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Ai~STRACT

4

This study evaluates the proposed Spares A L Location Mode l for determinin g

shipboard supply requirements for supportiri~i the AEGIS Weapon System . Included

in this evaluat i on were: (P a detailed comparison of the proposed mode l

with several alternative models; (.‘) a sens i tivit y anaL~ sis of two data eLe-

ments required h~ the proposed model; (~
) an examination of theor etic a l

dif ferences between the proposed model and a conceptua lly s imi l ar mode l (Black

& Proschan); and ~~ an examin ation ~t the ADP (Automatic Data Processiri g~

regui rements for the proposed model. Mode L compari sons we re made in terms of

range of i tems s t o cked , investment , e f f e c t i v e n e s s , and range movement. His-

t o r i ca l  usage data were used in measuring e f f ec t i veness .  The study indicated

the proposed Spares A l l oca ti on Model and the Black & Proschan Model would

give significant improvement in support over the other a l te rnat  iv e s . However ,

these two model s produced si g nific a nt lv larger ranges than the alternatives

• and, at hi gh s y s t e m  p ro tec t  ion levels , requ i red significant l y higher invest—

ment. Both models require large computer core storage p a c i t ’ ~ w h i c h  l i m i t s

effi c ient mode l executi on to onLy the Largest computer systems. ~
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EXECUTIVE SUMMAR Y

4:
1. Backj~’ound : To determine the supply requirements necessary to attain the

stringent readiness levels imposed on the AEGIS Weapon System , a mode l referred

to as SPRSAL (Spares Allocation) was proposed by RCA (Radio Corporation of

America ), prime contractor for the AEGIS Weapon System . An evaluation of the

proposed mode l, from a purely theoretical standpoint , was a ccomp l i shed by a

private contract or. The contracto r~ s f indings showed the model to be a concep-

tually valid approach to determining shipboard allowances. Howeve r, certain

• modi f icat ions to the model were recommended. FMSO (Navy Fleet Material Support

• Office ) efforts in evaluating the proposed mode l were of a more quantitative

nature. Previous FMSO findings indicated the potential of both SPRSAL and

a conceptually similar alternat i ve based on a Black & Proschan approach for j
• si gnificant improvements in performan ce over the current FLSIP (Fleet Logisti cs

Support Improvement Program) Model. This study provides more detailed compari—

song of the SPRSAL Mode l and alternative models.

2. Obiec tives: The objectives of this study are (1) to perform a detailed

comparison of the SPRSAL and five alternat i ve models, (2) to determine the sensi—

tivity of two important SPRSAL data elements, (3) to determine the theoretical

differences between SPRSAL and the Black & Proschan Model, and (4) to examine

the ADP (Automatic Data Processing) requirements of SPRSAL and the Black &

Proschan Model.

3. Findin~s: Using the SPRSAL Model and five alternat i ve Navy models, a l lowances

were determined for each of two systems — the Mark 86 Gunfire Control System,

• which is part of the AEGIS Combat System, and the Tartar Missile System. The

performance of each model was measured in terms of range of items , inves tment,
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•
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range effectiveness , units effectiveness , and range movement. Historical

usage data for the sample weapons systems as installed in existing ships were

used in measuring effectiveness and range movement. The SPRSAL Model , with

a 90% system protection Qoal, increased range and units effectiveness about

30—50 percentage points over FLSIP; however , range and dollar value were also

about 3~—5 times that of FLSIP. For the same investment , the ~I’R SAL and Black

& Proschan Models produced very similar ranges and effectiveness. When con—

strained to the FLSIP dollar value , SPRSAL and Black & Proschan still increased

range and units effectiveness at least 20% over FLSIP, while the range of items

carr i ed was over 3~, time s that of FLSIP.
$7

The sensi tivity of two SPRSAL data elements , the ‘K MIN” fac tor and the

Operating Time factor , was determined. The “K MIN ’ factor , an indicator of

item redundancy, represents the minimum number of failures of an item

necessary to cause system failure. The Operating Time factor represents the

percentage oi the mi ssion time during which the item is operationa l. Sensitivit ~

measurements were made in terms of range and depth (investment). The study

showe d th e SPRSA L Mode l to be ex t remel y sens iti ve, in both range and depth ,

to the “K MIN” factor. Running the SPRSAL Mode l with a 90% system protection

goal and ass um ing all items had a “K MIN” val ue of two reduced SPRSAL ran ge

over 33% and reduced SPRSAL dollar val ue over 75%. If the AEGIS system has a

n igh level of redundancy and “K MIN” values are properly assigned, the SPRSAL

costs could be significantly lower than indicated in the mode l comparisons.

The SPRSAL Mode l was less sensitive to changes in the Operating Time factor.

Reducin g this factor from 100% to 50% decreased range less than 3% and decreased

dollar value about 20%.
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The SPRSAL and the Black & Proschan Models were examined to de ermine theoret—

ical differences between the two models. The major difference i dentified be-

tween the two models is in the method.~of performance measurement , specifically

with regard to repair and resupply assumptions. In measuring performance, SPRSAL

assumes instantaneous repair when the spare parts are available but does not

consider replenishment during the support period. The Black & Proschan Mode l

considers the average repai r time and the average delay time to get parts not

available on board the ship. In addition, item redundancy and the Operating

Ti me factor are considered in the SPRSAL Mode l but not in the Black & Proschan.

The two models also differ with respect to the distributions used to compute

item failure probabi lities.

F i n a l l y, the specific ADP requirements of SPRSAL and the Black & Proschan

Models were i dentified. The inherent size of computer core required to

execute ei ther of these marginal analysis models is of concern. The need to

have a large volume of data readi ly avai lable for comparative purposes will Li

limi t efficient application of either of these models to the largest hardware

suites. Relative ly small weapons systems, i.e., less than 5,000 repa i r  parts,

may be processed on medium size computers (e.g. IBM 360/65) but to process

larger weapons systems on this size hardware will requi re segmentation of some

sort. Techn iques do exist for adapting the optimization models to smaller

computers; however, the use of these techni ques makes mode l execution less

efficient.

iii



I. INTRODUCTION

The AEGIS Weapon System being developed by RCA (Radio Corporation of America)

is designed to achieve high system readiness levels. As stipulated in the

AEGIS wea pon spec i f i c a t i o n , the ship ’s storeroom stocks are to be suf f i c i e nt to

provide spares for 98% of all fai lures during the pat rol without underway

replenishment. To determine the supply requirements to attain these stringent

readiness  levels, RCA dev ised a mode l known as SPRSAL (Spares Allocation ). By

re fe rence  1 of APPENDIX A, NAVSEA (Nava l Sea Systems Command) requested

operations analysis support for the AEGIS Project Office in the form of a

technical review of the proposed requirements determination method. A plan for

providing support was establ ished by reference 2 of APPENDIX A. The initial

ef for t , involving a theoret ical  analysis of the p roposed procedure, was

accomp lished by a pr ivate contractor , MSA (Management Science Associates ),

of Los Al tos, Califor nia. In general , MSA found the SPRSAL Mode l to be con—

ceptua lly va l id  but wi th some error in the probability models chosen to describe

system fai lures. Given the necessary correct ions , it was feLt  that SPRSAL

w ould provide an approach worthy of consideration for shipboard al lowance

determination . The detaiLed results of the MSA analysis were documented in

reference 3 of APPENDIX A.

By reference 4 of APPENDIX A, NAVSUP (Naval Supply Systems Command) defined

the initial FMSO (Navy Fleet Material Support Office) efforts for evaluating

the proposed procedure. These efforts involved a quantitat i ve comparison

of aLlowances determined unde r the proposed procedure and under current Navy

procedures. Allowances were determined for each of five systems (including

two from the AEGIS Combat System) using the SPRSAL Mode l and several models

• .— •~~~-~~~~~~ --~~~~- • ~~---— • • 
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currentl y used in the Navy. Mode l rerformance comparisons were made in terms

of range of items selected for stockage , the dollar value of the allowances

for the selected items , and e f f e c t i v e n e s s  in meeting observed shipboard usage

requirements. In general , that ana lys is  demonstrated the potent ia l  of bot h the

SPRSAL Mode l and a Navy mode l based on .1 BLack & Proschan approach for greater

improvements in effectiveness than the other Navy models could attain. Howeve r,

the improvements were achieved through greatly increased range and/or investment.

The detailed findings of that analysis were documented in reference 5 of

APPENDIX A.

Upon com plet ion of the above study, NAVSUP defined more detai led FMSO

e f f o r t s .  FMSO task ing was provided by reference 6 of APPENDIX A. Inc luded H

in th i s  task ing  were:

- A more de ta i l ed  ( l ine item level) com parison of the SPRSAL Mode l
and several alternative models; two models that were not considered

in the initial FMSO effort were included.

An analysis of the sensitivity of both range and depth to two data

elements requ i red by the SPRSAL Model: (1) the “K MIN” factor , wh ich $
represents the minimum numbe r of failures of an item necessary to

cause system fai lure; and (2) the Operating Time factor , wh i ch
represents the percentage of the missi on time during which the item

• is operat iona l. 
7

An investigation of the theoretical differences between the SPRSAL 
•

Mode l and the Navy Black & Proschan Model.

An examina tion of the ADP (Aut omatic Data Processing) requirements

of the SPRSAL and the Black & Proschan Models

The remainder of this report is devoted to detailed descriptions of the



ap p r o a c r ~es  anJ i r ~ 1in~~. f o r  ej c h  of t he  a fo rement ione d  t a s k s .  As h is  stu ds w as

actu a ll~ t our ,r idi~~idual tasks , dis cus~ ions of the approaches and findings

f c ~r each t a ~~ w i l l  he presented separatel y below. Section II addresses the

~iode I co mpa r sons , S e c t  on III t he .~I f ~SA L K MIN’ and Ope rat ing Time sensi t i vi t ,

Se c t i o n  IV the t h e o r e t i c a l d i t f e r e n c e c  between the SPRSAL and the Black &

Prosc ha n Models , and S e c t i o n  V the examina t ion  of the ADP requi rements ~t the

SPRSAL and the B lack  ~ Prci schan Mode is.

II. MODEL COMPARISONS

A. Cl . S i~ model s  were  considered in the anal~ s is :  the SPRSA L Mode l,

the Bla c k & Prosch a n Mooe l, the TRIDENT Mode l, the FLSIP (Fleet Log i s t i c s

Support Imp rovement Program) Model, a cost sensitive FLSIP Mode l, and the FBM

(Fleet Ballistic Mi ssile ) Weapon System Allowance Model. These models are

desc r ibed  in APPENDIX B. The Black & Proschan Mode l considered in this study

is in real i ty the orig inal Black and Proschan meth od (reference 7 of APPENDIX A)

but mod i f i ed  f o r  Nav~ a pp l i ca t i on  by NAVSECMECHDIV (Naval Ship Engineering

Center , Mecha nicsb urg D i v i s ion ) .  The mod i t i ca t ion  is described in APPENDIX C

for convenience of the reader . The key feature of the SPRSAL and the Black &

Proschan Models is their use of sy stem optimi zation techniques to obtain

either the best overall system performance for a given investment or a g iven

performance leve l for the least investment. In contrast , the other four models

• consider each i tem in a system independently w i t h  no attem p t to opt imize

system pe rforman ce or cost .

In th is  ana lys is , the SPRSAL Mode l was run w i t h  a system p ro tec t i on  ic’al

of 90% and with a cost goal equal to the FLSIP investment. The Black & Proschan

Mode l was run with two cost goals , one equal to the investment ~~t the 00% s v ~~ t t ’~n

3
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prot ection SPRSAL and one equal to the FLSIP investment. Both the TRIDENT Mode l

and the FBM Mode l, which provide variable prot ection by item based on the FBM

MEC (Military Essentiality Code) and unit price , were run twice — once under

the assumption that all items have a MEC of 95 and once white assuming all

i tems have a MEC of 104. Ac tua l  FBM MEC assignments were not avai lable for

the systems used to evaluate these models.

To use the SPRSAL Mode l as designed , the following assumptions were necessary.

First , the “K MIN” fa tor , which represents the minimum number of failures of

an item necessary to cause system failure , was assumed to be one for each can-

didate ~tem . Second, it was assumed that each candidate item would operate

continuously during a 90 day mission. Third, it was assumed that the fai lure

rate required by the model could be estimated by translating the annual usage

rate (Best Replacement Factor) for each candidate item into an hourly rate.

A l l  SPRSAL Mode l run s used i n t h i s anal ysis we re made by RCA at Moores town,

New Je rsey, using allowance candidate files provided by FMSO.

Two systems were used in performing the mode l comparison analysis —

the Mark 86 Gunfire Control System on CGN 36 (USS CALIFORNIA ) and the Tartar

Missile System on DDG 23 (USS RICHARD E. BYRD). Both systems were used

in the ini t ial  FMSO e f fo r t s  describe d in reference 5 of APPENDIX A. The Mark 86

was se lected for the analysis because it is planned to be part of the AEGIS

Combat System. The Tartar System was se lected to determine the ef fec t  of the

SPRSAL Mode l on a Larger system. Al lowance candidates for each of these

systems were obtained from the SPCC (Navy Ships Parts Control Center) Weapons

System File based on the item maintenance code and the organizational mainte-

nance leve l of the ship in which the system was installed. For the Mark 86



there were 2,534 candidate items; for the Tartar there were 12,309.

The effectiveness measurements made in this analysis were obtained by com-

paring the allowances determined by the various models with observed shipboard

usage data obtained f rom the 3M (Navy Maintenance and Material Management)

System. Ten quarters of usage data were obtained for each weapon system.

The total number of items and the number of candidate items which experienced

usage during that period are shown below. Only the demands for candidate items

we re considered in the performance measurements made in this study. The

remaining items were not considered since the items were not candidates for

stockage.

TOTAL MR ITEMS DEMAN DED - NR CANDIDATE ITEMS
SYSTEM IN 10 QTRS DEMANDED IN 10 QTRS

Ma rk 86 98 74
Tar ta r 572 448 H

The performance of each mode l was measured in terms of range, dollar value,

range e f fec tiveness, units ef fect iveness , and range movement. Range is the

number of allowance candidate items selected for stockage. The dollar value

is the totaL cost of the allowances determined for the selected items. Range

effectiveness, the numbe r of candidate items demanded and selected for

stockage divided by the total number of candidate items demanded, was computed

to measure range selection capabilities of each model. Units effectiveness ,

the number of units of candidate items satisfied divided by the number of

un i t s  of candida te items demanded, was computed as a measure of depth deter—

mina tion performance for each model. Both the range effectiveness and the units

effec tiveness were computed quarterly for each system. These quarterly

values were then averaged for the purpose of mode l performance comparisons.

5
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in addition , an overall range effectiveness was computed to measure the range

H ~~~~~~~~~~ o~ each mode l over time . This value was determined by dividing the

t o t a l  number of stocked candidate items demanded over the 10 quarter period b~
the t o tal numbe r of (andiddte items demanded over the same time period. Finally,

ranqe movement was computed as the ratio of the number of stocked candidate

items that were demanded during the 10 quarter period to the numbe r of items

in the range. This value indicates the percent of the range which experienced

some usage (movement ) over the 10 quarter time period covered by the usage

data obtained for this analysis.

To provide insi ght into the characteristics of the items that were stocked

h~ each of the models , frequency distribut i ons of the number of items tocked

withi n various interv als of annual demand and unit price were prepared.

Fina lly, to prov i de more detailed item comparisons of the models, listings of

the allowance candidate items were prepared tor each of the two systems showing

the allowance quantity determined by each of the models considered in the

analysis.

B. FINDINGS .

1. ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ The mode l comparisons

discussed be l ow are based on six statistics — range, dollar  value, overall range

ef f ec t ive ness, average quarterly range effectiveness , average quarterly units

ef fectiveness , and range movement. As stated earlier , the effectiveness

statistics presented herein reflect onty demands for allowance candidate items.

The mode l comparisons for the Mark 86 Gunfire Control System are shown

in TABLE I. Because of differences in the method of performance measurement

in the SPRSAL and the Black & Proschan Models, a meaningful comparison of the

6
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TA BI F I

MARK 86 GUN F IRE CONTROL SYSTEM

RANGE 1 FF RANGE 11 FF lINu S 11F F RAN iL
MODEL RANGE $ VAL U E (OVERALL ) (AVG QTR ) (AVG QTR ) MOVEM ENT 1

B&P (SPRSAL .90 $) 2,221 1,381K 99% 99% 87% 3%
SPRSAL (.90) 2,244 1,364K 99% 99% 86% 3%
B&P(FLSIP $) 1,891 382K 73% 75% 6~% 3%
SPRSAL ( FLS IP $) 1,858 367K ~1% 60% 3%

TRIDENT (MEC 104’ 875 346K 55% 59% SiX 5%

FBM W.S. (MEC 104) 979 170K 51% 55% 52% 4%

FL S IP 506 367K 46% 51% 35% 7%
C.S. FLSIP 751 249K 52% 35% 4%

TRIDENT (ME C 95) 674 311K 42% 45% 40% 5%

FBM W.S. (MEC 95) 305 231K 36% 43% 32% 9%

two models for the same system performan ce level could not he obtained. Con—

sequent lv , the SPRSAL Mode l was first run with a system protection goal of 90%

(.90). The resultant dollar value of the allowances determined by this run

was then used as a cost target for the Black & Prosthan Model. As shown in

the first two lines of TABLE I , SPRSAL and Black & Prosrhan performe d almost

identically under these circumstances. The slight (1%) difference in dollar

value is due to the fact that the last item selected by the Black & Proschan

Mode l was a second unit of an electron tube valued at $25,420 wh i ch ca used th e

dollar value to exceed the target ($1 ,364K). The range effectiveness and units

• e f f ec ti veness achieve d by these two run s we re t he h ig hes t of any of t he mode ls

considered in the analysis. However, these runs also produced the largest

ranges (about 340% larger than ELSIP) and the highest costs (over 270%

_
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higher than FLSIP). When constrained by the FISIP dollar value (lines 3 and 6

of TABLE I), the performance of these two models fell considerably, w ith overal l

range effectiveness falling 26—27 points and units effectiveness falli nq 21—26

points. However, bot h models still performed significantly better than FISIP

(26—27 points higher overall range effectiveness and 25—31 points higher units

effec tiveness). Again the ranges were very large relative to FLSIP.

Of the othe~ models cons i dered , th e TRIDENT COSAL (Coordinated Shipboard

Allo wance List) Mode l with constant MEC of 104 (line 5 of TABLE I) provided

the best performance with a sli ghtly tower cost than FISIP. The FRM Weapon

System Model with constant MEC of 104 (line 6 of TABLE I) achieved the lowest

cost of all of the models considered , yet stilt achieved five points higher

overall range effectiveness and 17 points higher units effectiveness than

FLSIP. However, none of the i t em p ro tec t ion models perfo rmed as we l l  as the

system protection models.

TABLE I also i n d i c a tes a ran ge moveme nt t rend cons i sting of i ncre ases i n

range movement as the range decreases. Thus, the item protection models , wh i ch

produce the smaller ranges, obtained sli ghtly higher range movement figures.

However , none of the models had over 10% range movement .

Similar mode l comparisons for the Tartar Missile System are shown in TABLE II.

The cu rrent version of the Black & Proschan Mode l has a processing limitation

of 2,600 allowance cand idate items. Since the number of candidate items

compr i s ing the Tar tar Syst em ex ceeds this  l i mi t, the mode l could not be run on

this system and, consequent ly, w ill not be included in the discussion of the

findings for this system.

TABLE II shows that the SPRSAL Mode l with a system protection goal of 90%

(.90) provided the highest range effectiveness and units effectiveness but also

8 
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produced the largest range and by far the highest cost (421~ higher than FLSIP).

When constrained by the cost of FLSIP (line 2 of TABL E II), the SPRSAL Mode l

st i ll produced a very large range, but overa l l  ranqe e f f e c t  ivenos~; dropped

seven points and units effectiveness dropped 11 points from the .90 SPRSAL.

Rela ti ve to FLSIP, the performance of the cost constrained SPRSAL was still

• markedly better — 26 points higher overal l  range e f fec t i vene ss  and 20 points

higher units effectiveness. Again , howeve r, the range was much larger than

FLSIP.

TABLE II

TARTAR MISSILE SYSTEM

RAN GE E F F  RANG~~~~~ fi~NITS EFF RAN~~~i
MODEL RANGE $ VALUE (OVERALL) (AVG QIR) AVG QTR) M0VEMENT~

SPRSAL (.90) 11 ,735 2,187K 99% 99% 72% 4%
SPRSAL (FLSIP $) 9,821 420K 92% 94% 61% 4%I FBM W.S. (MEC 104) 6,719 488K 89% 93% 71% 6%
TRIDENT (ME C 104) 5,641 54 1K 84% 87% 64% 7%
C.S. FLSIP 4,83~ 374K 78% 83% 43% 7%
TRIDENT (MF C 95) 4,119 401K 70% 76% 55% 8%
FLSIP 2,749 420K 66% 72% 41% 11%
FBM W.S.(MEC 95) 1,905 j 274K 52% 62% 38% 12%

The FBM Weapon System Mode l with a constant MEC of 104 (line 3 of TABLE II)

attai ned lower range e f fec t i veness  than both SPRSAL runs; howeve r, it did

attain a units effectiveness that was 10 points higher than the cost constrained

SPRSAL and only one point lowe r than the very costly .90 SPRSAL . The range

• movement statistics indicate a maximum value of 12% and exhibit the same trend

that was observed for the Mark 86 System.

9
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As specitied earlier , the AEGIS weapon s p e c i f i c a t i o n s  require that  storeroom

stocks be suf f ic ient  to provide spares for 98% of all failures during the patrol.

This goal was interpreted by RCA to mean that lack of storeroom stocks should

not prec lude s a t i s f a c t o r y  system operation for an average 98% of the patrol.

The SPRSAL Mode l with a 98% system protection goal was specifically desi gned

to meet this requirement. Previous tests by RCA at the 98% leve l reportedl y

produced re la t ive ly  large investment levels. Therefore , the maximum system

protection leve l addressed in this report is 90%. System protection was not

measured for the other models tested in thi s study; howeve r, previous RCA tests

showed that the sy stem protection resulting f rom the FLSIP Mode l was less than

10%. Furthermore , assuming that there is some correlation between range/unit

effectiveness and system protection , TABLEs I and II show t ha t FLSI P w i l l  not

approach SPRSAL performance at the 90% system protection level. It is noted

that the AEGIS patrol period will normally be 45 days, while alt tests in

this study were based on a 90 day patrol. The difference in patrol periods

would change the absolute values , but relative comparison s are considered

val id.

2. Item Comparisons. Unit pr ice and expected annual demand (based on BRF

(Best Rep lacement Factor )  and to ta l  instal led population) distribut ions for

both the items comprising the al lowance cand idate f i le and the items subsequently

selected for stockage by each of the models are provided in TABLE III for the

Ma rk 86 Gunfire Control System. With the exception of the FBM Weapon System

Mode l wi t h cons t an t MEC of 95, there was generally little difference in the

numbe r of items selected by any of the models when expected annua l demand was

greater than .25 and unit price was less than $10,000. Furthermore , most of

10
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lieU I I I

CANDIDATE FI LE AND MODEL RANG E D ISTRIBUTIONS (MARK 86)

C~ MDIt ’Mf EXPECTED UNI 1 P R I C E  
______________

FILE / ANNUM - 1T~~~1~~~~T~~~ T~~~ ~i ,~~~.0i— - •

MOD EL DEMAND $10.00 $100.00 $1,000.00 110,000.00 $10,000.00

~5O0 954 500 466 206 17
CANDIDATE .2501—1 .0000 152 49 14 20 7
FILE 1.0001—4 .0000 82 9 1

‘ 4 .0000 44 8 0 0 0

‘ .2500 I 827 476 361 190 14
.2501—1.0000 144 44 14 20SPRSAL (.90) 1.0001—4.0000 81 8 1

4.0000 .
~. 8 0 0 0

‘~~.2500 823 476 348 187
B1P* .2501—1 .0000 i4~ 44 14 20 7
(SPRSAL .90 $) 1.0001—4.000(1 81 8 1 1

‘ 4.0000 44 8 0 0 0

B&P~ .2S00 820 435 207 61 0
(FLSIP $) .2501—1 .0000 1~.3 44 14 1? 1

1 .0001—4.0000 81 8 1
‘ 4 .0000 44 3 0 • 0 0

b 1~T~~J0 1 823 429 183 55
SPR SAL • .?5 U1—1 .0000 144 44 14 19 (1

• ( F L ~~IP $) 1.0001—4.0000 81 8 1
4.0000 

- 

64 8 0 0 (1

~ .2500 439 125 2S 9 Ci
FB$ W.S. .2501—1.0000 152 49 11. 17 (1
(MEC 104). 1 .0001—4.0003 82 9 1 1

‘ 4 .0000 44 8 0 0 (1

÷
.2500 337 99 23 0

TRIDENT .2501-1.0000 152 49 14 19
(ME C 104) 1.0001—4 .0000 82 9 1

‘ 4 .0000 44 8 0 0 U

~ .2500 272 67 20 18 0

c FL IF I .2501—1 .0000 152 49 12 9C . . .  S 1.0001—4.0000 82 9 1
‘ 4 .0000 44 8 0 0 0

I 1
.2500 205 60 iS 18 Ci

TRIDENT .2501—1.0000 I SZ 49 9 13
(ME C QS~ 1.0001—4 .0000 82 9 • 1 3

‘ 4 .0000 44 8 0 0 U
— -—-— - I — -----p

~. .2500 46 51 15 18 0
.2501—1.0000 144 44 14 20

• 1.000f—6.0000 81 8 1 3
4.0000 44 8 0 0 

— 

0

0 0 0 0 0
FBM W .S . .2501-1.0000 102 29 9 1~’ 4
(MIC 95)* 1.0001—4.0000 82 9 1 3

‘ 4.0000 44 6 0 0 0

•Cive rr i l le reQ u i rp ment s not cons4dered .

L I ~~- - .  - 
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the allowance candidate items in these intervals were selected for stockage

by each of the other mode ls.

The SPRSAL (.90) Mode l and the Black & Proschan Mode l with a SPRSAL (.90)

cost target also stocked most of the candidate items with a unit price greater

than $10,000. Howeve r, when SPRSAL and Black & Proschan were constrained to

th e FLSIP dol l ar value , these two models general ly stocked fewe r of the high

cost items than the other models. This is characteristic of the optimizat i on

techniques used in SPRSAL and Black & Proschan; i.e., the money saved by not

selecting high cost items is applied to the selection of more of the lower cost

i tems w i t h  the aim of obtain ing the best overal l  system performance for the

investment.

The major differences between the number of items selected by the system

p rotection models (SPRSAL and Black & Proschan) and the item protection models

clccurr ed in the .25 and under demand category. As shown in TABLE III, the ‘I

SPRSAL and the Black & Proschan Models selected higher percentages of these

items. TABLE III also shows that a very small percentage of the a l lowance

candidate items having an expected annual demand of less than .25 were selected

h~ FISIP and none by the FBM Weapon System Mode l with a MEC of 95. This is

a t t r i b u t a b le  t .~ the design feature of these models that precludes stockage

of an item having an expected annual demand of less than .25 unless an override

or planned ma intenance requirement ex i s t s  for that item. This study did not

consider such override requirement s in the FBM Weapon System Mode l or the Black

& Prosc han Model Overa l l , the SPRSAL and the Black & Proschan Models

se lected very similar percentages of the al lowance candidate items when run

w ith the same cost constraint.

12
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Similar distributions of both candidate file items and those items subse-

quently selected for stockage for the Tartar Missile System by each of the

models are presented in TABLE IV. With the except i on of the FBM Weapon System

Mode l w ith an FBM MEC of 95, most models stocked nearly al l, the candidate

i tems w i th  expected annual demands greater than .25 and unit prices less than

$1,000. Like the Mark 86 System , the major differences between the number

of items selected by the SPRSAL Mode l and the other models occurred in the .25

and under demand category. The SPRSAL Mode l, particularly the .90 version ,

se lec te d a very hi gh percentage c~f these items , including most of those in the

$1,000—$1Q,000 category; it was a lso the only mode l that selected any of the

items over $10,000 in the ~ .25 category. When constrained by the cost of FLSIP ,

the percentage of low demand i tems se lected by SPRSAL decreased steadi ly  as

price increased. However , the number of low demand items selected in every

price interval was at least as large as the numbe r selected by any of the other

• models.

• To allow further comparison of the various models at the individual item

level , listings of the allowance candidate items for each of the two systems

along with the allowance quantity determined by each of the models were provided

to the AEGIS Project  O f f i ce .  In addition to the N u N  (Nat iona l Item Ident i f icat ion

Number) and the various allowance quantities , the listings provided such

information as the i tem ’ s nomenclature , unit price , BRF, ex pected annua l demand

based on BRF and total installed popu l ation, allowance override quantity, and an

“experience d demand” indicator. This indicator shows whether the item experienced

any usage during the 10 quarter time period covered by the 3M data obtained

for this study. The listing for the Mark 86 Gunfire Control System is provided

as APPENDIX D. The l isting for the Tartar Missile System is not included due

— - ~~~~~~~ 
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T A O L  I

CA N r~I DAT U 11[ . F AND MODEL RANGE DISTR Ir~u TI~ Ns (TARTAR )

UNIT PRICECAN ’.2AT E t\ ~~ jL0 —--_----~ —-_--—.~—-----—---—.-——-—-.--~- —---- —- -- - -_ _
, ~~~~~~FI L L ! ANNUAL t$10.01- $100.01— ~ 1 ,l)00.01—

MODEL DEMAND $10.00 ($100 .00 $1,000.00 ~10,fl00.00 $10,000.00
_ _ _ _ _ _ _ _  ____ - ~

. •~~•—~~-4 - ~~ -- -- *- • -
~~~~~~~

- • --•

.2500 5,028 I ~
‘
, 315 I 1, .Os ~O7

CANDIDATE .,“~01—1 .00O0 1 ,031 ~1° 42 0
FILE 1 .0001—4.0000 4711 ‘~2 12 1

4.0000 2~’4 22 8 4 • 
() 

.2500 S,66 ‘,201 1 ,124 • 11

SPRSAL ( Q0~ 
.~~ 01 1.0000 1 ,002 I 309 200 47 0
1 .0001-4.0000 00 12 1
‘ 4.0000 2-. ’ 22 8 4 0

.2500 S,..~~’ 1 ,609 294 35 0

SPRSAL .2c71— 1 .0000 1 ,002 309 2O~ 12 0

(F SIP $) 1.0001-4.0000 456 90 55 10 0L 
“ 4.0000 247 

- 

22 8 4 0

~ .2500 3,lln 848 233 8 0
FBM w .s. .~ 501- 1 .0O00 1 ,031 318 209 I 0
(MEC 1741. 1 .707 t — .,.0000 ~.7U 92 cc 12 • 1;

~~~ .ooOo 254 
— 

22 8 4 0

~ .2~70 2 ,363 547 179 36 0
TRIDENT .2I~01~~1 .0000 1,031 319 209 39 0
~~E C 1 1 . 0 0 f l  ~~~~~~ 0077 471) 97 I 12 1

4.7000 ~~ 72 8 4 
• 11

~ .2500 1 ,077 231 12c’ 35 0
S F ~ IP .2501—1 .0000 1 ,031 31Q 175 24 0C.. . 1. 1.0001-4.000 0 02 

- 
cc 12 • 1

~ 4.0000 254 22 8 4 7
---‘---4— 4-

~ .2500 l ,4c-~4 145 61 35 0
TRID~ N T  .~‘‘~C’— 1.0000 1,031 31~. 121 30 0
(MI C Q”~ 1 .2071- 4.0000 -.77 07 55 17 1

~ 2~’4 27 8 4 ()

~ f 12~ 62 
• 

62 35 0

F ~ 
..‘~ J1-1.0000 1,002 300 200 42 0LSI 1 .111171—4 .0000 4~ 6 90 55 12 1

...0000 2 54 72 8 4 0

0 0 0 0
FBM W .S.  .2S01—1.0000 ~56 105 111 75 0
(MEC Q5)~ 1.0001 —4.0000 470 I 92 55 17 1

~‘ ..0U00 754 { 2 7  8 4 0

*Override requirements riot considered.
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to volume (Over 12 ,000 items).

III. SPRSAL “K MIN” AND OPERATIN G T iME SENSI T IVITY

A. APPROAcH . The K MIN’ and the Operatin g Time factors are considered in

computing the SPRSAL system performance measure. “
~~ MIN ” is defined as the

minimum numbe r of item failures necessary 1 2  cause ti e entire system to fail

and, therefore , reflects the degree of built-in redundancy in an equipment .

The Operating Time equals the percent of the mis sion period during which the

item is operational and, thus , provi Jes consid eratior of the fact that all

systems are not continuously operational during a deployment. These data

elements are not considered in any mode l ot her than SPRSAL.

To determine the sensitivity of the “K MIN” and the Operating Time factors

on both range and depth , several special runs of the SPRSAL Model were made

by RCA for each of the two s~ stems considered in this analysis. In making

these runs , aLl data elements with the exception of either the ‘~~~~ MIN” fac tor

or the Ooerating Time factor were held constant. The “K MIN” factor , which was

assumed to be one for all candidate items in the SPRSAL Mode l comparison runs

(Cha pter II), was changed to two , and then three , for all items. In a similar

manner , the Operat ing Time factor , wh ich was assumed to be 1.00 (100%) for

a l t , candidate items in the SPRSAL Mode l comparison runs, was changed to 0.75

(75%) for all candidate items in one run and then to 0.50 (50%). The

e f fec t s of these cha nges on the range of it ems selec ted for stoc ka ge and the

dollar value of the computed al lowances for the selected items were measured

to determine the sensi t i v i t y  of each of the two data elements. Separate

analy ses were performed for both a system protect ion goal of 90% and a total

cost equa l to the FLSIP COSAL investment .

~~ 15
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It is re co~ ni :ei  t h~~1t t ’ c  use 1~~t t~~i~ c i ” ~ K MIN f a c t o r  or the same

0~ t r i t inq t ime ~ict ~~r f~ r each ca nd idat e  i tem is a co nd it ion  not l ikel \  to  be

found in the AEGIS s~ -~tem . However , act ij, i l “K MIN and Operat ing Time f a c t o r

d at a  here not ava i lab le  f o r  the Wë,1i~Ofl s~ ste ms considered in th i s  study.

B. FINDINGS. The resu l ts  of the SPRSAL “K MIN’ f ac to r  s e n s i t i v i t Y  ana lys i s

are shown ~n TA BLE ‘ . T~ e t i b t t ~ sh ows the el t t C t  on range and do l la r  value

o ap p1yi n c~ s u c c e s s ’ v e  K MIN ” tac tors of one, two , and three to each item

in the all ow ance cand ida t t ~ t i l t ’ s o t  oach of the two system s used in this study.

A s ~ iown ir the table , the SPRS4L Ilodol is extremel l ’ sensitive to the ‘K MIN ”

‘a c t o r .  A t the 90’. ~~st e ’” p r o te c t  i L n  Level , the assignment of a “K MIN” k
t a c t o r  o ’ t w o  to ea c h  i t e m  resu l t~ d in a 53% reduction in range and an 88%

reduct ion in do llar  v a lue to r the Mark 86 Sys t em.  For the Tartar System , range

and dollar value reductions of 33% and 75%, respective ly, were realized.

TABLE V

SPRSAL “K MIN SENSITIVITY

SYSTEM GOAL ‘K MIN’ RANGE $ VALUE

MARK 86 .90 1 2,244 1,364K
2 1,051 168K
3 317 89K

FLSIP $ 1 1 ,858 367K I
• 2 1,051 168K

3 317 89x

T TARTAR .90 1 11,735 2,187K
$ 2 7,895 538K

3 2,794 178K

FLS IP $ 1 9,821 420K
2 7,096 404K
3 2,794 178K

16

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

~~~~~~~
- -—— 

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



‘1

T h e  assi~ nment o f  a ~, MIN ’ ‘,hto r 01 thre e to ,‘~~:h i t e m  resu lte,, in even ‘ur t r t r

reduct ions in ranqe and dol ti r valu e to, t o th s~~s t e m S .  In e f f e c t , t h e i t e m

redundanc y or ui I t —  i~~ spares conc ept ref leu t ~‘ i  in K M1N ’ f a c t o r s  q r ea t e r  t han

one enab les the SPRSAL Model t o  ~ich ieve a Q0•~ ‘~~- ,ter ri protection level at costs

lower than it no item reirindmc ~ 
(‘‘ K ~ IN’’ 1) is considered.

W hen r jrr  w i t h  the FLS IP Co ’  t ~oa I, I i ’  ,i~ si ~nmen t of  ‘ K MI N ’  t t ors  o f

t w o  and three Icroonc ed I h e same results or th e  Mark 86 Gunt i re Cont ro I S’ ‘;t em

as the r e—oecr ive 97’. s~ 
• 1e~’ pi ~ 1t ’ , ~ Or run . . h is  is due to  the t act  that

in he cos t  ~oa mode • ‘ ¶ o r - ’ r a t  i , ‘ I hi ’ SPRSAL Model s e l e c t  s s pare s  unt i I

th e cost a c a t  ( n  ~~is c~ -- t ’ $3t- K) o r i liven leve l ~ t sy s tem p r o t e c t ion ( in

t h i s  case ~~~~ is ‘ c i : ’ iea.  ~~r t I ’  ‘
~~ MIN ’’ f a c t o r  of  t w o  fo r  e a c h  i t e m , w h i c h

re’ Icc t s one bIll It — in sr re f o r  i i ,  ii i t t m  , t h m,’jt I was ab le t o  .1 c i eve a 90.

system prot e ct io n leve l at  a cost less than the dollar goal. With a “K MIN ”

f ac to r  of t h r e e  t ,c r e a c r ’  item , t he  mode l was able to achieve 90% system pro—

t e c t ion at an eve n  lower  c o s t .  The c o s t  goal to r  the T a r t a r  Sys tem was

S420K . W i t h  t h i s  cost ~ioal and a ‘K MIN ’ ~,1ctor of t w o  for  e ach i tem , the

model was unable to achieve a 907. sy s tem p r o t e c t i o n  w i t h i n  the cost goal. With

a “K MIN” factor 01 three , however , the 90% system protection was achiev ed

at a cost tower th an the goat.

The results of the SPRSAL Operating Time factor sensiti v it y anal ysis are

shown in TABLE VI. The tab le shows the effect on range and dollar value ci

applying successive Operating Time factors of 100%, 75%, and 50% to each

allowance candidate file item in the two systems used in this studs . With

respect to the range of items selected , the table indicates that the SPRSAL

Mode l is only slightly sensitive to the Operating Time factor. At the 90%
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s y s t e m  c r o t e r t i o n  ~e . e ’ I , both s ‘ t n ”’ t~~re r ie r  c i  s l i ght redu --t ions in r- n-~e

as the Op er ating l i r e  f a c t o r  was rt-uuct -~ to  75~ and 50% . When run w i t h  the

FLSIP cost o ’ a l , s i t c e s s i v e  smal l  i n c r e a s e s  in range were noted, in terms

of the dollar vj lun inves te d , the a p p l i c a t i o n  of  an Operat ing Time f a c t o r  of 75%

t o  each item re suIt ec~ in art 8’/.—107. reduct ion f o r  the 90% sy s tem p ro tec t i on

model. The a p p l i c a t i o n  o~ a 50% Ope rat i n~ T ime f ac to r  resul ted in a 19%— 20%

red.~ct ion. When run w i t h  the FLSIP cos t  goa l , dollar value was not affected.

It is noted t h a t  t he  0~~u c j t  iri o Time f a c t o r  should be used only

i ail ure rates , V~~~~C P  BRF s , o re  used to forecast demand. Operating Time

c o n s i j e ra t  ions a re inherent in the BRF s ince the BRF represents the annual

usage tor an item durin 1 whatever portion of the year it was operational.

TABLE VI

SPRSAL OPERATING TIME SENSITIVITY

SYSTEM 1 GOAL OPERATING TIME RANGE $ VALUE -

-

~~~~~

:-
-

~~~

-- 

.90 

-

~~ 2,244 1,364K~~
75% 2,21 5 1,257K
507. 2,177 1,104K

FLSIP $ 
-

~ 100% 1,858 367K
757. 1,861 367K
50% 1,864 367K

- r-~~~~~ _ _  _ _ _ _

T A RTAR .90 100% 11,735 2,187K
75% 11,696 1,966K
50% 11,650 1,740K

FLSIP $ 100% 9,821 4 20K
75% I 9,860 420K
50% 9,896 420K
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IV. THEORETICAL DIFFER INC IS BEtWEEN hI’f~SAL ANt ) BLACK ~ PROSCHAN MODELS

A. APPROACH. In i tia l  IMSO e f f o r t ’ ;  in compar ing the SPRSAL and the Navy Black

& Proschan Mode Is revealed ‘; i qn if Ic ant d i t  I e ronc os in dollar value and

e f f e c t  iveness obt a ined when e a ch mode l W a ’ ;  run w i t  h a sys tem performance it r il

of 90%. These performance diff erences p o inted to the need for clo ser examin a—

t ion of the theory of t he t We model s. Throu gh rev i ew of ava i lab l e  documen t •~~

t ion on the mode Is anti di scust ;  ions w i t h  persons know ledqeah It ’ in t he theory

behind the mode ls , the has c t he or et  Cal di f t  o roi tcer ;  were det ermi ned. Spec i t  i c

theore t ica l as pects  which were examined in thi s ana lys is  were the mode l

performance o bj e c t i v e s , assumpt ions with respect to repair and resupply,

cons idera t ion s of i t em redundancy and opprat inq t ime , and the probabi l i ty

distr ibut ions used in the models.

B. FINDINGS. The maj or theoretical di fference between the SPRSAL Mode l and

the Navy Black & Prosc han Mode l is the model perform ance ob ject ive . The

performance objectiv e of the SPRSAL Model is to provide s u f f i c i e n t  s tock  to

ensure that lack of spares will not preclude sat i’;factory system operat ion for an

average specified pe rcent e t  the miss ion  duration without underway rep l enish-

ment. On the other hand, the performance obj ective of the Black & Proschan

Mode l is that the ship ’s storeroom carry sufficient stock to achieve a desired

Leve l of operat i onal avaiLability considering underway replenishment . As

used in the Black & Proschan Mode l, the operat i onal a v a ilability i~
; the

ra t io  of the t ime the system is operational to the total mission time.

Due to the i te m redundancy feature of the AEGIS System , a g iven i tem

fa ilure may not lead to system t ,iilure . Thus, the primary concern of the SPRSAL

Mode l is to  se lect  for stockag e those i tems whose fa i lures would imm e di ate l y
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cause System failure. Item redundancy is not  considered in the Black &

Proschan Model. Hence, this model considers any fai lure of a part vital to

system operation a; a total system failure.

Assuming instantaneous repair if a spare part is available , the SPRSAL Mode l

selects those items that will provide satisfactory system operation for an

average speci fied percent of the mission duratio n . It is recognized that

repair actions are not performed instantane ously , and therefore , the system

will operate less than the specified average percent. However , the additional

nonopera tional time is not caused by a lack of spare parts. The Black &

Proschan Mode l explicitly recognizes the time required to perform repair

actions in the selection of those items necessary to achieve the desired

operational availability goal.

Another area of difference between the SPRSAL and the Black & Proschan

Models is the consideration of item operating time . The SPRSAL Model is

designed to recogn ise that a given item may not be operational 100% of the

time during the mission. Accordingly, SPRSAL provides the capability to specify

that percent of the mission during which the item is operational. This percent ,

or Operating Time factor , is applied to the failure rate of the item , and this

new rate is used in the requirements determination process. This capability

is not provided by the Black & Proschan Mode l which considers each item

operational for the ent i re mission .

Finall y, the two models differ with respect to the distributions used in

computing item failure probabilities. During the marginal analysis process,

the SPRSAL Mode l uses three di f ferent distribut ions depending on the i tem ’s

installed population , expected demand, and the number of spares already stocked.
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These distributions include the state model , the Poisson , and a Normal

approximat i on to the Poisson . The Black & Proschan Mode l uses the Poisson

distribution exclusive ly.

A more detailed discussion of the Black & Proschan Model , including the

basic mathematical formulation , is provided in APPENDIX C. The SPRSAL Mode l

is described in detail in reterence 3 of APPENDIX A.

V. ADP REQUIREME NTS OF SPRSAE AND BLACK & PROSCHAN MODELS

A. APPRoAcH. The system optimi:ition approaches used by the SPRSAL and the

Black & Proschan Models result in ADP capabilitie s becoming a potential

limiting factor in the use of these models. Based on information provided by

RCA for the SPRSAL Mode l and NAVSECMECHD IV for the Black & Proschan Mode l, the

specific ADP requirements of each model were determined. Factors includ ed in

this analysis are the hardware facilities used in running the models, the basic

size of the programs involved , the amount of core required for storing item input

data , and the processin o times needed to execute the mode ls. This analysis is

limited t a the SPRSAL ,‘nd Black & Proschan Models. The other models considered

in this study process each item in a system independently of the others and,

thus , are not limited by ADP capabilities.

In recognition of the fact that an insufficient ADP capability could limit

the use of both the SPRSAL and Black & Proschan Models , two techniques for

overcoming these limitat i ons without sacrificing system optimization capabili-

ties are presented.

B. FINDINGS. All SPRSAL runs used in this analysis were made by RCA at

Moorestown, New Jerse y, on an IBM 370/168 processor with four megabytes o~

ava ilable core storage . According to information provided h~ RCA , the bas ic

IliIIIIIIfr _~ ,1___. i ~~~~~~~~~~ ~ - — i ~- ~‘~— --.  
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SPRSAL program requires approximately 50K bytes of core storage. In addition,

approximately 90 bytes of core storage are required to store the input data

for each allowa nce candidate item. Therefore, to process the number of candi-

date items considered for stockage for the Mark 86 System , i.e., 2,400,

266K byt es of co re s tora ge wo uld be requi red, i.e., 2,400 x 90 to place alt items

in core storage plus 50K for the program itself. The tim e to process these

2,400 i tems was about 86 CPU (Central Processing Unit ) seconds. To process a

system the size of the Tartar (12 ,000 items ), 1,130K byt es of core s torage

would be required. The time to process a system of this size would be 1,237

CPU seconds on the 370/168.

The Black & Proschan Model was run on an IBM 360/65. The basic program

requires approximately 35K bytes of core storage. To store the input data for

each a l lowa nce candida te it em, 32 bytes of core storage are required. Thus,

approximately 112K bytes of core storage were required to process the 2,400

Mark 86 items considered for stockage. The time to process these 2,400 items

was 335 CPU seconds. As discussed earlier , the processing limitation (2,600

items) of the current version of the mode l precluded processing the Tartar

System. Were it not for this limitation , thi s system cou ld have been run;

however, 419K bytes of core storage would have been required.

The need and benefi t to compute a llowances using optim izing te chniques has

been shown in this study. The computer required for executing the optimization

mode l must have unusually large core storage to efficient ly process the data.

This test indicates the mid—range of computers are inadequate for most

efficient operation. Small systems (2,000 ite ms or less for SPRSAL and 5,000
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items or less for B lac k & Proschan) can he run on computer s such as the IBM

360/65, but to process larger weapons systems, some form of segmentation must

be used.

Certain techniques exist to overcome the ADP limit ation s on use of these

models while sti ll maint aining the basic system optimiz ation features. One

such technique uses an external sort (from high to low value ) of the change

in performance—to—cost ratio associated with the addition of the first unit

of each candidate item. Having sorted the candidate item s in this manner, the

maximum possible number of items having the highest ratios are then brought

into core. In addition , the ratio value of the first item not brought into

core is retained. The basic marginal analysis sparing process is then performed

on those items in core until the performance—to —cost ratio of the next selected

item falls below that of the retained item. The items in core and the remaining

items are then resorted , the max imum possible numbe r brought back into core,

and the sparing process is continued. This entire process is continued until

a specified performance or cost goal is achieved.

Another techn ique often used in inventory optimization problems is the

method of LaGrange mu ltipliers. Although there was no attempt in this study

to determine the pot ential of this method for use with the AEGIS System , it

shoul d be noted that this method has been used successfully in several Navy

applications. One such application is in the mode l used b’~ th e Nav y ASO

— 
(Av i at i on Supply Offic e ) to determine initia l outfitting requirements.

One drawback to the use of techniques such as those discussed above is their

requirement for tong computer execution times relative to the currently

programmed techniques .
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VI. SUMMARY

This study has evaluated the RCA SPRSAL Mode l in terms of its performance

relative to five alternative models , the sensitivity of two of its required

data elemen t s, the theoretical differences between it and a conceptually similar

al ternative model, and the model’ s ADP requirements. Summary statement s with

regard to each of these areas a re prov ided below.

A. SPRSAL PERFORMANCE. Th is study shows the potential of system protection

models like SPRSAL and the conceptually similar Black & Proschan Mode l for

significant improvement (about 30—50 percentage points) in range and unit s

effect iveness ove r item protection models like the TRIDENT and FLSIP Models.

The im provement in performance was most pronounced when these models were

run with h igh (90%) system protection levels. However , th i s pe r formance

differen tial was achieved only through range and investment levels about 3½—5

times that of FLSIP. Even for an investment equal to FLSIP, the two system

protection models performed 20—26 percentage points better than FLSIP,

although computed ranges were found to be over 3~ times larger than the FLSIP

range. At the i nvestment leve l, required to provide 90% SPRSAL system

p rotec t ion, the SPRSAL and the Black & Proschan Models performed almost

identica lly. When constrained by the FLSIP investment , the Black & Proschan

Mode l performed slightly better than SPRSAL. The FLSIP Mode l is considered

inadequate to meet the high AEGIS readiness requirements.

The Large ranges associated with the SPRSAL and Black & Proschan Models are

due primarily to their propensity for selecting high percentages of low cost,

low demand items. In general , all of the models cons i dered in this study

seLec ted high percentages of those items having expected demands greater than .25

_  
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unit per year. The Large differences in range bet ween the system protection

models (SPRSAL and Black & Proschan) and the others occurred mainly in the .25

unit and under demand category. At high system protection levels , the SPRSAL

and Black & Proschan Models even selected high percentages of the more expensive 4

low demand items.

B. SPRSAL SENSITIVITY ANALYSIS. Wi th respect to the sensitivi ty of the “K MIN”

factor , the findings show the SPRSAL Mode l to be extremely sensitive to this -;

data element. At the 90% system protection level , range decr eases of ove r 33%

and dollar value decreases of over 75% were observed through application of

“K MIN” factors greater than one. When constrained by the FLSIP investment ,

the application of “K MIN” fac tors greater than one enabled the SPRSAL Mode l

to achieve a 90% system protection level at a cost considerabl y less than the

goal. Therefore, if the SPRSAL Mode l is approved for AEGIS implementation ,

the assignment of “K MIN” factors should be closely monitored. —

The SPRSAL Model is less sensitive to the Operating Time factor. The

application of a 50% Operating Time factor resulted in changes to range of less

than 3%. In terms of dollar value , reduc tions of approximately 10% were observed

for a 75% Operat ing Time factor and reductions of approximately 20% were observed

for a 50% fac tor when SPRSAL was run at the 90% system protection l evel. When

cons t rained by the FLSIP investmen t, SPRSAL dollar value was not affec ted by

changes to the Operating Time factor.

No other mode l tested had the ability to consider item redundancy and

Operating Time factors.

C. THEORETICAL DIFFERENCES BETWEEN SPRSAL AND BLACK & PROSCHAN. The ma jor

theoretical difference between the SPRSAL and the Black & Proschan Mode l is the

mode l performance objective. The objective of the SPRSAL Mode l is to provide
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sufficient stock to ensure that lack of spares will not preclude satisfactory

system operation for an average specified percent of the mission duration

without underway replenishment. Recognizing item redundancy by means of the

“K MIN” factor and assuming instantaneous repair when a spare is available ,

the primary concern of SPRSAL becomes the selection of those items whose

fa i Lures would immediately cause system failure. The objective of the Black &

Proschan Mode l is to carry sufficient stock to replace failed items so that a

desired level of operational availability is obtained. In determining the

operational avai lability, both the mean time to repair of the system and the

average delay time awaiting parts are considered. Unlike the SPRSAL Model ,

neither item redundancy nor operating time is considered. Final ly, the SPRSAL

Mode l uses three distributions — including the Poisson — to compute item failure

probabilities , whereas the Black & Proschan Model uses only the Poisson .
r4

0. SPRSAL/B LACK & PROSCHAN ADP REQUIREMENTS. The ADP requirements of the SPRSAL

and the Black & Proschan Models continue to be a major concern due to the

processing capacit y required to execute either model. The large amount of core

storage necessary for e ither model makes it necessary that a computer with

large core capacity be made available for efficient computation of most cost—

etfective allowances. However , there are two techniques , one makin g use of an

external sort procedure and the ot her using the LaGrange multiplier method , that

cou ld conceivabl y be app lied to ada pt t hese models fo r use on la rger wea pon

systems. The LaGrange multi p lier method has been used successfully in several

Navy applications. Both techniques requi re long computer execution times,

but no attempt was made to evaluate either during this study.
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VII. CONCLUSION

The SPRSAL Mode l output is compatible with current Navy allowance programs

and procedures. Howeve r, two required input data elements , “K MIN ’ and the

Operat ing Time fac tor , are not current ly ava ilable f rom UICP (Uniform Inventory

Control Program) files. The FLSIP Model will not provide the level of support

required to at ta in the readiness goals speci f ied for the AEGIS Weapon System.

The SPRSAL Model was desi gned by RCA to mee t the AEGIS requireme nt s and produces

results very simi lar to the Black & Proschan Model used by NAVSECMECHDIV when

the same cost constraint is applied . Both models provide signifi cantly higher

effec tiveness t han FLSIP but also stock a much larger range of items. At the

90% system protection leve l, SPRSAL range and investment dollar value were 3I~~5

times tha t of FLSIP. The SPRSAL Mode l i s very sensitive to the “K MIN’ factor ,

which reflects i tem redundancy. if the AEGIS System has a high degree of

designed redundancy that can accurately be reflected through “K MIN’ assign—

ments, the SPRSAL range and cost could be reduced below those of the FLSIP

Model without loss of the 90% system protection. The SPRSAL Mode l contains

unique features that permit major supply support improvements, but efficient

execut i on of the model requires core capacity contained only in large scale

computers. The contractor executes on the IBM 370/168.
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APPENDIX B: MODEL DESCRIPTIONS

The six models i nclude the SPRSAL Model, the Black & Proschan Model, the

I” SIP Mode l, the cost sensitive FLSIP Mode l, the TRIDENT Model , and the FBM

Weapon System Model. A 90 day support period was used in all models , and only

ship installable items were considered as allowance candidates . A 90 day

demand forecast (u) was computed for each candidate item as follows :

— BRF x POP
U -

where 8RF is the expected annual usage per unit of installed population (based

on h i s tor i c a l  f l e e t w i d e  usa ge da ta) and POP i s the tota l  ins ta l l ed  popu lat i on

across all applications of the item.

1. SPRSAL Mode l. The SPRSAL Mode L was devised by RCA to determine supply

requirement s to attain the stringent readiness levels stipulated for the AEGIS

Weapon System. The model uses a margin al analysis approach to obtain the best

overall system protection for a given investment or to obtain a given system

prot ection level at the least cost. The spares determination process is an

iterative procedure that results in the addition of the unit of stock that will

prov ide the largest increase in system protection per unit cost during each

iterat ion . At each step of this process, system protection or total cost

measuremen ts are updated and compared to the system protection or cost target.

This process repeats itself until the system protection or cost goa l is

reached. The number of units of each item stocked during this process becomes

the allowance for that item. In the probability calculations performed during

this process, both item redundancy and item operating time are considered.

Item redundancy Is conside red through the use of “K MIN”, a factor that specifies

B 1
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the minimum number of failures of an item necessar~ to cause system ~ai lure.

Considerat ion is g iven to item operatin g time by means of an Operatin g Tir e

factor that specifies the percentage of the missi on time durin g which the item

is operational. Any item not considered vita l to the operation of the system

is excluded from considerati on by the model. PMRs (Planned Maintenance

Requirements ) and TORs (Technical Overrides ) are considered as minimum quantity

overrides. More detailed mathematical formulation is provid ed in reference 3

of APPENDIX A.

2. Black & Proschari Model . The Black & Proschan Model is used b~ N A V S E C~1ECHL ’1V

to determine supply requirements for certain special projects. The Black &

Proschan Mode l uses a marginal analysis approach to obtain the best operational

a v a i l a b i l i t y  for a given investment or to obtain a given operational availabilit y

for the least investment. As used in this mode l, the operational availability

is a measure of the expected percent of the mission tim e during which the system

is oper3tional . The spares selection process is very similar to that of the

SPRSAL Model. That is , the process successivel y adds one unit of stock of that - -

item that provid es the greatest increase i n  operational availability per un it

cost. Operat i onal availability or total cost measures are updated at each

step of thi s process. The process continues in this manner until an operational

avai lability or cost goal is reached. The quantity of stock accumulated for

each item at this point becomes the allowance for that item . Unlike the

SPRSAL Mode l, no considerat i on is given to either item redundancy or item

operating time during the probability calculations performe d during this

process. Items not considered vital to the operation of the system are excluded

from consideration , and PMRs and TORs are not recognized in this model. More

B-2
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mathematical ~orrnulation is provided in APPENDIX C.

3. FLSIP Mode l. The FLSIP Model is currently used to determine allowance

quantit i es t~ r alt non— FBM ships. Based ~n the 90 day demand forecast , each ‘ -i

candidate item is categorized as either demand—based or insurance. If the 90

day demand t~ recast is one or more units , the item is classifi ed as demand—based.

A denand—based item is stocked in  sufficient depth to provide 90% protection

against stoc~ out under the assumption that demand is Poisson distributed. If

the 90 day demand forecast is less than one unit , the item is classified as p
insurance. As an insurance item , the item is selected for stockage only if

(1) its component to mission MEC is vital , (2) its part to component MEC is

vital , and (3) its 90 day demand forecast is at least .0625 unit (.25 unit per

year). The depth for an item meeting these criteria is the maximum of the item ’s 
—

MRU (Minimum Replacement Unit ), PMR , or TOR. Any item failing to meet the above
‘
~~

L 

criteria for stockage will still be stocked if there is a PMR or TOR for that

item.

4. Cos t Sensitive FLSIP Mode l. The cost sensitive FLSIP Mode l is a

modificat i on of the basic FLSIP Model. As in the FLSIP Mode l, each candidate

item is categorized as demand—based or insurance based on its 90 day demand

forecast. The range and depth criteria for demand—based items are the same as

FLSIP, i.e., a 90 day demand forecast of one or more units to gua lifv for stockage

and depth su fficient to provide 90% protection against stockout based on the

Pcissort ~iistri b u t ion . If an item does not qualify as demand—based , it is

classified as insurance. Like the FLSIP Mode l, an insurance item must have a

component to mission and a part to component MEC of vit al to even be considered

for stockaqe. If the item meets these MEC criteria , t he dec i sion of ~h e t h er  t he

• B-3
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item is selected for stockage is made on the basis of its unit price (P)

and 90 day demand forecast (U) using the crit eria shown below:

If P ~ $10, stock i f  u ?_ .0125

I f  SiC C P ~ $500, st ock it p .0375

If P > $500, stock if ~ .1 250

I’ the ite ’i is selected , i t w i l l  be stocked in a depth equal to the m aximum

gt i t s  MRU, PMR, or TOR. Once again , an iten fai ling to meet the above

c r i t e r i a  w i l l  s t i l l  be s tocked i f  t h e r e  is a PMR or TOR for the item.

5. TRIDENT Mode l,. The T R E ~ENT M :~~~ I is u sed tc compute allowance

quanti t ies for TRIDENT submarines. Th e TRI D ENT Mode l provides a var iab le

protection level for each candidate it em Paced on TRIDENT MEC and unit price.

The TRIDENT MEC is an indica tor ot the re la t ive  e s s e n t i a l i t y  of an item.

Unde r this systen an item is assigned one of seven values ranaing from 95 to 116,

w here 116 represents the highest essenti ality . The allowance quantity (AQ)

is computed as ~ollow s:

AQ = + [ 7  — (116-MEC) — log 1~ ~I(for MECs f rom 95 to 110)

AQ p 
~
- I - 

~~
- (116—MEC) — log~ 0 PJ ~~ + .5

(for MEC 116)

where

90 day demand forecast

MEC = TRIDENT MEC

P unit price

8—4
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This allowance quantity must provide at lean t 90% protection against stockout .

Th us, the term [7 — (116—MEC) — log
10  is constrained to he at least 1.3.

The computed allowance quantity in then rounded to the nearest whole number.

If this value is one or more, the item in stocked in  a de p t h  equal to the

maximum of the computed quantity, the item ’s PMR, or the item ’s TOR. If the

computed quantity is zero, the item is not stocked unless there is a PMR or TOR

for the item . -~~~

6. FBM Weapon Syste m Model. Thi n mode l is used in determining allowance

quantities for the Weapon System of FBM submarines. The mode l criteria are

specified in SSPINST 4423.278. With the exception of MEC 95 items , the FBM I
Mode l provides a variable protection level tor each candidate item based on

FRM MEC and unit price. Similar to the TRIDENT MEC , the FBM MEC is assigned

one of seven values between 95 and 116. For MEC 95 items , a fixed protection

level of 90% is provided. Thus, for MEC 95 items the allowance quantity is

computed as follows :

AQ = + 1.3 ,‘~m

where

90 day demand forecast

For items having MECs greater than 95, the allowance quantit y is computed as

follows:

= + [8.8 — (116—MEC) — 1.5 log 1 , P} ~

where

= 90 day demand forecast

MEC FBM MEC

P un it price

8—5
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The computed all owarl cc qu ar~t jt ~ i S r~’,,r,j,’d t ~ t ‘e ne., re. t ~ e 1: s mt ’ r  r •

this value is one or more , the item i c nt oc Led in a dt ’pi h e~~ua t c’ t hi c vat ne .

It the computed a l lowa nce in zero, t he i t e m  in riot nt I ’ c ~~,’i. PMI~c • i r id  1t ~~’~

were not coon i Lie red i ri t h i s mode I

In actual pra ctice , a t •i~ tom’ ot •S in added to th e AQ t o rn , 1 1 i  p r io r  to

rounding to the nearest who le number. I I’ is  han the et fect of  ‘d o~ k uio al least

one tin i t 0 •in~ it em Pm av i rig a MI ( g m ea t i’ r t ha rm ‘i” . 1 hr . S • ,~ or wa•; e ~ c I uded

or purposes of t hi c St ud~ to pr e I ode t oc Li no every item when a ME C of 1 (1’~ 4

was assumed for a lt items .
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APPENDIX C: BLACK & PROSCHAN MODEL MATHEMATICAL FORMULATION

This appendix describes the basic math ematical formulation of the Navy

Black & Proschan Model. The information presented was obtained from a NAVSECMECH—

DIV (6830.03) memorandum and discussions with the author. The mode l applies

the original Black and Proschan method described in reference 7 of APPENDIX A ¶

with certain modifications for Navy application . These modification s are in

the area of model performance measurement. As discussed below , pe r fo rmanc e

is measured in terms of operational availability vice the p robability of suffi-

c ient spares measure used in the original method. The information is provided

fo r reader convenience and to illustrate the conceptua l method of application

as understood .

The Black & Proschan Model is based on the assumption that individ ual item

life is exponentially distributed with failure rate (\ ) .  Assuming that the

failure of any item vital to system operat ion wilt result in temporary system

failure , the probability (P~) that there have not been enough fai lures of item

i to rende r the System inoperable , i.e., the probability that the number of

• failures is less than or equal to the numbe r of spares for item i is given by the

following :

S .
_ E  i i- 

~~~~~~ e — N .X.1 a—u a. i i

where

S. number of spare units of item i

N
~ 

= numbe r of installed units of item i

= expected usage per installed unit of item i during mission

c— i



It then follows that the probability 
~~~ 

there have not been enough failures

ut any item to render the system i noperable is determined by the fo llow ing :

P = II P .A i=1 1

where

numbe r of items considered as spares candidates on the weapon system

The Black & Proschan Mode l objective is to carry sufficient storeroom stock

to achieve a desired operationa l availability. As defined in the mode l , the

operational availability is the ratio of the time the system is operational

to the total elapsed time of the mission . Assuming the availability of all

required spares and, ther efore , no downt ime awai t ing  parts , a mean time between

supply requirements for the system is computed as follows :

MTBSR
0

) N .\.
~1 1

i=1

where

= numbe r of items considered as spares candidates on the weapon system

N. = numbe r of installed units of item i

expected usage per installed unit of item i during mission

Again , if availability of all required spares is assumed , the highest

possi b le opera t ion al availabi l ity (A
L
) becomes a function of system repair

t im e and is computed as follows:

MTBS R
A _ _ _ _ _ _ _- 

MTBSR + MTTR
0 



~~~~~~~~~ -
I

where

MTTR = mea n t ime to re pa i r

An operational avai labi l i ty goal is then determined as a spec i f i ed  percent

of the highest possible operational availability.

A marginal analysis process is used to determin e the spares inventory

required to achieve the Black & Proschan operationa l availability goal. At

each step of this proces s, the increase in per unit cost of an addit ional unit

of stock is determined for each item. The inventory of the item that produces

the largest increase in per unit cost is incremented by one unit of stock.

Th i s p rocess i s then repeated (us in g the new inventory and success ive new

inventories) until the achieved availability is greater than or equa l to the

goal. The achieved availability (A
A
) is computed as follows :

— 

A
LA

A 
— 

1 +  A
L 
(MSDT) (X

5
/T)

where

MSDT mean supp ly down t ime

= the system fai lure or shortage rate

T time duration of the mission

A der ivation of the achieved avai lability formula above is not documented.

— The underl y in g assum pt ion for the determina t ion of the system fa i lure or shor tage

rate (\~) is that the time between system fai lures is exponentially distributed

with mean ~~ Thus , the numbe r of system failures has a Poisson distribution

and the probability of no system failures is:

—x
e

C—3
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Ta kir ,~ the natura l logarithm of both sides of the equation : 
-

—x s = E n
or

x 5 ln P
A

p

_ - 
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APPENDIX D: ITEM LEVEL MODEL COMPARISON

This appendix provides a lis ting of the allowa nce candida te it ems for t he

Mark 86 Gun f i re Con t rol System alo ng wi th the allowance quan tity de termined by

each of the models considered in this study. The listing shows the NUN,

nomenc l a t u r e, p rice , expected annual demand (DEMAND), BRF , AOQ (Allowance

Overr ide Quantity ), and the allowa n ce quan t i ti es computed under the variou s models

wh ich are i dentified as follows :

BL+P .90$ — Black & Proschan Mode l with cost target equa l to cost of 90%

system pro tec tion SPRSAL

SPRS .90 — 90% system protection SPRSAL

BL+P 5$ — Black & Proschan Mode l with cost target equal to cost of FLSIP

SPRS $$ — SPRSAL with cost target equal to cost of FLSIP

TRID 104 — TRIDENT Mode l with constant TRIDENT MEC of 104

.27B 104 — FBM Weapon System Model with constant FBM MEC of 104

FLSP — FLSIP

C.S. FLSP — cost sensitive FLSIP

TRID 95 — TRIDENT Mode l wi t h cons tan t TRIDENT MEC of 95

.27B 95 — FBM Weapon System Mode l with constant FBM MEC of 95

An experienced demand indicator (DMD) is also included in the last column. An *

i n this colum n indica tes tha t the it em showed some 3M usa ge durin g the 10 quar ter

period used for evaluating the above models.

Items with a blank in the Black & Proschan quantity fields had a nonvital

MEC and were not considered for stockage by either the SPRSAL or Black &

Proschan Models.

I— 
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This study evaluates the proposed Spares Allocation Model for determining
shipbo?rd supply requirement s for supporting the AEGIS Weapon System. Included

U in this evaLuation were: (1) a detailed comparison of the proposed model with
several alte rnative models; (2) a sensitivity analysis of two data elements
required,by the proposed model ; (3) an examination of theoreticaL differences
between the proposed model and a conceptually similar model (Black & Proschan);
and (4) an examination of the ADP requirements for the proposed mode l,. Model
comparisons were made in terms of range of items stocked , investment , effectiveness ,
and range movement. Historical ,usage data were used in measuring effectiveness.

U ’ The study indicated the proposed Spares Allocation Model and the Black & Proschan
Model would give significant improvement in support over the other alternat ives.
However , these two models produced significantly larger ranges than the atterna—
ti ves and, a t hig h sys tem p rotec t ion levels, required significantly higher invest—
ment. Both models require large computer core storage capacity which limits
eff icient mode l execution to only the largest computer systems .
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