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Executiv ummary

There has been an increasing emphasis placed on risk

“ajor Defense 3ystems, has directed that meaningful rela-
tioncshins b reer Need ITPEeNAV 1sks and wortan be es
tionships between need, urgency, risks and worth be es-

eariy as the conceptual phase of & progra

3ervice is to conduct a risk assessment te-

fore appearing at DSARC. DOD representatives at DSARC are
looking for evidence that program risks have been identi-

£ 3 vy F
fled and that z2ppropriate action is v

lution, To obtain a risk assessment, the individual Service

goes through a process of estimating or subjectively determ-

ining the probability that a specific interplay of perform
ance, schedule, and cost will not be obtained along the

planned course of action. Although these types of qualifi

J 2

"engineering judsment" analyces are creditable, the kind o
risk analysie presented in this case study will form the
bacis for a quantified type of analysis.

'he case study is based on an actual risk/decision
analysis performed by the Army's LANCE Project Office at
Redstone Arsenal, Alabama. The methodology developed for
that study was successful in 1ldentifying a program option
for each production buy that would accomplish the program

ob)

®

ctives, The met? logy embodies the concept that the

analyst should be able to use "fact" documents (present

11
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ne aber Misslle Case tudy
' r ) " o o - . ~ £ " + vy 1 ~
As Col. Gi1 Gruff left the conference room, the word
, o o~ s ) e f £ A . ~ Y f ~ s 5 wranton ) wr
f General Snuff (I for the Saber Missile 3ystem) wer

2t111 ringing in his ears. "This program has reached a

oint in its life cyecle where it should be ready for pro-
juction. With DSARC III only two months away (Sept. 1, 1973)
there are stilll some requirements that have not been met

n thi ystenm. here has to be some way of ldentifyins

the risks involved before entering producticu. Ve t be
able to recommend some valld approach to the production
phase at DSARC." As deputy program manager, Col. Gruff

nad been directed to consider the use of risk analysis as

2 management tool in arriving at a viable option for the
production phase.

aber 1 highly mobile, surface-to-surface, ballistic

issile system which will provide a nuclear and non-nuclear
capablllity in general support of Army forces. The Army
plans for the Saber to replace the Navigator Mlsslle Systen,
which has been deployed for ten years. The tarcet for

overseas deployment (0SD) of Saber is Sept. 1, 1974. The

nitial guldance system has been speclally designed to

This paper represents the views, conclusions and recomnend-
ations of tne writer and does not necessarily reflect the
official opinion of the Defense Systems Management School
nor the Department of Defense.

h
Developed by Leslie P. Crawford,
LCDR, US Navy, PMC 73-1.
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rive Saber 2 high degree of accuracy.
>aber has been in development for four years and has
completed only the enginecvr-ing tests. Performance was

found to be less than required in two areas:

& =) ; 1 Rk s 3
Achieved iequired
e el L TN
T ¥ -~ + . ~r ) ’ }i N . =
In-f1igh eliability (vrob) JELA/ shets) )
B {yr& \ = 1 N
ACCUreac] B 8 8 1 o5 .
ther t characteristic e:
{17419 s e ) T ANA
pot LS - - A a0 -l
T2 oo f v =5l e * 1
yelght (mlssile + vehlcle;
1-,‘.,\ " " ~O A
1bs) 10,0
T 2 Y %3 B ~ — 2339 . ) N3 ~ ~ 2]
Launch vehicle Cross country mnoblle, aruored,
i A 2 ] -
amphl blous vehicle
i ‘. p avoetomo ~ * 14 W o =
The number of systems required to counter the projected
. YV p - AAT e A . % . S s o sl I ) o
threat are 5,000 Saber missiles with warheads, =z2nd 1 launc

2hicles., The 3Saber requires only 5,000 troops for support

eld whereas the Navigator System requlres 10,000

Present Situation

Col. Gruff had access to the development documents
for the Yavigator System, so he began to analyze soune of
the data involved as well as the declslions made on that
program, There was no indicatlion that a risk analysis had
been performed prior to entering the Production Phase. But

the system had been in the fileld for a long time and the

pervalling political climate at the time i1t was developed
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lowed the incurrence of conciderasble expense to insure
that performance was ontimized. 00l. Gruff knew that time
had changed. The dollars were limited and no rrogram would
rass D3ARC without the service havine paild considerable
attenti te the risks involved - risks in cost, Le,
~v nwEAVvmana ~1ve 11 an ovial ved ST T 1 ok 1 r R el & ¢
G Y < iy o yeis ¢ the ri i I
re would ani fest 1tself in the ldentification of several
cntiox v anagement could consider before proceeding.
About that time, Col. Gruff received a call fr Dol .
3V € who w ic rogra lement Monltor in the entaron.
Jol . Ava related several of his impressi of 3D man-
agement, since he had sat in on several of the DSARC sessio:
recently. Apparently there was wide usapge being made of
risk analysis in determining whether a program was ready to
roceed into the next phase, iavage indicated that there
frerTe 8 &« '“1' Qf 100 of ¢ ran anasers whno I"H (‘.e""'”‘“ ‘Zl“ff‘
rogra qulte successfully in thls area; Col. Harvey Cozl,
and Col. Curly
. Later on that day Col. Gruff decided to call the pro-
|
rem managers that Savage had mentioned and invite t ove
[ for a chit-chat on risk analysis. Col. Coal, the program

manager for the Snafu Misslle System, Just happened to be
‘ availeble that very afternoon, His program office was at
Redstone Arsenal, but he was in town as a puest lecturer at
American University on decislon analysis. In the conversa-

‘ tione that followed in Col. Gruff's office, Col. Coal
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exrlained how he had use risk/decision analvsie in hi
ow o am. nafu wa y surfece-to-surface mlissile te
employing fluild 11dance with a mid-course programmed flig:
profile and lacser terminal homing (maximum rance 3 iles)
Col. Coal had acquired the program ag y nine ontl
fore it was d to enter production. Based on englneer-
ing tests whict Just been coumpleted, he immediatel;
initiated a2 risk anal 1 tudy to determine what sction n
1 ta concerniy the production decision. Tigure 1
shows the cision tree that Col. Coal develouved in order
t raphical lepict the thre otions considered:
ption 1
tart production right away.
ption L1
Valt one year to start production and continue
for six more months.
Option II]
valt twc ears before starting production.
Tnere were two suboptions avallable for each of the
ontions:
Suboption A. Accept the performance of the produced
item 1f verformance was within reasonable bounds.
easonable bounds in this program were considered to
be as low as €5 per cent reliebility and 1.5 mils CEF;

however, 1f the performance was within these limits

but below the specifled values

4

(.75 reliability and
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. issile (includir warhead) procurement
CO&8ls.
B inch vehicle costs.
. tetrofit costs. It is assumed that retro-
vl ~'J-l~\ '(rl\‘/c" "“‘t. v.!“/rv., i ‘:
iuired wvalues, but at the risk of in-
creased cost and time.
ime Groun 1les:
Sl ok o £
i ominal task completion times are used and
are addi tive,
5 The expected time to start retrofit is one
year from the decision date. The cause of
low performance will be known, and the im-
proved performance 1s expected io be demon-
trated by that time.
, " etrofit tirze includes redesien time, test

time, remanufecture time and retrofit time.
Items 1 through 3 immediately above cause schedule slippage

end are referred t The time generators
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ived at usling known facts., If facts are not avallable
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t estimates from experts in engineering, programming, end
scheduling must be used. The estimates are to be as re-

elistic as possible (tolerances should be indicated as well

A

probablilities of occurrence), and the various options

treated consistently. Various technlques are avallable
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for soliciting and evaluating expert opinlon.
col. Gruff realized that he would have to be very
careful in the assienment of his pecovle in order to do a
imilar study on Snafu, e would need people knowledgabl
in the areas of syste essment, cost accounting and
estimating, end scheduling.
“Did yo ake your decision given only the riskx analy-
' sis data?" asked Col. Gruff.
"No, because those values do not provide any direct
(
assistance in choosing the most attractive option," replied
‘ Col, Coal. "A decision analysis was then performed in order

to transpose the expected values for all the parameters tc
a ccmmon base, The bsse that i1s best undercstood is the
"

dollar base, and that's the one we used,

Col. Gruff found that one approach was based on a single

computation of dollar costs using the expected values in

Figure 1 and trade-off criteria (or figures of merit) in
order to equate risk to cost. Crit

ria such as the follow-

(0]

ing were used for Snafu: (Table 2 shows overall expected

I l. The time cost 1s the difference between main-
taining the Shamrock/Conqueror Systems in the

i field, and maintaining the Snafu - multiplied
by the months difference in deploying 3nafu for
the different options (21 months 1s the schedule

. goal).

11
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Instructor XNote:
is 1s a menagement tool, seful in present-
1tives to decision makers in such a way that
tive alternative 1s apparent. Risk analysi
of as identifyir the ris of exceedi
esholds of cost, schedule, and technical
J } is often thought of in quali tative
an be quantitative {lowever, the worth of
is 1s judrged vrimarily by how well the reader
. This means that the figures used must be

rder for the reader to place any measure of

he analyslis. Documentaticn could be satis-
ieveloped derivation of a 1antity.
{si nalysis, some & = have to be
] te of cost, time, and performance. Cn
tant a anp tic addresses the interrela-
¢ elements in & risk anelysis; 1.e., increas-
nance can be obtalned given enough time end
.
' 1

o's and 2 are the solutions to the risk

lecision analysis, respectively, for the
en, The probabilities of achieving the
of the parametere for each of the option

ed somewhat subjective based on how the




tudent intervrets the talls of the distributions., Att
t No. 10ws the solution ing t ect ra)l
i W snd +h T et o tne t) ! notn ~
ich and th lutio > ’ Y
the additional informatio ( {imum and nqini

- 1 \ £ the dre Ioh! alon tre e RoRe R ol i tni " :"_r/ 1 1

d roars personnel could be different. For insta

ntion II could well be selected ve: tion III 10
there 1s an opportunity to bring the rogran in at a lo

T,

a chedule risk involv the identif fion and quant
cation of si ficant schedule contributor vhi could
extend tn program and result in delayin the 0SD date,

he followings 1tems contrlibute to schedul w14

a, | ring time for all hardware 1items.

by time and need for retrofit of D SE
items determined to be major contributors to
technical risk.

(2) anufacturing time for retrofit parts,
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. OQOverseas surface shipment time for hardware.
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