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Executive Summary

:::E \ MULTI-ECHELON INVENTORY SYSTEMS

::2: \\ WITH LATERAL SUPPLY: A TECHNICAL NOTE

‘o

t:‘: x ﬂ\‘__ Al !\l’* CA fe'
J.-z Exact analytic solutions to many logistics problems can be %tamed only by

R making unrealistic simplifying assumptions. An alternative is to gonstruct efficient

computational techniques that provide close approximations to the solutions of the
real problems over a large range of simulated situations. We-have chesen to take

W that approach in this analysisof a long-standmg and difficult problem
A Ggri davtlope! o«
}J&e—de@ep—approxxmatlons fo estimate the expected backorders in a multi-

~ echelon system in which lateral supply actions between bases are allowed when a
o backorder occurs. These approximations are easy to compute, and the average
o absolute error is less than 3 percent when items are depot-reparable, even when
' bases are dissimilar; the average error is nearly 5 percent, however, and the

\J
Q‘:‘ technique is less convincing when items are base-reparable.

N The average number of units of an item that are in repair and resupply is
:, referred to as the pipeline. The benefit of lateral supply is negligible unless the
‘;' spares in the system exceed the pipeline, and lateral supply is rarely needed when
= spares are more than 1.5 to 2 times the pipeline. However, for intermediate spares
‘:"i values, lateral supply provides large improvements in both absolute and percentage
;?:: terms. Backorder reductions of 30 to 50 percent are not uncommon, and a 72-percent
V reduction was observed in one case. (" - . ___

l’,

N Additional results include:

. ® Lateral supply has a greater impact when the demand rates are low.

E-_\ ® In the base-reparable case, the lateral supply time should be one-fourth or

less of the base repair time; otherwise, lateral supply actions may degrade
| performance.

‘ ;}' ® In the base-reparable case where bases are identical, there is a kind of
oy resonance effect; lateral supply has a much greater impact when the
2 number of spares divided by the number of bases leaves a remainder of
.., about 0.5. In one low-demand case, the backorders were 30 percent less
:;;:', than they would have been if the remainder had been 0.

B

it )

i AF701R1/4JAN 88

ol -r.-".'-f‘ -' vl‘ P, J' \ oo W Ll 'J'\w V' _..',' T Y .r\-r__-r L PCSAN vr\ \_ \ o v'\vr - ‘r\f\- e .




Executive Summary

............................................

Chapter 1. Introduction

........................................

Chapter 2. Simulation Description

-----------------------------

...........................

Chapter 3. The Interpolation Function

...................................

Chapter 4. Numerical Results

.............................

Depot-Reparable-Only Items
Base-Reparable Items
Number of Lateral Shipments

....................................

............................

..........................................

Chapter 5. Conclusion

References

.....................................................

Aceesinn For

mT!S CRALI
H1.C TAB
Jnaennced
N

i ool

TG QU ]

- g "‘l’.:

s 51 %

FEEECl

v — e ol

TP
Aatatabty Codes
A L IV &

ST

[P

3

‘5
L)

PN AEAE N NICICICNN

v,'-

D N B Lt e Lot

. ."-._ '-'.‘. .t

e ey

- e m e

RPN P

LR
+ o

<

LY

I

LN
!{'

=L ;‘
'.r . L J

|
|
\
|

fp
P o

SRRI M. -
/ -
OO 7P xs

¢

- -.’\.”-'_ .. \._\'.;--'\’-'. RS



BRI AN AR PR Y TOVR N R T Tt R L TR TR M T A U LT U L T o L L R L R R A S R Ty ey ny

.
o
CHAPTER1 ’
]
INTRODUCTION '5
| &
»
There has been substantial interest recently in the topic of lateral supply %
between bases. Logistics personnel in the U.S. Air Force have become more K
interested as the capabilities to make lateral shipments have increased, because of :gf
physical capabilities such as the European Distribution System and a similar system !3:
in the Pacific. 3
§
On the theoretical side, there have been several recent efforts. Slay described '::.':‘:
an approach to sclving this problem at a Multi-Echelon Inventory Conference that ‘t.:':
has apparently stimulated research by several others [1]. One such paper by Lee [2] 3
was published recently. Unfortunately, Lee makes simplifying assumptions that :"*
limit the applicability of the paper. For example, he assumes that if a backorder is :"'
needed and no base has stock on the shelf, that backorder will not be satisfied by a
lateral action at a later point in time when the stock on hand at some base becomes i
positive. These “delayed lateral” transactions are explicitly considered in Slay’s $
description of the problem. Moreover, our simulations of the problem show that iy

e

g

these delayed lateral actions are an important component; they can exceed the

immediate lateral actions when system stock is quite low. Our simulation has been

used to test the accuracy of Slay’s approximations. On a small sample of six cases, ): ':f
the average error was about 17 percent; the Slay upper bounds were closer, but the -‘,';
error was still nearly 8 percent. Another limitation of both the Slay and Lee Q
approaches is that bases must be similar (Lee considers clusters of similar bases, r
with lateral actions made within a cluster). Slay considers the case in which some of x
the items can be repaired at the bases; Lee does not. ;’

Our objective is to find an accurate approximation of the expected backorders o
under lateral supply that is: ;

7

¢ Easy to compute ;:

o

¢ Easy to understand P

® Capable of handling dissimilar bases .',

LA,
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e C(Capable of handling cases with some base repair

® Able to determine whether lateral supply is useful in a particular situation.

The last characteristic refers to the fact that when the amount of stock is so low
that there are always a number of backorders, lateral supply is of little help;
similarly, when stock is very high, lateral actions are rarely needed. It is desirable
that we be able to determine quickly when either condition prevails, even before
computing the approximation.

We had some success with a new approximation, particularly when all bases
are similar. The computation relates the steady-state probabilities at a random
time, t, to the probabilities after a constant lateral supply time has elapsed (when all
lateral actions placed before t and none placed after t would have arrived); the
computation was quite involved, however.

Culosi of SRA Corporation (3] noticed that in the Slay report, bounds on the
backorders under lateral supply were easily obtained using standard multi-echelon
models such as VARI-METRIC (4, 5]: a lower bound if all bases were combined into
a single base; an upper bound from the VARI-METRIC solution with no lateral
supply. He used some of the Slay relationships to develop interpolation formulas
between the bounds.

We have adopted the Culosi idea of using interpolation between the lower and
upper bounds, but with totally different formulas. We have run a large number of
simulations to check the accuracy of the formulas, and the results have been very
encouraging. Furthermore, the computation is fast and accurate even for different

types of bases.
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CHAPTER 2 ,
o
SIMULATION DESCRIPTION ‘
l“
O
A few comments about our simulation are in order since it is used as the ,‘

standard for comparing the lateral approximations. We consider a single item and a
system consisting of several bases at which demands occur and a supporting depot.
We use the METRIC [5] assumptions, the most significant of which is that no e,
queuing occurs for repair (the infinite channel queue assumptior:). Palm’s theorem
shows that the results depend only on the mean of the repair distribution. The
simulation can be run with either constant or exponential repair times, and the same

e

£l

results are obtained. However, since the confidence intervals around the simulated

s
-

backorders tend to be shorter for constant repair times, they were used in most cases. 3
We assume that the status of all units (in transit between specific sites, in repair at a "
specific site, or on the shelf at a specific site) is known at any point. Furthermore, we ::'
assume that we know when each repair will be completed and when each shipment ‘&
will arrive. Demand at each base is assumed to be Poisson distributed with a known,
constant mean (although the rates may vary from one base to another). The percent ")
of demand that is base-reparable is known, and the balance is assumed to be depot-
reparable. Base and depot repair times are known. X
]

A lateral supply is made whenever a demand at a base causes a backorder (i.e.,

stock on hand is zero and a customer has an unfilled demand) and a spare on hand at

o X W

some other base can be lateralled to arrive at the base with the backorder before an

B A )

item already in transit from a depot or completing base repair. In other words, a

!
lateral supply is not made if the laterally supplied spare would arrive after the .
backorder had been satisfied. A
A delayed lateral supply may be made when a backorder cannot be satisfied by N
an immediate lateral supply because no base has stock but some base receives stock '__
at a later point in time and can laterally supply the deficient base before a spare can >~ '.
u\

be provided by another source.

P

Note that the concept of stock level has little relevance in a lateral supply
system such as we have described. W:*th perfect information about the status and
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s location of items, decisions on where to ship from and to are made on the basis of

o expected need.

%‘:. When all bases are similar and lateral shipment times are less than the
;f; shipment time from a depot to a base, any item completing depot repair should be
:: sent to some base immediately. The appropriate base is the one with the smallest
, value for (stock on hand) + (in-transit time to it from another base, a lateral, or
:i‘ depot) + (in-base repair, assumed to be no longer than the depot-to-base shipping
h time) — backorders.

v

g When bases are different, we subtract from the above quantity the expected
0 demand at each base over some depot planning horizon. By simulation we
'.::' determined that a good depot planning horizon is about twice the length of the depot-
!. . .

..::" to-base order and ship time.

A}

& The other decision rule selects the base from which to make a lateral shipment.
\)

;:: We compute the same quantity as above over a base-planning horizon and ship from
J
:"; the base with the largest value (provided that the on-hand stock is positive). Again
:5 simulation suggests that a planning horizon about 1.5 times as long as the lateral
b supply time is appropriate.

"
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CHAPTER3
THE INTERPOLATION FUNCTION

The interpolation function should give values between 0 and 1 that can be
applied to the difference between the upper and lower bounds for the expected
system backorders at a random point in time. A logical choice is the exponential
function of the form:

F=1-~exp(-AT 0=<T<S (Eq.3-1]
where:
F = interpolation value
T = lateral supply time (assumed to be a fixed constant that is the same
between any two bases)
A = parameter.

With this formulation, T=0 results in F=0, which is appropriate because the
several bases have become a single base with expected backorders (EBOs) equal to
the lower bound. An infinite value for T corresponds to no lateral supply for which a
value of F =1, corresponding to the upper bound, is appropriate. We will restrict the
upper value for T to the order and ship time, S, because we are not really interested
in lateral supply times that exceed S.

Another rationale for the exponential is that most objective functions in
inventory theory, such as backorders, fill rates, and availability, are approximately
exponential. It turns out that if the value of A is selected appropriately,
Equation 3-1 gives values of F as a function of T that agree with the simulation. In
other words, the exponential is a good model for the change in F as a function of T.

We must now find a method of estimating A. After reviewing a large number of
simulations, we concluded that:

® A isindependent of the number of bases.

-

£ 0 0 1.




A decreases with the order and ship time.
® A decreases with the depot repair time.

® A increases with the demand rate per base.

The following empirical relationship was derived for A using regression, where all
coefficients are highly statistically significant:!

g 0488 /a0 um( p ,03%
=0. — = — [Eq. 3-2]
, A 279(5) (R> 0.22)
p
where:

S = average order and ship time (days)

R = average depot repair time (days)

D = averagesingle-base daily demand rate.

Thus, when S=8, R=30, and D=0.22, the value of A=0.279. More generally,
for bases of different types the average order and ship time is the demand-weighted
average time; the average daily demand rate is the average of the base demand
rates.

1The probability that each coefficient is actually 0 1s less than 0.00005.
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CHAPTER 4
NUMERICAL RESULTS

We examined a number of cases in which parameters reflected U.S. Air Force
experience. Our numbers and the approximate mean and standard deviation for the
Air Force are shown in Table 4-1.

TABLE 4-1

SCENARIOS EXAMINED

Air Force
Parameter values standard
Mean . .,
deviation
Number of bases (2, 4, 5, 10, and 20) -
Order and ship time (8, 16, and 30 days) 16 4
Depot repair time (30, 60, and 120 days) 60 30
Daily demand rate (0.055,0.11,0.22, 0.44, 0.88, 0.04 0.30
and combinations of dissimilar bases)
Base repair percent (0, 50, and 100) -en- -
Base repair time (4, 8, and 16 days) 7 4

Source: Aur Force Recoverable Consumption item Requirements System (DQ41) Staustics derwved
from several D041 data bases for the period 1984 - 1986.

Our data source did not give the mean and standard deviation for the number
of bases or the percent of items that are base-reparable, but our parameter choices
cover the range of interest. The distributions for the remaining four parameters
tend to be skewed with long right-hand tails. Consequently, we have not chosen
parameter values symmetrically around the means.

DEPOT-REPARABLE-ONLY ITEMS

The 40 cases in which all failures were repaired at a depot is discussed first.
The case of depot repair is particularly important because the time to obtain
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resupply from the depot can be fairly long, particularly if there are no spares on the
shelf when the request is received at depot. In contrast, if the item is base-reparable
and a backorder exists (an aircraft is down for the item), base management can
sometimes expedite the repair and preclude the need for lateral supply.

The results are presented in Table 4-2 for 14 scenarios. Each set of results is
preceded by a heading with parameters characterizing the scenario. Each scenario
has one or more cases summarized in the body of the table and determined by the
base and depot stock levels and the lateral resupply time. For each case, the table
includes minimum EBO (the lower bound corresponding to treating all activity as
occurring at a single base), maximum EBO (from VARI-METRIC with no lateral
resupply), the associated fill rates, and the estimated EBO using the value of A
determined from Equation 3-2. These quantities were all computed analytically; the
final section of the table contains the simulation results.

For example, Case 1.1 in Table 4-2 indicates that the estimated backorders
from the value of A =0.457 in the heading give estimated backorders of 10.795 when
the lateral supply time is 2 days. The simulation showed that the mean value for
EBO was 10.824 with a 95-percent confidence interval from 10.464 to 11.184. The
percent error was 100 X (10.795 — 10.824)/10.824 = —0.3. The absolute error is
also shown for reasons discussed below. This is followed by the average number of
units in the lateral pipeline (immediate and delayed). Note that the allocation of
stock between depot and bases in each case is optimal as determined by VARI-
METRIC.

The scenarios in Table 4-2 are presented in order of decreasing demand. For a
given demand level, the scenarios are in order of decreasing number of bases. At the
end of the table, a few scenarios with dissimilar bases are presented.

Overall, the 40 cases shown in Table 4-2 have 24 positive and 16 negative
errors, with the average positive error being 2.9 percent and the average negative
error being —2.1 percent. More important, the average absolute error is 2.6 percent.
In fact, the results are probably even more accurate because the true value is
obtained by simulation and is known only within statistical confidence limits. Only
3 of the 40 estimates fall outside of the 95-percent confidence limits, which is very
impressive although it should be remembered that the four coefficients in
Equation 3-2 were obtained using regression on the 40 cases. Thus, some
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TABLE 4-2

EXPECTED BACKORDERS UNDER LATERAL SUPPLY - DEPOT-REPARABLE-ONLY ITEMS

Scenario 1 Scenario 2

Number of bases = 5 Number of bases = 20

Daily demand rate 0.88 Daily demand rate = 0.22

Base repair percent 0 Base repair percent = 0

Depot daily demand rate 4.4 Depot daily demand rate = 44

Order and ship time = 8 days Order and ship time = 8 days

Depot repair time = 30days Depot repair time =  30days

Depot repair pipeline = 167.2 Depot repair pipeline = 167.2

Value of A from regression = 0.457 Value of A fromregression = 0.279

Scenario 1 Scenario 2
Case 1.1 Case 1.2 Case 1.3 Case 1.4 Case 2.1
Analytic Results
Total stock 160 180 200 200 200
Depot stock level 120 125 135 135 120
Base stock level 8 11 13 13 4
Lateral supply time (days) 2 2 2 4 2
Minimum EBO 9.504 1.137 0.031 0.031 0.031
Fill rate (percent) 30.5 848 99.4 99 4 99.4
Maximum EBO 11.659 2931 0.377 0.377 3.427
Fill rate (percent) 447 709 88.7 88.7 779
Estimated EBO 10.795 2211 0.238 0.321 1.483
Simulation Results

EBO mean 10.824 2217 0237 0.306 1.404
EBO lower confidence limit 10.464 2077 0.210 0.283 1.364
EBO upper confidence limit 11.184 2357 0264 0.329 1.444
Lateral supply pipeline 0.902 0521 0.058 0017 0.875
Interpolation value F 0.612 0.602 0.596 0.796 0.404
“True” A 0.474 0.461 0.454 0.397 0.259
Percent error -03 -03 04 49 5.6¢2
Absolute error 0.029 0.006 0.001 0.015 0.079

+ The estimated EBO are outside the 95-percent conf:dence interval for the simulated EBO
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TABLE 4-2

EXPECTED BACKORDERS UNDER LATERAL SUPPLY - DEPOT-REPARABLE-ONLY ITEMS (Continued)

Scenario 3 Scenario 4

Number of bases = Number of bases = 5
Daily demand rate = Daily demand rate 0.22
Base repair percent = Base repair percent 0
Depot daily demand rate = ) Depot daily demand rate 1.1
Order and ship time = Order and ship time 30 days
Depot repair time = Depot repair time 120 days
Depot repair pipeline = Depot repair pipeline = 165.0
Value of A from regression = Value of A from regression 0.123

Scenario 3 Scenario 4

Case 3.2 Case 3.3 Case 3.4 Case 4.1

Analytic Results
Total stock
Depot stock level
Base stock level

-
-
L3

Lateral supply time (days)
Minimum EBO

Fill rate (percent)
Maximum EBO

Fill rate (percent)
Estimated EBO

R

",

|
S5 %

.’l

ShA

-

Simulation Results
EBO mean
EBO lower confidence limit
EBO upper confidence limit
Lateral supply pipeline
Interpolation value F
“True” A
Percent error
Absolute error
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TABLE 4-2

EXPECTED BACKORDERS UNDER LATERAL SUPPLY - DEPOT-REPARABLE-ONLY ITEMS (Continued)

Scenario 5

Number of bases = 10

Daily demand rate = 0.22

Base repair percent = 0

Depot daily demand rate = 2.2

Order and ship time = 16days

Depot repair time = 30days

Depot repair pipeline = 101.2

Value of A from regressiocn = 0.199

Scenario 5
Case Case Case Case Case Case Case
5.1 5.2 5.3 5.4 5.5 5.6 5.7
Analytic Results
Total stock 104 104 110 120 120 140 140
Depot stock level 64 64 60 60 60 70 70
Base stock level 4 4 5 6 6 7 7
Lateral supply time (days) 2 4 4 2 4 2 4
Minimum EBO 2.782 2.782 1.095 0.142 0.142 0.001 0.001
Fill rate (percent) 63.4 63.4 82.3 97.0 97.0 100.0 100.0
Maximum EBO 7.798 7.798 5.341 2.781 2.781 0.595 0.595
Fill rate (percent) 61.8 61.8 68.3 78.0 78.0 91.0 91.0
Estimated EBO 4.431 5.537 3.427 1.009 1.591 0.196 0.327
Simulation Results

EBO mean 4.560 5.746 3.460 0.926 1.570 0.168 0.311
EBO lower confidence limit 4.358 5.535 3.350 0.887 1.500 0.159 0.291
EBO upper confidence limit 4.762 5955 3.570 0.965 1.640 0177 0.331
Lateral supply pipeline 1.441 2.125 1.570 0.583 0.780 0.109 0.000
Interpolation value F 0.354 0.591 0.557 0.297 0.541 0.282 0.522
“True™ A 0.219 0.223 0.204 0.176 0.195 0.165 0.185
Percent error -28 ~-3.6 -10 9.02 1.3 16.62 51
Absolute error 0.129 0.208 0.033 0.083 0.021 0.028 0.016

+ The estimated £BO are outside the 95-percent confidence interval for the simuiated EBO
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TABLE 4-2

EXPECTED BACKORDERS UNDER LATERAL SUPPLY - DEPOT-REPARABLE-ONLY ITEMS (Continued)

Scenario 6 Scenario 7

~
-

Number of bases Number of bases 2
Daily demand rate = Daily demand rate 0.22
Base repair percent = Base repair percent 0
Depot daily demand rate . Depot daily demand rate 0.44
Order and ship time Order and ship time 8 days
Depot repair time Depot repair time 30 days
Depotrepair pipeline = Depot repair pipeline 16.72
Value of A from regression Value of A from regression 0.279

P

- ey,

Scenario 6 Scenario 7

L
- o

Case 6.1 Case 6.2 Case 6.3 Case 6.4 Case 7.1

Analytic Results

Total stock

)
4
i
¥
4

Depot stock level

Base stock level

Lateral supply time (days)
Minimum EBO

Fill rate (percent)
Maximum EBO

Fill rate (percent)
Estimated EBO

Simulation Results
EBO mean
EBO lower confidence limit
EBO upper confidence fimit
Lateral supply pipeline
Interpolation vaiue F
“True” A
Percent error
Absolute error
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X TABLE 4-2 Y
A
. EXPECTED BACKORDERS UNDER LATERAL SUPPLY - DEPOT-REPARABLE-ONLY ITEMS (Continued)
]
I’ {
Y
k)
¥ Scenario 8
1
o Number of bases = 5
0 Daily demand rate = 0.22 i
Y Base repair percent = 0 :
:: Depot daily demand rate = 1.1 y
;: Order and ship time = 8 days .
g Depot repair time = 30days !
B Depot repair pipeline = 418 H
) Value of A from regression = 0.279 1:
3 ,.
& . \
K Scenario 8 1
A ¢
Case8.1 | Case8.2 | Case8.3 | Case8.4 | Case8.5 | CaseB.6 g
.' .
4.: 4
N Analytic Results o
- Total stock 30 a0 40 as as 50 1
¢ Depot stock level 25 30 30 30 30 30 3
K Base stock level 1 2 2 3 3 4
l Lateral supply time (days) 2 2 8 2 8 2 'd
1 Minimum EBO 11.863 3.556 3.556 1.313 1.313 0.349 ;
p Fill rate (percent) 35 43.0 43.0 722 722 90.8 .
Maximum EBO 12.218 4.893 4.893 2.599 2.599 1.267
> Fill rate (percent) 27.1 54.2 54.2 67.1 67.1 77.9 ,
Estimated EBO 12.015 4128 4.750 1.863 2.461 0.742 i
38 v,
4,
Simulation Results X
| EBO mean 12.066 4.160 4.760 1.838 2.360 0724 ,
y \ EBO lower confidence limit 11.888 4.060 4.600 1.708 2.230 0.684 :
A EBO upper confidence limit 12.244 4.260 4.860 1.968 2.490 0.764 4
- Lateral supply pipeline 0.117 0.469 0.000 0.440 0.215 0.280 ]
- Interpolation vatue F 0.573 0.452 0.878 0.408 0.814 0.408
b “True” A 0.425 0.301 0.263 0.262 0.210 0.262 ")
" *
» Percent error -04 -08 0.4 14 43 24 K
$ Absolute error 0.051 0.032 0.020 0.025 0.101 0.018 .
‘ .
.
)
1
K (]
..
13
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TABLE 4-2 :
]
EXPECTED BACKORDERS UNDER LATERAL SUPPLY - DEPOT-REPARABLE-ONLY ITEMS (Continued) i
| J
: 3
) wy
! Scenario 9 Scenario 10 4‘
Number of bases = 5 Number of bases = 5 ;
Daily demand rate 0.22 Daily demand rate = 0.055
Base repair percent 0 Base repair percent = 0
Depot daily demand rate 11 Depot daily demand rate = 0.275
Order and ship time 16 days Order and ship time = 8 days
Depot repair time 120 days Depot repair time = 30days
Depot repair pipeline 149.6 Depot repair pipeline = 1045
) Value of A from regression = 0.167 Value of A from regression = 0.170 :::
! s
) (W
)
Scenario 9 Scenario 10 )
Case 9.1 Case 9.2 Case 10.1
Analytic Results
Total stock 160 180 15 ;
Depot stock level 130 135 10 '
Base stock level 6 9 1 i
il
Lateral supply time (days) 4 2 2 o‘
Minimum EBO 1.381 0.033 0.147 :
Fill rate (percent) 81.4 99.3 934 :
Maximum EBO 2.648 - 0.216 0.668 i
Fill rate (percent) 69.0 88.3 841 ™
Estimated EBO 1.999 0.085 0.297 "&
\
™
Simulation Results :
EBO mean 2.050 0.090 0.291 l
Ry
EBO lower confidence limit 1.858 0.061 0.265 >
EBO upper confidence limit 2.242 0.119 0.317 oy
Lateral supply pipeline 0.396 0.038 0.144
Interpolation value F 0.528 0.311 0.277
"True” A 0.188 0.186 0 162 o
Percent error -25 -55 2.2 :C
Absolute error 0.051 0.005 0 006 -]
.
\J
"
i
14 )
A
~
~
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i TABLE 4-2
I t
. EXPECTED BACKORDERS UNDER LATERAL SUPPLY ~ DEPOT-REPARABLE-ONLY ITEMS (Continued) ,v
K
\ .
) '
j Scenario 11 Scenario 12 '
N ()
K Number of bases = 5 each of Number of bases = ) f.
. Types 1 &2
A Daily demand rate = 0.22;0.11 Daily demand rate = 0.055 <
‘{ Base repair percent = 0 Base repair percent = 0 4
h Depot daily demand rate = 1.65 Depot daily demand rate = 0.275 .
b Order and ship time = 8 days Order and ship time = 16days t
Depotrepair time = 30days Depot repair time =  60days ’
’:. Depot repair pipeline = 627 Depot repair pipeline = 209 "
X Value of A from regression = 0.252 Value of A from regression = 0.111 g
¢
;‘ Scenario 11 Scenario 12
Case 11.1 Case 11.2 Case 11.3 Case 12.1 -
' Analytic Results
A Total stock 60 80 90 25
-
Depot stock level 45 50 50 15 ’
o Base stock level - Type 1 2 4 5 2 "
» Base stock level - Type 2 1 2 3 )
o Lateral supply time (days) 2 2 2 2
' Minimum EBO 4.665 0.054 0.001 0.496 _
" Fill rate (percent) 39.8 98.5 100.0 84.3 by
’ Maximum EBO 7.351 1.213 0.375 1.341 by
3 Fill rate (percent) 56.0 809 90.1 75.6 ‘3
4 Estimated EBO 5.728 0.513 0.149 0.665 ’
=
Simulation Results ::1
i
: EBO mean 5.800 0.507 0.155 0.651 A
g EBO lower confidence limit 5.660 0.487 0149 0.578 N
EBO upper confidence limit 5.940 0.527 0161 0.724 a
] Lateral supply pipeline 1.023 0.344 0098 0.157 _ﬂ
N Interpolation value F 0.423 0.391 0411 0184
N 3
N “True” A 0.275 0248 0 265 0101 4
> Percent error -1.2 11 -37 21 R
. Absolute error 0.072 0.006 0 006 0014
&
n
|

) ~
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TABLE 4-2 ':
§
EXPECTED BACKORDERS UNDER LATERAL SUPPLY - DEPOT-REPARABLE-ONLY ITEMS (Continued) :
§
Scenario 13 Scenario 14 "
Number of bases = 2eachof Number of bases = 5 of Type 1 | :
Types 1 & 2 10 of Type 2
Daily demand rate = 044,011 Daily demand rate = 0.44; 0.11
Base repair percent = 0 Base repair percent = 0 ',‘
Depot daily demandrate = 1.1 Depot dailydemandrate = 3.3 "
Order and ship time = 8days Order and ship time = 16days y
Depot repair time = 30days Depot repair time = '20days
Depot repair pipeline = 418 Depot repair pipeline = 448.8 ".
Value of A from regression = 0.302 Value of A from regression =  0.167 :.::
Scenario 13 Scenario 14 u
Case 13.1 Case 13.2 Case 13.3 Case 13.4 Case 14.1 ‘,'
]
. ¥
Analytic Results W
Total stock 36 44 52 52 480 3}
Depot stock level 24 30 34 34 395 3
Base stock level - Type 1 5 6 7 7 1 by
™
Base stock level - Type 2 1 1 2 2 3 N
Lateral supply time (days) 2 2 2 4 4 4
Minimum EBO 6.408 1.644 0.187 0.187 0696 &
Fill rate (percent) 20.9 67.0 94.7 947 93.2 -
Maximum EBO 7.089 2.656 0.654 0.654 4.504 3
Fill rate (percent) 398 66.3 833 833 709 2
Estimated EBO 6.717 2.103 0.399 0.515 2.552 -_:
-
Simulation Results "
EBO mean 6.690 2.080 0.398 0.526 2.740 -
EBO lower confidence limit 6.550 2.000 0370 0.497 2416 ;
»
£BO upper confidence limit 6.830 2.160 0.426 0555 3064 \
Lateral supply pipeline 0.275 0.322 0.137 0.000 1 469 )
Interpolation value F 0414 0 431 0.452 0726 0537 N
“True” A 0.267 0.282 0.301 0323 0192 :_
Percent error 04 11 0.2 -22 -68 :.
Absolute error 0.027 0.023 0.001 001 0 188
M
16 >
b
N
S
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degradation can be expected for new cases or parameter values that are very Y
different from those in Table 4-2.

Even though the average absolute error is only 2.6 percent, the size of the v
maximum error is also of signficant interest. In our set of 40 cases, the largest errors :5,'
were 16.6 percent, 9.0 percent, and 6.8 percent. However, since these are percentage o

o
errors, they tend to be large when the true value (in the denominator) is small. The Y
corresponding absolute errors were 0.028, 0.083, and 0.188 backorders. The first two pt
b
errors are small, e.g., a backorder somewhere in the system for 1 day in every 36 (or :
1 day in every 12) on the average. The third error of 0.188 is fairly large, but since bt
this lies within the 95-percent confidence limits of the simulation, we cannot be sure ﬁ'
that the error is really that large. ‘
O

In summary, the results for depot-reparable-only items are very good. The }.‘
simplicity of the calculation suggests that it should be useful. )
BASE-REPARABLE ITEMS ..

)

Results for items that are fully or partially base-reparable, presented in ey

Table 4-3, are less satisfactory. The value of A varies within a group of cases sharing

the same parameters even when the lateral supply time is held constant. This
variation can be seen most vividly in the results of Table 4-3, along with a new

LRI

F
resonance phenomenon that did not appear for depot-reparable-only items. The o~
latter refers to the fact that the interpolation value F (and A) is much larger (0.657)
when the number of bases divides equally into the number of spares and is smallest ,
(0.306 and 0.460) when the remainder is about 0.5. This is because lateral supply ."_':-
gives an even bigger improvement over VARI-METRIC, which has no lateral supply, 5
when the spares do not divide equally. .\

Instead of modeling A as before, we have used a regression equation for the :
interpolation value F itself. The following formula was derived empirically and is B
much less satisfactory than that for depot-reparable-only items. Although the coeffi- :H_
cients are all highly statistically significant,2 more are needed:

o

F=1.510 6% g-0490 ) 4 73100 0198 [Eq. 4-1] .

N

2The probability that each coefficient is actually 0 is less than (0 00005 0
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where Z is used to model the resonance phenomenon and was set to:

0.36
zz(m>( 2 ) (Eq. 4-2]
p%3 Bases

The results for 40 cases with items that are fully or partially base-reparable are
less good. Twenty-three cases have positive errors averaging 4.2 percent; the
17 negative errors averaged —5.1 percent; and the average absolute error is 4.6 per-
cent. In more than halif of the cases, the errors are outside the 95-percent confidence
limits. The maximum error is 14.3 percent, and one absolute error is quite large as
well (0.609). The values of A, as given by Equation 3-1, are not used in this
computation, but the “true” values are shown in Table 4-3 to indicate their
variability; when they exceed 0.999, four asterisks are shown.

An important finding in this work is that when the lateral supply time exceeds
about one-fourth of the base repair time, lateral supply provides essentially no
improvement. In some cases it degrades performance (F greater than 1.0), as shown
by the cases in Table 4-4. The errors are very large, but they are irrelevant since our
recommendation is that lateral supply should be avoided when long lateral times
will occur.

NUMBER OF LATERAL SHIPMENTS

It is desirable to estimate the number of lateral shipments (both immediate and
delayed) because of the cost associated with them. We used the same approximation
approach as above with regression on the depot-reparable-only cases for which the
independent variables were estimated backorders under lateral supply, the pipeline
stock divided by the total stock in the system, and the lateral supply time divided by
the order and ship time. The dependent variable was the average number of units in
the lateral pipeline (immediate plus delayed), shown in Tables4-2, 4-3, and 4-4.
Unfortunately, the regression did not give satisfactory results (the average absolute
error was 14 percent) and we have not presented them.
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TABLE 4-3

EXPECTED BACKORDERS UNDER LATERAL SUPPLY - BASE-REPARABLE ITEMS

Scenario 1 Scenario 2
Number of bases = 5 each of Number of bases = 1 each of
Types 1 & 2 Types 1 & 2
Daily demand rate = 0.88 Daily demand rate = 0.88
Base repair percent = 100 Base repair percent = 100
Base repair time = 8 days Base repair time = 8 days
Base repair pipeline = 704 Base repair pipeline = 14.08
Scenario 1 Scenario 2
Case1.1 | Case1.2 | Case1.3 | Case2.1 | Case2.2 | Case2.3
Analytic Results
Total stock 80 85 90 16 17 18
Depot stock level 0 0 0 0 0 0
Base stock level - Type 1 8 9 9 8 9 9
Base stock level - Type 2 8 8 9 8 8 9
Lateral supply time (days) 2 2 2 2 2 2
Minimum EBO 0.564 0.164 0.038 0.750 0.499 0.321
Fill rate (percent) 88.4 96.1 99.0 749 82.1 878
Maximum EBO 6.579 5.198 3818 1.316 1.040 0.764
Fill rate (percent) 72.4 77.5 82.6 724 775 82.6
Estimated EBO 5.797 4.231 3326 1.257 0.923 0717
Simulation Results
EBO mean 5.188 4.009 3.07 1.243 0.945 0712
EBO lower confidence limit 5.135 3.963 3.035 1.214 0.920 0.692
EBO upper confidence limit 5.241 4.055 3.107 1.272 0.970 0.732
Lateral supply pipeline 2234 1.642 1.193 0.287 0.241 0191
Interpolation value F 0.769 0.764 0.802 0871 0.825 0.884
“True” A 0.732 0.721 0.81 *axeb 0.871 exwad
Percent error 11.72 5.5a 8.3a 1 -23 07
Absolute error 0.609 0.222 0.255 0.014 0.022 0.005

' The estimated EBO are outside the 35-percent confidence interval for the simulated EBO

? Exceeds 0 999

A I T I N R e Cw e T

LW, n, o o,

J\#\)",‘,\.‘."‘ C - ' "’ﬁf'h‘,‘“. '-, ‘,'.

R




SO R TR RO W W T T

TABLE 4-3
' [ ]
* EXPECTED BACKORDERS UNDER LATERAL SUPPLY - BASE-REPARABLE ITEMS (Continued)
l:.
Scenario 3
‘s
:3:: Number of bases = 4 of Type 1
1 of Type 2
: Sof Type 3
g Daily demand rate = 0.22
Mo Base repair percent = 100
“. Base repair time = 8 days
Base repair pipeline = 17.6
"
)
o Scenario 3
[ Xy
b Case 3.1 Case 3.2 Case 3.3 Case 3.4
»'. Analytic Results
:é Total stock 20 24 25 30
::. Depot stock level 0 0 0 0
s Base stock level - Type 1 2 3 3 3
o Base stock level - Type 2 2 2 3 3
;f. Base stock level - Type 3 2 2 2 3
4 :: Lateral supply time (days) 2 2 2 2
::: Minimum EBO 0.765 0.145 0.089 0.005
L Fill rate (percent) 76.2 94 4 96.4 99.8
e Maximum EBO 4.069 3034 2.775 1.482
x Fill rate (percent) 74.1 80.4 81.9 89.8
o Estimated EBO 3.030 1.905 1.677 1018
.,:'
5 Simulation Results
!
: EBO mean 3018 1.876 1.672 0985
u
:', EBO lower confidence limit 2.986 1.858 1.649 0970
;j EBO upper confidence limit 3.050 1.894 1695 1.000
- Lateral supply pipeline 1927 1.359 1231 0.677
o Interpolation value F 0.682 0.599 0.589 0.664
" "True” A 0.573 0.457 0.445 0 545
kY Percent error 04 162 0.3 332
' Absolute error 0.012 0.029 0 005 0033
:'_- * The estimated £8O are outside the 95-percent confidence \nterval for the simulated £8O
-
‘&
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: TABLE 4-3
EXPECTED BACKORDERS UNDER LATERAL SUPPLY - BASE-REPARABLE ITEMS (Continued)
‘ .
: Scenario 4
‘ Number of bases = 2 of Type 1
1 of Type 2
b 2 of Type 3
) Daily demand rate = 0.22
v Base repair percent = 100
g Base repair time = 16 days
Base repair pipeline = 17.60
4 Scenario 4
Cased.1 | Cased.2 | Cased.3 | Cased.d | Cased.5 | Cased.6
Analytic Results
i Total stock 20 22 25 20 22 25
'
Depot stock level 0 0 0 0 0 0
Base stock level - Type 1 4 5 5 4 S 5
. Base stock level - Type 2 4 4 5 4 4 5
‘ Base stock level - Type 3 4 4 5 4 4 S
. Lateral supply time (days) 2 2 2 4 4 4
Minimum EBO 0.765 0.353 0.089 0.765 0.353 0.089
Fill rate (percent) 76.2 876 96.4 76.2 876 96.4
’ Maximum EBO 2.664 2.108 1.273 2. 664 2.108 1.273
Fill rate (percent) 722 775 855 72.2 77.5 855
: Estimated EBO 1712 1.104 0679 2258 1.539 1.020
?
: Simulation Results
K EBO mean 1.601 1.081 0.615 2216 1612 1002
EBO lower confidence limit 1.555 1.048 0.595 2.163 1571 0974
\ EBO upper confidence limit 1,647 1.114 0.635 2.269 1.653 1030
: Lateral supply pipeline 0.727 0.620 0.425 1.073 0.857 0.555
. interpolation value F 0.440 0.415 0.445 0.764 0.718 0771
': “True” A 0.290 0.268 0.294 0.361 0316 0.369
D Percent error 6.92 2.2 10.39 19 - 4.5 1.7
v Absolute error 0.111 0.023 0.064 0.042 0073 0018
|; 1 The estitmated EBQ are outside the 95-percent confidence interval for the simulated EBO
»
‘ 21
[}
]
RN I e N T M T Tt A I T o, O \ W N0, A

., Yokt uy . W, -‘( l‘-,

Pl g

T S n Te I S

S OLTES N e AP

Lar ¥

N e TR e DI

;%4 L AFTF

e ]

TP NS et

-yt a



R e RN WL UL W U WA WG WO A R O S QR v a0 0t S Ay A SR hanata iy gt Sy s B A Bty 000t Sa i ta e tph tal e St Mt S At S S iad Al b pty
: 3
s
3
TABLE 4-3 -
EXPECTED BACKORDERS UNDER LATERAL SUPPLY - BASE-REPARABLE ITEMS (Continued) {
-
: Scenario 5 :
Number of bases = 1 eachof Types1 - 5 h
Daily demand rate = 0.22 9
Base repair percent = 100 =
Base repair time = 4 days ?\
Base repair pipeline = 44 ",
Scenario 5
Case5.1 | Case5.2 | Case5.3 | Case5.4 | Case5.5 | Case5.6 :.
W]
Analytic Results &
Total stock 5 6 7 8 9 10 e
Depot stock level 0 0 0 0 0 _
Base stock level - Type 1 2 2 2 2 2 :'_-g.
! Base stock level - Type 2 1 1 2 2 2 2 ’3
s Base stock level - Type 3 1 1 1 2 2 2 i~
Base stock level - Type 4 1 1 1 1 2 2 i '
Base stock level - Type S 1 1 1 1 1 2 1
Lateral supply time (days) 1 1 1 1 1 1
Minimum EBO 0.574 0.294 0.138 0.059 0.024 0.009 '.E
Fill rate (percent) 72.0 844 92.1 96.4 98.5 99 4 !
Maximum EBO 1.474 1.254 1033 0.813 0.593 0.373 ‘
Fill rate (percent) 78.0 81.2 84.4 87.6 90.8 94.0 f::
Estimated EBO 1.135 0.849 0.617 0.463 0.353 0.235 :
=3
Simulation Results 'lj'
EBO mean 1.169 0.848 0.619 0457 0.343 0.260 ok
EBO lower confidence limit 1.153 0.835 0 609 0.449 0.336 0.255 ::::
EBO upper confidence limit 1.185 0.861 0.629 0.465 0.350 0.265 .r
Lateral supply pipeline 0.559 0.512 0.439 0355 0.276 0.215 -
Interpolation value F 0.661 0.577 0.537 0527 0.561 0.690 «%9
“True” A *xnaD 0.861 0770 | 0750 | 0.823 | sxxwd N
Percent error -292 0.1 -02 13 2.82 -9.4a E"
Absolute error 0.034 0.001 0.002 0.006 0.010 0.025 >

' The estimated EBO are outside the 35-percent confidence \nterval for the ssimulated E30
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TABLE 4-3

EXPECTED BACKORDERS UNDER LATERAL SUPPLY - BASE-REPARABLE ITEMS (Continued)

Scenario 6

Number of bases = 1 each of
Types 1 &2

Daily demand rate 0.22

Base repair percent 100

Base repair time 8 days

Base repair pipeline 3.52

-
-

Scenario 6

o

i

Case 6.1 Case 6.2 Case 6.3

o

Analytic Results

— "

Total stock

Depot stock level
Base stock level - Type 1

-

Base stock level - Type 2
Lateral supply time (days)
Minimum EBO

Fill rate (percent)
Maximum EBO

Fill rate (percent)
Estimated EBO

;-'."Sf,\‘-'n Yy ?\‘?"'

XS an

Simulation Results
EBO mean 0.753 0.445
EBO lower confidence limit 0.736 0.432
EBO upper confidence limit 0.770 0.458
Lateral supply pipeline 0.197 0.160
Interpolation value F 0.784 0.634

“True” A 0.765 0.502
Percent error -22 -52a

AR

Absolute error 0.016 0.023

* The estimated EBO are outside the 95-percent confidence interval for the simuiated EBO
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EXPECTED BACKORDERS UNDER LATERAL SUPPLY - BASE-REPARABLE ITEMS (Continued)

Scenario7
Number of bases = 5 of Type 1
1 of Type 2
2eachof Types3 &4

Daily demand rate = 0.055

Base repair percent = 100

Base repair time = 8 days

Base repair pipeline = 4.4

Scenario 7
Case 7.1 Case 7.2 Case7.3 Case7.4
Analytic Results
Total stock S 10
Depot stock level 0 0
Base stock level - Type 1 1 1 1 1
Base stock level - Type 2 0 1 1 1
Base stock level - Type 3 0 0 1 1
Base stock level - Type 4 0 0 0 1
Lateral supp!y time (days) 2 2 2 2
Minimum EBO 0.574 0.294 0.059 0.009
Fill rate (percent) 72.0 84.4 96.4 99 4
Maximum EBO 2.620 2.264 1552 0.840
Fill rate (percent) 78.6 814 87.1 92.7
Estimated EBO 1.426 1.166 0.804 0.474
Simulation Results

EBO mean 1.358 1.063 0.707 0.490
EBO lower confidence limit 1.334 1.044 0.695 0.481
EBO upper confidence limit 1.382 1.082 0.719 0.499
Lateral supply pipeline 0.757 0.765 1.020 0412
Interpolation vaiue F 0.383 0.390 0434 0.579
“True” A 0.241 0.247 0284 0.432
Percent error 5.02 9.7a 13.7a -32a
Absolute error 0.068 0.103 0.097 0.016

' The estimated EBO are outside the 95-percent confidence interval for the simuiated EBO
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TABLE 4-3 .

»

EXPECTED BACKORDERS UNDER LATERAL SUPPLY - BASE-REPARABLE ITEMS (Continued) !

Scenario 8 Scenario 9 K
Number of bases = 3 each of Number of bases = 1 each of .
Types1-3 Types 1 & 2 '

Daily demand rate = 0.88; 0.11; 0.11 Daily demand rate = 0.055
Base repair percent = 100 Baserepair percent = 100 .
Base repair time 8 days Base repair time = 8 days ' ~
Base repair pipeline = 26.4 Base repair pipeline = 0.88 ;
Scenario 8 Scenario 9

o,
Case8.1 | Case8.2 | Case8.3 | Case9.1 | Case9.2 | Case9.3 )
Analytic Results

Total stock 30 33 36 1 3 S,
Depot stock level 0 0 0 0 0 -
Base stock level - Type 1 8 9 9 1 1 2 N,
Base stock level - Type 2 1 2 0 1 1 ,;

Base stock level - Type 3 1 1 1 - .
P
Lateral supply time (days) 2 2 2 2 2 2 : )
Minimum EBO 0.764 0.275 0.082 0.295 0.075 0.015 :
Fill rate (percent) 79.1 91.3 97.0 78.0 940 98.8 'f
Maximum EBO 3.742 2914 2.253 0.524 0.168 0.095 Fa
Fill rate (percent) 73.5 81.7 83.3 78.6 92.7 95.9 It
Estimated EBO 2822 | 2099 | 1706 | 0379 | 0133 | 0.045 W )
L] '.

Simulation Results \
EBO mean 2.967 2.194 1.667 0.365 0136 0.052 ,
EBO lower confidence limit 2923 2.161 1.641 0.355 0.130 0.049 ':':
Y

EBO upper confidence limit 3.0M 2.227 1.693 0.375 0.142 0.055 2
Lateral supply pipeline 1.470 1.136 0.844 0.101 0.071 0.036 ®

Interpolation value F 0.740 0.727 0.730 0.306 0.657 0.460 )
“True” A 0.673 0.649 0.654 0.183 0.535 0.308 Y
Percent error -49a -4.3a 232 382 -23 - 14 3a '~
Absolute error 0.145 | 0095 | 0039 | 0014 | 0003 | 0.007 ]
' The estimated EBO are outside the 95-percent confidence intervai for the simulated EBO
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TABLE 4-3

EXPECTED BACKORDERS UNDER LATERAL SUPPLY - BASE-REPARABLE ITEMS (Continued)

Scenario 10

Number of bases = 10

Daily demand rate = 0.22

Base repair percent = 50

Depot daily demand rate = 11

Order and ship time = 8 days

Base repair time =  30days

Depot repair time = 30days

Base repair pipeline = 506

Scenario 10
Case 10.1 Case 10.2 Case 10.3 Case 10.4 Case 10.5
Analytic Results
Total stock 60 65 70 80 60
Depot stock level 30 35 30 30 30
Base stock level 3 3 4 S 3
Lateral supply time (days) 2 2 2 2 4
Minimum EBO 0344 0074 0.012 0.000 0.344
Fill rate (percent) 915 97 9 99 6 100.0 915
Maximum EBQ 2.959 1969 1164 0410 2.959
Fill rate (percent) 75.3 822 860 928 753
Estimated EBO 1517 0.807 0529 0184 2195
Simulation Results

EBO mean 1616 0913 0.530 0181 2410
EBO lower confidence limit 1.576 0.877 0511 0.176 2.359
EBO upper confidence limit 1.656 0.943 0.549 0.186 2.461
Lateral supply pipeline 0.976 0617 0.355 0.106 1.084
Interpolation value F 0.487 0.441 0.450 0.441 0.790
“True” A 0.333 0.291 0.299 0.291 0390
Percent error -6.12 - 113 -02 16 -89
Absolute error 0.099 0.103 0.001 0.003 0 215

' The estimated EBO are outside the 95-percent confidence interval for the simulated EBO
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TABLE 4-4
EXPECTED BACKORDERS UNDER LATERAL SUPPLY - BASE-REPARABLE-ONLY ITEMS -
LONG LATERAL TIMES
Scenario 1 Scenario 2
Number of bases = 10 Number of bases = 4 of Type 1
1 of Type 2
5 of Type 3
Daily demand rate = 0.88 Daily demand rate = 0.22
Base repair percent = 100 Base repair percent = 100
Base repair time = 8 days Base repair time = 8 days
Base repair pipeline = 704 Base repair pipeline = 176
Scenario 1 Scenario 2
Case 1.1 Case 1.2 Case 2.1
Analytic Results
Total stock 80 90 24
Depot stock level 0 0 0
Base stock level - Type 1 8 9 3
Base stock [evel ~ Type 2 -een 2
Base stock level - Type 3 2
Lateral supply time (days) 4 4 4
Minimum EBO 0.564 0.038 0.145
Fill rate (percent) 88.4 99.0 94 .4
Maximum EBO 6.579 3818 3.034
Fill rate (percent) 724 826 80.4
Estimated EBO 8.821 5.226 2923
Simulation Results
EBO mean 6.782 3.930 2.862
EBO lower confidence limit 6.718 3.882 2.832
EBO upper confidence limit 6.846 3978 2.892
Lateral supply pipeline 0820 0307 1.447
interpolation value f 1.034 1.030 0940
“True” A 22T AakNd 0.705
Percent error 30 1b 33.00 2.1b
Absolute error 2039 1.296 0.061
t Exceeds 0 999
b The estimated EBO are outside the 95-percent confidence interval for the simuiated EBO
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TABLE 4-4

EXPECTED BACKORDERS UNDER LATERAL SUPPLY - BASE-REPARABLE-ONLY ITEMS -
LONG LATERAL TIMES (Continued)

ey » i pac g patoges
A S R L Wy N

Bt R AR N
. K g

Scenario 3 :
Number of bases = 20f Type 1 Ny
1 of Type 2
20fType 3 '
Daily demand rate = 0.22 )
Base repair percent = 100 3
Base repair time = 16 days
Base repair pipeline = 176
Scenario 3 :
Case 3.1 Case 3.2 Case 3.3 Case 3.4 :'t
Analytic Results
Total stock 20 23 25 20 : ;
Depot stock level 0 0 0 0 >3
Base stock level - Type 1 q ) 5 4 'E
Base stock level - Type 2 4 5 5 4 '
Base stock level - Type 3 4 4 ) 4 :
Lateral supply time (days) 6 6 6 8 ‘::
Minimum EBO 0765 0229 0.089 0 765 5
Fill rate (percent) 76.2 915 96.4 76.2 -
Maximum EBO 2.664 1829 1.273 2 664 : 4
Fill rate (percent) 72.2 80.2 855 722 4
Estimated EBO 2.715 1.641 1.304 3121 .
N
hY
Simulation Results b
EBO mean 2645 1702 1257 2 884 %
EBO lower confidence limit 2.588 1,660 1.223 2823 7]
EBO upper confidence limit 2702 1.744 129N 2945 .‘_:
Lateral supply pipeline 1122 0.711 0.486 0.931 '."‘
Interpolation value F 0.990 0920 0987 1116 .
“True” A 0.764 0422 0721 rarwa ’:'
Percent error 2.6b -360 380 820 h
Absolute error 0.070 0061 0047 0237 o
' Exceeds 0 999
o The estimated EBO are outside the 95-percent contidence intervai far tne simulated EBO N
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TABLE 4-4

EXPECTED BACKORDERS UNDER LATERAL SUPPLY ~ BASE-REPARABLE-ONLY ITEMS -
LONG LATERAL TIMES (Continued)

Scenario 4

Number of bases = 1 eachof Types 1 -5

Daily demand rate = 0.22

Base repair percent = 100

Base repair time = 4 days

Base repair pipeline = 44

Scenario 4
Cased4.1 | Cased.2 | Cased.3 | Caseq.4 | Cased5 | Cased.6
Analytic Results
Total stock 5 6 7 8 9 10
Depot stock level 0 0 0 0 0 0
Base stock level - Type 1 1 2 2 2 2 2
Base stock level - Type 2 i 1 2 2 2 2
Base stock level - Type 3 1 1 1 2 2 2
Base stock fevel - Typed 1 1 1 1 2 2
Base stock level - Type S 1 1 1 1 1 2
Lateral supply time (days) 2 2 2 2 2 2
Minimum EBO 0.574 0.294 0.138 0.059 0.024 0.009
Fill rate (percent) 72.0 844 92.1 96.4 98.5 99 4
Maximum EBQO 1.474 1.254 1.003 0.813 0.593 0.373
Fill rate (percent) 78.0 81.2 84.4 876 90.8 94 0
Estimated EBO 1.458 1.169 0.895 0.696 0543 0 367
Simulation Results
EBO mean 1607 1.237 0942 0719 0 546 0408
EBO lower confidence limit 1587 1.220 0928 0707 3536 J 400
EBO upper confidence limit 1627 1.254 0956 073 0 556 0416
Lateral supply pipeline 0.870 0.761 0612 0470 0350 0 249
Interpolation value F 1.148 0.983 0.898 0 875 0917 1 096
“True” A Frwexd renwd T *ened e wwd rewnd
Percent error -920 -5.5b -500 -320 -05 -10 10
Absolute error 0149 0.068 0 047 0023 0003 0 041
' Exceeds 0 999
2 The esttmated EBQO are outside the 95-percent configence -nterval for the simuiatea £30
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CHAPTER S5
CONCLUSION

o We have demonstrated simple computational models that provide estimates for
‘o the expected backorders when lateral supply between bases is allowed. The
iy estimates have an absolute average error of less than 3 percent for depot-reparable-
only items. For fully or partially base-reparable items, the average error is about
5 percent and the regression requires additional parameters. Fortunately, the depot-

I"J‘ [

reparable situation is more likely to be important.

Lateral supply can reduce backorders significantly. In the cases presented,

B

reductions of 30 to 50 percent are not uncommon, with a 72-percent reduction
observed in one case.
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