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1. Introduction

In this report we present some useful bounds on the optimal stock levels
in a multi-echelon maintenance system of the METRIC/AMMIP type [4,5]. A
typical four echelon maintenance system is displayed in Figure 1.

Level 4

Level 3

Level 2

Level 1

In a general n (> 2) echelon maintenance system, the highest echelon
(level n) is a lone installation referred to as the depot. Primary demands
for reparable items occur only at the lowest level (level 1) installatioms.
Depending on the nature of the repair required, the failed unit is either
repaired at the level 1 installation to which it has been brought or is sent
to a higher level location. At the higher level location, a decision is again
made whether to repair the item there or to send the item to a higher echelon
location for repair. All items received at the depot are repaired there.

We assume that each time a decision is made on an item it is made indepen-
dently of the decisions on other items. In many practical multi-echelon
inventory systems, a level k location can send a failed item only to a level
k+l location if it does not repair the item at its own repair facility.

In either case we shall assume that all resupply is done on a one for
one basis; that is, a continuous review (S-1,S) policy is followed. When a
failed unit is sent to a higher level location for repair, the higher level
location must resupply the lower level location with a serviceable unit
when one is available for shipment.

&
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The assumptions we make are described in detail in Sherbrooke [4] and
Muckstadt [3]. Basically, we assume:
a. Demand at a level 1 location is a stationary (compound)
Poisson process with rate Ai at level 1 location 1.
b. Repair times at an installation are independent and identically
distributed.
c. A particular level k location always requests resupply from
the same location on level k+j, j=l..., n-k when sending a failed item
to that level.
d. There is no batching (or waiting) of items before repair is
begun (infinite server assumption).
e. There is no lateral resupply among locations on the same level.
The problem we consider is to minimize the sum of the holding cost at
each installation plus the time weighted backorder costs at all level 1
locations. Backorders at higher level installations are considered in the
model only insofar as they affect performance at the level 1 locationms.
A complete description of a very similar model can be found in
Muckstadt [3]. We present here a brief description of the important concepts.

In order to compute the expected backorders outstanding at a point in
time at a location, we need to know the expected resupply time for that
installation. Let there be mj installations on level j, j=1l..., n-1, and
let the installations be numbered consectively starting from 1 on the lowest
level. Hence, the lowest level has installagigns 1,2,...m1; level 2 has
installations m1+1,..., m2+m1 etc., Let N= ¢ mj. Furthermore, let Ti =
average resupply time for location 1. =1

Say i is on level j. Then

- k. .k
(1) Ty ® yeR; + I r(i,k) [A” + D]
k=§+1 g 8

where

Ri = repair time at installation 1i.

r(i,k) = probability that a failed item at location i is sent to level

k for repair




A: = order and ship time between i and level k location g which
is the unique level k location from which i seeks resupply.

n: = delay at level k location g due to the unavailability of
serviceable stock.

¥ ™ probability that a failed item is repaired at i
n
=1-3% r(i,k) = r(i,j)
( k=f+1

‘ By definition TN+1 = '1‘° = Ro = depot repair cycle time.
The expected delay D: is given by

k expected number of backorders outstanding at a point in
D = time at level k location g

average yearly demand at level k location g

i Let N(g,k) = unique set of lower level installations that receive their
resupply from level k location g when requesting resupply from a level k

location, k > 2. Then Ag = gverage yearly demand at this installation is

given by
(2) A= r r(j,k) )‘j g-ml+1,...,N+1
& JeN(g,k)
é
4 If S8 = gtock level at installation g then the expected backorders at a

point in time at this installation is given by

(3) xzs (x-Sg) P(xlxgrg)
g

where

P(xlkng) = probability that x units are in resupply at location g
given a lead time demand of Ang.




R =S

The overall problem we consider then is

m
N 1
(4)  MinZ =C,S + I CySy + Cy (z  Cr (xS px|rT)))
j=1 k=1 x>§,
where
CH = annual holding cost per unit
CB = backorder cost per unit year backordered

S = depot stock

Z is generally not a convex function so that optimization is not
straightforward. Proposed solution schemes generally involve explicitly
examining different possible stock levels in order to find the optimal
solution. Hence, it is of paramount importance to be able to bound the
value of the optimal stock levels at the various locations so that as few

stock levels as possible need to be explicitly examined.

2. Computational Bounds

In this section we derive some useful bounds on the values of the
optimal stock levels. Muckstadt [3] reported on some empirical bounds for
a problem very similar to (4) for four echelons. His bounds were based
on observe ns of optimal stock levels. Kruse [2] developed some theore-~
tical results for (4) in a two echelon case. His results can be seen to
be special cases of some of the results derived here.
Consider problem (4). If the depot stock, So' is fixed at some
value y, solving (4) with S° = y is8 equivalent to solving the n-1 echelon problem.

m

N 1
(5) Min TCL(y) = £ C.S, + C.(z (F. (x-s )p(x|2,T,)))
je1 B3 CBY o8, ok Ny

*
Note Z = CHy + TCL(y). Let TCL (y) be the minimum total cost at the n-1
lower echelons when SO = y. This is obtained by solving (5) with S° =y,

Then problem (4) can be restated as

*
(6) Min TC(SO) = CHS° + TCL (So)

So =0, 1, 2;...




it

*
Let TCL (=) = optimal cost at the lower echelons when there is never a
delay at the depot due to unavailable serviceable stock

when resupply is requested by a lower echelon location. The following

Lemma is the crux of our major results.
* *
Lemma: Let j < k. Tgen TCL (j) > TCL (k)
= 1 ol

Proof: Let B(S,T) =% ( (x-Sk)p(x|Aka))
k=1 x>S
k
*
This is an increasing function of Tk' Let S (j) be the
optimal lower echelon stock levels when So = j. By maintaining the same
*

stock levels when So = k, the optimal lower echelon cost, TCL (k) cannot
increase since the holding cost at the lower echelons remains the same but

backorder costs will not increase since T kK &= 1. o0

k’

adding more stock at the depot. Hence, by setting So =k > ] we can at least

1, cannot increase by

* *
do as well at the lower echelons as when S° = j. Hence, TCL (j) > TCL (k).

*
Let S° = value of the depot stock in an optimal solution to (4).

* *
f.[TCL (O)c— TCL () ]
H

*
(7) Theorem 1: So

where [x] denotes the largest integer < X.

*
Proof: Since So is the optimal depot stock, we have

TC(S:) - TC(0) < 0

* * *
Thus, CyS, *+ TCL (So) ~ TCL (0) <0

* * % *
From the Lemma we have that TCL (0) > TCL (So) > TCL (o) and hence

TCL*(O) = TCL*(Q)

Cy

*
S <
o—.
*
Since So must be an integer we have the desired result.

*
Corollary: Let 5 be such that TC(8) < TC(0) = TCL (0)

Then
- *
:-[TC(S) E TCL (m)]
H

*
(8) So
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provides a better bound than (7).

Proof: This follows as in the proof of Theorem 1 since
* - * * % o
TC(SO) - TC(S) = CHSo + TCL (So) - TC(S) <O

Note that the bound (8) holds for any S = 0, 1, 2,.... However, (8) will
be less than (7) if and only if TC(S) < TC(0).

We note as a consequence of the Lemma that TCL*(w) in (7) and (8) may
be replaced with TCL*(k) as long as k z_S:. Computational experience has
indicated that the delay experienced at the depot by an arriving unit
decreases to zero rapidly as the depot stock level is increased beyond the
value of the demand at the depot during a repair cycle. We replaced
TCL*(m) by TCL*(k) for values of k that we felt were surely greater than
S:. For example, we used values for k equal to two times the depot lead
time demand and another value of k equal to 5 + 1.1 times the depot lead
time demand. However, it was noted that the TCL*(k) for these values of
k were not significantly greater than TCL*(w) and the bounds (7) and (8)
were not significantly improved. In fact, computational experience has
indicated that TCL*(j)decreases more rapidly for j i.S: than for j > S:.
This result is not surprising. We would expect that adding more and more
depot stock above S: should have a decreasing affect on the optimal lower
echelon stock levels and costs due to the rapid decrease in delay at the
depot. Hence, in most computational procedures, we see no real advantage
in replacing TCL*(m) in (7) or (8).

As mentioned in the previous section, the non-convexity of
the minimization problem generally requires that various depot stock levels
be explicitly examined. When solving problem (6) for a particular value
of So it would be convenient to be able to use information obtained from
previous calculations with other trial values of So' We now establish an
upper bound on the amount of stock available for distribution to the lowe=

echelons in an optimal solution. Let
*
LEHC (k) = optimal lower echelon holding cost when S° =k
*
LEBC (k) = optimal lower echelon backorder cost when So = k

7
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* * * * *
so that TCL (k) = LEHC (k) + LEBC (k). Let LES (k) = LEHC (k)/CH =

optimal total stock at all the lower echelon locations when So = k.

Theorem 2:

9 LES" () < [TeL” (k-1)/Cy]

* *
Proof: By the Lemma, TCL (k) < TCL (k-1)

* * *
LEHC (k) + LEBC (k) < TCL (k-1)

LES" (k) < TCL*(k—l)/CH
* *
Corollary: LES (so) < [TCcL (o)/cH]. In fact, if
k < S* then LES(S
<8, then L (So) i.[TCL(k)/CH]

The bound (9) is extremely useful when allocating stock among the
lower echelons. Any allocation where the lower echelon stock allocated
exceeds (9) can be ignored. Note that from (9) we have that

*
* * o
LEs" (k) < LEs” (k-1) + (RERGLoD),
H
so that when [ EBC L= ] = 0, the total stock allocated to the lower

echelons will not gncrease as depot stock goes from k-1 to k. However,

——

this will not always be the case as one can construct examples where lower

echelon stock will increase as S° goes from k-1 to k.

Assume in (6) we are examining a particular value of So' Set the
stock at all the level two through level n-1 locations at values higher
than the values of the stock levels at these locations in an optimum
solution. By doing this we have established resupply times to the level 1

locations Ii(so)’ 1w J1oZsvvey m1 that are lower bounds on the actual

I
|
|
}
|

optimal resupply times given depot stock is So. Given the Zi(so) as the
resupply times we may calculate the stock levels for the level 1 locations
(S ) that would be optimal if T (S ) were the actual resupply times. Clearly,

—1
the _1(80) are lower bounds on the actual optimal stock at the level 1

8
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L
locations when depot stock is S . If [ S.(S) > [TCL 0 ] then this
o 1=1 =~ "o CH
particular value of depot stock cannot be optimal. One can employ this

*
argumentmin a routine to determine a lower bound on So' If for S° =y

1
we have [ S.(S) > [TCL 9 ], then for any j < y we must also have
=10 C =
i=1 H
=

r S, > [TCL 2 ] since T,(j) > T,(y). Hence, using a bisection type
{=1 i CH — =i X
approach one can find a lower bound on So' There is a tradeoff between

the computational cost of performing a search for a lower bound versus the
cost of examining more depot stock levels explicitly. Generally, high

demand situations where the demand at the depot during a repair cycle is large
seems to be the only instances where establishing a lower bound on Sz may be

advantageous.

3. Constrained Problems

The computational bounds developed above can be used in problems similar
to (4). Consider (4) with a constraint on the total number of units that
can be held (or equivalently a budget constraint). The new problem would
be

N e |

(10) MinC,S +3: C,S,+C (z (£ (x=5)p(x|xT)))
H "o sl H”§ B lml x>Sk k | k' k

N
S + % Siu
o j=1 3
By introducing a Lagrange multiplier, ¢ > 0 (10) becomes

m

N 1
(11) Min CuS + £ CyuS, + C.(z ( _E. (x-S )p(x|rT, )))
ol T B we TR N
N
+9 (S +5 8,)
o jm1 3

Note for a fixed 6, (11) is equivalent to (4) where the holding cost for
a unit has changed to Cy 6 . Hence, in order to solve (10) one first solves

the unconstrained problem. If the total optimal stock in the unconstrained

iiH-ﬁu-l............_.......__._______._“__“_,_______. -

danilile oo




S B Ak ot

D

e

solution is <wu then we have an optimal solution to (10). If the total
stock allocated exceeds j, then we form the Lagrangian (11) and solve this
problem. Solutions to (11) for particular values of g yield undominated
solutions and ¢ may be varied to obtain a satisfactorily close solution
to (10).

Another constrained problem considered by authors [1l] is

m
1
(12) Min % z (x—Sk)p(xlkak)
k=1 x>S
k
N
S .+ % S. <
©  yupd

The constraint in (12) always holds at equality. By introducing a Lagrange
multiplier 6 > 0, we obtain a problem similar to (4) but with the "holding cost"
of the item now defined to be . Hence, the bounds obtained can be used in

solving these types of problems as well.

4. An Algorithm for Solving Problem (4)

In this section we describe an algorithm for solving an n echelon prop-
lem. The algorithm takes full advantage of the computational bounds of
Section 2.

We first fix the depot stock at some value, say So = y. When the depot
stock is fixed, the resupply times for all the level n-1 locations have been
determined. What remains is a number of n~1 echelon subproblems. The
"depot'" in each of these subproblemns is a level n-1 location in the original
problem. Hence, the results of the previous section apply to these new
"depots''. We solve these subproblems in the same manner as we solve the
original problem. We fix the stock at the new '"depots'" and this stock,
along with the fixed stock at the original depot, now determine the resupply
times for all the level n-2 locations. We now solve a number of n-2 echelon
subproblems. We continue in this manner until we are left with a number
of two echelon subproblems which can be solved efficiently (see Kruse [2]).

Once we have obtained the solution to the two echelon subproblems, we

work backwards and obtain a solution to the three echelon subproblems by

10




i explicitly examining different stock levels on the third echelon. When
the three echelon subproblems are solved we continue working backwards
solving the four echelon subproblems, etc. until the n-1 echelon subproblems
have been solved. We then have a solution to (6) for So =y,

The importance of the bounds derived in Section 2 can now
be easily seen. In solving a typical n echelon problem, a number of n-1
echelon subproblems needs to be solved. Each of these involves the
solution of a number of n-2 echelon subproblems, etc. Clearly, even for
1 one value of depot stock a potentially large number of subproblems need
E | to be solved. Hence, good bounds on optimal stock levels are useful tools
: in reducing the execution time of a computer program solving an n echelon

problem.

i

: To clarify the solution procedure we present a complete algorithm for

a four echelon problem.
*
Step 1: Set So = » and solve three echelon subproblems to get TCL («).

* *
Step 2: Set So = A and find TCL (Q). Set TCL (0) as incumbent

minimum solution and save stock values.
*
Step 3: Calculate an upper bound on So using (7). Set j = 1.

Step 4: If j > upper bound go to step 7. Otherwise, determine bound
on total stock available for distribution to lower
* *
echelons ( = TCL (3-1)/cn)and find TCL (J).

* *

, Step 5: If TCL (j) + CH j < incumbent set incumbent to TCL (j) +
%

CH j and save stock levels. Update the upper bound on So

using (8).

Step 6: Set j = j + 1 and go to step 4.
Step 7: Print out optimal solutionms.

To solve the three echelon subproblems, we use the same algori.am as
above with the word three replaced by two.
The logic used in the algorithm can be extended similarly to include

] any number of echelons.

11
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5. Extensions

For ease of exposition we have assumed that primary demands occur
only at level 1 locations. This restriction can easily be removed. Let
W be the set of all locations at which primary demands occur. Then problem (4)
becomes

N

Min Z = CHSo + §.1 CHSj

+1€, (¢ r (x-S

)p(x|2
B jE W x>Sj 3

1Ty
Thexg, geW calculated in (2) need to be updated reflecting the fact that
removals many occur at higher level locations.

Conceptually, one can view higher level locations at which removals
occur as consisting of two parts - an operating activity and a repair
activity. At the operating activity, the items are used and hence fail.
The repair activity repairs failed items from the operating activity and
failed items that are sent by lower echelon locations. It is not hard to
see that it could never pay to designate stock at such a location just for
use by the operating activity. Hence, all stock at such a location is
assigned to the repair activity. Thus, every demand at the operating
activity 1s backordered. However, if the repair activity has a serviceable
unit on hand, resupply is instantaneous. Otherwise, the resupply time is
just the expected delay until a serviceable unit becomes available at the
repair activity since all resupply to the operating activity comes from the
repair activity.

If we let

A j = removals at level k (> 2) location j operating activity
2

A j = I r(y,kn

ye N(j,k) y

R 1 2

A j - Aj + AJ = average yearly demand at the repair activity

12
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Then problem (4) can be written as

N
MinZ +C,S =% C.S
H o =1 H]
o
+ CB (: (x-S

Jp(x|A,T,))
j=1 *’Sj ] | 13

A
* ¢y O
jeW/(l,Z,...ml}
where T? = resupply time for the operating activity at location j = expected

delay at the repair activity of location j before a serviceable unit becomes

unavailable
z (x-S
x>S

3

The bounds developed in section (3) can be applied to this problem with

>p<xlxg‘rj>>

-( j

minor modification.

6. Summary

In this report we have presented some useful bounds on optimal stock
levels in multi-echelon maintenance systems. The bounds were then in-
corporated into an algorithm for solving a specific n echelon problem.

The true usefulness of the bounds depends heavily on the specific problems
being investigated. Furthermore, in specific problems other factors may

be present that provide bounds on the optimal stock levels. However, in
most problems we feel the bounds presented here are extremely useful and
they have already been successfully implemented on some multi-echelon
maintenance problems. In the Appendix, we present a computing listing

of the Multi Echelon Stockage Subroutines (MESS) developed at the US Army
Inventory Research Office. The 1listing is a wording of the algorithm in
Section 4 assuming that the mean demand at each level 1 location is the
same and that a level k-1 location can send a failed item only to a level k
location for repair if it does not repair the item at its own repair facility.
These restrictions can easily be removed and the extensions of Section 5

easily incorporated to make the program more robust.

13

—



|
.,,.. “

APPENDIX

14




1e e gt ITHE EGURECH DLDEMs TRT«CITe P FILIMs FEMOVE Z « OFGIFEF
i %-l~-*Eh:7t-LLEsGPZTDEthIHEDZT-HVHILF

e B4, ETGC"?“sTﬂTf4l-EPGZPEFt4!sEZTté--9'4fs
TTOCE 1) o F T gy e LR S

= T 1.'.r;-

i S L -""1"C:T
LTD e Lo =rL T D+ LMo BRCE G CDLDEM 20 ~TiEMS
EMPE=FEMOVE CeOFRIFER C1 s ¢OFGIFER (2
D=t TEMFe L —F i 2
Dea=liE M e QRIS TRER © 30
ELTO=TEMFe . Fizs2eTAHT cZa+0],—F20LIM Chr i eJET S0
CALL THREECHBLTOs TATsOZT s Fa PN EMOYEZ s GRGZFER s CREATION
{ e CHETE e LB« ZTOCE s TR AYATL Y
' TL;': =CMe0dFGIFEFR -33'
Z R INT e« "LETLEC="«LETLEL
i ALL THH t::'l’ HiRLTD LB et 0o THT e OXT s FeaPILUM«FEMOYEZ « OFGZFEFR «
‘ CFATIOCECHITE o #LEs ZTOCK s CHeRYARILY
‘ dETC*'Lt-4 e FATIG+CMeORGIFER ¥ 2
i ERlT el TURTL="UEBTC
[RNEE! T
T)e s Bogn
B e I Ok o=
OFZTS i [ S O
Or 270 OCk o2
e B O L ETLECSETCSECHETE «CPAT IO
b= ' E
| in0 = _+1
IFREQUND JLT. 30 TO 100
EC-‘-‘ETF”E: CAMIHL CECHETE~)s CHeDRRIFER (20 ~ACRAT IO » ~ORGEFER 22
s THEEELCHTS 'F LT DYFLOAT ©. 0 . THT. OZTeFe FIUMs FEMDYEZ « BFGEZFEF «
SECHEITHZa AL E«ZTODE s CHe THVHIL Y

= CPieliFRE FEF A+ leTFHTION
LT, MIMCDZT»E0 TO 10
“LUETo= YedBTO

Z'T

) ars T:}l

‘ JFITOC
gr-TOCkK =
'_'P'_TD"f "lA'=-‘-Tﬂlf S
AdRIL= TH"HIL

g wPETLFRH

3
g

THIS PAGE IS BEST QUALITY PRACTICABLE
. FROM COPY FURNISHED TODDC ___—

15




Aakaclo ) g

1060

EMe THT DI Tarak TierEeMOVE L «OFGIFS R @

TFeTUTINGE TeseE0Re DL
W TIgeae P Te o ~LE«GFITOCOE aMIMCOZIT el
O1MEMII0N SRITOON 220« 2T0Cr «20 QI Ted s OFGZFER 3
DIMEMHIION TAHT 3 er Q0 FTLI 3  oHLE G

FEAL LETLEC -MIMCOZT

ELTD-E}—rLTu+uEHL0ERFFD DLDEn-z,fDEMB

e .= = LY =4 v IO S
J-H' I' j EF‘DE. FEF 1ren]. 1

L TH=FENOYES ®ORBEFER (1 & CF(2r ¢ TAT (20 + 1. —FIUME s oD% T-;--
CELL THOEFHELTD AT+ DoTs Fs FIUMs FEMDYES » DFGZFEF s CRATIO

CECHITE s SLEs ZTOCE s CHe AVAILD

LETLEC=CMeORRIFER (2
CHLL TWDECHRLTL CLE vZ0 o s THT S OZTeFeFE HH-FEHD“E»~DPEEPEF-

SR ATIGECHITE s LB ZTOCK s CHaAWAILY

JETC=HLEf310CFRTID+CH’UFGEPEP(E?
SEIHT # "URTL "« LUETE
AINCOZT=UETC

SFITOCKE ¢ 1y =2TOCKE 12
SFITOCE (2 =2TOCk o2
QR ZTOCE L2 =xLE O3
UPEDUHD=EDUHDiLETLEE-UBTCpECHETHsERHTID?

A= B an

=141

IFfNFxDHHu LLT. 0 TO 100

ECHETES2=AMINL (CECHE T}—I-INODFb_FEF'&"=:FHTID ~ORGZFER (22
CRLL TWOECHSRLTDCFLOAT a2 s TRT S OZT s FaFE HH-“EHD“E;;UFGZFEF-

ORATIONECHETRH S s SLE ZTOCK « CHMs TAYATIL Y

COIT=CHe0REIFER C20 + ¢ JeTRAT IO

1FeCcOET .5T. MIMCO=T»a0 TC 10

UETC=C0s5T

AR BEOUMD=EGUMD cLETLEC s UBETCECHETE s CRRT IO
JIHlD T FD T

JFEZTOCE <1 2
AR IL=THYARIL
53 7O 10
ETLIFM

=L

FUMCTION BO0UHD CLETLEC s UETC s ECHETE s CRAT IO
~ERE SRR

TEMP=CURETC-LETLEC ~CRATIO

EOUMD=AMINL CTEMF« ECHEZTED

S TR

(AR SL

T4

THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED 10 DDC e

16




T AT INHE TWOECH DLDEMa TAT«CITeaFeFIUM FEMOYEZ s ORI ZFEF
erHlenth TH e LEe 2TOCE «MINCOZTaRYHILY
tame a MOF T CLETLEC «MINCDET

-

| SIMSHII0N ITOCE S0 e THT v s e e o PIUIM i d0 s OZT 0 s OFGZFER o340
= Naammple S, N Dd
-_ T L=z _TI+lEtilermTy DYDLDEM N o DEME
Lero=REIrTYE_eDrnIFEF L1 e —F 100
DEMI=LEMEZ S ORERIFER LD
ELT=rEMOYEZ @ F i1 @THT 1o+l —F ol eJZT a1
e =1 [T cRBLThes+S,
e =HEECH cCFATIDFLTD CSLE S s s HEARF e SLE T 0

| e TO=URGIFER (1 ¢ HFAFSCFATIO+EACEO CRLTD CELE 20 2 s HERRD D +HLE o2
el wmHTIO

_T__} Ill:

| '|"'T— lE',lE'l

AIMCOZT=URTC
{ 4~H~—ﬂhtElH-IpHTID!ELTD-HPHP-HLEtlﬁl
' LETLEC=0FGIFER 1 ¢ iHFAFS_FATIO+ERCEDOCELT D HERRFD 2
HEme =2 TO0E 10
B I S
AP REOUND=EOUND VLETLEC s UETC «ECHITH S CFRT IO
S d=+1
xr'ﬂﬁEDUHD LT. A0 TO 20
'jll G = )
i HE = DPCEIH'lFHTID FLTD CEZTOCE w2 s HRFAF s SLE C1 0 2
f COIT= eCrATIO+NFRGEFER 12 + & (HEAFSCRATIO+ERCKED v FLTD I TOCE ©20 % « HRAR D
1r COZT.ET.HMIMCOZT» 0 7O 200 ;
GpTo=COIT |
; MINCOZT = COET
| TTOCE 01 HFAF
| MOFT = ZTOCE o2l
i 1= 33 T 200
| el STOCk Sz = MOFRT 2 §
HYRIL=FOIZLT cRLTD oMOFPT « ZTOCK 10 2 i
FETILIR
| ST 1
I FUMCTION OMEECHCCFATIOSFIFEs IMIT=T« “LOEND |
L ~EAL MEARs IHITET !

fl,‘ for

* k HeAEo= IHITET |
- TTh = HRFFAF
; COITAL = FRCKOCFIFEsMRARD + CRATIO®HRAF :
| D310 1 = 1. 100 i
[ HQQ; = YFHRF - 1. (
iF wiRARLLT.ALOEMDY 0 TO &0
COITAR = EACKOFIPEs HRAR) + CRATIDSHRAR

S T hE COEZTAHLY O 7O &0
T 8

H ETE




(o
I 2 2 4
i
eese
5
Leese
1
)]
o0
i
I
| 35
D
[ =
S0
.

FUNHCTION FPOISLT CPs I3
POISLT - LEFT TRIL OF POIZION WITH MEAN F  CRROEBS=ID

LT = 1

FOIZLT = .

IF «Z.LT.0.s RETURK
a0 7O 1

EMTREY EBACED

EACKD - EBACKORDERE CEXMPECTED WRLUE > IZ» HADLEYEWHITIN AFF =

E.0.» FETURH

IF el
ad Ta 1

ENTRY FOIZRT

#013FT - R1GHT TARIL OF FPOIZZ0M WITH MEAN F  «FFOE:ZD
LT = -1

FOIZLT = 1.

IF «Z2.iT.i.» FETLUREH

sd T3 1

ENTFY =OIZDN

FOIZDM - FOIZZ0OM DEMZITY WITH MEAM F« ZTDCE =
Ll = W

FOIZLT = 0.

IF «Z.LT.0. FETURN

COMTINUE

HZ = 2+ 000001

1F (H3.LT.1> 60 Th &d

DO 10 1% = 1s HE

FOIZ = FPOISeR-IS

= POISLT + POIS

CEz~ME» LT, L1 50 TO =20
FOIZZE = FOIZ®F/ (HI+1)

FOIZLE = POISLT + FOIZZE

FOIZ = I-HEIDePOIZZZ + CiNI+lr-IZefFOI:
FOIZLT CE-MIrePOIZLE + CiNI+l = eFDOIZLT
HEDOYWE ZTMT=S FOR IHTERPOLATION ON YALLE OF ZTODCK
IF “LT.ER.1» a0 7O 40
EACEDOFDEFRZ
IF vLT.ER.&» FOIZLT = FeFPDIZ + F=Zreul.—-FOIZLT:
FIGHT TARIL
1F LT.Eft.=1>» FPOIZLT = 1. - POIZLT
DEMIITY
IF L T.e&.0» FOIZLY = FPOIS
SETUFN
END
15 pEST QUALITY
1S PAT  NIsHED 10 e —
FROM COFY

18

=103




REFERENCES

Fox, Bennet and Landi, M. "Searching for the Multiplier in One
Constraint Optimization Problems,' Operations Research, Vol 18, No. 2, :
March-April 1970, p.253-262. i

Kruse, W. Karl, "An Algorithm for Computing Optimum Stock Levels in 4
a Two Level Maintenance System,' AMC Inventory Research Office, ]

January 1970.

Muckstadt, John A., "NAVMET: A Four Echelon Model for Determining

the Optimal Quantity and Distribution of Navy Spare Aircraft Engines,"
Technical Report 263, Naval Weapons Engineering Support Activity,
December 1975.

Sherbrooke, Craig C., "METRIC: A Multi-Item Technique for Recoverable
Item Control," Operations Research, 16, p.122-141.

Rosenman, B. and Hoekstra, D., ‘'A Management System for High
Value Army Aviation Components, AMC Inventory Research Office,
October 1964.

19




[

-

-

-

[

[

-

[

[

[

—

N

10

-

=

o

DISTRIBUTION

Deputy Under Sec'y of the Army, ATTN: Office of Op Resch
Headquarters, US Army Materiel Development & Readiness Command
DRCPA-S
DRCMS
DRCPS
DRCMM \
DRCMM-RS \ f
DRCMM-M \ :
DRCMM-MP \ /
DRCRE
Dep Chf of Staff for Lo iscics, ATTN DALO-SMS, Pentagon,
Wash., DC 20310
Dep Chf of Staff for Loéietics, ATTN' DALO-SML, Pentagon,
Wash., DC 20310 |
Defense Logistics Studie; Info Exchange, DRXMC-D
Defense Documentation Center, Cameron Sta., Alexandria, VA 22314
Commandant, US Army Logistics /Mgt Center, Ft. Lee, VA 23801
Office, Asst Sec'y of Defdanse, ATTN MRA&L-SR, Pentagon,
Wash., DC 20310 \
Commander, USA Armament Materiel Readiness Cmd, Rock Island, IL 61201
ATTN: DRSAR-MM
ATTN: DRSAR-SA
Commander, USA Communicatiohe & Electronics Materiel Readiness Cmd,
Ft. Monmouth, NJ 07703
ATTN: DRSEL-MM
ATTN: DRSEL-SA |
Commander, USA Missile/ Materiel Readiness Cmd, Redstone Ars, AL 35809
ATTN: DRSMI-S
ATTN: DRSMI-D
Commander, USA Troop Support & Aviation Materiel Readiness Command,
St. Louis, MO \
ATTN: DRSTS-SP
ATTN: DRSTS-FR
Commander, US Army, Tank-Automotive Materiel Readiness Command,
Warren, MI 48090
ATTN: DRSTAJF
ATTN: DRSTA-S
Commander, US Army Tank-AutomotiVe Research & Development Command,
ATTN: DRDTA-V, Warren, MI 08090
Commander, US Army Armament Research & Development Command,
ATTN: DRDAR-SE, Dover, NJ 07801
Commander, US Army Aviation Resear¢h & Development Command,
St. Louis, MO 63166
Commander, US Army Communications Research & Development Command,
ATTN: DRSEL-SA, Ft. Monmouth, NJ 07703

20




T e S P

N T T T T

G 4 astoiadet . Sem e _dou o il et tes

COPIES
a5

R )

| = =

Commander, US Army Electronics Research & Development Command,
ATTN: DRDEL-AP, Adelphi, MD 20783

Commander, US Army Mobility Equipment Research & Development Cmd,
ATTN: DRDME-O, Ft. Belvoir, VA 22060

Commander, US Army Missile Research & Development Command,
ATTN: DRDMI-DS, Redstone Arsenal, AL 35809

Commander, US Army Natick Research & Development Command,
ATTN: DRXNM-0, Natick, MA 01760

Commander, US Army Logistics Center, Ft. Lee, VA 23801

Commander, US Army Logistics Evaluation Agency, New Cumberland
Army Depot, New Cumberland, PA 17070

Commander, US Army Depot Systems Command, Chambersburg, PA 17201

Commander, US Air Force Logistics Cmd, WPAFB, ATTN: AFLC/XRS,
Dayton, Ohio 45433

US Navy Fleet Materiel Support Office, Naval Support Depot,
Mechanicsburg, PA 17055

Mr. James Prichard, Navy Supply Systems Cmd, Dept of US Navy,
Wash., DC 20376

George Washington University, Inst of Management Science & Engr.,
707 22nd St., N.W., Wash., DC 20006

Naval Postgraduate School, ATIN: Dept of Opns Anal, Monterey,
CA 93940

Alr Force Institute of Technology, ATTN: SLGQ, Head Quantitative
Studies Dept., Dayton, OH 43433

US Army Military Academy, West Point, NY 10996

Logistics Mgt Institute, 4701 Sangamore Rd., Wash., DC 20016

University of Florida, ATTN: Dept of Industrial Systems Engr.,
Gainesville, FL 32601

RAND Corp., ATTIN: S. M. Drezner, 1700 Main St,, Santa Monica,
CA 90406

US Army Materiel Systems Analysis Activity, ATuN: AMXSY-CL,
Aberdeen Proving Ground, MD 21005

Commander, US Army Logistics Center, ATTN: Concepts & Doctrine
Directorate, Ft. Lee, VA 23801

ALOG Magazine, ATTN: Tom Johnson, USALmc, Ft. Lee, VA 23801

Commander, USDRC Automated Logistics Mgt Systems Activity,
P.0. Box 1578, St. Louis, MO 63188

Director, DARCOM Logistics Systems Support Agency, Letterkenny
Army Depot, Chambersburg, PA 17201

Commander, Materiel Readiness Supply Activity, Lexington, KY 40507

Director, Army Management Engineering Training Agency, Rock Island
Arsenal, Rock Island, IL 61202

Defense Logistics Agency, Cameron Sta, Alexandria, VA 22314

Dep Chf of Staff (I&L), HQ USMC-LMP-2, ATTN: MAJ Sonneborn, Jr.,
Wash., DC 20380

Commander, US Army Depot Systems Command, Letterkenny Army Depot,
ATTN: DRSDS-LL, Chambersburg, PA 17201

21




Ty

COPIES
1

1

Commander, US Army Missile R&D Cmd, ATTN: DRDMI-X-C, Redstone
Arsenal, AL 35809

Commander, US Army Missile R&D Cmd, ATTN: DRDMI-X-D, Redstone
Arsenal, AL 35809

US Army Logistics Evaluation Agency, New Cumberland Army Depot,
New Cumberland, PA 17070

Chuck B. Foster, Communications Security Logistics Activity,
DRSEL-CCM-NMP, Ft. Huachuca, AZ

HQ, Dept of the Army, (DASG~HCL-P), Wash., DC 20314

Operations Research Center, 3115 Etcheverry Hall, University
of California, Berkeley, CA 94720

Dr. Jack Muckstadt, Dept of Industrial Engineering & Operations
Research, Upson Hall, Cornell University, Ithaca, NY 14890

Prof Herbert P. Galiiher, Dept of Industrial Engineering,
University of Michigan, Ann Arbor, MI 48104

Mr. Ellwood Hurford, Scientific Advisor, ATCL-SCA, Army Logistics

Center, Ft. Lee, VA 23801

Commandant, USA Armor School, ATTN: MAJ Harold E. Burch,
Leadership Dept, Ft. Knox, KY 40121

Prof Robert M. Stark, Dept of Stat & Computer Sciences,
University of Delaware, Newark, DE 19711

Prof E. Gerald Hurst, Jr., Dept of Decision Science, The Wharton
School, University of Penna., Phila., PA 19174

Logistics Studies Office, DRXMC-LSO, ALMC, Ft. Lee, VA 23801

Procurement Research Office, DRXMC-PRO, ALMC, Ft. Lee, VA 23801

Dept of Industrial Engr. & Engr. Management, Stanford University,

Stanford, CA 94305

Commander, US Army Communications Command, ATTN: Dr. Forrey,
CC-LOG-LEO, Ft. Huachuca, AZ 85613

Commander, US Army Test & Evaluation Cmd, ATTN: DRSTE-SY,
Aberdeen Proving Ground, MD 21005

Prof Harvey M. Wagner, Dean, School of Business Adm, University
of North Carolina, Chapel Hill, NC 27514

Dr. John Voelker, Mechanical Engr. Bldg., Room 144, University
of Illinois, Urbana, IL 61801

DARCOM Intern Training Center, ATTN: Jon T. Miller, Bldg. 468,
Red River Army Depot, Texarkana, TX 75501

Prof Leroy B. Schwarz, Dept of Management, Purdue University,
Krannert Bldg, West Lafayette, Indiana 47907

US Army Training & Doctrine Command, Ft. Monroe, VA 23651

Operations & Inventory Analysis Office, NAVSUP (Code 04A) Dept
of Navy, Wash., DC 20376

US Army Research Office, ATTN: Robert Launer, Math. Div.,
P.0. Box 12211, Research Triangle Park, NC 27709

Prof William P. Pierskalla, Dept of Ind. Engr. & Mgt. Sciences,
Northwestern University, Evanston, IL 60201

22

——



