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bureaucratic politics, having

survived 5 months ot aca-

demic politics. [ am sure you
can now appreciate C. . Snow’s quip
that academic politics are most vicious.
but the stakes are so low.

I know you are anxious to get on
with vour assignments, where the
stakes are not at all low, and to put to
work all you have learned here: to
leave behind long and rigorous days of
learning for the normal life of a pro-
gram manager; to relax with the
70-hour work weeks that are the norm
for the DOD program manager; to
leave behind nights spent in the library
poring over textbooks in favor of a
pleasant evening perusing a mere five
pounds of contract documents and a
three-foot-high stack of briefing charts.

I am sure you are anxious to meet
the people vou will work with—
auditors, inspectors, investigators,
congressional staffers, headquarters
people, and others who will arrive
with a smile and a cheerful greeting:
“Hi. we are here to help you.”

[ imagine you are eager to test your
program manager skills—to find out
how good you are at writing

viewgraphs.” and how deft at mak-
ing last-minute changes that are the
lifeblood ot the management-by-
viewgraph crowd.

You have all these things to look for-
ward to. countless trustrations and
myriad problems —problems even the
Detense Systems Management College
did not prepare vou tor. That is the im-
mensely challenging and ditticult role
of the program manager. It there is anv
job in our government that makes a
direct and sizeable contribution to the
detense ot this nation. this i< it

Better than most. vou know our
detense is underwritten by the quality
ot the weapon sustems we prm‘ide to
our combat torces. We rely on our
ability to equip America’s detense
torces with the high-quality military
svstems needed to deter a numerically
superior adversary. You have been
chosen to share that enormous respon-

Thie urticle i~ udapted from remarks
Py Secrctary ot Detense Caspar W,
[AUEFTITAN Pt o the ﬁ'(l(!l“lh‘\ ot PAMC
ST Derer e Sustems Managemoent
Conlege Lone 1201987
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system—were not the problem. It is =
(N reassuring to note that all of the studies
.‘l‘. of our acquisition system reaffirmed 160!
“-\ the skill and dedication of our acquisi- :ri y
b tion people. T ¢
, ) [ have told everyone who will listen ey
N that it is the dedicated, protfessional ac- ;‘}'
o quisition managers who found and -"i".‘»“.’{
N fixed most of the problems in our ac- ity
o quisition system. A brief review of i,ia,.i
oy what are now popularly called o
X j “reforms” testifies to the quality of t o
ity leadership of the acquisition Vo,
ol community. ¥
l'$l; j Much of what we are trying to do SR
3 today is to manage “things” so that our ‘{_: Y
o leaders can operate more freely and ef- '3"'}\\«/
oy | fectively. The “enterprise” programs, oy
)N acquisition streamlining, model in- O .
| aibilitv. You hav ? stallations, professional education for ’ _f»;
s i ity oud ave \ acquisition personnel, show we believe Eoras
R beep‘se]ectﬁ m’r,“ low ) that the real solutions to acquisition '}-;"3-.
-\."'-; positions that will allow you to 1n- problems are to remove barriers to :',:\i
3 ﬂugch directly the efficiency of our ac- creativity and to foster an environment -) i~¢
: ! quxsxpon svstem and the weapons we of encouragement and trust. e
KX acquire. ) T
Pl ) We have adopted many other in- —~—
b | Todav, as vou graduate trom the itiatives to give our people more effec- Ty
2N school that Dave Packard set up some tive tools. Among these are: multi-year % ‘::
. 1'\'7 vears ago. the' only college ot its procurement; baselined acquisition :*24“
;.s l\md in the Free W or_ld, [ want to talk programs; a focus on quality that goes r}..* h
F little about being a program beyond performance to include the "
manager —about the challenge ahead whole range of factors that determine WA
and the nature ot the business you are the value of our hardware to the .
$ about to enter. soldier, sailor, and airman in the field; \ "
: At the Defense Systems Manage- . reduction of military specifications; \,':\.‘A
/ ment College. vou have not just Secretary of Defense Caspar W. Wemberger off-the-shelf procurement; cooperative ‘-:,."\(.
[*%" | studied management. You have ex-  wnd Brigadier General Charles I. Cabell . R&D with allies; 2-year budgeting; ._~':
1'34, amined leadership and developed an [‘J_%AF‘DiSMC C"F’””l‘g"‘;‘f”' e tor PMC contractor self-disclosure programs; T
" understanding of the importance of & &adwtion Fort Befvorr by use of suspension and debarment pro- AY
4 both functions to the success of the ceedings; and the most extensive and o
J‘N ; c[i)etgnse Sacquisi't\ions system. llThe prices and refused to pay them. Our pervasi\:je augit of defense programs ::::~ A
' ': efense Svstems 1 1apagement C'q €8¢  hanagement has been dissected and  €Ver un ertaken. :_:‘:: )
~ | teaches that professional acquisition o hined in infinite detail. Every ma- These are correctly cited as the solu- T
by | Mmanagers must appreciate both 1 “think tank” has cashed-in on the tions to our management problems of AN
By | disciplines and the qualitites associated trendy demand for studies of our ac- the past. But what is not heralded, i
| with eac};{' ngr‘:i"; n:janagerls must  ouisition management, which really what remains virtually unknown is -
F. 7 manage things and lead people. means they simply joined the attack. that these dynamic, cost-reducing pro- Ry
[+ 2- Some people have not understood We now have results of the President's  grams were not the creation of the e
b1 | the importance of both functions to the  Blue Ribbon Commission on Detense  “gurus” in the think-tanks or the prod- e
.;-:. defense acquisition system. According  Management, a host ot internal DOD  ucts ot rounds ot congressional hear- :-.‘::}?
o to these arm-chair strategists. the studies. and legislation that has come ings. but ot the vision and protes- "y
i military's emphasis on management o quickly that we could hardly imple-  sionalism of our acquisition managers. "

: ~—. : was responsible vtor a.ll p.mblems ment one law. betore the Congress was Baselining, tor example is rooted in et
E\.' .‘ throughout our detense establlﬁhm(*nt, writing another. an Air Force Systems Command in- | AaSY
R whether real or merely perceived. We should not minimize the in-  itiative dating trom 1982 In tact. some J 'v\\‘\'*"
e, Within acquisition, there were prob-  herent and historical problems in ac- correctly credit the President with Q_Q
N v+ | lems. The indefensible prices that a tew  quisition management. In tact. [ ectablishing the tirst baseline —on the l el
» companies were proposing to charge.  directed a major review and retorm ot B-1 bomber. Two-vear budgeting is 4O
- and that we tound when we came. acquisition practices shortly atter thic  another recently discovered idea. but ‘

° | reinforced the criticem of the so-called  Administration took ofttice. It was it has been 1n mv speeches and ! :-’.::..
- retormers. No one seemed to  dear that our managers  the men and  testimony since early in my tenure as e
"{‘ remember that we had tound those  women who manage our acquisition  Secretary ot Detense J :'::
o S L v
. Program Manager : Serteniber-Qctober JOST “n
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Clearly, the desire for excellence that
underpinned the dynamic im-
provements underway within the
detense acquisition community are not
indicative of impoverished leadership
or a self-serving bureaucracy. The
detense acquisition system, despite
historic problems and the need for
reorganization now underway, is run
by extradordinarily dedicated and
capable people. | particularly want to
call your attention to the extraordi-
narily able record of our new Under-
secretary for Acquisition who is in
charge ot the whole acquisition
process.

[ will not pretend that we did not
have problems in acquisition. [ am sure
some problems will always be with us.
But the problem was not with the
dedication and quality of our people.

“
- As vou graduate from the Defense
:.. Svstems Management College today,
e [ want to remind vou of this. In join-
; ing or returning to the detense acquisi-
a tion management team. you will
) become part ot a highly-regarded
! group of professionals. I am one of
N those whose high regard vou have.
.
: There is no negative connotation to
the title of manager in acquisition.
y Rather. we properly understand that
N ! 4 manager's duty is an expression ot
: leadership responsiblility.
- In America's military, we value the
R successful leader above all else. And
" the detense acquisition system is no
N ditterent. The real job ot the program
[~ . manager is no ditterent than that ot
o | any other ofticer of the government,
": | whether a civilian or unitormed
. otticer. The job is the same: to lead.
| Your responsibility as acquisition
.. | managers is to lead a diverse team ot
N ‘ protessional men and women in ac-
o complishing vour portion ot the
- detense mission  which is providing
Al our armed torces with high-quality
:-’ military equipment.
L3
I.eadership has as much bearing on
- the success of the program manager as
' it does on the success of a combat com-
g mander. So vour challenge is to be a
- .
- leader. to mark the proper path tor
‘s vour subordinates. colleagues, and. in
Cour case contractors, Your challenge
.y o attain the very highest standards
: ot eveellence and to demonstrate an
Y . Snwavering commitment to absolute
;’F L integrity
.5 I
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These two qualities of leadership
will determine your success as a pro-
gram manager. Absolute and un-
bridled commitment to excellence and
integrity are the ingredients for
success.

As leaders of the acquisition arm of
defense, you must be just as commit-
ted to leading by example as is the
Wing Commander who flies lead in the
first wave, the Battalion Commander
at the front line, or the Ship’s Captain
on the bridge. The very high standards
you demand of yourselves as of all
military officers and public servants
are the standards that must be emula-
ted within the acquisition community.

I hope you can approach your ac-
quisition duties in this way. There is
no secret to success as a program
manager—whether you are an officer,
civilian, or member of industry. Each
of us must excel, must lead, and must
be above reproach.

Your daily activities, though
couched in the lexicon of the
businessman, must be governed by the
creed and dedication of soldiers and
officers.

Your duty and mission is quite
simply the acquisition of the combat
capabilities that will keep this nation
free. Your honor will be your most
prized possession. [t will sustain you
in the severe tests ahead and serve as
the foundation for unyielding integ-
rity, the hallmark of the defense ac-
quisition manager. Your daily ac-
tivities must demonstrate the urgency
ot the nation’s detense today, and your
responsibility tor the defense of
tomorrow.

This is a time of great challenge for
the detense acquisition community.
Never betore has there been a greater
need tor good ideas, nor an acquisition
system more responsive to those ideas.
Our rearganization of defense acquisi-
tion, our appointment of a highly-qual-
itied man to be in charge of the whole
svstem, have eliminated barriers be-
tween program managers and decision-
makers and given you the leverage
needed to put good ideas into action,

Todav, vour creative management
i~ needed even more than betore. Our
Fiscal 1987 detense budget is 7 percent
in real terms below the tiscal vear 1985
bigure and the Congress i~ still slashing
awayv at the Fiscal 1088 budget. The
best ettorts of the acguisition com-

munity are urgently needed to ensure
the American people receive the fullest
measure of defense from every acquisi-
tion dollar spent. To do less will com-
pound the risk our nation faces in a
world hostile to freedom.

You will be severely tested to main-
tain the quality, stability, and afford-
ability of your programs in the years
ahead. You will have a central role in
our effort to maintain the momentum
of defense modernization.

In the last 5 months, the Defense
Systems Management College has
attempted to prepare you for the very
difficult years ahead. | have no doubt
it has given you a sound foundation
for success in the future. Your relation-
ship with DSMC must not end today.
This College can and will continue to
contribute to your individual success
and the quality of our acquisition
system. Through the College regional
centers and other programs, your
education will continue. Perhaps even
more importantly, the resources of this
outstanding institution will be
available to you. The College’s
expanding research efforts and the con-
siderable talent of the faculty and staff
are committed to assist in your pursuit
of excellence in defense acquisition. 1
urge you to take advantage of those
resources, just as I urge the College to
continue building its outreach pro-
grams in all acquisition activities. The
challenge ahead is so great and the
stakes so high that we cannot afford
to ignore this avenue for further
improvement

I hope this graduating class and the
taculty and staff of the College will
build on your accomplishments.
Detense acquisition has made progress
in its effort to improve America’s
defenses, but we must go even
farther—and we must do so together.

Let me congratulate vou all. Your
graduation from DSMC certities vour
readiness for the most ditficult posi-
tions within the department’s acquisi-
tion community and marks vou tor
even greater challenges. You, and vour
tamilies. should be very proud of this
accomplishment. It i« my privilege. as
I know it is Dick Godwin's to con-
pratulate vou on vour graduation
todav. @

“A man's judgment is no better than
his information.”
Author Unknown.
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A survey course on procurement
for program office personnel.

R
Pl
g
._?' This one-week course is designed Lecture-discussions are punc-
) to provide an overall understand- tuated with short case studies to
ing of the systems acquisition con- reinforce student learning.
o tracting process from planning for CMPMC has been designed pri-
W a solicitation through contract marily for DOD personnel working
o closeout. It concentrates on key in a program management office
j activities required to award and or related supporting activity. Mili-
Wi administer a government con- tary personnel in grades 0-2 and
L tract. Included are such topics as above. and DOD civilians in
7 program manager/contracting grades GS-09 and above are the
".-;. officer relationships. acquisition intended audience. Individuals
[ planning. structuring contracts. with similar positions in other
o request for proposal preparation. federal agencies or the defense
< cost proposal evaluation, source industry are also encouraged to
' selection. modifications, DOD attend.
cost principles. contractor profit, Point of Contact: A e

subcontract management and
contract administration.

Frank Meneely
(703) 664-6683
AV 354-6683
Defense Systems
Management College

Fort Belvoir. VA 22060-5426
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long with increased em-

phasis on defense has come

an increased emphasis on

keeping defense costs down.

Control of escalating cost of
government developments and
elimination of cost overruns are prime
concerns of the program managers
{PMs) tor system, subsystem, and
component developments during all
phases of the acquisition process. One
of the prime considerations in controll-
ing cost growth is letting contracts in-
itially at realistic target cost with
known cost risk. Therefore, evaluating
proposals tor cost realism becomes an
important part of the cost-control
process. The task of evaluating pro-
posals for cost realism may be more
difticult for early development
phases—proof ot principal, concept
development, technology valida-
tion—than later phases, due to sub-
stantial technology uncertainty and
program risk. However, the approach
proposed in this paper would apply to
any phase. It was developed and uti-
lized during the Exoatmospheric
Reentry-Vehicle Interceptor Subsystem
(ERIS) Source Selection Evaluation
Board (SSEB) selection process for the
Functional Technology Validation
(FTV) contract award.

The Problem

This paper is about the source selec-
tion cost evaluation process for cost
reimbursable contracts with particular
emphasis on the evaluation process for

P4 A \r‘-
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John E. Liston

measuring cost realism of competitive
proposals. The objective is to assure
more realistic contractor cost pro-
posals and contract awards at more
realistic target costs. The problem is
what to use as the standard against
which the cost realism of the proposals
is measured and how to measure cost
realism.
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Traditional Approach

The traditional approach in request
for proposals (RFPs) and SSEB pro-
posal evaluations require offerors to
provide a cost proposal with a target
cost and proposed fee arrangement.
Therefore, his proposal is a proposed
program, and a proposed schedule and
a proposed target cost. Then, usually
the SSEB has a government point
estimate of what the effort should cost.
Now the simplest approach to measur-
ing cost realism would be to compare
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the proposed target cost with the
government estimate. In this paper, |
suggest that this is not a very good ap-
proach and propose that a different
method be utilized.

Shortcomings of Traditional
Approach

The traditional SSEB approach has
several problems.

—All proposals in response to a
specitic request for proposal are unique
and theretore should not be compared
to a single government generic cost
estimate.

—It is not known where the proposed
target cost number fits relative to a
probability of success number; i.e.,
how optimistic or pessimistic is the
proposed target cost? Likewise, it is not
known how much overrun potential
exists in the proposed program.

—It is not known where the govern-
ment point estimate fits relative to a
probability of success number.

Proposed Method

The first task is to define cost
realism. There is no standard definition
that tits all cases; therefore, one of the
first tasks of RFP preparation should
be the definition. The definition should
convey to the offerors how cost
realism would be measured by the
SSEB (and scored it it is to be scored).

[ believe cost realism can only
be measured against a standard
where cost estimates are developed
on a risk

model. Furthermore, 1 propose that to
make the process more effective, the
ofteror’s proposal should be presented
on a risk model rather than the current
method which is only a point estimate
without any knowledge of the point
estimate’s risk (probability of being ex-
ceed. d). Therefore, here are some
recommendations.

—The request for proposal should re-
quire all cost proposals to be bid on a
risk basis.

—The request for proposal should re-
quire that all cost proposals include a
cost rationale section where the con-
tractor can document (explain) why
cost numbers are credible and
reasonable, and schedule and program
are credible and reasonable. The of-
feror should be required to identify in
this section the program risk areas of
the proposal and the risk-reduction
plans.

—The request for proposal should re-
quire all major subcontractors to bid
on a risk basis and that this proposal
be made available to the Source Selec-
tion Evaluation Board.

—The SSEB should be required to
develop its own cost estimate on a risk
basis as described below for each pro-
posal (there should be a cost realism
standard developed for each proposal).

—The SSEB cost estimate mean and
standard deviation and the contractor’s
bid should be displayed on a risk rela-
tionship (Bell) curve as described
below.

How Is SSEB Estimate Developed
On a Risk Basis?

Before commencing this cost estima-
tion process, the Source Selection
Evaluation Board, working through
the contracting officer, must cause
contractors to bring proposals in com-
pliance with the RFP through tradi-
tional SSEB procedure (if the SSEB
determines the proposal is not in com-
pliance with the RFP or is unclear).
Then, the first step in the cost-
estimating process is one where the
proposed schedule is adjusted by the
SSEB for reasonableness (if it is judg-
ed to be unreasonable). Other areas
may have to be adjusted if judged to
be unlikely to occur in the fashion pro-
posed. In addition, the SSEB must
determine the schedule interrelation-
ships that are impacted in the most
pessimistic and most optimistic low-
level estimates. Then a bottoms-up
cost estimate is made on a risk model
as described below. (There are other
methods or models of developing the
cost estimate on a risk basis.)
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The procedure for the bottoms-up
cost estimates performed by the Source
Selection Evaluation Board requires
that each cost element (labor hours,

' travel, manufacturing, materials, etc.)
for each item of hardware or function
- be estimated three ways—most likely,
most pessimistic, and most optimistic.
Since these estimates are performed at
low levels of the work breakdown
structure (WBS) in the proposal, the
statistical validity of the bottoms-up
estimate is enhanced as the summation
process evolves. Each low-level
estimate may then be input to a com-
puter program (usually a spreadsheet
| or data base management program) to
. obtain results at the total proposal
level tor the most likely, most
pessimistic, and most optimistic point
estimates (M, H, and L below).

Having the above three sets of
estimates, a formula can be used to
. construct the “Bell-Shaped” cost rela-
i tionship curve (see Figure 1).

The values of X and SD, the contrac-
I tor’s bid and the PMs budget are then
put on a normal curve as described (see
Figure 2 tor example).

Application

' and Interpretation of

. Risk Relationship Curve
(Figure 2)

The curve invokes the central
| limit theorem. It asserts that certain
. statistics, such as the arithmetic mean.

tend to be normally distributed as the
sample size becomes large. Thus, it
samples are drawn trom a population
that is not normally distributed (skew-
ed), the successive sample means will
torm a distribution that is approx-
imately normal.

—The normal bel] curve is used to
reflect the mean (X), standard devia-
tion {SD) and make some statement
relative to contidence of costs. For ex-
ample, the mean plus or minus two
standard deviations would express a 95
percent contidence interval that the
cost value would fall between.

The normal curve mav also be used
to retlect a not to exceed statement
tcumulative interval between zero and
an X valuer or to express the idea ot
rish to the right or lett ot a specitic
point on the X axis. For example. at the

{ mean the relative value 15 50 50 At
l:lus 1S itis 84 To (84 percent chance

ot not being exceeded or le percent

Program Marnager

Hj = most pessimistic low level estimate

j = most likely low level estimate
[

= total most likely point estimate
= total optimistic point estimate

r=Tr=
|

Then the mean = X = 5

H+4M + L

most optimistic low level estimate
total pessimistic point estimate

Let the variance of each low level estimate = V;

Then V; =

Hi- L Zfori = 110N where N = number of low level estimates

in the summation to
obtain total point
estimate

Let V. = the sum of all the V; (i = 1to N)

Then the Standard Deviation = SD =

v

chance of being exceeded). At minus
1 SDis 16 84. For X values not talling
on 1, 2, or 35D, area under the curve
must be calculated. The formula (X~
X) divided by SD provides the number
of standard deviations that X is from
the mean. Then, this number is used
in the standard statistical “look up”
table to obtain the area to be added to
(or subtracted from) 50 percent to ob-
tain the risk of being exceeded.

In summary. any X value on the
curve (cost estimate or contractor bid)
can be defined as having a probability
ot being exceeded (number on right) or
having a probability of being met
(number on left). This, then, shows the
risk of the program being accomplish-
ed at a given target cost (X value).

—Creating the curve (the cost numbers
are only tor illustration’.

-=SSEB mean obtained trom the tor-
mula = $496M

- SSEB SD obtained trom the tor-
mula = S34\]

Haorizontal scale is determined by
plotting + 1. 2. 3 SD values

SSEB point estimate tmost likelvs
obtained trom the cost estimate
model = $430M (This s plotted
to tHustrate that 0 oav be risky
to use SSEB pomt cwnmates as a
standard

N
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(All of the following percentage risks
are calculated using tformula and “look
up’ table)

—DPercentage risk 5 95 on bid ot
S425M

—DPercentage risk 8 92 on SSEB
S$436M point estimate

—Dercentage risk 30 50 mean

—DPercentage risk 90 1 on P'ME
budget

—The Figure 2 curve represents an ex-
ample of the SSEB risk model which
will be utilized to measure cost realism.
It includes the contractor «bid or target
cost, the SSEB point estimate. the
measure of central tendency or mean
and the measure ot dispersion or stan-
dard deviation. The mean and stan-
dard deviation could be the SSEB <tan-
dard used to measure cost realism ot
the proposal. For illustration  discus-
sion and assignment ot rick dollars the
project manager < parametrical deriv-
ed Project Manager s Estimate (PN E:
is overlaved. Management reserve mas
be established by capturing the dit-
terence between the bid or the signed
contract and the PME pomnt estimate
or budget tor the contract

Strength of Proposed Method

Atter developimy and displaving the
costestimate on g sk bassas abunn

the SSEB then has the basis to mcasure
three aspects of cost realism g the

gt e g{:- :" 1: L7
¥ f,t'.'x‘
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SSEB
SSEB X
MOST LIKELY
POINT 498 CONTRACTORS
ESTIMATE BID
436 425
CONTRACTORS
BID
425 50 | 50
5|95
8|92 994
364 408 452 496 540 584 628
3D -28D  -1SD +1SD  +2SD  +3SD
AREA
— 34— 34—
— 4775 34 A4T75. -
. 4985 4985 -

probability or risk ot the contractor’s
bid being exceede ;. bi the amount of
over or under bid relative to SSEB
mean it is recommended that this
point be the reterence tor measuring

e . .
Vhraee

cost realism of the proposal); ¢! the
value of standard deviation which pro-
vides the risk dollar exposure in con-
tractor’s bid. The general interpreta-
tion is that the further the contractor’s

« o '\l";'d -'_V([‘n *"‘f‘f:u’
S R

RS

bid is trom the SSEB mean tor that
proposal, the more unrealistic the con-
tractor’s bid. The other measure is the
amount of program cost risk dollars as
indicated by the standard deviation,
The smaller the standard deviation the
less dollar overrun exposure one has.
Another benetit to this methodology
is that now the proposed contract cost
can be compared with the program
manager’s budget which would show
how much of the contract risk is
budgeted. (Note that before com-
parison, items in the program
manager’s budget not applicable to the
contract award should be subtracted.
Items like budget for future known and
unknown contract modifications and
budget for contract cost impacts due
to future funding profile changes are
examples as well as budget for other
government agencies, other support
contracts). Requiring contractors to
propose on a risk estimate provides an
additional two benefits. It forces the
contractor to bid more realistically and
it provides a better basis for the SSEB
cost estimate being more accurate and,
thus, a better standard against which
to measure cost realism.

Summary

It the objective of emphasizing cost
realism in the SSEB process is the
ultimate objective ot awarding a cost
type contract at a reasonable target
cost and with reasonable expectation
ot minimal overrun, then a change is
required in the request for proposal
and SSEB process. This change re-
quires the SSEB cost reasonableness
measurement process to be done on a
cost-risk basis and to improve the
overall process requires contractors to
propose on a cost-risk basis with
backup rationale which supports
reasonableness and credibility ot the
cost proposal. This rationale must ad-
dress credibility of the proposed ap-
proach and schedule tor <atistying the
request tor proposal, and must be ap-
plied to all major subcontractors pro-
posed by the Prime as a a part ot the
Prime s proposal. The major <ubcon-
tractors should be required to bad to
the Prime on a risk bass and these pro-
posals submitted to the SSEB by the
Prime as supporting data @
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Detense systems
acquisition
experience?
Teaching ability?
Research ability?

Understanding of
fundamental DOD
manufacturing/
production
principles

related to systems
engineering and
DOD lite-cylce
management
Knowledge of
current DOD
production/
manufacturing
policy practices,
and procedures

______

Py WA WY J.‘.‘w“

Cpls ."*.

The Defense Systems
Management College
has immediate openings
for a Professor of

‘Manufacturing Management

- Experience in

production and
process planning,
quality,
productivity,
producibility
engineering and
planning, process
control, and
production
readiness

Help middle
managers from
civilian and military
segments of DOD
improve their
effectiveness in
detense systems
acquisition

_. Teach, consult and

research

-~ Salary range is

$45,763 - $59,488

" Grade is GS-14

excepted civil
service

- Requires a

baccalaureate
degree in
engineering or
engineering
management and
3 or more years of
professional
experience

AN EQUAL OPPORTUNITY EMPLOYER

Call Debbie
Johnson

(703) 664-3118 or
AV 354-3118 ‘
Or send a resume
or SF-171
Personal
Qualification
Form to:

Defense Systems
Management
College

ATTN: DCOS-CP

Bidg 202

Fort Belvoir, VA
22060-5426
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and procurement in an attempt to
achieve objectives. One aspect ot a
contractor s strategy is pricing: the pat-
tern ot prices charged tor units pro-
cured over time. Do unit prices remain
tairlv: stable? We telt a contractor s
pricing stratexy might be related to his
tinancial condition and that document-
ing and discussing that relationship
might be ot value to contracting ot-
ticers and program managers involved
in the acquisition process.

Pricing Strategies

First. some background on pricing
strategy. There are numerous wavs to
describe or categorize pricing strategies
in generals but tirms introducing new
products or technology typically use
one ot two common product pricing
approaches: penetration or skimming,.
Discussed by many authors,? the two
strategies are widely understood and
used by business practitioners. The
~kimming strategy calls tor high initial
prices tollowed by lower prices at later
~tapes. while the penetration strategy
calls tor o low initial price with little
or no price reduction over time.

The objective ot the skimming
strategy is to achieve the maximum
protit in the shortest time by charging
the highest price the market will bear.
Price reductions oceur in a series of
steps timed to provide as much protit
a~ possible at vach step. Thus, the ad-
vantage of skimming is a more rapid
return on investment. Firms adopting |
a \L\nnmmp strategy must l\u‘p one
step ahead of competitors: the risk s
that competitors may underprice and
market,

enter the

the objective ot the
penctration stratexy s to o develop

In contrast

vide product demand rapidiv through
« tony nitial price. Once the market
Fas been captured. the tirm can take
advantage of either price increases or
reductions to earn additional
I The tirm s established market
position dampens incentives of com-
t

cost

rotits

rtors tooenter the mark et

Coreer discussed the mterest ot

ARANTIEN

ard sellers regarding pricing
svo There are dear imcentives tor

Lt
"
1 h

g cifer toconceal pricing stratessy It

deteot o

CRREAN AL Pitust s

skimming
counter with g

IREFE AN

e annd rark et

capinre a

Dtors detect a penetra

cratecn e wall anti Ipate the

vt e sedbctom o thie tature l

and be more encouraged to enter the
market. There are economic benetits
to be pained by a buver detecting pric-
iy strategy . Customers detecting a
skimming strategy can delay pur-
chases to obtain a more tavorable
price in the tuture. An “early” buver
ot a new product would preter to ac-
quire trom a penetrator while a “late-
lite” buver would likely preter to ac-
quire trom a skimmer.

Clearly detense acquisition, par-
ticularly tor major weapons systems,
is specialized in nature.® The prod-
ucts and the market are not typical of
products and markets in general. Ma-
jor weapons systems incorporate
signiticant innovation with state-of-
the-art hardware and substantial
uncertainty in development. Products
involving signiticant innovation offer
the possibility of “learning” over time
and provide the greatest leeway in
choosing a pricing strategy. The
market for defense systems is unusual,
with a single (monopsonistic) buyer
and usually only a few (oligopolistic)
sellers.® Yet, varying incentives exist
tor skimming and penetration within
this market. Sellers that penetrate risk
program termination before long-run
protits can be realized. Sellers that
skim risk program termination or cur-
tailment due to excessive price, and
risk competitor entry by encouraging
the buver to seek lower prices
elsewhere. However, a large monop-
sonistic buver, like the Department ot
Detense, may be in a position to
thwart a skimmer's attempt at a high
initial price by encouraging competi-
tion through <econd sourcing. Detec-
tion ot a seller < strategy can poten-
tiallyv lead to signiticant cost savings
tor the intormed buver.

Our teeling s that priang strategy
may be intluenced by tinanaial con-
dition and that pricing strategy mav
be detected using tinancial  ratios
publiclyv available betore  product
introduction

Financial
Condition and DPricing
Strategy

Fach of the two strategies can be
described i terms of the relationship
between two variables: the price of the
trrst ottt sold and the rate ot
Skaimmers exhibn

price
reduchion over time
A high tiest unt price and a steep price

reducion curve awhile penctratorses

|

hibit a low tirst-unit price and a tldtj]
price-reduction curve. In principle. a ’
seller could be inditterent to the two
strategies. A high initial price coupled
with steep price reduction, or a low in-
itial price coupled with tlatter price
reduction could result in the same pres-
ent value tor a product and the same
net economic benetit. Neither strategy
is inherently more protitable. In prac-
tice, however, there are likely to be in-
ternal tactors related to tinancial con-
dition that may result in one or the
other strategy being preterred.

Such tactors may be retlected in the
tirm’s financial ratios. Readers tamiliar
with accounting or tinancial statement
analvsis are well aware that numerous
ratios can be calculated trom tinancial
statement data, and that these ratios
can be categorized in many ways. It is
not unreasonable. however, to
categorize tinancial ratios into tive
broad categories representing tive
aspects ot tinancial condition:

— Protitability (return on investment!
—Short-term liquidity

—Solvency (capital structure!
—Activity (turnover!

—Capital investment.

Our object here is to suggest why pric-
ing strategy may depend on these
aspects ot tinancial condition.

Profitability. As we indicated.
neither skimming nor penetration is, in
the long run, inherently more protit-
able: the central ditterence between the
two is in the timing ot protits. Skim-
ming provides for high protit recogni-
tion immediately atter product in-
troduction:  penetration  otters the
possibility ot cost reductions or price
increases and higher protits at a later
stage. Since executives trequently are
compensated on the basis ot protit
measures, one might expect concern
regarding the ettect ot pricing strategy
on such protitability measures. High
protitability betore introduction ot a
new product may be assodiated with
continuing  demand tor high-protit
projects in the short run This s
because low-protit projects may reduce
the tirm s overall averape protitabile
tv. Penetration when compared to
shimming increases the probatality
that average prottatality mcasures waill
deciine produce

Such adedhine s more hkelv tor birme

mtroduction !

attes

with bk protitabihity betore produdt
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Measures ot activity or turnover retlect
the level ot sales generated on assets
and, consequently, indicate the degree
to which resources or capacity are be-
ing utilized. One would expect that
tirms tully using existing capacity mav
be constrained trom tollowing the
higher-volume penetration strategy,
while tirms not tullv using existing
capacity should preter penetration to
increase the probability that their
capacity is put in service. Consequent-
Iy, we expect tirms with low-activity
ratios to prefer penetration.

introduction. Consequently. we expect
tirms with high protitability to have a
stronger preterence tor skimming.

Capital Investment. Somewhat
analogously, investment in new assets
may indicate tuture pricing strategy.

new products may require substantial
outlavs to tinance inventories, produc- Skimmers should have less need to ex-

i tron volume. and product-introduction pand capacity. while penetrators. ex-

| cots. Skimming. because of faster pecting to generate volume through

" pavback due to higher initial prices, is | respect to long-run risk. Penetration | l0w initial price. have a greater need
appropriate tor tirms needing tunds in | strategy requires that campetition be | t© expand. Major investment in capaci-
the short run.” Firms with a poor | discouraged, and that returns be | tv could signal a penetration strategy
short-term hquidity position should | earned over the long run to be suc- and, given an increase in new assets,
Bave wreater ditticulty. or a higher | cessful. However, skimming, by front- | penetration would be preterable
cost ot raising tunds externally and | ending  profit, reduces the risk | strategy to assure utilization of those
mayv prefer to generate tunds rapidly | associated with tuture uncertainty in | assets. Consequently we expect tirms
through the product. Consequently. ' the product's market.® Firms with | with high ratios ot new investment in
weexpect tirms with poor tiquidity to | greater risk mav preter to reduce future plant ard cquipment relative to ex :
have a stronger preterence tor | gncertainty. For these reasons, we ex- ; isting assets or levels of activity to |

|
‘ Short-Term Liquidity. Initiation ot
!
|

1 . . | M
SEUMMING : pect tirms with poorer solvency | preter penetration.

Solvency. Solvency measures reflect Measures rmore debtr to preter To Summarize. We expect irms that
the amount and tvpe ot debt in the ~kimming. <him o as compared to tirms that
tirmy s capital structure and indicate Activity. It a tirm has limited man- penetrate 1o exhibit measures of high

risk Apalogous to the reasoning utacturing capacity, a small volume protitability poor liquidity poor
presented above under liquidity, tirms but highly protitable market approach solvency high-asset ubihization and
that are more highlv leveraged should e shimming may be the most  low mvestment i capacity betore new

Fave o hipher costoof raming new cconomic? Denetration reguires wide productimtroduction In the tollowinyg

capital and mas exhibnt a preterence dittasion o the product to be suc- secions e provide evidence troman A,
'S

tor ransing tund through the new proy cesstul and  consequentlv o reqaires analvsis ob g sampie of POD contn LR
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Slope of Price Reductlon Curve

As indicated. the two strategies can
be described in terms ot the relation-
ship between tirst unit price and the
subsequent price-reduction curve.
Learning curves can be used to
distinguish the two strategies. Learn-
ing curve theory!® describes the
decline in per unit production costs a
manutacturer experiences with increas-
ing volume. The learning-curve con-
cept originated trom the observation
that individuals pertorming repetitive
tasks tend to exhibit a rate ot improve-
ment. but there are many reasons tor
reduction ot over repetitive
operations: more etticient labor, less
material trom reduced scrap and
waste  and higher productivity trom
improved processes. Thus, a learning
" curve more generally can be reterred
toas a cost-reduction curve. A per-unit
reduction can be extended conceptual-
Iv to the measure ot price per unit.
Thu~. learning curves can be used to
represent pricwrvdmtinn curves.

Costs

The learning-curve tunction relates

" a dependent variable tpricet with an in-

dependent variable rvolume:
tollows

as

P=AxB
or in log torm:

Inl’ = InA + BrlnXs

Where I 1s the price ot the Xth unit
produced and A s the price ot the tirst
unit. It prices are level as volume (X0
increases. then the exponent Bis zero.
B i~ negative when prices dechine with
volume. The slope ot the learning

curve S related to B oas tollows:
In S
B -
In 2

\ ~ope af 100 implies a honizontal
Ime e noprice reduction The lower
the decimal value ot the slope the
higher the price reduction rate. For ex-

ample BOO 15 a steeper ftaster price
cdichior rate than 200
In o study we used slopes ol

fearnin g curves it to actual prices to
Relatively boph
with

retiect pricimg stratess
tor S are

tHat Sloper while Toer
consistert with shimming

walues Consistent
penetration
Lalies are
stecper reduction

We examined price-reduction curves
far major military weapons svstems
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F-86D North American
F-89D Northrup

F-86F North American
F-84F Republic
F-100A/C North American
F-1B/C/MF-1C North American
F-102-A General Dynamics
F-101-A/B/C McDonnell Douglas
F-1000 North American
A-4B McDonnell Douglas
B-52G Boeing

F-106A/8 General Dynamics
A-4C McDonnell Douglas
F-1058/D Republic

F-4A/B McOonnell Douglas
P-3A Lockheed

A-6A Gruman

RIM-24B General Dynamics
A-4E McDonnell Douglas
RIM-2E General Dynamics
F-40 McDonnell Douglas
A-7A/B Vought

P-38 Lockheed
RIM-66A General Dynamics
RIM-67A General Dynamics
AIM-TF Raytheon

A-7D Vought

S-3A Lockheed

F-15A McDonnell Douglas
AGM-78D General Dynamics
AH-1§ Bell

AH-1T Bell

F/A-18A McDonnell Douglas
AIM-TM Raytheon
BGM-109 General Dynamics

(aircratt and missiles) acquired by the
Department  of Defense from
1951-1980. Two publications, U.S.
Muditary Aitrcraft Cost Handbook and
Us Military Missile Cost Hand-
book ' provide a wealth of data on
per-unit costs, volume and cost pat-
terns tor most major U.S. aircratt or
missile svstems. Price-reduction slopes

¢ using learning curves (constant dollars)
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are indluded

Handbooks provide data tor
NUMETOLUS WEaPon sVstem programs
which had to pass three tilters to be in-
cluded in the study . First. programs
Bad to run at least 3 vearsan order to
Calndate meaningtul Slopes Second
prosrrams whbere learnimg carves tit to
the ran proice data provided a0 poor
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“fit” were elin.. ted. Since the pur-
pose here is to explain variations in
price-reduction curves, only programs
with well-defined price-reducion slopes
were included. An R? value in excess
of .6 was used as a cutoff for program
inclusion. Third, financial statement

data for the year betore program in-
itiation had to be available without
unreasonable search.

The remaining group consisted ot 35
programs. Project identitiers,  the
manutacturer. the vear ot project in-
itiation and price-reduction slopes tor
the 33 programs are provided in Table
I Slopes around (800 to 900 are com
mon tor complex. high-technologs
products althoueh more oxtrenn
valties are notrare <o the sample tires

wem to be representative of the prod




Return on Assets
Return on Equity
Return on Capital
Profit Margin
Gross Margin

Net Income/Total Assets

Net Income/Stockholders Equity

Net Income/Non-Curr. Liab + Stockholders Equity
Net Income/Sales

Gross Margin/Sales

e LN

Curr. Assets/Curr. Liab.

(Cash + Mkt. Sec. + Acct. Rec.)/Curr. Liab.
Curr. Assets/Total Assets

(Curr. Assets-Curr. Liab.)/Total Assets
Sales/Accounts Receivable

| 6. Current Ratio

7. Quick Ratio

8. Current Asset Ratio
9. Working Capital Ratio
10. Receivables Turnover

11. Deb! Ratio

12. Equity to Debt

13. Curr. Debt Ratio

14. Non-Curr. Debt Ratio
15. Interest Coverage

Total Liab./Total Assets
Stockholders Equity/Total Liabilities
Curr. Liab./Total Assets

Non-Curr. Liab/Total Assets
Operating Income/Interest Expense

16. Asset Turnover

17. Plant Asset Turnover

18. inventory Turnover

19. Working Capital Turnover

Sales/Total Assets

Sales/Plant Equipment

Cost of Goods Sold/Inventory
Sales/(Curr. Assets-Curr. Liab)

Investment/Sales

Investment/(Net Income + Depreciation)
Investment/Total Assets
Investment/Plant & Equipment

20 investment to Saies

21 Invest to Funds

22 Investment to Assets
23 Investment to Plant

e Significant at < .10
e oSignificant at < .05

+ 4+ 44
|
—
o

- — .23

.25
41 oo
.08
0

+ 4+ 4+

Fach ratio swas correlated with price:
slopes [t\pu ted

Financial Ratios and

Correlation Analysis siEns

reduction
assuming ratios are related to pricing
Jratesy in the way we anthiapatedt and

correlations are reported in the right
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related. In spite of the insigniticance of
the other ratios. all except tive have
wpns as predicted. All ratios within the
activityand investment
have the expected cign. All frve ratios
with unexpected signs have Tow cor-
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while all ratios

Soectatoveny hieher correlations tn
Bave the expected sign.
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ratio at a time to a model depending
on which ratio most assists in explain-
iny the variable ot interest. in this case
price-reduction <ope. By selectively in-
tluencing the entry ot variables into the
muodel during the stepwise procedure
a researcher has some control ot the
model that resclts

We mvestizated various models in
A heurstic and aterative tashion, We
were concerned with three qualitative
Factors in constructing the maodel

Parsimony We preterred aomoded

Taties

with feas

Lack of interrelationship between
ratios Hich correlation between paas
ot ratios i model catses cocthioents
o b Tess mcaranyt ol and the maodes to
fose o
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We considered three statistical items
to determine when we had arrived at

4 wood model:

The overall signiticance ot the
maodel F value:.

The signiticance ot individual
ratios in the model t statistics tor ratio

covthicents

the

model adiusted Resquared values

Ihe explanatory power of

best
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What Does Maode! Tell Us? tonal indicators of higuidity Solven-
v measures are designed to retlect the

o Ingeneral the model demonstrates degree o debt in a firm's capital struc-
Cthat pricing strategy > signiticantly ture. The solvency ratio that proved
assoctated with tinandal condition most impnrtant here, the Current Debt
ratio, emphasizes the tirm's current
liabilities only. The activity measure in
the madel, Inventory Turnover, relates
sales volume to a current asset-
’ ) inventory. Even the Investment of

tion ot ratios appears to t‘\Pl_dm atair Funds ratio while designed to indicate
; tmwum ot the variation in price- the level of new investment in long-run
reduction rates. capacity, may capture current aspects

and sugeests that tinancial ratios
avatlable betore manutacture  and
delivery of a new weapons system may
be usetul tor detecting contrator pric-
ing stratepy. A relatively small collec-

. The individual ratios in the model of operations; a high Investment to
P are interesting. As a group they tend Funds ratio can mean a firm is
to involve measures of current assets generating relatively little cash flow
and current liabilities. The Current from current operations relative to the

amount of funds invested in new
capacity. In short, each ratio can be
seen as retlecting some current. rather
than long-term.

aspect ot

tinancial
condition. ¥

ratio compares liquid assets with near-
maturing liabilities. The Receivable
Turnover ratio retlects how

raprdly accounts
are collected.
Both are tradi-

SLOPE = .7745 + .0469 (R1) + .0075 (R2) — .3042 (R3) + .0007 (R4) — .0051 (R5) + .1350 (R6) ‘

R1 + CURRENT RATIO LIQuIDITY 1.08 15 !
R2 + RECEIVABLE TURNOVER Liauioity 1.7 .05
R3 - CURRENT DEBT RATIO SOLVENCY -1.28 1
R4 + INTEREST COVERAGE SOLVENCY 1.98 .03
RS - INVENTORY TURNOVER ACTIVITY -1.11 14
R6 + INVESTMENT TO FUNDS INVESTMENT 3.56 .001
F Value o 5.29
Significance Level .004
R? . .665
Adjusted R? o .539
) J
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Individual ratios in the model can be
viewed in terms ot broader concepts.
The two hguidity ratios and the two
solvenoy ratios collectively are in-
dicators ot risk. The activity and in-
vestment ratios are indicators ot asset
utilization. For these aspects ot tinan-
cial condition the model supports our
predictions: Firms with higher risk im-
mediatelyv betore product introduction
tended to preter the skimming
strategy. Firm. that had signiticant
new investment in were
poorly utilizing existing assets betore
product introduction . tended to preter
penetration.

assets or

We did not tind Protitability ratios
to be signiticant!v related to pricing
strategy atter controlling tor ratios
trom the other categories. Given the
nature of the sample tgovernment con-
tractors: this is. perhaps. not surpris-
ing. Interviews with major detense
contractors? reveal that contractors
tend to have the tollowing goals:

To reduce short-term risk trom
cvelic market activity through invest-
ment in diversitied activities

- To employ properly tinancial and
cquity leverage

To achieve operating ettectiveness
and ctticieney

To manage in an ettective way the
production. resources, and capital to

achieve adequate return on
mnvestment.

Detense contractors have been
characterized as risk adverse protit
satistiers rather than protit max-

imizers.™ The presence ot risk and
utilization  measures in
maodel and the absence ot protitabih-
tv ratios, are consistent with the goals
and character ot detense contractors

asset our

Qur objective has been to provide a
Jdiscussion and evidence concerning the
relationship between tinancial condi-
tien and contractor pricng strategy.
Qur purpose in presenting a model was
‘o document and describe the nature
ot that relationship. Our birdings <ug-
vest that measures of sk and asset
shdizatton are tactors intluenaing con-

fractor pricimy strategy

Ve hope that contractime otticers
program managers or others mvolved
D ACGUISETIONS aChvibes an s g
~rhtanto the Pricing practices of con

PraCtars trom o our andiy s @

s Manaee
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ment. At tirst glance there may seem
to be little ability ot contractors to ex-
ercise a pricing strategy it protit is
negotiated and prices are ties to costs
incurred. Urices may appear to be a
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dards Board (CASB) specitied pro-
cedures to guide the accounting tor
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government. but substantial tlexibili-
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Custs

Even it prices are tied to costs the tlex-
ibility allowed in calculating costs per-
mits Hevibility in setting prices. Stan-
dards tor dealing with the treatment ot
home ottice expenses general and ad-
mMinistrative expenses center
materials  and
depreciable tacihities and materials per-
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proaches in determinimg cost The ac-
ceptable approaches permut tlexvibabity
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Costs Ccost ot

IN ASSIZNING COSES o prowrams within
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taded Statement of Changes in Finan
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Cal Positon data was unavailable tor

Comany tirms particularly those trom
carher vears, Each ot the tour invest-
ment ratios s an attempt to detlate in-
vestment ftor some aspect of birm size

4 We one-tailed
sizmiticance because our hvpotheses
~peaited a directional relationship bet-
ween slopes and ratios.

used tests ot

130 Unadjusted RY always increases
as~ moere ratios are added to a model
A model can be tound that statistical-
hooevplains all variation in price-
reduction slopes simply by including
envush Adjusted RS s
detlated  toallow tor the number ot
ratios in the model.

ratios,

lo We tound several candidates tor
best  model. Models including only
tour or tive ratios actually had higher
Fovalues and adjusted R values
almost as high as the six ratio model
Jiscussed in the paper. In addition all
ratio coetticients in the tour and tive
ratio models were signiticant at .10 or
better. However. the six ratio model
has the highest adjusted R® and in-
cludes all o* the ratios that were im-

portant vartables mnany ot the other
candidate models. It provides a better
basis tor discussion.

17, We conducted a tactor analveis
on the tull set of ratios and except tor
~some overlap between the current ratio
and the current debt ratio, each ot the
<ix ratios in the model is associated
with a distinct individual dimension ot
tinancial condition.

18.
Current Debt ratio with the total Debt
ratio and the Inventory Turnover ratio
with the Asset Turnover ratio were still
In excess ot . 40.

19, Detense Financial and Investrent
Review (LS. Department ot Defense,
June 1985,

20.  Seetor example Kennedy, 1., In-
centive Contracts and Cost Growth,
Report No. BRML-80-5103. (Air Force
Business Research Center, Wright-
Patterson AFB, October 31, 1983) and
Kennedy, I.. “The Appropriate Use of
Incentive Contracts,” 1985 Dro-
ceedings. Federal Acquisition Sym-
posium. Detense System Management
College, Ft. Belvoir. Va., pp. 217-221.
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The U5 Armyv Materiel Commuand
AMC Alexandria. Va celebrated its
25th anniversary August | 1987
Established NMav & 19¢2 and activated
the tollowing August 1 ina sweeping
reorcanization of the Armv. ANC
Became the hirst peacetime major tield
commuand ot the Department ot the
Armyv responsible tor developing and
supplving materiel and logistics tor the
Army

['be ANIC combined Togastios tunc-
Gors ot seven Army Technical Services

and

Dothe assumphion of weapons
conipmert rescarch and development
acaunon and supplv tuncions Thes
Ordnance

Signdag

were the Quartermaster

Fosanvers Surceon General

Coemncal and Transportation Services

e or which dated to the Revaolo

enary Var amd the early dan s ot

Ceneras bFrank s

o e tst commander of more than

I
it

f
1
[

[demin Hewaon

21.000 military and 169,000 civilians
whose mission was to improve the
degree ot excellence in research. main-
tain quality ot thought and creativity.
and apply these where needed.

Todav's AMC is one ot the largest
and most complex commands in the
Army. spending almost halt ot the
tatal U5 Army budget and em-
ploving more than 9 000 military and
113000 civilians world-wide. Tts mis-
sion is to support the soldier in the tield
by managing weapon svstems and
cquipment trom the initial concept
development and tielding through ats
lite cvele to tinal disposal

Dunng the vear the 383th Armv
Band AMC <« Owne will tour the coun
trv celebratimg this silver anmiversary
and the Bicentennial ot the U S Con-
strrution An anniversary exhibat wll
Be <Bonen o Odctober g the e
Ascoctation of the Dnpted States Ay
convention Washimaon Do w

An interesting Procurement Round
Table report has been prepared by one
of its directors, Professor Ralph C.
Nash, Jr.

The report concludes that a totally
new proprietary rights policy embody-
ing tive elements is necessary to pro-
vide the benetits of competition, while
protecting the rights of contractors and
greatly simplitying present regulations
and contract clauses. The elements
follow.

— Establish a single regulation tor use
bv the Department of Defense and the
civilian agencies.

—Separate the proprietary rights
policies covering technical data from
computer programs.

—DPermit contractors to retain com-
mercial rights in innovative work done
on government contracts. At the same
time, this policy must (1) permit the
government to use all technical data
developed on government contracts
tor internal purposes, and (2) require
the contractor to license companies to
use the data in government competi-
tions.

—DPay contractors a rovalty when they
license competitors as compensation
tor the successful completion ot a
developmental eftort.

—Avoid violating the proprietary
rights ot contractors by controlling the
techniques used to obtain competi-
tion. @

The Troop Support Command’s
Belvoir RD&E Center has awarded a
€2 185 000 production contract tor the
Armn ~ new Cleared Tane Narking

Svatem CLANMS which awadl help
vehidle drvers tollow  wate paths
deared throuph mimetields NMounted
on the rear of the lead minetield

Breachung vehide  CEAM dispenses
markers tited with colored tHlags that
g e iy
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Lieutenant Colonel Robert M.

uring the past 3 years the
Army undertook a major ef-
fort to streamline its materiel
acquisition system and pro-
cedures for developing and
documenting materiel requirements. In
this paper, | examine changes in the
materiel requirements documentation
svstem, and conclude these changes
have a positive impact. Since problem
areas remain, recommendations are
made tor turther improvements.

One ot the Department of Defense
Acquisition Program Initiatives
tCarlucci Initiatives) directed defense
agencies to ‘reduce the number ot
DOD directives and eliminate our non-
cost ettective contract requirements. !
Thi< initiative was the Genesis ot the
Acquisition Streamlining Irogram: the
Army has responded and totally revis-
vd material acquisition policies. These
major ¢ hanges were published in Army
Repulation 70-1. Svstem Acquisition
Pohicy and Procedures. dated Nov, 12,
1930 This regulation makes tailoring
ot the traditional acquisition lite-cvdle
moder a standard procedure and in-
toduces the Army Streamlined Ac-
Gursition Process tASATD the primary
streambining tor jow-risk
In conunction with

cormeooof

descepments

Baker, USA

these efforts, General
Richard H. Thompson,
who was Commander
of the U.S. Army
Materiel Command,
established “a goal for all
developmental programs not
to exceed four years-- that is
four vears from a Milestone 1
program go-ahead decision (with
tunds in placelto start of production .
He said the "four vear developmental ,
goal is the heart of a larger overall eftort . 8 F- S\l i
to reduce the entire systems acquisition
process from the traditional 11-15
vears to 7-9 years.’?

Theretore, considerable attention
has been given to requirements
documents supporting the materiel ac-
quisition process. These documents are
the toundation tor any materiel
development: without an appropriate
requirements document a developmen-
tal eftort cannot begin. Quality and
timeliness ot requirements documents
are vital to any ettort to shorten the
acquisition process. In the past. the
cumbersome system tor developing
and statting requirements documents
otten resulted in documents which did
not adequately describe the requested
development orinduded requirements
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which were in a nice-to-have category
or demanded high-risk technology.
Without a reduction in the processing
and approval time tor requirements
documents, it is unlikely that the ac-
quisition cycle's length can be reduced
by 1 vears.

In addition, there are imperatives
which make increasing etticiency of the
requirements process very important.

First. as the required time increases
tor the document to be written and ap-
proved. technology may change
thereby  increasing the chance ot
technological  obsolescence ot the
development. and decreasing the pro-
bability ot deteating the threat,

Second.  the process length
discourages industry and decreases its
commitment to direct independent
research and  development (IR&D
tunds to the project.

m euatonant Colonel Bahker s
diesoorted fo e O3 e of the Divecton

oDy oran Avalueis and Fraluation

(e ot e Secretary of Detene This
Peedt s e b represonts fis e
and dov ot nece wadv retiocr the

,
sl cpny o ot otHier -

Third, the lagging process of docu-
ment approval may make the require-
ment more ditficult to defend in secur-
ing funds from the Office of the
Secretary of Detense and the Congress.

Fourth, the needed system is un-
necessarily delayed.

Finally, there is a great waste of
manpower resources in the staffing and
restafting process which could be more
gainfully employed.’ These tacts and
the need to meet time goals ot
streamlined acquisition dictated an
overhaul ot the Army materiel require-
ments process.

My purpose here is to look at the
Army materiel requirements process as
it existed until early 1986. to examine
reasons tor changing the process, to
look at changes adopted and. finally,
to assess progress in implementing
changes to the system. The changes
adopted are more than cosmetic; they
are substantive and, when tully im-
plemented, should have a major im-
pact on the research and development
and procurement portions ot the Ar-
myv budget. and on the quality ot
equipment provided to U5 <oldiers
tor the next 20 vears.
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Because ot the broad scope ot the re-
quirements process. this paper con-
cerns primarily the materiel re-
quirements documents and statting
and approval procedures tor these
documents: in these areas. auality and
timeliness of the documents are most
attected. To present a manageable
topic herein, training device re-
quirements documents will not be con-
sidered. Because changes in the re-
quirements process are tar-reaching, it
is important that new procedures be
assessed early in the implementation so
that necessary changes can be made
betore pre' iem areas develop.

System Before Revision

The Army materiel acquisition pro-
cess is structured and designed to coor-
dinate ettorts ot agencies to tield an
operational capability in the shortest
time. Responsibilities are generally
split between the combat developer
and the materiel developer. The com-
bat developer. usually the U.S. Army
Training and Doctrine Command
ITRADOC), is responsible tor tor-
mulation ot doctrine. concepts,
organizations, materiel requirements
and objectives. o It represents the user
community in the materiel acquisition
process. The materiel developer, usual-
Iv the U.S. Army Materiel Command.
s responsible tor research develop-
ment and production of a4 svstem in
response to approved requirements.”
We see by these detinitions that the
major plaver in the development ot re-
Gquirements is TRADOC but. in reali-
tv o establishment ot a requirement s
a jomnt ettort of TRADOC and AMC
from concept imtiation  through ap-
proval of the last change. to the last
requirements document tor a svstem

The tor development ot
materiel requirements s the concept
hased requirements svstem (CBRS
which s the process by which doctrine,
training. organization and materiel
Jdeticienaies areadentitied and corrected
through the analvas development and
application ot operational concepts
The CBRS responsibility ot the com
bat developer starts by developimg an

basis

cmbrelly concept of how the Army
win tiehtoan the tuture by analvzing:
msons and reguirements in contet
with protected threats and technolog
Can torecas

. .
Ater ey i che b

i
gl propoments s

o e el
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. :
Tebantty, Focineer Schoor and

Armor Schoolr develop operational
concepts describing how cach service
branch will pertorm its mission within
that concept. These tunctional con-
cepts torm the basis tor each branch
mission area analvsis (INJAAY which is
an analytical ettort describing the
capability ot that branch to execute its
approved concept as a member ot the
combined arms team within the um-
brella concept. From this analytical et-
tort. deticiencies are identitied and are
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analvzed to determine it theyv can be
corrected by developing new doctrine,
training. organizations, materiel or
any combination thereot. Solutions
tavor doctrine, then training. then
organizations and, tinally. materiel
development. This decision hierarchy
ensures the most economical solution.

Atter cach proponent establishes
and prioritizes deticiencies they are tor-
warded to TRADOC to be merged in-
to an Army-wide prioritized list of
deticiencies, the battletield deveiop-
ment plan (BDP The BDP capstone
document tor the MAA process, pro.
vides the basis to tocus schedule and
mteprate TRADOC etfortsm suppornt
ot current and tuture Army massions
Betore carly 1980
deticiencies were one of the primary

these priontized

penerators ob sorence and technoloey
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As mentioned o matenen develop
ment is the least-tavored solution to an
MAA detwdency. Even it a materiel
solution is chosen. a product improve-
ment to an existing svstem or acguisi-
tion ot an  oft-the-shelt non-
developmental item ONDL must be
considered betore deciding on a new
development program.

Using the materiel requirements pro-
cess, which existed until late March
1980, the decision to initiate ¢ new
svstem  started a mind-boggling
documentation process. First, tor all
systems, an operational and organiza-
tional (O&O) plan was required and
was the program initiation document
used to state the purpose of the system:
where, how and by what organization
it would be used: and how it would tit
into the overall torce. It authorized
tund expenditures tor the concept
evaluation phase ot the lite-cvcle
system management model (LCSMM),
phases of which are shown on the
traditional process chart at Figure 1.
The O&O Plan was to contain ten or
tewer pages, was approved by the
Commander, TRADOC, and was pro-
vided to Headquarters, Department ot
the Army (HQDA) for intormation.

It the system was determined to be
DOD major (costs greater than $200
million tor research, development, test
and evaluation or greater than $1
billion in procurement), a justification
for major system new start (IMSNS!
was required. The IMSNS is a three-
page document which must be submit-
ted to the Department of Detense to
obtain approval to start a major
system: it approved by the Secretary
of Detense, it 1s promulgated to the Ar-
myv in the program decision memoran-
dum (PDN issued by the Ottice of the
Secretary ot Detense in response to
that vears Armv program objective
memorandum. The PDN 6 the
authonty for program initiation and
expenditure of tunds tor the concept
exploration phase ot the hite-cvde
svstem manapement model

The Letter of Agreement s the re
quirements document reguired to sup-
port the demonstration and validation
phase o TOSNINT Tt was approved by
ot aereement of the TRADOCU Com
mander and the ANC Corrmander it
the  Advanced Development e 3
catepory ot rescarch development tes
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Jdocument had to be approved by the
Aroam Chiet ot Statt tor
Operations and Plans. There was no

Deputy

limit on pages but 1t was to be kept
to a4 mimmum

T'he required operational capability
Jdocument supported the  tull-scale
development phase ot the LCSMM,
was to be tour poaesin length and ap-
proved by Headqguarters Department
ot the Army. The document's six ma-
JOr anneses  except tor the coordina-
tion annexy were removed betore tor-
wanding to Headquarters, Department
or the Army tor approval,

Mhe letter requirement was a docu-
ment tor low-value items whose RDTE
costs did not exceed Se million per
procurement SI2
mifnen per vears and total costs, RDTE
plas procurement did not exceed 830
mihiion tor the 3-vear program. This
~mple document served the demonstra-
son and  vabidation and  tull-scale
development phases ot the LOSNM
ror aowevalue ttems. The TRADOC
Commander and the ANMC Com-
mander could omtly approve this
docament whose zoal was tour pages.
Noreover similar documents existed
and joint  re-
gurrements and speaal documents ex-
isted tor other categories like the ex-
penimental Oth Motorized  Intantry

Vedr o or Losts

tortrammany devices

I and  Special Operations
}‘\‘ﬂ(‘\
The many tvpes of requirements

documents had contusing and separate
provedural rules approval authorities
and sise godis Using the old svstem,
a mator sestem reguitred as o minimum
an OLO Plan a NSNS an LOA and
a ROC  each with separate suppor-
qns documents and annexes.

inatal writing ot the requirements
ment wdas not g maer problem

.
(R IR
Fheprobivn mvolved the statting pro-
cess each Jocument had o tollow on

~ o tooapproval s Stattime pro-
cedimes are prescnioed by Pamphle
T DARCON TRADOC NMaronn!
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Artiliery Signal
was usually an Army captain or
civilian ot equivalent grade. It was sent
to the Toint Working Group (WG on
a worldwide basis tor review betore
the tirst WG meeting, ot
membership varied but usually indud-
ed TRADOC Headquarters,
TRADOC «chools. TRADOC Ip-
tegrating Centers (Combined Arms,
Logistics and Soldier Supporti, AMC:
the AMC proponent Najor Subor-
dinate Command. Headquarters
Department of the Army: test. apen-
ces: and interested major armyv com-
mands (MACONs) . Atter incorpora-
tion of statting comments, joint work-
ing group and action otticers rewrote
the document based on agreements
and statted the revised letter ot agree-
ment with the Toint Working Group.

Armaor

which

Based on comments, a coordinated
dratt letter of agreement was written.
Otten. a second TWG meeting was re-
quired to concur on major revisions:
the coordinated dratt LOA wa-s tor-
warded simultaneously  through
TRADOC integrating centers  to
TRADOC. MACONI«, and other ser-
vices, and through the proponent ma-
jor subordinate command to ANC--
all with comments tor TRADOC
Headquarters. There the action otticer
trom the Ottice ot the Deputy Chiet of
Statt tor Combat Developments,
TRADOC. statted the document inter-
nally and based on external and inter-
nal statting prepared a tinal dratt LOA
with the TWG chairman. which was
presented to the TRADOC re-
quirements review committee. Next,
the TRADOC action otticer again
revised the document and sent it to the
TRADOC commander tor approval
betore torwarding to AMC Head-
quarters tor statting and authentica-
tron . Atter authentication by the ANC
Commander the TOA was published
by TRADOC  Headguarters
advanced development costs did not
exceed S25 mudbon If 0 3 costs were
more than $25 million the LOA was
torwarded to Headauarters Depanr
mwent ob the Apm torstattinsand ap
sronal by e DOSODPS Once appron
od e document returned o

[RADIOK

Wds
tor pubiication
In the view of Army senter leader

dup rthis process s unnecessanly com

micated Furthermaore ot any step
St e headguarters conld retane
decument tothe propopent schon o
oot Phar aow docamenee were

[he author

crer approved is a tribute to the tenaci-
tv ot action otticers. Yet, it was possi-
ble tor a development with a very-
high-level interest to skip most statt-
ing steps and be approved rapidly.
Documents produced in this manner
however. otten required revision atter
approval, —sometimes at a high cost.
Although time goals were provided (o
months tor an LOA, it was apparent
they could not be met and were not
tracked. Goals became meaningless.
Based on a sampling ot 20 re-
yuirements documents in 1984,
TRADOC estimated tormulation and
coordination ot a requirements docu-
ment took 20-50 months.”

Atter completion. documents often
were not high gquality. Much can be at-
tributed to the process length, inex-
perienced personnel as authors, and
the personnel turnover in TRADOC
combat development positions.

Efforts to Improve the System

It is apparent that the Army materiel
requirements documentation system is
complicated and time consuming, a
tact evident to people working with the
system. No serious change came until
ettorts were initiated to shorten the
materiel acquisition process in
response to the Carlucci Initiatives,
After assuming command ot
TRADOC. General William R,
Richardson made revision ot the re-
quirements process priority. He sensed
Army trustration with the system and
saw the solution as a way ot shorten-
ing the acquisition cycle. ™ He began
an cttort to study the svstem in the
spring. ot 1983 which resulted in a
<tudy by the Army Science Board in
December 1983 Concurrently. senior
otticials at ANC tthen DARCOM:
began ettorts to shorten the acquisition
cvdde and recopnized the impact re-
quirements  documents had on the
svatem. The Commander  General
Donald R Keith o and the Deputy
Commander  tor Rescarch and
General
|
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Encouragement was provided by
Jlames R. Ambrose. Undersecretary of
the Armyv. who telt TRADOC should
lead in developing the revisions, !4 and
by General Maxwell R, Thurman,
Army Vice Chiet ot Statt, who fully
understood the need tor reducing the

stathing  time tor requirements
documents, 4
In September 1984, the Army

Science Buard Report of the Panel on
Processmy Requirements Documents
Stindy was published. This report,
hereatter reterred to as the Trainor
Study. written by Dr. Richard .
Trainor, tound 19 specitic weaknesses
in Army procedures tor processing re-
quirements documents. Dr. Trainor
recommended  resolutions. The
Trainor Study was the tirst published
comprehensive analysis ot the pro-
blems with the requirements process.
Although many ot the resolutions were
not adopted  the study was received
positively by the senior Army leader-
<hip and served as a major input to the
<tbsequent ettorts to revise the pro-
cess. In October 1984, General
Richardson directed his statt to pro-
pose changes to Armyv Regulation 71-9,
Muterie! Objectives  and  Re-
aquirements - Concurrently, General
Thompson directed his statt to ac-
complish a major rewrite ot Army
Regulation 70-1. Susterns Acquasition
Policy and Procedures

The TRADOC Headguarters and
AMC Headquarters saw the need to
ensure regulations were coordinated,
and thev communicated this concern
to Headquarters, Department of the
Army, which was the approval
authority. In February 1985, Major
General Tohn W, Woodmansee, Ir..
Army Assistant Deputy Chiet ot Statt
tor Operations and DPlans, Force
Development, directed his statt to
develop a concept to examine the en-
tire materiel acquisition process to en-
sure all ettorts were coordinated and
that new revisions met Army needs.
Atter discussions in the spring ot 1085
on the proper torum it was decided in
cariv Tune that a 2-3 week study be
conducted by a panel ot colonel-level
representatives of HQDA L TRADOC
AMC  and other Results
woould coordinate Army ettorts and
vovide the basis tor a subsequent -9

ARCNCIeS,

;
otk sk torce representing the Ar
e OSD) coneressional statts and n

all

[y the 2

1
woeek stids

materiel acquisition regulations were
discussed and the need for changes
determined. It was decided that Army
Regulations 70-1 and 71-9 would be
concentrated on, with all supporting
regulations to be integrated with the
two and published as soon as possible.
The 2-week meeting established a con-
sensus on problems with the Army re-
quirements system and established the
basis tor turther rewrite of Army
Regulation 71-9. Specific problem
areas with the requirements process
noted by the study group were as
follows: le

—Initial requirements in the
documents are too rigid and theretore
cannot be met. They need to be writ-
ten as broad bands of performance.

—Requirements documents guidance is
too general and permits too much
discretionary variation. On the other
hand, the documents are generally too
specific and are hardware-oriented
rather than performance-oriented.

—DPolicies on writing and stafting
documents are too vague.

—Requirements are allowed to creep
during develpment, making it ditticult
tor contractors and expensive tor the
government.

—There are too many outdated re-
quirements still active in the svstem
which have not been tunded.

—There is no capability to track
documents during the statting and ap-
proval process.

—There are too many proponents

without an ettective honest broker.
—DPertormance characteristics are
otten overstated resulting in gold
plated” systems.

—MACOM!s do not respond during
coodination ot requirements
documents.

— Cost and schedule drivers are not
addressed during document
development.

There is need tor more senior otticer
invalvement in the carly stages of re
quirements detinition.

Too much supporting documenta
tron s requured  por

Jocuments

requirements

Duplicative requiraments o

Approvar of documents b PO
takes too Tone

- Approval authority is centralized at
a level too high in the Army. Authori-
ty needs to be decentralized.

—There is too much betting on un-
proven technology.

—There is no quick, simple process to
document  low-cost.  low-risk
developments.

— The entire process ot documentation
is too complicated and time-
consuming.

Many weaknesses noted by the
Trainor Study were noted as major
problem areas by the Army study
group. With the toregoing guidance
and tull support ot senior Army leader-
ship, as evidenced by the following
statement by General Thurman in the
fall of 1985, TRADOC began its tinal
rewrite ot Army Regulation 71-9.

In order to work well with in-
dustry we must know enough to
give them good direction, and we
must be contident in demanding
that our standards be met. We
must drive the requirements pro-
cess in revolutionary ways. Qur
requirements statements must be
simple and complete and include
the soldier. This is not impossi-
bie. "

In February 1986, a tinal joint work-
ing group preceded a general otticer
consensus meeting on March 7, 1980,
wherein the revised Army Regulation
71-9 was approved with minor
changes. The regulation was torward-
ed to key agencies March 27, 1980. tor
implementation in dratt torm pending
tinal publication. The regulation has
completed tinal statting and is in the
tinal edit process prior to publication.

Results of the Reform Process

Concurrent with issuing the dratt tor
implementation. TRADOC  Head-
quarters issued a letter ot instruction
dOL Combat Developments Tailor-
ing Process - Management ot Re-
quirements Documents.  and shortly
thereatter a standing operating pro-
codure SO Nanagement of Re-
quirements Documents Within HQ
ITRADOC
interim pardance tor procedures to be
ntlzedin developimyg and statting re
auirrements documents using the new

hese two documents are

AR T pendimg timal revision and
;‘ ! .\K.l::“' "\. t\k“> Tt ‘»I"('l‘: \\\I'\
LoADOC Pamphler 702 scheduled
for 08T Becatse the scope ot ths
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paper s hmnted primanly toore

currements documents the final dratt
e AR T and the TOD and SO on
Processmy requirements  documents

ave been ased as the basis tar repor-

. .
S restds o the refornm process.

Coe kev change in the new AR 71-9
~ rormabication ot the battletield
B as primary
drover of dreettorts of the technology
DSy I‘f'(‘\'l\‘il\;}' \on,\idvrcd g
TRADOC document the B now

deveopment plan

The new regulazion recoanices the
streamlbined acquisition mitiatives in
AR T0-1 and the tact that tailoring ot
the Dite-cvdde svstem management
model SLOSNANE s now the norm
rather than the exception. A chart
~howing the streamlined process com-
pared to the traditional process is at
Fizure 2. In order to meet time lines of
streamlining initiatives the LOI pro-
vides a goal that the required opera-
tional capability be approved within 2

new resulation eliminates the letter re-
quirement and letter of agreement
Jeaving the operational and organiza-
tonal plan and the required opera-
tional  capability as the only re-
quirements documents needed tor a
normal  system  acquisition. This
change simplities the process.

The new operational and organiza-
tional plan is the only requirement tor
the advanced development (0.3
category ot tunding tor all systems ex-

S

vears atter the initiation ot the opera-

tional and organizational plan. The cept DOD major systems and HQDA

designated acquisition programs.
A NSNS is required in addition to the
operational and organizational plan
tor program initiation ot Department
ot Detense major systems. This change
means that the operational and
organizational plan must serve the
tunction previously plaved by the
operational and organizational plan
and the letter ot agreement. This dic-
tates that the document be more detail-
ed. [t is. however. limited by regula-
tion to 10 pages. To avoid excessively
restrictive  detail operational
characteristics are described in broad
bands ot capability: e.g. a capability
is required to deteat a certain degree
of armor protection at X-Y meters.

crovides the basis tor prioritication ot
Aoy research development and ac-
cutsiten CRIDA L programs in the
Depariment o the Army {ong-range
FRROATD . The LRRDAD

Paavear prioriticed RDA
porroand s the starting place tor
: Se RDA portion ot the pro-
sve memorandum  PONDL

P A v AR

The reguired operational capability
is the requirements document tor the
tull-scale development portion ot the
lite-cvcle system management model.
It is required to enter into the
demonstraiion and validation phase ot
the lite-cvele system management
maodel for Department ot Detense ma-
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wr svstems and Headguarters Depart-
ment o1 the Army desgnated acquisi-
ton programs. Provisions are made
ror the tact that information normally
will not be available tor a tall required
coperational capability at that point- it
i~ recornized that the required opera-
sonal capability must be updated and
approved by Headqguarters Depart-
ment ot the Army betore entry into
development. The new
reyalation permits tatloring of required
analvsis to meet new ame lines which
are wodls pot requirements established
in the LOL 20 weeks tor an opera-
tional and organizational plan. and 3o
weeks tor o a required operational
capability,

tull-scale

The revised regulation establishes a
new  document Operational Needs
Statement ¢{ONS: providing an oppor-
tunity tor commands and agencies out-
side the combat and materiel develop-
ment communities to initiate the com-
bat Jdevelopment process by stating a
u~er ~ operational need tor a materiel
soitton o correct a deticiency or im-
prove a capability which impacts upon
mission  accomplishment. Although
not a reguirements document. it will

otten lead to one®

Capstone requirements documents
are recognized and encouraged by the
revised repulation. These operational
and onzanizational plans and required
operational capabilities are prepared
ror tamilies of materiel to encourage
Geirg the ~dme or sImiiar major com-
ponents such as common chassis tor g

1 H 1
LAY o velicles

[Usine the new statting letter ot in-
struction s procedures tor document
Statting are shortened and streamlined
and are charactenized by tront-end
woers and onetme tormal statting
Sert s prepared b the pro-
~tatted inter-
o et rronteend work.
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Lesbstestror comments and con
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e Ao e tormal statthing
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. . Corters [RADOC
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Atter this one-time tormal statt:

A oint working sroup meets and at-
tempts are made to accommaodate
comments and disputes The document
i~ revised based on the jomt workimg
vroup and torvarded trom the schoo!
commandant to ANMC Headguarters
and to TRADOC Headquarters
through inteprating centers tor ap-
proval. The document is reviewed by
the TRADOC RRC. The RRC must in-
clude representation trom the propo-
nent school AMC Headqguarters and
the AMC proponent major subor-
dinate command. Atter the RRC ¢om-
ments are incorporated by the
TRADOC DCSCD action otticer. it
minor: or by the proponent school it
maior. The document is torwarded to
the proper level tor approval.

The change in approval authority is
one major improvement ot the new re-
quirements process. Whereas LOAs
tormerly had to be approved by Head-
quarters, Department ot the Army, tor
all programs with systems advanced
development exceeding 23
million. now all operational and
organizational plans, which replace the
letter ot agreement tor most systems,
can be approved by the TRADOC
Commander. Department ot Detense
major svstems require 4 justitication
for major svstem new stdart to be ap-
proved by the Secretarv ot Detense.
The ROCs tor programs costing less
than S100 million in RDTE and or
S300 million in procurement mayv be
approved by the joint signature ot the
TRADOC Commander, and the ANC
Commander. This approval level in-
cludes most svstems and will shorten
the approval process. The ROCs more
than the $100 million and $500 mullion
limits must be approved by Head-
quarters. Department ot the Army

costs

Another major improvement in the
materiel requirements document pro:
cess is establishment ot the materiel
development  program  review
established by the April 10 [98e SO
and promulgated to TRADOC <choals
by messape. [t requires that each pro
briet the DOSCD

o quarterly basis abow

ponent school
FRADOC
the status of developmental prosrans
Jurimg the review, programs are siven
astatus rating of green amber
by managerial decision, It a program
talle behind s proweared time Do

Ur'rl\i

e gt ob dior e e ey

toaed amber o red The TRATWX
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Hleadquarters recorda these proncots

Catled

Automated

~ystem

anLTonated
NMatere]

Nilestone

Development

Svatem where problem
systemis can be fracked tor intensive

manaiement

chanees present the
possibihity o improvement an o the
materiel requirements document pro-
coss. It they are ettective. major pro-
cess time savings should be realized
and TRADOC should be able to divert
many man-hours to other activities.

The above

Effectiveness of System Reforms

Because retorms are in a dratt stage
and implementation began in late
Narch 1980, tindings of this assess-
ment  of  svstem  retorms are
preliminary. In order to accomplish
the assessment, [ interviewed person-
nel at Headquarters, Department ot
the Army: Headquarters, Training and
Doctrine Command: Headquarters
Army Materiel Command: U.S. Army
Combined Arms Center: U.S. Army
Intantry School; U.S. Army Engincer
School: and U.S. Armyv Air Detense
Artillery School. Initiallv. an attempt
was made to get hard data on whether
projects were meeting the newly
established time goals. Because there
were s0 many exceptional cases and <o
tew projects actually started since in-
troduciion of the new system became
ettective, this course of action was
abandoned as impractical. Findings.
theretore, are not only preliminary but
subjective. Note that schools and in-
tegrating centers other than those in-
terviewed may have had ditterent ex-
periences. In spite ot these shortcoms-
NS, Many items of interest arose
which ~hould be usetul tor making the
new svstem work

On the positive side:

The mmareased approval authority at
levels below HQDA 1 ceen as a major
pain. [t meets the user s need by pet-
ting documents approved more quick-
Ivoand ethicient]y

ear the logram ot
overworked Armn

It serves to
documents at the
Sttt Because ot b e ong deep sttt
on the Army Statt the problem o
moving many documents tor Guick ap-

Now

Carconcentrate on tewer and more o

proval sas ansolyabi the statt

Portant sustents
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[voto act toensure quality docaments
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quirements are chminated

are produced  and

I'he guarteriy mateniel development
program perceived
all
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croduces disapline oo the svstemand
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positive medsure al leveis n
provides pressure co ensure schedules
track
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:
are on Foenorihe review is tinn

tor the proponent the

b
~choois believe 1t s worthwhile, When
the materre! deveiopment automated
muestone sustem s tullv autamated
and provides a direct modem access to
data wather by the

be more usable

outside apenores
TeVIewWs Wi,
Stattine tme s bemae cat. Front-end

<artima time ad the schools s being

rediced Previousv documents went
throuch multiple dodoops ot wniting

startine IWGS and rewrniting betore
e terwarded tor approval. The
that

ore-time statting has o oout

drasticanly

Or the nevative side:

The TRADOC letter of instruction

whieh  provides procedures tor

deveiopinye and processing re-

Guirements documents 1= not universal-
aceepted as an asthortative docu-

mert outside TRADOC

Procedures have been set up to ac-

Celerate the basic document bat not the
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Lime hine goals have been set up but
are probably not achievabie withow:
extraordinary maragement pa:
toularly the requirement to have an
approved  required  operational
capability 2 vears atter operational and
orpanizational plan intiation. Based
on the earlv ook at requirements
documents. times are being shortened
but the 2o-3o-week poals tor opera-
tonal and orpanizational plans and re-
gquired operational capabilities are not
linelv to be met The 2-vear goal for
the required operational capability
depends on completion ot testing and
the subsequent independent evaluation
report and on supporting documenta-
tion being provided in time. This s
unlbikely

- Initial 1oint working groups using
the new system have not worked well
[t has been ditticult to pet substantive
comments  betore the WG and
representatives attending otten did not
have authoritv to comnut their com-
muands the WG position. As a
documents have been returned
with extensive comments atter the pro-
ponent school torwarded the docu-
ment tor approval. The IWGs have
otten been chaired by junior military

having  extensive

not
perienee n materiel acguisition,

to

Tesult

otbicers [

Elimination ot the letter ot agree-
ment requires more detail in the opera-
tonal and orzanizational plan. Schools
tnd st ditticalt o pet detail early in the
Jdevelopment The requirement to pro-
vide test issues and criteria with the
operational and organization plan is
Jditticult because the sysiem has not
been detined Providing issues and
criteria helps detine the svstem but
they mav have to be changed betore
cariy testing

Procedures tor tracking  re-
quirements documents are not tully
developed The materiel development
automated mulestone sostemas not tul-

nterachive to pres dde dhirect access
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Coordination ot the requirements
document wath industry s not being
accomplished = This s suppesed 1o
be accomplished during the one-time
tormal <tatbinge process. This shorte-
coming exists in spite of the tact that
aromt TRADOC-AMC letter of an-
struction reguiring stathing with in-
daustry was pubhshed in NMarch 98¢

A hinal observation outside  the
scope ot this paper concerns the ANC
poal ot a d-vear development. Some
schools note that ANC s unwilling to
take anv risk in development and i~
trving to torce all developments imto
the Army streambined acquisition pro-
gram. This program is tor low-risk
development only and relies on using
pre-planned product improvement to
increase capabilities. Althougk certain-
Iv not a problem awith all ANC <ubor-
dinate commands. some seem to resist
requirements the schools believe are
needed now inorder to avord going in-
to a medium- or higher-rick devel-
opment

Recommendations

The tollowing rece amendations
<hould be viewed in the contest that
revisions to the process are in ther in-
tancy. There are bound to be pro
blems. particularly since implementa:
tion has occurred betore publication ot
tinal regulations and pamphlets In
spite ot this, review ot the process s
healthy. Revisions, dlaritications and
redirections can make the new process
more cttective. In that spamt awoand
recommend that:
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On the average Lovernos

weighs 83 percent Tess. Bnpinecrs

estimate the new povernor wili save
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Feore iy national consensus that
productivity improvement s an
mnportant isste tor the comimy
Jecade: United States induestry
must mmprove output and quah
v tocontinue a leading torce in wordd
commerce. Foar people in wovernment
dhe orequurement to amprove pertorm
ance isoureent toominpne the tas
curden and to provide productivity
1&:1&”\?‘1}’
Productivity Measurement

Orne hallenaing reguirement o1 pro-
fucovay mmprovement programs is to
fesien methods tor measurement ot
The challenge s
partciars Jdithicat when the active-

prodaciiviny changes

suowhose producavity s boing meas-
mtamable  suppor:
racher than a tamabic product or a

Such activaties

LTed prendiees

measurable service
Bereinatter calied sapport actiaties ne
]

Conde ot admenastrative and

coreening organisations  Lhougk

~oppertsaenvites produce tamabie en-
Coas L ceportss drannes and
cecorarda o etren o dithioult e
. cacrarves e producnives

Clanioal

Sen oty e and

OIS

ol G te theds i suppert a

S rrodactiuit measurements
TR N R A S O S A SIS A O :YW\i!
oot oerrcrmance o uding tor
caatte e e s her o reports o
Crootos triearess o e vers man
gt et armonnt ot
T T e e o hred s ot

UNRAVELING
THE

PRODUCTIVITY

Evic E. Anschut:

that while the svstem proposed herein
I~ Jt’\lgnvd toomeasure customer satis-
taction at is in reality measuring the
activity s pertormance agdinst separate
tasks that the activity must accom-
A student s report card s a
It measures student

plish,
simple analogy
pertormance. not teacher satistaction
Costomer~ ramd teachers are brough
into the evaluation process because
thev are at least tor some tasks. best
qualihed to evaluate pertormance To
be ~ure there will be tasks where per-
tormance s a matter ot record and

customer evaluation s not

this category. For commercial activi-
ties protit {ossas such a parameter: tor
public sector activities adherence to
budget and or manpower limits are
tacts ot record needing no customer
evaluation. Indeed. by structuring a
number ot pertormance parameters in
wavs that make them subject tontor-
Mation of teeord cg ratio of pro-
gprams under cost to programs over
costrcustomer satistaction can with-
out undue complication of the process
be one ot a min ot
productivaty per-

tormance

needed  For students
the attendance
record s

ey

indicators.
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vty medsurement system prn;‘u\ui
here bewins with the generally aceepted
premise that cach vrgamezatinal unit

OF SerVe customer's

satistaction poode,

exIsts to suppornt

R adis - Lad Al aha o he e

A second premise s that pertormance measured
i~ the same tor our purpose s pro- ’03 — - == hase
ductvaity a third prenuse pertor

ANt H‘.l;‘r\\\'(’[ll(’ﬂt h.l\ CCONOMIC

i @
value and can be quantitied monetarn- 2 101
by g tourth premise customer satistac- =
. v . . red w Jative I . — -~
qon can be measured with relative ob E 100 = ~

a titth premise g measure-
ron s the e

votivity
ment ob customer satistact
wrar ot oall other pertormance
nents. Butlding on these |
system tor

Medsurer
Propose a Measurement
consideration

The pertorming organication. o
enters intoan intormal avreement with
Customeris about the service it pro
Where possible the
mance contract should contam perton

standards preterably but nat

L
Noanats

pertor

Mane
; |
Necessariy quantitative aainst wohich

pertormiance can subseguentlv be

f
h
i

Lt
Based on the performance contrada

a custemer report cand g sponsor

wistaction andes s nepotiated be

Seeen pertornmime organcational uni
The card

Tooustomer s reporn

99 —
98 —

- R

Base Year
Year 1

Year

Year
2 3

Let us assume that performance is 100 percent in the base year. At year 1.

measured performance rises 2 parcent to 102. so the base rises by 1 percent
to 101. At year 2, measured performance rises 1 percent to 103 (which is 2

percent abave the year 1 base} so the base rises by 1 percent to 102 At year 3.
measured performance drops 4 percent to 99 which is 3 percent less than the
year 2 base the base drops by 1 1/2 percant to 100 5.

—- R
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nhanced timeliness and data

quality . 2netit program

managers when contract per-

tormance reports are submit-

ted via electronic transmis-
sion. A system tor electronic reporting,
Associate Contractor Report Submis-
sion Intertace Subsystem (ARIS), has
been implemented at the Ballistic
Missile Oftice (BMO), Norton Air
Force Base, Calit. Using this system,
contractors can transfer contract per-
tormance data directly to computer
data storage at the BMO. where it is
processed to provide brieting docu-
ments tor contract analysts. The
svstem uses communication protocols
which detect and recover tfrom noise
interterence during transmission: thus,
~tandard vowce-grade telephone lines
can be used Pertormance evaluation
tor contract reports electronically sub-
mitted can be completed about 3 weeks
sooner than tor those submitting hard-
copyvoreports by mail

The  twtonal program control
anaivst reviews calculations ot recent
cost pertormance report data. paving
artention to the contractor s estimate-
2t completion values. Realizing the
ceneral < Brieting is within the hour on
thenternal program othice estimate to
complete the project and the contrac-
worworresponding value the analyet
conders many guestions Why are
rereditterences in the numbers? How

— - —
|
i
|

. . . 5
o reconohe Vallies.

Vhe report shows data to be 30 days
e Atter the contradctor s accounting

o closed 22 davs were piven o
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Lieutenant Colonel Nick Abate, USAF

Robert
Thomas

recognized the problem of timely data
early in the development of the Peace-
keeper program. Contractors require
X" amount of days atter the closeout
ot the accounting month to collect,
analyze and report cost pertormance
values. Mailing several copies ot an
otten 300-page report consumes time
and creates enemies in the corporate
mail room. Automated analvsis ot the
report requires initial loading ot the
data and an error check routine betore
substantive data analyvsis.

In 1983 the BMO Systems Intorma-
ton Directorate set out to develop a
means to electronmically transmit
cost-pertormance report data via or-
dinary telephone lines trom the con-
tractors tacility to the BMOQO
analvas computer Obviously the at-
tempt was to cut out the nuddleman

Cost

Yoosave time and improve accuracy
Fusure | shows data How trom contrac -
tor to the BANO via conventional and
paths Development ot

BAIOY ot sware aad provedures il

Automated

was accomphcbed by othe Saence
Appacations Intercaeral Corpors

e SATC ek e Loder contrace

Sonsegaent et gty do! e

. o
s {‘l'\ IR L‘ul”."\"‘)' ( it a

O R LT RIS RS}

IS TS A T SR TO

L. Litle

Smihula

transmission system. Today. BMO
receives the majority of its contractor
cost-pertormance report data via this
computer-to-computer interface svs-
tem. As a result. the program contro]
team can be readv to brief senior-level
management on cost-pertormance data
within 26 days atter the closeout of the
accounting period. This is a tar cry
trom the atorementioned example.

Requirements for
Automated
Reporting System
Initiating an automated reporting
system should impose minimal burden
on contractors using it. Since cost-
pertormance reporting normally will
be an established activity ot the con-
tractor. using the svstem should not re-
quire extensive moditications of ex-
isting accounting and  management
procedures or require expensive sott-
ware hardware  Transmissions
should be posaible trom perconal-tvpe
computers equipped with modems us-
iny vorce-grade telephone hines The
<svstem should  be o available
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interterence ettects {'noise’) which can
corrupt data transmitted. The system,
therciore, will require a transmission
protocol detecting noise and allowing
tor recovery from its etfects. If the line

" connection is broken before a trans-

mission is complete, recovery pro-
cedures should allow resumption of
transmission without requiring retrans-
mission ot data already received.

It s important that system users
have convenient access to qualified
support personnel who, in turn, have
status-monitoring capabilities allowing
them to respond to queries and suggest
corrective actions. It is particularly im-
portant that these support functions in-
dude test tacilities so that new users of
the system for current users wishing to
test sottware or hardware moditica-
tionst can make test transmissions
without antertering with day-to-day

transmissions

Securnity ot data s a major concern
toor the contractor submitting reports
and the agency receiving them  The
idea ot a telephone link to a computer
sustem supporting sensitive data bases
raises important questions: Could a
CoOmpetitor udin dccess cost and
tunding data? Could data tor a com-
plete program he obtained by a hostile
partyY The svatem should allow only

to

CDECWAY PIOSTAM -t PrORram com-
muricat:or ob data and  shoud
preclude user access o operating

~vstems or data bases

The ARIS System

The electronic transmission system
satisfying these requirements was
developed for report management for
the Peacekeeper ICBM development
program. It now is being applied for
Peacekeeper production, Small [CBM
development, and Advanced Strategic
Missile System development manage-
ment. This system is called ARIS
{Associate Contractor Report Submis-
sion Interface Subsystem) and provides
electronic submission capability for
cost performance reports (CPR) and
contract fund status reports (CFSR).
The ARIS is resident on a Prime 750
computer system which supports the
cost performance analysis and data
subsyvstem (CPADS).

The transmission protocol used by
ARIS is relatively simple but etfective
tor errc - detection and recovery at low
transmission rates. Three techniques
are used.

First. a report is sent as a series of
Short records tess than 250 characters
eacht It an error is detected during the
the reception

transmission

reception ot a record

program anstructs the
program to resend that record. Thus,
1t 18 not necessary to have noise-tree
hine conditions during the time it
would take to transmit the complete
report as one record

j

Secomd vach record s encap

clated e astart sequience precedes
the actial data and an end sequence

tollows 1t noise characters that may

1

accumulate on the hine between trans-
mission of records are discarded unti!
the start-ot-data sequence is detected.

Finally. standard redundancy tech-
niques are used to detect errors caused
by ncise during reception ot the
record. Vertical redundancy (parity!
and longitudinal redundancy checking
are used.

Main program modules and system
data flow are indicated in Figure 2. The
svstem s goal is data transter tor a con-
tract to the CPADS data base tor use
by other systems preparing analvsis
and briefing documents. Auditing and
archiving processes accompany the
passage of a report through the system.

The Receiver

The reception program operates
continuously as a background process
on the host computer. It periodically

|
\
|
|
|
|

'

i
I
|
|
I
I

i

checks the communication line and -
when a carrier signal is detected the

program initiates data reception. The
receiver communicates with the trans-
mission program running on the con-
tractor’s computer by sending one of
three 2-character control sequences.
These respectively instruct the trans-
mission program to send the next
record. to resend the previous (i.e. an
error was detected), or that the receiver
is terminating the transmission ti.e.. a
non-recoverable condition exists, see
Table 11. A log is maintained ot all
control sequences sent and error con-
ditions detected: the data received are
stored in a temporary tile. Typical net
reception rates are 5,000 to 5,500 char-
acters per minute. This is about ten
times the rate at which an expert word
processor can input data.

When a transmission is terminated.
the program verifies the contractor
password, contract number and report
tvpe so that the data can be transter-
red to the proper permanent tile tor
subsequent processing. When this 1<
done, the receiver spawns several
parallel processes and returns to ats
line-monitoring mode. These processes
handle the archiving ot the data as
received produce a hard copyv tor use
by data entrv personnel and initiate
the data verihcation process
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————— DATA BASE UPDATE

The Verifier

rvu\rd

Invalid Character

Parity Error

The successtul termination of a data
transmission means that the report has
been received error-free in the sense
that no loss or spurious introduction
ot data occurred. The verification pro-
gram s task is to analyze the received
data tor content, and to produce a
report showing inconsistencies in data
that must be corrected before being
committed to the data base.

Records in the report contain a
single letter code identifving them by
tvpe. The tirst veritication checks each
record to see it it contains the correct
number ot data tields tor that type ot
and that these are of the cor-

rect data type —text or numeric. Cer-

tain hine items are required tor each
3

record type: the program checks if they
are present. Cost performance data are
typically related by line-item name to
a master work-breakdown structure
(WBS): line-item names are checked to
make sure they agree with the current
WABS for the contract. Finally, checks
are made for numerical consistency.
The output from this module is a hard-
copy exception report.

Ideally, this report will show no ex-
ceptions. Should problems exist. it will
be necessary to modify the data. The
course of action followed will depend
on the severity of the problem. Data
entry personnel are authorized to cor-
rect obvious errors in spelling or punc-
tuation, but substantive moditications

— Line Disconnacted
— Record Loss

— Ten Consecutive Requests
for Retransmission

Invalid character: One not in the allowed AKIS set.

Record loss Successively received records don't have successive numbers.
Parity and Checksum arrors indicate line-noise interference.

\ — Checksum Error

k;\f

LA -~ Time Qut

o Time out 3 seconds of inactivity on the line.
N

s

'.r:)'.

TN

—

1. Program-to-Program Communi-
cation

Data are sent by a progran! running
on the contractor’s computer to a pro-
gram running on the BMO computer.
This means the contractor does not
“log on” to the BMO computer. nor
does the BMO “log on” to the contrac-
tor's computer. Neither computer can
issue commands to the other’s oper-
ating system.

The two programs establish a com- -
munications link solely for data trans-
mission purposes and the receiving .

program accepts data only. With this
scheme, data bases and operating sys-
tems on either end are insulated.
2. One-way Data Transfer

Data received by the ARIS system
are not “echoed” back to the sender.
This means data flow only one way;
trom the contractor to the BMO. The
receiving program sends only instruc-
tions to the transmitting program.

can be made only with the approval of
the program control analyst. If prob-

lems are severe, the analyst will request

the contractor to resubmit the report.
After moditication, the report is sub-

mitted again to the veritication proc-

ess. The report remains in this
maodify verity cvcle until all exceptions
are resolved. and it is ready to be
transterred to the data base.

The veritication program requires
considerable computer resources.
especially pracessing time. For this
reason, it runs as a background proc-
ess so that operators mav proceed to
other tasks while the veritication
proceeds.

Data Base Updater

The ARIS transmissions are received
in rather tree tormat in order to spare
the sender the overhead ot tixed record
and treld lengths Data bases
ever. impose  strict tormatting
quirements on data which 1< trans
terred to them The update program «
tirst task is to retormat the data o

how -
re

CPADS wpeatications The data s
then compatted fo the darg Baee and
icavatlable tor anaivas T e e

istotle g copy or the moditied trans

mission i the archives
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> than general-purpose text editors. availability ot usetul management data '.-"\P..-
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his paper describes the Air

Force Systems Command

{AFSC) tormal long-range plan-

ning process— Vanguard. The

AFSC is responsible tor all
research development, and acquisition
ot all new 1S Air Force weapons
svstems. The AFSC considers long-
range  planning ot critical
importance —more than an academic
exercise. The USAF ability to continue
to contront successtully potential
adversaries possessing numerically
superior torces demands state-of-the-
art quality weapons systems. Because
the cost of research. development. and
acquisition ot new systems is con-
tinually rising while the Air Force
budget is shrinking. decision-makers
are torced to be more selective about
approving requests for tunds. The
AFSC realized that a new approach
needed to gain support for
research and development etforts. A
formal syvstem was adopted that pro-
vides an explicit plan—rooted in
historical tact and concisely presented.

Wwas

Vanguard was initiated in 1978 to
provide a process tor documenting the
using commands’ needs and for focus-
ing research and acquisition activities
in AFSC to satisty those needs. It has
evolved into AFSC's tormal long-range
planning process and a principal in-
strument tor dialogue with Air Force
wartighting organizations.

Vanguard is a highly interactive
process. Development planners at
AFSC product divisions—located
around the United States —work with
Air Force major commands to measure
programmed capability against the
threat. and to identity tuture capabil-
ity shorttalls in the Air Force's mission
areas  Figure . Product division plan-
ners dentity developing technologies
and tuture weapon systems concepts to
meet those needs. The HQ AFSC
development planners integrate prod-
uct division inputs into an overall plan
and 1n turn. review that master plan
with all participants.

Vanguard 18 a threat-based. user-
orented Trequirements pully planning
wwstem Fiscal constraints based on
nistorical expenience and the postu-

L.

Fine s expressed o this article
o Hhoae b the anthory and dooqot
Seth I il prodiow o ot ot

e D erartorennt of Dietesre o the U S

i, rrreri ot

Joe E. Collins

Long-range planning does not deal with
future decisions, but with the futurity of

present decisions.

lated tuture environment are imposed
to develop estimates of tuture tunding
levels. Vanguard helps guide technol-
ogy efforts in Air Force and industry
labortories and identifies alternatives
tor tuture weapon systems that will
meet the future threat.

Vanguard is one part of the complex
ettort to identity tuture Air Force needs
and thereby provide tocus tor research
and development ettorts. It is not an
attempt by AFSC to dictate to the Air
Force which svstems to buv. Neither
is it the “tinal word” to industry on ex-
actlv which systems the Air Force will
buy and when. However, it is the most
intensive and comprehensive look at
the tuture ot which we in AFSC are
aware.

Sub-Mission Plans

Mission area plans. corresponding
to the ten mission areas in which the
Air Force tormulates its budget con-
stitute the core of the AFSC planning
structure {1.e.. strategic ottense
strategic detense. tactical'. The toun-
dations tor the plan< are a series ot sub-
mission plans which provide a greater
degree of detail. Development planners
A AFSC product divistons are respon
sible tor the preparation and
maintenance ot the speatic sub

—Peter Drucker

mission plans in which the divisions
have particular expertise. For plans in-
volving activities closely associated
with more than one product division,
a lead product division is assigned.

The sub-mission plans are based on
requirements detined by the com-
manders and planners ot Air Force
operating commands—in conjunction
with guidance trom the Secretary ot
Detense and Headquarters U.S. Air
Force (Figure 2.

Since the weapon svstems we
develop and acquire end up in the
hands ot operational commands. we
want to start with a tirm appreciation
ot what users’ needs are. We do that
primarily by meeting trequently with
the users. One ot the most publicized
tailures in business has been Ford's
Edsel automobile produced in 1957,
General consensus attributes the tailure
toincorrectly torecasting the potential
market. A case study of the torecasting,
error revealed that the car industry <
market torecasts did not conaider what
the customer wanted rather oniv
what the manutacturers in Detroit had
concluded the customer wanted
Vaneuard's voal i< to understand what
AN

t}‘.\‘\('

products want
and

she users ot
document needs

discuss them with the user

users
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H t
sandand analvtical compuater

1 1
odels recounmized  and

deL';‘it'\f
ronehout the A Force The sub-
prans spotheht ditterences between our
projecied capabalines and tasks that

st beoaccomplished
Product division planners then pro-
Post alternative

\ -y
Svstem sotutions to corred!t cach Jdeti-

Qs weapan
ceney The aiternatives are based on
urine technologies trom both
UsAE laboratories and industry
research. Throughout this phase the
pians are tiscally unconstrained.

Y

Recause noone product division
total mission arca plan.
cact product division s alternative
seiutions are torwarded to HQ AFSC
ror completron ot the Vanguard mis-

~onodrea plans,

AN TUS

Master Plans

.-

Ihe sub-mission plans are con-

~olidated by HQ AFSC planners into
“he Musston area plans. An ottice of
primary responsibility at HQ AFSC s
dassiened tor each ot the mission area
pans. This grouping by mission area

the separate sub-mission
anaivses o cohesive packages that
address total mission needs (Figure 30,

e e
ETAleS

[ans are assembled in a two-step
process First planners propose a can-
20-vear investment program
i~ not tiscally constrained. The
= mased total estimated cost ot the
candrdate weapon svstem acquisition
programs normally exceeds the pro-
wected avatfeble tinancial resources.

in the second «tep. plans are
by deleting some acquisition
programs and delaving the starts tor
to select the investment pro-
cram that will best meet needs within
budget constraints. In
Jevelopimg o Vanguard tiscal con-
~rantowe look back 20 vears at those
cecestment tunds that AFSC executed
ETIR O I'he investment tunding
percent annual  real
vrowctn For Vanguard, then we use |

salored
athers

rediisti

Loser s

averaged 12
percent annuai real growth projected
the tiscal
seroubout the 200 ear persod

budyeted year
[his phoase of the Vangcard process
with  the
operating commands Such coonding-
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ston ensures plans address the highest
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(AMD)
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COMMANDER
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SYSTEM DEPUTY FOR
DEVELOP-
PROGRAM
MENT
OFFICES
PLANS

LABORA-
TORIES

OTHER
ELEMENTS

priority goals, overcome mission area
deticiencies, and deliver the capability
needed to satisfy ftuture mission
requirements,

The HQ AFSC development plan-
ners briet the tinal, constrained mission
area plans to the product divisions to
ensure the plans are accurate.
reasonable, and executable,

Two Types of Planning

Pull. Vanpuard
documents the “requirements pull. It
responds to the using commands pro-
jected requirements by tocusing
Jdevelopment planning on the mot
sertots detiaencies we will encounter
during the next two decades. The s
area plans

Kequiremennts

S1on wrve iwo o broad

Pllrpl LN S

--They provide tor regular and tormal
coordination of needs and potential
alternative solutions between AFSC
and the operating commands.
Operating commands’ requirements
are evaluated in the context ot Detense
Department and Air Statt guidance.
Alternative  svstems to o satisty
operators  needs are analvzed and
comparatively  evaluated  with the
operators. They identity technologies
which must be matured to support
tuture preterred svstems these arv
provided to AFSC laboratories tor use
i developing technolocal investment

strategy
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svstems on
structure

Tesource needs.

I'he Aur Force Svstems Command
I~ committed to executing the most et-
ficient programs possible. One way to
mmprove etticiency Is to o expioit the
leverages available in pre-tull-scale
enaineering development: studies in-
Jicate 83 percent of the total program
cost is locked in during these early ac-
tivities. Early cost estimates and em-
phasis on supportability at the onset ot
program tormulation provide needed
instzht tor decision-makers. Vanguard,
through the examination ot alter-
aatives s one method used by AFSC
tor reduction ot risk and cost. Also.
AFSC s working closely with the Air
Force Logistics Command to incor-
porate logistic considerations up tront
and early on in the system planning
Process,

eleewhere.  One of our most exciting
and promising inthatives Steinbach
aupment  the Belvoir

engding  university
research collaborative
cttorts with our <cientists.

~ard 1~ o
worktorce by
teams  in

The Center estabhished a University

Relations Action Group which has in-
itiated discussions with 17 universities

Presentation ‘

Results ot the Vanguard analvses are
presented in two wavs, brietings and
the Vanguard Plannimg Summuary

report.

An executive-level brieting tor caon
plan is presented to the product divi-
sion commanders. Air Force major
commands. the HQ USAF board struc-
ture. and industry.

The Vanguard Planning Summuary s
produced annually to document the
mission area analvses. It s a com-
prehensive description ot a recom-
mended research and  development
program strategy which represents the
highest potential return on investment
during the next 20 vears The
document is available through the
Detense Technical Intormation Center
Building 3 Cameron Station Va.
2234 m

Reference

Harvwd
Tulv-August 9o

o Marketing Myopia
Business Review
p. 45,

S |

throughout the United States. The
proup s primary task s to relate the
Center ~ technical problems to rescarch
imterests ot established  universay
teams. A Rev feature s emphass on
collaboration calliny tor active par-
treipation by Belvoir <aentists

vraduate <tudents and taculn

members. @
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s weapons systems become
more sottware dependent
WEAPONs sVstem acquisition
managers  are  discovering
muore trequently that they
software  acguisition
This article contains puidance on the
management ot a sottware develop-
ment.

are managers

Management goals of the sottware
development process are to produce
cost-ettective, reliable. moditiable and
maintainable sottware consistent with
error tolerances ot the svstem. The
nature of the sottware development
process provides many opportunities
tor a misdirected management em-
phasis to exceed required goals in one
area at the expense ot another. For ex-
ample. excessive emphasis on sottware
error reduction could result in sottware
that is well below the error tolerances
ot the svstem but has an excessive
development cost and schedule. In
other cases. the emphasis could be on
minimization of development cost and
result in sottware that is ditticult to
maintain during the lite ot the system.
This article addresses sottware
development methodologies, manage-
ment issues, risk management, and
sources of assistance tor achieving the
desired sottware acquisition goals.

Software Development
Methodologies

There are many sottware develop-
ment methodologies and, as sottware
development  technology
more methodologies are hikely to ap
pear The contractor s choice of sott
ware  development methodology
depends on varnous tactors
methodologies work better with cer-
tain tvpes ot apphaations: others work
better sith certam languages The con
tractor s experience woth the partioclae

evolves,

Some

application orsth simtdar apphications
can mtluence the choce of develop

ment methodology Whille malitary

CQUISITION
MANAGEMENT

W. Morrison USNR

Licutenant Commander R

sottware development standards
generally are designed around “top-
down development. this is clearly not
the best choice in all applications and
environments. In general. the procur-
ing agency should strive not to
prescribe a specitic methodology to the
contractor. but should evaluate the
methodology proposed by the contrac-
tor to ensure it 1s an eftfective, umitorm

and disciplined approach to sottware
development resulting in sottware that
is easily supported and maintained.
Whichever sottware methodology is
chosen. there must be a consistent

systematic. and structured approach to
deal with each sottware development
activity requirements analvsis, design.
code. integrate, and test. The
methodology must be documented and
procedures must be tollowed.

All well-structured  development
methodologies  will include <everal
phases ot development. The six phases

Lo

Hloouoel
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e any
svstert deve,opment Le tor a vanies
Tt redsors nev, sottware can be
developed danne anv phase ot o
Wt svstem Jte (}'(:t’ Also tor
VaTous prowram oreasons suchoas
L Lred recurrements dunng develop-
mert or omausion ot alreads
developed sornware as part ot a new

Jdeveiopment some phases can be ab-

Breviated or non-exastent tor portions
ot e sottware Likewise. not all por-
“ons o sottware development need be
e same development phase at the
~arre time. Despite the need tor tlexs
ity oin the phasing of sottware
Jevelopment each phase must be
piarned and managed to ensure that
Basie ~ottware and any modibications
recuired fotne basic sottware are ad

) .
dressed svstematicany

Management lssues in Software
Development

There are tour tundamental manage-
ment sstes to be addressed in the early
age~ ot sottware  development.
Cieneraliv they are addressed in any
contractor s proposal. but must be
managed and monstored continually to
ensure satistactory solutions Inmany
Cases  these are the same issues a
manager would encounter in any ad
Guisrtor task o in other cases the issue
i~ mpecitic to the tact that the develop:
ment s sottware

The Hirst gssue covers resource
avatlabily and organization. Not only
must the contractor s assets be
mopitored o ensure avalability ot the
proper skl and experience level to per
torm the development successtully but

I I I L

Chesoebta e g s 1T s
COSLTC T et Al st s
OO Ty B, AT
statts ar the deve,opment Baie prepe,

!
ASSEIS O eV LATE PIexTess e L tes

The personnes and Pardware assets 1o
contractor and the wovernmen? sop
pPort ondaniZations must he muonitored
continually during sottware deveinp
ment tooensure that asset constramts
are ot causiny aJe-emphasis ot some
risk-reducing activities suck as despen
reviein s

I'he next issee addressed s the ade:
quacy and achrevability ot the
Jdevelopment schedule and milestones
NMilestones must be  gquantitative
mveasurable events trom which
reasonable estimates ot the develop-
ment progress can be ascertained The
~chedule must provide suthicent tme
tor the contractor to pertorm develop-
ment tasks but it also must ensure that
the wovernment has sutticent time to
pertorm gts required tunctions such as
review documents or evaluate designs
The contract schedule must avoird in-
advertent costly resource Hluctuations
at contractor or government support
organizations through arbitrary com-
pression ot development phases or
delayvs between development phases

The third issue involves data rights
and documentation requirements ot
the sottware In situations where com-
mercially developed sottware i used
ds d partion ot a svstem data thh
and documentation available tor pur-
chase by the government can vary by
component within the total software
package This rapidly can become g
complex issue as the acquisition
Mmanager tries to o ensure  that the
government acquires needs to perform
the mission during the Lite ot the
system. This can result in increased ac-
uisition costs rpaving tor data rl):ht\
to commercal development or paving
tor customized developmenton order

to reduce Titecvdle costs tproviding

.




AP Tar edsy sourte code Lpdates

o oche ruture

Since the pun?mw ot
data nebie can be costhy g proper
Tec PG assessment must be made
adintied personnel regarding what
needed based on g
realistic dssessment ot the amount ot

data s are

sottware mamtenance and moditica
sion expected during the hite ot the

system

The rourth issue s establishment ot
sottware quality evaluation anitena
Few problems can disrupt a sottware
Jdevelopment program like a Jdiscon-
nect between the procunng agency or
s support organizations. and the con-
tractor developing sottware concerning
evaltation criteria tor su cesstul pass-
iy ot a program milestone. These
disagreements could concern adequacy
ot preliminary documentation submit-
tais  developmental tests to be con-
ducted on sottware. or ditterences in
rreterences tor coding standards or
software development practices. When
disagreements occur. the procuring
aenoy must evaluate their signiticance
and substance in terms ot program im-
Does the disagreement retlect
oniv personal preterences ot the par-
tcipants? There are wayvs to develop
sottware  and usually a variety ot
Aavs toonterpret data item descrip-
dons Or does the disagreement retlect
risk to the program in the quality and
completeness ot the sottware being
developed? Notan easy determination

pact

this otten Causes things to be  tixed
that were not broken  a surprise to
the contractor which can divert

resourees trom the real task resulting
o ~chedute shppages and cost over-
runs Sometimes disagreements can be
avorded it portions ot early design
reviews and progress meetings are
‘tuny apreement ot the
parties on templates rormats and ex
and test

t
dedicated tooge

1
amples ot documents code

Drocedures

Software Standards and Data Items

Nhnrare standards can be acguise
o ands o the huver and seller o
tare ;m-\f';z o wervices For the
coer g <tandards ddentity e

, ;
Gooremertoapnyang to the product or

wrnne bor the bover mualtary stan

represent  an o accessihie
anerabie package of reguirements to
U "
L AL BN S R A N
,

eroto ensure a gqua-
i

e ;'T\‘\i'.x’ Beo g o the dittereny

copes ot sottaoare deveopment tor dit
Yerert appacations care miast beever
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COSSATV Teguizemients can st o anrt oy
INCTEdse e cost or sottnare deveiop
ment without tangble benetr tothy
Department ot Derense NOltary stan
Jards must be tadored tor the \f\‘\v‘nv;'

ment to Avoid WSt L Ttet
sources of the wedapon svsien o,

tion  This is D08 an easy Lase

Acquisition managers are suppurted
by specialists in vach area of expertise
Jogistics. documentation, testing
tinancial management. contracting
who mayv not have the larger view ot
program needs. Too often. when an
acquisition manager attempts to tailor
out a redundant military <tandard re-
Guirement trom  the program  a
speaialist involved mav perceve this as
an attack on his speaalty i general
[hic results 1n an overwhelming
resistance to the deletion ot the require-
ment in question. causing the acquise-
flan mandger dot to remosve the re-
The result 15 that malitary
~eldom  are

quirement
adequately
tarfored tor anv particahar sottware

“tandards

dcquiasition

DOD-STD-21e7. This standard i< the
cornerstone of the current software
~tandardization ettort in the Depart
ment ot Detense [t
quirements tor
NMicsion - Critical
MOCS

quirements that can be apphed to vy

vontains 1
the development ot
Computer System
software [t contains 1

. ;
tuatly all tepes of sottware deveiop
i Y Contanan ot e 1

k{l]”(‘f“l‘“r\ oDt s e e 1 \i'\l.,'l

H T
ments than wonid peneralic be peces

SOt Te
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Mment Soemibieant ettort must beoes
pended Py contracting apencies toaen
“ure that they talor our Gnnecessar
requirements of the standard Somu
~tccess has been reahived oo this arca
by using combined zovernment indus
try working groups to set puidehines
tor the tatloring of MIL-STD- 2107 ton
spedihic types of sottware develop

ment

MIL-STD-1521. This standard pre-
scribes requirements tor conduct ot
technical reviews and audits on
svstems equipment. and  computer
sottware. Again in trving to be all
things to all programs this standard
requires tailoring tor anv particular ac-
quisition. For sottware  acquisition
there 1s room tor interpretation in the
requirements ot this standard. Addi-
tional specitics generally need to he
added to dlarity regquirements tor a
particuliar  sottware development
those avarding independent interpreta-
tions and misunderstandings between
contracting  agency and
regarding what s reguired  and

contractor

expected

MIL-STD-490. This standard estab-
lishes unitorm practices tor specttica
tion preparation. Sotware acguisition
managers must evaluate the ievel ot
spectbication

reaurred  rtor thern

programs

MIL-STD-483. [ his ~tandard entab
lishes unitorm contnouration manage
men! that

Cadiored tor o oane spes i

reguirements mus' be
St e
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TR parpeses  oensure contractor
< s o apprepriate progress on the
sortcaaredevelopment and s maimtam-
moovost sobedule contron 2 ensure
Drereretanion of techmcal pertormance
ceanorements by osortware developer
AT corsistent ot onterpretation in-
orced ouoprocunm ey and 3
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S sorare so that it can be main-
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Pt tor eyl Latal submztted data

Ths o esecnan those tor evaluating

TR St anmanoe o Te
Sorrrenanion [ there s no one
g submitted tem properiy
C e Pecessary em to begimwath

i bas g semiticant nisk

Oree The =obhware  acguisition

ardager denines intormation re-

GLITEmMeNis necessary tor sottware
development there s otten an oppor-
TLeity ror cost savings 1in the acquise
Cost savings can be realized by
authorisre vendor tormat tor sub-
This allows the
contractor foosubmit intormation in

e
miesion of data tems

wWhatever tormat in use tor manage
~ent o the contract without having
ro retormat data to speatic data item
Benetits ot using  this
technigue must be evaluated however

description

axainst the additionai review process
‘har mav be required by the procuning
auency o yiean intormation desired
an untamiliar tormat.

Troam

Risk Management in Software

Development

[Fere are four basic tvpes ot risk in

e development of sottware

meet re
Gguirements. Basic requirements tor the
pertormance of the svstem must be
rranclated into g sottware speditica
sior This speatication must then be
sranslated into operating computer
code Bach ot these translations pro
Cides siniticant communications Jit

LoSottware does not

tonlties in that termimolosies used by

‘he persons that wdentity requirements

w
RESTZ AN LY SR

are probablv not dearly anderstood by
persons who wrnite computer code and
mvoived e
into d

View Persons
translating the requirements
sothware specitication must be sutt
tamiliar opera
tional requirements and with the pro
cess of developing and executing <oty -
ware to ensure there are no signiticant
communication ditticulties in this pro.
cess. rogram managers must ensure
there are suthicent technical reviews
dunoe sottware development tor earlv
wdentitication and correction of com
munication ditticulties

Versd

centiy with sustem

2 Cost Schedule overruns
mon in sottware development occur
due to the innate ditticulty in <ottware
development of accurately measuning
work accomplished and estimating
work remaining Measuring progross
in ~ottware development s analogous

COny-

Lo measuring progress in a ,Lulr Mdmue
On a 300-vard hole. the tirst drive s
230 vards The second shot arnives on
the wreen IS this hole 2 3 complete
halt complete or are tour putts n

maininge” In sottware development
15 at least this hard to estimate pro
press Manyv measures of progress tsed
i the past such as number ot hines oy
timished o number ot lines

estimated tor the total svatems have

4 (‘(i('

proved to be ansiccesstulin estimat o,
the actual amount of swork remaming

i asottware development The mose

saceesstul techmgues Gaed o measae
iy, progress have mvolved the analysis
of sottware documentation sebmittals

a~ data tems durmg the development
CAL 1('

sottware Bas g bienher
Ihis

Swhen sottware

Vo Resuiting
than t'\}’('\[(‘\i fite cvele con
SHUALON CAN arise ey
development
quirements and s pertormed wathin

[his s

Getallv a manttestation ot deticiencies

Meets  svstem  re-

costand schedule constramts
oothe sottware deveropment process
Because softwvare i~ essentiallv a retles
Hon of a sottware engineer s thougeh:
processan oredting a ~olution toa pro
blem 1t possibie that atter sotthware
i deveioped wall be ditticalt o im
possible tor another person to recon
struct this thought process to maodin
mamtain or correct the resuItIng com-

puter code s This otten s Gaused In
vither 1rnnit'u.jt;.1tv constramts on sot!
WAt CNRINeCrs OF programmersn the
st of tedhnigues tor manitesting o
computer code

thoupht process in

codimg ~standards or by inadeguate
Note that

coud codime standands and practices

sottware Jdocumentation

are more important i reduang hite
cvde costs than excessive documenta
on s casier to maintain good  weli-
Structured minimal
tation than to mamtain bad

code  with

documen
i

code with preat documentation

4 Insuttioent baseline control

which can ndiude evalving re

quirements and changes o techmical
data durime sortware development can
bave impadcts permeating the sottware

development Intertaces desiened

docamentated and reviewed can be

champeed drasticaliv oy things that ap

pear on the surtace o have neelo-

Ble trpact Sometimes changed e

coorements cananvalndate the selected
cottsate development methodoioge

A oo umstances Change

deveiopmert program the sotiwan

Ao nIsEhon Mmanaer constantiy mast
Senvare of the impact on the program

cormcne Chamees When g program

. B t
Charpe attects ook accompiished and

cooapproved o prevoas maon

Tlestonies oo g Jdesip o Tevaews

Ao D moddibioations can have

coriots prowran epact oo sach

Changes onte the o sottaare wrthout
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allowamy schedaie me teramncorpora
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as required or pertorms ditterentin
thanevpected [t can morease are-cvede
costs when documentation delivered
carn 10 the propram does pot retlect

sottwdre deinered later

Note that unless the sortware ac-
Guisition manager s tamiiar with the
speoit type ot sottware development
bherng managed 1t s usualiv impossi-
bic to assess accurately the tour risk
catepories Expert assistance must be
acguired either through speaitic addr
son o the acguisition manager s im-
rediate statt or byousing g support

crrarization

Sources of Assistance

a0 I PeS OF JOVeTNINe T DnlanNAd -
oeare avanabic e provide
s STarie e sePhware doguisttion

saraeens dependime wpon therr needs
Tres are e detense coliepes and the
Cortract Admimistration Service
CAS e detense colieees Dihe the
Naval Dosteraduate Schood or the De-
ren~e Systems Management College

.
e

v e research resources available
At e vestprating speciiic sothware
development Guestions. They have
daesiated imoestimating the size of sott-
ware priviects and evaluating sottware
development methodologies There are
coveran CAS organizations. AFPRO
ArroForce ARMPRO D Armyvo,
DCASNMA DCASPRO Detense
Fooistic Agencv: and NAVPRO
Navye. Thev can provide assistance to
~attwvare acguisition managers through
out the iite cycle of a sottware system.
The CAS mission normally starts atter
the award ot a contract but. as part ot
1ty stated mission. can pertorm pre-
award survevs of prospective otterors
This nelps the procuring agency ensure
these otterors are capable of meeting
~ubsequent contractual  obligations
[he pre-award survey evaluates ot-
terors management and techmical ex-
pertise. hinancial posture. and reviews
thetrr records ot pertformances. The
CASinvalvement atter contract awardd
centers around ite surverllance and
evaluation of the contractors com-
prance with the terms and conditions

Pt
CAS oo e

TOlseTie e leve
LN - ot oy t t LR PO S
soanitooanty Ple procuning apenes

Shodd review avalable CAS Capaty

s W hen endasaating eptions

[roaddiros the nrocanng aeeron

Can Lseodnother contractar to overset

the contractor Jeseoopory the sott-

ware  This Gan beoan indepen

; RN
vabidation and ventioation IV
contract or other types ot sLpport con

tract This approact has resks but mas

{

constitute the onlv source ot \;\A‘IJ:?:Q'\A

rechnicas assistanoe o the sortawarne w
Giisition manager Riske o be anan
ot and managed inchude

Ensure the reviewer o~ actuans
providing qualitied personnel to per
torm an appropriate technicdar reviess
ot the speaitic type of sottware under
development It s not tnknown for
contractors toouse the review ot
another program as o traming ground
tor therr personnel Ttas not unknown
tor a contractor fo tse these reviesw
activities as a povernment tunded
training propram to obtain insght e
to the technigues emploved by other
contractors to establish a competinve
edge in a tield

— Ensure that objections and com-
ments raised by the reviewing contrac:
tor iInvolve substantive issues actualin
retlecting risk to the program rather
than another agenda ot the reviessing
contractor such as ensuring tollow-on
work or making a name in the tield ot
Sotware review.

With this in mund  using Guaittied
contractor support can be a cost-
ctteciive management too! i the ac-

guisition ot good sottware m
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