing the classification within
the database definitions. In addition, this glossary will be pu-
blished and disseminated as a facility publication .

6.3.2.2 Thesaurus Construction

Related to , but distinct from the construction of the glossary,
is the need for the construction of a thesaurus for document index-
ing and retrieval.

The thesaurus should be developed using the following proce-
dures;

1. Construct a set of thesaurus forms as illustrated in Figure 6.1
usinj the keywords (282) and the papers (59) contained in the
Proceedings of the International Conference on Reliable Sof t—
ware .4Ul

2. Generate a mini—thesaurus consisting of:
— A structured term list grouping the term. into logical

categories
— An alphabetical term list which includes all the concept

terms of the structured term list

6—13.

-



I I . .
~~~ 

I I I
a

.. .. I

I

6—12

—•-—--- - — -——•——- — — . - — — -  —.—..-—————•——•——-—— — - 
- - I- — ‘ ,, • 1’ ~~~~~~~~ 

__ . s .________ —

- ~~~~~~~~~~~~~~~~~



3. Construct an additional set of thesaurus form. using this
mini—thesaurus and the documents in the present lib rary .402

4. Update the mini—thesaurus to generate a thesaurus that will
serve as a basis for subsequent document indexing and retrieval .

6.3.2.3 Input Forms and Data Formats

Standard inpu t forms and procedure . must be designed to be
compatible with the dacabase~. The attributes of the database
oust be definec in th. data definition language of the database
management system.

6.3.2.4 Analysis of Input Datasets

Procedures must be estab lished to evaluate the scope and con-
tent of the input datasets . The purposes of this evaluation are
to determine ~he applicability of the data , to de te rmine the re—
quirements f or further processing to transform the data to the
SDR formats, and to determine the sensitivity of the data.

6.3.2.5 Data Translation

All , of the knovn source datasets for the pilot facility have
some or all, of the data in compute r read abl e for.. It is expected
that addit ional datasets will also be in computer readable form .

Procedures must be established for transforming these datas.t.
into the SDR databas . formats. I t  is recommended that general pur-
pose translation software be developed along the lines of the data
translat ion tools developed by the University of Michigan Data
Translation Project.202 Thes. tool, provide f or describing both
the source and target data , and the necessary transformations re-
quired to generat. th. target data f r om the source.

For those datasets tha t arrive in hard copy form and contain
small amounts of data (such as the system productivity and cost
data from the MPP Projects), it is recommended that manual trans-
lation be performed to be compatable with the SbR databases .

In addition to conversion of these foreign files into the data
format for the pilot, code conversion and data summarization pro-
cedures are required.

6.3.2.6 Security Procedures

The facilities of the operating system and th. database manage-
ment system shall be used to provide backup and restart and recov-
ery capabilities to protect the database and the application pro-
grams from destruction or loss. It is recommended that no corporate
sensitive data be accepted for the pilot facility.
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5.3.3 Systs. Paco sndatton.

Pros the system sitermativex presented in Section 3. the fol lcvin~
recommendations ar e sad..

6. 3.3.1 Deca Coll.ctios Systems

As there is no one data coll•etior •yete. that col lects a coo-
ple te set of data , it is reco~~~nd.d tha t data frem var&O. s da!a
collec t ion systems be acquired end svel ua t~d . it I. ..~s- r e -
mended that during the development of the pilot fa~ iiit y, the
specif ications icr a date collect ion system be Se cre ted .

6.3.3.2 Data Intry

As the majority of th. k nown source da tasets icr the pi~~- t
viii be in computer readable form , th. feqv irs .ent  for •e~lt r:I1n.
data is ~inisal.

Theref or e.  i t  is t.cemm.ndee tha~ e .tst*eg ki~~~j t P ~IS b . s*si
cc’ convert u~~s data tc’ tempute~ v..dabl. 1 c m .

6 . 3 . 3 . 3  In formation Iy itec

It is re cows.nded that t i e  ~A .  N?r%•~~.1l ~.S. C~ip~ te ’ Ss,I.~
using the c.:zs operating syste~’ and crc P~ .S databas e I&nag.-.~
• ster . be used f o r  the iar . m e - t s i l cr  a-d me tr ic -al of the
ity datM.ases. Thi s s ’~t irratt v e rrov idl s ems~ c use t r~djcti~~
ori ented ha r dwar e and sof t ware se rv ic es  tc both L~ ar fa. ..at
personne i cc assist ir their researc h efforts

It is recc snded tha t during the op e rat ic of the ~~~ ta...-
it v the WA betvc ’re not be used cc provid. databas e re!r ~e .a~ a
updat in g capabili t ies , however , i t  is re co ms. iu. c tP~et  a ta. cc
underta ken to detertine the lsas ib ili t’. of using Ire AA1 * ...ts.:r .

as the f a c i l i t y  expands cc a fu~ly operational center .

t.~ .3.4 Document l ibrary

kcau se of the expected nt~~~•T of documen ts in the docume ’
library and the need for a versatile information storage ar - m e

trieval capability , it is recommended toat the des cr Iption of the
document. be stored in a computer—readabl e Document Dex cript.~~
Database .

6.3.4 Data/Doc~mmnt Acquisition

Some datase ts and textua l documents have been identif ied to form
the basis for the pilot facility. however, to insure continued acqui-
sition of data for the pilot and beyond, there is a need for the est a—
blishnent of a data acquisition program . The methods and procedures
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for the identification and acquisition of the document inputs must be
established during the development of the pilot facility to assure
quality data acquis ition f r om all segments of the government—industry
software development commusity.

Procedures for the acquisit ion of the textual information can be
ac .spli shed rout ine ly with cLin tea l engineering e f f o r t .  The acq uisi—
tton ‘I producti ‘n develop nt data requires more detailed procedures
t - i a t  ass is t  in identifying potential sources , solicitation of these
s irceS , mad the acquis i t ion uf the data f roa these sources. Secause
.f •~~- ‘n-~~ i~ and pr ‘r t et ar y  cons ide rations , this acquisi t ion is sore
d I f f 1 :  31 1.

, . ? . . O t  F a c i 1 & t ~ p e r C h  fl

t~ ~s r .c , ended that t h e  respomaibt11~ v (jr t~e operation ‘f the
p i .  f a  i . & t v  be d iv ided int o f~ ’ir *a~~r f . r n : t t o n a l  area. (Figure “.2).

~ . ~schn i~a1 and a d . 1 ’t 4 c r a t i v e  dir.:ti on
L Doc ~i - t

3. :nf~~~r m s c t ’ n

. Da t a and &n rmstioe ana lysts

4...i ~.cbn1cai and * 1 s v i s t t a t L ~ . :nre.tien

. techfi i .1 and a -i’. ’. i s t r ~~~i . .  d i r e c t i o n  involves tr , . j ve ra i l
reeponeibtlitv f .r all cecttract.~t operating and po~i:v ii L s t . ~r t s , and
rov t i.. o~~!tCIa 1 tn ’~.rfa . t the lAX Pr ~~~ect L ngtn.e r  on technaca~

ma t ~ em s.

“ii t’~r.. resaini~~ functional arias are ce hnically oriented with
each reporting to a ‘r ~• t  ma nager .  These fun ctional areas are cc—
countab le to ci h other.

$.~~~. D ,ita 3oc~~~~nt Acquistito”

rhe function of data /document acquisition during the Qpe rati on of
the pilot facU lty encompasses the identification , solicitation, and
acquisition of data and documents and th . refinement of the methods
and procedures for this acquisition process . There is a functional
separation between the acquisition of textual information and prcduc-’
t ion/developsent reports.

6.~ .3 information Processing

There are three major, but interrelated , functional areas included
for information processi ng .

1. The input processing function includes document review and index-
ing, document library and database updating, and transformation
and summarization of the production/de velopmen t report..
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2. The database administrative function includes controlling the con-
tents and integrity of the databases by establishing and modifying

p database maintenance procedures, evaluating the utilization and
growth characteristics of the database, restructuring the databases,
monitoring and evaluating the security procedures, and by esta-
blishing user interfaces to the databa~~ and the requirements for
data transformations.

3. The information services function involves the evaluation of users
needs including dissemination of information on services provided
by the facility; th e production of data compendiums , subsets of
the database, and a bibliography; assisting in search and retriev-
al requests; providing answers to “simple” user inqueries and gen-
erating requirements for in—depth analysis requests.

6.4.4 Data and infor matio n Analysis

This function involves performing data and engineering analysis
and producing technical monographs and state—of—the—art reports con-
taining the results of the research efforts.

Ac a minimum , for the pilot facility , this includes produc ing a
report that summarizes and evaluates the capabilities of tools and
techniques that have been developed for testing software.

Other efforts that s~ou~d be considered include software reliabil-
ity and maintainability model development , and data analysis studies
on software complexity, quality , productivity , and cost estimation.

6.3 Pilot Facility Management Plan

The recommended schedtJ e for the development and operation of the pilot
facility for a two—year period is illustrated in Figure 6.3.

The facility staff should consist of both professional and non—profes-
sional personnel. It is r .cowmended that the professional staff consist of
individuals from the fol lowing personnel categories :

— ~tanager
— Senior Analyst
— Software Engineer
— information Scientist

and that the non—professio na l staff consist of clerical personnel and tech—
ni:ians.

The capabtlt ttes of the manager are required for overall administration
and client communication.

The principal function of the software analyst(s) is database admini-
st ration. This includes the establishment of the database formats and the
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dataset analysis procedures, the establishment and evaluation of the data
translation and security methods, and the maintenance and overall responsi—
bility for the databases.

The software engineering function includes the production of state—of—
the—art reports, technical monographs, and the data collection system speci-
fications. It also includes the establishment of the data acquisition pro-
cedures for the production/development data, and the acquisition of the data.
The software engineers shall provide consulting services for the information
scientist and the senior analyst, develop computer programs to supplement
the database management system, and shall have the overall responsibility
for the production of the data compendiums and the database subsets.

The information science functions include the construction of a glos-
sary and a thesaur us, the estab lishment of the input forms and procedures,
the establishmentof the document acquisition procedures for the textual in—
formation, the indexing of the documents, the production of the Bibliography,
providing search and ref erence services, the acquisition of the textual do—
cunents, and the overall responsibility for the document library.

The clerical personnel are responsible for daily typing and report
typing, some input processing functions , order proc essing and shipping,
telephone services, travel arrangements , etc.

The technicians are responsible for computer data entry, data summari-
zation, and ordering documents .

6.6 Pilot Facility Evaluation

The evaluation of the pilot facility includes the determination of the
effectiveness of the facility in terms of responsiveness to the user ’s needs
and the operational flexibility and efficiency of the facility .

The evaluation of the internal operation of the facility must consider
the amount of time to process the source input and the amount of time to an-
swer user inqueries. The amount and quality of the data and information
dissemination must also be a consideration.

The users of the pilot facility shall be RADC personnel , facility per-
sonnel, and approved RADC contractor and other Air Force personnel. The re-
sponsiveness to these users ’ needs can be determined by both quantitative
and qualitative measures. The quantative measures include the number of re-
quests for data subsets and reports , the number of inqueries and bibliograph-
ic services , the percentage of these requests that could be fulfilled, and
some measure of the usefulness of the services and products in terms of re—
sources saved. This last figure is subjective in that the users themselves
must determine the relative savings from using the products and services.

The qualitative measures include feedback from the users and potential
users concerning the quality of the products and services, and what addition-
al services they require.
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This kind of feedback is useful in determining what additional ser-
vices should be provided and /or other areas tha t could be included in $ ful ly
operational center. This feedback can be acquired through par ticipation in
governmen t and industry software engineering sympos~.ums , conferences , meet-
ings , and committee activities.

It is recommended that the development , operation , and evaluation of
the pilot facility proceed in such a manner that a fully operational center
can evolve to provide continuous and expanded services to the users . As new
services are provided and internal pr cessing functions are expanded , they

~~ou1d be accomplished with minimum disruption on the operation of the re-
pository, whether it be the pilot facility or a fully operational center.

6.7 A Fully Operational Center

As the pilot facili ty evolves into a fully operational center, the user
commun ity shall expand, the scope of the information shall change, and the
engtneerin~ analysis activities should encompass more software engineering
areas which will result in a better quality and greater quanti ty of outpu t
services.

6.7.1 The User Com~tunity

It is expected that as the repository evolves , the user community
will encompass more members of the software development community in—
cluding not only government agencies and contractors , but the private
sector as well.

This expansion of the user community necessitates the need for the
incorDorstion of a cost recovery program . This prc~gram can consist of
charging the user an annual cost which vould entitle thC user to pu-
blications issued during the period plus a prescribed number of direct
Inqueries. In addition , separate pricing for  individual publ icat ion s
and consulting services ca~ be instituted.

To provide existing and potential  users with an awareness of tne
services provided , the following vehicles can be usec.:

1. Brochures listing repository publications and services along witn
complete pricing and ordering information .

2. Newsletters discussing repository services and other software en-
gineering activities.

3. Worksho~s concentrating on specialized software development pro-
blems , t rends , etc.

4. Presentation s at software engineering conferences , technical
meetings, etc .

6 .7 .2  Information Content

The content of the databases and the number of documents in the
library will increase as the repository expands.
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The primary information content of the databases ror the pilot
facility consists of testing, error, and change data. It is expected
that as software reliability and maintainability models are developed
and validated , the need for the data will decrease, bu t will still
exist.

With an aggressive data collection and acquisition program, more
cost and productivity data should become available.

The initial estimate for the size of the pilot facility databases
is approximately 16 million characters. By being selective in the ac-
ceptance of data, purging obsolete data, and including produc tivity
and cost data in the Historical Database at only the project and system
levels, the size of the databases should not exceed 100 million charac-
ters.

Because of this change in information content, one or more of the
following activities should occur:

1. Database reorganization
2. Addition of new data items
3. Purging obsolete complementary database entities and corstructing

new complementary database entities.
4. Data su arization modification.
5. Modifying input processing, dataset analysis, and data translation

procedures.
6. Establishing a secure information system.

6.7.3 Output Services

The output services should be expanded to include the results of
more in—depth studies than were produced during the pilot facility.
This can be accomplished because of the expanded scope of the data,
and because we will have learned more about the software development
process and the techniques to analyze the data.

Database and document library access shall continue to ue available
to all qualified users. Data subsets and data compendiums shall be
produced as user requirements are identi ied while a handbook on de-
signing and developing computer software shall be developed to assist
both the practitioner and the researcher.

Technical monographs and state—of—the—art reports shall be pro-
duced as user requirements are identified. It is expected that they
will cover the following areas:

— cost and resource estimation
— software development monitoring
— quality sof tware produc tion -

— softwar, quality measures
— software complexity measures
— software requirements and specifications
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The inquery and consulting services shall become an increasingly
more important function as th. user co unity expands, more data be-
comes availab le, and as greater expertis. exists in the repository.

These services may take the form of answering questions on the use
of a data compendium to long term consulting actions. To provide qual-
ity consul ting serv ices, it shall be necessary f or the software engi-
neers to specialize in certain areas . These areas may be reliability,
maintainability, testing tools and techniques, development techniques,
requirement and specification methodologies, and/or project monitoring.

The consulting tasks may include measurement , estimatiOn , mc , pre-
diction of the reliability of a software system ; assist in determining
requirements and test plans; conduct broad and indepth surveys amon&
government and industrial organizations to seek out specialized infor-
mation and data ; and perform qualitative and quantitative studies on
estimating the resources for a software development project.

t
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7. Recommendations

The following recommnndations are a aummary of the recommendations contained
in this report.

— Establish a software data repository to provide users with access to qual-
ity, relevant, software development experience information to assist i.n
their research and development efforts.

— Develop the repository so that continuous service be provided to the users.

— Include both production/development data and textual information. ksta—
bUsh three databases including:

o Document Description Database containing descriptions of the docu—
ments and the data.

o Historical Database containing summarized productivity, cost, en-
vironment , test, error, and change data.

o Complementary Database containing detailed test, error, and change
data with the capability to add additional entities.

— Provide the following services and outputs:

o Database and Document Library access
o Database Subsets and Data Comp.mdiums
o Technical Monographs and State—of—the—Art Reports
o Handbooks and a Bibliography
o Inquery and Consulting Services
o Data and Engineering Analysis

— Establish a pilot facility as a subset of a fully operational center.
The following are the recommendations for tha establishment and operation
of a pilot facility:

o The facility be located at RADC in Rome, UY
o Limit the users to members of the Air Force and approved contrac-

tors and agencies.
o Accept only non—sensitive data including RADC purchased datasets.
o Construct a glossary of software engineering terms and a thesaurus.
o Estaiblish procedures for acquiring, evaluating, summarizing, and

transforming the production /development data .
o Acquire data from various data collection systems. Establish the

specifications for a data collection system for the repository.
o Implement the databases on the RADC Honeywell 6180 computer system

using the GCOS operating system and the 1~fl~QS database management
system.

o Do not use the ARPA Network for the pilot facility. Determine
feasibility for using the ARPA Network f or a fully operationa l
center . -
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o Produce data compendiums and data subsets containing productivity,
error and cost data; a bibliography of relevan t software engineer-
ing litera ture ; technical monog ra phs containing the results of
modeling and data analysis efforts.

o Evaluate the facility and determine additional user requireuer~:..

— Evolve into a fully operational center :

o Expan d the user community .
o Extend scope and content of the data.

-- o Expand output services .

I
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DATABASE MANAGEMENT TERMS

ACCESS

The ability to approach , communicate with (input to or receive output from),
or otherwise make use of any resource of an automa ted data processing sys—
t em.

ACCESS CONTROL

The process of limiting access to the resources of an automated data pro—
cessLng system to only the authorized persons or (in computer networks)
other data processing systems . Access control may be implemented by use
of hardware devices, software routines, operating procedures, people , and
various combinations of these.

ACCESS TYPE

The kind s of access which may be authorized ; e .g . ,  read , write , append ,
modify, delete , crea te .

CONTROLLED ACCESS

The property of a software security system that allows each properly iden-
tified user to access information and resources within the system to which
he or she is authori zed , but no more.

DATABAS E

a) A generalized, common, integrated collection of data which fulfills the
data requirements of all applications which access it, and which is struc-
tured to model the natural data relationships which exist in an enterprise.

b) A collection of interrelated data items processable by one or more
programs.

DATABASE ADMINISTRATOR

A person or persons give’~i the responsibility for the definition, organiza-
tion, protection and efficiency of the database for an enterprise.

DATABASE DIRECTORY

A collection of descriptors of all units of data that are available to the
database management system , these descriptors being derived from the data
description language statements.

DATA CLASSIFICATION

The level of security classification assigned to data.

DATA DESCRIPT ION LANGUAGE (DDL)
The language used to describe the database, or that part of th. database
known to a program.

DATA-ITEM OR ATrRIBUTE
The s aileat unit of named data , an occurrence of which is a representation
of a value .
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DATA INDLPENDENCE
a) The concept of separating the definitions of logical and physical data ,
such that application programs aced not be depe ndent on where or how phy-
sinai units of data are stored .

b) The ability to alter the content, format, structure and physical char-
acteristics of a database with a minimal impact on existing programs .

DATA INTEGRITY

-- 
The concept that all units of data mist be protected against accidental
or deliberate invalidation .

DATABASE MANAGEMENT SYSTDI
An integrated set of computer procedures, designed to facilitate storage
and retrieval of large amounts of structured data in an orderly fashion,
by providing frequentl y used functions to a user at a level not requiring
detailed knowledge of the data structure or major portions of the proces-
sing system .

DATA MANIPULATION LANGUAGE (Dl~fl..)

The language used to cause data to be transferred between the application
program and the database.

DATA STRUCTURE
The logical relationships which exist among the units of data in a data-
base and which are under control of a database management system.

ENTITY
A person , place, thing or event of interest to the enterprise , and about
which data may be recorded .

ENTITY NAME
The symbol by which a person , place , thing, class or any object of thought
is kn own .

FIELD
A specific define d area of a record used for a particular category of data .
A group of character positions used to hold a value.

TILE
A collectior of all occurrences of a given type of logical record .

TILE MANAGEMENT
A generic term f or the functions of creation, insertion, deletion and
modification of records; reorganizing, sorting , merging and other processes
commonly performed on files .f A-2
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HIERARCH ICAL STRUCTUR E
A method of conceptualizing and/or storing fields , records , or files so
that more than one—for—one relationship is defined as existing for a file,
and the actual distinctions among hierarchical levels are expressed in the
data.

HOST LANGUAGE SYSTEM
A database management system that is built upon the facilities of a pro-
gramming language and is identified to the application programmer as new
tools of the language for logical and physical file manipulations. The
tools are embedded in the host language (e.g., FORTRAN , JOVIAL , COBOL) and
are accessed usually through CALL statements, but sometimes by extensions
in the language.

IND EX

An ordered reference list of the contents of a field or fields of a file,
together with a reference notation for identification or location of each
field and most likely other related fields. For example, an index might
list each value of a field and the location of every record containing
that value.

INVERT ED FILE
A storage organization in which an index is provided for the values of
each type of data—item. If an index is provided for every data type, the
file is called totally inverted ; if an index is provided for only some of
the data item types, the file is partially inverted .

LOGICAL RECORD
The collection of fields as a unit of data to be processed , independent
of their physical environment. Portions of the same logical record may be
located in different physical records.

NETWORK

One or more collections of directed relationships between three or more
units of data such that some units of data are considered owners which
others are members, where each member may have more than one owner.

OCCURRENCE

A specific instance of the v~1us of a unit of data.

PASSWORD

A secret word or a string of characters which either identifie s or authen-
ticates a user or a defined system resource , such as a program or data.

PHYSICAL RECORD
The collection of fields as a unit of data which is stored , retrieved , or
moved as one unit. The unit of data is defined in terms of its physical
storage qualities.
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PHYSICAL SEQUENCE

An order of records or fields in a file that is the same order in which
the records or fields are located in adjacent physical storage .

U~ORD

a) A collection of related values treated as a logical unit during any op-
eration of the data management system (e.g., during data collection, pro-
cessing, or output). (Logical Record)

b) A unit of data to be placed on, or taken from , a storage device in a
single operation. (Physical Record)

RECOVERY PROCEDURE
The actions to be taken in restoring a system ’s computational capability
or the data files after any system failure or penetration.

RELATIONAL MODEL
A logical model of data in which records of a given type have a given num-
ber of (nonrepeating) items . All instances of a recor ’ type are considered
to be collected together in a mathciuatical set. The database is considered
to be a collection of time varying relations of varying degrees .

REORGANiZATION

The process of rearranging the relative physical placement of data—units
in the database .

REPEATING GROUP

A set of associated fields in a record or in another repeating group which
may have more than one value. Individual values for one field are asso-
ciated with individual values Lrt the other fields (which may include the
null value). A repeating group containing only one field is generally
called a multivalued field .

REPORT GENERATOR
A computer program , usually included in a database management svsten , that
can direct the production of formatted output reports if it is provided
with format specifications, input file detail , and other information .

RESTRUCTURE

The process of adding to or deleting from the types of data—units and data—
relationships represented in the database , of rearranging data—units which
are component. of larger data—units, and of making the corresponding
changes to its schema .

ZETRI EVAL
The operation in a database management system used to recover data stored
in a databa se in such a way that it is available to other database manage-
ment system functions . A retrieva l generally involves conditional selection
of data and the assembling of selected records.
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RETRIEVAL SPEC IFICAT IONS

The manner and syntax of specifications used to express the conditions un-
der which files, records, or fields in a database will be selected for
further processing during a retrieval operation.

ROLL-BACK

The process of reversing recent activities of the system, to restore some
of or all of the database to its state at a previous point in time .

SCHEMA
A complete description of the database in terms of the characteristics of
the data and the implicit and explicit relationship between data—units.

SECURE OPERATING SYSTEM
An operati ng system effectively utilizing those hardware and software con-
trol functions necessary to provide the protection appropriate for the
value of the information and resources managed by the system.

SECURITY

In the computer community, the realization of protection for hardware,
software, and data.

a) Administrative Security —— The management constraints, operational pro-
cedures , accountability procedures, and supplemental controls used to pro-
vide an acceptable level of protection for secure material

b) Computer Security —— The hardware/software functions, characteristics
and features needed to provide an acceptable level of protection in a
computer system.

c) Data Security —— The protection of data from accidental or intentional
but unauthorized modification, destruction, or disclosure.

d) Information Security —— The hardware/software functions, characteristics,
and features; operation procedures, accoun tability proced ures , and access
controls at the center computer facility, remote computer and terminal
facilities; the management constraints, physical structures , and devices;
and personnel and communications controls needed to provide an acceptable
level of protection in a computer system.

e) Personmel Security —— Insuring that all personnel who have access to
any sensitive data have the appropriate clearances.

f) Physica l Security —— Physical security, as it pertains to computers,
does not differ from physical security for other installations. It is
achieved through the use of locks , guards, badges, personnel security
cleacances and administratively controlled measure outside the computer
as well as measures required for the protection of the structures housing
the computer and related equipment against damage from accident, fire
and environmental hazard , thus ensuring the protection of their contents.
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SELECTED RECORDS
The set of complete or partial records which are the result of a retrieval
operation and become available for further processing , such as for sorting
and printing.

SELECTION CRITERiA

The conditions expressed or implied by a user which are used selectively
to recover data during a retrieval operation; i.e., a logical expression.

SELF—CONTAINED SYST~ 1

A da tabase management system , the capabilities and language of which are
intended primarily for the nonprogra er. They are self—contained in the
sense that they usually have no connection with any procedural language
(except that the system itself may be written in a procedural language ,
or it may permit user—written code in a procedural language).

SENSITIVE INFORMATION

Information whose disclosure or mod ification is disadvantageous .

SEQUENTIAL FILE STRUCTURE
A method of storing and retrieving data in which information becomes avail-
able ~n a one—after—the—other sequence only.

SET

A nemed collection of related records representing a one—to—many relation-
ship between the owner and member records.

SORT XEY

A field of a rc.ord whose values will be used in arranging the records , or
just the values , into a sor ted sequence.

STORAGE AND RETRIEVAL SYST~1

A system for storing and locating, on de mand , certain documents or other
records relevant to a given information requirement from a file of such
material. Examples are classification , indexing , anc ~‘schine search:ngsystems .

SUBSCHD4A

A description of those data—units and relationships from a database of
interest to a particular program .

SUBSET TILE (also Data Subset)

A selected portion of a data f i le  arranged so that it is also (or can be
used as if it were) a data file , separately processable by the database
management system .
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Appendix B

SURVEY RESULTS

ABSTRACT

The results of a survey on the exchange of software development experience
information are presented in this Appendix. These results indicate that mem-
bers of the software community are interested in the establishment of a center
for information sharing and are willing to share their experiences and data on
developing computer software. They are interested in the results of analyses
on determining the effects that different developmental and testing philoso-
phies have on the cost and productivity of software development.
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1. Introduction

To develop the specifications for the Software Data Repository , it was
necessary to determine the potential users of th. data center and th. software
engineering areas in which they are interested. To ascertain the types of
potential users and their technological interest , we performed a survey of a
portion of the software development co *mity.

Because a software experience database would be the heart of the data
repository , the survey also contained questions concerning the data collection
efforts  of the recipients and their opinions on sharing their data and their
experiences in collecting the data .

This appendix is organized as follows. First, the background for the
survey is presented followed by an initial analysis of the survey. The; the
results of further analysis Ia presen t ed , correlating response categories .

2. Survey Approach

During the summer of 1975 , a survey was sent to selected members of the
softwa re development community . A total of 1659 copies of the survey were
mailed. Two mailing lists were used :

1. Recipients of the RADC—sponsored “Structured Programming Series” publi-
cations RADC—TR—74—300 (875 names).

2. Attendees of the International Conference on Reliable Software April 1975
(784 names)

By the end of October, 337 responses had been received —— a response rate of 22%.

The response card used for this survey is reproduced here as Figure 1.
The questions on this survey card contain four major areas dealing with:

A. Usage level of the repository

B. Data collection activities and cooperation posture

C. The characteristics of the respondees

D. Interest level for the reposito ry

3. Survey Results

The survey results are discusssd below relative to each of the questions
contained on the survey form,*

* For a more detailed analysis of the results , see Duval i , L .M. , “Software
Data Repository Study — Survey Results”, ZITRI Report E6330— 3, February 1976
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Usate

The survey question to determine the usage interest was in matrix form .
The rows designated a technology area (Reliability Prediction, Testing Tech-
niques, Development tools , Other) and the columns designated a usage level
(Data for your ~~n Analysis , Reports on Analysis Tools, Results of Analysis).
Contained in Table I is a •i~~~ry of these responses . In the first three
col~~~s, the u~~bers represen t the number of times that cell was checked ;
the “2 of Total” represents the perce nta ge of survey cards that contained a
cheek mark in that cell. For example, 136 surve y cards contained a check
mark for the cell “Reliabi lity Prediction, Data for Your Own Analysis” . Of
all cells, this cell was checked the least number of times whereas “Testing
Techniques, Results of Analysis” was checked most often (226 times).

Figure 2 contains histograms representing the percentage of respondees
that checked each individual cell. In all three technology areas “Data for
Tour Own Analysis” was checked the least number of times (40% for Reliability
Prediction, 472 for Testing Techniques , and 48% for Development tools), and
“Results of Analysis” was checked the greatest number of times (65% for Reli-
ability Prediction, 67% for Testing Techniques and 66% for Development Tools).

As shown in Figure 3, 75% checked one or more cells in the ~‘ReliabilityPrediction” row , 84% checked one or more cells in the “Testing Techniques” row
and 81% checked one or more cells in the “Development Tools ” row.

Thirty—four percent of these that responded included comments in the
“Other” row. The keywords most often mentioned or implied here were : cost ,
management , reliability , productivity development and production design langu—

-: ages, testing standards , and maintainability .

Data Collection

Sixty—two percent of the respondees indicated they were collecting data
(Figure 4),  772 indicated they would be willing to share experiences (figure 5),
and 76% indicated they would support making the data available (Figure 6).

Of those respond.es that indica ted they were collecting data , 83%
stated they would be willing to share experiences and 82% indicated they would
support making the data available (Table II) . Of those that were not collecting
data, 68% noted that they woul d share the data (i.e. the data they did not
have). Thi s anamoiy most likely occurred because the respondees wanted to in-
dicate that they would be willing to share if they did have the data .

Seventy—five coaments were made in this section even though there was no
specific “ether” category . Under the collection question, the majority (702)
of the coementa were concerned with qualifying their collection (e.g. planning ,
Informally, some, etc.). Ir~ addition , six specifically noted cost data .

Per the ether two quesctons on sharing amperiences and data , the majority
(75%) of the co~~ant s bad to do with the need I or approval and proprietary 3 m -
itat ions.
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iser Attributes

Of those that responded , 25% stated they were from the government, 43%
from industry , 202 from universities and 12% “oth er ” (Figure 7). The “other”
category means that either none or more than one box was checked . If more
than one box was checked , the respond.. is most likely teaching and consulting
for the government or industry, or working for an industrial f irm on govern-
ment contracts.

To provide a comparison of those who responded to those who were reci-
pients of the survey , the mailing lists were analyzed by categorizing the in-
stitutional type of the recipients (Table III). Most of the recipients were
not difficult to categorized except for the “other” category . As can be seen ,
h. number that responded followed closely to those who received the survey .

The survey also asked the potentia l users to indicate their principal
functions as: design software , software development research , and/or evaluate
software . The highest percentage (642)of respondees noted that one of their
principal functions was dEsigning software; the lowest percentage (412) indi-
cated a user of software (Figure 8).

Receiving/Providing Further Information

The last question on the survey was included to provide us with some in-
dication as to interest in the repository . The response was overwhelmingly
positive . Of tho se that responded , 307 (or 91%) indicated “yes” to the ques-
tion: “Are you interested in receiving and/or providing further information?”,
13 (or 42) indicated “no”, and 17 (5%) checked neither box.

Jsage vs Institution Type

The data on institution type as related to potential usage shoved that
the respo nd... of the universities were slightly more interested in development
tool effects than those from the government or industry. Those from the
government expressed more interest in obtaining the results of analyses than
those from industry or the universities . Table IV contains s~. a r y data cor-
relating this potential usage of the data repository and the Institution Type.
For example, 36 respo ndees indicated they were from the government and were in—
cere sted in “Reliab ility Predictio n , Data for Your Own Analysis”. Referring
to Table I, 36 of the 136 who indicated interest in “Reliability Prediction ,
Data I or Your Own Analysis” were from the government. In reviewing this column,
123 cells out of a total of 490 cells (25%) checked by the government re—
spondees indicated interest in data for some technology area. This is the
lowest perce ntage for any catego ry vs institution type However, there is lit-
tle var iat ion when comparing the total percentages to th. ind ividual percen -
tage , for each institu tion type.

Data Collection vs Institution Type

Vtthin institutions, the greatest percentage (692) collecting data are
from the gover n m nt; the least percentage (48%) collecting data are from the
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universities; and the re.pondeea from the universities are the most willing
to share experience and data (682 and 652, respectively). Although still an
encouraging response , those from industry were least willing to share experi-
ences (702) . The distribution of the zespori dees by institution type to those
responding “yes” to the data collection question is illustrated in Figure 9;
to those responding “yes ’ to the sharing experience question is •hovn in
Figure 10; and to those responding “yes” to the sharing data question is illus—
traced in Figure 11.

Punction vs In stitutio n Type
- The highest percentage of respondees that stated they were designing

software was from industry (72%) and the highest percenta ge of respondees for
implementing software (692) was also from industry . The government respondees
showed a slight edge over industry (49% vs. 462) for evaluating software; the
universities showed a slight edge over industry (44% vs 42%) as users of
software (Figure 12).

The largest differential occurred in the software development research
area. The universities indicated 71% compared to 61% for “other ”, 50% for
industry and 49% for government.

Interest vs Institution Type

As seen in figure 13, 91% of all the respondees indicated they were
interested in receiving/providing further information. The highest per-
centage of affirma t ive responses cane Iron industry (94%). The lowest per-
centage of negative responses came from government (2%).

4. Conclusions

First and foremost , the survey results indicate that the software develop-
ment comnunity is interested in the establishment of a software data reposi-
tory . The poten tial users are most interested in receiving information on the
effects that different tools and techniques have on the software development
process; and , secon darily , are interested in having access to data so that they
can perform their own analyses . The effects on productivity, costs and reli-
ability are also areas of user interest.

Most of the potential users are either collecting data or planning to do
so, and an overwhelming majority are willing to share these data with a non-
partisan organization. The user group shoving the highest level of data ccl-
lecting activities is the government, rather than industry or the universities.
University personnel are the most willing of the three user groups to share
their data .

The principal functions of government and industrial users are designing
and implement ing software ; whereas , with the un iversities , the pr incipal func-
tion is performing research in the area of software development .
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Table I

USAGE SU~*iARY TAB LE

Data for To’.tr Re ports on Res u l t s of TO7.~.L OCC~°PE~CES
Own Ana ly sts A~a 1ysis  cols A~a~v sis  E)~CH TEC~~~~CCY

Technolo gy No. 7. of Tot at ~ ~o.  ~. of o~al ’ ,:o.  ~, of To:aL ’ ~~~.

i~~ ~~ 169 (30) 218 (65) 523 (30)

159 (47) 216 (64) 226 (61) 601 (3$ )

Dtv.topoenc 160 (48) 211 (63) 223 (66) 594 (35)

TO~Al. OCC~~~E. .~~S 4~~ (26 ) 596 (35) 667 (39) 1710 (100)

Tota l n.zober of r esponse s • 337 .

Table II coLLEc~t:;o OATh
SHARIi G ~XP U.LZ~ C1S ;~~ D~~A

Yes , Ye s,
Shar. Experience. ~ Share Data . 7.

6$ not co11ecti~g data 68

SO no reply SO

83 yes . co llect ing data 82

Table III

INSTITUTION TYPE - RZCIPIE’~TS vs. RESPONDEES

Insti tutio n Mailed. 7. Respon se. (both )
Type 1st 2nd Both No.

C.vsriu.nc 41 11 27 23 *5

Industry 4$ 63 ~S 43 146

University 9 24 16 20 63

Ocher 2 2 2 12 41

Total 100 100 100 100 337
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Appendix C

SOFTWARE ENGINEER ING TERMS
FROM THE

LITERATURE

1. Introduction

This Appendix contains definitions of software engineering terms as they
appear in the literature. A list of the papers arId reports that were searched
and used for the term definitions is included in Section 2, along with the
corresponding reference number.

Section 3 contains a list of the terms, the reference number (in paren-
thesis) of the document that contained the definition, and the definition.
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Definitions

Accreai tst1or~ (062)Al) ac tiv itie s t’~st, taken t09,ther , .,ts~lls P~ a s u f f i c i en t
level of con?laence In the find prsou t that  the eevelooer
is Ibis to ~~j CrSn t sS Its fuf~tt*onal osrfor~snce to ioeclficstleftsm i  to ~rov 1~e a ~~ 1Tanty to t~e e’,sto~er wit ? , si n i mus ri sk of
S3JitIOna l 5u~~DO rt It the osve)s~er’~ expense .Secur sey stuoy processor (003)
A C0PDuter ~~0 rNt u5e~ to serform calcuistions to a ssist (n
o.termlntn7 If pro rs~ variabl es ire co sputei with rs~uited.ccw.~y.

Ac t t i~l oats (0)!)
3sta 0,scribIng the resul ts of pre;re ?Iln; actions for a
~r~ject tM% wi ll be the pr imary cet a 1 rIcluie ~ in the
se~i;esent reports.ArIi1y:~cal ~oc~,l1n; (033)
inS th~ t.chr,1~’u, ussu to e~~ress uiathe ’i.tlcally (usually by
• set of e~ust~o~ts • representstion of son. real probi,~.
~~.ich rio.,,ls ire valuabl e fnr •hstr~ctir~; the esse nce of the subj ect
or In~t,1 ry . eecffuse •~uet1o~s o.serlbi fl; conpi ex systems
te~’~ to beCO1 ~C co plicste d sno oftert 1”,osslble to
forsu iite , it is usually ne cesssry to make slm~l1ty1n; •ssu~;t1orIs which

~~~ ot~ tort aecure~y . soe ei fic 1.ntr~s;e sf0 sisulations~’ste ls serve as aids to Inpi enentstion .
Mel;,.,? C OQJ)

1 cn~~j t er  oroira~ ‘j ss~ to orovj ~ e source 1s~;JsQ e Or
•:‘,cjt~on tre?,~erley st~ti sti cs it the oro~rsn or
s r:e—stet m’er t level to es sist In pe~ for~.ncs evelustlon an O
j , t . rnln at l er ,  ot  test cas . coverage .A 15,~.LSri
& X ~~ S tP.et trans ls te oreorens wri tten in syn~olIe nachine

• Ii ,us~e Into actu ~J “e chine i erI~u~~e pro7r.rs.• ‘uto—,te, net~’ork or p~ t~ anelysi s (~~ 9)
~ tec’r i~ i, whi c” aef Inca n ors~tl:al nees’jre bl e nean s by •x.m1nin~

~~~~~~~ cons ar~ o e t e r — i n ~n— tP~e ‘tiny-i set of paths which
everc jsc nil lo;i c~ti L~re’tC~*s of a pro~rsi.ft ut~ tttcj te!t ;erter’tor (O~)J)
A ~o1,~jter pr~~r.’ th!t ecra~ ts in,uts s~ e ify)fl a test
s~en ’ri c in so’. s~~ciel ~~~~~~ ~e’tertt t , s the exact
~~;~ jte? In~’sts. c-i ..~ oe ter~ines t!~e ex ~ tcte~ results .

iu o-i t t a~ veri ficati on sy ste~s (0~)3).:o-.:~t,r pro~r.-ts t’~et 1nstru ’~,nt the se~sre. coee by
?s~ers t in ~ inc Inse r t in ;  counte rs et atr et ~~ic  Dolflts to
~rovii4 ~e~sure s of test effectivetess . ~hey prOvl&ie iets that
~.i.toIls P.O.i thorou;rIly the source eo~e M s been exercis ei.

iloc. .I ia7o~r. (‘OL )

~ ~~~~~ of a svsten, Instrunent , or eo-ioj teT , in whi ch
t tc pri nclol. osrts are rooresente: ny sj1ta~ Il2ty asso ciated
,eo’tet?lcnl figures to rto~ both the belie functi ons st.~ the functionalrelitions’tips •~ior,7 tr~. oarts. CAISI)bu3;et1n~ ens est1natIn~ (0)2)
~rtose ec t i v i t l e s  that deternine the levels of effort and
resources neeoeO to scc~apl1sh a project.

By; (032)
on. or nor. sOf twere bt.~7s exiSt in a systeM It a softwsre

• :nert;e is re~u1r.t.’ to correct e slri;le nsjnr error or n$norerr or so is to uiset lpeclflei or InpileD lyste’ performa nce reoulreuerlts.
C~rtUie~ti on (009)

Csrries the conflotitlui ot en Nuthorlt,tiVI ,rtØor*,ui~rtt arid
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see~ s to i-’oly t.st1fyIn~ in —riting that the oro~ rarn Is of a
c,rtai1 standnrd or ~ue1tty . Certificetion usuelly t t2ltes the ex i s t ence
ar t
t riJs,er,dent quaLity control jro’so. Certification extendS the
oroc ess of ve r i t l c et ion  eno v a ij O at t o r i  to en ooeratloml erivlronnwtt

~ j ivolves acce ptance t.stini of the  o v e r a l l  systei.
~ e r t I f t c ~~tton  (012)

ihe ~rocess 0? oer.onstratlrt; that the systea sects Its c’j stOner
r,,ulr,nents ano 7iarnnt.ein; thn t co~rñ1ance In writing.

Cer t~~t 1:ct t o r i  tools (012)
li~~or’iatton re~orttni end su—’~erlzIng c~’t,onent s that
~rov1.~e s syst.~ettc ui te collecti on and sue’ertztn~ ~echen1smt i ’t  3ro~uces , systen ststus r.oort.

C:~.r~-~ ( 002 )
thy ~ L t cr ,t L o n  (aciltlofl , i,lotiort, correction) of the ~ro~racco~e w~ e ther  it s , sm ile cMr ,cter  or thousenis  of Lines of coos.

, , r ,— ’s  r , o , to t-or,ve ~oc’jirttat1on or , ,t i s fy  n ew s o e c i ft e a t lon s
ar l i~,or teri t to recorj a rid study but ar. not counte’.i as bu s.

-~1,f ro ’r~~~er te.- (311)
.-i s ~once ~~t l i l ie s  the use of ~ htghl ’/ structured t e am
i~~ s~~~i’l1 st s for softwnre oroQuctiOrl relying on tecPuilcal
,r~~~~ ros wh i c~ t .rc c,se- 1 on structureJ pr ogrem ’tlng
.~rticio1os. sn~ nrf 1~ e ro:eot,r*s ‘oac ei up 4 l t h  auto ,.ited
‘ li ..5 to 3!.rioort ~Jro’j o •~rtr~t,n1cetlon . 3peciollzed roles for
•eo ;le on a project, ano the relitton s~ti~s anon ; thei, are

1 l~~ieftied.Th 03r ’t3r  (~ 33)A c o- ij t e r  pro ;rcn usci  to cer’o’,r. two ver s i o n s  of the san.
c~”~’i:3r mro~ran un3er test to eetnbli sh Identica l
c,r~~i~~~r~ tion or to s:,ciflcally identify chanOes In
tn ~ soi rce co .jtn,  bet .~efl t~e two versions ,

~~~ o ti~~r (C62)
A t~~~i, u scu in the or ooj et t on  of sof t ware  syst.~s , t h at  al lows
,iro :riis to ,e written In ht~~er—order 1eng’,a~es.
~~~,l,s I nc l ud e ’  P1./I corioiler , ~~TR(~ Compiler ,•ir~, ;‘)i)L ~o~ipt icr .C o ~~t~ r .~i ti  (060)
‘~ rc. r.,sen’~,tIon of fects , concepts or Instructions
in  e s t ruc tured  torn suttiol. for .ccq~tencc , triteroretat ion

or ~rocessin’7 hy eon’unlcation ~etwien coiputer e~uipnent.Sii t h  Icto can ~ e e~tsrrtnt (In co p’iter—re.~Ieble form)
o~ r•stier,t w i t h i n  th e cor~ uter  e1’.siptent aria can he in the
:or~ rt f iiia.i o; or ai; it si  st~ iels.C~”o~,t”r e’~uio’ent cnn ,utcr hardware (060)
i’viI—es ~~~~~ of accootin; and s tor ing  conputer data ,
~~~~.st tn  a syste ne t t c  ~~quertce of ooerations on computer
~ it c  or orooucinn conp’jter outouts. Such devices can 3erform
~ ‘~gtcnti,l Interpretation, conputattori , c,rirtunicatlon ,
control an oth er io~ic,1 functions , Sxe’t,ies’ central
~iroeessin; units, terninale, printers , erisIog/d t~ita L‘onverters, tape oriv,s, discs and druns.

..0’oitor proç r~vc certificat ion (003)
C,v, t nt  eno eva luat ion  of the cot’,nlete conouter program
ai—eJ cc ens•jrjri.g operetlonal effectiveness and suitability
w i t h  respect to mission re uIrsm.nts un.aer realistic operating

• co.ijItIons.
Coiputsr 3ro~;res valIdat i on  (003)• tne test anu evaluation of the complete progras stied at ensuring

co Pitence wi th oertor’ance and design criteria.
Computer program verifi cation (003)

ta t t e r at t ve  proce ss of determining whether the product
of ecch step of the com puter program a~~utsition process

• fulfill s .11 rcqulrensnts levied by the p reviou s step ,
Conpjter softwsre (060)

A combination of associated colputer programs and data

- 
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requi red to comnuirid the computer e~uiDment to oert o rm
computatIonal or control functions.

Computer system (060)
~n interactIng assembly consist ing of computer E4ulp’lerttcomputer programs aria cocouter da ta .

Ce~i,auter turnsrour’J tics (OIfl)
the time d i f f e r ential between the submi tt a l of a job to the
Co cuter Center and the ret u r n of the job results to the
pro rant’ier.

Configura tion control (0)2)
~ methodolo gy concerned with proce dures for controlling the
content s of a sot tcar. syst em . A way of monitorin~
th~ St itu l of system compon ents, orese rvin; the integrity of
re le e se c and d evelo p in g versions of a s o f tware  sy ste m . ari d
controlling the effects of changes throughout the syste m.

Confi juratlon manage men t ( 0 6 2 )
~11 a c t iv i t i e s  rel a te d to eon~~ollin; the content s of a SOftware
system . It monItors the status of syste m compon ents,
pr eserves the 1nt e~rity of released and dev,Iooln; versionsof a system , and controls the e f fec t s  of th enges throu~hout the
system . It is a pro cess o.al lng as much wi th oroc soure s as w i t h
tools.

Constants auto checker (003)
A co—outer pro;ran usc~i to search • tape for all constants ari d
onrmn eters to loentify the nit , of the con stant , its
ltora 7e location , anu the b In ary  scale factor . These an, then
ee are~S wi th spec ifIc a tIo n values to assur e compliance .

Control (362)
A om )or sub— d iv i s i on  wi th ou t confi,uratlon riane;ement. The
procodjres by whi ch ch~niss to th e Design ~et~uirements are
proposcu and formally or o cesse O.

Ccnv,r~Ion •ic~s (037)
aho se lO~ tware tool s w h i ch  sa si st in  e o nv er t lnn  op erat ional
so~ t~sre fr om eri e co~p t le r to m o th er .  Ih ese tools ana lyz e
th e source coo. as wr1tt.~ for on. co~o11o r end highlight those
ot itenents wh ich  mr~ not co~oat1~ le w i t ’ t  the ecoat ilitles of the
t~~r ie t conoi ler .  In so .  instantee t’t’s. co’tv ’rs ibn a la s w ill
re..~ ece the ine0 o,tI~~1e stcte - ents w t ’.n one or mor e t erge t  c o-ipi ler
st a t e m e nt  wh i ch  are uesI ;ne~ to a en i e v e  the s~ n e result .

Corre ct n ess  proof (00~ )
L iC  t e thn l,ue  of p r o v i n g  “th e n a t  l ce l ! i  tn .t  a g i ven pro gram Is
c oi sis ten t wi t’’ a g ive n set of s~e c i f i c a t i o i s .  Th is  o’ ocess cat be
,::o—piished by manue l netho:s Or ‘ty orogra ’ v e r i f i e r s  r e~ u i r I n;  manual
tn t  ~rvent ion.Correctness pro~f~ (003)
Ajto ate.t verification systems exist w h i c h  e l l~~w the

to orov e s-till pr o ,r nn s  are co r rec t  by mean s
s~~i1 nr to those use d In proving - ‘themetics) theorens.
~zi a s  sn~ theorems aerivea ar’ use d to este:lish valI~ 1ty
of orogrri n assertions an: to prov 1~~e S furiua~,nta l un:erstanoin;
of how the pr ogram ooerates ,

Cost ~.“t a  ( : .I~~)
Dccc oescnl b Iri; the costs associated wi th the resources
er end.o by a sot t~sre project.Cost estI nstion (062)
A stanom r~ tschrti~u. for estinating the aMount Of Isbornecessary for the comp l etion of a task , the amOun t snd
ootintial coats of COJ!lput,r ti-i c r.;uirs , etc. , prior to inc
airing a ~rojeet’s lifeti m e .

Cost mcnsg.nent (062)
A collectee sat of tools that otovlOe the cr I t e ria and dev ices
for treeking orojic t costs.

Cross co pller (062)
A tool that can Oper ete on a host commu ter and
ptOuuce code for a destg!’lste~ externa l eo’tautsr.
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Cross—assembler (003)
A comouter program that accepts symbolic instruction
‘nne ontcs for a selected ta r get cocauter aria generate.
target co tauter machine coae while hosted on another
com puter. A cross—assembler thus ch ews cod. wr i tt .n
for one com puter to be assembled on another .

Cross—reference p rogram (003)
A group of co puter program s that orovide cross—reference informati on
on sy stem components. For exaepl~ . pro grams can be
cross—reference d wi th other programs. macros, para t eter names , et c.
~his capabilit y is useful In problem-solving 

arid testing to assess Impact
of ch ’lri c,as to one area or another.

Cross~ref,rencs tools (007)
J t i l lt y  ~rograns which provide cross—reference data concerning
° program wri tten icc a hi~~cer level lan )ua~ e. These u t i l i ty  prog rams
anal y ze a source program and provide as outpu t such aata as
follows’
I • Statement label cross—index
2. !)ata na me cross—Index
3. LIteral  usa ge cross—i ndex
4. Inte r—s ii ,routine CALL cross—indez
3. Statistical counts of statement types

Cyclic do te (368)
D a t a  on programming activities that occurred since the last
management reporting period.

Data (OI~~)A set of facts
Date analysi s tools (062)

?ro gr r s  spe c i f ica l l y  designed to perfo rm statistical and
com parative ana lyses on data produced during the execution
of a program test.

~ t• ~•s. an aly zer (~~)3)
* co—~qter pro~r~n that renorts informetion on every usa ge of
Un t .  id~ n t1f i es  each nro~ren using any dot e el enents , and indi cates
whetha r  the pro~ram inmuts, uses . m o dif ies , or ou tput s the data
olorent . my un’,seo data is printed, errors dealing wIth mi suse
a-rJ ion—r ss of dz,te end c o n f l t v ~ts in data usage are identified .

~),t .e ier in l ti on la~~ueie (003)
~ c ”outar pro~ra~ used to describe dnta st a sufficiently hi~ c
l av e l  in order to na ’~e the use of a oar t i eu la r  oroq rar l.iing
lmn;,, e transoerent to the data oefinItlon process. This
lan guage allot ’s us to soec ify the data so tha t  mult ip le
lmr~ uages con shore and use It.

ote item (3I~3IA s~sc1ft c enti ty of data .
Data re~uction tools (0(21

Often da ta— bass deoenosnt , these pr ograms orocess a data set
an convert the Information into ra iable form. These programs
u er for m statistica l arid comparati ve transformations on the
re~ orded data obta ined by instrumen ta ti on ,

Debugg ing ( 009)
Oe’.sg$nçj start s wi th kno’m errors end attempts corrections.

Dsh’j;ging (062)
Lic e testin g of a program tar proper execution. includes th s
detection , diagnosis, recovery, end correction of program errors.
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Also see Vahloation an d Dsbu)ging Tools.
Debuggi ng tools (062)

(hose programs designed to locate end eliminate programming
error s end to tes t a program fnr proper execution . Also
see Va l lo e t lon  m a  Debug lnq Tools.

Decision tabl e (00~)A tib j ier  reoresent st lon of the followi ng three Items l
I. Corcaition s — factors to coeliloer In a~ I~j n g  a decis ion .
2. Actions — steps to be taken when a certain combination of
conditi ons exist.
3. Rules — specifi c combinatIons of conditions and the actions
to be ta~cen under those conditions.- -Del iverable code Indi cator (0~~)In dicates whether or riot the code will be delivere d to the
CIJI tocer.

DelIvery (00))
The oojnt at which the software packa ge Is turned ever to a cus tome r
f or use In the operational envi ronment.

Design imp lenentat lon sp ec i f i c at ion s ( 0 6 2 )
ib i s  document define s the syste m ama program desi gn. it
Include s block and program flow diagram s, set—useo in fo rm at ion
on eli date ~1escriptIOn s of all data ama may I n clu d e narrative
description s Of the operation of every progra m in the
syste m.

Des i gn language (003 )
A commit ex program used to proiv~it an understandabl e
r e~rssentetion of the software design as It evolves .
shese orograos allow desi ns to be constructed ari d
exoenJ .i. in a hierarchical fa shion. They oocucen t the
•Jesign and the decisions that led to It .

Desl ;i re~uir,mc,ts ~ase11ne docurent (062)
Lids oocu~emt is the baseline descrIption of the object sy steel
he c,. the foundation upon whIch syste m desi gn ari a configuration
‘ ontrol aroca.a.

3esl jri slnjiatiom (009)
C te:hnioue that descri bes a proposec system , proouces a computer
masci odd ” or sl -iuiateo system , ano them evaluates the
elfs:t of various system reguirements an’~ design al ter natives .

~es1~ n vel iostion (039)
Inc ,,~ari1n,tion or Inspection of the functional reguirement s and
t ce  de s ign  of a so~ two re sy stem for the mirnos. of finding errors.
Ithe r term s us ed to oescr lbe  th is  t e c h n u l ie or vsri•tions of this
t hn h mu e Include me sign revu ew , project revi e~ , eesign Iri soect ion s ,
:~o lk—cm ro u ;hs . am~ irioro ~e.s revie w s ,  i n s  t e th n l Oue  is simi lar to the

es ign  ve r i f i c a t i o n  te chni qu e ex ceot that I t  is pec forme ~ ea r l i e r  in the
sof t w ar e Cevelepm .m t cycle  aria at a system funct ional  level.

Dss i ’;m v e r i f i c a t I o n  (039 )
vca evaninetlon or 1ns,e~tion of a software soeclflcoti on for
cri e our.os. of firidin ; aes ign err ors. ‘)tber term s used in
tri .  l i t e r a t u r e to aeseribe  t h i s  t eehn 1~ ue or v e r l a t lom s  of this
te iii u4 iricludi assign re v I ew , ueslgn ins pection , soecification
te s t ing ,  paper testing w a l k throu ic , structured walk~thr~ugh, mri~ prelirn~

nary

assign re v iew .
Dev,lo.,m,ri t t est and evaluatio n (003 )

(est ari d eve iu a t lon tha t focus es on the technol ogical and engineering
esoects of tice system , or equlo ri en t It em s (AF P 8 3 — 6 4 ) .

Dia gn o st ics  eubu; aids (003)
Co~~ile and execution time checl~out and debuç capab ilitiesthat ‘ccl; Identify aria h ole;. program errors. These capabilities
usually Include commands or direct ive s suc h as DU’)P, TR ACE,
‘AO~ 1~ Y , C()~TE’7S, S A!P91’IT, etc.

Direct Interface (006 )
An interface les eol ataly between two softwere elements.

Documen tation 1012) 
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tic. ~rouuct1on of al l  ccc ~aper work necessary to describetn, final pro~ jet. xa iioles include’ cross—re ference listings,
tcti on~ry listin gs , and flow charts.

~r 1v~ r pro r’i m ( 0fl9)
~~io,rtIuo’js ( t h r ow — a~ a y )  code nee~ed to perform the unit
testi ng a rid lower level s  of Integration testing In a bottom
j o  soft ~-a re ~ev,lopm ent e f f o rt.

J r t ve r s  ( 309 )
Computer baseo informal. t-stin ; technique arid are ‘jseo in con junction
;t~ tfl o ther  techniques  a lm os t  e x c l u s i v e l y  i’j riri ; the system irnpl ementat on
~-sse of a softwa re uevetopment project.

~ ,‘r,,,1c simulator (303)
‘om o u t e r  oro;ran used to check out a program in a

U — u l a t a a  environment stiller to that in ~h I ch  it w i l l
r e3~~ e. Cl osed—l oo3 o f f e c t s  between computer ar id e nv ir o n m e n t a l
mOle ls mre gained when irimuts and out ~ts are res;onue’~ to by
t~.e v ar i ous  mood s. The simulator allows the environ r ian t  to be stablized
at  a s p e c i f i c  cor i t i ;u rst ton  for  any nu ’ber of run s regutred
t m observe, diagnose, and resolve oroblerc s In the ooerattonal

iito r (003)

~ ~o’outer program used to analyz e source ~roçrams for codingerror s ~nd to e x t r a c t  in f o r m a t i o n  than can be used for
c n e ’k l n -  r e latj on ships between sect ions  of code . The
s i  tor it IL scan source cou e am-.! tect v io la t ion s to sp e c i f i c
arm — rim— tri g ,ractlces arid st arc a~ ros , corl 3crI ,ct an
e~~~.ns tvc  cr o s s — r e f e r en c e  l i s t  of a ll  l a b e ls ,  v A r i ab l e s , an’.!
co n st a nt s ,  and cb ec~ for prescribed program formats.

~;oless oro j r -,~ — ing ( 0 6 7 )
Ah i s t e r m ~~~ coine d by i eL ibe r g  (The Psychology of
C~~~-u t cr  ~ra;ra’injri~, tori ostr,nd Reinhol d  Company
:a~ Y ork , I~~7l ). ~Ie felt t-ia t some aro-graimere cam becom e
~s/:bola~ically atte:~’ed to t~ e ir 1rO )rai~~ ase-~~en sj o n s  of ~iemsalv,s so that errors in ~ro reris become
.! — i ; i r i -  to the uro -r a-r ’ie r’s s~ l f — 1 m e g a . An .oless
or o j r a i m t n g  env i ron — ca nt I s  one t’cat cre a tes ar c a t t i tude that
oa~ ri , share d  p ro gr amm ing Is good. By ma”.in~ code publiclys v , i l u i c l e ,  the owners h ip  of codi is uiscour s;ei, and individuals
ar snca°~ra;sc to w r i t e  cod e that w i l l  be clear and
,n .rstnridable to others.

Elemait (036)
C ~roc1,1rci of ~ou t Ines  which  performs a perscrt hed function.

~~n ej~ea co~ mj t e r  sy ste m ~CS ( 0 6 0 )
A comoit er  system that is int e -7 r al  to an eL,ctromschentca l
systen  such as a co-mnat weaoon system ; tactical system ; aircraft,
sNia ~issile, soececraft . certain command m d  control systems ;
ama c ivU Ian systems such as an automated rapid transit system .
~mbeoueu comouter syst s are ~rimarily d i f f e r e n t i a t e d  from
automatic data processing systems (A!DPs) my how they are
J~ vel3oeo , acc?utrsd and operated in a usin g syst.m .
its ~ey attributes ares
I . It  is  oPtysica lly 1nco r~ orated into a larger system whose
.rL—ery function Is not data processing. -

2. It is int egral to such a larger system from a design ,
jracure a.nt a rcu op eration s viewp oint.
1. Its outputs generally inc lude Infor matio n , contro l
sijnals and computer data.

Engtn eerinj bcientt fic Simulations (003)
rc engineering sii’ulattcn is used to study system

ch arac ter Is t ics ,  deve lop a lgori thms , and provide data tha t
act as a sta nda rd for t a st ing. These ,ro r .ms generally
simula te subsystems at varying degrees of complexity
Jemen aing on the subsysten being studied or the use made of
the simulation. They gen erally consist of a set of nodules, each
of which Is assigned a soecitic simulation function a rid Is
assigne d wi th well—def ined Inputs ana outputs and precise
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Interfa ces. Each modul e performs en assl neo s imu l a t i o n
fucctlorc to vary the method, speeu of commutation ,
accuracy, com plexity, etc. The str ucture can encompa ss all basic
sDiul atleri capabilities for simulation of continuous and
discrete systems.

Engineering change proposal (062)
the formal vehicl e by which a change Sn the b a s e l i n e  document
Is oromos.d . It describe s the nature anu ma;nituoe of a
proposeu change and the Impact of the change on .11 elements of
the systam.

Environment simul ator (003)
A comojter program used to permit test ing of o~erationa1programs on a host computer . The operational programs
run urioer siaul a t pm condi tions as if  they we re op eratin g wi th in  the
real—tIm . control program of a ma chine to whi ch all of the devices
constituting the ulti ma te system are attac hso. The simulator
program contains expansions of .21 control oregra m macros tha t
smo i fy  the entry block anu other w o r k i n g  storage in the same narv~eras the macros in the actual control programs.

E qua te progra ri (003)
A eompJ t er  pr o ;ram that  lists all e q u i v a l e n c e s  foun d in
ex ’ — Inec f code ano prints wa rnin gs when multiple equivalences
are found.

Est inating (-362)
!)eterni nl ng wha t levels  of effort and what resources need
to be aomlleo to acce-iollsh the deslrea resul ts. Also see
9iJ1;eting ano Estimating.

E xecution an a ly s i s  (Ø3~ )
~ice eutomnt.~ ~omitor1n; of the com puter ~aseJ so f tw are  t e s t ing
, t i v l t l , s , collecti on aeta from these testin; activities ,
m m i  suicse’ i en t ly  pre , .1ct 1~~ , by nEnti all y mrcsl y ’.lr c ; the osto ,
t~ ce Oura t ior i  eno cost of tasting, ano t-c~ ~~ia1jt~ of tice
orocijct . tither term s usao in the liter ature referring to this technique
or variations of this techn 1~ue incluue cole onalyzer, code eumi tor ,
~ro rem evaluator , ama pronuct ass-irence evaluator.

~li ic: tests (003)
* teehn I~ ue used to memonstrate heraware end software
,arfor enc, in actual system ooeratiorc.

rloa e~arts (01 2)
)legrems o~ a program’s lo ie flow.

r lO.~~~’Tt (~~‘Y~)
‘~ ~rami1cel representa.Son for the defini tion , aislysis, or
solution of a orool em , In ‘micic syibmls are used tO
r.,resent operati ons, mate. flow , e~j u ionent ,  etc. ( C I S !) .

rlo~:arter 1303 1
commuter prog rem useo to show in oetall the logical

‘tru: ture of e commuter orogrem. The flow is oet ernirced
from tice actual operations as specified 

~
y the

e~eeuta~le statements, not from con~amts . The flowcharts
oenerat .d can be co amor e to flow charts pro vicieC in the
comouter program soecifica tion to show dis crepa ncI e s
an. , ill u iriate differe nces.

Flow~-hart im ; tool s (007)j U l i t y  programs wh ich atuomat ica l ly draw pro;ram f lowcha rt s
direct l y f rom sourc e cod..

Formal Validation (Oil )
iath.met ica l tech niques for provin g pr ogr am correctness.

PGTUI testIn g (00))
restin g conducted accorolng to test procedure s which are
mocum ented alec! approved by contractor and customer.

rornel tes:Ing l OOt))
Testing performea in accordanc, wi th  c’jstomer eporOve d test
plans. This typ . of test i ng verif ie s t ica t the software system
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is omerating according to the requ i re m ent s  of the  ievelopm,nt
s~ec1 I~ ’t1~~s. ror al testing is usually ‘ertormao ~Jur ing
t . ,  sy s te m av a tu a t l on  ~hase of software Javeloomant . iares
useu ii the  literature to aescri~e this testin g tncluUe s
I ~yst e -a int eg r at ion  i es t in ~2 r’rototype Testing
3 Syst em Testing
4 Acceptance resting

r u n c t i d n  C O O l )
A ;roupinj of routines which performs a prescribod function .

ru n c t i o n  ( 0 12 )
‘. eum —di vislon of  orocesses.

r i n~~t i o n a l re~ujrem ents (D0~S)describe th. func t i on s the system must perform.

~-jmcttonal specifications (012)
gmz crloe a syste’ In term s of i t s  ~r i n c i~,1e f u n c t i o n s  and the i r
interr elation ships, I.e., the functiona l relationships of
tie marts.

t~-inc :iona l t e s t i n g  (00~~)
~ie axecution of independen t tests oest;ned tO demonstrate
a soectfI ~ functional caoability of a ,rogram or a software system.

3enar a ~ or ( g-g3 )
* ~eierator pro’Juces test data or test c,ses to exercisetie tmr;et systa’. ~ generator in this case is ~1fferentiatedro~ a slm’iiotor because It actually creates test ciata
‘is~n; nu~erical jnte~ratnrs , ran-Jo’ iumhe r  genera tors, etc.
)nce the oats are ormui cad ~ v the generator, a simulator
~i~ ht he r~gu1re~ to route the ac t-s to the. system .

.~ nerators are useful In a system test environmen t wh~ re
‘l i v e ” aet e  I s  n~~t a~’?j l e L ’ le .  useful outpu t of a data
j en e r otor  are tn~ ee of lo~~ a~ dat a  t~ at can he uced with a
~1tm r,~ ley fnr.tlity ror estaclishin; stanJard test cases.

UPC) (Y)~1) -
.ilerarchy olus tnput/orocess/o’ttput Is a graphic dest 7t
tec~,nfque ‘iseo to sh~o r  fu nction . H1? I 3i a-~ra,s i ’scr lha func t ion s
In tar’s of the i n o u t  to a ~ro~ess, They show a system ,
z-insyste , or .,rngr a~ functionally, i.e.. the functionst .’t it cerfor ’~s, ans-~ertn~ the guestlon “.~hat does it do?u
3~~~1:’ these Jia~rams are v13-.4a1, they are easier to understand than m ost
.~ocum ent at 1on w~ ich Is n ,r rat i ie .  Al thou gh flouchart s are another
;r~,ihte ~esign techn1~ue, they show organization ana Lo~ t c  In con trast
t o  func t ion ,

~ta rJs~re monItors (003)
“ni t that oht,Ins signals fro~’ a host commuter systemthro u gh ?robes attach ed ~Jirectly to the  conou te r’s

c i r c u i t ry .  &he simnal s ohtqined are ted to counters  and
t~~ ers and are r ocorJ e.~. ~h,s. date are  reduced to
ontain information about C?,) utilization , channel
activ i ty, etc. These -data can hi us!d to improve both system
an-i irogrom performance.

olo’mr ~tat ion ni stnte—pretation error (013)
‘~n erro r for a unit of source cod a associated wi th  a pr ogram
ouc to the nininteror.tation of the progran specifications.

in~ Iteu system performance (302)
~n unwritten re~ujrenent whi ch is understood by the majority of the
,ro ),et tee’ to he essentially equi valent to a written require m ent.

lafor-im i proo f of correctness (012)
ihe vi sual  inspect i on l,f a sm al l ,  compr eh ensive set of test
ca ses i noicat in g that  the code of a pro gra m segment aetch..
Its speci.’icetlon . ValI~Jat Lon of the orogram segnent is based 

-

on axioms stating t h a t  Lo~i.r—l.v.l se gments match their specI fications ,
Informa l testing (009)

4 eating that  utili zes interna l test doctraentatton control and

c—il

BEST AVAILABLE COPY



oroce dures. Informa l t e s t i ng  u su a l ly  Is a es igm e d to he
d~v.l epraent rroup testi ng and ye~uIres no formal  custoner
•pprovsl . Infor ma l tes t in g usu al ly  be g ins  wh en the f ir s t
pro—rem uni t Is cedea and cont in ues  throughout the syst em
imorementation ohmic of software aevelommont. Terms used In
the l i tera ture  to describe this testing Include s
I Un it Testin g
2 Subsystem Testing
3 IntegratIon Testing
4 Component Tes t ing
S Develo pment testin g

Infor-ictlon (0113)
correlation of da te for the process of Infor min g.

Ins truction simulator (303)
* com~ j ter pregren us~ d to simu la t e  the .~ ecuti om
cheruteristlcs of a target comput er u s i n g  a sequence of
Ins t r uc t ion s of a host commuter . The Instructi on simulator
orovici’s bit—for—bi t fidelity w i t h  the resu l ts  that  woul d
he produced by the target co—put er f o l l o w i n g  the sam e operations
aruu Initial conditions.

instruction trace (003)
.u ce~puter progra m used to record every t ine a certain class of
ooerat~ons occurs ena tri gger event—dri ven da te collection.
in  some cases, this creates a com ol ete  tim ed recorc of literally
averythin; siggificent that occurred d-Jrin; program execution .
these traces contain ma te on Instruction and become a
perman ent record of a pro;ram’s executi on.

Instructions (031)
~s:hine instructions (m a c h i n e  deoendent pa tam eter )

Instrumentation tools (012)

~hose ~ro-~r ams that monitor an~ record inforretion etoit an
objec t SySte1~, or umr ti oms thereof, a s it omerates oat , re ducti on
anu a n a l y s i s .

Interface checker (003 )
~ com,ut er ~ro~rn~ us ea to aut one t i c ,  fly check tne ran ge and
f l’it s  of var iabl eo as ujell as the scaling of source orograms
to assure forrat con 1nn~, -it h interf ace and control documents.

i nt erface smecifica tio n uocu’ent (012)
* ..~oc’.rent tha t  se r v e s  cc a co~~u~ I cet1on s v .h i c l e  be t ve en  the
an?ig’jretion Co trml cn~ Tec hnical Inolement atlen processes ,

!iO sun;mrts tie comr~ 1netion of eff icient , controllabl e
lit erfaces .

Inte~~.,l oclivery COOl )
L i C  mmir. t a t  ~~ i c h  tie sofware as em ent i re  p ac ka g e  I s  gi ven
to the i nu spc n~ ent  test  gro in.

Interrumt analyzer (033)
eo— o~ ter , r o~re’ t ia t  evenl nes source cole a-u i m et e r s i ne s

m o t en t i e l  c o n f l i c t s  in  the use of oat. an i/~r stor age cue to
1mtarri~ts.

~~~~~ (31 2)
~ pro gremmin; l aru;uag. oes1~ied soeci ti cally for Comm end and
control  projects.

Job (0P~~)Crputer job corusistiru; of one or more stems sich as cemo ilation ,
assembly , or utility runs.

l.sn; -j .ge processors (033 )

~omouter programs usec to trsnslat’ high—level o- symboli c
Instruction mnemonics Into co-puter—orientea emma cemable of bei ng
omeye m ~y a co muter. These a ro cessors t y p icall y h eve
c a m a h i l i t l e s  for error eat ec t ion  th rou’~u synt ac en e ly s ls  amo mr ovloe
s~r~bmlic •daressing, expression e v a l u a t i o n , and symbo l cross— refere nce
listings. Co—pilers . isseociers ai~ neta— a ssenel ers are example s
of tnis  cate go ry of aids.

Levels of abstraction (012)
* desi gn ano lmpl e,entqtiou-’ metho d that hales proouce
rel*.ol e software that is mar . easi ly n o d l f l o d  ama ma int ained
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by las rut i f y i n g  ano pl ac1rs~ in to  a hierarchica l stricture the
f u n c t i o n al  processes anu oat s  resourc e s t n a t  c o r u s t i t i t a  the
system’s progrs~ stricture . In n~~ L t i o n , a oa,i;n di s c ip l i ne  t ha t
s-i -,,orts the creat ion of a de ll hehev a’I, hierarchically
st r uc t ’ure i , ‘uoailar syste.

Line -~f source code (313 )
~D ch iracter ca rd 1ma~ e if source cooe.

Lines of source coo, from another sourc e (OH)
Co,o not d,velo~ed bit extra cted from other sources.’

Loadiñe pro~;ran ~~ta (012)
Oat-c that is r~ 1oc,tabje or atsoluta binary rodul es produced

s link editor.
Loa .~er (0)3)

co~ ,j tp r oro gra m t~~t enables e~(ternaI re ferences  of  syrhol s,-
~,n— different assa— ,lles as tell as the asst~rument of absolute

a ..-_ r e s s a s  to r e loc ’.t scle  s t r i n g s  of cOde. rhis arm-gram
r i v i u e s  o im ~gru e st t : s  on a s s e a c l y  o i er l ap ,  u n s st l s f i e o  externa l references ,

a nj  u l t l ) l e  oe f ln , J  ex t ’ rnol symbols.
Lm’I : ,:jattoru genera tor (003)

comniter pro-;ram use~ to iut orittcafl-/ reconstruct ar i thmetic text
ai~ to f l o-~chert  as ser ~h ly l -a n - ie~j e pronrais . () fl~ such or~~;re m
t r ,n c l a t e s  -asse,~ lv lai ’ sa- t n a t r ’ i c t t o n s  i n t o  a ~a c h i n a — t nUep enoent
n i : r r o-~r ,m, 1i-~ l.~n~ua;e an d ,u t l a s  the mi:rosrogr annj n;
s;~ te , ,nts  in to  a net w ork In whj th  flop s of control is ana lyz ed
~~~~ eg j~~jons reconstructed.

.~? ~ro;re’ ( 033 )
-o—outer  oro gr -m n ‘iced to orov i-Je loen t ion and/or size

i ’~ or - ’9tion a lOut - ,U or ~~lqcte d ma r ts  of th e ta rget
s~sten , or a~ oti t  d e v i c, —r esj o e . it da ta . -

ajor error (002 )
A c o t e s t r o o h l c  event  -n i th  int er ru o t s  or could i~ te rr j3t most
~ f ~~~ -ii j or sy s tem fu n c t i o n s , e. ’j. an i o g I r u i te l oop. sys te m crash , a
i-,imr emory ovarriow , a -oata base corr iot ton , etc.

. 3 r1~~;e~~oi t  ( J 1 2 )
* t ar s  t n a t  L n ~ 1rates methodology , tool s, and orocedures ,

a ia3e ’ent  control  end orolec t vis Ibility (012)
i ru o sa process~~ til t monitor the project’s status in respect
t o  p1 a.mne~j  h y d e of scneu:le, cost , and performance , a n-i take
c o r re c t i ve  ac t ion  I f  nece ssary..

- siege—ci t f u n c t i o n s  (003)
U t i m - i gh t he  “ ama~ ement  oro cess has been Jescrib ec in many way s ,
fou r mesic functIons have received genera l acceptance — alenning,
or-;~ nIzing, control ling arid i~o-’~unicating.I. Plar~n1ru;. ~‘he f inction to determi ning the project
on jactives ana the nolictea , orogr’-’s, procedures ano methods for
a e n i e v in g  them . The o lan n in g  f un c t i on  lust provt ae a fram ew ork for
.ia:lston ma kin g .
2. ~) r gan I : tn g ,  The functIon of  deter- tn; the activities
re uireu to achieve the objactives of a oro~rammLn; iroject, theJe,artmentatlon of these ~c tt v i t i es an d the a s signm ent  of
authori ty and respons Ibility f-or their aerforrience.
3. Control. The funct ion  of a s s u r i n g  tha t  the various component s
of a mro)ect are o,rformin, in accordance with the olan . Control
is essentIally the measur ement and moat fication (if necessary )
of cosmonent acti vIties to assure the a ccomplishmen t of the
overall plail.
4 . Co ’muni cations. Th. function of transferring Information
anon; decis ion makers throu gh ou t the project.

;.~anagem en t statistica l date ( O l e )
O e ue r e l  name applie d to al l  the data collected and
a~cunuiatei by the PSL for the puroose of producing managemen t
remorts including both Plan and Actua l data.

~ana;,ment statistica l dat, base (010)
* data base containing !anagvaent Statistical data for an
ongoing programming project.

“snuat baseu testing (009)
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• Testin~ tha t Is usual l y  di rected at evalustini both the desi gn
ama the product (i.e., programs and documentation ) .  The
oesl;n Is usually evaluated from document s conta ining inform ation
such as funct iona l r equirements , sy stem sp ec i f i c a t i o n s , end
program specifi cations. Die ptodu’t evaluation usually Involves
review of the computer programs and the documen tation describin g
the programs or systems.

~ete:omo1lar (012)
A coco iler system designed $pecitjcshly to Im plemen t (compile)
language comp ilers.

Ne trl c (00))
A mea sure of the extent or degree to which the softp—,ra possesses
ama exhibits a eertain characteristic , quality, property, or attribute.

)‘jrior error ( 002 )
A m a r g i n a l  event which allows ~r coul d allow some portion s of the
system to operate pro p erly w h i l e  1nt arrupt 1n ~ others , e.g. some
missing outpu t, s~~e wron; Output , an inacc urate computation ,
a recoverable transient error , etc.

~I is ta¼ e (‘))l)
‘. Pi i.rian action prod’iciflg in unintended result.

‘So’.~el In; and si mul at ion  tools (0 12)
b i g  used for tr~de—o ’t studies and to investie~ate particularat ,strect ion s end aoproe ches for the system aesign . They are
useful for analytin; and moJ~lin; merti cular anproa ches to
sys t em oeslgns. Exampl es IncludetCASE, CSS, 0255, M(i3LIT, SC~~T,nd 5”CL.

~.o~.1?i ,bihi ty (0)3)
I~~ l f e s  ccntrolleo change , In which some parts or asoects
remain the sa ne while others are altered , all In Such a

way that a aesirec new result Is obtained .
‘m~iilar pro )rem~1 n; (033)

th~ t ethriigue of proJuting reia tivel y s~ ahl , e’s!l~’ Interchangeable:o~ puter r o u t in e s  wh ic h  ~ eet cartein ~t m  rc~i ’e~J Inter face
ro~iu1rements . This te’ ’uni qu e makes It easier to oeveloo and
verify eomoleted commuter orograis. ‘odil~ rit-f is accomplish ed
~~~j  brce~-1mg the irigran i nto  lid tea hIne— s,~~ents thato:r1or~ ~onplete function s ant are tierefore con~letely unuerstandatle
~ n t h q i3e lve~~. *~ os tha t  h e l p  imp l eme n t these  t e th n i~~ue5 are
sta misr .~s an.. çrocedures.

o. - : ’ ~r I t y  13) 3)
.~.e, ls - i t h  ~~~ the st ructur e of an object can mak e the
.mttairim ont of so-i c ~j r oose e~s1er . ~o~ulerity is
,irpoa’ful structuring.

‘ n j ~e (3I~~)

~ itO~r l i  uni t that  i s  di screte ar id i d e n t i f i a b l e wi th
~‘s ,.,:t t o  co n o i i l n g ,  comb in in g  wi th  o th er  un i t s ,  and l o a din g .

O~~i — ~~ ~r ,g r a rn  ae te (~) $ 2 )
~he r.sult!n; forr of a sourc e !e r ;u agc  pr o-~r a m  after processing

a ee t p I l . r  or assembler. They are also called Object ~oiules.

(he obiect program is in a format sui tabl e for loading inc
4xecution . It nay require •c~uI tional orocessing by a l i n k  loader
or lin~ editor.() o , r e t t o n a l  (30 1)
u S  st a tus gi ven a software package once it has co-ipleteo contrac tor
tasting end its turned over to the eventual user for use in the
•x,~icftIon s environment.

(Iveri cy ora ;ra” (003 )
commu ter program that allows specific system comooneruts (load

modules, cor e, data base. etc.) to be iloci fleJ airing execution
In t he case of moaules, 4 orogram ~1th ari  err o cci be repl ac ed in
core wi thout t rin; i ri g the system oown m a  starting it uo again.
4yste i parameters tria t e f f e c t  o.rform arice can be v sr i a d
during e.ecutlon to con,ar. vurlois priori ty , tiarin;, etc. ,
schemes.
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P$ i joo ( ‘ D I e )
~ I L of tne co—puter orocessino that resul ts from a single
i~ er reou est to -ixe:ute the P~ L for  the our oosa of porforning
on, or more P5L fu-nctlons such as update , conotte or
nut pu t.

path anal -/sis (007 )
~ so tt ~ are t e chni lue  wt i i th scans source code In order to desi~ a
-
~ ‘~ optional set of test cases to exercise trie orima ry paths in s soft ware
‘o Jute.

~erf,r~ vica (009)

~-te evaluation of nonlogical properties (I.e., commuter run tine ,

r~ sourc c utIlization ) of a softwa re systam. Performance Is riessured In
terms of the c~-oirnt of resources required by a softwar, system to produce

, result.
~erf~ r—nica oriented oata (~~l2)Intor~ at1on re—arcing management items .
~-er~ ,r-’~ice re~ uir~~ents (0D6)

the ti~ a ano soaca constraints which must be met .
?er1~ —ier~ I si nu la  tor (GOd)

co~~’,ter pro~ram used to test critic al computer/oeriohera l
im~erf-,ces that exist In real—time aoplications . (hese
3i~ ul 3tors ron;a fro’ functional , In -~~t ch case the periohera l
~r o v 1 J a s  feea~:-i ck to the ,rojrir~ on the assun~ t i-on that all Interface
~~n s :r n i n t ~ are  s at i s t i e o , to h i g h — f l o a l i t y  s i m u l a t i o n s  In wh ich
t~~~i j i t er f a c e  c m n s t r a i n t s  - ‘jg t  be m o d et s o  to  a d e t a i l ed  leve l
of t i- ’i r~o ar ~o ~5S5;~ for—atting.

—lan jata ( C 18)
)~ t a  iescr i~~ir ~ the meth o d or sch em e of action for a oroject
th~ t w i l l  be in c luue d  in the  m~anage - i en t  re3orts.

?lan.i~ im (C12)
\ te : h mj — 1 j n t~ it  i n c lu d e s  the  ,v , l u at i o r .  of p r oj ec t  r equ i r e m en t s
j n  t~ r-’~ 5•icm tha t Io;ica l assignments can be made .  Also see
~ I3nn1i . and ..ch•u’illng.

?L a ’i~ i’ ano schecij l in ~ ( 0 1 2 )
‘.11 a c t i v i t i e s  tha t  Inc l ioe an e v a l u a ti on of the project’s
r e~ ui ranerits and aklng ,sst-~rinents to conduc t the project.

~r a — rr ec u t t  on tools (‘)l2)
. x i l s  tn -i t operate  on the l t .ncu l st i c  desc r ipt ion  of a Program

~o r.,: re ” i tre  i t s  e~ ,cu t ion .  E x a m p l e s  I n c lu J e ~ syntax
ec~~Lm ~~, i n t e r a c t i v e  comp i l .r , , program reference listings,

‘ l ow  charts . and refor~atters,
~recn

;
~Il,r (00!)

~ particular type of c~miutar program which has the following:-iarect ertstlcs ’
I .  f t  is  n o r m a l l y  executed l r m .d l mt e l y  precedin. ;  a program
:oipi l it i on ,
2. Its I nput consists of oro~ranm1nm statements, of which nil
or oart are una cceo tebla to the compi ler.

3. It g~ner3tes, as out~ut ,  a conauter • r ogra m in a syntax
a c c e p t mb l e  to the compiler.

~roc’ss construction (303)
‘. techn I~ ue.used to combIne and l i n k  in oep ende nt ly—coded modules
into a run—tin, process, These include linkaGe s to the operating
sys tem .  The technique alLo~s for re~id reconfiguration hasedon stimuli from the run—tine envir on -m in t of a software system
to r e f l e c t  changes made to .a numbe t of its modules. Specific
comout,r programs are available that serve as aids to imolementation
(mesa include special—pur pose edi tors and control orogra-as.

?roouct ( ) l 2 )
~verythIng contractea for, oroduced for , and delivered to thecustomer. Examples Include s hardware , pro grams , documents,
end training.
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I roouct certifiecation (012)
A aemonstratlon that the actual system p erfor ma nce correspond s to
the expected $y,t em aerformanc,,

ProJ-jct warranty (0)2)
~ process that pr eeeoes confi gu ration control and ~ua 1ity  Ssstffe flCC
ac t iv i t i e s .  This process is a device for customer feedback after a
softtiera system has been Oellvered. It p rov iue s$  ( I )  a means
by ~~ich the customer rePorts suso ec ted probl ems ; (2 )  a means
for technical •n~ contrac tual evaluation of these proble ms)
(3) arbitration and epoea l procedures; arid (4) a means to
re—cert ify the correcteo system. Al so see Pro-duct w~arr anty and
‘lainte nerice , eno Product ~sa rramty Proce dures.

Product t i arr anty end maintenance (0)2)
A uevice , indicating the procedures to be followed during the
warranty pariod of a system , for customer feedeack after the
ucl ivery of a system.

?rooucz warranty procedures (012)
a cus tomer tee .ibeck device that precedes the delivery of a produc t ,

am~ inoicates the procedures to be foll owed ouri ng the warranty
period of a systen.

?rod-jccion lloraries ( 033)
A techni;ue used to orovi de constantly up—to—date representations
Of the comouter programs and test data In -‘,oth comouter end
human rea .h~le loris. The current status and past history of al l
cO:S~ qanerateo is also maintained . Specific library programs are
av i l labj e  to serv e as aids to Inolenentetion.

-ro~tj :t 1on run ( 0 ) 2 )
The operotion of a software system under real operating condition s
and the ~rojuction of useful pro~1ucts for the customer. This Is
contras t eu  wi th a test  rim, which I s  the ooeration of a software
system to test Its oertersaance.

frrou ’.sction tool s (0)2)
Tool s related to the specific requi rements for software system
?routlctlori. Examples Include s $tructure~ Pro gramming Design
~~~~ ?ro~ram Prouuctlon Library, !~rogrem Val i d a t ion  Tools,
i ’ro;ram ~tuh S imulat or s , comp i ler s , l i n k  editors, and sou rce
or o r r a m  editors.  See ~‘ror sm Procuetlon Tools.

r~rouuccivIty (006)

~r~i~dtiona]ly, the generally aeceoted descripti on (if notd~ :in i t 1 o n)  of progre—min; pro~uctiv1 ty has been “linos—of—cooe/-‘.m—r.oitn ’ (i.e., quantity of code ~roduce3 . Contemporary resea rch
s’j—r,st! that the definit ion of oroouetivlty shoulo somehow
contain at leas t three adci i tiorial elementel

I . A ‘u a l l t , t i v •  ~l,ment concerned wi th  the correctness and
e ; f i c l e n c y  of a progra m,
2. A qu al It at i ve element  concerned wi t h  comp lexity (i.e., the
d i f f i cu l ty  of com .or ,nenclnn the apolicetlon (or algorithm )
051n .y i rimle-ienteo and the organization of the oro or am hie r er chial
tre . structur e (e.g., number of levels , width , ceta interlaces 3.
3. An element concerne c ~~~ the cost of the program .

s~ro rem (3l~~) . -

aP e lowest level of module that can be esse abled or
ca-ipi led arid can be exec uted as a singl , entit y .

~rogr.-m ) f l i ce  (003)
rhe field office or9snh zed by the Pro 2raa ~.n,ger to assi st Pil e
In aeconplirslng the pro ram tss)s (AeR B03—2 .

Program oescriotlon speciflcetl ons (012)

th ese er a lnfor u,et ieri a l documents produce d for the customer ,
us ua lly accor di ng to his r equire ments.

Progrem uesl;n langua ge ( 005 )
(i ’~L) a oesigfl tool usea to facilitate tha tra nslatio n of
functional ipiclficatlons trite computer instructions.

i-rogr r r oevelcpment tools (0 )2 )
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£0015 tha t tak. the co’p’jter—stOred source program in to an object
P coJe -ioaule , then a lon o va ltil. , ano subse~uentl7 execute thecode ii a sped tic tast environment.

-~ro;ra— flow nnelyzor (003 )
co’~mu t e r  pr ogr i-a that • rovtdas statistics on source codeSt’te ient usage and tim ing data on program el , ents during

tast case ‘xe cuti ons .
rrogr an i ’,le:’entetlon ( 0 ) 2 )

~ll activities essociated with softwa re mod ul e aesi~7s , coding
a.i~ testing ~no the lntegrmttom of software modules into a
fun~ttonal system operating on the tota l, f inal hardware
~~n .-t  ;ur at ion .

Prc ’~r~~ 1,s tr r ientat iors ( 3 ) 2 )
~ ~ j - i n t i t a t 1 ve  asse ss ent of how thorou~ t ly  a orogren Is
e:~er~ tseJ by a set of test cases.

r r o r ~ — in s t r um e n tat ion  tools (3)2)
£ ‘Y113 t h i t  orovloe a ‘echant sn for ro rs i tor in g  and recording
I r : , rm ,~ j~ rs a t’cut an ooject ,rogran as it ooerates. E *a ,p les

‘ 1~~ e t r ices enu sna~ashot Jumps.P r o - r e —  ,en !:,,,n t ~J t r ~ ct 1ve (3~3)
~~~~~~ o f f t ’~i’ l i~ U31i —‘snm~ emant directiv, used to provide
‘~r~ -tion to the 1,plamenttnm ano partlci ating commarlos and
5i:i3f , ~ocumentation remuiraments. It will be usec during the
ent ire ec~ ii isitton cycto to stnte requi raiants and request
s~~raias ‘a wall as InItiate , a nnrove, charp, t r ans i t i on .
io~ if , ,  or t er ’inat e  pro~r am s. the con t ant  of the P:~D , including
t i~ r e~u1r,c H’~ U~ Ag~ revi ew an appr ov al  ac t ions ,  I s  ta i lored
to  the nei~ o of each i~~tvt .3uol progr~n (A ~k 303—2).

~ro~re— .ionm;a mont plan (3~3)
i h . i d u ~~ nt  mevelopad aid i s ssg a d  by the Program ~-ians ger that shows the
Imt,~rat~J tt~ e—~hasod ta sks and rrisourcas requirea to complete the
~os~ soac1f1e~ in t~~ ~-r) • j p ~~ ~~1 ~~ t a I lore d  tO the neo-Js of
~~~~

-‘  in~ ivi~ u~al ~;ro .gram (AF l t:g0 2).
-ro ra ‘,n er (~03).m’  ;en o rj c  tcr ’ jsao to d~ iota a sii;l e A i r  Force Manager

~~~~~~ P~ro.~r an ~Lre cto r ,  ~ro- ra-i/ ?roj act  ~mneq er , or System/ I tem
~ i’;er) ~ur 1n; ‘my s~ e c Lf 1 c  phase of the acquisition life cycle

( .;. - .~ 3 )0—2 ) .
- r r a-  -iroi.. ,ct lon tiol ( 3 ) 2 )

Y~ t a . l i sb ,o 2ro :,Jur, or commut er  pro gram that provides
as~ !s cenc -~ I n the de v o lo mm ent , inpl eoentation , and testing
of •, soft ~-a re s/ stan.

~r~ ira~ r e f e r en c e s  ( 0 ) 2 )
~,~ ci i l  l i s t i ng s ,  ~roduced o, many con,tl,rs, that increase the
use r’s un~ er s t anJ tn g  Of the na tu re  of the mrograas ~roduced .
~~- ‘oles includes .d i c t ione r ?  l i s t in g s , core—stor age map s, and
cr a ss—r ef e re n ce  l i st in g s .,‘ro~r e i  sa;r~er.t (01 2 )
‘~ coihi nation of ,rograum steos and calls to lower—level
oro~ rai sC ’leflts ,

r r Og r a sequ encer (003 )
~ co~,’j tor cir ogran used to force executi on of a lt  t eossibt e
mr rmm instruction s area branches to deter m ine program f low , cxecuts
sel~ioi—useJ oranches, and to veri fy prooer program ooeretlons.
~me aid is often used with an Instruction simulator ,

~roTra stub ( 0) 8 )
A t a l eora ry  ( j .e , , dummy) unit of source code which
i s  -~art of an I ncom plete structure d pro~ ram and iili be
re pl’:ed by the actual unit of code when It is completed.

Progra— stub simulat ors (012)
3 n er ,l ized subroutines used irs Program Stubs that  su pply
the cods re~u1red to est ab lish th. desi red linkage wi t h  the
hi’?,er—leve l program segments , They ir sclu ee genera lized tabl e
lookup routines , random number generators, or routines that only
record the Invocation of a program sege ent.

Program ituba (0)2)
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)unmy program se;nents containing enough code to establish
lin kag e with a Ps1~ ser—l evsl segment .

program vel loetlon (012)
‘~ll technique s used to velur , correct or ogr ems. in c l u d i n g  system
and suh— syster tests aria system inte grat ion testin g .

Proir ve valloation tools (0)2)
Aools tha t ore used in the ~r eevec’j t i on sid run time phases
of Progre e )nple~prstation area Pro raa Validation.

Progrm — ing support li~rery (305)(r.~L) a repository for osta necessary f or the orderlyJe v e io p a ent of comouter ‘ro ran s using structureJ
pr o7emr sing tethnolo;y.  The dat e repositmry Is in  two ferns’
Jeta Is Stored in riathine reaoable form accessibl e by the
tonp’jtar area tri. lslentlcsl data is storea in har d copy
for— irs project noteoooks. A PSL also Includes the
necessary co’souter and office procedures for manipulating
thi s data .

i’ro j ,ct (3)2)
Ui processes necessary to produce a product.

Projec t  ( ) I ~~)
a. general ter n used to descri b e a software develop ment effort.

~reje:t construct date (012)
Infor—e tlon on des l rs cr1 1m~len ent a t ion d etails .

Project ;ate ba ss ( 0 ) 2 )
a~ pro 1~ct—s pec1f1c catalog containing managemen t data ano program
Jate sippliaJ •flJ •j seo by various facilities. Exampl es Include s the
contents, nem’s, •rs~ l in ’a ,s of all the rioJulel in a oerticular
s~sten. ~e m an ag em ent dat a  p er ta ini ng to the ta sks and
milestones of a specific project.

i’romf of correctness (3)2)
‘roof thet a orogrem produces correct results for eli pos sibl e
injuts. Vs l l c a t i o m  a? a ;ro;ram In the s~~e way a ,r,them.tlcaltaeer e— Is prov eo correct, i . e . . oy rse tn ,m at1 ca~ analysis of Its
oromerties.

;‘reef s of correctn ess (~~$7 )
~~ clt’rrsatlve to , va cj t 1n ~ tests of software to demonstrateI t s  cn rrec tness  Is t i e  moth od of a n a l y t i c  aroofa. The
ver1fi- ~~tjon mrocess cmnsista of nm .:lng assertion s describi ng
t ie. st e t e  of • or o;re— ini tially, at intersecl,t, points
i i  t i e  or ocram f b i , ama at t e rn i n a t i o n , aid
orov in i  t h a t  enn ~- a sser t ion  is 1mn11e ~1 by the I n i t i a l  or
prior one an; th. transformations o.rfornee by the

arogro~ aetween aa~h two consecutive assartiens . An
as se r t ion  con sist!  of a def init ion of the re be t l on shi m s
emo n~ the v ar Iahl ~~ et  th at  p oInt In the oro;ra~ where the
‘a s cr t l on  is ,ama . Die n ro~? s enolo’ at a -i~ard techni ques for provin ;
teeor e-ss in the f i r s t  orcer nre~ iee te eo i :j lu s .  Pr oo f of the
:orret tness of a ;r~;rem using th is sot r oaci oovi ates the
mea: fmr e’ec~tjn; test cases, since all possibilities
mrs coveroo ~y the proofs.

~~~~~~ ~ssur snce (0)2)
~~ oracesa of ac t i v i ty  during wh ich the syst em ue si7n Is buo it id
tO cieter~ine ~sethet or not I t  re prese nts s v e r i f i ab l e and
ce r t i f i a b l e  soeclf i cat i en , inC uuri.n; whi ch test pl en s ari a
test Droce dur es are for nul ete a an t tn ~le ’an t ed , This a c t i v i t y
en sures the technical com p liance of the software system—a
oro~~ict—to Its Requirements area Design sp e cifi cat Ion s. Dacli ty
~ssur rsee is vs inoUendent audit rev iew D all products to

en sur e their comp liance to a menage ment dir ected stanoerd of quality.
&ecor a nen?ro ter (003)

c eo’ie-~!ter progrsr usia to construct test data. Essentially,
the oro ram contains a library of aste formats, including
the location , size , char eeter (alph a or nume ric ), e m  nermel
content s of •$ch lisle of each record type free which It 9snerates
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r a r orac r egui r ad  for testing .
~~~ ~3oort1n~ ( 01 2 )

‘a)or s’jt~—div~sjon wi thin ors f lm . ,r a t i on Control . The
re;or t tn ;  Sna u o c u — a n t t n m  a c t i v a t e s  nee.~ei to monitor the statusof com?i ,uration uuninj th~ lif e at a syste m.

,e~ ui renaits analysis (‘)I2)
.me ar acess at studying the custo-ar ’s ~roh1em from both thatof tie aevat op er  aria the user In  oroe r to arrive at a

f .j .i c tt ~ n.~l ~ief t n i t I o n  of sy stem regui re selts. Inclu de s  311
‘ : tt v t t  1*5 r~ 1ateu to an q ly ’.lrs i m i  develop i n g a clea r ,
‘j n ,g’j ivocal • are a mut u a l ly  •s greed uoon set of functional

~~e:I f i c a t l on s for a aro)ect .
~—~ ire~~ m ts m a  cesign soectf icatlon s (0)2)

-‘recise specifcetians of the ooaratlorsa l characteri stics of
t -

~~ f i n a l  product .
:e~~i t r e r e r % t S  langua ge (003)

commu ter proira” us,c to 3rovloe a succinct area unambiguous
s~ a’~tfIca:1on of tha system , teen compi ter re~uiranents . It more
~re:1~~ ly mlb ou~s remulraments to ta co-umuneicatad ari d
t r , r i s l at sJ  in a hiere rchIcul l ~sm nner .

~oti t1ne (‘)Ol)
~ ~‘ I l est  c~rou p of coipi labl e code .

:.:*~~ ,nera tor ( 003)
co-u .,uter program use~ to saorth a tame to provide absolute

,) rogr am loc~st i on s  In  ~o mr /  th a t  are r e l a t i v e  to progra m lab els.  in
m~~ 1t1~ n , the  co~~~,t er -

~roira orov ioma storage acoress
m id oinary scciirs g essociatei “Ith user—s,e:lfiaa variabl , names.
3:.’.? gciera tor is usoo typically to orasent a picture of a

~electea portion of memory.:ho.~ iie mm n ageri ent (~~I 2 )
:et ioo of .Jaterni.eir.) ~hat work must be done to produce eacho1a eit of a systve.

dco riim ~r,;ram (003)
~ commuter prooram thnt aerfarms the s’me calculation sas the t~ r~get sys tem. The program Includes a compa re ce ,abil lt y
so that results commu tea by the target system can ha au tomat i c a l ly

mompa r e d an... al soremenctes flagged.
S t~~il m:or (303)

:o-’muttr progra tha t  provides th . target system wi th
t i m u i t s  or resoonses that rese—d ie those that would have been
arovi Jed ty the process for the ~J evIce  be ing simulated. The
~i— u L a t o r ’s fu n c t i on  is to oroseri t data to the sy stem at  the
‘y,rrect time end in an accept ’ble formiet. this i s  a
cete~ory far ‘ ner,lizeJ simulators tha t  cannot be classified
eccor ding to g o e c i f t e  func t ions  unoer desIgnators (5. I? , (8 , 24 , 34, 49.
5 ) o r~~ ) .

Sna s (0~3)
‘ oap :ter prog ra im that  a l lows  In t e rne l ia te  oata values to be

recorde d on an ex ternal meit un during execution . Snaps are
iiially formatted prior to heirs; racordea so that no postprocesslng

13 re q uired. Sna ps are a s seshl eci  in—Line  w i th  the applicetions cod.
~n: therefore cannot be dynamica l ly  overrtodefl during execution
exc eot for being turned on or off.

~of t’:,re (0)6)
Co put.r program code and Its associated necessar y data
an.~ ~atunent at iOn .

Software develop men t cycle ( 006)
~hs sof tware developmen t cycle consist of fou r ohasess definiti on,
osslgn, isalveentation aria evaluation.

Sot t~:are development cycle (014)
I. reguiresenti specifeatiors. Translation
of an operational (or apeli catton ) recutrveen t Into a
st ate ment of the functi ons to be performed.
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2. System de5i~~i. Translation of the require ments (Vi to a
description of all the components necessary to impl ement the

syst em.
3. Progr iriminig . Production of the code which wi ll control
the system m d  perform al l required logic •nd
CDl put3t lDn .
4. ChecLout. Veri fi cation ;he t the coded and other
components of the system sa t is fy  the original requi rements.

Se?twsre Develop sent proces s (0(6)
the formal pr ocess by whi ch project obj ecti ve s are
transforned into project requirements , then into des1~~so.clfications, (nplenentec~ In to code , te stea , and finally
pieced m id maintained In operationa l itatus.

Software errors (011)
Any c~Lscr epancy be tween a computed , observed or aeesured quanti ty and
its tr e. specif i ed , or theoretically correct value . Err ors are
intreducea Into software by humeri mistakes that is’ deficiencies or
misInterpretation s of 6es 3~n criteria , logi ca l mi stakes , syntat ical
mistakes msUe In transcribing program statements Into the input data.

~eft~’are factory (012)
.; collected set of tools, methodologi es, arid a corLeols data bese
tho t provide a proc edural approach to the succe ssful conipletiors of
soft ware project s.

~oft~are failure (Oil )
~,oftiare monitor 1003)

‘~ co~~jter progr am that provi des detaile d sta tistics •bout
s/stem oerforrean ’e. b ecau s e sof tware  monitor s reside in memory,
t icy have access to a ll  the tnbl .s the syster maintains , Th erefore ,
t i i~ c m easily exemine such things ao core usag~, gueue lengths ,
inJiv*uual program o; era tlors , aria so on to hel p measur . performance.

.,of t ire pro iuc t (,12)
~he sof t er. cors;on,i t of th. product.

i~oft.are reliet illty (3~2)..‘t~arv rellat.ill ty is defined as the orohahility that a
; lven soft-’ere oro;re’~ oseretes for sometime period, without
em exten d soft~uare c—nor, on the rs,ch jnse for  s~ii ch It  was
..Hig!meu — iven t’et It Is usec wi t h i n desi gn limi ts.

~oft ere reli~~ il*ty measures ( O i l )
‘r obabj l l ty  ~rri e’j r,s of the ~ua11ty with ~“s1ch ciesiti rer)uireisents have
~e,n trsnsform~c Into software prosrags. A ty o l ca l  measure Is
~~e tm e sn time to f a i l u r e is a fun c t ion  of op era t in g  tine.

~.o~t ’fre system ( 0 (2 )
ice iot t ;cre PTouuct.

a oft ~ er e 5:’ste dcoenda ~I1itv ( O i l )
(h? ~ro. ab i1 Ity  tha t  the eaml i cet i an  erogra m toge ther w ith  it s
sumervi gory orooras, cie ta ba se aria !mari~are will perform in its
Ireten~au erevl roremant. i’te environm ent wil l  incluo c
an oma l i es  ant 141 lures , such as ’
I. ~a:IcS encIes Ii requIrements. Software design errors (incorrect sl ori tPsns , wora length
;no .l ems , timing proble ms , etc )
3. Softwa re failures
~. Processor errors
.~. iaveory errors
t. ra i lures  In the coon tasi cat ien ne twork
1. rellur•s in p r ipherlel devices

Doerater mista kes
~‘. power failures
is. Environmental failures
I). ~Jra~uil erosion of the oats base
12. hru-are saturation (CPiJ , me mory , 2,0 tha mn els)

Set t’er, testim; (Oil)
aPse process of xercisi~ig pottwir, In sn atteir3t to detect errors whi ch
fxlst  in the code . Soft ware testin g ooes net erove that a program
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Is correct.
~our ’e un i t  and da te (010 )

C-i ” i at e  of the last uooate su ed e to the u n i t  of source code.

~our~ e un i t  start date (Old )
1? ~ete the stilt of source cod e was enterea into the PSL.

~o,c1 f cat i on (0 12)
in. t e:hrui cel  act in it l on  of tl’~e system and i ts  pa rts.

~p eci  f t  cation om i ssion error (3(~3)
‘~i err-sr for a u n i t  of sou rc e cod e associated with a
~re~ra m cue to omission s in the pro gr am specifications.

~:ec1 f1ea oo rformonce re~ uirem ’snt s (002)
.‘~ sri tt en re qu i re ma nt , f t ~ ure of r i en i t ,  or p ar amet er  wh ich
~i’litattv.ly or querstattttv ety defines system psrformuance.t ’m~~v c ~s (003)
-~r 3ceJJ r es ,  rules , inc conmvei t ion s used for pres cr ibIn g d isc ip l ined
3ro~r~ i ~e slgrm (sro ;rm~ ~tructurIni , ars l data struc turing ) and
I ‘~, la ,an ta t ion .  Ar :hi tectur ,  and m a r t i t t o r u t r i g  ru les ,  documentation
~omv mrs t 13ns , conf i g urat ion aru~ data menag ,~,mt procecuras, etc..ire  ~ uan; those standards to ~e dissoetnat ed.

~tar.~ ’r-~s ~nf o rcer  (033)
• c~ ipi te r orogram used to autaruetically determine whether
,~r•scrit~ed pr o~;rn~~~1nç st crm c~ard s ari d ~ractice s have been adhered to.
i h e  ~rogrem can chec~c for •it o l it io f ls to standards set for such
c~~r:e -st ions as progra m size , commentar/, structure, etc .

~tate-~ents (00$)
~ro -r a i m t n ,  lenç” iage at the source code level .

~t~ ttst1cal ore~ Lct ion (0.~~)i i~ comput at ion  of a confi denc e fa c to r that i n: licat es the e f f e c t i v e n e s s
f the oro;ra mmt n g ari a v e r i f i c at i o n  process by insert ing errors

into the softwa re system.
C~ 2 : t~~, ret ine ’nent ( )Q4 )

~~~~~~ ~r,cess of d f l t m s i n ~ data In mars ~~d more detail as the
•,,3d ar ises Jurtn .m the pro3racliflg process.

~tr jct,red pro~ram 1505)
\ ~rogram c orm strsc teJ  of a ba sic  set of control lo;ic
?t~ures ..‘hic, provi de at least the followings sequence
3: t M )  oaerationa , conditional bran ch to one of two operation s
a-s~a r e tu rn , a rsu re3etItten of en a~ner,t1ori. A structured pro gram
h a s  only one entry ari a ona e x i s t  point.  In a~ i i tio n , a path
~i11 exist from the entry to cech rsoae arid froi each node to
ti e exi t .

tructure l program seçiman ts (012)
‘~ co-ub irwition of ~ro;rars steps and ca lls to 104cr— level ~rograns
s eg~ents.

~tri~tured program Ing (003)
~ie technique used irs structured oro grm r in in ;  ( l im i t e d  number
of logi c structures, top—uown devetomeent , etc.) malce I t  easier to
sevelop and ver i fy  comolecel comeuter ero;roms. Aids that help
tmn le ’ient these technim ues follow .
1 • Aut omatad langusm e res tructur nr — a c o m .~u t ar  proorein
used to restructure source programs into an acceptabl e structured
form .
2. Language enhancer — a computer pro-~rom used to provide
existing hI fts~~rder language compiler s wi th acceptable
1 ’n;ua,e constructs f or structured pre~r a u m I n q .  Language
,n:arscer$ Include both the oreprocassor and macro mechanizations
areserutly in use.
3. Sauce code indenter — a computer program used to automattceliy
tisent source coee Listings to add to their readability .
o. ~roduction support libraries — a f ern of production
ltbrer, useu to record and store pro.ra aruing data.

~truc c’:reu pre7r ,sr’Irm g ( 005)
(,~) t i e  process of Qev. t oolms; str ucture d program s.
issociat.d wi th structure d ~rogr sming are certain
p r actices such as Ind et at ionsof source cede to represent logic
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levels, the use of Intell igent osta na mes a ria descri pt ive
commentar y.

Str ucture a progra.~~1ng (0 12)
A prDgras~n 1ng disci p line providing a mean s of expressin g a ystea
~sesI,n that ensures e testabl e and unoerstanda b la impiemerl tatlon
end that en forces simple anso well—del Insed correct ions between

progr am modul es . The programming disciol ine uses the Tep .ated
app lIc ation of a small number of besi c contro l statements to
tor n si mple program constructs that re p resent lar ge a rid compl ex
pr ogram s. The process of creating the pro gr am ooaule s Includes ’
ma king loca l or tacti ce l pro~remmIn ; decisions wi thin the
dea i gneca nodule ; wr i t i ng  progran se~~ent5 that represent these
oe~isio ns$ anu, integr ating pro gram segments Into a uni t
corresooridin; to a System module .

£tru:tured progr~rrs1n; LOIS)
3tTlJCtureQ programming is strictly more of a progra m
organization ulscloline than a design tcchn i~ ue , but I t
cars be used to significantly enhance most of the availabl e
design tethni~ues. It Is basically a set of standards for
organizing the control structure of a set of computer pro gra ms.
m e  key Ideas In structured programming are s
I. Only ~oro per pro;rsms’ having one f low of control
in aria cut of each unit shOul c be develope d .
2. Only three ba sic control structures er a allo .e ed I
D)-~ iZ L.~, IFi~$E”ELS!, end S~3UE~C~. iPiese thre e structures
are sufficient to express any oroper pro;rem (l5). Two
• ;Jl t iona l structures are oot lonsal , the D9L~IiZi. and the

~. Programs are organ ize d  according to a h ie ra rch i cal,
mO3UlCT :1cc’. s t ruc ture .
.. A~ u 1tIon . l stan~sar ds er~ impo seo on the size of modules,
th e or at t in ç  of In s t ruc t ion s ~md dec la ra t ions , program
co-mentory, etc .
j o~hn , .erry ~:.

~tructjred prograr~,ing iangue~e (012)
~ lengua;a that suoDorts the concepts of Structured
r’ro ramnl rip m m  oermi ts closer integration Of managem en t ari a
pro~uct*on tools.

~tru:tured pro7ror~1ng techrIelo7/ (00~)A ter m whIc h co l l ec t i ve ly  references the foUo’4in; lists

1. Pro;re— des 1~n len;uef, e
2. ~‘rogramm i rsrm support l ibra ry
. soo gown structured nsregramning

~cruc cur ed ;r ogra ms ( 0 1 2)
ari lI co—outer oroprsms wri tten in a restricte d , simple syntax.

~.tructurea se gment (005)
!. lo;ically complete ~et of executabl e Inst ructions
co’strs ct ei of nest e~ structured oro iranmin; figures. In
s.~oi tien  to or ins piece of executm ’il, Instructions, a
str uc tureu segnent may inciuJ e non— exeeut abli  i nistrunsentionis
suc h as cute declarations snsu descr ip tiv e C ommentar y.

$tr uc tu r .d source cooe listI ng ( 005)
. l is ting for a top down structur ed program (T~SP)co’prlse~s of the following sections ’I. aectiors I contains the first execut able structured
sersa nit (coaveonly referred to is the toe leve l segmen t as
Codeo irs the source progr .’miflg len gueg e.

4 2. Settlons 2 contaIns all res~e i n 1mg structured segments. =t”e struc t arao segments are aleh,b et ize . b, name. As in
i t ion I eech structured seg~?nt is represe nted as coJs d

I ii the soun ce progra rinm lingu a ;..
~~. Section 3 con tAins  the execut ing •e~usnce e sel’s; the
st r ucture d •a~ aiflti .
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P ~truc ture J ~:cl1:—thro’igh (-009 )
k -~ - ser t c  name  7l ven to a set of teehni iu,S (I.e., desi gn
v-i l l.a3tion , ciesi —n verification , ana code verification ), each with
jt~~ er~nt ob~-3:tives via each occurring it different ti ’ae s In the
s3 t ’-i ar I ~ev~~3~~ent cycl e.

~ Jb5/~ tO~ o i l )
1, irJiv lsion of a s o f tw a r e  syx t ee  wi th a m e an i n g f u l  produc t
to tri ,  t.a s,r a n’i is com,ri sad of one or more nro~rams. A
sn sy3t o~ m ane toentifies the top unit of a tr ’,, s t ruc ture .

~,ste~ (0I ~~),~v i sj st s of more than one sof tware  subsystem and provides  a
to 3 problem.

3~’!te~ ~~ s I n  ( 012 )
C - -, o r n c a a s  of trensferrin~ the ocaig n r e lu i re ment s  Into an
o”~ r— s 11 ~y ete m str sct ’ire t h at  suvinr ts  pr ogr ams s a t i s fy i n g
t~~,se r~~ ’itrer’en ts. IncL u c~as a l l  a c t i v i t i e s  cmncerne d wi th
zr -ms  for lig fu ict i  omal reo’si rem.nts/ s,ecl f i c a t  ions into a
~t r-j :t ’ire-J ~rog ram1tn~ syste m cooab le  of s at i s f y in g  those
r~ ,t ra ~ ent s.

~;sta~ s1 .jiatlon s (o~)3)

~~~~~~~~ systv- s i - s u c t i o n  is a t aehn t~ ue used to oreii ct sys tem
p ~r t , r - a c ,  by e’~er :is1ng a ,odel of the s~ ste~ herc~:,re/s~ f tw - ,re
ov’r t 1 -a .  ~~~

j — i i l a t j o m  ~~~~~ on w, l l — .ol,rrieu exp er i m ent s
r , - :r e s ,n t a t t v e  of the rea l— ’ori d envi ronment will produce
r’~ ’il ts that h~ tm verify an J inri r ov e syst em oer forn ance.
C ~‘ simulations ore also USCO to help ore~ iet ho, the system

~l! rv’c: to alterrset Iv~ lcv~as -vith no.~if ie i configu rations.
.~~ cifi c l-inju’~ n systems such as ~~~~ C33 , ~~~~~ and SAl
i’,e 3,c1 le’its,i to — ‘c c as -, 1~ds to Implementation.

. y3 t c ~ ve r i f i c a t i o n  ( 0I ~~)
~Ll a :t l v i t t e s  cmn c er mea  i-ii th a s c e r t a in i n g  that  th e  system
o ,r~or-ss es the cugt o ;ler  intenoed.

~~~~~~ :ro )rrn-1 (0~3)
~ cosoit ~ r pro - r ” ch a t  r ecor cs the chror~olo-lca l  seq uence
or  sven t~ t&con ~y a t ar m e t  oro;rs’i .ur i lg i ts  execu t ion .

es~ ~il,ston~a ( 0 12 )
A ‘a lor v i s ib l e  event  or interfac e during a prnject.

;er~ t - ~ 1 sV lat or  (003)
A co-io’,ter pro~ra~ ‘useu to pre sen t in~~jt me ssages to the
con trol ~rogr an so as to a-,-~eer tha t they hao been inou t f rom
an act-id termina l device.

L i s t  (‘)~ 3)
~my ore —.rc-s or oroce-iure th at  Is ~estgn ’so to ohtiin , verify, or
orovl oe ~ata for the evaluation’ research m u  development

(et her then 1ehora~ory txp,riments)s ~ro;ress In accomolishing
~ “ iclop—en t oPs I- , t ive s * or perfor ance eno operationa l
ce~abtli ty of ~yst em3 , subsyst ems , comp onents, and equipmen ts
Ito ’s (Ar ? eO—1 4).

;est ..vs (003) -

test si t e  t~et eI ther contains the ac tual hara ware andt i t a r foce s (hard ware test bed) or staul stei them (sof tware
t e at  O CU ) .  -

I. 1aruvare test bed • includes actual computer and interface
- .r: ’ . ’ar e , thus p.rajtt*ni actual chectout of ha r dware/software
1,:erfaces and actual incut/output. The ~rogrem execution isco i r i rm e a  using actua l hardware t i m i n g  characteri stics,
o t t  the output  is limIted , end it has l im i t ed  d ia gnostic
c iv ib i l i t t e s,• 2. 3óf t ~are test bed — uses en Instructi on simulator to simulate
actu a l si rdwa re . The approach ~oorl, r ep r esents actu al
1/m I , r uns 7 to I S tImes real—t ime , and Is an expensive method of

conduct ing leng thy test in g of software. The a,prae ch cer mits full
control of inputs ano computer cha r a cteristIcs , allow,
. rocessin-g of Intermeotate Ouj t ou ts wi th ou t destro ying
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ree l tin. , ana allows fu l l  t .st r ecea t a b il i ty a n u  cal .yse st lcs.
Teat oata (012)

les t env1ron~ent mote that are prepared manually or by art automatic
test case generator .

Test uata base (009)
Collection of mate stored on a co1~nuter porioh.r-, 3 devi ce
(e.g., tape, di sk that close ly match es the kr?a1~ data b as e) .
Ideal ly, a test data t~tse should be Ieerst lca l to a real date
a~se Pait usually It only provides representative date.

Test ~rIvers, scr iats , date generators (003)
io run test s irs • controlled r’erirser , It Is often necess ary to workwithin the tr.newer’ of a TMscenarlnM—a descriotlon of a oynani c
si tu at i on . To .ccomolis’s this , it Is mecesser , to load the
Inout date files for the svste-s with data values representing
the test situation or event s tm y lela recor ded da te to
evalua te agai nst e’~occteo resul ts. tPtses ai ds p er m i t  r e l a t i ve ly
easy generation of date in external for?a to be entered automati cal ly
Into the system at the proper time.

lest mien (003)
‘~ mana gement document that  descri b ’s how and ~ sem sp eci f ied  test
ooje :tlves wi ll be net (AFR 80—14) .

test plan document (012)
-~ plan that tests the effect iveness  of the ot~j:ct system , as
Imelemen te d , ama oete~~ines hoe’ it can be validated ,
v e r i T i c o , end certified . This doeu~emt Is Input to thesumsem j en t fu n c t i o n s of the t~ualIty Assura nce ~rmce ss ano to the
~ro~re-n ‘Ia l i -ae t i or t  function ,

uCS t r esul t  processor (003 )

eom riter progre— used tn  por for test  o i t~ u t  det e redu : tlon ,
for -” t t l r s g arid p r i n t in g .  Some p~rfor— statistic al analysis
-‘-er. the ori nl nel ~ate may cc the euto st of a mon itor .

uest ~ri~ (0C9)
rssures ho~: w*ll th e soec lfi ca tlo rs s are net.

aext ~~te ( 0 1 2 )
~r o—rm— ~so:um ent~ t ion tha t  Is preo~red m anu a l l y  end update d

C tS~ t SJI tOT.

u i ii~ ars,ly ’ er (003 )
so—.p i ter  ~~~~~~~ that monitors and erints execution:1, of all orogrea e l e — e n t s  ( fu r i r t i o n s , routines , end

s~~ro-itInes).
~o; ~o -’n oeslgn (Cu )

~~~ desS~n ir~e1$es en er~ ’sr 1ni tO the se~ueicc ofwhi ch nr ~ ~aJe in the u .co-svislt ioi of e sof tw are
s~ st~ s ~.y ba~ jn.nin~ ~-?i th a si~ ol, ues~ r1~ tWm of the entireerccszs ( too l e v e l ) .  Thr ou~h a suecesalort of refinements
of ~~at has been a e f in et  at ea~~ L ev e l , le- -~er l e v e l s  ar e
~raei  f l e d .

~De .~o.:r. pro~ram’ Ing (OOt.)
i~na concept of nerfo rn in— in  h ier e reh ice l  sequence a
~etai led mesi n , code, In t egrat i on  •m~ test as concurrent
macrati ons.

~~~ ,.,o~n mro;rarr ’sJn; .,roc,ss 1017)
th ex~ansiors of furs:tiona l s a e c i t l c a t io ’is to simplier -

•

a n.’ si-~ler functions until, finally, sta tements of the
~rmgrsi~irs m l eri luage Itself era reached
.~ef 1. ‘ I l l s ,  NToe 0oi~n Progremn1 n~ Irs L.r;e 5”stests ,

u ging Tec-sni;ues in Large Syste es ” , ~?. AuS t i n , Led ) ,
,br.ntice~~al l ,  U 1v72, 41—55 .

~iop jo’~n structured ;regr.n (00~)(a~SP) a structurea ~r3t~rem ~)th  the .J.d ti onal chsrseteristlcs
• of t~ts source com e being lo;i celly , but not ne cessar ily

~~vg1ully, sr”ent~~ In a hierarchIcal manner aid only
Ua~ vt dent on cod. alte cey ~rr i t ten. Con trol Cf execution between
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s-3~-’~rsts is res t r ic ted  to transfers between adjacent
nisrarchica l se r’-,nts.

foe . owo st ru:ture~u s roj ra - sntng  (005 )

~na ,r,coss of dov~lopinm too dawn structured programs.
~osociat,0 .-r i th too jo~-:n structured pro ;ramsIng ore certain
oractices such as in;on t~tt ois of sour ce rode to represen t
lo~1c leve l s, the ‘use of  t n t e l l t - sn t oat s nar es and
..tesc r t a t t v e  co nantary .  t oo acm structur ed ~ro ;rei~aI ng
re~uIr es  top oown orogramrilng as the p r ima ry  t,pl ern en tation s
, o t h s - t a  logy.

Too ~o - n  t e s tt n~ (017 )
I f  no~ .j l- ,s are pr .~~uced in  a top clOwn Ord,r , th en top down
testin~ can also cc emolnyso usIng a p*rtially completed
sy s t a m  in wh ich  lower 1ev-eta are represented by pro ran
‘s tu~~s ’,~ ’rtc pro~re’s are ~xecutGci irs th environment
In -~--~ich t’t ey .~i l l  ac tua l ly  moerete. fhis approa ch
s1~ o -s for ee rlier tnte;retien and testing citstch should
j n cov ar arabian s sooner then convent i onal test ing
‘l!r e L r ~t agr st 1cn Is  the last ste~.r op—~ o : m  mra)r a n ~Jev eloa -~ent ( 01 2 )
~h’ or ocess of cooing an’f test 1n~ 5t ructu ~ ad Pro~r ,m s success ively
.~n-:rt--~,ro from the top leve l  of ~ro~ ra-~ dosi~ n to  the bo ttom
levels, continuously exercising the actua l In ter fcce s  between orogram

-‘eQul os. The bottom level  ma y be s tan dard  oac ’:aged rou t ines——d ata
~ r~ ess —eth ous . sor t rout Ine s  or I n t e r f a c e s  w i t h  other  systems .
~i is  a7pTOaCh is  the oo,,stte of th e ucu-a l ens of check in g
t - s  ~otto a—l-ev.l “odules f i r s t  -end wor k ing uo , f in a l ly  int eora t ing
~rs~a t e s t i ng  the ent i re  sy st e~i. ~cre , toe int agr at i or s  of no’~u 1es
is  continuous process.

fr e c or  oro-~raa (007)
or o iron analysi s tool ‘-‘hIc~ w i l l  analyz e computer orograss look ing for

— i.e.,  cod e in a eragr em which ran not be execut ed .
~raitletmr r003)

\ co~ oute r pro gram - :rt t t ,n to acceot In f or ma t i on  from one system
of re sresen t at ton  and convert this into •çjtvalem t thforiation in
another system of r,,rosmncation.

Arapo (CDI)
\ tec~sit~ ua In  which the logi c flow of a or ogram Is Interrupted
fo r  the pur pose of settin g aside interim results for test
‘ea s’,r ,ment or perfor min spe cial test  funct ions.

Jol t (Oil )
a nared subdivi sion of a orogr-am which is capable of being
stored in a PSI, and manipulated as a si ngle entity .

~!;att : consi stency ana lysis program (003)
k cols o,,ter progra m that analyzes source code to verify uni ts
consis tency for each usag. of each per imeter.

User IDOl)
~he intiv idua l at the man/mac h ine interf ace who is aeplylng the
sot t-~are to the solution of a oroblen, e.g. test or operations.

Utilit ies (D03)
73~ut1r programs enoloyed by other V/V/C aids to provide soectal

services. These services inc l ude ,reparing program aec k listings,
creating load tapes , and plotting output results.

Uti lities (012)
tools that facilitate the production and contr o l of softwar e
systems . Those include tools for dat a set n.n.sgetaent, pr ogram
uevel cqinent . and program execution.

Vii  iuat ton (009)
(he p rocess of determ ining whether execut ing the sylten ( i .e . ,

software, hardware, user proc edures, personnel ) in a user
envir on ment causes any omerati on. l d i f f icu l t i es. Val idation
is  aore d i f f i cult than the verIfIcat i on process since it invo lves
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~uq st ten s  of the cosole te ~ ,ss nf the sp e c i f i c a t i o n  and environment
Information . Thor. are both manual ane comput er  ba sed va l ida t ion
t ethn 1~ ues.

ValidatIon (012)

The p r ocess of ensurin g tha t  soecific program functions meet thei r
d eta i l ed  oesl ;n re; u ire ,ent spe e l f i ca t lo r s s .  l isa , see progra m
Vali .uatlon , Program Validation Tools, arso Validation and ~~ u;gtn;

Tools. -

‘.~al1. iet ion end Cebu~’~1ng tool s (0 12 )
fools relate .i to the production of correct ,  s,rvi ce atle oro~rams.
V a l i c e t i o n  inc ludes  the  or av ,nt ion , as te : t lon , ~Ia~ nosis .
r ecov ery ,  an-i correction of errors. De bug;in; inc!udes
co’-r.ctin; errors of both a logica l  and a clerical nature.

Val i~~it1on cr i t e r ln  (0 12)
~ lee tefirsing what will be iseu to d e t e rm i n e  Ce- letiors of a
nilestone. This incl udes successful operation of a test  tool ,

or acceot ance  of a document , or aporova l by the rev iew board.
VoiiJ,tjon tools (312)

Se~ V’ljjstjOn ama !)etu;oln; tools.Ver i?ico:1 ’oo (039)
~ rncess of ciottr~ining whether  the results of executing the

s of t - . zr e pr ouuet irs a toot environment a~ree ~t th. the sp e c i f i c at i o n s .•J e r i f t c o t i o n  is u s u a l l y  only concernee wi th th. software’s logi cal
corrootness (i.e. ~st1s?yIng the f unct i onal re~uirenents) and

a —.en ua l or a cOa ~u~er hasa :i proc ess ( i . e . ,  testing
s o f t ’n r s  by exe cut in  It on a conputer).

Yerificeito n CC12)
j he , roces of ens’trIrs~ thct the svsts~ en: i ts  struc ture
~eet the fun c t i onal ro~ u ir en eo t s  of the 2 s se l lne  Spe c i f ic at ion
:~oc~r~e1t. Al so see ~yst,— Verific ation .

‘.‘er1: c~tlon vallastion certific atIon (033 )
(of computer :ro-’r,ns). inc nroe.ss of determining tha t
tne co—~’uter oro—re m was cl~velepec in c:,ro,n:e wi th the stated
s—e cjfi~~tion mn - i s at i s f e ct o ~ ± l y  :~rfor~s, in the m i s s i on  e.,vj ron— ers t , the
fu n c t i o n ( s )  for whi ch i t  was ccsI~ no: (~~~i ~3~~~I 4 ) .  See com:ut er pro gram
v ~r i f 1 :et 1on, co~~iter progre wsllda tlors, co- putor program
c’rtiflcn tlon .

CTS~~~~’~ olifi c .tlors level (018)
i~~ tc a t ioo of the v ersion and modi fi cation level of a

o~ so’irc. cous.
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~~ T*JC 5YSTDI

a*sz UNITS;
Qusitt I~y_ Unit si Symbol Formula

leegth metre m
mesa kilogram kg
tIme s.cond a
elecOic currant ampere A
thermodynamic temperature kelvin K -.

amount of su~~tance mole mol
him ous lnt .nMty candela cd

SUPPLEMENT AR Y UNITS
plane aisgie radian rid -

solid angle stetsd isn a,

DUJVW UNITS:
Acceleration metre per second ,qusrad - - .  ni
sctsvity (of a radioactive sourcel dissntegretton per secon d (dissntegratiofl)is
angular .cc.ieration ridian per second squared rid’s
angular velocity radian per second - - -  rsdis
areS square metre - m
de nsity kilo gram per cubii metre kgm
electric capacItance farad F A s ’V
electrical conductance siemens S A V
electric field strength volt per metre V’m
electric inductance henry H Vs A
electric potential difference volt V W A

electric resistance ohm V A
electromolive force volt V W A
energy poule I N-rn
encrop~ poule per keliin
force newton kg-in s
frequency hertz H z (cy,~le) ’s
i l l um l n aJics lu x lx 1mm
luminance candela per square metre cd~rn
luminous flux lumen Im cd-sr
magnet ic field strength ampere per met,. Am

magnetic flux weber Wb V s
magnetic flux dens t~ tesla T Wb m
magnet om o llve fou e ampere A -

power w att Vi 3 5
pres sure pas al Pa N m
qu ant it~ nf eI,c’ri i t ’ - cuuI~ r~b A- s

quantity of hea! touie N-rn

radiant intensi ty wCt t per ste radian V. it
specific heat paul. per ki logram-kelvin I kI1~
stres’ pascal Pa N m
thermal conducn’.it~ w at t p.r m e tr e -kel vi n V. rn-k
velocit~ 

metre per second m x
vis COS :f ~ dvnar,ic pascal-second Pa-s
visCOsity. kinematic square metre per second m
voltage to l t  V V. A
volum, cubic metre m
wasenum beT reciprocal metre twa.’el rn
,.ork toule N m

St PRD~~ES

snort Fsctors I’refi, SI Symtx’l

1 000 004) (Kt0 000 • It” li-ra T
I flOti ooo 0mb • 111 I N ’  C ;

1 000 000 ’ it r  mega M
1 000 • ii) ’ kilo k

100 • 10’ h cto ’ h
10 • 10’ dike’ de

0 l ’ t O ’ deci ’ d
001 • 1fl’~ ,.enti ’

000 7 • 1 0 ’  mill,
a r~m ocj i • to — ’ mke,i

O olrn INtO (501 • it” esno I’

0 000 mwi oats uoi • in- ~ pitO 1’
u ooo ~ga eon trnu ant • to-” lumsin

U 000 000 000 (MN) INK) 001 • 1fl ~ ‘I Sttti a

‘Tow avoided wbesepamibl.
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MISSION
of

Rame Air Development Center

RAX p~~~*nS and conducts research, exploratory tnd advanced
d.velopnent pro grams in convrsand, control s and ,,nianicatlOnS

(C3) actavities , and in the C3 areas of £r.f oL,r. atiOZ~ sciences
mnd intelligsnce. The pr incipal technical ivissien arias
are coIrwTun z cations , •l.ctroma gn.tic guidance and control ,
aur.’eUlanc• of gro und and aerospace objects, £ntt~lligence
da ta collection and handl ing, £nf oz,viat& Of l systmn~ t•chnology ,
ionospheric prop agat ion, solid state sciences, IUC OWCVC
physics and electronic reliability, a ialnta inability and
comp atibility.

“Pg ~~~~
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