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• ~xecutive Summary

The purnose of this study project was to further the author’s

• understanding of software nanae~eaent and to discuss , from a systems ac-

quisition viewpoint , how certain proven hardware management disc iplines

can be adapted and used to improve software mar~a~-c ’nent.

The author used doc unents ~ub 1ished~j  the Department of Def ense

and the United States Air ‘ orce as guidance in prpsestir: the nater ial.

‘
~owever, t’~e author attempted to write the report in general terms so

that Tavy and Army personnel, along with Air Force personnel could read

and understand the report. Also, it is hoped that persons fam iliar with

the acquisition of hardware, ‘out not software , could read this report and

begin to understand software management.

The Department of Defense and the Tilitary Services are very con-

cerned with the acquisition of software . They have published many di rent ive :

regulations and standards that guide the acquisition of software. These

• documents describe how acquisition life cycles, baselines, configuration

management , etc. can be used to manage software.

7 Program managers can use the same disciplines to manage software

as they use to manage hardware. Using theso management disciplines should

result in the satisfactory acquisition of software.
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Purpose of the Study Project

During recent years the Department of Defense (D cD) and the ser-

vice components have recognized. the need for improved management of soft-

ware during acquisition. This need was outlined by Deputy Assistant Secre-

tary of Defense Jacques S. Gansler in the ~~tober 1975 issue dr the De-

Fense Management Journal which was devoted to software. ~is introductory

comments included the following remarks:

In recent months, managers in Defense and. Industry have been
challenged by three important weapon system software issues:
the lack of suff icient control over rapidly growing software
expenditures, the lack of suff icient research and development
in software production, and the need for major improvements
in weapon systems software management (10:1). *

In an attempt to improve the management of software, the Depart-

nent o~ Defense and the service components have initiated three types of

action during the past five years: they have held conferences on software ;

and they have published new directives and regulations concernin software.

The reports from some of the studies are listed in the bibliography to

this report. One of the new directives is DOD Directive 5000.29, 26 \

April 1976, Subject : Management of Computer Fesources in Major Defense

Systems. The general policy stated in this directive is as follows:

Annual expenditures by DOD on the design, development ,
acquisition, management, and operational support of computer
resources embedded within, and integral to weapons , communi-

• cations, command and control, and intelli gence sensor systems

* This notation will be used throughout the report for sources of
quotations and major references. The first number Is the source listed
in the bibliography. The second number is the page in the reference. 

:i•..•~ ~~~~~~L - ~ -~ ~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _



r ~~~~~
—-- -‘ 

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

-. ,

are measured in the billions of dollars. Unreliability,
particularly of software, dimi .r ished DCD mission effective-
ness in many major Defense systems.

Computer resources in Defense systems must be managed as
elements of si~bsystems of major importance during conceptual,
validation, full-scale development, product ion, deployment,
and support phases of the life cycle, with particular em-
phasis on computer software and its integration with the
surrounding hardware (12:2).

Computer resources consist of two main elements: hardware and soft-

ware. The cost of hardware (computer equipment) has generally decreased

over the years as the industry has learned new techniques and progressed

through several generations of computer equipment improvements. The cost

of software (computer programs) has increased instead of decreased. In

certain cases, even after spending a considerable amount of funds, the

development of computer programs has been unsatisfactory and the final

programs have not accomplished their intended purpose. Therefore, I in-

tend to discuss software management in this report. Specifically,can

proven hardware disciplines be adapted and applied to the software ac-

quisition process?

Goals of the Stud y Peport

The author of this report had five years of experience managing

• software for the Air Force Satellite Control Tacility in support of

mil i ta ry  satellites. Ty experience has been primarily in the de :Ioyment

rhase. !y  d ivision had the responsibil ity to accept all computer programs

at the end of the development/integration phases, to verify that the

c omputer programs were ready for operational use , and to analyze all

problems that occured. during the operational use of the computer programs.

I had two goals when choosing this study subject. The first goa
l2
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was to determine what current overall guidance for mar~a~ In~ the acquistion

of software had been ~•uh1ished. by DCI) and the United States Air Force.

The second goal was to further determine if hardware techniques could be

used in software management.

• 
~:y overall objective in organizing and writing the report was to

provide a report that a person not experienced in software management

could read and understand. I believe that software management is no more

difficult that hardware management . A manager new to software management

should he successful if he applies the proper disciplines.

Def initions

• ornputer Data. F,asic elements of information used by computer equipment
in. responding to a computer program (l2 :Enc l i) .

“oriputer Equipment. Devices capable of accepting and storing computer
data , executing a systematic sequence of operations on computer data or
producing control outputs. Such devices can perform substantial inter-
pretation , computations , communication , control and other logical functions
(12 :Encl 1).

Cor~puter ~ardware. Used interchangably with computer equipment in this
report.

Computer Program. A series of instructions or statements in a form
acceptable to computer equipment , designed to cause the execution of
an operation or series of operations. Computer programs include such
items as operating systems, assemblers, compilers , interpreters , data
management system , utility programs such as payroll , inventory control,
operat~ ona1 flight , strategic, tactical , automatic test , crew simulator,
and engineering analysis rro~~’ams. Computer programs may be either
machine dependent or machine independent , and may be general purpose in
nature or be desi ”nea to satisfy the requirements of a specialized pro-
cess of’ a particular use (l2:Cnci 1).

Computer Program Maintenance. The maintenance of a computer program is
defined to be any modification to the instruction of an operating di~ ital
computer ‘ro~ran or to the documentation that describes the computer
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pror Tam . ThJs nair ~r1ma rL c~ may Uc accom i i~ }ed Ocr ‘dither eor:-ective o~
~~~~~~ u~’mome: ~ mnd in nor:~mll y co n~ oc t e~ nith th~ ‘ emicypcnt rnase

of the l i f .~ cycle .

C omm uter °r •~~~
,.. The totali tp of con’~ute eq~ i~•~~ : t , compu ter ‘;~‘CUra ~.S ,

c’cn~ ut~ r mba , ~ :-•~ oc i•atc~ c~oCUmcr t a tiO , ~ern cnn- 1 , amC 110 JC : • : . i  1,

_____ 
A co~hinr~tion of associatr.~

’ con~utor mro~ran n and cn:.—

~u t r  data ~~~~ ~ U~~PE to enable the computer equinmei .t to merform computa-
tional or con~Tro1 functions (12: The

~onf i tira~~ on. The functional and/or r.~r’i ical c~aracteristicm of ha~ 9—
* 

~~~~/softw~~~ as set forth in technica’ 1 ocumentation and ach ieved in
a prod uct (]h :’~1).

Oonf iguratinr _ Control . The systematic evaluation , coord ination , mpp rov~.l
or disapproval , and implenerta ’ ion of all a~n •~o’1~~’ c ::anges in the ccn-

• fir :uration of a Ci after formal estab lishment of its configuratiom i~
’en-

t if icat ion (l~!:U l ) .

Configuration Item (CI) .  An ag Tegatiom of am wm r c / so f tw a r e , or any of
its discrete portions,which satisfies an end use function and is de-
sIr~nated by the Government for configuration management. CIs may vary
widely in complexity, size and type (lL~:~~i).

• C onfiguration Management. A discipline apulyln- technical  and adminis-
trative direction and surveillance to (i) identify and document tne f’~r•o-
tional and. physical characteristics of a configuration item , (2) control
changes to those characteristics, and (3) record and report change pro-
cessing and implementation statics (lt :;2 ) .

Contract Data ~equirements List (CDD L) . A contract form , DJ lL~2~~, listing
all technical data items and status data itenn , selected from an Author-
ized Data List, to he delivered under the contract.

Data (Technical). The means for communication of’ concepts, .Jar.s~ dom -
criptions , requirements , and instructions relating to technical  pr oj~ cts ,
material , systems, and services. These may includ e specifications,
standards, engineering d rawings , associated lists, manuals, and reports ,
including scient i f ic  and technical reports; they may be In the form of
documents , disnlays, records, punched cards, and digital or analogy data
(l4 :L~2) .

¶ Dataj~~atusj. The means for communication of status on a program/project.
These may include reports on fund s, cost expendlture ,cost forecasts ,
schedules , schedule forecasts , agendas for meetings , etc.

I
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Docui~entation. The specifications , reports , :)la n~
; , and procedures used

to doc ument and support computer programs(( :~~) .

Cnbedded . Ad octlve modifier; integral to, fro:’~ the design, procurement,
and operations point of view expoused in DOS Directive 5000.1 (12 :2nd 1).

Cardware System. The totality of a system of hardware including the hard-
ware, associated documentation , personnel and logistics.

• Software 2ngineer~~ ”. Jcience of design , development, implementation, test ,
evaluation , anc’ maintenance of computer software over its life cycle
(12: 2nd 1).

Software Oystem. The totality of a system of software Inc luding the
software , associated doc umentation , personnel and logistics.

~~ganization of’ the Study Peport

In addition to this introductory section , the report has been or-

ganized into four sections and a summary se ’t~ cn. The reader will possibly

want to read the summary section tef ore he roa1s the other four sections.

Section II deals with the l i fe  cycle.  ‘i rst , the acquisition life

cycle is discussed ; secondly, additional l i fe  cycles as they relate to

software are discussed ; this is followed by the author ’s recommended l ife

cycle. Yinally the section brings out some important items to consider

during each phase of the life cycle.

Section III deals with configuration management . This section be-

gins with some general comments , followed by some comments on baseline

• management . Finally the configuration management functions of configuration

identification, configuration control, and configuration status accounting

are discussed.

Section I~ deals with technical reviews and audits. This section

begins with general comments , followed by a discussion of each type of

5
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forma l technicml review ar:d formal audit .

Section 1 deals with the management of technical and status data.

This section begins with rcr .era l  ccmment s , followed by a section that

d iscusses the need for data/doc umentation. Finally the secticn dis-

cusses some specific software data items.

Section VI is the summary containing conclusions ars’ recommendations.

6
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T~~ I II- : CYCLb

The Acquisition Life Cycle

The acquisition process normally uses a life cycle to provide

the ~.acis for cat e.~ori:lnj ro~ran management activities. In general the

cycle is divided into f ’:.~2 Th: ’~n : concE~ptual, validation, full-scale

development , production , and deployment phames. This is the life cycle

commonly used to acquire hardware . A brief description of each phase is

rovideil in the ~aragra~hs below .

Luring the conceptual phase , the technical , mi l i ta ry  and economic

ba ;ec are established through comprehensive studies , experimental develop-

ment and conce t evaluation . The management approach is also formulated

~~~~~~~~~ •urin the validation ohase the major ~ro~~-am character-

inti~s are vail ated and ref m o d  through studies, system eng ineering and

preliminary develo’r~ie nt , test ar.~ evaluation. Program risks and costs

are assessed, resolved or minimized .

Thrlng the full-scale development phase, the system is designed ,

fabricated , tested and evaluated . The test results demonstrate that the

system meets th e state’~ performance requirements. Costs are continually

assessed. Luring the production phase , the system is prod uced and de-

livered as an eff ective , econom ical, and supportable system. Transition

from the acquisition to the operation and. support commands begins.

During the deployment phase , the system is used operationally. This phase

terminates when the system is removed from the operational inventory .

7
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• Other Software l ife Cycles

In researching doc umentation , the author noted that several doc-

uments listed the names for the steps or p:eames for the acquisition of

software to be different  from the names used in normal hardware acquisi-

tion cycle. Three of these software life cycles (there are more) are

discussed below.

A? Ceí’ulation COO-it lists the life cycle for computer progran

development in six rhases: analysis, design , coding and checkout, test

and integration, installation, and operating and su~port phases (1:2- 3).

These phases can be related to the major acquisition phases. For example ,

the analysis phase c orresponds partly to the conceptual phase, and the

• operational and support phase corresponds to the deployment phase.

In the past , the Space and ~:issile Systems Organization used a

‘ S milestone system for development of computer programs. These development

milestones are outlined in SSD ~ chibit 6l-L~-7 ( 5 : 3) .  The milestones

were named, or expressed in terms of the product available at the end of

each milestone . The eight milestones were: design crIteria, implemen-

tation concept and test plan, interface specifications, design and accep-

tance smecifications , computer programs , computer nrcgran subsystem vali-

dation plan, computer program operation instructions, computer ~Lrogram

subsystem and model capabilities. This is the synten that the Air ~crc e

Satellite Control T~acility was using when thr author firnt became in-

volved with software. These milestones can b~ related to the other l i fe

cycles. ?or example, the design criteria is the rroduct of’ a conceptual

8
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phase.

• The Air Force has rec~ ntl .~ ~rritten a docuncnt for use as a ~uide

in the development of software . him ~~~~~ ~rIth the title “Air Force

ALP Software Project hanual” , lists the following five development phases:

conceptual, definition , development, integration , and operational (?:2-l~ .

These nhamem can. ~~ ~irectly related to the fivo ma or accuimitior ~hanen .

~cr oxa’~~le , the definition mhase correspond s to the valifation

Authors heconviended Software i:Y~~~~~c i c

The acquisition life cycle can he used to define the ame:~ of

~oL’tware ~~ o u1’- i~ or as hell ~ r me’ e.~ o - ,  t ‘ourt’-

ihase , production does not have a ni -rificart eoa~im in softwaro ac-

quisition. To r:ahe .ad~.ition~.I co;ios of the r.aster computer ~. :ro ~‘~ m I:

very simple. In software acquisition th i s  phase consists mai.~i y of t

irs-, rot rroduction. Tn hardware accuimition ~oth prod ucticr. and. tent I.

of the mroduet is a r~ ) 1  ‘~emnt ef o:.t. Therefore , for scft~er~- reeui:mt io~

it I: su’ge-tnd tat the liTe e:’o’•’~ ccr.sistr of the followin 
- five s h a r o n :

• c’nc mt~mT , vaIl ~~~~ vnlopment , inte:Tratior~, and de . ~ ~vmnnt. The

aut or bnl  i ’ ~ ’ that ‘g~ ~~ ~~~~. t~ mnr ~m ico a mmna ~r nc-~r to soCtwmr~~’

• iuisi~ icn can • Lsil :/ r’. iate noCtvnre acqnliition to cx-~erien .: I’. • . .~~~~
‘—

wa ’e aen ;i ~tlo

I d rIrTs •~ow t.:e difThrent liCe cycles car. bc conynrec’ to

nach other. A manager should evaluate his ritu- tLnr ., choose

n’imte l ife cycle , and tailor his situation to that cycle. It ir:.r.’t in-

rortant what name is gIven to each phamu ; however, it is extremely im-

portant that a life cycle be used to manage the software project. A 1. -

• cycle h elmn the manager think through the software acquisition process.

9
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A life cycle enables t ~c manager to dc,tr .. ,j~,e wm~ t mmria ;~ement ~tc:s need

to be taken and when to take these steps.

A sneci~ 5.c policy from DC1) ~irccUive TCOO.29 is am follows:

Specific milestones to manage th~ life cycle development of
commute:’ system and .oup’ort software will ‘ 0 used to ensure
the proper sequence of analysi s , design inpinentatior., in—
t ’~ ration , test , documentat ion , operation , maintenance , and
modification. These milestones will isclud.e specific criteria
that measure their attain~.er~t (l2 :~~) .

Life Cycle Phase Con siderations

In order to be successful in acquiring software, there are many

items to consider in each phase. Based on the author’s experience a few

~teris will ‘be discussed below that appear to le significant.

In the conceptual phase the key item is to properly defi ne the

functional ~erformance requirements for the computer programs. The needs

and mission requirements of the user must he properly stated in a design

criteria document or general specification. To properly accomplish this

phase the user must be involved . This phase must be ~~operly accomplished

or the next phases will either fail, or become excessively costly.

Also in this phase the maintenance concept should begin to be 1’ or-

mulated. ~. maintenance concept is as important for software as it is for

hardware. ~ho is going to modify the computer ~rograns in the deployment

phase? The is going to analyze problems and program solutions to the pro-

blems? In-service personnel? Contractor personnel’? ~ow is the config-

uration of the operational programs going to be controlled? If in—service

personnel are -olng to maintain t:e software then appropriate documentation

11

• 
- 

•



and trainina must he provided ~y the contractor. These items must be

written into the contract for the d evelopment phase. Planning should be-

gin in the conceptual phase and an in i tial  maintenance concept should be

formulated.

In ‘ftc validation 
~~~~ 

a hey it~~ to be considered is the hardware/

software interface. hat si:.e computer is going to be used? dow much

core does the computer have? Can additional core be adderl, if needed?

If not , does the proposed system present an undesireable risk? :-~ow fast

is the conputer? Is the computer fast enough to accomplish any required

real time processing? Also decisions regarding the type of language must

be made. Is a digh Order Programming Language going to be used? Cr, is

a machint language going to be used? The risk areas must be identified ,

and a plan for their resolution must exist by the end of the validation

phase.

The development phase seems to have two key items that lead to

success. The first is to have well run Preliminary Design Peviews and

critical Design ‘~eviews. If possible, the user should take part is these

reviews. The second key item is to keep the number of changes to be a

minimum. A development schedule cannot be maintained if changes are con-

I ‘
~ stantly nade to the allocated baseline. At times it is absolutely necessary

to freeze the baseline and hold all changes to a later model.

The integration phase consists of integration and testing of the

computer programs in the operational environment . This testing is either

accomplished by the developer or by an independent test organization

12
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(inservice or independent contractor). Therefore, the first decision

to be made is to decide who is going to accomplish the tests. The key to

a successful integration phase is to make the tests as realistic at~ close

to the operational situation as possible. gor a large program all posmible

situations cannot he tested (cost prohibits th is );  thus good jt~ gement

must be made regarding what situations are tested . Purin~ the testing,con-

figuration control must be maintained . It is absolutely necess~try to know

what program configuration is being tested .

yore money can be spent in the deployment phase than any oth er

phase if the computer programs are constantly changed . Computer ?rogramn

can be easily changed ; however, each change can cause unknown problems ir.

other parts of the program. Therefore, each change needs to be tested .

P’ro~~~m ~nan2-es that correct known problems must also be tested as they

could cause unknown problems . ~ach change made to improve the mro~ram

should be fully justified before it is approved . All of the above can he

summarized in two simple statements s Configuration control is vital for

proper software management in the deployment phase. Testing of soft-

ware changes must occur before they are added to the operational software.

13
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~~~~~~~~~~~~~ ~A ”A( :~ ?~ :T

denpr-t l ~ommemts

post readers are aware how th~ discipline of configuration -ama~ e-

ment  is Used In th~- m~inaj ement of hardware syste:~s. Some readers are not

aware that the sane discipline can be and .~hould ~e ;
~~:~lied to the manage-

ment of software systems. The nrlnciples of configuration manareinent are

used by commercial concerns as wel l  as the military. When you order a

part to repair your car , you receive a :in rt that f i t s  because the principles

of configuration management are used by the automobile industry. ~‘hen a

commerc ial ~irn uses a computer through a time sharing arrangement , they

~et results from this rented time. To i nsure results, the configuration

of the computer programs loaded on the computer are known and controlled .

whe n the stodents at DS!~ use the computer ~erninals for System X analysis,

the output from the computer is predictable by the instructor because the

computer programs loaded on the computers are consistant with th e  opera-

tional guide provided to the students. hese are examples of applying con-

figuration management to software.

DCD Directive 000.29 directs that the discipi~ne of configuration

management be applied during software acquisitions for major programs. A

specific policy statement from the directive is as followsi

Defense system computer resources, including both computer
hardware and computer software will be specified and treated
as configuration items (12~2) .

Accord ing to the definition in Section I , Configuration management

lL~

I



(ons?Sts of three ~
‘unctioms: configuration identification, cor.figurat~os

mham: - ? ~o ’i~ rol , and co r f i ma’atiox~ status accountin . ,. hefore further djs-

~:n icr :  of those functions a discussion of baseline management is~~m r ~—

mr~ate. Certain questions seed answering . 1-tat crit~ ria do you i .tif y

o. ,alnsm? That do you change from?

haseline i~anagene~ t

The defini t ion of baseline man agement as found I:: J~ ~OC_ l !~ is:

I fundamental concept associated. wit: e r~ ir~~ey i~ nan~~-e ne::t
is the use of a series of configuration managenent baselines
uhics aid in assuring an orderly transitional from one ma~c~docis io n m m m i. to the next t~.rou[mout the system aceuisi~ icn
l~

”e cycle (1: L_ 1).

:ost doc ument s list three baselines: funet ~.cna 1, allocated , and

crc~~nm-t . ‘hose baselines can be directly relater~ to t’:e l~.fe cyci ’~s as

d i n~ u~~~er~ in section Ii. The functional banelinc marks the end of the

moscentual phase and the start of the validation phase. be ‘~nctior~al

h~~ el ine is establish~d by the system specification ( :yce 1.  he allo-

cated baseline marks the end. of the validation phase ars~ the start of the

d -o’ielomment phase. he allocated baseline is est abltm:s-’ b’: a dc’.’e lop-

merit specification (Type ~~~. The’ mro~’uot limo ma::T:s the end of the

-‘evelomneilt ‘mhase and t . e m bm .mt of t co imto :, :rmtin n ~hr mc.  he product

by the mi’o’uct smecification (T’m~e 
~~~~~~~

T’e f i~ ~~~~~~~~ :o’oThct ‘:m .nu~.l recommend s the use of a

roumt: ba sil me for  softwar e ma~’m i~m n:. t .  The outhor amrces t :~~t a f ourth

Im’~ is r o e - n  . ii’ bcc~ l Lm~~ms~’. on m~~’1~~ ~~ o-lerctlcrmi bC

The n-~~ r-~t’  cr~~i ~el~ n ’ -’ a’-’ m h ’ o  er.~ c ” the m U :  -c Un:  d: ac : the

I
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start of the denlovmer .t phase. ~me c~ e:a~Icr.al baseline is established

by the orcx~uct 
s :eei~’icatiori :1~ r a Ust of all  discrepancies against the

software . A di.:m ro’:ncy de:- : r ~ U ’ -n ‘:-cblem that prevents the computer

pro--ram frcm totally meet~.n’~ o n e  art of the product specifications.

The tmcr : s a r s’ II s ar-.- of ~ 
-
~ U y-- . t at  can be “work ed around ’ during the

-~eplc-;m.orit : :ase. :~ t~~- ~i.”re’ nnc:-; (ies) is (are ) severe enought to

erevent a : e  o’ - - ’sa’Jom:’.l of the ’  aro~- rac. , the commuter program must be

retumne-’ ~c t svo ra cme r and tie rol loms must be corrected . This wil l

a’~s: --“ui :- 
- a partial or t~ta

1. re’accom~-lishm”nt of the tentirh: t::at 10

~~-‘ t i e  t~ t~ -:-“ t lo r  n - mo e .

~ is aincot  Icp os:ible to deliver  se tware wi thou t  dincre m a n c i : s .

::oct l~.’- c- .: a~ s?ro ra.-.-~ ~~ll - ave several discrepancies listed against

t h e m  at th~’ end cf t o  lot’:-. ration n- moe. c:me ’ules usually o j j y  the

c V v m : c o :. :a  to t:.c domlogm ~ :t rhase before’ all discre :’ancies are resolve-h .

IT. i ~-:e rc~nc an c )e rmt lcr .n l T : - ’- r L U .-: . :: l I ~~e1~~~.5 • JV ~~~5 1CmiCv~

. “m:U uhace’ a co’-put’ir rogran will ~~vance from one operational baseline

to c-t hem oTcration ~ l basel ines  an ooft~-rc~mo Oül ~te.san:e is accomnlished .

hach one of these baselines must be rroperl.y controlled uc ing  con f igure t i on

-:anagement proced ure’s.

T’oir~’lguration Identification

~ont’L~-uration i d en t i f i c a t i on  provides the specific technical des-

cription of an item at any point in tine . This i cunt i f i cat i on  ~s accon-

plisher~ by using baseline documentation. A 3 the software development pro-

gresses through the life cycle , the description of the computer orogram

16
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~- - ‘co --: l T : T ’ - -- ; ’cIr d tai i. e-’ .

ac- li: ’ ‘ c - c u : : : m U a U ’ cn 5~~e’~ To:-- c~ : ’~~ o- Y i i  ~~~~~~- C ~

ci u-: os: U-r ‘ :  n ot ’ s ~‘nec 
- t DOS , - ‘ :VV - l  es -a :-: t 5 • :: :t I , . 

-

duc t ne-c c i. :a U cnn , oteu : ’ace ‘n”’c ~f 
- en s , a~ coigutci’ data r- - 1 —

m-:stu ‘c”ue ’or:t s . f t  fa - -  c~ er : i fb c ’-ti-o: m he. - The e .t~ :~ ::s ’Us: “ to

cc- ms - - - or mc ‘ tc,- a - ‘: to Ths’bl.ar~— 
~s 

I

a’:lremor:tc dce’umcst-~ 1 1st 
A ef’U .: -~-ta elem~~:to t h o m

- 
-o’ :m: sat ‘:mr:dle. h-c une:- ::uc- t :0  ~~.acI’ic-d L5 , T-~~~0:

these hats . e -nomt :: .

Thee’if’im-- tios trees ar: ~~er - ’U to I ‘e: t if:- co m m u t e r  
-- ro :::m:..

can ‘oc shoe door ,  to b um-’ T-~~o-1::. At c T O  botmo: : level tse ra’s-

is Imat . ‘wc 0:’ :irre ~‘cu~ 1. :  3 be cc ‘iso ” to for : a mod ule.

at:o or :-ore mod ules can cc cc- -’.’ ~oe~ into a consoLes :5-mo , ‘ram cc, c ’:-n’ . Two

or more cCT: )u im’ r : ro:~ram (‘omuononts can be ce’m’~- 1acd  I ï .to a cosrut-:r rear’ ::

c i i  n - n U b :’: It :- ( ‘ T TT~ A mu ~::‘~ n ’ system i~~needeb to oc-::trol an-’ to

facil i ta -o traceai U i tur ci - U b T T c  throu . h out a -re - ra i ’s h f

onf i gurcstion_ Tontrol

Tcr i. - nT-’at~ cn co tou l. I’; t.: syotc::n-Utc evaluation , coordination,

aemre ’vc 1 or ‘ isa -mr-oval , and imr:lomontatj or .  of all c:- i-eve:’ ehanm::s in the

configuration of a CPCI. after for:-al esta1-lizhocn~ of t c bc:: ~1ir.a. ct:

the commuter mci -ran and the cb ocunentatinr that ic::c~-ihe’n the commuter

r)ro ra:- must he corst~ohlod

-s~ inecring changes to : -ardwar--c are elm ~sIfio-
’ as Tlans I or lasn

~T -~har . --~s. :heso sane classifications carl ‘me user’ L~ co r’i ’- uratic-~ Ca - .-

trol of soitware . Tians I changes are those ch anges that  change a tochni-

17 
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cal description listed in a baseline speclflca ticr .  ~“laso TI changes

are char’• -es that are not Class I changes. Class II chaL eT: in no! aware

mar,a—’-emert are those made to non baseline documentation such as c-ar~-os

to L5e users manual . This author also recommend s that ar:.’ Proaran chars~e

thai. is mad e to correct a discrepancy while in the dep loyment phase ‘cc

-
‘ listed and controlled as a Class II change . Computer Progra m changes

t- :’~t correct -Uscrerarici ’ s ; uet be properly integrated and tested before

they are allowed to be incorporated into the master operational cc-neuter

urogram . Configuration control in the deployment phase is absolutely

necessary . I reco: :mend , that formal cc:Tf ~~gurnt io l :  control hoards to con-

trol software be established at the same point in the acquisition cI’cle

as the conf igura tion  control board is established to control hardware .

This is normally at the tine of critical design review .

Confi~~iration 3tatus Ace euntin~

Configuration status accounting is the recording and reporting of

a CPCI’ s initially approved configuration identif icat ion and of all pro-

posed and approved changes to the configuratiorL identification. Status

accounting begins when the first specification for a computer eroaram in

approved and released and continues throughout the life cycle of the soft-

• ware system .

Con 4’iguration status accounting must also include recording and

• reporting of all software problems (discrepancies). Tecords must contain

traceability of all, software problems tc their corrective action. ~f, ir

the deployment phase , more thn one software noTel is in use , then con-

figuration status accounting and reporting of each model must occur .

,l~ i
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Genera l C oiiunents

toe - a n n  onent of a software project , several formal re-

views and -audits should be held oitl: tn~ contractor(s) .  mese reviews

beg-in in the c nceptual phase and continue through the integration phase .

These reviews and audits need to be d irected by appropriate word s in the

contract. As the formal reviews and audits will not provIde all the in- -

formation needed to manage a software project , the formal reviews must be

au ::iented by several additional meetings between the contractor and the

program nar,ao’ement organization.

In this section the following reviews will be discusoed i System

lequirements Review (srt~ ) ,  System Design Peview (t~D~-:), Preliminary Design

?ev iew ( p3i~ ) ,  and the Critical Design Review (ca’~) • Also the ~‘unctiona1

Configuration Audit (FcA) and the Physical Configuration Audit (? A) will

be examined . Easy persons have experience using these reviews and audits

in hardware projects. These sane reviews and aud its can be easily adapted

and used to manage software .

Technical Reviews

host of the following definitions, comments , and discussion comes

directly from hIL- STD - 1521 (2O :t~).
The objective of the SRP is to ascertain the adequacy of the con-

tractor ’s efforts in defining system requirements. It will be conducted

when a significant portion of the system functional requirements have been

19
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established . “he S~ R should be cond ucted in the validation phase if the

contractor has not been involved in the conceptual phase . The user should

he involved in this review if possible.

The ’ objective of the 3D1I i~; to evaluate the optimization, trace-

ability, correlat ion , comeletemens , and risP of the allocated baseline.

The SDF should be the final r ov iew before submittal of the validation

~hase products. This review should be in sufficient detail to insure a

technical understanding between the contractor and the program management

organization. ‘he SDP should result in the- identification of all computer

programs required throughout the system. The computer programs consist of

operational programs , nainten~nce/diagnostic programs , test/debug programs ,

exercise and analysis programs , simulation programs , compliers and assembler: .

The computer program language to be used. should he identified in the SDP .

• Tinally all computer facilities needed to support the development of com-

puter programs in the next phase should be identified .

The objective of the PDR is to evaluate the progress and tech~cal

adequacy of the selected design approach , to determine the compatibility of

th e design approach with the ~erfornanc e re quimonorit s of the -CPCI develop-

rnent specification, and to determine the conmatih~hity between the CPCI

and other hardware or software items . The T I-P at anproximately the -
~

point in time of the developne’:t phase.

Acccrdiur to ::il-b’:’D-l52l, the following should he conciler ’:’T  at

Tonputer Program fun ctional low . This information :“,-‘hl

‘ - ‘~1

-‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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he co:m;1 ted tc t o  lm”~il of flow charting wh ioc. idex :tit les
the allocation of coninut ’ r em ma’: comr , urnts to functics: an
d epicts t ee  sequence cY’ operation w it n i n  the system functional
fl c;:.

T’tomane Ailocriajon C~ ar ts .  This im~ ornati on mdcii be det:ilod
for the dCi as a w: ole , d-m: :m’F:d . t :e  nasser in whics avaIl-
able stora~e is ailocate~ to m d  lvi” 

;r,l eo::utcy- ro~~a::s.
‘1 m5.nr , sequonsin’ r-emuirements , and relevant e1ui:’;er:t con-

ctraist~s u~-e~ in  d c t er : : in i r ;~ the allocation are to be inclu~e’.

Control ~‘Ufl c t i(  Tie D crtcit~ en. A description of the exe-
cutive control and start/roe ovorg - ecturc-s for tee computer
mrogmam system shall be available, ineludin ethod c-f
tre,tcn— synte’: operation and features enabling rec overy from
system m-~

,l4’u”nbi 0:: .

TArm-e turm and c~’ganization of the Data lane . he data base
description shall be coemloted to a level wh ich identifies

•-1ata types and char ac te r i s t l-s , n-t’-uet’a-~ l-n”out , and allo-
cation of data storage (20:1f ;..

Tor” al T,~~r it::

• 1- ost of the following definitions, co:-.non-to , cird’ discussion come

directly from Tt -TiD - h 52~- ~2OtT).

-~~~ is held, to verify t-:at each O~Cl has achieved the per-

formance spr ’cif’ied In the development specification (allocated baseline).

Then verification Lu accorvslic:ed by examining and reviewing test data.

The 0A is a prerequisite to acceptance of the development effort .

The : ‘i. is a formal ~xa::i; :stLcn of the coc~ed version of a Ti-c:

against its technical docunentation , and of the configuration management

records to establish the product i.’as-:lime. The PCA should not be conducted

unless the r>rogman management or;arizatior ham the final draft of t-he pro-

duc t specification. The i~ A includes a detailed audit of the product

creci’ication , lncl;hi r its iic:-r charts , listings, and design narrative.

21
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3ICT C V

hA::AG~T:-~hT OF DATA

General Comments

A hardware system consists of hardware , documentation , personnel ,

• etc . A moftvaro system consists of the computer software, documentation ,

personnel , etc. Data (technical and status) is required to manage the

acquisition of software an~ to support that software in the deployment

phase. A software system is no more supportable with out documentation

than a hardware system would he without a technical manual.

The computer program , just like a hardware item , is aesuired unin--

~ a contract which includes a statement of work (S~~ ) and a contract data

requirements list (oDd ). The computer program is produced and delivered

in accordance with the SCI~’. Documentation to support the computer proc-ran

is delivered in accordance with the CDRL. The DOD has an authorized data

list (t Ill ) which identifies standard data item descriptions (DIL:S) for

us in acquiring data from contractors. The DIDS should be tailored to

actual requirements.

Document?

DOD Directive 5000.29 directs that support items needed to main-

tain c omputer programs ‘be specified in the contract and delivered. A

specific policy statement from the directive is as follows2

o Unique support items required to cost effectively develop
and maintain the delivered computer resources over the systems
life cycle will be specified as deliverable , with DOD acquir-
ing rights to their design and/or use . Examples of such sup-
port items are compilers , environmental simulators, documenta-

22
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tion aids , test case generators and analyzers, and. train-

Volume Il of A l T  P OO-l~~ states that each phase of development

shoul i no 1 ocumonte-d . It lists the needs for doc umentation as i’cllowst

-oo u-e~ stat ion is needed dur ing development in oxs lee to
trach pro mess and m-ovid e information for management
visibility anr’ decision :-:ah img. Tor example , specif ications
are re’~uired to describe the computer equi’meent and computer
proc-rams In terms of design performance , configuration and
te: ;t r equi rements .

Pocumentation is needed to enable proPer life cycle support
and maintenance of tl’~ computer resources. This documentation
should be maintained and updated , as required , for each e} -n-ee
to tee system or system operation (l~7-l).

Docun .te t~ mn is also important to a software system because of a

unique software situation . Thr prog:cameing~~
’ software is somewhat an “art ’.

Vo two programmers would program a software routine the same. Therefore,

how the routine is ‘ro ra:::ed~ must be documented . A few key programmers

could have aeccmolishecl a ni~-n i f lc an t  portion of the programming for any

software system. mel” efforts  eunt he documented to prevent the possi-

bil i ty of a personnel turnover that would cause an unacceptable risk to the

Program .

Software •fata t e sm

come of the sane data ite -~s that are renuired from a hardware con-

tractor will be recuirer’ from a software contractor. xam’4ec are: Contract

unr1 status onorts , Con~iguratlon Vasaremeat flan , cn~-ineering Idance Pro-

posals, -h-ccification Change Tht,l ee , ‘~ontract ‘TorI~ 
‘
~reakd own Structure.

lpste~ pec iflcat ion, Development Specifications, and “est 11am:.

2 3
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Some of the sup~ort documentation required to provide additiona l

•dT~s1gn , test and o~ eration Information on a software program are listed be-

• low. Generally all of these will be l r ocU cr~ while develocing a software

system .

Data Feq~Iremer~ts Document. Lists and d~ f 1: cm computer data ele-

nests that the computer program ‘:ust handle , including data e l em c r t s  that

the user must supply (Ti ’4—1-l).

Data Pane specification. Specifies sterape allocation and data

base organization In sufficient detalJ to permit programmers to cc~ e tb~

computer program and to generate required files, tables, dict ionaries, and

directories (j:L~-i6).

Conputer ~~erators ~anua l. specifies in detail tI- c external

chacteristics of a program and the procedure for initiating, executin- , and

terminating it. Describes each computer program fur.ction, includin i.nnutc ,

outputs, relat ionship with other functions, and the operating instructions

for rumnir - the function, wit h limitations, restrictions, error messages,

• probable cause , recovery proc cl ur-:, method s ~‘cr estimating run time , etc.

(2 s ~ -i7) .

Program !:aintenance Vanual. Contains detailed instructions m m - 1

procedures for maintaining and updating the software product during the

operational phase (3 1L1._ l7).

Programmer Notebooks. Frovides a development record and trace-

ability data relative to the design , debugging, checkout , and integration

of routines , modules, and functions of the ~ic:. (:‘ote a Th is item might

not be a delivered item) (3t L~
_ 18).
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C~ VI

-:onclusions

The Department of Defense and the Military Services are very

concerned with the acquisition of software. h1s is evident by the number

of’ studies authorized . Studies have been conducted by the Joint Logistics

C ommanders Software Reliability Work Group, United. States Air Force Project

Vand, Industrial College of the Armed Forces, United States Air Force Pro-

ject Pacer Flash, and the John Mopkins University Applied Physics Labora-

tory.

~Iany directives, regulations and standards are currently publish-

ed that guide the acquisition of software. Guidance provided in these doc-

uments is generally good and consistent. Some of the documents are hard to

read and understand , especially for someone without prior knowledge of soft-

ware management .

Many disciplines that have been applied to hardware acquisition

can be adapted and applied to software acquisition. However, they generally

need to be tailored to fit the exact situation (embedded or stand alone

software project, small or large size procurement).

The life cycle can be used to manage software. The names used for

each phase can vary with the situation. A software maintenance concept

should be identified early in the life cycle. Software maintenance will

be required in the dep loyment phase.

Configuration management should be used as an aid in the acqul-

sitlon of computer programs. Configuration management must continue to be

25 
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applied in the deployment phase.

Technical reviews and audits provide the program :~ana~er with

the needed informatIon required to make management decisions. The same

general reviews and audits that are used in hardware acjuisitlon should

be used in software acquisition.

Procunient of data to support a computer program is necessary;

without this data (documentation) the systems would be incomplete .

Documentation is needed to manage during the acquisition phases and to

support the system during the deployment phase .

Software acquisition can be properly managed . The necessary

disciplines are available for use.

Tecommendations

1. That Fro ,Ta, Managers use the same disciplines to manage software

as they use to manage hardware.

2 . That d irectives, regulations and. standard s written to cover both

software and hardware be carefully analyzed to assure that software is

adequately and correctly discussed .

~~~. That CCT~ dIscuss the management of software acquisition more . Uas l--

of t:-~e en - i~ ecri~g discipline s discussed in th’~ ystems IIngim’~’ is :/hc-is-

tics Tanagemert Course apply to software as well as hardsare . Yet , noft-

ware is rarely used as an example. The two hour blocT. in - un.’amiertils of

program ::anagement should be expanded to four hours.

/
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