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Abstract

This paper reports the results of a computer simulation experi-
ment which compared the operating performance of the USAF current
policy for managing depot-base inventories of nonreparable spares
with the operating performance of two alternative policies: a sys-
tem myopic policy and an allocation policy. Operating performance
measures were: (1) average annual order plus holding cost; (2) aver-
age annual order plus acquisition cost; and (3) average annual
backorder-days at the bases. The study used demand history for a
sample of 50 items currently stocked by the Ogden and Oklahoma depot
systems. The report concludes that, at least under certain circum-
stances, system operating performance may be improved, perhaps sub-

stantially, by adoption of either of the proposed alternative policies.




I. Objective of the Study

This study examines the United States Air Force (USAF) current
policy for managing depot-base inventories of nonrcparable spares.
This policy may be loosely described as an independent (Q,R) policy;
that is, each stocking point in the system (depot or base) determines
how much to order, Q, and when to order, R, using models which ignore
the fact that the given stocking point is part of a depot-base distri-
bution system. In particular, the model used to determine (Q,R) for
the uepot assumes that the depot stipplies customer demand directly,
without going through base inventory. Correspondingly, the model used
to determine (Q,R) for the bases assumes that each base receives stock
from a supplier outside the system, instead of receiving stock from a
depot within the svstem.

The designers of the current USAF (Q,R) policy were well aware of
these assumptions. The current policy is intentionally a suboptimal
one from the standpoint of minimizing system order, holding, acquisi-
tion, and backorder performance. However, despite this suboptimality,
the current USAF policy has two very desirable qualities: (1) it is
very easily computed (Q's and R's are easily computed); and (2) it is
very easily implemented; i.e., each stocking point may operate inde-
pendently, without bothering to coordinate its policies and/or opera-
tions with other stocking points.

The purpose of the study reported here was to compare the operating

performance of current Air Force policy with that of two alternative
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policies in order to determine if current policy might be improved.
Performance measures used were:

1. Average Annual Order and Holding Cost;

2. Average Annual Ordering and Acquisition Cost;

3. Average Annual Acquisition Cost;

4. Average Backorder-Days1 at the Bases;

In order to measure the operating performence of the current and
alternative policies, a computer simulation of a depot-base inventory
system was designed and constructed. This program, which is briefly
described in Section III, has the capability of simulating the day-by-
day transactions for any set of items currently managed by the USAF
(Q,R) system according to any given continuous review policy, including
the current policy, under a variety of operating conditions. This pro-
gram was used to evaluate the given policies using the demand history
for a sample of 50 items currently stocked at the Ogden and Oklahoma
depot systems. See Section III for details.

In Section IV we report the results of our tests. Due to the
relatively small number of items examined and the nonstationarity of
the system during the period of observation, our conclusions must be
tentative. However, our tests do indicate that at least under certain
circumstances current Air Force policy may be improved, perhaps sub-
stantially, by the adoption of either the alternative policies pro-
posed here. See Section IV for details. Further tests, suggested

in Section V, are required to substantiate these results.

lA backorder-day is the equivalent of one backorder outstanding for

one day.
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II. Policies Tested

In this section we describe each of the 3 policies tested in the
study:
1. Current Air l'orce Policy

2. The "System Myopic" Variant to Current
Air Force Policy

3. The Allocaticn Policy
Details are provided in Appendices A-D.

Current Air Force Policy (CURRENT)

The current Air Force policy (henceforth called CURRENT) uses an
independent (Q,R) policy for each item.
Base (Q,R)

Each base stocking the given item determines how much to order, Q,
and an inventory reorder level, R, independent of the costs and/or policy
of the depot supplying the item to it and independent of the costs and
policies of any other bases stocking the item. Whenever the inventory
position (on-hand + on-order - backorders), I, of a given item at a given
base falls below its reorder point, R, a quantity Q is ordered which is
equal to an adjusted2 Wilson EOQ (Economic Order Quantity) plus the
deficit, if any, between R and I. This restores the inventory position
for the item to the adjusted EOQ + R. The base reorder point, R, is set

equal to the given item's average demand during the nominal lead time

zlf Wilson EOQ exceeds one year's supply, it is adjusted downwards to
one year's supply; if it is less than 30 days' supply, it is adjusted
upwards to 30 days' supply.




for the depot to supply the item to the base plus a safety stock, S,
as a cushion against above average demand or longer than nominal lead
times. Sce Appendix A for details.

Depot (Q,R)

The depot stocking the given item determines its (Q,R) independent
of the costs and/or policies of the bases it supplies. The Q determina-
tion is similar to that used by the bases. However, the determination of
the depot safety stock is somewhat more complex, based on a model by
Presutti and Trepp [2]. See Appendix A for details.

A System Myopic Variant of Current Air Force Policy (MYOPIC)

The system myopic variant of CURRENT policy (henceforth called
MYOPIC) is also a simple (Q,R) policy. The reorder levels prescribed
for bases and depots are identical to those of CJRRENT. The difference
is in the determination of the depot and base order quantities. Instead
of being based on the Wilson EOQ model, the Q calculations in the MYOPIC
policy arc based on the system myopic heuristic of Schwarz, [1], [3] and
[4].. This heuristic has been demonstrated to yield near—optimai Q values
for deterministic depot-base inventory systems. Although this model is
only a deterministic one (as is the Wilson EOQ model) it does provide a

simple scheme for determining base and depot Q values which incorporates

the interactions of costs and order quantities between the depot and its

bases and among the bases themselves. The details for determining the
system myopic Q values are given in Appendix C.
If the MYOPIC policy can be demonstrated to be superior to CURRENT

from the standpoint of annual operating and/or acquisition costs, then

Sl A s b e




s e o

we will have found a policy which has most of the desired properties of
CURRENT policy, with approximately the same backorder-day performance,3
and lower operating and/or acquisition costs.

The Allocation Policy

The allocation policy (henceforth called ALLOCATION) uses the same

depot and base order quantities and the same reorder levels as the

CURRENT policy. However, whenever the depot receives a base order
which, if filled, would draw on-hand inventory below the depot safety
stock, the depot enters a rationing mode, and remains in this mode until
depot on-hand inventory rises above its safety stock again. Any basec
demand received by the depot when the depot is in the rationing mode
initiates a rationing calculation which is designed to fill that demand

only partially, reserving some inventory in anticipation of other base

demands. The quantity shipped to the given base in response to its

demand depends upon the quantity demanded by that base and the antici-
pated quantities to be demanded by all of the other bases before the ;
depot receives its next shipment. In this manner ALLOCATION attempts
to spread the risk of a customer backorder across all bases, and con-

sequently improve the overall backorder performance of the CURRENT

policy. Any discrepancy between the order quantity demanded by a
given base and the quantity shipped by the depot remains as a backorder

at the depot to be filled upon receipt of the next depot order quantity.

See Appendix D for details.

3Since the MYOPIC R values and safety stocks are identical to those
of CURRENT, the backorder-day performance of these two policies {
should be approximately the same. i
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III. Experimental Design

In order to cvaluate the CURRENT, MYOPIC, and ALLOCATION poli-
cies, a computer simulation model of a one-depot-N-base distribution
system was designed and constructed. For each simulated day base
level demand for each item at each of up to 31 bases is read from a
data set. Demands are filled if sufficient inventory is on hand;
any deficiencies are backordered and the backorder-days are accumu-
lated; reorder levels are checked, orders placed and shipped accord-
ing to the given policy, and order costs are accumulated; holding
costs for on-hand inventory are also accumulated. Similar calculations
are performed for the depot, except backorders are not accumulated.4
Partial shipments from the depot to the base are made if inventory
and/or policy dictates. Deliveries to the bases are made in accordance
with the lead (order and ship) times specified for the given base.
Deliveries to the depot are made in accordance with the lead time
specified for the given item. Lead times are deterministic. Every
effort was made to carefully replicate the most important elements of

the real system. However, for simplicity and clarity we have excluded
returns and quantitatives from our model. Also, for convenience, we

have modelled depot sales demands as demands occurring at a fictitious
base operating at the depot with a lead time of one day.

Details of the simulation model are available on request.

4This is because backorders at the depot arc only significant to the
extent that they lead to base lcvel backorders, which are accumu-
lated in the base level calculations.
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In the remainder of this section we describe the procedure used
to select the 50 items chosen for the simulation, the parameters of
the experiment, the initialization procecdure. and the procedure used

to coilect cost and performance data for each of the policies tested.

Sample Selection Procedure

The AFLC supplied unit acquisition cust, depot lcad time, and a
16 quarter (4 year) depot demand history (unit demand and orders
received) for 792 part numbers stocked at the Ogden depot and 186
part numbers stocked at thc Oklahoma depot. Of these 792 (186) part
numbers, 410 (64) were stocked by the one or more of the bascs for
which lead times and weighting factors were also supplied (See Appen-
dix E). Of these 41C (64) part numbers, 12 (1) were excluded from
the sample because of zero demand in each of the first 8 quarters
(2 years). The remaining 398 (63) part numbers were then sorted on
the basis of average quarterly depot demand (sales plus transfers
less returns) for the first 8 quarters (2 years). Fifty part numbers
were chosen from the resulting lists, 43 from the Ogden list and 7
from the Oklahoma list. This represent a sample of approximately
11% of the 398 + 63 = 461 usable part numbers supplied by the AFLC.
The 43 (7) part numbers were chosen by partitioning each ranked list
into groups of 9 parts each, the nine parts with the largest average
quarterly demand in the first group on each list, the next nine in
the second group, etc. [Note that 9 is the integer part of 63/7 and
of 398/43.] Finally, the part having the median average quarterly

demand in each group on each list was chosen. A list of the 50 chosen

part numbers is available on request.




The Parameters of the Experiment

The following parameters were used in the simulation experiment:

Depot Order Cost $270.16

Depot Holding Cost 20% of Acquisition Cost/Unit
Base Order Cost $5

Base Holding Cost 50% of Acquisition Cost/Unit
Base Lead Times See Appendix E

Unit acquisition cost and depot lead times were supplied for each
item by the AFLC. In cases where more than one unit cost and/or depot
lead time was supplied, the most recent value was chosen. Average
requisition size for the depot safety stock calculation was calculated
from the data supplied by dividing total unit demsnd for years 2 and 4
by the total number of orders received during these years.

Three values of the safety.factor, %, used in the depot safety
stock calculation (sece Appendix A) were used in the experiment: $14.19,
$113.25, and $453.00. See Appendix B for details.

Daily demand for each of the 50 items at each base in each quar-
ter of the simulation was generated using a Poisson distribution. See
Appendix E for details. Base demand rates were allowed to vary between
quarters in accordance with the supplied depot demand data, but were
assumed to be stationary within each quarter. Two complete sets of

demand history were generated and tested for each item, using two dif-

ferent random number seeds.




Initialization Procedure

For cach of the three policies tested, the system was initialized
as follows: the first two years (8 quarters) of the supplied depot
demand history was used to compute the values of: (i) mean daily base
demand; (ii) mean monthly depot demand; and (iii) the quarterly depot
MAD required to compute the initial (Q,R) values for each item to be
used by the depot and bases. See Appendix F for details. The system
was then initialired by setting depot inventory for each item equal to
one-half the calculated depot Q plus lead time demand (mean depot
demand x depot lead time) plus an additional one month's supply. Base
inventory for each item was set equal to one-half the calculated basc Q
plus lead time demand (mean base demand x base lead time). Initial
pipeline inventories (outstanding depot and bas: orders) were set equal
to zero.

Data Collection Procedure

Given the values of initial inventories determined above, the
day-by-day transactions of the system operating under each of the 3
alternative policies (CURRENT, MYOPIC, and ALLOCATION) for each of the
3 safety factor values (3x3 = 9 policy-safety factor combinations) were
then simulated using the daily demand history for the remaining two
years (8 quarters) for which depot demand history was supplied.5
The daily demand history was held fixed for all policy-safety factor

combinations. Cost and backorder-days were accumulated on a quarterly

basis.

5Rccall that the first two years of demand history were used for system

initialization.
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The entire process described above was then repeated using a
second demand history generated using the same depot demand history
and the same procedure, but a different random number seed.

Hence the simulation experiment involved the simulation of
1800 item-years of demand data (= 50 items x 3 policies x 3 safety
factors x 2 years x 2 random number seeds).

The following section reports the results c.tained.

e o

SRETUEERRBNERT SN S S S U —




=)=

IV. Results and Analysis

The procedure described in Section III yielded (i) total order
cost; (ii) total holding cost; and (iii) total backorder-days by
quarter for each of the policy-safety factcr-random number seed combi-
nation described in section III. In this section we examine the results
obtained.

Table 1 presents the results at the highest level of aggre-
gation possible. To prcpare Table 1, the operating performance
measures for each policy-safety factor combination for all 50 items
were summed for each of the cight quarters observed in the demand
history from one random number seed and divided by 2 to yield aver-
age annual measures. These results and their averages across the
two random number seeds are presented in Table 1.

Two important observations should be made in Table 1: First,
observe that for any given policy-safety factor combination the dif-
ferences in performanc~ between the two demand histories (random
number seeds) is quite small, particularly relative to the differences
between policies for the various safety factors. Second, observe
that the differences between policies is quite large in some cases,
e.g., for a safety factor of $113.25 CURRENT yields average annual
holding costs of $189,088 and backorder-days of 1,941,458 while
MYOPIC yields a lower average annual holding cost, $158,110, and
lower backorder-days, 1,842,521.

The differences in operating performance between policies may

be observed better in Figures 1-3. Figure 1 displays the average
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annual backorder-days (averaged over both demand histories), BOD,
versus average annual order + holding cost, OC + HC, for each of

the given policies and safety factors. Data points are represented
by C's = CURRENT, M's = MYOPIC, and A's = ALLOCATION. Smooth curves
have been drawn through the data points for each policy in order to
highlight the apparent shape of the trade-off between backorder-days
and average cost for ecach policy. Figure 2 displays similar curves
of average annual backorder-days, BOD, versus average annual order
plus acquiéition cost, OC + AC. Figure 3 displays similar curves

of average annual backorder-days, BOD, versus average annual acquisi-
tion cost, AC.

Analysis of Figure 1

Figure 1 shows the trade-off in backorder-days versus average
annual order plus holding cost for each of the three tested policies.
For example, the rightmost data point for the CURRENT policy indicates
the average cost ($25.,146/year) and backorder-days (1,616,956) for
CURRENT policy using a safety factor A = $453. As the safety factor
declines, CURRENT employs lower and lower safety stocks, yielding
smaller holding costs and more backorders. Similarly for the MYOPIC
and ALLOCATION policies.

Observe that both the MYOPIC and ALLOCATION policies outperform
CURRENT policy, i.e., yield lower average annual order plus holding
cost for the same backorder-day performance or yield lower backorder-

days for the same average annual order plus holding cost. For example,
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if each tested policy werc adjusted (by altering the safety factor)

to yield average annual order plus holding costs of $160,000, Figure 1
indicates that the ALLOCATION policy would yield BOD approximately

equal to 1.8 million/year; for the MYOPIC policy, BOD would equal
approximately 1.83 milliorn/year; and CURRENT policy, EOD would equal
approximately 2.1 million/year. Similarly, if each policy were adjusted
to yield BOD = 1.8 million/year, the MYOPIC and ALLOCATION policies
would cost $160,000 - $170,000 per year in order plus holding cost,
whereas CURRENT would cost about $220,000 per year.

Figures 2 and 3

Figures 2 and 3 display the same superiority for the MYOPIC and
ALLOCATION policies over CURRENT policy. Figure 2 shows that for the
same average annu-l expenditure for order and acquisition cost, the
ALLOCATION policy yields fewer backorder-days per year than CURRENT,
and the MYOPIC policy yields still fewer backorder-days. Similarly
for acquisition cost and backorder-day performance.

The implication of Figures 1-3 are quite clear: CURRENT policy
is dominated by both the MYOPIC and ALLOCATION policies.

However, a closer analysis of the data suggests caution in inter-
preting the observed differences between policies. In particular,
if instead of examining the average operating performance of each
policy over the entire two year test period one examines the quarter

by quarter operating performance, significant nonstationarities emerge.

3
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Figure 4 displays the backorder-days (BOD's) for ecach policy on

a quarter-by-quarter basis for each of the 8 quarters (quarters 9-16)
in the test period, averaged over the two demand histories (random
number seeds). As shown, the BOD's for all of the tested policies
grew dramatically over the first year of the test period (quarters
9-12), and fluctuated (or grew slightly) during the subsequent year
(quarters 13-16).

There are several possible causes for this nonstationarity, the i
most important of which are: (1) the nonstationarity of depot demand

over the test period; and (2) the procedure used to initialize the

simulation at the beginning of the test period. Further tests are
required to test the relative magnitude of these (and other possible)
sources of the nonstationarity.

Figure 5, a graph or quarterly order plus holding costs on a
quarter-by-quarter basis over the same test period, also displays
some nonstationarity, although the fluctuations are considerably
smaller.

The implications of this nonstationarity are twofold: First,
the typical tests used to analyze empirical data (e.g., significance
tests, etc.) may not be applied to the data in any legitimate manner.
Second, and more important, the nonstationarity implies that the sys-
tem was possibly not behaving '"typically' during the test period.

For example, the observed relative backorder-day performance of the

three tested policies might have been different had data been available
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to test the performance oi’ the policies over a period of more than
two years.

It is quite worthy of note, however, that despite the nonstation-
arity in the performence c¢f the policies during the test period, the
performaice of CURRENT was cqualled or bettered by either of the

alternative policies.

~

The nonstationarity ¢f the policies during the test period does
not permit unqualified conclusions. However, if the nonstationarity
is ignored, the tests described here indicate that CURRENT policy
may be improved, perhaps significantly, by adoption of either the
MYOPIC or the ALLOCATION policies. Furthermore, despite the non-

stationarity observed duriag the test period, either of the alternative

policies equalled or outperformed CURRENT policy.
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V. Suggestions for Further Study

The research describcd here should bte extended in threc ways.

First, and most important, the causc of the nonstationarity
observed in the operating performance of the tested policies should
be examined. The most important questions here are the relative

importance of the initialization procedure versus the nonstation-

arity of the demand itself. If the primery causec of the nonstation-
arity is the initialization procedure, that proc.duve should be changed
and/or the simulation program allowed to run more simulated time in
order to allow the effect cf the initialization procedure to wear off.

If the primary cause of the nonstationarity is the nature of
demand, then the three policies examined here should be reexamined
under several possible nonstationarity demand situations in order to
determine if the superiority of the alternative policies over CURRENT
observed here is maintained under a variety of situations.

Second, the samplc examined here should be extended to more items

and, more important, to extended time periods (more than 4 years).

This is required in order to test and measure the long term impact of

the tested policies on operating performance.
Finally, other alternative policies should be tested. One such
policy worthy of test is a policy that uses the Q values determined

by the MYOPIC policy and the safety stock allocation procedure of the

ALLOCATION policy. It is reasonable to speculate that such a policy
would outperform both the ALLOCATION and MYOPIC policies, and con-

siderably outperform CURRENT policy.
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Appendix A: The CURRENT Policy
SRRGIL : Y.

This Appendix dcscribes the calculations of a given item's (Q,R)
values for the bases and depot under the CLRRENT policy.
Base (Q,R):

The formula for deteraining the rcorder level for a given item at

a given base j, Rj, is:

R. = INT|DDR. x ). * SS. = .5] (A1)
J J J J
where L. = nominal lead (order and ship) time from depot to base j,
s J in days;
DDR. = daily demani rate at base j (total demand at basc j
during the last 365 days divided by 365);
SSj = safety stock for base j
=13 x DDR. ix L.]%;
J J
INT[X] = the greatest integer - X;

The formula for deternining the Q for a given item at base j, Qj’

is:
INT[Z0 x DDRj + .999];
. = Max 3 & + [(R.~E. A2
QJ : ( 3 J) (A2)
INT [Min{365 x DDRj,EOQj) + .999]
where

EOQj = (A3)

2 X 365 x DDR. X OC; 5
J o
HCj x UC

8

base j's order processing cost = §5;

uc

unit acquisition cost of the given item;

b i ol e S e il
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cost to hold each unit of the given item/ycar at base j,
expressed as a fraction of its unit cost

aD

base j's inventory position (on-hand + on-order - backorders);

The values of EOQj and Rj are recomyuted every quarter.

Note: The safety stock calculation is bised on the assumption that base
lead time demand is compound Pois:on with ncan DDRj X Lj and

variance to mean ratio of 3. Hence SS. is sct equal to one standard
deviation of lead time dcmand. ]

Depot (Q,R):

The formula for determining depot Q, QD, for a given item is:

where

MDR

uc
HC

INT[6 x MDRD L e
Qp = Max ¢ 1; + (Ry-Ip) (A4)
INT[Min{36 x MDR,; EOQ,} + .5]
= monthly depot demand rate
3 8 th
= %2 ) [Demand in n" most reccent quarter) (A5)
%]
24 x MDRD X OCD 5
o % HC,) X UC sy

depot order processing cost
$270.61;
unit acquisition cost of item;

cost to hold each unit of the given item/year at the
depot, expressed as a fraction of its unit cost

.2

USRNSSR, S

‘
|
|
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The formula for determining depot R, RD’ for a given itcm is:
= - - [
RD INT[MDRD x LD 1 SSD + .5]
wherc
LD = noninal lead time from supplier to depot, in months;

SSU = safety stock
= Max{K x oD;O} :
= A T 2625 ¥
% .5915 x MADQ x (0.82375 + 0.42625 x LD)
-¥2 EOQ/o
b
A oy X (1 -e )
K= 0.707 x log 5 =
2 x HCy x UC x R V2 X EOQ,

8
MADQ = %— Z [Demand in nth most reccnt quarter -
n=1

(3 x MDRD)I

R = average requisition size

= demand during last 24 months divided by the number
of orders;

A = shortage factor.
The derivation of SSD may bea fornd in Presutti and Trepp [2]).
The procedure used to select the values of the shortage factor,

A, to be used in the experiments is described in Appendix B.

(A7)

(A8)

(A9)

(A10)




Appendix B: Selection of X Values

The depot safety stock calculation (see (A7)-(A9)) requires the
use of a safety factor, A. Values for ) used in thz simulation
experiments rceported here were determined as folluws:G

Current Air Force policy uses depot safety stock of 53 days'
supply for each item. Thus, in order to select the X value which

approximates current policy we must find X satisfying:
Q -
g uc; x S5, (1) = 53 g Uc; x MDRp./30 (1)

for the sample of items (i) considered, where

UCi = unit acquisition cost of the ith item;
SS.(A) = depot safety stock for the ith item determined
i ;
by equation (A9);
MDRDi = average monthly depot demend rate for item i.

The value of X which came closest to satisfying (B1) for the sampled
items was $113.25.

The other A values, A = $14.19 and A = $453, werc chosen by
trial and error to yield increases and decreases in average =annnal
order plus holding costs of approximately 25%.

The choice of all of these A values is, of course, arbitrary.
However, inasmuch as our interest concerns only the relative per-
formance of the three alternative policies over a range of A values,

the choice of specific A values is irrelevant provided that the Air

Force's '"true" safety factor lies in the chosen range of between $14.19

and $453 per backorder-day.

6This procedure was suggested by Mr. Victor Presutti, AFLC.

el s b by
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Appendix C:  The MYOPIC Policy

This Appendix describes the calculation of a given item's (Q,R)
values for the bases and depot under the MYCPIC policy.
R Determinetion:

Identical to CURRENT

Q Determination:

The Q values for depots ziii bases is based on the system myopic
heuristic of Schwarz. See below.

For the depot QD satisfiecs

INT[6 x MDR + .5];
Q) = Max ¢ 1; + (Ry-1p) (c1)
A}
INT [Min{36 x MDR_;Q.} + .5]
D =D
where
MDRD = monthly depot demand rate (see (AS5));
N 5
' 2 x 12 x MOR, x (OC, + OC jzl n)
% = (€2)
N
UC x (HCj + (HC; - HC\) x 321 (anDRj/MDRD))
where
OCD = depot order processing cost
= $270.16;
OCB = base order processing cost
1 = §5; i
;' UC = unit acquisition cost of item; g;

' HC, = cost to hold each unit of the given item/year
at the depot, expressed as a fraction of its |
! unit cost i

® .25
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HC, = cost to hold each unit of the given item/year

B at.each basc, expressed as a fraction of its
unit cost;
3,58
MDRj = average monthly demand rate at base j
= 30 x DDRj;
MDRD = average annual demand rate a2t the depot (see (AS5));

number of bases;

The nj value for base 'j is the smallest integer n satisfying

, 0Cp x (HCp - HCp) x MDR,

n(n+l) = - (C3)
OCB X HCD X MDRD
The Q value for base j, Qj’ satisfies:
INT[30 x DDRj + .999] ;
Qj = Max (c4)
1
INT[Min{365 x DDRj;Qj} + .999]
where
’ QD X MDR,
Q. = " (Cs)
) nj X MDRD

Note that the Q value determination is identical to that of CURRENT
except that Qé, expression (C2), replaces EOQD, expression (A6), in (A4)
and Q;, expression (C5), replaces EOQj, expression (A3), in (A2). The
values of Qé and Q; are based on the system myopic heuristic for solving
stationary deterministic one-warehouse (depot) N-retailer (base) one-

product problems. The heuristic is derived as follows.
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Consider a one-dcpot onc-base inventory model in which it is assumed
that the base must mcet a known, uniform demand rate D from customers

without backlogging. The bise receives all of its supply from the

depot which, in turn, reccives its supply from a source outside of
the system. The depot (buse) incurs a fixed cost KD (KB) each time it
places an order and incurs a holding cost hD (hB) on each unit of
echclon inventory held per year. The cchelon invontery of the

depot is defined to be the inventory on-hand at the depot, in transit
to the base, or at the base; that is, total system inventory. The
echelon inventory of the base is defined to be the inventory on-hand
at the base. According to these definitions, hD = .2 x UC and

hB = .3 x UC in CURRENT Air Force policy, where UC is the unit acqui-
sition cost of the item.

For convenience we shall assume below that delivery to the depot
and between the depot and base are instantaneous. This is the same
assumpticn made in the basic EOQ model upon which expressions (A3)
and (A6) of CURRENT policy are based.

Under these assumptions the policy which minimizes average annual
order plus holding cost solves:

ED  hQ KD hQ
. B BB D DD
Ma CQn0p) = \g=* —7) *lg * 2 (c6)

8.t QD = nQy (c7)

nz 1, integer (C8)
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where QD (QB) is the lot size employed by the depot (base). Note
that (C7) requires that the depot order quantity be sufficient to
meet exactly an integer n nunber of base requests. Otherwise depot
holding costs would be: (i) unnccessarily large; and (ii) misspecified
by (C6). In (C6) each expression in parenthcses represents the average
annual cost of either the depot or the base operating as in the Wilson
EOQ modc’. Note, however, that the holding cost rates arec the echelon
rates, not the conventional holding cost rates used in CURRENT policy's
EOQ calculation.

1f (C7) is used to substitute QB = QD/n in (C6) and the result

optimized with respect to QD for fixed n, one obtains

I
2D(KD + nKB)

*

QM) = | ———r— (€9)
D hD + hB/n

Note the correspondence between (C9) and the simple EOQ formula. If

(C9) is substituted back into (C6) and optimized with respect to n,

the optimal n, n*, may be found to be the smallest n satisfying:

K.h
n(n+1) 2?‘3};—‘1 ; (C10)
B'D
* .
Once n* is determined, QD may be determined as in (C9) and Q; determined
. * *
using (C7); namely QB = QD/n*.

The above model determines the optimal policy for a one-depot

onc-base model. The corresponding one-depot N-base model is considerably
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more difficult to optimize. Sce [1] for dctails. However, the model
developed above may be used to obtain heuristic policies which are
quitc closc to optimal. To sce this, consider a one-depot N-base
model, where Dj is the known stationary demand rate at boce j; Kj is
base j's fixed order cost; hj is base j's echelon holding cost; and "j
is the nuwber of lots shipped by the depot t¢ base j from QD' Under

suitable assumptions (zero initial inventory everywhere initially),

the optial stationary policy may be shown to sclve:

K.D h.Q
; SEETDED D™D
Min C(QD’nl’Ql""’nN’QN) = —65— sl e
N KD hoQ
4= Q. 2
j=1 j
ot QD/DD = anj/Dj ) S, (C12)
n, 2 1, integer (€13)

J

where DD is the total deuand rate satisfied by the depot, DD = D1 i, R DN.
Note that (Cl11) - (C13) is a direct extension of (C6) - (C8) *~ N retailers.
As above, the optimal value of QD for fixed nj, j=1,...,N may be found

to satisfy:

Q;(nl,...,nN) .

(C14)




Note that (Cl14) is a direct counterpart to (C9).

*
The optimal nj, nj, may be found by a branch-and-bound search
procedure. Sce [1]. However, near-optimal n values may be found by

a heuristic which dete.mines nj by viewing each base j as if it were

operating with the depot as a one-depot one-base system. llence the

term "system myopia', or system near-sighteduess. Under this heuristic,

the nj is determinced to be the smallest nj satisfying ;
i
K,(D./D.)h.,
P TR | v o I (€15)
3570 K.h ;
J'B b
Note that this is identical to (C10) except the depot order cost KB is ;

prorated to each of the N mycpic systems (basc¢ j and the depot) in pro-
portion to that system's share of total demand, Dj/DD'

Using (C15) the systcm myopic n5 arc determined. Given the nj
values, QD is determined as in (Cl14). Given QD’ (C12) may be used to
determine the Qj valui-..

Expressions (C2), (C3), and (CS) correspond directly to expressions
(C14), (C15), and (Cl1l2), respectively, developed above.

Further analysis of system myopic policies may be found in references

[1), [3], and [4].




Appendix D: The ALLOCATION Policy

This Appendix describes the calculations of the ALLOCATION policy.
A:s described in Section IT, the ALLOCATION policy uses the same depot

and base order quantities and the same¢ reorder lcvels as the CURRENT

policy. However, whenever the depot receives a base order which, if
filled, would draw depot on-hind inveitcry below the depot's safety
stock, the depol enters a rationing mode, and remains in this mode
until depot on-nand inventory rises above the safety stock again. Any
base demznd received by the depot when it is in the rationing mode
initiates the rationing calcnlation doscribed below. Let

k = index of the base initiating the rationing
calculation;

‘ N = the number of bases served by the depot;

Q. = the most recent ordcr quentity demanded
J by base j;
i Dj = the date of base j's last demand;

DATED = the anticipated date when the next ship-
ment will be received by the depot;

DDR. = the average doiiy demand rate served
J by base j;

From these quantities the dcpot calculates

CYCL. = Q./DDR,
J QJ/ J
: = the anticipated number of days between base
j's last order and base j's next order; and
DATEj = the anticipated date of base j's next order
I =

D. + CYCL,
J J

From these quantities the shipment quantity to base k, Sk’ is computed to be:




—= s

e

G4

Qk;

S, = Min (1)

N s R
INT 0“[) X N

vhere

01, = depot on-band inventory; and
= Max{O;DATE - DATEj} (b2)

The discrepancy between base k's order quantity, Qk’ and the amount

shipped by the depot to base k, Sk; that is, [Q} - Sk], will be automatically

shipped to base k when depot inventories permit. IJn our cost calculations
it is assumed that these extra shipments incur no extra cost. However,

such additional costs may be easily included in subsequent cxperiments.
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3 Base level demand for a given item was generated for the simulation
-

using a Poisson distribution with the mean daily demand rate for base j

in quarter t, “jt' computed as follows:

‘ D,, = =t ¢ M A T (E1)

wherc

F. = Weighting factor for basc j (see table below);

N = Number of bases handling item;

= Depot daily demand rate in quarter t

= observed depot demand in quarter t divided by 90.

The following tahlc lists the base code; basc weighting factor, F

—

and base lcad times for the bases used in this study.
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s
FB2647 03 19 days
FB2823 3.0 11 days
FB4801 9.6 9 days
FB48C? 9.6 9 days
FB4803 7.6 12 days
FB4809 Fir g 10 days
FB4312 9.7 11 aays
FB4829 6.6 10 days
FB48572 37 9 days
FBA857 3.6 12 days
FB4814 8.9 13 days
FL4887 0.6 8 days
FB5000 24 17 days
FBS5210 5.4 28 days
FB5219 4.8 28 days
FB5250 3.0 25 days
FB5264 1.8 25 days
FB5270 9.0 16 days
FB5284 3.6 17 days
FB5294 1.8 20 days
FB5529 3.6 22 days
FB5573 72 18 days
FB5587 3.6 32 days
FB5606 6.6 22 days
FB5612 3.6 22 days
FB5620 4.2 18 days
FB5621 4.8 18 days
FB5643 5.4 19 days
FB5644 4.8 19 days
FB5688 1.8 14 days
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Appendix F:  Tnitial Values of DDRJ, MDRUz“pnd M/\l)Q
Initiz! vilues of the mean daily demand rate for each ite. at
base j, DDRj; meen monthly depot demand, MDRU; and quarterly depot

MAD, MAD . were computed as follows:

] Q
. ? 1
8 DR, = § D 1720 (F1)

4 e
8
MDR, = )} D /24 (¥2)
D P

‘ 8
MAD . = ) |M_ - MDR.|/8 (F3)
Q- kg F D

Ty

where Djt is defired as in (El) and Dt is the observed depot demand

in quarter t.

it
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Seiii




SRy

Graves, S. C., and Schwarz, I,. B., "Single Cycle Continuous Review
Policies for Arborescent Production/Inventcry Systens (forthcoming
in Management Science).

Presutti, V. and Trepp, R. C., "More Ado about Economic Order Quanti-
ties,'" Naval Research Logistics Quarterly, 17:2 (Jure, 1970);

pp. 243-251.

Schwarz, L. B., "A Simple Centinuous Review Deterministic One-
Warehouse N-Retailer Iaventory Problem," Management Scicnce, 195

(January, 1973). i

Schwarz, L. B. and Schrage, L., "Optimal and System Myopic Policics
for Multi-Echelon Production/Inventory Assembly Systems,'" Management
Science, 21:11, pp. 1285-1294.

R




