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1 INTRODUCTION AND SUMMARY

1 1.1 Genera l Purpose of Effort

1 .1.. This report is the final deliverabl e under Contract Nos.

N000l4-77-C-O8O6and N00014-78-C-0455 with the Navy Supply Command and

the Office of Naval Research. The thrust of this effort has been to

develop , document, validate , and install a working version of a set of

computer programs designed explicitly to be abl e to build and execute

resupply budgets , both procuremen t and repa i r, by weapon system. The

material reported here is based on work initiated in July 1977 as a part

of Contract N00014-72-C-0O86 and continued under the above two contracts.

The goal of this effort has been then to be able to relate a weapon

system ’s support budget to its level of readiness in the field. The

budgets of interest are the procurement budgets for the consumabl e and

repai rable i tems which make up the weapon system, and the repair budgets

(broken down by cogs) for the repai rable i tems in the weapon system .

As illustrations of the types of “what-if” ques tions that can now be

addressed with the weapon systems analyzer , consider the following:

(1) For ASO ’s Weapon System F-l4 , what would be the l evel of

4 support effectiveness realized (in terms of the fill-rate ,

average days delay , or time-weighted requisitions short)

If one were to continue using the current reorder and

repair trigger points? What are the budgets required to

do this?

(2) If a 10% improvement in the fill-rate is desired for SPCC’s

grouping of items referred to as “Nuclear ” , how muc h would
4
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it cost to achieve this improvement? What is the optima l

division of this amount between additional procurement

and repair act iv i t ies.

(3) What is the impact of overriding the economi c order quantities

with 1 yea r ’ s supply, or of altering the repair review periods

from once every two weeks to the same frequency as procurement

reviews , or putting all 808 items under a Level 4 Repair

scenario or expanding the number of items receiving special

repair management.

(4) If severa l weapon systems are to be given the same level of

support effectiveness , what is the highest uniform service

( level that  could result from redistribution of procurement

and repair budgets?

(5) If the repair budget for all the repairable items in the 6R cogassoc iated

with weapon system F-14 were reduced (or increased), what would be the

~~ overall impact on the SMA for the 6R cog and for the entire weapon sysem?

The reader is referred to Figurel .lfor an overview of how the weapon

system analyzer can be used and how it interfaces with the current execution pro-

1. grams . It mi ght be noted at this juncture that the original intent of the effort

was to develop a program which could answer the above types of questions almost

on an “on—line ” basis. It was orginally envisioned to install the analyzer

on a time-sharing system ,* which could be accessed by either of the ICP ’ s Or

budget planners at headquarters . The system could have the

*CAC utilized a similar approach in a previous effort performed for theI- Navy Supp ly System Command geared to improving in  the management of the
Navy ’s Stock Fund .

- 2 -
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I capability of calling up any weapon system of interest , and determining

quickly, accurately, inexpensively, and defensibly, the impacts of various

I procurement and repair budget increases or decreases on such weapon system

effectiveness measures as fill rates , average days of delay , time-weighted

[ requisitions short , etc. It was in this spirit that CAC developed the

Programs for IBM equipment suitable for running on time-sharing equipment

or on SPCC ’s IBM 360/ 65. Indeed the programs have been successfully

installed and tested for two typical weapons systems (one for each of the

ICP’s), and represent a capability for answering the “what-if ” questions.

However, midway thru the Project, it became apparent that available corn-

- 
puter time on SPCC’s 360 was very limited and that time-sharing was no

1. longer a viable option (due to internal Navy budget pressures and policy

restrictions). Hence the role of the programs has been switched to give

more emphasis to aiding FMSO in incorporating desirable features of the

( model into its set of CARES program (which are run on Univac equipment

- 
where available time and access , especially for ASO , is greatly improved).

1. As such , the CAC Weapon System Analyzer Programs wi l l  serve to validate

the changes made by FMSO to their CARES programs , wil l  continue to function
L as a backup option for analyses and will be avai lable if the appropriate

computer faci l i t ies material ize.

1.2 Genera l oach of Anal yzer
1. Before getting into the types of outputs avai lable , i t  might

be mentioned that the analyzer works on an i tem by item basis , with

I. **I SPCC has about 61 weapon systems and ASO about fifty .

L 
- 4 -  
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fldifferent sets of formulae utilized based on the particular type of i tem

I being analyzed . (These item types are discussed in detail in Section 2.0

I 
but include high and low demand , consumable , repa i rable B08 items with

repair levels 2, 3, 4, specially managed repair schemes such as FIRM ,1

CLAMP2 HI GH BURNER , etc.) Section 2.2 provides some insigh t as to how

the model handles the interactions of procurement and repair and their overall

I impact on SMA ’s. In this regard it is i mportant to stress that the programs

I 
do not require any changes to the IJICP Programs to be used , but are also

capable of analyzing the impacts of proposed changes to the current rules;

I as such it can provide a valuable tool for laying the groundwork and

defensibility of desirable changes.

I Figure 1.2 provides a feeling for the level of analysis involved , and

the general types of inputs utilized . Hence the program first determines

I the type of item it is analyzing (based upon coding schemes , computation

of leadtime demands , the repair level scenario specified , etc.) and then

utilizes an appropriate set of formulae to estimate the item ’s SMA , costs ,

I average day of delay , etc. The overall cog and weapon system results are

then weightings of the results by item , the weights being the fraction

I of the total cog ’s (or weapon system) requisitions due to that i tem.

I In addition it should be stressed that the runs are reasonably fast.

e.g., for SPCC ’s so-called “Nuclear System ” and for ASO ’s “F-14” system ,

I consisting of roughly 25,000 items arid 17 ,000 items respectively , the

1 Fleet Intensified Repa irable Management (S PCC ) .
2Closed Loop Aeronautical Management Program (ASO).

I - 5 -
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computer runn inQ times on an IBM 370/168 were between 2 - 3 CPU

• minutes. This inc l uded analyses for each cog of the impacts of 3 different

mm -ma x risk settings , and five different procurement shortage costs ,

together with summary calculations of the overall weapon system SMA and

costs. The SPCC machine is a 360/65, which while adm ittedly three to four

i tems slower, should still yield running times that are quite acceptable.

In addition there are numerous options afforded the user which will speed

up the calculations considerably at the expense of small amounts of

accuracy .

1.3 Summ~r’y of Specific Program Outputs and the_Typ eo lnp Possib l e

The Programs represent an anal yzer , in the sp irit of FMSO s CARES

PROGRAM but on a 4 di git cog basis , to predict impacts of many manag ement con-

trolled decision variables on many different measures of effectivenes s for a given

weapon system of interest. It also provides a number of useful auxiliary descrip-

tive statistics dealing with the composition of the weapon system , value of

leadtime demand , value of annual demand , which items could not be processed

because of missing information , etc.

1.3.1 Summar~~of Out~uts

The key measures of interest , for a given procurement an d

repair scenario , include by cog the predicted :

(1) Procurement cost from the time of the sna~pshot ”_ unt il the

end_ of the f i scal~~ n or subsec~u~~~ year . (This is

I
[
1
I
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nexplic itl y modeled as a function of the procurement

I shortage cost knob (the so-called Lamda of Lagranq ian

I analysis), the mm -ma x risk settings , the UICP overrides

used , the procurement review period , the distribution break-

I points used , etc.) It includes planned requirements

(before and after leadti rne) and contracts due awa rded ,

I **and recommended due awarded .

I (2)  The predicted repair costs from the t ime of the “sna_pshot ”

until the end of the year a~d for the subsequent year. This

I is modeled explicitly as a function of the so-called BOB

repair level scenario chosen , i. e., 1 , 2, 3 or 4, one for

I each of the repair cogs involved , the repair shortaqe costs ,

any special repair management schemes such as CLAMP , HIGH

BURNER or FIRM (i.e. special modules have been desi .ined to

I yi~’ ldS~A projec t ions  for i tems receiving one of the abc’ve

repair schemes), the repair review time , etc . Hence there

I are separate results based on the user-selected repa ir

level scenario desired. (The repair level scenarios

I of course , inf luence the level of the repair induction

I trigger and hence the resulting SMA ’ s ) .

(3)  The stead y state fill rates by individual Mark categories and

I overall for the consumable cog , and by~ individ ua 1 coq for each

I refers to the level of the demand during the leadtime for ch~~sinqone distribution over another , i.e . norma l distribution or negative
binomial , to represent the distribution of the leadtinie demand.

This can be easil y modified to exclude planned requ i rements after 1eadti~e.
if desired.

*** The ana l y s i s  assu”es , for each BOB renai r level scenario chosen , t h a t  the
same repair level scenario was operatin g nrior to the point in tir~e bein g
analyzed.

1 -8-
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of the r~pa i rab1e cogs. This fill rate is a wei ghted fill

I rate based on the number of requisitions in each grouping.

I 
It has the interpretation of being the likelihood that a

random requisition , chosen for a random item in that group ing,

I can be filled off the shelf , i.e. with no delay. (This compu-

tation has the option of either including or excluding non-

J replenishab ledemind . overrides on order quantit ies and safety

levels , etc.,  and integrates the effectiveness of the procure-

ment and repair f unctions. )

(4) Qa~dL~~~~~~~~~ e~ ~~~~~fdjay .‘per req~is ition (v~ -aq~~
over all regu i sit ions ) and the avera ge day s of delay_per req~i-

I sit ion for de1a~y.’ed reQuisit ions , again by Mark category ,

overall for the consumabl e cog , and for each repairable cog.

1. (5) The steady_state average time weijj hted re~ iisitions short per

year (in requisit ion-days) , again by Mark categories and over-

all for the consumabl e cog, and for each repa irable cog.

[ (6) The dollar value of safety stock by Mark category and by coq ,

and the associated average days of safety stock ( computed as
¶

the total dollar value of positive safety stocks divided by

the average dollar daily demand for the Mar k or cog of interest).

1 .3.~’

In addition to the 1ihove cog measures , which are dis-

I 
played for a variety of shortage cost and w in -max settings , there is an

overall weapon system effect iveness ca lcu lat ion which u t i l iz es one basic

I mm —ma x interval for each cog ( t he  user can select  which of the wi n-m a x

1 - 9 -
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nrisk s~tt inos analyzed for tha t ~.‘oq i~ to ht the base ise for that og)

The not ion here i s tha t for the u 1 t i mate dcci s ion maker • the ove ra 11 SMA

for the weapon system may not be suff icie nt~ i n addit i on he may well  wish

to have the assur a nce that each item has a l ower hound on i ts SMA so that

not only is the average SMA sat is factory but a 1 s o tha t no one i tem is in

very bad supply .

The program calculates and displays for a va r ie ty  of SMA valu es the

total procurement costs and the repair ( ‘05 ts ( thru the end of the f i sc a l

yea,’ and thru an addit ional year) needed to insure tha t each of the 4

dlii i t cogs (i.e . the weapon system by cog) represented has at least the

SMA value spec i f i ed . Hence ,it’ a 75 ’ . level is spec if i i’d , the prooram

selects for each cog (using the base win -ma \ ris k so tt in ~i spec it ’ led by the

user ) the parameter sett in gs (of the ones inves ti oated) that w i l l  provide

for that 4 di g it cog at least a 7 5~ StIA at ml ,ii IIIUm total cost . When It

Is not possible to achieve the overall fill rate sought for the weapon

system (I . e • , the exist ing SMA ’ s are less than the SMA spec i fi ed), the

achieved fi l l rate wi l l  be computed us ing the f ill rate c los e s t  to the

one sought , and th I s SMA wi l l  be flagged as in teas I hi e . It then comb ines

these over a l l  the cogs to yield the weapon sys torn wid e proc urom&’n t and

repair costs and the resul ti ng weapon s y s t e m SMA . This hit ter ef f ect iv e nes s

is cal cu 1 a ted by taking the .1 dig it SMA as soc I a ted w i t h  each cog, and t hen

we ight ing them (by the number of roguisi tions in each 4 di g it cog) to

arrive at an overa ll weapon system SMA .

(s — 10 —
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1.3.3 !ar~ Statistics the Weapon S •u of to rest

In addition the key anc ill iary descr ip t i ve  s t o t i s  t i cs  for a ~ yen

weapon sys tern, wb I cli do not depe iid upon any part i c U I ai’ manaqemen t knob s o t t  i og’;

I Include :

( 1) Average dollar value of annual demand, by Ma rk cate go ry , over

al l  consuma bles , and for each repa i rab 1 e cog ;

1 (2) Average dollar value and days of leadtime demand (consumables onl y ) ;

(3) A breakdown of the composition of the weapon system dis-

playing, for each 4 dio it cog, the numbers  of items and

numbers of annual requisit ions involved ;

(4) The numbers of items per cog receivin g special repair,

I i.e. FIRM , CLAMP, etc.

(5) The numbers of i tems that were not processed , either because

I of m is s i n g  i n f o r m a t i o n  on t he weapon system tape provided ,

or because the demand , both quarterly and end of leadtime ,

I was equal to 0

I.
I.

1..
_ 1 1 _
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2.0 OVERV IEW OF MODEL

2.1 The Different Types of Items Analyzed

To better appreciate the interworkinqs of the model , i t  is

useful to consider the different types of items to which the model is

applied. Note that the basic model is applied to each individual item to
yield the item ’ s specific SMA , cost , etc . and the resul ts appropriately com-

bined over a cog and over the weapon system .

The different types of items , each with its own UICP rules and model

treatment , are :

(1) Mark 0 (very low demand ) consumable items (the leadtime demand

distribution in Levels is a Poisson distribution as is the

case in the CAC Program).

(2) Low demand consumable (the low demand characteristic refers to

the number of units demanded in the procuremen t leadtime ; the

distribution used in Levels , as in the CAC program , is the

negative binomial).

(3) High demand consumable (the distribution used for the leadtime

demand is the norma l distribution as is the case in Levels)

(4) Low demand B08 repariable i tems , (repair levels 2, 3, or 4);

the SMA calculation for theseitemS must integrate the impact

of both the procurement and repair settings. Note that repair

level 1 is not included since from the weapon system tapes it

is impossible to distinguish the high priority backorders

(the only ones i nducted under Repair Level 1) from backorders in

general . The low demand characteristic makes itself fel t both in

the distributions of the leadtime demand and of the reoair

1.
- 1 2 -
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turnaround time demand .

(5) High demand-B08 repa irable items , repair levels 2 , 3 an~ 4.

(6) Repairaole items receiving special repair management ; special
• computations have been developed for SPCC’s FIRM program ,

and ASO ’s CLAMP and HI GH BURNER program s . (See Section 3 for

a discussion of these programs.)

2.2 Inputs Util ized and Interactions of Procuremerit jid Re air Act ivities

Figure 1.2 was earlier presented to display the interactions being

modeled and the type of inputs required for the calculations. As discussed

in detail in Appendix G , the mathematical models are real istic and flexible

in that they allow the procurement review periods and repair review pe,’iods

to vary , the size of requisition to be a random variable , can handle non-

replenishab le demand , allow more than one order from a vendor to be out-

standing at any given time , model the time delay between receipt of

requisition and receipt of returned carcasses , take into account expli citly

the repair level scenario operating, etc .

It accomplishes this by firs t analytically decoupling the effectiveness

calculations for the procurement activities from that of the repair activi-

I i 
ties, and then integrating the two . Essent ial ly the model computes for a g iven

procurement shortage cost , mm /ma x setting, procurement leadtime (Mean and va r iance )

demand rate, requisition size (mean , variance , and skewness), attrition rate,

economic order quanty (or over,’ides ) etc. the distribution of the nu mber of u n i t s  an d

requisitions that one expects to have backo~’dered each procurement cycle,

i.e. the interval between procurement buys. In doin o this it takes into

- 1 3 -
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I
account the amount by which the inventory level may have fallen below the

reorder point trigger before the buy is actually made (a function of the

L 
length of the procurement rev iew period and the distribution of the requi-

sition size). The assets included are all dues in , all carcasses including

those in transit , and all RE! assets. It makes these calculations assum—

ing that the repair side of the supply operation functions perfectly, i .e.

no backorders due to insufficient inductions. See Figure 2.1 for the factors

included in the procurement calculations and Appendix G for a detailed

:1’ discussion.

At the same time the model analyzes the repair activi ties by com-

puting the distribu tion of the number of backorders in a repair cycle , i .e.

( the interval between repair inductions, assuming that the procurement

side of the house functions perfectly, i.e., no shortages due to insufficient

buys. tt does this using the repair induction triggers and RFI inventory

objective rules specified , both for the case of the 808 i tems with Levels

2, 3, and 4,and for the case of specially managed repair schemes (namely

CLAMP , FIRM, or HIGH BURNER). See Figure 2.2 for an overview of the repair

process being modeled.

The model then , by computing the number of repair cycles in a pro-

curemen t cycle, integrates the effectiveness calculations to arrive at

the total distribution of the number of backordered units and requisi-

tions in a procurement cycle. By comparing this amount wi th the total

units demanded in a procurc ien t cycle one can compute the SMA effective-

ness measure . Also, by estimating when in the procurement cycle the

backorders occurred , one can determine the average days of delay and the

- 14 -
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time wei ghted requisition short measures . Finally, usin g the procurement

L and repair triggers specified by the various user knobs , together with

the various types of assets avai lable at the point in time of the analysis ,
one can compute the procurement and repair costs to be incurred over any

specified time period i~ the future,if the triggers are followed.

[ - 1 7 —
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2.3 Sensit ivi ty Findin~~
2.3.1 Factors Varied

This Section describes the impacts on the f i l l ra te  SMA

of individually varying several physical and management decision parameters .

It is presented at this time to help instill credibility in the results

and suggest future areas for investigation. The cog in question is 2H

(a repairable cog at SPCC) and the factors varied ,for a fixed shortage

procurement shortage and mm -max risk factor , included :

i) the repair level scenarios , i.e. Level 2 , 3 or 4.

ii) the procurement lot size (the possibi l it ies investigaged

were the Wilson EOQ quantity , and 3, 6, 9 , 12 , 15 and 18

months of a t t r i t i o n  demand ’ ) .

iii) the procurement review period (the range was from 4 times

a week2, once a week3, every 2 weeks , and every 4 weeks ) 
0

iv) the repair review period (the range investigated was the same

as for the procurement review period; in this regard it is of

interest to note tha t the current value is once every 2 weeks

for SPCC , and reviews for repair induction “probes ” once every

week at ASO).

v) the carcass delay factor , representing the time delay between

submission of requisitions and return of broken carcasses from

the field. This was varied from 50 days , to 100 days .

The longest program value for this is 100 days for SPCC and 30 da’. 0,

for

1 It is of interest to note tha t ASO now uses 12 months of attrition
demand for all repairables to determine the procurement quantity .

is the value used at SPCC.
3Th1s is the value used at ASO .

-18- ~~.
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I
I vi) the breakpoint or threshold used for the number of units

i demanded in the procurement leadt ime to determine if the

negative binomial or normal distribution is used to model

I the distribution of the leadtime demand. The values inves-

tigated are 4, 12 and 20.

I vi i ) the inclusion or exclusion of the non-replenishable demand

I factor (the factor for 211 cog is 1.09).

Unless otherwise stated the fixed settings were :

I a) procurement shortage cost of $400

b) mm -ma x risk factors of ( .15 , .4), i.e. the constraints

I in the B08 Level risk Computati on is for an appro ximate SMA

i no smaller than 60% and no higher than 85-’t .
I c) a carcass delay factor of 100 days

d) a breakpoint for the procurement leadtime distribut ion

of 4.

I e) a repair review period of once every 2 weeks , and a

I procurement review period of 4 times/week.

f) No non-replenish able demand factor , and the use of the

I Wilson lot size for the procurement quantity .

2.3.2 Findin 9s

I i) As the repair l evel scenarios varies from 2, 3 and 4, the

SMA varies from .41 , .55, and .87 respectively;

ii) As Q, the procurement quantity , varies froiii the Wilso n lot

size to various month of attrition , the SMA fill rate results are :

I

-1 9-
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Procurement\ A 1 R
Quantit y R Repair Level 3 Repair Level 4

W i l s o n  EO Q1 .5915 .8667

3 months .5830 .8582

6 .5930 .8701
A 9 .6036 .8787

12 .6101 .3852

15 .6147 .8899

18 .6189 .8940

Hence we observe that the hi ghest SMA ’s are associated with the

largest buy quantity since then there are fewer exposures to a procure-

ment stockout. On the other hand , there is more inventory carrying

cost incurred.

L
C

I
1 lh i s  is the current value for  SPCC.

I
0 -20- --r
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iii) As the brea kpoint for the procurement leadtin ie distrib ution 0

( is varied from 4, 12 , and 20, the SMA results are :

Distribution 

RE
CEN

( Breakpoint \
\

R 0 Level 3 Level 4

41 .591 5 .8667

12 .5286 .8099( 20 .4937 .7859

Observe that the hi gher the breakpoint , the lower the SMA since the

hi gher the breakpoint , the more often the negative binomial distrib ution
- 

is to be used , resulting in l ower reorder points .

iv) As the procurement review period is varied

1. Procurement
Review Period R 0 Level 3 Level 4

• 4 times/week2 .5915 .8667

I once/week . 5908 .8660

once every 2 weeks .5899 .8650

I. once every 4 weeks .5880 .8631

I ____________
I 

1 lhis was recently the value used by SPCC; 0 is the breakpoint for ASO .
2lhis is the value for SPCC.

I
I
I

-21- 0
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I
Hence we observe that there is a very slight degradation in SMA , as

I is expected , if the procurement review period is increased , but that it is

practica lly neglig ible for this repairable cog with low attrition factors

I since its SMA depends to a large extent on how timely repair inductions

are made.

I v) As the repair review period is varied, the results are somewhat

more sensitive , namely:I s~\ RE EN

I Repair review \. ~A 1 
A R

period R 0 Level 3 Level 4

1 4 times per week .6038 .8719

I once per week .5982 .8695

once every 2 weeks1 .591 5 .8661

[ once every 4 weeks .5789 .8604

I Hence it appears that it is more warranted for repairable cogs to

0 perform repair reviews frequently than it is for procurement reviews.

I.
I
[
I
II-

1lhis is the amount value for SPCC.
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v i ) As the carc ,i s de lay tal. for , I.e . the delay betWel?n ~uhiiii’.s ion

I of’ requ I ‘.It Ion’, a iid rect ’ I pt. of re t.u rued broken (‘.1 rcas se’. I

varied one f I iids

Carca’~sDelay I at t .or l evi’ 1 3 1 eve 1 4

1 50 days .6059 .8810

100 days . HIS .

Ih’nce as the carca ‘~~~ de l ay I at tui— I ncrea’,,’c , th e SMA Ia I i~ -

v ii ) I f t in’ non -. rep 1 eu I s hmen t dema tid Ia c to,- o I~ 1 . ()~ I or 1 tided .

I the Impact ‘~ hot it t e i ’  I he Wi lson  FOQ and 1 year ’ s at t r I t Ion

(lenklud fot the proc ut euro t qua ut. it y ,a re
p. I eve I 3 I eve 1 4

(1 
~~~~~~ 

i.’ ’ (1 yeai-
I I’Ve 1 .1 (I OQ ) Level 4 ( IOQ ) a ft r i t ion ) a f t r it I on

No non- —— - - - . - --—-— .-. - . - . — .—- - . -

rep 1 ei~ I S hmen
I demand f a c tor

used — Hi S _ 8(1(1/ . (~ 101

I Non — rep I en I s hnien I
demand f a c t  or used . 511-2 ( 1  . ~~I)  I .111 . ‘

Itence upon I tic 1 nil I ug t hi’ non— ri’pl en I ‘~hment demand t ac t or of 1 - (N

(1 .t’ . I rn rea s i ug t hi’ demand s by a boti t )
~. ) 1 eid ’. t o an overall reduc t ion

In SMA ~ r about, .1. 5~. . Note t hat the non- rep ii’ri i shnui’nt demand ta t  I u t

:h,inqi’s the u’al t  ul at ion of the reorder poInt -
~ and In duc t ion f t  u ‘~ i~ r i ’s .

I
1 1 Tb I~ k the va l iii ’ -.uilqu”. I i’d for ‘I’,O by ~P( L , W in’ teas ASO u’.i”~ 30 day..

I
I
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3.0 KEY REPAIR CONSIDERATIONS
1. This section is Included to provide some technical background on

the repair philosophies operating at the two ICP’ s , which Is considerably

more Involved than Is the case for procurement .1 Some of this m a t e r i a l

I has been Included in two previous working reports , g.. “TIlL PRIDICI ION

OF SUPPLY MATERIAL AVAILABILITY FOR REPA IRABL F S:”Saqgested MODEL iNG TREATMENT

FOR CLAM P, FIRM . HIGH BURNER ITEMS FOR THE VARIOUS BOB RE PAIR FUNDING SCENARIOS” ,

Sept. 1977, and “ MODIFI CATIONS OF THE SUPPLY MATERI AL AVAILABI L IT Y F ORMULAE

AND SOME SENSITIVITY FINDIN GS” , December , 1977 and is provided here in a

I summary form.

3.1 Overv i ew f ~~pair S i tuation at the Two ICP’ s

SPCC has about sixty~-thousand repairable Items (In contra st

I with about 330 thousand consumable i tems) covering 25 repal iabl e coqs ,

with a total annual demand In the last fiscal year of $270M and d Nil

I repair budget of $73.6M (it Is also of interest to note that currentl y

I SPCC has about 61 “weapon systems ” under consideration covering about

106 thousand items). The great majority of the repa i rable i tems at SPCC

1 are under the 808 philosophy which will be discussed subsequently. ihe

other class of repa irable Items at SPCC , numbering about ? ,~‘OO now (or

L about 4~; of their repairables), go under the classification of FIRM (Fleet)

Intensified Repairables Management). This class of items was chosen for

p. 

~~bout the only difference in procurement philosophy (geared to attrit io n ’1
between the 2 ICP’s Is that ASO overrides the FOQ for all ,‘t’uairahles and
Instead buys one year ’s attrition ; there is also a difference in the iwo-

1 1 curement review periods used , namely 4 times/week for SPCC and once a
week for ASO .
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special managemen t because of a high CASREP situation and a critical

mission essentially. Th is  class of i tems is characterized by a quarterly

negotiation in whi ch the repair facilities are appraised of the repair

quantities anticipa ted for the next quarter. The intent is to enable

the repair facilities to take whatever measures are needed to guarantee

that the capacity , and the bits and pieces necessary , will indeed be

available to accomplish the needed repairs for the next quarter. For the

FIRM i tems the broken carcasses are sent directly to the repair facility

and can be inducted without any further bureaucratic approval or delay .

Hence in some sense there is a continuous repair review . However, there

can be a substantial delay , estimated to be on the average of the order

of 100 days for SPCC , between the requisitions for RFI i tems and the

actual receipt of the carcasses to be turned ‘in ; this is related to the

fact that the broken carcasses are typically not turned in unt il the ship

returns from its tour.

At ASO , there are roughly 50 thousand repa i rable i tems covering

three cogs. Of these 50 thousand , about 35 thousand are B08 i tems ,

involving about 20~ of the repair dollars. Another category , very similar

to SPCC ’s FIRM program , is their so-called HIGH BURNER program , covering

some 5 thousand i tems and 7O-~. of the repair dollars . As with SPCC , the

HIGH BURNER program is characterized by a quarterly negotiation in which

the repair facilities agree to accomplish a stated number of repairs

within the next quarter.

The remaining class of i tems at ASO goes by the name of CLAMP

(Closed Loop Aeronautical Management Pronram ) and comprises about 10

thousand items and 10 - of the repair dolla rs. This class of i tems ,

25
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I
I

opet at inq iindet a pet forma nce incentive is characterized by the fact tha t

I the repair facility , be it a Navy NARF or a private contractor , physicall y

I 
holds both the NRFI and RFI on hand assets and strives to be able to exchange

a RFI i tem within 24 hours of the time that a non-RF I carcass is turned in.

I For this class of i tems the total amount of assets held by the repair fac ility

Is not influenced either by the procurement shortage cost knobs or repair

I knobs , but is preset to provide a 9O~ level of protection (over the repair

I 
turnaround time plus 15 days ) against stockouts due to the repair side. 1

Hence the overall SMA for this class of i tems , taking into account procure~

I ment shortages as well , can be determined independent of any knobs and then

combined with the SMA ’ s of the other items in a given weapon system to

I determine the overall weapon system SMA .

L 3.2 The 808 Repair Levels

ihe basic philosophy in use by the ICP’ s is that , dependin g on the

I repair budget available in a given year for a given cog, the level of REt

assets at which one inducts carcasses into the repair channel or attempts to

I induct carcasses ,2 becomes a user ’s op tion . It should be understood that

I 
such tactIcs are only meanin gful in the short term since in the steady s Lite

a ll of the carcasses should be eventually repaired (unless the i tem is hei lN

I phased out). Hence the real t radeoff in the long term is between the lowe r

inventory inve s tment ( i f  one operates w i th a lower induction point) and the

I
I 1 Curr ently under dist ussion at ASO is the possihi lit ’1’ of modi tv i n q the Cl -\~ ’

~~~~ to includ e some additional safet y stock to cover vagari es in the
procurement process.

I 2ASO of il l zes so—cal led “probes ” wh i cii are requests to induct it ems i iito
repair and may or may no t be accept ed , based upon the ba.-kloq of the repair
facility. SrCC has much more contr o l evet’ whe ther the ir i nduc ti ons are

1 accepted or not.

‘I,

I
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I
more unfilled requisitions that will result as a consequence of delaying the

repair units.

However, it is clear that the actual induction tri9qers used for a given

i tem can have a major impact on the i tem ’ s SMA ; indeed i t ~an be shown that

for h igh ly 1 
repa irable items , the SMA level is much more sensi t ive to the

repair Induction points and repair review periods than to the corresponding

quantities on the procurement side This fol l ows since there are typically

many repair cycles in one procurement cycle so that inadequacies on the

repair side have a much more pronounced effect than inadequacies on the

procurement side (which is essentially geared only to attrition).

One of the kay thrusts of the effort performed has been to provide a set

of computer programs which can qenerate S~1\ vers us procurement budget curves

and regain budget curves , depending on the repair level scenarios of nterest .

Consider now the various renair fundinq scenarios, namely repair leveR 1 ,~ ,3 and I

3 2.l !_1
~~~~ 9 9 ~~~i~~~~~~~~~~~~~~2~~~~~~~~~~~

)

It is not possible for the Programs to consider this scenario,

the reason being that level 1 corresponds to only indu ctin q cariasses when

there are high priority backorders. This inability results from a data

limitation associated with the data that is availabl e on the wea pon system

tapes , namely one is not able to di sti non i sh hi qii priority hackorders from

backorders in general. Hence no a n a l y s i s is  p o s s i b l e  for the repair level

1 scenario. In passin g, however , it ni qht he observed that this is not

Tlha t is , those with low rates of attri tion .

17
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I
I

felt to be a serious limi tation since the repair scenarios of most interest,

I in terms of the trade-offs between weapon systems SMA and procurement

I 
budget , should be the ones with fuller repair fundings; this is apparen t

since it is clearly most efficient to repair before procuring, both in terms

of leadtime and dollars.

3.2.2 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

4 This corresponds to inducting carcasses only when there are

r backorders. More precisely, at the moment of each review , one examines any

RFI assets (including any backorders as negative assets) plus those currently

in the repair process (factored by a salvage rate) plus any procurements due

in within the repair turnaround time . Only if this number is less than .ere .

does one induct carcasses and the number of carcasses inducted is that number

(adjusted by the salvage factor) to bring the total assets in a RFI condition

and in the repair channel back to the zero level . Note in this case rio

I shortage cost knob for the repair problem is used to set the r~,pa i r tri~g~r

so that the only decision parameters for this scenario are the procurement

mm /max risk factors and procurement shortage cost. Note also that the fill

rates which result for this scenario , especially for highly repa i rable i tems ,

I will tend to be very poor since carcasses are not inducted until there is

indeed a bona-fide backorder.

3.2.3 Leve1 3 (Future Reyuirenients Ex~ected With in Re~air
Turnaround Time)

The carcass inductio n point in this case is the sm a l l er of

two quantities:

28
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(1) The average demand during the repair turnaround time , denoted

n ,
I’

(2) The repair trigger point , ~l tu T~ I ~sin g the repair risk

stockout equation in the l J ! (~~ f (hased in turn on a repair

shortage cost knob ). We ~r l l  this trigger by T

Note, if the repair risk setting provide - fly safety stock at all , then the

I average demand during the repair turnaround time will be smaller , i.e.,

(1) will be less than (2). However if the repair shortage cost knob is

sufficiently small so that a negative safety stock situation arises , then

r (2) would be smaller than (1). Once again , one computes the RFI assets
I (including any backorders as a negative asset), plus those currently ‘in

-L the repair process (factored by salvage rate), plus any procurements due

in within the repair turnaround time . If this number is less than the mi nimum

of (1) and (2), one inducts a sufficient number of carcasses (accounting

for salvage rate) to bring the total of assets, RFI or in the repair

L channel , back to the minimum of (1) and (2). If sufficient carcasses are

[ not available 1 one inducts all that are available.

Note that for the most part the induction point for level 3 will be

DR , again independent of the repair shortage cost knob. Also note that ,

I 
aside from the small demand during the repair review period , the shipments

received from the repair facility will on the average just balance out the

I backor ders. Hence , the overall fill rates , even for Level 3, will not be

very good for highly repairable i tems. This follows since even Level 3

1Note that if this occurs , the procurement side of the house is not

3 
functioning properly.

1 29
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I L
results in a slightly negative safety stock situation for the repair prob-

7~ lem , and the realization that the overall SMA is largely a function of how

t imely repairs are actually made.

3.2.4

- 
T ime

This is the full repair funding scenario and is the only

one where the computed economic repair quantity (a~ la Wilson) is used and

- 
where the repair shortage cost knob really makes itself felt. Using the

- same notation as in the level 3 computation for T and °D and denoting
• the economic repair quantity by EROQ , then the induction point for leve l 4 is

the sum of the level 3 induction point and the larger of:

— + 1
- - ( 1 ) (DR - T) plus 90 or 55 average days of supply

(2) EROQ + (1 - DR) ‘

1 . _

- - 
- where

= X if X~ - 0

0 if X < O .

Essentially, then , for SPCC , e.g., if there is any safety stock provided

I by the repair trigger , i.e , if T “ 
~R 

(as will most likely be the case),

then the carcass induction point for level 4, is the sum of the demand dur-

Ing the repair turnaround time (level 3), plus the larger of;

- (1) three month ’s avera ge deman d , or

(2) the sum of the economic repair quantit y plus the

- ‘1 For SPCC , the number is currently 90 days and for ASO it is 55.

30
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[

r actual safety stock provided by the repair shortage cost UICP calculation .2

L As before, one inducts a sufficient number of carcasses , adjusted for

[ the salvage rate, to bring the assets up to this level ; hence it is still

- 

an “inventory objective” induction philosophy which gives rise to smaller

[ induction quantities than was the intent in the derivationof the economic

repair quantity used . This has the impact of having more repair cycles in

a procuremen t cycle than would result if the induction sc heme were to i nduc t

[ a number of carcasses to bring the level of inventory back to the induction

point plus the economic repair quantity~. Hence since there are more repair

[ cycles , there will be more ex posur es to stoc kou t, and thus a lowe r SMA.

The Principal Investigator feels strongly this is one of the areas where the

UICP procedures need to be changed .

3.3 Overview of Special Repair Managemen t Schemes

The basic notion here is that for each repairable i tem one can

tell from information on the weapon system tape the particular repair

philosophy being followed for that item. The program then utilizes the

appropriate set of formulae for that i tem to compute its SMA and costs , and

f combines the SMA for that item with the SMA ’s for the other items in the cog

- 
using the weighted requisition concept.

1 3.3.1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
The above repair management schemes are characterized by:

1 (1) a quarterly negotiated repair capability ;

I 
___________________________

the repair trigger gives rise to a negative safety stock , then the
level 4 induction point is the repair trigger level (i.e., the level 3
induction point plus the larger of (1) the d i f f e rence  between °D 

and
the trigger plus 90 days supply, (2) the economic repair quantit9.

F-

L - - 

31



• . :

(2) a continuous repair review (since carcases are sent immediately

I to the repair facility ypon receipt);

(3) the fact that there is no notion of an induction point (i.e.,

I upon receipt at the repair facility , th~ contractor can begin

repair without any formal authorization); and

1 (4) no use of an economic repair quantity .

Because of these reasons it is felt that a separate model for projecting 
‘

the SMA versus procurement budget is desirable. The key features of this

model , custom tailored to the FIRM and HIGH BURNER i tems , are :

(a) It is independent of any of the repair level scenarios ;

hence it will run quickly and inexpensively;

(b) Backorders and unfilled requisitions are assumed to be

dependent on the management decision associated with the

$ negotiated repair turnaround time (and any induction waiting

time), and on the level at which the procurement reorder

point is set. Uti lizing the Levels rules,this procurement

I point is based on total assets, and includes those i tems that

are RFI , NRFI , those currently in repair , those carcasses

I being forwarded , and any outstanding procurement orders .

(c) It takes into account explicitly any lag between the receipt of

I requisitions and receipt of returned carcasses; the number in

I 
use for SPCC is 100 days; and 30 days for ASO. This can be

charged through the use of an input card .

I (d) It also takes into account an induction waiting period , denoted K ,

currently set at 15 days , added to the repair time ,

I
I 
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I

Before looking at the details of the model , the motivation for a

special treatment for this class of i tems, even though it accounts for

only 4% of SPCC’s repairables and 10% of ASO ’s repairables , is that it con-

I stitutes a group of items whose projection of SMA is critical to that of

I projecting the SMA for the weapon system. The model suggested has the
I added appeal that in addition to more accurately representing the actual

situation , the computing effort is less than that for the B08 items and does

not need to be repeated for different repair shortage costs, or repair level

scenarios.

- The appropriate modeling depiction for this set of assumptions is

presented below (see Fig.3.l)where one notices the SMA is a function of the
- 

procurement reorder point (in turn a function of the procurement shortage

cost knob and the procurement mm /max risk factors), the repair turn-around

time (mean and variance), the lag between requisitions and receipt of car-

casses , and the induction waiting period ; this is of course in addition to

— mean and variance of the demand rate, leadtime , attrition rates, etc. The
- 

basic idea is to realize that any carcasses received after point (iv) (see

Fig3.l)cannot be repaired in time to help fill requisitions during the

critical exposure period in the procurement cycle being studied . Similarly

any requisitions received after the point in time denoted (iii) will have

1 to be filled out of RFI stocks or with repaired carcasses associated with

requisitions arriving before (iii). Hence in terms of the fill rate,

requisitions received during the elapsed time from (i) to (iii) have to be

treated differently than those received after (iii) . In particular the

inventory level P must protect only against attrition during the period

33
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((1), (iii),) against total gross demand in the perid ((iii ), (v))

and finally with the attrited units associated with tha t portion of the

I requisition remaining when the inventory first falls below P. Hence - -

the idea is to use the mean and variance of this total demand and compare

I it with P to compute the average backorders accumulated over the period

I 
((i), (v)). The detailed formulae are included in Appendix G.

3.3.2 Model Treatment for CLAMP Items

I This group of items , accounting for 2O”~- of ASO ’s repair-

ables ‘is actually the easiest to model. This is because the asset positions ,

I both for RFI and non-RFI units , are actua lly physically held by the repair

I facility and are independent of any repair level funding scenarios and of

any shortage cost knobs. Rather , the system on hand assets or on-hand

I inventory objective has been deve l oped to yield a 901- protection over the

repair turnaround time plus 15 days (which is retrograde/RFI pipeline time);

I this latter quantity may be 30 days for some i fems . This level of pro-

1 
tection is to facilitate the one for one exchange program ope,’ating for the

CLAMP 1 program. However , it should be noted that the system on-hand assets

J held by the contractor also have to protect a~iainst variabilities in  the

procurement leadtime , and hence the overall SMA will be less than the 901-

J figure.2

‘Tabl e 3.1 is used for CLAMP i tems to determine the actual procure-

ment reorder point in CLAMP . and this Table displays the system stock

“ For the CLAMP i tems an additional requirement over and above that for H I G H
BURNER , has been negotiated: namely that the repair facility is required

‘ 
to manage his repairs so that he can exchange a RFI i tem for a non-RH item
within 24 hours from the time of receipt of the carcass.

I 
2This feature may be changed in the future .
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to be used for each CLAMP i tem as a function of the average dema nd

I during the total turnaround time (including the 15 days retrograde

during the RFI pipeline time).

I The use of one leve l of service for this class of items again helps

I
to reduce the total running time of the program which relates a weapon

system SMA to its procurement budget. The SMA of the CLAM P i tems in the

I weapon system of interest will be computed once and its impact on the 4

digit COG ’s SMA determined by using the SMA of the CLAMP i tems and the per—

I cent of requisitions in the 4 digit COG that are associated with CLAMP

I 
managed items .

To make the SMA calculation for a CLAMP i tem , it is first necessary

I to compute the value of the reorder point P , determined from Table 3.1

(which is in turn calculated using a Poisson distribution with a mean

J equal to the average demand during the contractor ’s processing time plus

15 days, and a protection leve l of 9O~). One then exercises the model

I developed for the FIRM and HIGH BURNER case, described in the previous

section . Hence the difference between CLAMP and FIRM/HIGH BURNER is that

the procurement reorder point is set in a different manner than is the

] case for the FIRM/HIGH BURNER case where it is set based on shortage cost

knobs.

I
I
I
I
1 
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I TABLE -3.1 ~~~~~~~~~~~~~~~~~~~~~~~~~

Demand During
Turn-Around Time

I 15 day induc~ion Total ‘ontractor Float

~~i t i t’ irnp.)___ (No n-RF I and Rn)

I 0 to .1 0

.1 ~
- to .5 1

I . 5 + t o l . l  2

1 1 .1 + to 1.7 3

1.7 + to 2.4 4

I 2.4 + to 3.1 5

3.1 + to 3.8 6

I 3.8 + to 4.6 7

• 
4.6+to 5.4 8

5.4  + to 6.2 9

1 6.2 + to 7.0 10

7.0 + to 7.8 11

I 7.8 + to 8.6 12

i 
8.6 f to 9.4 13

I 9.4 + to 10.2 14

1 10.2 + to 1 1 .1 15

1 1 . 1  + to 11.9 16

I 11.9 + to 12.8 17

I 
1 2 . 8  + to 13.6

I 13.6 + to 14.5 19

1 14.5 + to 15.3 20

15.3 to 16.2 21

I 16.? + to 1 7 1

1
____________________________
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(Table 3.1 continued...) 

-

Demand During
Turn-Around Time

r (inc l ut~i~g - Total Contractor Float1 5 days in uction (Non-RH and RFJL

17.1 + to 17.9 23

17. 9 + to 18.8 24

18.8 + to 19.7 25

19.7 + to 20.5 26

20.5 + to 21.4 27
- - 

21 .4 + to 22.3 28

22.3 + to 23.2 29

23.2 + to 24.1 30
-

~~ 24.1 + to 24.9 31

24.9 + to 25.8 32

25.8 + to 26.7 33

26.7 + to 27.6 34

27.6 + to 28.5 35

28,5 + to 29.4 36

29.4 + to 30.3 37

30.3 + to 31.2 38

31.2 + to 32.1 39

32.1 + to 33.0 40

33.0 + to 33.9 41

33.9 + to 3-1.8 42

34.8 + to 35.7 43

35.7 + to 36.6 44

36.6 + to 37.5 45

3 7. 5  + to 3: .4 46
38
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(Table 3.1 continued...)

i
Demand Du r i n g• Turn-Around Time
(including

15 day induction Tota l Contractor Float.
waiting time ) 

-~~ tNon-RFI and RH)

38.4 + to 39.3 47
39.3 + to 40.2 48

4 0 . 2  + to 41.1 49

41.1 + to 42.0 50

42.0 + to 42.9 51

42.9 + to 43.9 52

1 43.9 + to 44.8 53

- 
44.8 + to 45.7 54

- - 

45.7 + to 46.6 55

1. 46.6 + to 475 56

47.5 + to 48.4 57

1. 48.4 + to 49.3 58

49.3 + to 50.1 59

1 39_______________________________ _______ 
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I
4.0 DESCRIPT ION OF REPORTS

I There are five reports produced by a run: options for the weapon

I system, parameter i nputs by cog, data edit counts and a suni~ary of the

input tape , effectiveness tables (by mark category , repairable coo ,

I combined consumable Items, and combined repairable items), and overall

weapon system fill rates and budgets. In addition , plots of fill rate

I versus budget can be requested for any or all of the effectiveness tables .

I Samples and explanations of these reports are includ ed in this section .

The first two outputs include default and “in use” va l ues , as well

I input values if they are out of the acceptable range . All outputs in

Section 4 are for a portion (510 i tems) of SPCC’ s Terrier Weapon System.

4.1 Options in Effect

r 
The following is a sample output for a portion of the SPCC

Terrier Weapon System, run on April 11 , 1978.
r

r
•0~ • ~~~ —.1

a- 10CC 0(001(0 111*008 0030(8. 8~ 11~~1’70

- - s-—- 
~

OIF *ULt IN UI! INPUT. IF OIPP(100T P0001 IN UI!,
TIMO-h(IOMTII 0tIU l$ITITPl ~ 00001 LID *0.10*01 DIII OP DILlY 5 0 0,
1)1110010 rcLT~ ool 0? P()UIIITIC’Tl L’OIH HIT Pt~ OO10 tOIL I 1 0..- C 1000SI •ITL”N III 1*41 0 0 0 * T P  YOOIIIA L 0111 00*0 0 0 0
081T3 10C000*( ’ lOtl — T STIl T (0! rlO(Uo’(nT~0T C O C L I  1 I 0,
0 00 U IS)  V 10011 10*000 I T Y V I O T  (‘P 010C000000NT C O C L I  5 5 0.

~ 0I?111113 000 SC(0I1010S 0) CeO 0 0 0,

T OWl 1(00 A L t 1 0(0 0(0118 1CI’)*OI01*~~. ) .4 0  - 0 0 0.
110*10 0010*1010 TOO AL L  OTI t~TP1 IN .0*008 1180(8 8 0,
CO1t$ICY (UI 11110’!) 0(0 * 1’ !TS C(’9”UTITI00I ) 1 1 0.PU (TUE C0 ” I ITT(EI TOO lS’~T T s  COIPUTI T ICNI S I I.
OUT PUT IFFI CT IVTOIISI 01(00(1 00 0010* CM0600 0 I I 0.
OUTPUT 00011 1,0 0000*0 C T(0~’ll 0 0 0.
OUTPUT P(OTS 0? CC”t’P.TO t0~, UTITLI 11100$ 1 0 0.

~~~ OUTPUT I F P I C 0 0 0 I I , T S S  T IP IT I  00 010 . (0)1 1 0.
OUTPUT PlOT) (‘S *010 . 0(31 0 0 0I OUTPUT PLOT S OF CC ’ 0OI0 *~ O I(001010L F (0(00)

4 ‘ I0(0*FOIPIT ,00 Tl~’CL Tt oTHT IN 1004 C0”UTATI00II 0 0.‘~ 001*0*1010.1 V~ I OI~’lIO jF,  ‘~0 ’0 CO O’T 01I015 0
C00IITINT TOO ,.:) IN 0 ( 0 0 ) 1  T~’O ’00O * TOO P (0013) 8.808 0 00*(CN$1080 PCI ~ ~N ((YflO V) ’OOYO L I 0001 P ll(P I 1 1.000 0 000

- 
C~~A3TA NT I IN 010.10$ O00PU L& TO O P 0 5 0

I 
* ~~~~~~~~ ~~ ~ (000 1hAT0 ~~00. fh~ ~~~~~~~~ ~~~~ ~~~~ ~~ 000WUTA110N$

FIGURE 4. 1

1 -

Sample Options In Effect For

I Terrier Weapo n System

1 40
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4.2 Parameter inputs

For each cog —- currently a maximum of 5 cogs are possible -—
different parameters can be specified , again default values do exist.

Figure 4.2 lists the parameters that should be specified for each cog,

and gives the actual values that were used for cog 1H for the SPCC

Terrier Weapon System . Note that items desi gnated repa irable existing

in an otherwise consumable (the repair indicator is not set) which are

found in an otherwise repa i rable cog, are included in an output with

the single consumbl e cog, using cog ’s attributes .

~~~~
. 

•

P00*00(1003 . IV COO

~~~~~ 

COO 1*1 00 0 00 10 IN till INPUT. IF (1~001 TN l POOlS IN US!.

POOCI.UIOON( b*OITAO1 (OST I I I  I1l01L*(~~l 0 . 0 0  0 .0*  0 . 0
PUCC%mI,IINT 10*001461 (051111 1001* 0011 3 .00  5 . 0 0  0 .0
0000lmOMN( 0*0.401001 0OSTI1 ~ 1001.1.08,1 10.00 *0 .00 0.0

— nocsmo~ooo~ o’,o.oaoi C OllINS *00-0* 103) 100.00 500.00 0.0

000000tPOtOlT 10*0-00*0! C OI T INI II’)LLLI SO 300.00 (0000 .00 (‘.0
0100(0 $1080131 ( 0 8 0 * 2 ’  100*11011 0.00 0 .05 0.0

010*11 30*001*33 (011*01 0001*000 0_ So 1_ to 0.0

~— pipoi p IA00000I C O ST I I I  100* 1*0,1 1.00 00.00 0.0

P10410 3*000*61 001 1 * 0 * 1 IOOL L IOSI 500.00 100 .00 0.0
0(0*10 10*001101 C OI TI N I 10001.0001 500000 00 10000.00 0.0
OIINIOTWI 011*0 00010-Il 0~ 0 * 0  0.0 0.0

MINIPN.0I 0(0’) P l C l C 0 T l ~ 
0.0 0.00 0 0

0000111.0) 005’) PIC000II I 0.00 0 00 0.0

001*11*801 0(11, P 0 ( 0 0 0 1 0 1  0.0 0 . 0 0.0
IIIN100001 PS I’) P* C I C N I N I  0.0 0 0 0.0

‘- 8001*38 011*0 P A C 1 0 8 I I I  0 .0* 000  1 00 0 .0
00*10*801 015* 000101101 0.0000 0.010 0_ A

IIL0.I100,RI 0(11. P0 CT OUIII 8.0300 0.1,0 0 0
#30.115.01 0100. PAC ICUIN I 0 0  0 0 0.0

—. 8*0*Ioo.00I 003’) 0 00000101  0 . 0  0 . 0  0 .0
10110150 PIll. PP0000I0000T 0 .5000 0 . 1000 0.0

INITOI ST Oil!. 010*00 0.1000 0.1000 0.0

3000*6! COST 0 .0100 0.0*00 0.0
NON 100 ,00 3000”) 000 000*0110 NNI .0000 1000.0001 0.0

$ POX . PI1AT )P000T PCI 0(00*0.0 0.0 0.0 0.0
C PIP000 1111 1’OINT 000 0(T”)’C 0.0 0.0 0.0

*030TH OP 0000. 000*0 (0 130 * 1110111 0.03 0.00 0.0

t v*oow op OI PIIO (‘10*1(0 1(0 1111*001 0_ t o  6.00 0.0

00510 COST. 00*8*01 5 *0 0 000.00 i’.li 0.0

000*05 0000tTlI5TP *T t0*l 0010 *01 .00 ~ .*0 0 0

000)0 COlT. 10* Ol Ml ’ .D 000.00 AN 50 0.0

POX. 000(0 COlT. 146)1(0100 013.0* *50 .01 0.0
P0CC. 00010 COlT . 000.10113(0 301.00 130 -0’ 0.0
lOO LN001 CIO 0,0100010 COTtO 0*001)0 0000.00 0(00.00 0.0

0405 C? 5*0(01 STOCI C000 0. ((010) II. 03 . 0.0
INOIICTIO”I 11* 00( 001 £10100 I DO l S )  *3 .  IS. 0.0

COIC0SO *00(0*0 01011 *0*101 005. 110. 0.0
0001100. OP 0(50*1. VI Al 101010*1*1 0, 2, 0.0

00111101 0(080(0 00)10*1(11 0(00 0*01 1(18 AT IRI TIWI I. 1. 0.0

0*00 OP 0l’*SO 000 0 (0.01. 5 111118 0001*10 •0, 000. 0.0

800l-I(C0001003 0011*30 tCNl000.T, 10*0* 0 1.0000 1.0000 0.0
IOl.01CL0010.) 0(01(30 C0-* lSll l l T • 1118* 0 1.0000 0.0000 0.0

N004 IICUIOI’l) 9(0*1101 C,’HSTA’fl . 00*03 0 1 .0000 0.0000 0.3
I1001-0(Ct$ll*G 011*030 CONS TANT. 10080 5 0.0000 1.0000 0.0

_ O3TOI-lICWl0( * IO 0)80001 (00,10*0*0, 00403 4 0.0000 1.0000 0.0

FIGURE 4.2

List of Parameter Inputs For Cog lii For SPCC Terrier Weapon System

I
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4.3 Data Edit Counts and Input File Overview

When all data for given weapon system have been entered and

processe d , counts of any edits performed and the reasons for not processing

i tems are output. This enables the user to determine the validity of

the effectiveness tables, based on the percentage of usable data . This

- ‘ may show cause for reviewing and updating the data , then re-running the— I
weapon system. The input file overview conta ins informa t ion regard ing

the number of requisitions by cog and mark category as well as the number

of i temsprocessed for each of these classifica tions , yielding a clear

picture of which types and quantities of items exist in the weapon system.

0,_i 0..)
11010*000 TOO WEAPON 311111*

IlP* 30A01.l 1T183 30 4-DIGIT COO

P1001 11101* 0-3
000 0U0~ 1I CLAMP TOTAl ,

0~
COO SN

3*111’!! 0? 11(1*1 0 0. A .
“— 00)00010 OP OlI N 1. 0. 0~ 0,31

TOT A L *0410610 OP OIPAI0AI ILO 11081’

— TOTAL 0(00610 OP OIPA (010L1 ETAUIII110NS’ 3.11

C)NSI0IAPL I 11(0*3 
#00*0 #4001 0*005.1 1*005.1 MAEP.I. T OT * L

‘.. 0041010 OP 11(0*3 1 00 0 3 1 01*

0*010(0 00 OlI N 0.04 10*_ HI 0.0 0,03 0.1* 107.00*

501*1. lA0-’TIT O OP 1010*5 0100105 100 ~I
- T OTAL U T’ 000 OP l l )LI I3ITYO0.5 0 550 ,5

IOIPPID 0003LOIAOL1 1118$ 0*00 3010110 OI PA I0A O L 1 IT IMS 17

418 35.101(0 111003 (0* WTAPCSI 3131101 OUT CO P 510I I 0 ’

FIGURE 4.3.a

4 _

Input File Overview For Terrier Weapon System
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0 1
I

H L
I

Li

I ___ 

OUAITIILT CTTI *T1O OP 01100 31*0
— L P0t ~iUI .0* (3 00~ i 0100 00
— ~~ 0100*\3. 00.3 Cl 0 0 * 3  T O O l  0 0

1106)11(1:3-A 000 0L-O- ,:o 74 0
001 * 018 TOll 010000 ,0 3

O1GIII ITATI00050

I 
40.010 T LO LT 1 1
(0,3 0* L IAD TIll! 1 0

IIPAIH 30.10010* (TO T E 0 0
C03COS1 II 10.0* 0 01(1 1 0. - ‘
510*0.0 b A IL) 010010 TAT
0*0100,0(30

300* 10 1

I 
000_U (T (II1NT 70 S

‘— P0IC1S
3 !PL& C ITOINT 0 0
‘41410 5 0

* OIPA (0 COST 0 6
11*030

1180*55 011001* 0 0

I 
300010 5000. 1041 0*00 0
0401 T A T 0 0

“- 0000010011* TAT 0 0
P10-C . LIII TIll! 0

— SIT 1-00
- 0T*T,iPA0000IR 0 0

101111 0 0

k 1000I.00o’flT 0006010, TOT : : F IGURE 4 . 3. b
I ~ P00001101*01 *1*0 1(110 0 0

— “ *115 0540 * 0000 0
ISITNTI ’ ) LIT I 0 0
£5S( T5~001000A T TC ’ IS  0 0

I 
010 O’OO ) S 0 0 —

- p r o 0- 0010 .3  LT A 0
P~~ * P T E O  LT 0 0

I. OPI 0 0
01001 0 0
COVI TIACT DUO 0 0
OICO? ’0010Ol10 000 0 0

* MAD OP 0180000 I SOUA000 * 13 0 
—1 EDIT S*ON THE INPUT DATA FOR TERRIER WEAP ON SYSTEM

The first number indicates hitting the l ower bound , the second number

I ~ (when it exists) indicates hitting the upper bound .
*see Appendix A for more detail on the edits

I
I
I
I
I
I
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4.4 Dollar Valu e of Annual Demand

I The dollar va l ue of annual demand is computed for each consumable

mark category and for each repai rable cog and output as shown in Figure 4.4.I This value is used to convert the dollar value of safety stock and the

I dollar val ue of lead time demand to days . It is computed as the sum

over all i tems in the mark category or cog of the annual demand multiplied

I by the unit price.

I
0.3) 3)I 001-UI vauoo 0, *301.101- 0111*30

CIlIA 03*00 0 401.30
CDIII 11*0* 1 4377.40
CDIII 13*0* 3 10010.36 

‘0.I 1111* MAIl 4 34*0 .00
3010000 COO IN 1000,47

‘—0-

FIGURE 4.4
~~~~~~~~~~0.../

Do l lar Val ue of Annua l Demand For The Terr ier Weapon Sys tem

I
I
I

I

I
I
I
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4.5 Effectiveness Tables

Figure 4.5 is an example of the output effectivenes s tabl es.

Three mm /max risk factor settings and five procurement/repair shortage

cost settings are possible. For each of these 15 possible settings , fill

ra tes , average days of delay (conditioned upon delayed requisitions , and

unconditi onal), time weighted requisiti ons short , safety stock measures

and lead time demand s are computed .

1311* MIII ‘500 P8CC . 03CC . 0110, DIII 00.1. 0451 100006! 001-148 £0.1. 071148 
-

-

1038 CIII , 11100116! 0000010 0000111 0(1,1, OP 0(000 00 DO L lY 1031J15101001 6*100 CI DIII 00 0I10. T 0-P DIII COP
PACICI 0*0000 0000 01000 100 0*11 P0* 0(10*00 00* *1-1 0*11 0*001 1*0(1* 0*PITT 1(00 TIPII 4(00 5(0,0

0.” 
1(08 1140$ OIQUIIITIOI11 01001101110043 £11 5100 ITOCIO 11005. 005*30 010*030 — I

C00*5*.I’OOLl 01*83 *
0.0 1.00 0. ‘S’* . 01*0,1 . 0 *37* 411.30 034.1 303 .4 0.0 I. *14*4. 1*’.
0.0 1.00 1. 5 * .  ~~ *Sl . 0 .1373 *11.30 104.5 303.0 3.0 0. 5*0*4. 0.’.
1.1 0.00 *0. 6* . 07453 . 0,1173 *11.10 0,4.1 303.0 0-0 I. * 5 04 4 .  3*0 .
0.0 1_ el 500. 050 * 00,50. 0 .1313 411.10 0*4 .3  00* 0 l .A  I. * 5 4 * 4 .  10* ? .
0.0 5.00 *0000. 15100* 6(3.3. 0.00*3 007 .000 II.. 30.1 301S t 5* .  1*3*9. 1*7
1.100 *1 0. 01044 *4511, 3,0*50 130* 43 14.1 31.~ 4 7 T 5 , 7  000. * 5 0 4 4 .  II’.

~~
‘ 0 050 50 5 . 0001*, HAITI. 0.04(3 30* 31 16.0 30.’ 47 16. 7 001. 103*3 . 1*? .

0.010 *0 II. 06044, 4,001. 0 0*53 354.03 04.0 10.’ 4775,7 000 . 110*4 . S. .
0,810.50 100. 03014. 44001 . 0.0415. 104.4* 14.0 30. 00 4715 .7 600. 1*0.4. ‘*0 .
0.010 40 50000. 01,5*. *011*1. 0.t017 *10.0* II I IN 0 ‘*1*.? 000. *19*0. ~.0 .

‘ 0.050 ,10 0. 10*1* . 4003 0. 0.1131 1*0.0* ‘1.0 ‘I- N 0)3.7 1’. 0*10*,. 5* 1 .
0,030 50 I. CIlIA . *00*1. 0.001* 1*0 04 000.0 71. 1* III. ? IN . 110*4. 5*~
0.001,00 II. 0011*4. 40031. 0. 7011 344.05 *3 .0 ‘1. 5 431 .7 IN . 113*3. 5* .
0 050.30 100. 10*34. *003*. 0.7011 144.8* NO 0 11,8 433.7 IN . I l300. S’o .
0.0000.00 *0000, 10714. *017*, 0,00030 304.70 43.0 11.6 310* .? N?, 114*1 . 3*’.

Ct*03t1”ADLO 01*03 4
0.1 1,10 I. ISIS. COOP’. 0.8101 175 .01 371,0 110. N 0,0 0, 3130. 1*4.
0.0 1.30 5 , 1455 . 10,3 . 0.0:0* (“ .17 173.0 100.’ 0.0 I, 3160. 10*0.
0.0 *00 II. 0410. 0001 . 0.0015 01$ 11 001 .0 II0. t 0.0 0. 3010. SIN.

‘
~ 

0,0 1.00 *30. 1*13 . 0001 . 0,0000 0101 .0? 173.0 610.00 0.0 0, 6010. 50* .
0.0 1.00 60008 . 7331. 11111. 0.004* 40.11 7.1 3 ,1 000.0 ‘5, 3030. 5* 4 .
1.1(0.40 0. 1000. 60030. 0.7010 57 .50 56. 5 7.5 301.0 3*. 1:60, 5*o .
0.0*0 40 5, 7003. 60,15. 0.7030 01 .1*0 10. 5 7 . 4  330.1 30. 3330. 5...
0.1*1.51 Il. 7003. 00,15. 0.7061 77.010 14_ S 1.5 f l A t  34 . .:‘O. ‘—.

‘‘ 0 050.50 130. 1000. 100005 . l. 70fl 71. N0 14.’ 1.4 310.1 14, l’T. 5*,.
0,00..,, 50000 . 7005 . 0*:)). 0,1009* 41.11 1.1 3.1 000.1 34. 53’0. 5*o.
0.050.30 0. 0300.  *03*0 .  0.7014 04 #5 00.1 *1 0 5.1 I. 1010, I.e,
0,000.00 I. 3050. 101*0. 0,1053 0* IS 01.0 *1.0 5.1 L 7350. 1*4.
0.131,31 II. lONG . 103*0. 0.101) 04.03 01.1 11.0 1,1 1. 3010. 6*4.
0.030,00 100. *000. 001.0. 0.70)5 00.01 00.0 11 .0 5.1 1, 3:10. 644.
0,030.00 11101, 71*3. 11100, 0,0045 41

~~GURE 14 ~ 

1,1 000.1 55 3060. *4*.

Sampl e Output Effectiveness Tables For 2 Consumable Mark Categories in the
Terrier Wea pon System

It should be noted that the average days of delay for all

reauistions is a monotonically decreasing function of the repair scenario

i.e., going from repair level 2 to repair l evel 3 to repair l evel 4 results

in a decrease in the unconditional average days of delay . This monotonic

L property does not hold for the average days of delay for delayed requisitions

since it is a function of both the unconditio nal average days of delay and fill

rate. Thus the average days of delay for delayed requisitions under repair level

3 may be greater than the correspond i ng delays under repair levels 2 and 4 if

the decrease in fill rate is not in the same pro por t ion  a s the  decrease in

uncondItiona l days of delay when go i ng from repair level 2 to level 3 to level 4.
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4.6 Overall Weapon System

An array of 5 fill rates sought for the entire weapon system

is input. For each of the elements of this array , a fill rate and the

resu lting pr ocurement a nd repa ir budgets are computed and printed using

the values associated with the first mm /max risk factor setting for

the given repairable cog or for the combined consumable i tems .

I

I
I,-.

‘0,~~1 0__)
00,~ .01111,1 £.‘C 0100110111 04.00(11 000*1010

0 15.5, 005 0 PILL 0*30 0100I811P0NT PQOCVCIIPENT 010010 0(1*10 TOTAL TOTAL
000.01)1 AC0((0.I0 P10’111 P4.00610 COST COST COST COlT

09101.000 0*1100, 00 TI1004J60 10101.001) PI(5(NT TWO
0810107 1(11 IOCOWO 1(10 0015, 1100 01*0 6 0105 1100 51105

0. 7000 0 . 73111 01*001 . 41*403. 050 . 1111. (00*1. 30 5)4 .
0 .1300 3. 150 1 01011, *4401. 0110. 1111 . 04081 .  50114.
0,0000 0 , 7 0 0 0  0 1 ) 0 7. *5855 . 060. lI l t. 04511 . 11010 . —
0,0300 0.0434 01000 . 00143. 1011. 1005 . 000111 . 1*010.
0,5000 0,5400 11400. 44010, 1043. 1501, 40501. 44110.

FIGURE 4.6

I ..
Combined Consumable and Repa i rable Budgets for the Terrier Weapon System .

repair level 4

The tota l costs through the present fiscal year and through the following

fiscal year are given. This table provides an indication of the budget

necessary to achieve a prescribed fill rate and vice versa. An additiona l

column , on the right , will indicate an infeasible fill rate achieved , when

the f i l l  rate sought is greater than all of the fill rates associated with

the first mm /max fisk factor setting .
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4.7 Plots of Fill Rate vs. Budget

I The final type of output available--suppressed in the default

mode--is a plot.

L

*8~ :‘ 0

I
’-, . 3) 0

010TOCAL £515 II 35)1 P(RC(NTISI Of 010IJISITIO’41 P1 1 -LID M(T0OIJT A IACK00611
I p’.. H~~ 1Z001T*0, 4631 11 TI)! 000C4.000I(N0 000(0130 COlT T410UGI) 5140 1

100.0 -

I * a C C S 0 “~

5._ 
* 

£

00.0

I—.
A

I—’ 3

~‘0
40.0

I
41.l -

O 1_ P

— I

I I

L.  tl.l ~~

1.1 DI

I’ •, 1.0401*04 1.1071*11 1.1013.01 0.0170.03 0.037(403 1.1171,13 0.5370.00 1,4010001 0.417t~ lD 0.5001*00 0,0341$1*O5

0(30101 TIll PIlOT 0000S5*’( 0(58 S1TTIH0 . 0 TIl 10000,0. *9,0 ‘C~ 71! 71180.

‘0 
— 

S “A” *9,0 5’ • ~~ MC “C’ . “8~ 4910 “C’S I ‘I’ *910 ‘S~ £30 ‘C’

FIGURE 4.7

1 0 .

Sampl e Plot of Fill Rate vs. Budqet for Consumab le Items In Terrier Weapon System

- Connecting the points corresponding to like mm /max risk factor settings

provides a visual indication of the change in budget and fill ~‘ate as

( the procurement and/or repair shortage costs “knobs ” are turned .
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• 5.0 OPERATION

This section deals with the operation of the mode l in a production mode .

5.1 Job Control Language

Figure 5.1 is the JCL (job contro l language) and input data for a

run of the terrier weapon system on an IBM 370. The JCL may differ for the

SPCC iB M 360 computer , but the format of the data rema i ns the same . Note that

this run compiles and link edits to an existing FORTRAN load module library

named LDL1B. The //G0.FTO1FOO1 DD statement specifies that the input data is on

a disk volume . If the input data were on an unlabeled tape with serial number

TERRO1 the JCL for the //GO .FTO1FOO1 DO statement would be modified as follows :

//GO .FTO1FOO1 DD

/1 DISP=(OLD ,PASS) ,LABEL=( ,NL ,, IN),

1/ DCB=(RECFM=FB ,LRECL=290 ,BLKSIZE=8700)

In either case, unit one must be defined to hold the weapon system data as

prescribed in Appendix B.

5.2 Selecting Options and Specify ing Output

Each ICP (ASO and SPCC) may require different options for the i r

respective weapon systems . Each run requires one card of input data . This

will spec i fy the ICP and the date , as well as the various run options and types

of output desired . All options are described in detail in Appendix C in the
* commo n block OPTION. The FORTRAN format of this card is:

48
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I

INPUT FOR~IAT F
0 .  ICP Il U if SPCC , 1 if ASO

Month , day , year 312

Weapon system name A8

16 basic options 1611

Break points for procurement 212
and repair to be used in
the SMA calculations

Fill rates sought for the 5F3.3
weapon system (five are
possible)

Constants for use in computing 2F4.3,12
the reorder level P

(See Figure 5.1)
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FIGURE 5.1

Job Control Language (JCL) and Input Data For A Run Of The Terrier  Weapon System
On An IBM 370
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Associ 4tted with each of the cogs in a we4ipon s y s t e m  is a parameter

I list cont aininq a ll attrib utes of a coq. These are described in detail in

Appendix C n the common blo ck PARAM . Defaul ts do exist t or all th e coq at tr i —

I hutes ; however , it is necessary to i nput the names of the coqs ex i st i nq in the

weapon sys teii~ . This file is input w i th  tre e— fornia t — — a ll dat a need only he

delimited with commas or spaces. The at tributes for each cool should ho s epa rated

by slashes . If fewer than 5 cogs exist in a wea pon system , replace each non-

existinq cog with ‘00,1. In Figure 5 .1 only two of the S pos sible CO~15 exist,

I thus 3 lines with ‘OO’/ are used .

1 5.4 C_r~~t~~ a Load Module

To create a load module  librar y t.he fol lowinq JCL is requi i-ed:

I //LOAD JOB ,TIM E- (I .O) ,R[(~I0N 5(10K

i / /  EXEC
I //  PARM .PRCLI~ K~ ’R ,S’ ,DSN~ ’WY1. .xr .KO1 .1

1 II VOL~ ’P1JR0O5’

I/FORT .SYS I N ~[) *

I-

i 
p roqram

I / / t  KE 0.SYSLMOI) 1)11 1) 1 SP (NI W ,K I I I’) S O C O  01 kS I/F t~.’33

I FORTRAtI Procedures may vary on diff e rent com~su t ers • th us t hi s 0 1L1 . may not a I W I \  ~

he correct.

I
I
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When it is not possibl e to create such a library the following JCL should

be used.

//LOA D JOB ,TIME=(l,O),REG ION=SOOK

/1 EXEC F ORTCL , PARM .FORT= ’OPT= 2 ’

//FORT.SYSIN DO *

[ 

program

//LKED.SYSLP1O D DO UNIT=DISK ,VOL=SER= PUBOO5 ,

// DSN~WYL .XF.K0l .LOAD .

// DI SP=(NEW ,CATLG).

To run the above, use:

//GO JOB

/1 EXEC FORTGO

//G0.FTO1FOO 1 DD...

/ / Ci O.SYSIN DD *

[n~ut data

1~.
1. 52
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APPEND IX A:

( EDITS AND CHECKS ON INPUT DATA

f If a DEN does not fall within the qiven bounds , It is set to the appro-

priate bound (i.e., If it Is less than the l ower bound , it is set to the

lower bound or if it Is greater than the upper bound , It is set to the upper

bound.) Any exceptions are noted .

• Quarter ly dema nd 0..3074 ‘ /,000,000

If 8074 0 and 80230 — 0, 8074 00.~3P and the check

is made on 8074 aqain.  If 8074 fails t he tes t s ,  the

i tern is DROPPED from processi nq.

• Quarterly demand • end of 1 ead t I me 0 - 00/ .10 ~ , 000 5 1)00

If 80230 fal ls outsid e the hounds , set it to 0074.

• Quarterly requisition frequency 0 A O/30 1,000 ,000

If A0238 0 set it to 8074

• Regenerations 80/31, 0074A

0 regenerations 1,000,000

if reqenera t ions ~ 0 set it to (1 - 1007) x 0074

• Repair surviva l Rate 0 100°) 1

jf ~ Qq 0 set it to .~~

• (‘ai-cass R e t u r n  Rate 1 1

where h 1 
= 1107.IA

0O/1~ I 000

if “1 ~ ‘1 ~ 1 
— I’0O .’)/100~

)

U 1

• Wear out ra te 1007 1 - ~~~

this val no i’ei~I aces the Oat a whi ch was i nput

• Demand Our i no repa 4 ,’ TAT 00.’ $14 ‘ 0

if 80/311 ~ (1 set it to 1 . 1 x
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I
• Variances : repair 80 19C , procurement BO19A

i 0 1. var 10,000 ,000
I repair: if var ~ 0 set it to C(B023FI)~

I . 
procurement: if var 0 set it to C(B074~BO11A)~

I SPCC ASO
P = 1.402 P = 1.0

I
. Prices: BO53 (unit price ) B055 (replacement price)

B055A (repair cost)
.01 .~~ . DEN ~ 1 ,000,000

I • MADS A0198 , FOO9A , BO12B , B0 12D ,

0 ~ MAD ~ 3,000 ,000

I (carcass return , repair survival rate, commercial

i TAT , Navy TAT , PLT)
I 

• Set up costs (repair & manufacturers ) B058, BO58A

1 0 COST l~0O0,0O0

• Procurement prob l em TAT 0 — 8012F ~ 12 .0

I if BO12F ~ 0 set it to 1.3 quarters

I
. Obsolescence rate .01 ~ 8057 ~ 1

• Procurement ‘lead time .001 BOI1A ~ 12.0

I if BO11A ~ 0 set it to 2.4 quarters

• Essentialit y .5 ~ COOSC ~
- 1.0

I e DENS for assets computations ( ,-eservations AO 13A , hack orders

I 
A0 11.PPR during Li , PPR after LT , REt , NEIl , contract due .

recommended due)

I 0 DEN Limit = MaX

I
I
1
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• Mar k category t ’ 0,1,2,3,4

if not , recompute as follows :

8074 .25 =-~ Mark = 0

B074 5 and 8055 ~ 50 or 8074 (BO5~) 1. 75 ~~‘ Mark  1

8074 > 5 and B055 ~ 50 or 8074 (BO55) “. 75 = Mark = 2

3074 ~ 5 and B055 ‘ 50 or B074 (B055) ~ 75 
“ Mark = 3

BO74 > 5 and B055 “ 50 or B074 (8055) 75 =
~~ Ma rk = 4

• Shelf life CO28 convert it to months

if it is out of range , C028 = 9 .99 months

• (MAD of demand)2 0 A0192 + A O 19 A
2 10,000,000

if AO19~ + AO19A 2 ~ 0 set it to BO742
A023B

Counts on each of the above edits are output (see Section 4.3) for the

weapon system . These edits could be thought of as constituting a warning re-

garding the results of the program. If the edits are numerous , the SMA ’s may not

be entirely comparable to empirical results. This may suggest a need to update

the weapon system data .

_ _ _  
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I A PPENDIX B :

PREPARATION OF WEAPON SYSTEM INVENTO RY TAPE

I
ach record consists of 290 characters - all the necessary information for pro-

cessing tha t  i tem. Data on the tape is stored in order of ascending Fu N .

Number of Alpha Position

I Name of Data Item Den Characters(l) or Numeric(2) In Record

COG COO3/COO3W 4 A 1-4

1 (3) FAMILY GROUP CODE COO1A-C 5 (last A 5-9
bit is a zero)

I (3) NATO CODE COO1E 2 A 10-11

FIIN/ACN DO46 or C002 7 A 12-18

1 (3) PROVISIONING INDICATOR B067A 1(0) N 19

I SHELF LIFE C028 1 A 20

MAR K INDICATOR from 1 (0) N 21

I 
B0678-D

REPAIRABLE INDICATOR B067F 1(0) N 22

I PROCUREMENT METHOD CODE D025E 1 A 23

(3) ACQU ISITION ADV ICE CODE E089 1 A 24

(3) L.OCAL ROUTING CODE B002 3 A 25-27

I 
OBSOLESCENCE RATE 8057 3(2) N 28-30

(3) FEDERAL SUPPLY CLASS C042 4 A 31-34

I PROCUREMENT LEAD TIME BO 11A 4(2) N 35-38

PROCUREMENT VARIANCE BO1 9A 12(5) N 39-50

I UNIT REPLACEMENT PRICE 8055 10(2) N 51-60

UNIT PRICE 8053 10(2) N 61-70

I QUARTERLY DEMAND FORECAST 8074 10(4) N 71-80

I QUARTERLY REGENERAT IONS FORECAST 8074A 10(4) N 81-90

SYSTEM REQUISITION AVERAGE A023B 10(4) N 91-100

I
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Number of Al pha Position
Name of Data Item Den Charac ters ( 1 ) or Numer i c (2 ) In Reco rd

MAD OF DEMAND (SQUARED ) AO192 + 12(5) N 101-112
AOl 9A2

AVERAGE ITEM ESSENTIALITY COO8C 3(3) N 113-115

RESERVED PLANNED REQUIREMENTS A013A 8(0) N 116-123

SYSTEM BACKORDER QUANTITY A0l1 8(0) N 124-131

PPR DUE DURING LEAD TIME - 8(0) N ‘132-139
- - 

PPR DUE AFTER LEAD TIME - 8(0) N 140-147

ON HAND READY FOR ISSUE - 8(0) N 148-1 55

ON HAND NOT FIT FOR ISSUE - 8(0) N 1 56-163

CONTRACT DUE AWARDED ‘ - 8(0) N 164-171

PR DUE COMMITTED - 8(0) N 172-179
- - 

‘ MANUFACTURER’S SET UP COST B058 8(0) N 180-187

PROCUREMENT LEAD TIME MAD BO11B 3(1) N 188-190

PROCUREMENT PROBLEM AVE. rAT BO12F 4(2) N 191-194

(3) SPECIAL MATERIAL ID CODE COO3B 2 A 195-196

SHIPPER/RECEIVER COUNI - 8(0) N 197-204

WEAROUT RATE F007 3(2) N 205-207

REPAIR TAT MAD: NAVY NON- BO12B 3(1) N 208-210
REPORTING /COMMERCIAL

REPAIR TAT MAD : NAVY REPORTING BO12D 3(1) N 211-213

REPAIR SURVIVAL RATE F009 3(2) N 214-216

J MAD OF REPAIR SURVIVAL RATE FOO9A 3(2) N 217-219

NON-CREDITED GROUP REPAIR QTY BO21A 8(0) N 220-227

SYSTEM REGENERATIONS , END OF B023F 8(1) N 228-234
LEAD TIME

DEMAND DURIN G REPAIR PROBLEM TAT B023H 8(1) N 235-243

UNIT REPAIR COST 8055A 8(2) N 244-251

1
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I
Number of Alpha Position

Name of Data Item Den Charac ters( 1) or Numer ic( 2) In Reco rd

I REPAIR SET-UP COST B058A 8(0) N 252-259

I 
DEMAND, END OF LEAD TIME 60230 9(3) N 260-268

MATERIAL CONTROL CODE COO3A 1 A 269

I DRIPPER CODE (ASO ONLY ) BOO1E 1 A 270

CARCASS RETURN MAD AO1 9B 10(4) N 271-280

I REPAIR VARIANCE BO19C 10(4) N 281-290

I
I
I
I
I
I
I

(1) The number of characters is the total number of characters , excluding any
decima l po i nt . The number i n paren thes i s (numer i c onl y ) i s the number of

I characters to the right of the decimal point.

(2) An ‘A’ indicates that the data i tems consist of alphabetic characters.

I An ‘N’ indicates that the data i tems is a number.

(3) These data elements are not presently used in the model .

I It Is assumed that some editing has been done to the data on these tapes (e.g.,
family groupings).

I
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I
E APPENDIX C:

DICTIONARY OF VARIABLE AND ARRAY NAMES

I C.l  Common B l ocks

- 
Table C.l lists the common blocks and the subroutines in which

1! they are used , and this table uses the following conventions :

i Code

1. U - The entries are used and left unchanged

I H - The entries are used and modified

E - The entries are used and modi fied by an equivalence

I statement

I - The entries are input from a data file.

I b l a n k  - The commo n block is not used in that subroutine.

1.
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Common block: BLANK ARRAY PARAM OPTION INPUT TERMS BDATA size

Subroutine 224 18404 1124 96 212 84 1116 21 ,260

MAIN 192

START M I ,E I ,E 9114

EDIT I ,M M M M I U 9604

DONE M U U 11414

SETCOG 
- 

U M E 662

CONS M M M U M 1930

REPAIR U H U M 
- 

1282

B08 M H U U M 2866

FIRMHB M M H U M 2606

CLAMP M H M U M U 2498

QUA NT 
—

~~~ U U U 3074

S SMA U U U U U 7118

UNDOM 970

LPLOT 23598

LOWDEM 
- 

572

HIDEM U 874

GNB , 594

TAIL 914

B LOCK DATA H H H M - -

101 ,142 bytes

program code = 79,882 bytes

TABLE C.l:

Table of Common Blocks and the Subroutines ‘in which they are used .

60

L



_________________________________________________________________________ -‘-—‘I--- 
~~r— “? ~~~~~~~~~ -“.~ —r-- r” “~~~~~~~,

_ _ _  -- -

The following is a description of each common block and its entries :

‘1. Blank Common contains all input characteristics of the i tem

bei ng processed

I RIND Repair indicator determi ned from the MCC (ma-

• terial control code) and if the UICP is ASO ,

the RCODE (dripper code)

COG through REPVAR Item attributes as read in from the tape
- 

BETA1 Carcass return rate computed from the inputs

RD Factor for non—recurring demand , default is 1.0

2. /ARRAY / Storage arrays for measures of effectiveness ,

numbers of requisitions , numbers of i tems, and

pointers for the numbers of shortage cost and risk
* 

factor settings in use

- 

Index Pointer to the row in the measure of effectiveness (SMA)

arrays for the current shortage cost or

I risk factor setting

I NLAM The number of procurement shortage cost set-
- ting used for a given cog (equal to the number

I of repair shortage cost settings)

URHO The number of mm /max stockout risk factor pairs

I used for a given cog.

NCOG Counter for the number of di fferent repa i rable

cogs processed.

I ICOG Indicates which of the n (n=1 ,...,5) input

cogs the present cog corresponds to.

I NMARK The number of different consumable mark cate-

gories processed.
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LMARK 10 by 1 array for the attibutes of the con-

I sumable mark categories (0,1 ,..,4) rows 1— 5
contain the number of i tems for the category .

I Rows 6-10 contain the number of shortage cost

and risk factor settings for each category

I LCOG Similar to LMARK , but for repairable i tems. A

I 25 by 1 array

rows ‘1-5: name of the cog

I 6-10: # of 308 i tems, by cog

11— 15: # of of fi rm/high burner i tems by cog

I 16-2u: # of CLAMP i tems by 8 cog

I 
21-25: # of shortage cost x risk factor by

cog settings for each cog.

I CSMA 75 by 15 storage matrix for the consumable items , see

Tabl e C.2.

I SMAFHC 75 by 16 storage matrix for the FIRM/HIGH BURNER and

CLAMP i tems, see Table C.2

I SMABO8 75 by 29 storage matrix for the B08 items, see Table C.2 -

I
I
I
I
I
I
I 62
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A R  R A V_ -~~ N A N EI COLUMN CSMA • SMAFHC 
-

~~~~ SMA BO8 *

I i Procurement cost through Procurement cost through Procurement cost through
present fiscal year present fiscal year present fiscal yea r

2 Procurement cost through Procurement cost through Procurement cost through

I 
follow ing year following year follow i ng year

3 Fill rate Fill rate Fil l rate

4 Average days of delay , Avera ge days of delay, Ave rage days of delay .

I del ayed requisit ions delayed requisitions delayed requisitions Repa i r Level

5 Average days of delay, Average days of dela y, Average days of dela y,
all requisitions all requisitions all requisitions

I 6 Time-wei ghted requisitions Time-wei ghted requisitions Time-weighted requistions
short per year short per year short per year

7 Dolla r value of safety stock Dollar value of safety stoc Fill rate

I 8 Days of safety stock Days of safety stock Average days of delay,
delayed requ isitions

0
- ~~ 9 Dollar value of lead-time Repa ir cost through Average days of delay , all Repair Level

I I demand present fiscal year requisitions 2

I .
~~~ 10 Days of lead-t ime demand Repair cost through follow- Time-weighted requisitions

-1 ing year short per year

I 
- 

~~ “ Procurement shortage cost Procurement shortage cost Fill rate

~~ 12 Minimuri risk factor Minin ’um risk factor Average days of delay ,
- delayed requisitions Repair Level

I -  .
13 Maximum risk factor Maximum ris .~ factor Average days of delay , al l

I ~ requisit ions

I~~- ~ 
14 Number of requisitions Nun~er of requ isitions Time-wei ghted requ isitions

0 short per year

in 15 Dolla r value of annual Cog Dollar value of safety stock
demand

.
~_ 

16 Dollar value of an nual Days of safety stock- 
- 

- demand
-1 ~

_
-1 ~ 17 Repair cost throug h present

I fiscal year Re pa i r Level
1 4

>~ 18 Repair cost through follow i ng
i -- year
I
• -. 19 ‘ Procurement shortage cost

I 
c~ 20 Minimum risk factor

~ 21 Maximum risk factor

- 22 Repair shortaqe cost
•

23 Nunber of ,-equis itions

- 
24 Cog

I 25 Dollar value of annu al dem and

26 Repair cost t h m ’o~~,:h prt’st’nt
tisca l year ~ 

Re ,il’ 1t ’~. ol

I 27 RCPJI “ c o” t  throu~h mo l l c w —
inq year

28 ~ cp,l 1 r co st t h -c ,~~h ~? t ’st ’n t

i t m s c a l  ~r,1r 
~~~~~~~~

I 29 Repair ‘~~ t th rcu ~~h • c l  low—
- m flii ~ r,l r

• 
, _ _ ___ _ ___L__________— -~~ --— -- - -  —--- - —— - — — —  - - -  - - -  -

I

* Each row of the ~atr ’-~ corresponds to a unique cog, shortage cost, and r1c~ ~a c t , -r  s e t t ,n i .

63
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lOUT Unit for outputs from program

REQ 15 by 1 array .

rows 1-5 no. of requisitions for B08 i tems ~y Cog

rows 6—lu no. of requisitions for firm/high burner i tems

rows 11-15 no. of requisitions for CLAMP by cog items

I by cog.

I 
NB .NBQ,NBP ,NBQR 5 by arrays for counts , by cos , on the number of

i tems using a negative binomial di stribution. A

I Q i ndicates that the negative binomial di stribution

was used in computing the reorder and repair levels

I and triggers. An R indicates that this distribution

I 
was used in the repair problem. An array name with

no Q in  it , implie s that the negative binomial distribution

I is used in computing the SMA ’s.

NORM . NORMQ , NoRr-IR , 5 by 1 arrays for counts , by cog , on the number of
NORMQR

I i tems using a normal distribution. (see description

of NB arrays for fur ther ex p l ana tion )

I 3. /PARAt’l/ Parameters in use for the cog bei ng processed

I LAMP the procuremen t shor tage cos t setti ngs (max i mum of 5)

LAMREP The repair shortage cost settings (maximum of 5)

I RHOMIV The mm risk factor settings (maximum of 3)

PROINT* Interest rate for the procurement problem used in com—

I puting the holdi ng cost

I REPINT* Interest rate for the repair problem

STORAG* Storage cost

I MSLS* Max i mum safety level (in months) for computing P.

the reorder trigger

*yalues are used solely in computing reorder level s and reorder triggers

I 64
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I
ItRF AK P P eakpo I mi t to r dem,i nit ( norma l / nt’q at I ye b I miom i a 1)

I to r the proc ur enien t prob 1 ~~
IIRI AK P P m’eak ~~O I ut t or demand ( normal / n’ .i t v e hi now I a 1)

I f or  the repair pi-oli l em

I 
I enq Ui ot thi’ procml rt ’mt’n t rev I ow period (In years)

Lenqth of the repai r rev I ow pert ott ( I n  yt’.mrs )

I 0CM I _ ‘a Ma rk 1 ,intt .‘ order t ’ O S  t s for comput 1 mi the procur e—

mont order cost

I RI I’APC~ r aitmi ni ctrat ye cost ( used t o  compute the has i c

I 
ec on ow ic i-ep a 1 r qua n tI ty

PC LOW L ) a Low dern1i mi d ~ rder ~os t - to com pim I t ’ the proc u renien t

I order c o s t

POCNI L /POCAI)Va Nt’qot I at ed ~i,itt adve,’t i soil pi-ocurement order

I os t s , to comlipu to t hi’ pt’ocuremnen t order t’os t

I
M,I\ imntiin ~ium - chaso order Va 1 ut’, to compute the p,’ o—

curenlent order ost

‘ 
1 fl AY flays of sate ty ‘ t o t ’ k for CLAM)’ I tows — —A SO o lily

( t0t ( % U 1 t I 1 ~‘ days

I LW In duc ~~ pt’~’I~ d to,’ I ~~ ~~~~

,i nil CI AM)’ I t ~‘lll S ( dOt ~% U 1 t i s 1 ~ d a,y c

I Ca t - t ’ass a r r iva l  delay for F IRM , II 1t ) I IItIR N I R , and

I C 1 AM)’ 1 t I’ m ’ . ( dot .i i i )  I I c 100 itay s

POR 1 POi’ I. to n ot t li e ~~
t. 0 ‘-( ‘f i t I I ‘t ’ •il yea t ’ I’ t ’llI.l liii nq to r

I c o’npu t i nq proc urt ’men I and rep~i i r bud qe t -
~ (Il l ye .i ‘ ‘~

cli’taul 1’~ 1)

I
a V.11 IlI~S art ’ tisi ’d so 1 ely in coiiipu t i nq r,’,’,’II (’r 1 eve 1 s mo d m ’ ’o,’der t ,~ i qqer’,

I
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I OVR I)t) I 1 aq to override the reorder qua m itt ty . Q, com pu —

~ 

tation wI th one year ot attn tion If set to 12

def ault is 1.’ ne pa l ra b i e I tems only input Is

I g iv e n  I n  months of attn tlon)

I 
L4L’lAY flays ot’ demand— — safety stock - - tot ’  level 4 ;Pt~ rep-ilr

tr I gqet’ compu tat ion

1 CLVL RepaIr level a cog should 1w set to It cogs are

allowed to ditt er I n  repa I r  scenarios

-

~~~~~ 

RI~) S by 1 array containIn g the non-recurring demand

factor by mar k category (default I’. 1.0)

1 COmA S 5 by 1 an,’ay cont aining the cog names i’ x i  st ing

I
In th I s weapon sys tern (stored in subrou ti mit ’ SI ~R 1,

a maximum of 5)

II PARAMS A ~~ by 1 array contains all of the above 4f~ values

as input for each o f tiii’ 5 cogs .

I
I 

4. /Of ’ I ION! Ho ids .il 1 options chosen for the current weapon

sys tern run .

I ITWR S In c lmm dt ’ ’ exc l ude time—wei gh ted requl sit ion short

antI average days of (101 ~iv com pu ta t I on

I 15k))) Inc’thde/exc 1 ude compiltat ion f or  the mean and var—

I
I ant,t’ of the umi t I ll ed port ion ti t .1 rcqui sit I oil when

the reorder tn b r  is hi t

I IRMAI) Inc butte /ext . 1 tide computations Inv olvin g t he t a r t  ass

ref i i t - o MA)) ~ rep.i i t ’  survIv al i- ate MAD .

1
I
I 

- -~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~
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I
I IEU2(IES) Include/exclude computations for the units (requisi-

I 
tions) backordered at the start of a procurement

cycle.

I M IXLVL 1 ’2 Al l ows for cogs to be run at di fferent repair level s

(default is zero , i.e. this option is not used)

I If the value is one , CLVL is used as the repair level

I 
LVL2 34’’2 Al l ows the data to be run for all 3 repair level s

independently.

I LVL 2 Repair level for all i tems in the weapon system

(default is 3)

I KCDA’ Include/exclude contract due awarded from the corn-

I 
putation of assets.

KPRDC 1 Include/exclude PR due committed from the comliputa-

tation of assets.

IMRK output the plots of fill rate vs. budget

I by consumable mark category .

L 
ICPLOT9’ output the plots of all rate vs. budget for

the combined consumable i tems

I IREP9’ output the tables of effectiveness by

repairable cog.

I IRCOGP ’ output the plots of fill rate vs. buget (pro-

curement and repair) for each repairable COG

I IRPLOT ’ output the plots of fill rate vs. budget

I (procuremen t and repair) for the combined

repairable i tems

1 1 1 indicates include

I 0 Indicates exclude

2 only one of LVL234 , M1 XLVL ,LVL may be non-zero
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IL3RK SP,IBRKSR Breakpoints in requisitions for the normal

and negativ e binomi al di stributions. IBRSKP

is for the procurement problem , IBRKSR is for

the repair problem .

IASO fl ag for which U)CP the data belongs to

IA SO 0 SPEC

IA SO~~ 0 ASO

IF IRST 3 Pointer to the first repair level to be run

IL AST3 Pointer to the last repair level to be run.

139R ,F39C,139 Constants to be used in computing the procurement

trigger

5. /BOATA/ Contains 4 tables of data

NORM cumulative standard normal distribution

values.

THORM cumul ative standard normal distribution values

for large val ues of X X> 1.2

TABLES conversion values for shel f life input.

TABLEC table of reorder trigger values for various

demands for CLAMP i tems

6. /TERMS/ terms used in computing the measures of

effectives which are i ndependent of the

shortage cost and mm /max risk factor settings.

if IFIRST = ILAST =~~ LVL234 = 0
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NU annual requisition rate

I EY average issue size

ER expected repair turn-around time

I EF’ expected portion of a requistion left unfilled

I 
when the reorder trigger is hit

TEi(M1 annual demand (p41J*EY)

I EL length of a procurement cycle

RECEY reciprocal of EY

I RECTRM reci procal of TERM1

I 
BETA reciprocal of attrition factor

ED3,VD3 expected value and variance of demand over

I l eadtime plus procurement periodic del ay ,

including the unfilled portion of the requisition

I (EF), less the i tems which can be repaired in

this time.

1 ED5,VD5 expec ted value and variance of demand over leadtime ,

II less the i tems which can be repaired in this time

ED6,VD6 expected value and variance of the demand over

LI the repair turnaround time plus the repair rev i ew period

ED7 ,V07 expected value and variance of demand over

II the repair turnaround time

- 1 SQVD3 ,SQVD5,SQVD6 ,SQVD7 square root of the variances as described above.

7. /INPLJT/ contains the data exactly as input , wi th the

LI exception of MARK and SHLFLF , which have been

converted and recomputed if necessary . See PLANK

1 COMMON fo r  a description of each variable.

ii
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C. 2 Da ta Elements

The following is a list of variable names with their corresponding data
element number (den) and description ,

VARIABLE NAM E D EN DESCRIPTION

COG C003 Cognizance symbol

I NIIN D046/C002 National Item Identification
Number

I SHLFLF C028 Shel f life

MARK 8067B-D Mark category

I RII B067F repairable i tem indicator

PMC D025E procurement method code

I ORT B057 obsolescence rate

I UPIR B055 repl acement price

UP B053 unit price

I PLT BOllA procurement lead time

QSDF B074 quarterly demand

I QSRFIR B074A quarterly regenerations

I 
PROVAR BUl9A procurement variance

SRA A0238 system requisition frequency

I AlE COO8C average item essential l y

RPR AU13A reservations

I SBQ A Ull

PPRLT PPR due during l ead time

PPRFY PPR due after LT , but before
fiscal year

I RFI on hand RFI

NFFI on hand NFF’I
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VARIABLE NAt-bE DEN DESCRIPTION

CDA contract due awarded

PRDC PR due committed

I MSLJC B058 manufacturer setup cost

I 
PPTAT BO12F procurement problem TAT

DMAD A0l92+A019A2 MAD of demand (squared)

I SMIC CUU3B special material ID code

PLTMAD BO11B procurement LI MAD

I SHPREC shipper/receiver count

I 
WR F007 wearout rate

CTATMD BO12B commercial TAT MAD

I NTATMD BO1 2D Navy TAT MAD

RSR F009 repair survival rate

I MADRSR FOO9A repair survival rate MAD

CRMAD AO19B carcass return MAD

I REPVAR BO19C repair variance

I DRPTAT B023H demand during repair problem
TAT

I 
UC I R B055A repair cost

MCC COu3A material control code

I RSUC 8058A repair setup cost —

RF’IRTG - B023F qtly regenerations (end of LI ‘

I DELI B023D qtly demand (end of LI)

RCODE BOO1 E dripper code

- I
1 71
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APPENDIX 0:

I DE SCRIPTION OF SUBRO UTINES

I this section describes each subroutine ’s function and major

arrays or variabl es invol ved (excluding those found in the common

I blocks). All subroutines are written in FORTRAN .

D.1 MAIN

I Calls the routine START to get the program going .

I: 0.2 SUBROUT INE START

— Initial i ze counters and input/output devices

I - Read in the weapo n system sponsor , the month , day , and year

of the run

I - Read in the options for the run

- Read in the parameters for each cog in the weapon system

I. - Validate i nputs and echo them.

I 0.3 SUBROUTINE EDIT
- 

- Read in items to be processed

I — Edi t the data , keepi ng counts on the edits

- 
- Determine whether it is necessary to update the cog

parameters in common /PARAM/

I - Call the appropriate subroutine , depending on the repair

indicator

— Compute and print the weapon system surimnary statistics

D.4 SUBROUTINE DONE

I A. , Func ti on

I — Combine all repairable i tems (B08, FIRM (HIGH BURNER),

and CLAMP) into the array SMABO8

[ - Upon completion of the processing of the weapon system ,

output tables of effectiveness by consumable mark

category , for combined consumable i tems , by repairable
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I

I
cog, and for combined repairable i tems (once for each

I repair level )

[ — output the achieved weapon system fill rates and

budgets corresponding to the fill rates sought for

[ the weapon system

b. Major variables and arrays

I REQN reciprocal of the total number of requisitions

processed

TOT reci procal of the number of requisitions associated

I wi th a given shortage cost and mm /max risk

factor setting

I SMA A 15 by 13 array to pass the fill rate and budget

-j information to the plotting subroutine , LPLOT.

WSYS A 15 by 6 array containing the achieved and sought

fill rates for the weapon system and the associated

procurement and repair budgets for the present

I and fol l owi ng fi scal years for each repair scenario

D.5 SUBROUTINE SETCOG

1 — Bring into common/PARAM/ the appropriate settings for

I the current cog

- Determi ne the number of mm /max ri sk factor settings

1 (NRHO) and shortage cost settings (NLAM) for the item

1 0.6 SUBROUTINE CONS

1 - Prepare the consumable i tems for processing

-1 
— Compute the values in common/TERMS/ , which are i ndependent

of the shortage cost and mm /max risk factor settings

- In a loop over all the shortage cost and mm /max risk

factor setti ngs , cal l the subroutines to finish com-

puting the measures of effectiveness.

- 
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D.7 SUBROUTINE REPAIR

- Set the repair level at which the i tem is to be run

- Call the appropriate subroutine depending on the

repair management scheme (i.e., B08, FIRM , HIGH

BURNER , or CLAMP)

0.8 SUBROUTINE B08

- Prepare the B08 i tems for processing

— Compute the values for the common block TERMS

— Set up a l oop over all shortage cost and mi n/max

ri sk factor settings to cal l the subroutines which

compute the reorder level s, reorder triggers , and

the measures of effectiveness

0.9 SUBROUT INE FIRMHB

— Prepare the FIRM or HIGH BURNER i tems for processing

- Compute the val ues for the common block TERMS

- Set up a loop over all shortage cost and nu n/max

risk factor settings to cal l the subrouti nes whic h

compute the reorder level s, reorder triggers , and

the measures of effectiveness.

D.10 SUBROUTINE CLAMP

— Prepare the CLAMP i t ems for processing

- Determine the reorder level (P) from the table

TABLEC
- Compute the reorder quantity Q as one year ’s

attrition demand

- Compute the values for the common block TERMS

I
I
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D.ll SUBROUTINE QUANT

Goes through the levels computations as in SSDS D05

revision 5, 7/76.

I - Compute the reorder level s for procurement > P

- Compute the reorder quanti ty for procurement BUS

I i tems only:

— Compute the reorder level for repair , RP

- Compute the reorder quanti ty for repair RQ.
- I D.12 SUBROUTINE SSMA

- Complete and store the measures of effectiveness corn-

I putations as begun in CONS , 808, FIRMHB , and CLAMP ,

I
- Compute and store the procurement order costs for the

remai nder of the present fiscal year and through the

I followi ng fi scal year

- For repairable i tems , compute and store the repair costs for

I the remainder of the present fiscal year and t h rough  the

followi ng fi scal year

I - Do all of the above for each repair level spec i fied in the

I current run.

0.13 SUBROUTINE UNDOM

I — Prepare the data for plotting by determining the minim um

and the rnaximu mn budget for each) pl o t

I - Output titl es for the plots.

I 0.14 SUBROUTINE LPLOT

- Convert the data to fit in the available graph area GR ,

I a 52 by 101 array

- Output the plots wi th symbols unique to each m m / m a x  risk

I factor settings.

I 7S
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0.15 SUBROUTINE LOWDEM

- Computes the unconstrained reorder level for i tems deter-

mined to have a negative binomial demand distribution.

D.16 SUBROUTINE HIDTM

— Computes the unconstrain ed reorder level for i tems

determined to have a normal demand distribution

0.17 FUNCTION SUB

— Computes the negative binomial inverse cumulative distribution

summation for use in determining the number of units and

requisitions backordered.

0.18 FUNCTION TAIL

— Determi nes the normal inverse cumulative distri bution ,

summation tables CUORM and THORM

Li
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I
A P P E N D I X  E:

I MATHEMATICAL COMPUTATIONS

I E.l Reorder Levels and Reorder Quant ities

E.l .1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I (Level s formulae 4,19 ,22,23,37,38,39,40) all units of time are 
-

quarters .

1 1. Procurement order cost (POC)

I a) If an i tem is repairabl e or consumable Mark 3 or consumable

Mark 4 and (demand (end of leadtime ) X unit price ) is less

I than or equal to

/maximum unpriced \2

I ~ purchased order J
v a l u e  / X h o l d i n g  cost

8 X/ (manufacturer ’ s se tup  c o s t  + low annual \( demand orderjI cost /
then POC low value annual demand order cost

I b) If an item is repairable or consumabl e Mark 3 or consumable

I t-lark 4 and the i nequality in (a) is fal se and the procurement

method code (DEN D025E) is not zero, B, 1 , or 2 then

I. POC = negotiated procurement order cost

otherwi se POC = adverti sed procurement order cost

I c) If an i tem is not repairable and is Ma rk U or Ma rk 1 or

Mark 2, then POC = Mark 1 and Mark 2 order cost

* *

I 
2. net annual demand X shel f life

- net annual demandm u n obsolescence rate

basic ~ = mm 5x net annual demand

I 
1 ne t gt ly  demand 

_____________

V 2(man utactur er 1 s setup cost + PUG) net annu a l __demand
Holding cost x unit price

( Q = order quantity )

I 77 
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I

3. Variable procurement stockout risk
1. a) repairable i tems :

1 999999
= n u n Holdi ng cost x unit price x basic Q x demand

- .\ x frequency * x net annual demand x essential ity

where A = procurement shortage cost, a system variable

• b) consumable i tems:

I ‘ 

999999
Hol di ng cost x unit price x demand

= mm \ x essentiality x frequency *

4. Acceptable procurement stockout risk

max. risk al lowed
= mm max m m .  risk allowed

I ! 1 ÷ ~
‘ I

5. Procurement va1’iable

- a) repairable i tems:

Zl = Lead t ime demand - Lead time regenerations
- 

- + regenerations during procurement TAT

b) Consumable i tems :

Zl = Lead tine demand
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I
J ~~. Hasic ,‘eorder level • Xl

I 
Computt ’ Xl: PC / Xl ) p p( / Xl — 1)

a) It /b Rrea k po i mit C Rreakpo i n t is a sys t1 ’in constant )

I ‘- N( /1 , Pr~cur ’inon t Van

b) It /1 t~m’~’ak po l mit
— Procurement van amice

~
. t - k ’qat i ye P1 nomu l al q —

I k

I p • — 1

I c ) I t t he I tern I s con suniabl e Mark U

- ‘ -  Poisson C 1

J - 
p • 

~~~~~~~~~~~~~ 1 L’vel

I 1 (II i
)

p ‘- ma \ na ‘ t. X 1 s hi PN’ m / m~~. ~ 1 VI.’ r C OUfl t 1

mii iii net annual tteniantt \ stiel t b i t  e~ • .1 —

I net an im al dvmaii~t , ohso 1 (‘sCen~
(’ rate 4 .1 — I

I Whi ’ re • N . rid I m’e S~~ S t’lfl COn t,i~ t s

K • 1 i t  rep~i I nab 1 e

U I t comisti m ahl e

I i t  ~
‘ on smm inah 1 e

I • 1

• ‘n)’i non t hs

‘I’ ~ ~‘r fl-pa 1 i’ .%b I ~‘ i t  t ’IuS ‘in’, t hi ’ at 1 ‘a st the 1 t’att t iili ’ denm~i nit

I .s ’ l~ t~~ i’ \ .~~i ,, ,‘Ii .tm ’ I. l ~’l t’ i t  ~‘im s.
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I
8. Q = reorder quantity

- - net qtly demand

I mm  basic Q
- Q = max net annual demand x shel f l i fe  - [P — Zl]+

net annual demand/obsolescence rate — [p -

P — Zl i - f P> Zl
where [P - Zl]~ is the safety stock 

= U P < Zl

I E.l .2 Com2utat!on of the reorder level the reorder qu ant i  ty for

r~~~ir 
(Levels formulae 12 , 44, 45, 4b, 47, 5U)

- I 1. Basic repair Quantity = basic RQ

RW* x Regen~rations

= Max /~~Re~a ir set~p cost +~~~p a ir _ad m in is t ra t ive  cost )ni n [deniand ,re~JHolding cost x repair cost

2. Variable stockout risk

= mni ~ ~I 1 1 i  ng cost x r t ? plac ement priCe x basic RQx clelli an d
4 x trequency * •‘eqenerat ions x \ ( rep) x essent ial i ty

I 3. Stock out r i s k

miax ri sk a l l owe d
u n  risk allowe d

mi ii max 
—
‘ 
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4. Basic repair l evel = X2

Compute X2 = P(D > X2) < ~
‘ < P(D > X2 — 1)

a) If the demand during repair TAT = DR > Breakpoint

D ” N  ( DR . Repair Variance)

b) If DR ‘. Breakpoint
e

• 0 ‘-. Neg. binomial q = DR

p = q - l

k DR
p

5. Repair level RP:

0

max [X2 , shipper/receiver coun t]
RP = flax n u n

annual deniand x shel f life * + DR —

annual demand/obsolescence rate + DR -

6. Repair quantity RQ

1

basic RQ 
+RQ = muax mi ii annual  demand x shelf li fe * — [RP — DR]

annual dem and /o bsolescenc e [RP -

rate

*The termu shel f life is only used if the shel f 1 i te is non zero (i ten
is deteriorative)

*Net annual demand = 4(quarterly demand - quarterly regenerations)

* Net quarterly demand = (quarterly demand — quarterly reqenerations)

* Frequency is the quarterly r e q u i s i t i o n  f requency

* RW Is the repair r eview per i od

I ’  
~

-
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)E.2 Measures of Effectiveness

I E.2.l Consumable items

1) Use formulas 4, 19 , 21 , 37. 38, 39, and 40 in ‘.EVELS

I to compute P and Q ( E . l . l)

2) Compute fill rates, average days of del ay (condi tional and

I and unconditional ) and time-weighted requisitions short as

I described in Appendi x 5, using the normal demand di stribution

or the negative binomial demand distribution as appropriate .

I E.2.2 Repairable i tems , 808

1) Use formulas 4, 19 , 21 , 37, 38, 39, 40 of LEVELS to compute

I P and Q

I 2) Use Formulas 12 , 44, 46, 47, 50 of LEVELS to compute RP

and RQ (E.l.2). Then compute the fill rate and the other

I measures of effectiveness as described in Appendix S. using

the appropriate demand distribution.

I E.2.3 Repairable i tems, FIRM or HIGH BURNER

I l) Compute P and Q as in E.l.l

2) Compute the fill rate and the other measures of effectiveness

I as in Appendi x S.

E 2.4 CLAMP i tems

I 1) U s i n g  the poisson table l ookup, comnpute the reorder level P.

I 
2) Compute reorder quantity , Q, of one year ’s attrition:

Q = 4 x quarterly demand X wearout rate

I 3) Continue as for FIRM items to compute the various measures

of effectiveness.

I 82 
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I 
E.3 Procurement and Repair Costs

For all i tems, compute the procurement budgets through the 
- 

-

I present fiscal year , and through the followi ng fiscal year

using the reorder level s and quantities as follows :

I ASSETS = RFI + NFl * RSR + CDA + PRDC - (RPR + SBQ + PPRLT)

Attrition since the last reorder was made

I
0 if P > ASSETS

I Ill = 
P+Q — ASSETS if ASSETS > P

Annual attrition : 
-

I ATTR = v x WR x E ( Y )

where v is the number of annual requisitions , E(Y) is the average issue

I size , and WR is the wearout rate

Attrition over K years :

1 T = K (ATTR ) + PPRFY
where PPRFY is the planned requiremuients due after the lead

I time , but before the fiscal year

The number of reorders in K years:

T + H l ~I G1 = INT ECU) Gl ’O

where E (O) is the expected order quantity during a procurement

I cycle.

I The fraction of the procurement cycle between the arrival of an order

and the first repair i nduction:

I / Safety Stock + E(U) — (RP- \E(Y)RW /2 )  , 1 - E(~ 
) E(~2)

~ (RP) = n u n  E(u)/(l — E(~ 1 ) E(~~)’r 
1

I WR = 1- EC~ 1)E(~2)

where E(~1 ) is the expec ted carcass return rate , EU~2) is the expected

repair survival rate , and SW is the repair rev i ew period.

I 83 
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I Size of reorder quantity for immediate buy :

P + Q - ASSETS if P -c ASSETS

i 
112 = 

0 if ASSETS ‘ P

lead time attrition :

I H3 = E L  E (Y ) l — E(B1 ) E(~~))

where E(L) is the expected procurement lead time

I The number of procurement cycles during the remainder of the

lead time attrition

H2 - Hl -

G2 INT ECU )

I
I Attrition since the last procurement arrival

H4 = (1 + G2) E(O) + Hl - H3

I
The number of procurement arrivals during K years

I 
_______
T + H4

1 53 = INT

I The -fraction of the last repair cycle during which carcasses are included

I H5(RP) = mm ~ {LE(o~
4 

~3 - ~~ P) ] / E(~1 ) E(~2) 
‘

I
The fraction of the first repair cycle during which carcasses are

I included

I H6(RP ) = mm 

{ ~ 
- ~ ( RP)  J /E (

~1 ) E(~2)

I 1
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I
Procurement order costs over K years:

I PC (K) = (unit price ) (112 + 51) x ECU )

I Repair costs over K years:

I E ( B  ) E (~ ) E(0) repair costl
R C ( K )  = 1 2 

1 - WR •J ~~ 
+ H5(RP) - H6(R P)]

Note that the above repair cost computation applies for the B08 i tems

I which have a repair induction point and a repair rev i ew period. In the

case of the special repair management schemes, FIRM , HIGH BURNER and

I CLAMP , the procurement cost is the same as the above using the procurement

I 
reorder point arising from the Level Program (for FIRM and HIGH BURNER)

and from the Table for CLAMP . The annual repair costs for these itenis

I can be calculated by simp ly summi ng up all repairable carcasses received

in a year , i.e. B 1~3 2 vE(Y) times the repair cost/unit.

- I The above formula formula for RC(K) assumes that the repair order-up-to

point was equal to RP bo th before and after the beginning of the present

I fiscal year. Suppose, however , that the repair order-up-to point was RP1 prior

1 to the b e g i n n i n g  of the  present  f i s c a l  year arid will be RP2 over the next K

fiscal years . In this case , the repair  costs over K years will be given by

E(~ - ) E(t~ 
) E(O) repair cost

RC(K ) = 
2 

1 —i
~

-
~,~

--------- --—-———-- [G3 + H5(RP 2 ) - H6(RP1 )} -

- I

I
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APPENDIX F

I NUMERICAL EXAMP LES

F .l  Consumable Item , Hi gh Demand Case

F.l .l Characteristics:

M ark = 4 U P I S  = 15 0 M SUC = U

SHLFLF = U UP = 185 RPR = 191

NP1 = 1 PROVAR = 279 .16845 PPRFY = 191

- PMC = 3 QSDF = 3.6399 CDA = 230

SHPREC = 1 DELI = 3.999

I ORT = .12 OMAD = .00169 all other DEN ’S

PLT = 4.0 SRA = 3.6399 - are zero

PLTi’IAD = 1.6 AlE = .5

• F.l.2 Parameters :

storage cost = .01 interest rate = .1 HC = holdi ng cost .23

I W = .0048 (proc. review period) A = 1.00, ~nuin .ul , 0max = .5

V044 = 7500 V04l = 275 Break point = U

I Non—recurring demand factor = 1.0

F.l.3 Calculations:

I. since DELT (UPIR) ~ V044
2x HC/(8(V041 + I’1SUC))

599.85 ~ 18039.2 1569

POC = V041 = 275

I - - 4(DELT)/ORT 133.3m ui n 2UCOELT ) =
basic Q = mm

max DELT = 3.999
/8 (I~0C ÷ MSUC ) DELI = 15.97

NC x UPIR

I basic Q = 15.97

1 86
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I
- 999999P = mni n

- 69SRAx A A1 E —

p liaX =

mm p = 41_ = .4083
max

I 1 + ~ 
= .4083

I Zi = QSDF x PLT = 14.5596 > 0 
~~~> use the normal distribu tion

for demand

I find Xl : P(Z > Xi) 
~ p < P( Z > Xl — 1)

where Z ‘~~ N(l4.5596, 279.16845)

I Xl = .24 x ~2 7 9. l 7  + 14.5596 = 18.57

I U
KxZ1 = 14.5596 i = 1

I P = max Ii = 999 mont hs
mm zi + M/3 (DELI) = 1 346.227

max (X l , SHPflEC) = 18.57

I 
4(DELT)/ORT + Zi - I = 146.8596

P = 1 9

Q max DELT = 3.999
mm basic Q = 15.97

I 4 DELT / i~~f~ - Zlf = 93.86

Q = 16

I
I
I

I
I 87
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I
I W R = 1

1 v = 4(SRA) = 14.5596

E (Y) = QSDF/SRA = 1

E(Y 2) = 1.57 D~IAD/S RA = .00072895

E(13) = 3E(Y)E(Y 2) - 2(E(Y))3 = -1.99

I E (L) = PLT /4 = 1

V(L) = 1.57 x PLTMAD2/16 = .2512

E(F) = E(Y2)/[2E(Y)] = .000364475

V ( F )  = [ E(Y 3)/ 3E (Y ) - E(F) 2]~ = 0

r E(D1 ) = (W/2 + E(L))v x E(Y) = 14.5945

V(Dl ) = (W/2 + E(L))v E(12) + (W 2 / l 2  + V(L))(~~E(Y))
2 53.2609

j E(03) = E(D1 ) + E(F) = 14.5949

V(03) = V ( D 1 )  + V(F) = 53.2609

Ki = (P — E( D3)) /~fV (D3) = .6036

- 4CK1 ) = .3325 ‘~(Kl ) = .272 G(K1 ) = .16098

E(Ul ) = / V ( 0 3 )  x G(Kl ) = 1.2238

E(D 5) = E ( 0 4 )  = E(L )vE ( Y )  = 14.5596
- V ( D5 ) = V ( D 4 )  = ECL )vE (Y 2) + VCL ) (~E ( Y ) ) 2 = 53.2506

K2 = ( P ÷ Q — E ( o 5) ) / - I v ( 9 5 )  = 2.801

•CK2) = .00788 •(K2) = .0o325 G(K2) = 0

F E( U2 ) = 0

ECU) = E (U1) — E(U2) = 1.2238 = E(N) since E(Y) =

E C O )  = W/2 v E(Y) + E ( F )  + Q = 16.0353

fill rate = 1 - 

~4-~4 
= 92.37

I E(S1) h(Kl) = .31 1675 E(S2) = ~~-~~-~~~~ -~~- h( K2 ) = .01221

I
I 88 
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‘ I
I E(S) = E ( Sl ) - E(S2) = .2995

average days of del ay for all requisitions:

I 6.8173

average days of del ay for del ayed requisitions:

I 93.005

I 
time-weighte d requi sitions short, normal i zed to one year:

99. 257

1 safety stock = [P-Zl ]~ = 4.4404

dollar value of annual demand = UP x v x E ( Y )  = 2693.526

I dollar value of safety stock — [ P - Z l ] ~ x UP = 821.5

days of safety stock = 365 x ~~~~ annual demand = 111.3

I dollar value of l ead—time demand = Z1 x UP=2693.526

i days of l ead-time demand = 365 x ~ ~~~~a m
F
~ = 365

I 
3 ~~-,1 5~$LF L F S 7,3 ~~~~~~ 0 0 1 s O  r - ~~ 3 COlsO.L ’  lILT ’ 3.999

p~js .~~7 r9~ -,Tr . ~7’.11-0..6 0005’ 150 00 UP’ 10 5.00 3535 ’ 3.4399— 350~~ 0 ’  0 0  500’ 3.6399 lOAD’ 0.0C~ 65 A 1ES0 .500
191 0 0 191 0

N,,0 co o.r C.r.3L~ 0 ~30 0 0 0151160’ 1.6 POTAT ’ 0.0 54005 C. 1

I 50’ 14.5S-’..O 19 (33 (1 3 5 L0000 1.1007 — 0 . 9970
t P.%0~ 0.0 0.0 (F.VP5 0.0 0.0
IL.vk : 1.0300 0.~ St2 0D1 .~ A 15 14.5’S 53 .341
100.0035 1.6.5’AS 53.2509 (OS VOSS 14 .5594 57 .3 60 0
0CC 05.0000 5%C~ 55. 9t50 300063 0 . ? 21 1’..5596 R$~ 1 0.500 33 1e .5s c 605— P.O 1’ 14
k1 .GOUOS1 P011.C.OL 0.0 03 7 0. 730 0 .33 5 0 .167?

I ~~~~~~~~~~~~~~~~~~ 2 0003 0 0003 0 .0079 0 .0 000
1U1 1A~ .(0 1.~~ 57 0 .00 01 0 .23 3 5
131 ,031.0 3 0. 31 4 0. 0 10 0 .303

--—~ 1109 ot.. rvcc . ~~~ £~ - I

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

~~~~~~~~ ~~~~ ~ ~ ~~ IC~9 51.191811 0(055 4
.01 .30 000.00 35590. 305o4. 0.9137 90.13 

~~~~ 100.1 6~ 1 9 111. 345 -

1 -

1
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I

F.l.4 Procurement cost calculati ons

Assets = 39

Attrition = vEY = 14.5396

: 

P+Q - ASSE tS = -4

1(1) = 205.5596 1(2) = 220.1192

51 (1) = 12 51(2) = 13

PCC 1 )  = $35598.4 PC(2) = $38554.9

F.2 B08 Item, Low Demand Case

F.2l Characteristics:

MARK = 0 RIl = 1 SHLFLF = 0 PUC = 0
NP1 = 0 SHIPREC = 0 ORT = .1 PLT = 3.01
PROVAR - 207.0728 UPIR = 25.0 UP = 251 5 UCIR = 12.34
REPVAR = .973 7 QSDF = .3399 DELI = .34 SPA = .3391
QSRFIR = .30591 RFIREG = .3 DMAD = .24094 AlE = .5

1

MSUC = U RSUC = 60 PLI MAD = .1 DRPTAT = .5
RSR = .9 MADRSR = .04 BETA 1 = 1 CRMAD = 3.2878

F.2.2 Parameters

Storage cost = .01 interest = .1 NC = hol ding cost = .21

W = .0048 RW = .0385 pmin .01 pmax = .5

= 100 ~(repair) = 100 Breakpoint = 20

V044 = 2200 VO4 1 = 69.6 REPADC = 9.4 C = .274
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F.2.3 Calculations:

I since (DELT)UPIR) ~ HCXV O44 2/ [8 (V 04 l + MSUC )]

8.5 1839.2

I POC = V04l = 69.16
4(DELI—RFIREG)/ORI = 1.6

I 
nnn 20 (DELT—RFIREG) = .8

basic Q = mm

I DELI — RFIREG = .04 5

max 
18 POC (DELT-RFIREG ) -

1-IC (UPIR) 
-

I
b a s m c Q = .8

.9 
- - 999999

I P - mm HC(tJP IR)( basic Q)( Q S D F ) 
-

4 SRA (DELT-RFIREG) AlE 
- 29 0 2

I p = mm 3mm = .01 p = .4377
max

I ‘r
~~~~~~~~

= .346132

I Zl = QSDF x PLI - QSRF1R (PPTAT -PLT) = .668 2434

f i n d  Xl P ( Z >X 1)  ~ p 
< P( Z>X 1—l )

I Z has a negative binomial distribution

I wi th q = _____ = 309.9 , = =

2
and r = PROVA R - z i = .002164

I
F(u) q(~ r)•g8766342

I F(K) = F(K-l)

I F( l)  = .UU2i3~~ $
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I

U
Zl = .56324

P = m a x

nm max (Xl ,SHPREC ) = 1
I 4 ( DELT — RF I~ EG)/0R T + Zl - 1 = 30.806

P = l

Q = one year ’s attrition = 4xQSDFXWR = .13596

Q = l

RW (~ FIREG) = .01155 -
basic repair Q = max /8(REPADC + RSUC) min~DELT ,RFIREG)

( HC)( UCIR )

basic r epa i r  Q = 8.0171

99
= mm (HC)(UPIR) (basic repair Q) QSDF = .7015

4(SRA)(RFIREG) x (repair) lIE

for the calcula tion of ~,SRA = max (SRA ,QSDF) = QSDF

pnax .5
j : l j f l  = .ul p .4123

p = min
max

_____ = .4123
1 +~~

find X2 = P(D>X2) ~ p <  P( D >X2 — 1 )

where 0 has a negative binomial distribution

q = RDRPThT 
= 1.9474 , p = q - 1 = .9474,

I-
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and r = 

REPVAR - DRPTAT 
= 52776

F(0) = q (~r) 
= .703456242 > p

F(1) = F(0) rxp/q = .18061-12 ~

X 2 = 1

0
RP = max maX(X2 ,SHPREC) = 1

mm
• 4DELT/ORT + DRPTAT - 1 = 13.1

• R P = 1

RQ = max basic repair Q = 8.0171
mm 

+4DELT/ORT-[RP-DRPTAT) = 13.1

R Q = 9

= 4(SRA) = 1.3484

E(Y) = QSDF/SRA = 1.008306

E(Y2) = 1.57xDMAD/SRA = 1.12214714

E(Y3) = 3E(Y)E(12) - 2[E(Y)]3 = 1.3441352

E(L) = PLT/4 = .7525

V(L) = 1.57 x PLTMAD2/16 = .00098125

E(F) = HR E(Y 2)/[2E(Y)] = .05564516

V(F) = WR2E(Y 3)/[3E (Y)] - E(F)2 = .001347158

E(R) = DRPTAT/[vE(Y)] = .367755222

V(R) = 1.57/16xCTATM D2 = U

E(D1 ) = [t4/2 + E(L) - E(~ ) — RW /2 - C]~ E(Y) = .127659322
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~ 1.

2 2 2
V (D1 ) [W/2 4 E(L) - E(F~) — Rt~/2 — C] v E(Y2) + + V(L) + 

~~
-
~I

{ vE (WY ) )  = .14412

[L57x (CR~1AD)
2x4 — t~f vE (Y2)]/[(~E(Y))

2/4 + v~~(Y
2)i~ 33 .602

V(~ 2) MAL)RS~
2 x 1.57 .002512

V(~~ )V(~ 2) + ~~ V (~ ) +~~~~ V(~ 1 ) = 27.3044

where ‘~2 
= RSR

B F. TA1

E(E)fl s WRE (D1) = .0127659322

V(D1)’ = (V (B~~2)÷ UR
2)V(D1) + V (~ 1 ~2)[E(D1)1

2 
= 4.381528

E(D2) = (E(R) + RW/2 + C) vE(Y) .898702574

V(02) = (E(R) + RW /2 + C) v E(Y2) = RW 2/1 2[vE(Y)]2 = 1.000397449

E(03) = E(01)’ + E(D2) + E(F) = .96111

V(D3) = V (D1 )’ + v(D2) + V(F) 5.383

E(04)~’ ([(L)-E(R)-RW/2-C)vE(Y) .124396282

V(D4) [E(L)_E (R)_RW /2_CIvE(Y 2)+[V ( L) +RW 2/12](vE(Y))~~.140483

E(D4 ) ’ =WRE(D4)= .01243963

V (D4)’= (V(~ 1~ 2~+WR
2)V(D4)÷V (~~~2)[(D4)

2=4.2s4 734

E(D5)=E(D4) +E(D2)= .91 11422

V(D5)=V(04)’+V(D?)=5.2601
¶ 

PC1~V(D3)/E(D3)=5.5663782

RC1=~ (D3)
2/[V(O3)-[(D3)]=.21 1 7893

f(0)= .6951775

GNB(0,PC1 ,RC1 )= .3048

GS(O ,PC1,RCfl= .t 952
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PC2~V(D5)/E (D5)=5.7730835

RC~~[(D5)
2/[V(D5)-E(D5)]= . 1 9089174

f(0)= .7 15 57232

f(1 )
~~

. 112936

L
GS( 1 ,PC2~RC2)=2.9752251

E(tJ 1 )+E(03)—GNB(0,Pc1 ,RC)

E(112)=E(05)-GNB(1 ,PC2 ,RC2)= .455223

E(1J)=E(U1)_E(02)= .2076873

E(S1)=[V(D3)÷[P-E(D3)]2-G5(O ,PC1 ,RC1)]/[2 E(V)]~ 1.72447

E(S2 )~1V(D5)+[P+Q-E(D5)}
2-GS(1 ,PC2 ,RC2)]/[2 E(Y)]=1.2763

E (S)=[E(S1)_E(S2)]~:.4481817

E(0)=.5WR(W)~E(Y)+E (F)+Q=1 .055971464

E(R0)=Rw~E(Y ) /~;~~.058]60658

E(M)z~1 E(0)/[WRxE(RO)] 181 .561

E(06) ([(R)+RW)vE(Y) . 5523445

V(06) (E(R)+RW)vE(Y
2) .6147061

E (D7)=E(R)vE(Y) .49999

• V(D7 ) E(R) vE(Y 2).556464

PC1=V(D6 )/E (D6)=L 113

RC1~ E(D6)
2/[V(D6)_E(D6)]=4.8921844

L PC2=V(D7)/E(07)=L113

RC2~E( D7) 2/[V(D7)-E(D7) 1 4.4~76
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LEVEL

I RP2=0

E(RU 
~~~ ~~ 

(0)/WR=9. 5037432

I E(RS) [E (R)+RW/2]~ 1~ 2E(0)/WR~
3.677998

[ E(TU)rL (U)+E(RU)r9.7114

fi l l rate=1-E (TU)WR/E(0)~’8.03~.

average days of delay for al l requ1sitions= [E(S)+L (RS)]x365xWR/ [(O)~ 142 .6

I average days of delay for delayed requi sItlons=

average days of delay for all requisltions /(1- fill rate)=l55.0731

time-weighted requisitions short, norma l ized to one yt~ar=

average days of delay for al l requ ls1tionsx~’l9 ~ .31253
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I
I EVE L 3 RP

3 = l

using PC1 and RCI :

I f( 0) = ~ci ( RC 1) a .592293657

1 
GN8 (0,PC1 ,RC1) a .40770b

I GS(0. PCI . RC1 ) a .592293657

I E(RU1) = E(06) - GNB (0. PCi , !~Cl) - .1446

E (RS1) [V(06) + (RP 3 - E(Db)V - GS (O, PCi . RCl) ) /[2v~(Y)] .082

usin g PC2 , RC2:

f(U) .622498071

GNt3(0 . PC2. RC2) = .3775

I GS (0 PC2 . RTC2 ) = .6225

E (RU2) = .1227

I. E (RS2) = .668

E(RU) [E (RU1)- E(RU2)]
4
(EM ) 4.03

1~ E(RS) [E(M)(E(RS1)-E(RS2))J a 2.54

E(TU ) = E(RIJ ) + E (U) a 4.2265

fill rate: l—E (TU) WR/E(0) 59. 9 1t ’~.

average days of del ay for all requisi t ions a 103.357

average days of del ay for delayed requisitions a 258.23/

t i m e  weighted requl Si ti ons short • normal I ~‘d to one year: 13~ ,31

7..
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I
[DRPTAT - RP J~ + 90 ~~7j ~ E (Y)/365 = 335244

LEVEL 4 RP4 = RP3 + ~iAX
[RP - DRPTAT]~ + RQ = 9.5

RP4 = 10

I
• us i ng PCi , RC1
a f(0) = .592293b57

f(1) = .2941867Y8

f(2) .087993945

f (3 ) = .01754652614

f (4 )  = .003514889

f(s) = .0u0634648

f(6) = .000106232

f ( 7 )  = .000016782

* f (8) = .000002532

f(9) = .00000036837

GNB(9, PCi , RC 1) = .577858732

GS( 9, PCI , RCI ) 89.69415171

E( Rt J 1)= E( 06 ) — GNfl = 0

E(RS 1 ) = [V (D6) + (RP4 - E(Oti )) 2 
- cS]/(2v E (Y)) = .065/35827

using PC2, RC2

f( 0) .6224980 11

f ( i )  .279827u33

f(2) = .07 7099362

f (3)  = .016771 104

f(4) .003161793

f ( S )  .000541066

f(6) .000086145

f ( 7 )  a .0000 130543

1. 
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f(8) .00000189322

f(9) .000002440605

GNB = .500338596

GS =

E( RU2 ) = U

E(RS2) = .073427584

E ( R U ) = 0

E(RS) = 0

E(TU ) = .2076873

fill rate: 1 - E( T U )WR / E ( U )  = 98.U3~

* average days of delay for all requisitions = 15.49

average days of del ay for del ayed requisit ions 786.37

time-we ighted requisitions short , normal i zed

to one year: 20.89

safety stock [P - Zl]~ = .3317566

dollar va l ue of annual demand = UPx.~o~E ( Y )  = 34.67

o doll ar value of safety stock = UP x [P-ill ” = 8.4598

days of safety stock = 

~~~~~~~~~~~~~~~~~~~~~~~~ 
= 89.064

0= .
‘

‘0.1
POO .IP4T.,P4I 07177. 1I~~ i *

774 747 (‘07~’ I’0 ’~’ 04.’ ,’ 707 6473 *7* (‘777 ~~ % * 0 , .l 00117* * 0% 71 .‘ ( I ’ ll ‘ * 17  . N
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F.2.4 Procurement Cost Calcula tions

Asset s = 0

Attrition vE(Y) = .135959981

I
H2 = P + Q - Assets = 2

1(1 ) .135959931 1(2) = .27191 9962

G1 ( l )  = 0 Gl( 2 ) U

PC(l ) = $51 PC(2) = $51

F.2.5

LEVEL 2

1. / [P-Z 1)~ + E(0)  - (RP ~ ‘ E ( v ) Rw / 2 )  } 
WR) = .1

c mm E(0)/WR J
H3 = E( L) v E ( Y)  WR = .10231

{H3_H1
J~~

114 = (1 ÷ G2) E( 0) + Hi - H3 = .954

G3 = INT[T + H4)/E(U))

G3(1). = 1 G3 (2 ) =

115 = mm ([
~ 

- G3 — ~ j + / (l-WR )

H5 (l) = U H5(2) = .067355

H6 = mm 
([~~

O) - ] + / ( i -w R) ,  
1) 

= .39234768

RC = 
( l-W R) IJC IR E(o ) (C ”  + H5-Hb )

RC ( l )  = Sl2.625 RC (2) = $20.52

100



~~~~~~~~~~~~~ ‘rn~~~~~~~~~~~~~~~ ,~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~ “~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~~~~~~ ~~~~
0~~’~~ ‘ “ —. ~ ‘~ 

—-  ‘~~~~ ‘ ‘ ‘ ‘  •‘ ‘~~ ‘•.1’ ’~~ ” “~~~ ~~~~ — _ - . ‘.-.

I
I
I
i
I = .0324

115( 1) = U H5 (2 )  — .1425

1 116 = .967458791

RC(l ) = $2.98 RC(2) = $19.69

I LEVEL 4

H5( 1) = .035407081 115(2) .1785

H 6 1

RC(l) $4.152 RC (2) $20.93
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i
APPE NDIX C

DERIVAT ION OF FORMULAS

There are several categories of items , and each of these has its own

inventory control rules: there are either repairable er consumable items ;

either high or low demand cases; either B08 or FIRM programs for SPCC

repairable items ; and either B08, CLAMP , or HIGH BURNER programs for ASO

repairable items. Because the formulas for computing the measures of

service (fraction of requisitions satisfied without a backorder , time—

weighted requisitions short, and average days delay) for all these different

cases are similar , this Appendix will only give the derivations in detail

for one of these cases: namely, for repairable items with high demand

under the B08 program. At the end of this Appendix we will briefly discuss

how these formulas should be modified to handle these other cases.
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.: • I In~~ ,!~, Parz1mete r s

The input parameters required b~ the model of repairable management

under the BUS program are given in Figure G 1 , and this diagram also illus—

t r a t es  thei r  r e l a t i o n s h i p .  The demand process is assumed to he a C o m p ou n d

Poisso n process , in whic h r equ i s i t ions  a r r i v e  accord ing  to the Poi~ s~ n process

wi th  a rr ival  rate v ( requis i t ions  per ye ar)  and the issue sizes for  d i f -

fe ren t  requisi t ions are independent and iden t ica l ly  d i s t r i bu ted  w i t h  mean

E(Y ) , second moment E(Y ) , and th i rd  moment E(Y ) . A f t e r  a delay of

length C (years) from the t ime tha t a requis i t ion arr ives , the carcasses

associated with that requisition will also arrive . The random variable B1,

with mean E(i3
1
) and var iance V (~1) , 

is the frac tion of the total issue

size in the requisition for which there are carcasses that  can survive an

initial screening that takes place. The random variable 62 . w i t h  mean

I E(6
2
) and variance V(62) , is the fraction of carcasses surviving the

initial screening that will also survive the repair process. The av a i lab l e

inventory RI for  the repair  process is the RFI (ready fo r  issue ’) Invent o r ,

p lus repairable inducted carcasses , plus an~’ on—o rder inventory tha t  w i l l

ar r ive  wi th in  the repair turnaround time . At the beginning of each repai r

I review period of length RW 
* ca rcasses a re induc ted  in the amoun t ( i f

I 
pos i t i ve) of ( R P — R I ) / E ( ~ ., ) , whe re RP is the repair o r d e r — u p — t o — p o i n t .

The random vari able R • w i t h  mean E(R)  (yea rs ’) and var iance V ( R )

I 
(ve l r s )  , is the rep ai r  turnaround t ime , wh i ch  is the interval between

repai r induct ion  and recei pt of t he r epa i r ed  ~‘arc~ sses as par t of the RFI

j I inventory . At the b e g inn ing  of a r ev i ew  period of length W (\ ‘ears\ the

avai lab le  inventory I for  the pr ocur ement  process is dete rmin e d : I is

I the on—hand RFI inventor” , p 1 us on—order , p l u s  repa I rab 1 e c, i rcasses

(e i the r held or induc ted) .  If I is  less th an  the reorder point P

I 
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then new items are ordered from a vendor in the amount Q + I’ — I

I where Q is the reorder q uan t i t y . The random var I able  1. , w i t h  mea n

I 
E ( L )  (years) and variance V(L) (years 2 ) ,  is the pro cur ement lead t ime ,

which Is the interval  between the reorder dec is ion  and recei p t  o f t he

mater ial  as p ar t  of the RF I inventory .

Next , we b r i e f l y  describe how each of these inp u t p ar ameters  is

I obtained . The procurement reorder point  P , reorder q u a n t i t y  Q , and

repair  ord er—up—to point RP are computed in the name manner as In the

LEVELS documentat ion (Reference 1). The review period W for  the pro-

cu rement process is treated as a system cons t an t  , and a va lue cor respond ing

to rev towing four  t imes each week Is gene ra l ly  used . The rev i ew period

I RW for  the repair  process Is also t reated as a system cOt ls t : int  and i s

generally two weeks for  S PCC Items and one week for  ASO Items . Although

I adequate data for  properly estim ;~t ing  the c:ircass a r r i va l delay C I~ not

I cur ren t l y avai lab le , t he user can input  any desired value as a sy stem

constant .  The mean lead t ime F. (L) , lead time vat’ i:i irce V (L) , mea n

I r ep air  turnaround time E(R) $ repair t u r n ar o u n d  t i m e  va r i ance  V(R)

requ I s i t  ion f requency v , mean r epa i r  surviva I r ate  l’ ( V~, ) , and l’cpa I r

I su rv I va I rat e variance V( I~ ,) :1 re a l l  d i  r et ’ I ‘,‘ es t I mat co t f rein ‘or i’o ’spond I

I 
dat a el e m e n ts  t l t a  t are  ;iVa I lab  Ic or  each I t  cm , and  ( i i  t o ;  p r oeed l lr e  ItI’I’ OIS nO

spec ia l  exp lana t ion - Whi k’ the rema in i n g  p ar ame l er r ;  (F. (Y) , E (1 ) , F. (V

I E(t~1
) , V( t ~1 

) ) are a iso est m a ted from dat  a &‘ l ement s t h a t  ire  a v a i l  tb Ic

for each I torn, some spec [a I exp lana t io n Is  r e~ n I red , and t l t t ,; Is gt  Veil be l ow .

I a .  Ftrr ~t and Second Moment of Issu e S t~~’

Our appr oaeh for  a I lowttt~ a v a r )  tb Ic I sn imi ’  si:i ’ I ; I i ’ mo ,oti ’

the demand wit It a Compoit n il I’o I risen process .  Tb I s assumes t h a t  t’ ’opt I ~ I t  t ens

art ’ lye at the facility accord tu g  t o t he PoI s so n p ro~’o’s;; (1 - . , t he it r I Va Is
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are random over time) and that the issue site is it s e l f  a random v ar t a l ’i e .

L.et

X( t ‘1 ac tua,l demand for  the [t ern d u r i n g  a ( f i x e d ) t n t  erval  of t y e a t s

I ~
‘n 1 5)4(11! 5! ~~~~~ for  L hO 11th requ Is i i i  en

I V me;II% rat e .-i t which  requ 1st t tons ;lrr lye a t  t he warehotise

Thus ,

I
N(t )

I X(, t ’) .~~~~~~~~ Y

ne- I. -

I
I where N ( I  ) in  I he number o I r equ I sit i ons  which ar r i v e  eve t’ t he I n t  e ~‘va 1 ot

l ength  t . We assume that  the random vartabies V are independent and

I Id ent i ca l ly  di  st r tbut  ed w i t h  mean F. (V) and secoiid moment F. (V ’ ‘~ . Tb Is

I 
Imp l i e s  th at  X(t) is the sum of ’ a random number of independent i d en t l c a U v

di st r I tinted random var tables.  I t  em~ be show~ (see Theorem 2c , page 1 1~1, In

Parnt ’n [2 1) t h a t  over .i f ix ed  I nt e r v a l  of length t , the Compoun d Po isson

prot’esa has mean

I
E[X~ t) ~ — v t E(’i’)

atiol var ian ce

I
VI X( t ) 1 —, v t l ’(, \‘‘)

I
I
I

- 
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O~ the  dat a  t ape , the  ‘‘ avo ’I~a~ o ’ q u ar t  (‘ n v  demand ” Is r epr esented liv

tile dei~ ~la t a el enient flItnIbOl ’) [11074] and the  “niad (mean ;ihse l u t e  dcvi a t  I i i i~~)

o t q uar t er  lv th’rnand” by the den [Ao l Q j. The fo reg o ing  10 m’mu Ian Imp 1 v th a t

the mean t s s t t t ’  sire can he i’$t  i ni:ited w i t  ii

I
I E(Y) — J4 I l ~C~’i~i 4j

I
and ti ’t ’ second moment of ’ issue sI .~e can he o’st (mat e d w i t  ii

— 1~ i.’ ’~) [AL ~ 
ia l ’ , ‘ V ,

I
where we assume tha t the requ t n t  t I ~‘u ‘ o requeno -v v has at t’ead~’ been t’st Im~u ed . *

I b. T h i r d  M~~ ent o i l  _ !_°~~~ ‘~~“ S I . c

‘Flie t h i  rd cent i’ri 1 memcn t (abot i  I t he mean)  Is  dot ’ I ned as

I p . - -

I
I w it t o ’ii Is a lnI’ri siIl’t’ Ot ~ .1 s~1nmo ’ I r V i ’wll t ’ 0 O

I * l” i i’ tl ~ ’ no i’ma I it I or L i  t hi t t b i t , t lIe fo I 1 ow tug r~’ 1,4 t ion sit t~’ app t ex t  in ,i t o ’ I ~ho I d;r

I
1. ‘ ‘

~~ ~ I, HAl)) ’ — Variance
‘II 
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Symmetrical  distributions , such as the normal, can be shown to have 0

I and our assumption is tha t the issue size distribution is symmetr ic .  This

implies that the third moment can be estimated from the first two moments

I using

I E(Y3) 3 E(Y) E(Y
2
) — 2 [E(Y) 13

I
I

d. Mean and Variance of Initial Screening Surviva l Rate

For the purpose of estimating the mean and variance of the

I in i t ial screening survival rate , two data elements are avallable~ The

“average quarterly regenerations” is represented by the den [~074A] and

I the “carcass return mad” by [AolgB] . We assume that the mean E(132
) and

I variance V(~2) of the repair survival rate have already been estimated .

The mean initial screening survival rate can be computed as

I
I 14 E 80 7 14 A 1
I E(~~ )

1 
E(i3

2
) V E ( ? )

I
I but the variance is more complex to e s t I ma t e .  The t o t a l  number of carcasses

tha t wi ll be returned dur ing a q u a r t e r  is II — t~ , X C,) , where XC~
) is the

I demand over a quarter. Note that X( ’~) has mean v E ( Y ) / 4  and var iance

vE(Y 2) /4. Thus H has con di t t onal meami
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I
I E(H~~1) =

and conditional variance

I 
2

=

I
Because the unconditional variance is equal to the mean of the conditional

I variance plus the variance of the conditional mean (see Page 53 itt Parzen [2)),

I
I V(H) — E ( V(H I~ 1) )  + v( E( H~~1) )

I 
= (v(~ 1) + tE(~~1)]

2vE(Y
2)/~

I
+

I
I

Because V(H) is the carcass return variance , it can be obtained from the

I carcass return mad as follows : V(H) = (1.57) [AO19B ] . After substituting

for V(H) and solv ing for V( 8
1
), the resulting formula for the variance bf

the initial screening survival rate Is

I 
(1.57)Ei\ Oi’ BJ~ - FE (~~1)1~~VE (Y~)/~

I 
v(~ 1) = 

F(Y) ~~~ + E(Y’2)/1~

I
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( lu n t w t l  Proc L. ’, for  Pr oLurem ent.  Re o r d e r in g

I In the remainder of this Appendix , a number of formulas arc derived

which compute several measures of service as a function of the input para—

n~etcrs. This section uses a renewal theory result to estimate the mean and

- variance of the unfilled portion of the requisition causing the reorder

poi nt P to be reached in procurement reordering . The key observation here

I is that the expected issue size for the requisition hi tt ing the reorder

point will, in general, be larger than the mean issue size E(Y) - In

I. other words, it is more likely for a requisition with a larger issue size to

I 
hit the reorder point , than it is for a requisition with a smaller issue size.

At the beginning of a review period of length W, the system inventory is

[ reviewed to determine whether a procurement is necessary. if the available

inventory (on—hand, plus on—order , plus repairable carcasses) is less than

the reorder point P , then sufficient stock is ordered to bring the total

available inventory up to the level P + Q - This implies that the available

inventory will again fall below the reorder point after a net demand (attrition

plus new demands) of Q units. Define Z
n 

(l
~~l

I
~2~~n 

to be tile net demand

for the n requisition and

S = Z + Z  + . . . +Zn 1 2 n

I
I to be the to ta l  net demand for  th e  f i r s t  n r equ i s i t i ons  fo l lowing  reorder ing .

There exists  a chanc e—depend ent  subsc r ip t  N such tha t

I
I
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L The purpose of tiicsc next two sectiotis is to compute the expected

number of u n i t s  backordered during a procurement cycle.  The beg inn ing  of

a procurement cycle is defined to be j u s t  a f t e r  a procurement shipment

F arrives and is added to the RF1 inventory, and the end of a procurement

cycle is defined to be jus t  before the next shipment arrives. The funda—

( mental  basis of our approach is to spl i t  the total number of backorders

into two categories:  backorders due to insufficient procurem ent,  which

re fers  to shortages due to the reorder level P being too low; and

I backorder s due to induc t ing in su t t i c ie n t  carcasses, which refers  to

shortages due to the repair  o rde r—up—to  point  RP hethg too low. This

I section wil l  address the procurement associated shortages , wh i l e  the next

sec t ion wil l  address tile repair  associated shortages.

I. The procurem ent reor dering process is illustrated In Figure C. 2.

F It may net be possible to immed iately reorder when t lie ava flab le inventor s ’

f i r s t  f al l s  below tile r eorder point P , as it is necessar to wai t  un t i l

I the next procurement r eview. The random variable A Is defined as the

delay between when the reorder point P is f i rst  reached and t lti’ next

L . review . We assum e th at  A is distributed according to the u n i f o r m

I-
d i s t r i b u t ion  w i t h  mean W/2 .tn*~I var t.tnce w

2/ 12 , whore W is ti’t’

length of the procurement  rev iew per led . The lead t ime L in  dol l  ned

I as the delay between when a sit t pnn ’nt Is ordered and when I t ar r ives , where

the mean E(L) arid var i ance  V (I) are included as input i~arame t ern

However, some of the demand t hat occur s  dur ing  the lead t into can be t’epa i red

L and returned RFI p r i o r  t e shIpment ii ’ rival . The repa In  t urna round t I me

R is the delay  between when .i c.i t ’caor s is I u d oic ted and when I t  can become

I part of the RFI inventory , where t l t t ’ mean E(R) r ind var i ance  V CR )  are

I
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S
N < Q < SN 1

which means that the available inventory will again fall below the reorder

point during the (N+l)ti~ requisition. In renewal theory, the variable

F SN+l 
— Q is called the “excess life at time Q”.

Suppose that the random variable Z (net demand for a requisition)

has a cumulative distribution function (c.d.f) L(.) wi th mean

1. E(z) =rJ ( l  - L ( z ) J

According to a result from renewal theory (see page 370 in Feller (3]) , as

Q —
~~~~~ , the CXC C8S life F will have as its limiting density

h(f) = (1 — L(f)]

Thus the kth moment for F with respect to this limiting distribution is

E(Fk
) = ( fkh( f) df = — f fk [1_ L( f) J df .

j  E ( Z)  
~~~~~~
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After integrating by parts, this expression becomes

k+l
E F  =

E(Z)(k + 1)

It is convenient to compute E(AT) = (1— E(~ 1) E(~ 2
)) , which is the

expected fraction of a requisition that can not be repaired. Because

2 = (l— ~~1~~2
)y , we will use the approximation 

$

E( zk ) = r E( AT) k E( ~k)

which would be the exact expression if v(~ 1) = V(r~2) = 0 . Thus F has mean

0
E( AT) E(Y ’)

E( F) = ,
2 E ( Y )

second moment

2 [E( AT) 1~~ E(Y 3)
E( Fj =

3 ~(~~)

and variance

(E( AT) 1 E( Y3)
v(F ) = — r E ( F ) 1~3 E ( Y )
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I
also Inc lud~ d as I nput  pa rameters .  It fo l lows t h a t  the o n l y  carca sses  w h i c h

ca rt be repaired p r i o r to sh i pment a r r i va l  are those which  are Induc t e d  p r i e r

to the i n t e rva l  R b e fo re  sh ipmen t  ar r i va l  . But the  Inv ent o r s ’  Is review ed

for an induc t ion decis Ion only  at  the b e g i n n i n g  of rev i ew per iods w i t h

length RW . Thus the on l y  carcasses which  can he repa i red  art’ those w h i c h

a r r i v e  prior to the last repa i r  r eview pr io r  to the Interv .tl R . The

I random variable B is defined to be the delay between t h i s  last repa i r

rev iew and the interval  R . We assume tha t B is distributed according

to the uniform distribution w i t h  mean RW /2 and variance (RWy/12

- The input constant C is defined to be the delay be tween the arrival of 
0

- a requisition and the a r r iva l  of i t s  associated carcasses.  Thus , only if

a requis i t ion a r r ive s  before  the in terval  ~ f l~ ngt h  R + B + C pr ior to

shi pment ar r ival , can i t s  carcasses he repaired before this arrival.

Let D1 be the total demand over a random I nt e r v a l  ~ f l e ng t h

T — A + L — R — B — C , where we assume t h a t  T Is nonnegative and t h a t  0

L A, L, R, and B are independent. It fol  lows t hat I has mean

E( T) = + E~ L) - E( R) - - c

I and var  i . i r l ce  

0

( Rw Y
I V~ T) -i-- + v~j~) + v( R) +

Note that formulas In Sect ion C. 1 give the moan and ~‘a r I .lnc c of de mand

over .t t Ixed i n tcr ~’.i I and that those I e nnui l a s  i mp Iv  t h at  D
1 

has cond t t ien.i 1

mean

v l’F i~i ’I

and condItiona l v.1 riance

1 115
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v(D
1JT) = VTE(r)

Because the unconditional variance is equal to the mean of the conditional

L variance plus the variance of the conditiona l mean (see page 55 in Parzen

[ V( D 1) = E ( V ~ D1J T) ) + V(E¼. D1IT)
)

= V E~ T) E( Y2) + v~ V( T)[E(y~ ] .

Because the unconditional mean is equal to the raan o f the cond i t i onal mea n

E(D 1) =

= \ E ç T )  ~~~

The next s tep  is to derive the mean and variance of

. (1  - :~ i
:
~~~

) D 1

in terms of the means and var ian c e s  of D1 ~~ 
, and :~ . It  can he

shown that :~ , has mean

E ( r ~ 
~~~~~~~ 

E¼ ’1
) E(~~)

1~ 
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I
I

and variance

I V( :~1~~ ) = v(~ 1) V(:~2) ÷ [E( :~1)] 2 v(~ 5) + I E(~~~) ] 2 v(~ 1)

Also note that DI has conditional mean

I

I 
E (D~~ 3 1~ 2) = ( i  — 

~ l 2 ~ 
E(D 1)

I and conditional variance

v(D~) j~ 1r~2) = ( i  - ~1~2)
2v(D1)

r

Since the unconditional variance is equal to the mean of the conditional
T variance plus the variance of the conditional mean~

V (D~) = E( V( D1l~~1:~~))  + V[E(DjI~ 1:~~))

= (V(~ 1~)) + [1- E(~~~) E( :~2 ) ] 2 }V(D
1)

+ V(:~1~ 2) [ E ( D1) ] 2

Similarly, the unconditional mean is equal to the mean of the conditiona l

1 mean or

E(D ~) = E(E( Djl : .~ ,)) = E( A T ) E ( D
1) ,

where E( AT ) was computed in Section ( . 2 .
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De f i ne D , to be the t o t a l  denhin d eve r  an i n t e r v a l  c i  l e n g t h

I R + B + C , which  is .ilso a random interval. Using the same approach

as above , it can be shown ilia t I) . ., has rnear l

I E ( D ,) +~~~~ + c ] v E c v~

I
and var ianc e

v( D )) = R) + + c]~ ~ r)

- + [\. R) + \~~ [E ~ Y~~12
1.:

L 

Let D
3 be the demand over  the lead time p lus procurement  p e r i o d i c

de Liv , inc lud ins the u n f i l le d  per t  ion of the r equ i s  i t  len when the  reorder

po in t  is reached , less t i le number otT u n i t s  that can be p o t e n t i a l ly  repaired

and re tu rned  RFI d u r i n g  th is i n t e r va l .  Thus

D.. = ( 1 —  :~~:~~~ P + D ~~ + F  ,l _ _ 1 -

where the mean and v a n  lance o t F wer e  given in Sect ion C. . As sumin g th at

0 
these random variables .ini’ indep~~ndeut , I) has mean
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I

E(D 3) = E(D~) + E( D
2) + E(F)

I - .

I and variance

I v(n3) = v(D~) + v(D2) + v(F)

I
I

Define the random variable U1 
to be the number of units backordered

I at the end of a procurement cycle (i.e. just before the arrival of the next

I 
shipment). In order to compute the expectation E(U

1) , we make the follow-

ing assumptions: 1) orders do not cross; 2) only carcasses which can survive

I the repair process are counted in the available inventory ; 3) the lead

time exceeds the repair turnaround time, plus repair review period , plus

I carcass arrival delay; and 4) all repairable carcasses received prior to

I 
the interval of length R + B before shipment arrival are repaired and

returned RFI prior to shipment arrival. We anticipate that this last

I assumption would be valid for the level 3 and 4 repair scenarios under

the B08 program (or of course for consumable items), but would not be

I valid for level 2 repair. Later in Section G.9 we will briefly indicate

how our approach can be modifIed to handle the level 2 repair scenario .

I A decision to reorder is made whenever the available inventory I is below

I
$1 119
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the reorder point P at the beginning of a review period. The foregoing

assumptions imply that the on—hand RFI inventory just before the arrival

of an order is equal to P — D3 . Thus t he numbe r of unit s bac kordered

is equal to U1 [D3—Pr , and the expected value of U
1 can be compu ted

if we know the distribution for D3 .*

Because we are considering the high demand case , we will represent

D3 with a normal distribution. Thus the expected number of backorders

can be computed as

( D  - P)- f( D - ~)\ 0

1. 
E(U 1) =f ) d

B

where ~.t = E(D
3

) = ‘1(D
3

) , and

_cp(r)  = exp (— 1/2 r )

This expression can be evaluated (see page 446 in Hadley and Whitirt [4] )

to give the following as the expected number of units backordered at the

end of a procurement cycle:

*We define [xf = x if x >0, and {x]
+ 

= 0 if x < 0.

to
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E ( U )  = IV( D
,I ’~~ g ( K 1) , 

0

r
where - P -  E( D)

K = T p1 [v(D)]~

~(r )  = 
f ~~~(x) dx ,

and

g( K) = —K ‘( K) — q (  K)

Note tha t some of the backorders which  are present at the end of

a procurement cycle may have been carr ied over from a previous cycle.

Def in e  the random var iable  U 2 to be t he number of hackorders  ex i s t ing

at t he beginning of a pro cur em ent  cycle  ( I . e .  j u st  a f t e r  a pro curement

shipment ar r ives)  . i f  t h er e  were no add i t  len a I backord ers  due to l a t e

r epa i r  Induct  ions , then E(U
1
) — U (13 2 ) w o u l d  he the t otal number of

backoriter s occurring In a single procurement  cy c l e .  And i f  there were

acid It  lona I b ackord ers  due to late repair induct ions we may s ti l l  m t  repret
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I
E(U 1) — E(U

2
) to be the expected number of backorders due to i n s u f f i c i e n t

procurement that occurred over tile cycle. if we could assume tha t  a pro—
- [ curement shi pment arr ival  would el iminate all previous backorders , then

E(U 2 ) = 0 . We ant ic ipate  that  this may be a s u f f i c i e n t l y good assump t i o n

in practice to avoid the necessity fo r a~ tual 1y computing E(U 2 ) , and

thus ou r program does give the user the opt ion to bypass this ca lcu la t ion .

The fo rmu las f o r comp u t ing  E (U 2
) a re very s imi lar  to those described

in detai l  fo r E( U 1) , and thus they will be l is ted w i t h  minimal  f u r t h e r

explanation. Let D4 be the tota l  demanà over an interval with length

[ L — R — B — C , and it has mean

1...
E( D1 ) = E( L) - E( R) - ~~ — C v E( ~)

1~ and variance

[ v( %) = [E( L) - E( R) - - c] V E( ~2)

+ [vL + v(R) + (
~~~~q) 2] 

~~
2

E( Y)
2

(
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Let D~ (1 — ~ 1~~ ) D~ , and it has mean

E( Dj )  = 
~
( AT) E( D~)

and variance

I
v( Dç~) = 

~~~~~~~~ 
+ [E( A T) f l

2 v(%)

+

Let D
5 

be the demand over the lead time, less the number of un its tha t

can be poten tially repaired and returned RFI during this interval. Thus

I D has mean

I E(D
5
) E(DQ + E(D0)

and variance

v( D
5

) = v( Dj )  + V( D ,)

I Note that U
2 = E D

5 — P — Q1 + 
~~‘ichi implies that

i E( U = E’1( D~ ) I g( K~ )

where

I F + Q —  E (D r)
= 

1’~fv (~5
)] ~

I
I
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C .4 ~~peeted Numb or of U n i t s  Short  Due to I n d u c t i n g  I n s u f f I c i e n t  Car c ;isses

I The available inventory RI fo r t he repai r p roblem is the RFI

I 
inventory , plus repairable Inducted carcasses, plus any on—order inventory

tilat will arrive within the repair turnaround time . The decision to induc t

L carcasses is controlled by an order—up—to policy: If there are sufficient

carcasses and if RI is less than RP at the beginning of a review period

[ of length RW , then carcasses are inducted in the amount (RP—Rt)/E(11 2)

where RP is the order—up—to repair point and E(B
2) is the mean repair

survival rate. At the beginning of a procurement cycle (i.e., just after

-
~ a procurement shipment arrival), the on—hand RFI inventory is at its

highest value. As requisitions from customers are received , this RFI

L inventory will fall and the inventory of repairable carcasses will increase

until the RFI inventory first falls below the order—up—to point RP at

L the beginning of a review period. At this moment , the first repair cycle

I is initiated , which means that carcasses are sent to the repair facility

and then are added to the RFI inventory after being repaired . From

[ that time until the end of the procurement cycle (i.e. just before the next

procurement shipment arrives), additional carcasses are inducted at each

repair review as long as repairable carcasses are available.

We will define tile beginning of a repair cycle (except for the

first cycle) to be just after a shipment of repaired carcasses are delivered

to the RFI inventory, and define the end of a repair  cycle to be jus t

- 
before the next shipment arrives. The movement of these carcasses is con—

trolled by the order—up—to point RP , and backorders will be incurred if

I 
this point Is too low. Note tha t the hackorders treated in Section C.3 were

d~ c to having insufficient system wide inventory hec.iuse of insufficient pro—

curements; while the backorders treated in this section are due to sending

- 124
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I carcasses late  to the repai r  f a c i l i t y  even though there  are s u f f i c i e n t

I 
ca r casses wi t h in tile system to meet the demand .

In our treatment of these repair  b ackorders , we w i l l  make the

I a p p r o x i m a t i o n  tha t  all of the r epai r  cycles have common c h a r a c t e r i s t i c s :

tile same expected induction q u a n t i t y ;  the same expected number of b ackorders

I at the end of a cycle; and (except fo r  tile f i r s t  cycle) the same expected

I 
number of backorders at tile beginn i ng of a repair  cycle .  This approximat ion

is ~ot str ictly  valid for  two reasons : the f i r s t  induction q u a n t i t y  may

be smaller  than the others , as tile RF I inven to ry n a y  f i r st r each the

pain t RP in t he middle of a review period , r athe r tha~t ~i t  the b egin ning ;

and the f ina l  induction q uan t i t i t e s  may also be smaller , as there  may he

in s u f f i c i e n t  carcasses avai lable  to induct  the f u l l  desired amounts .  Because

I the repair review period is f a i r l y  small (in prac t i ce  RW is one week for

ASO items and two weeks for SPCC items), in our judgement there wi l l  b~
suf I ici.ent number of repair eve I es in a pro curem ent  c ele  to enable t h i s

i approximat ion  of t r e a t i n g  all repair cy cles  in the same way to be reasonably

valid , and the increased accu racy  r e su l t  lug from a more c a r e f u l  t reatment would

I he small compared to the i n c re a se  requi red  In con ipu t a t  ions.

Define the random vat Iahle RU 1 to he the number of b oekorders

ex i s t i n g  at  the end of a r epair  cycle ( I . e .  ju st  b efore  a repair shipment

I ar r iva l )  and RU ., to be the number of ba ckord ers exist  Iilg at the b e g i n n i n g

I
I
I
I
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I of a repaI r  cycle ( i . e .  jus t  f o l l o w i n g  a repair  shipment a r r i v a l) .  It

I 
follows tha t the expect ed backordt ’rs incurred during a t y p i c a l  r e p a i r  cy c l e  -

is E ( R t’~ ) — E( R U ~ )

The formulas t~~r comput ing  E(R I J 1) and E ( R U 2
) arc similar to those

I described in detai l  in Section G.3 , and thus they are listed below with

minimal further explanation. Let D
6 be the total  demand over the repair

I turnaround time R plus the repair review period RW , and i t  has mean

E(D
6) = LE (R) + Rw] VE(Y)

I
and variance

I
i ‘1(D6) = [E( R) + RW] v E ( Y~ )

+ v (R)vEE (Y)I~

Note t hat RU 1 [D 6—Rr ]~ , which implies that

E( RU 1) = (v ~ I ) - )  I l~~~ ( K )  ,

where

Ri’ — E ( D .- )
-

I
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Let D
7 

be the demand over the repair turnaround time R , and it has

mean

E(D
7

) = E( R) v E(Y)

I S

and variance

Ii
1 v( D

7
) = E( R) v E( ~~2) + v( R) v2 [E( Y) 2

Note tha t RU
2 

= E D
7 

- RP]~~ , which implies that

E(RU2) = EV( D
7
)]h/2g(K~)

where

I. 
_ _ _ _ _ _

i 

— 
[v(D

7
)]L2

L-.

127



- — r~~
— .5 - 

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

~.
-.
~v~

5’ -:
~~ ~ - 

-

t . S Fr~~-tjon of R~~ u i s t t i o n s  Sat i s f i e d  Without  a Backorder

I This sect ion derives the tormula for our first service measure ,

whicil IS t he t r act  io n o t  requisitions sat isfied without a backorder.

I 

In order  t o  do this , it is necessary to make a key assumption : all

repairable carcasses received prior to the Interval of length R + B

I betore L~rocurement art- iva I ar e rep a i red  and returned RFI prior to

I 
procur emeil t  arrival. This implie s that E(U

1
) is the expected number

of hackorders just prior to procurement arrival and E(U.,) is tile

I expected number of backorders just after procurement arrival. We believe

tha t thIs is a valid assumption tor levels 3 and .
~ repair scenarios under

I tile BOS program, but that it would not t’o v a l i d  for level 2 repair. Refer

to Sect ion  t~~.9 for a brief discussion as to how our app roach is modified

I f or l~ve1 2 repair.

I The f i r s t  step is to est imate the expec ted  number of r ep ai r  sh ipments

in a procurement cyc le. Let E(O) be th c  expected pr ocurement reorder

I q u a n t i t y ,  and it Is equa l to

I E (O) — 
~E(AT)Wv E(Y) + Et~F’, + Q

1

I 
where the first tert. correspoiids to the demand over the  pr ocurem ent  p er iodic

del av (I.e. the t ime between when the r eorder po tn t  P is f i r s t  reached and

I the start of the next procurement rev iew per iod ) 
• the second term corresponds

to the trnft l led port ton of the requisition which caused the reorder p oIn t

I P to he reached • and the third t e rm is the economic reorder q u a nt i t y .

The expected induc t ion q u a n t i t y  corresponds to the demand over a repa I r

rev iew per ted and equals

I
1 128
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I
I E( RO) ( Rw) i Y ) ; ’I~~~5)

I

I We may i n terp r e t  E(O)  to he the expected at t r i  t ion over a pr ocurement  cyc le ,

E( O)/E(: \T ) to be the expected demand over a procurement cy c l e , and

E 1
)E ~O) /E (A T ) to  he the expected number of car casses  received over a

I procurement cycle. Assuming tha t each repair  cy c l e  induc ts  carcasses In

the amount E(RO) then

I E(~ ~) ~ o)- 
E(M) = 1 —

E( :~T
’l E~

[ is our es t imate  of the e x p e c t e d  number of rep.i i r shi pm ent s  in a pr ocu r em ent
cv~-Ie.

The expected number of hackot -ders  o c cu r r i n g  be tween ti le beg inn ing

• - of the procurement  eve le and the  a r r i v al  of t he  f i rs t  r e pai r  sh I i~mi’ut  is

1 E (RU ) — t-: (t 1~~ ; th~’ expec ted numher of b a ek o r de r s  occu r r i ng  d ur i n g  eaci l

of the  nex t  E (~fl — 1 repa i r eve les  is  E ( RU 1 ~ 
— E (RU~~ ; and the  expected

I numbt~ r of bac ko rde rs he tween the last  rep ai r  shI pment and the end of the

p ro curement eve Ic is E (U 1
) — E (Rt 1 ,~ . Thus the  expected  t o t a l  number of

hackordt’rs il l .1 t ir ocurem ent  eve I c i s

1 
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I
I

— EU 1) — E ( U 11 + E( M )  [E .RU 1
) — E ( RU~)] -

I
I Because i- t~O) K ~Vt ) is tile expecte d  demand in a ;~roeurement eve le

E ( T U ) F . ( A T ) / E ( o )  is tile fr a c  t i on  of u n i t s  t h at  .ire h ack ord er ed .  Thus ,

I the f r a c t i o n  of u n i t s  sat isfied w i t hout  a backorder is

E( TU ) E( AT )
I ~-, =

I E( O)

If we assume tha t  the expected number of r e q u i s i t ion s  b ackordered  is

I E(TIJ)/E(Y) and tha t the total number of  r e q u i s i t ion s  in a p r ocurem ent

cYcle is E(O)/ [E(1vr)E~v) ] , then  t h i s  fo rmula  .tlso would give t h e  f ra c t i e n

I of requis i t ions  s a t i s f i ed  wi thou t  a backorder .

I
I
I
I
I 

—H

I
-I
I
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C.6 Time—W e ighted U n i t s  Short

Our second service measure is the expect ed  t i me— w e i g h t e d  u n i t s  s h o r t .

The time—weig h t i n g is linear , so tha t  a backorder  l a s t i n g  fo r  two weeks

counts as much as two b ackorders  l a s t i n g  fo r  one week .  Suppose , f o r  example ,

that  there 5ire three backorders and the f i r s t  one lasted fo r  one week , the

second for  two weeks , and the t h i rd  fo r  three weeks ; then the to t a l  t ime—

weighted un i t s  backordered would be six un i t—weeks . In th i s  Sect ion we

will estimate the expected time—weig hted units backordered over a procurement

CV L1C , and this will be computed by summing separate estimates for the pro-

curement and repair problems.

The procurement side will be considered first , which means tha t we

will be considering backorders caused by purchasing i n s u f f i c i e n t  new s t o c k .

In Section G.3, the random variable U
1 
was defined to be the number of units

backordered at the end of a procurement cycle (i.e. just prior to a pro-

curement shipment arrival). Some of these units will have remained back—

ordered longer than others. T u e  mean demand per year  is A = ~‘E (Y) and

if we assume that this demand occurred uniformly during the period in which

these U1 units were backordered , then the time at which the first of these

units was backordered occurred U
i/A years prior to the end of the cycle;

also, the average time that a unit remained backordered is ‘~I.T~/\ , so that

the to ta l  t ime—weighted un i t s  hacko rd ered is S1 =

*
It might  be thoug ht that  for  repairable  items the annual  a t t r i t i o n

V E (Y ) [ l— E ( L ~1)E& 2
) ] should he used in this ea It-ulation instead of \

but this is not the ease . Let T be the length of t ime  p r io r  to the  end
of the cycle that the first unit was backordered. It  is reasonable to
assume that  T is less than the repair turnaround time R; thus a l l  demand
(not just attrition ) during the interval T will he hackorder ed at the  end
of the procurement cycle , so that the total u n i t s  hackordered will he
U
1 

— T\ , which imp lies that I
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I
I Our task now is to compute the expected value of S1 . Section G.3

showed that U
1 = [D

3
_p]+ 

, where P is the reorder point and the ~‘emand

I D3 has mean ~i = E(D
3) and variance = V(D

3
) - If we assume tha t D

3

has the normal distribution , then S
1 has expectation

I 
E(S

1) = 

(D-P)2 

(D 

~
)

After integrating by parts, this expression becomes

I
I E(S 1) ~~ 

( D - p) D- 1i 
) d D

I
I which can be evaluated (see page 1~.44 i~ Hadley and Whitin [1~.}) to give

I
v( D~)

I E(S 1) = — h(K
1)

VE( y)

I
where

I
1 h(K) = -

~~ [1 + K2] ~(K )  - -
~~ K

1 and K
1 
was computed in Section G.3.

I
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N ote  tha t some of the  U
1 

bockorders  wit it ’it a t e p r . ’  s~’nt at  titt ’ end ol

I the procurem ent  cy c l e  may have heeti ca r r i e d  over t rom a p r ey  ous eve  I c .

Sect Ion ( . 1 de f in e d  the random var lab le U
2 

to be the numi ,r ’r o I ha ck ord e rs

I e x i s t i ng  at  the beg inn tag of tile procurement. eve Ic ( I . . j u s t  a I t  cv a

I 
procurement  shi pment ar r  (vs I ) , so t h at  U 1 

— 11,, I s  lie t i t iml io r  o t I’ae k—

order s t hat  were actu a l !  incurred during the i-ye le . Ii a u n i t  was first

I bsckordt’ red in a prey I oils eve le, then In order to cotnpli t c t he t I me—we i ghted

u n i t s  short  a s so c iat ed  w i th  t he ~‘t ir r ent  pro curement ~-v c I • it is uvee’ssarv

I to subt rac t  f rom S~ the time Interval between when t he tin I t was I i  r s t

backordered and the beg .1 nn I ng ot the cut- i-en t i~~V, I i ~ . ~s I ng the same as sump—

I t ions  as befo r e , it fo llows that S., ‘~~U ,Y/A is the port ion ot  S~

I 
tha t was incur red  pr i o r  tn tile b eg i n n i n g  of the cut -r ent  p r ocurem ent  eve Ii’.

Th us E(S1) 
— E (S

2
) is the c~ pec ted t ime—we i ghted unit s slier t associat ed

I with a single procurement cyc Ic. UsIng t i t i ’  same approach as bet ore , it

follows that

I
V( It ) h i K )I E(S )

~ E(Y)

I 
*where K

2 
and V (1)

5
) were computed In Sect I on ( • .

I Next consider the reps I r s ti l e  • wit I cli deal  s wit it those  ba~’korders

I Incurr ed d u r i n g  a procurement  eve i e due t o send i ng c- i  r~’ a ~ses late

to the r eps I r facility. in  Set’ I i ofl ( .4 , t h e  random v a r i a b l e  RU wa

I
R e F er I i i  A pp i ’t t i i  ix II I or a •ht seitsu ion en I hi’ v o l  a t  I enshi  I p bet ween I lie -

~~~‘

I formii 1 as and those do i- i ved by iIs~l Ivy ~nd Wit i t  i n  I 4 1 01 a s i n  h a r
invt’ti tory i’oii t ro I mode 1

I
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defined to be the number of backorders existing at the end of a repair

cycle (i.e. just before a repair shipment arrival) and RU2 
to be the

number of backorders existing at the beginning of a repair cycle (i.e. just

following a repair shipment arrival). As before, let RS
1 = ½(RU

1
)

2
/X

I - 
and RS

2 
= ½ (RU2

)2/X be the time—weighted units short associated with

these quantities. It follows that E(RS1) 
— E(RS

2) is the expected

- 
time—weighted units short incurred during a typical repair cycle. Using

the same approach employed for the procurement side, it can be shown that

• v(D6) -E( RS ) = h (K  )
- ~ vE(Y) 3

and
-
~~~ ~

— v(D)h (K )
E( RS2) =

vE( Y)

where K3, I(4~ V(D
6

) ,  and V(D 7) were computed in Section G.4.

• The expected time—wei ghted units short occurring between the beginning

- of the procurement cycle and the arrival of the f i rs t  repair shipment is

E(RS 1) — E(S
2) ; the expected time—weighted units short occurring during each

I of the next E(M)—l repair cycles is E(RS
1

) — E(R S
2) ; and the expected

time—weighted units short occurring between the last repair shipment and

the end of the procurement cycle is E(S
1) 

— E(RS 2 ) . Thus the expected

- 
- total time—weighted requisitions short over the procurement cycle is

I E(TS ) = {E(S
1
) — E(S 2 ) + E(M) ( E(R S1

) — E(R S 2 )] } 3651E (Y)

j where the factor 365/E(y) is used to convert the dimensions from

unit—years to requisition—days.,

~ I
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C.? Average Days Delay

I Our final measure of service is the average number of days t h a t  a

I 
requisition is delayed . We assume that  there is no delay for  a requisition

that  is sa t isf ied w it hout bei ng backordered . Define E(DD
1
) to be the

I conditional average delay in days for  a requisition , given tha t it was back-

ordered and def ine  E(D D 2
) to be the unconditiona l .tvt ’r agt - delay i n day s

I for a requisition . The amount E(DD1) refers to the average de l ay  for

a requisition among only those requisitions that  were in f~~et  backord et-ed ;

I while E(DD 2 ) refers to the average delay among al l  requi sitions. It

I follows that

E(Ts) E (Y)

I E( DD
1
) =

E(TU )

I and

I
E( DD2) E( DD~) (1  — ,

I
I where E(TU) and p were computed in (~.5, and E(TS) was computed in (~.6.

I
I
I
I
I
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ii ~ f i t  is desired to compute the  measures of service for a large n umber

of items in a minimum amount of t ime , the computer progr am g ives  the user

tile option to skip over some of the preceding formulas in order to speed up

tile calculat ions . If this option is selected , then the program wi l l  auto--

maticailv set E(F) — 0 , V(F) — 0 , E( U 2 ) — 0 , and E( S 2
) — 0 , as well

as skip over the formulas which compute these quantities. Of course , this

procedure will result in some loss of accuracy.  Next , we wil l  discuss the

I a f f e c t  upon accuracy of sett ing each of these quan t i t i e s  to zero .

a. E(F ) - 0 
-

The random variable F refers  to the unfilled portion of the

requisi t ion which hi t  the procurement reorder point .  The mean E(F )  a f f e c t s

both the mean net lead time demand E(D
3

) and the mean procurement order

I quan t it y  E(O) . If the issue size is small or if there are  a large number

of requis i tions  during the lead t ime , then the a f f e c t  of E(F)  on E (D 3)

will  be small , and if the issue s ize  is small compared to the economic order

quanti ty Q the e f f e c t  of E(F) upon E(O) wil l  also be small. Other-

wise , it probably would be desirable to include E(F)  in the ca lculat ions .

I For example , if the s ens i t i v i t y  of the service measures is being analyzed

with  respect to changes in the economic order q u an t i t y  Q , then i t  may be

necessary  to deal with  v a l u e s  of Q tha t ar t ’ suft ic t en t  lv  sins ii so tha t

I E(F) wi ll  have some impact.

b .

I The variance V(F )  only i n f lu e n c e s  the var  lance VU) 3) of

I 
the net lead t ime demand . T h u s  i f  the Issue s i ze  v ar i at i o n  Is sm a l l  or i f

there are a large number e t requ [si t  [otis dur  tu g t u e  lead t- tm e , then the

a f f e c t  of V(F )  wi l l  be smal l .

I 136
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c. E(U 2)

Th e  rand om variable U 2 refers to the number of backorders

I 
existing at tile beginning of a procurement cycle (i.e. just after a procure-

ment shipment arrival). We anticipate that the usua l values foc the procu re—

I ment reorder point P and economic order quan t ity  Q arc such that  a

shipment arr iva l will generally e l iminate  all exist ing backorder s , so tha t

I E(U 2 ) will be approximately zero. Of course , if it is desired to do sen—

I 
s i t ivity  analyses with respect to changes in P or Q , t hen it may be

necessary to compute E( 1J2 ) .  
-

• 
d. E(S 2 )

The random variable S2 r e f e r s  to the t ime—weighted uni t s

I short that  .ire associated with  the backorders existing at the beginn ing

of a procurement cycle. Again , for typical  values of P and Q , we

I ant ic ipate  that B(S 2 ) will be approximatei y zero. But if it ~s desi red

I to do sensi t ivi ty analyses wi t h  respect to changes in ei ther  P or Q

it may be necessary to compute B(S 2 ) .

I
I
I
I
I
I
I
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I
I

(; I) Mod i f i ca tions  f or  Other  Cases

I The preceding sections dci Lved the formulas in d e ta i l  for a repairable

I 
item wi th  high demand under B08 management with levels 1 or 4 r epa i r .  This section

will  by ie flv  discuss how these formulas should he m o d i f  it’d t o  handle o ther  cases.

I a. Consumable items

Formulas that wou ld be appropriate for a consumable item can

I be obtained simply by setting

E(R) — V(R) — E(I.~1
) — V (~~1

) — E(B2) — V( 13
2
) — 0

when computing E(U
1
) and E(S~ ) for procurement reordering in Sections C.3

I and G.5 , and setting F (RIT 1) E(RS
i
\ .0  for the repair side.

b. Low demand items

I The formulas in the previous sections assumed that the dis--

t r i but ion  for  the random variables D3, D5, D6, and 1)
7 could he represented

by the normal d i s t r ibu t ion .  This assumption would be appropr ia te  for hi gh

dema nd items because o f t he Cen t ral Limit Theorem , but i t  wou ld not be

appropr ia te  for  low demand items . In the case of low demand items , our

[ assump t io n is t hat t hese random va r iables can be rep rese n ted b~ t he nega t i ve

L bi nomial d i s t r i b u t ion . The negative binom ial  d i s t r i b u t ion  has two u se fu l

proper t ies :  1) if  the random va r i ab le  representing demand is Poisson th is—

L t r [bu t t e d and the lead t ime has a ganuna d t s t r  [hut  ton , the n the lead t ime demand

has a negative binomial d i s t r i bu tion  (SeC page 203 in iladley and Whitin f4 ] ) ;

L and 2) The nega t [ye bin omi a l  d i s t r i b u t i o n  has two p at-am eterS which  can be

I 
spec if ted by knowing I u~ mean and var  lan ce.  Thus • our approach for  handl ing

low demand i tems is merely to r i-p lace the norma l dl  St r [but ion w i t h  the n ega t ive

I binomial d i s t r i bu t i on  when comput ing  E(l t  ~) , E (RU 1
) , B(S

1
) and E ( RS ~~~
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The only di f fe L - enc t ’ in our approach between CLA~tP , FIRM ,

and ILICH BU RME R is In how the reorder point  P is computed , ratt ler than in

how the se rv ice  measures are computed . All of these special repair  manage-

ment programs are character ized  by: 1) a cont inuous  repa i r  review (s ince

carcasses are  sent immediately to the repair  f a c i li t y  upon r ece ip t )  ; and

2) the Luck of an induct ion point  ( i . e . ,  upon receipt  at the repa i r

fac il i ty , the contractor can begin work without  any formal a u t h o r i z a t i o n ) .

Our approach for  handl ing these items is to assume tha t  tile o i u l v  backt -i rders

tha t are incurred are due to i n su f f i c i en t procurement , r athe r  than t o  a del .iv

in inducting carcasses. This means that  we can set E( R U 1 ) —  E (R S 1) — 0 a nd

bypass these calculations. Note that  th i s  is d i f f e r e n t  from the approach

for  consumable items , because we s t i l l  allow u1on~ ero v a l u e s  for  the mean

and var lance of R , and 
~ 2 when comput lug B (U j ) and B (S j ) -

d. l 2 r e p ~u i r  undt~r BOS

The fol lowi ng key assumpt  ion , made in Sect ton t~ -

enabled us to comp u te the total numbet- of hacko rde r s In a procurement c y c l e :

al l  repairable carcasses ret-c ived prio r to the interval of length R + B

before procurement arr [V S 1 a Fe reps I red and ret u rued RF I j~r (or t o  t h e  pro-

cur ement ar r iv a l .  W h i l e  we antic (p a t e  t h i s  t o  he va l i d  fo r  levt ’ls 3 and 4

rep.I I r scenar Los , we do not t’xp et - t i t  to be vs li t 1 fo r  level 2 rt ’pa I r . Our

appro at -it fo r levt’ 1 2 r ep a i r  is to compute the e x p e c ted  number o I ha~’ko rders vi Ill

E (T U ) — EU !
1

) — E(u~) +
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which assumes that the entire demand associated with repairable carcasses
is backordereci, and to compute the expected total time—weighted requisitions

short over the procurement cycle with

E(TS) — (B(S
1
) — E(s 2

) + [E(R) + ½(RW) ]E( 8 1)E( $3 2 ) E ( O ) / E ( AT) }36 5/E (y)

which assumes that each unit of demand associated with repairable carcasses

remains backordered over an average length of time equal to E(R) + ½(RW) years .
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APPENDIX H

T ItlE-WEI GHTED UNITS SHORT
H.l High Demand Case

I *
Hadley and Whitin considered the following lOt size-reorder point

inventory control model : whenever the on-- hand inventory falls below the
- reorder point r , a new procurement equal to Q is reordered . Note

that this is a continuous review situation in which the notion of a review

period -is not present. Let the mean annual demand be A , the mean lead

I time demand be ji , and the standard deviation of lead time demand be ~‘

For the high demand case in which the lead time demand is represented with

I a normal distribution , Hadley shows that the annual expected time-weighted

units short is equal to

I - B(Q ,r) ~~~
. 
[~~(~~) 

-- B(r Q)I

where 
-

8 (v)  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
•(~
) is the normal density, and ~(-) is the “tail” c .d.f. Becaus e

there are A/Q procurement cycles in a year , the expected time-weighted

*Hadley and Wh iti n, Ana lysis of Inventory System,~~ Prentice-Hall , 1963

1 pp. 193-194 .
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units short over a single procurement cycle must be equal to

- E(S) (Q/ X) B (Q ,r) — [6(r) - 6(r + Q)]/X - 
( 1)

It Is convenient to define

- ,- - p r + Q - p

, K2 
r -.  —

CT - 
C

and -

h (K) + K~ ]$(K) - ~~K ~ (K) -

It follows that- fl (r) -
~ o?h(K 1 ) ~nd B(~ 

-
~ 

Q) a’h(K 2) — Thus,

Hadl ey ’s formula (I) becomes

I E(S) -~~- [h( K 1) -‘ hOc 2)1 — (2)

I
L Ne’ct , we w i l l  sht~*~ the equiva lence between this formula and the cue used

in Appendix G (see Section G .6) .  Define U1 to be the number of units

I short at the end of a procurement cycle (i e., j ust before a procurement

arrives) and S = l/2(U )2,~ Because U = [P - r ]~ where the lead

time demand 0 Is normally distributed with mean i~ and standard deviation

~ , It follows that the expectation of S1 can be computed with

* + +We define Ex ) = x if x - 0 and [x~ 
-
~ 0 if x — 0

I
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1 2r (D - r) /D - W\E(S 1

) — I $ 1  ) d D1 ó
’
-r 

2 A a  \ a /

I
After Integrating by parts, this expression becomes

I 
~
‘°(D -- r) ID -.

E(S 1) =J -
~~

—---
~~~ dD

I x a

I 0=r

1 which can be evaluated to give

U - E(S 1) 
= ~~ h(K1) . (3)

I 
Similarly, define U2 to be the number of units short at the beginning

of a procurement cycle (i.e., just after a procurement arrives) and

i S2 
= l/2(U2)

2/\ . Because U2 
= [D -- Q -. r]

4 
, it also can be shown using

the same method that

1 -

- 

E(S2) = 

~~~~~ 

h(K~) . (4)

I 
-

Thus, we see that formulas (2) - (4) imply that

I E(S) = E(S 1 ) - E(S2) , (5)

which -is the formula that was derived and used in Appendix C. This shows

I that the approach taken in Appendix G is equivalent to that taken by Hadley ,

even though the derivation given in  Appendix C is much simpler than Hadley ’s.

II
II

144



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

However, the formulas for E(S1
) and E(S 2) given in Appendix C are

slightly different from those given above , because the model treated in

I Appendix C is different from the model treated by Hadley in two respects:

(1) a procurement is not made when the inventory first reaches the reorder

I point , because it is necessary to wait until the beginning of the next review

I period ; and (2) the amount ordered exceeds Q , becaus e it also must include

the demand during the delay between when the reorder point was first reached

I and when the procurement can be made. Thus , Hadley ’s formulas should not be

used directly, because they were derived for a different (but admittedly very

I similar) model , wherea’ the formulas given in Appendix C are correct for the

I model trea-ted there.

H.2 Low Demand Case

I Hadley did not derive a formula corresponding to (1) for the low demand

I 
case in which the lead time demand is represented with the negative binomial

distribution , in this section we will derive such a formula by using the

I relationship (5).

We have defined S 1 l/2( 1J1)2/x , where U1 = ED - rJ~ - We assume

I that the lead time demand D is distributed with the negative binomial with

mass function 
~~~~ 

, mean p an d var ian ce ~
2 

- Thus

i E(S 1) 
= -~—E 

(j - r)2 
~~~~ 

r-l 

-

I ~~~~~
(j r) 2 

~~~~ 
-- .

~~~~~~~ (j  .~ r) 2 
~~~~ 

(6)

- I r-1

i 
= ~~~ — [~

2 
+ (r 

~~~~~~~~~~~ ( j  - r)2 
~~~~

I
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I A P P E N D I X  I :
COMMENTS ON THE FMSO COUNTERPROPOSAL

FOR COMPUTING EXPECTED UNITS SHORT

1.1 Use of the UICP procurement variance calculations

In our judgement , the UICP procurement problem variance calculations

I are not rigorously correct , because two correlated random variabl es are

treated as if they were independent at a key step in the calculations ,

as explained next. When computing the procurement problem variance

I (formula 36) *, the UICP formula correctly adds the variance in demand

during the PTAT (procurement problem turnaround time ) to the variance

I in attrition during the PLT (procurement lead time ) less PTAT . The

reason for this is tha t any demand occurring prior to the PTAT can

I be repai red and be returned RFI (ready for issue) prior to the end of

i the lead time; thus only the net attrition need be considered for demand

occurring prior to the PTAT . The problem , however , is in the method used

I to compute the variance in attrition during the PLT less PTAT . This is

done by first computing the varian ce -in attrition per quarter (formula 32)

I by adding the variance in demand to the variance in RFI regenerations; but

I this procedure assumes that the amount of demand is independent of the number

of RFI regenerations , which is not correct. Let D
~ 

be the total demand

I occurring during the PLT prior to the PTAT. Let B1 be the initial screen-

ing survival rate and B2 be the repair survival rate. Thus D2 = B1 B2I is the amount of RFI regenerations (i.e. the portion of D1 that can be

I repa ired), and 03 = (l-B 1t32 ) D~ is the net attrition (i.e. the portion

of D 1 tha t cannot be repa ired). The UICP calcula tions (formula 32) in

I effec~ compute the variance of 03 by adding the variance of 
~l 

to the

Supply System Design Specification for Uniform Inventory Control Program,
Department of the Navy , Naval Supply Systems Command , Washington , D.C.,
July 1976.

‘ I
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var i ance of D2 , which assumes that D1 and D2 are i ndependent ,

I and this results in the answer that the variance of 03 is [1 + (~l 132)
2
1

time s the variance of D1 - However , the correct answer is that the

I var iance of D3 is only (1.81 132)
2 (imes the variance of D1 . Thus ,

I 
whenever the RF1 regenerations are substantial (i.e. 

~1 
and 

~2 
are

significantly larger than zero), the UICP formulas will substantially

I overestima te the true variance.

It is the purpose of the additiona l da ta elements used by the Appendex C

I formulas to enable the procurement problem variance to be computed in a

I 
rigorously correct way ; so thai: it is not necessary to rely on the

“ less than correct” UICP result. Because the F-MSO counterproposa l* uses

I the UICP procurement problem varianc e , their m ethod can be viewed as an
- upproximation because .it speects up the running time while reducing accuracy .

L I t~ 2 P~~ ~~~~~~~~~~~~~~~~ ~Jor~~~ t~~ sumations when c~ jputin~g_units
- short due to in s u f f i c i en t  ~procuremen t

I The app roach In Appendi x 6 is  to compute the expected u n i t s  short due

to insuffic ient procurement with the expression

I E(U) = (D 3-RP~ Pr(D3) \ ( I) r RP
~~

Q) PR(05)
D~j~RP - 

D5
:RP+Q

I while the FMSO counterproposa l is to use

I E( U ) ~~ {X - [RP- E(Def) 1} i~r (X)  - (X-RP-Q) PR(X)
X=RP-E(Def) 

- -  

X~RP+Q

I where E(Def) refers to the expected deficiency between the reorder point

I RP and the inventory position when a procuremen t is made , Because D~ X

and D3 05 + Def where Def is the random -deficiency , the FMSO

I •Briefing on CARES given by FMSO in Washington , D.C. in May 19/8.
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I counterproposal would be rigorously correc t if the varialm ~t’ of Def

I 
were :ero . But the variance of Def Is not zero , and i t  consists of

two components: one due to the possibility of havin g a multiple random

Issue si:e; and the other due to the random demand t h a t  occut -s  ove r the

procurement review period . Neverthe l e’ss . whenever the variance ut  Def

I is small as compa,’ed with the vari ance ot  D~ or X , then  the FMSO

counterproposal will be a valid approxima tion .

I I .3 LIst pf the saimme ~1I _st~ ibu ~ i on for both suminna t Ions when coinput i n~ tin its

short due to insu f f 1 c lent rep-air
rhe approach In Appendix C Is to compute the expected units short due

I - to Insufficient repair with the expression

I E(RU ) (fl6-RL ) P r ( D 6 ) -\  (D7-RL ) Pr(D7)
0 =RL O mRL

I while the FMSO counterproposa l is to use

I £(RU) a tv-[RL-E (Ro)1 P,’(v) -\ (Y-RL ) P,’(Y)
Y - R L- E(RO ) ~~RL

I where F (RO ) Is the mean repair Induction quantity . 1~e~-a uce a

f and D6 D7 + RU where RO Is the random i’ep i r induction qua nt I ty,

the IMSO counterpi-oposa 1 would be H ~orousl ~y corrt ’~
- t if the variance

I of the m ep~t I r induction quaim ’. i ty were eq~aa 1 to zero - However, t il i s

van lance Is not equal to zero, s It is equal to the van ant-c of demand

I over the rep.~ I r rev I e~ period. Never the li’s s, whe never t hi s var i a nt’c I s

simia 11 as compa,-ed w i tfl the var i .~nt t’ ot 07 or Y t h e n t h e  FMSO count ci’—
I proposal w i ’l he a va ! Id approximation , and thi s will occur whenever t h e

I repa in revl ~w period Is small compa red with the repa in  t ut-na round t I nx~.
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