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Operations Research," Mr. Douglas Blazer has extended the study

of remving large demands in the determination of an inventory

replenishment policy. In this report, he examines the cost

effectiveness of a filtering rule which identifies a threshold

value T such that any order equal to or exceeding T is specially

handled. Using United States Air Force empirical customer order

data, he generates two streams of customer orders; one stream

with filtering and one without. The paper provides the results

of comparing the cost performance of the inventory replenishment

policy for the filtered orders to the unfiltered orders. Other

related reports dealing with this program are given on the

following pages.
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ABSTRACT

In this'report we evaluate the cost effectiveness of an inventory

filtering rule shown in Technical Report 122. We use United States

Air Force empirical individual customer order distributions to

generate 1080 cases. We compare the operating characteristics of

the inventory replenishment policy for the unfiltered orders to

the policy for the filtered orders. We show that filtering can

significantly reduce total expected costs with the majority of the

reduction resulting from decreased inventory investment.
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1. INTRODUCTION

We showed in [1] and [3] that special handling of extreme value

demand can significantly reduce costs for an infinite horizon inventory

model with stationary linear holding and penalty costs. We assumed

a periodic review model both with and without a fixed set-up cost.

In [1] and [3) we assumed Poisson and negative binomial distributions

for weekly demand. We defined a point T such that any weekly demand

equal to or exceeding T is specially handled; existing stock is not

used to satisfy the extreme value demand.

In a practical setting, the parameters for weekly demand

distributions are uncertain and only can be estimated by past demand

data. Seldom can all items in an Inventory system be fitted to a

common distribution like the Poisson or negative binomial. Further,

an inventory manager cannot suspend action on an entire week's orders

to determine if the total orders for the week meet or exceed some

threshold value. Therefore, in a practical setting, an inventory

manager needs a filtering rule that uses past individual customer

order data to identify a point T, such that any order that is equal

to or greater than T is specially handled.

We considered such a filtering rule in [2]. We examined the

statistical performance of a filtering rule using simulated customer

order distributions.- We found the statistical performance of our

-,-"
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filtering rule to be superior to any of the classical statistical

outlier rules or any other inventory filtering rules in the literature.

In this report, we examine the cost effectiveness of our inventory

filtering rule in a practical setting. We use United States Air Force

historic customer order data to generate customer order distributions.

We sample from these empirical order distributions to generate a

stream of orders. By applying the filtering rule to this stream of

orders we obtain a weekly distribution of both filtered and unfiltered

demand. We then use these weekly demand distributions in a periodic

review inventory model and compare the resulting costs from the unfi1-

tered demand to those from the filtered demand.

In Section 1.1, we describe the United States Air Force customer

order data. We categorize the data according to high and low demand

and according to high and low value to determine the sensitivity of

special handling to these parameters. In Section 1.2, we describe

the filtering rule and display the statistical results of applying the

rule to the United States Air Force data. We document the periodic

review inventory model in Section 1.3, and display the experimental

design in Section 1.4.

In Section 2, we provide the results in the same format as[l].

We show the reduction in total costs in Section 2.1, the categorization

of cost savings in Section 2.2, unfilled demand versus the reduction

in inventory investment in Section 2.3, and the breakeven special

handling costs in Section 2.4. Section 3 summarizes the results.

-" ! r -r -': '. '.o - - V *7 .° '. .-a - - "., ,-- - ,. -.
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1.1 THE DATA

We use customer order data from the retail level of the United

States Air Force inventory system. A year's customer order history

was provided for items in the following Federal Supply Classes:

Screws

Rivets

Fastening Devices

. Abrasive Material

Rings, Shims and Spacers

Fittings for Rope, Cable and Chain

Aircraft Hydraulic, Vacuum and De-Icing

Z, System Components

Toiletry Paper Products

" Office

Office Devices and Accessories.

We took 30 items with at least 1 item from each of the classes above.

We provide the order distribution for these 30 items in Appendix I.

Table 1 provides a summary of the 30 items sequenced by the average

dollar value of demand per year. We have assigned prices to the 30

items so that we can categorize the items as to whether they are high

demand/low demand and high value/low value:

(1) if demand > 500 items per year, then the item is categorized

as high demand, and

(2) if the price a $250 per item, then the item is categorized

as high value.

Table 2 provides a summary of the categorization.
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30 ITEM S RY

Average bllar
Value of emand ITS Average Orders Average CatPmrr

Per Year Per Ibk DMnd Pa r Year Price

$35604 A 5.07 11668.48 S 300.00
300620 C .98 3008.20 1000.00
194 I6 B .78 3969.16 500.00
S31232 .9 64.04 800.00
4556u2 I 1.28 1012.96 450.00
36512 AC 1.29 3695.12 100.00
268450 F 1.02 3B3.50 700.00
22405 L 1.00 296.74 750.00
2262 f .6 490.36 450.00

32207 T 2.42 1101.36 200.00
13046 S .61 2007.20 6S.00
107770 R 1.64 431.06 250.00
61490 0 .6 122.96 50.00
3264 V 1.87 403.26 81.00
29173 AA 3.48 2224.06 13.00
1944 H .73 368.96 50.00
16236 0 1.05 16236.48 1.00
1316 x 1.47 202.80 65.00
11771 0 . 392.34 30.00

10847 K .51 1549.60 7.00
9110 AB 2.75 3036.54 3.00
6401 N 1.16 561.88 11.00
5125 w 1.57 46S.93 11.00
4290 P 1.66 14300.78 .30
2754 N 1.21 5660.40 .47
2369 AD 4.23 1462.S0 1.62
2221 V 2.63 6.42 2.50
993 Z 1.90 660.42 1.46
246 6 1.46 451.10 .55
128 u 1.28 64.74 .22

Table I

.4
*1
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ITEM CATEGORIZATION

VALUE

Low High

DGH,VW,X EF,L,OR

Low

., DEMAND K,M,N,P,Q,S, AB,C,IJ

High T,U,Y,Z,AA,

ABACAD

Table 2

1.2 THE FILTERING RULE

We use the empirical order distribution to generate a stream of

orders that are subjected to a filtering rule. In this section, we

describe the filtering rule, the process for applying the filtering

rule, and the results of applying the rule.

1.2.1 The Experimental Process

We filter out "large pop" customer orders with the rule:

Let Xl,X 2,...Xk . be the k largest customer orders during N

weeks of orders, where X1 is the largest individual order

and X the smallest. Given a value r>l, let Xo-rX1 and

define J1 as the set of J, for ljs5, such that X J1 rX .

Given a value y>O, let w-y(Xl-Xk). Define J2 as the set

of J for 6sjk, such that Xi1l~rXl and X.l-Xj>w. Set

Tr mn(rX j).
jeN1U 2

K1 2
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.Any order that is equal to or larger than Tr is specially handled.

The parameters for the filtering rule are N, k, y, and r. We set

kWlO, r-l.8, and r,.2. In [2] we showed the filtering rule worked

well using 25 to 50 orders. Therefore, we set N based on the average

number of customer orders per week, so that in the N periods there

average between 25 to 50 customer orders. Let a be the average

number of orders per week. The specific rule for N is:

(1) if a24 then N-lO,

(2) if 2:a<4 then N-13,

(3) if .95&a<2 then N=26, and

(4) if a<.95 then N=52.

In Table 3, we show N for each item.

Thus we sample from the empirical customer order distribution

to generate N periods of customer orders. We then apply the filtering

rule to find a value for T that is used to filter out any large pops

in the next N periods of customer orders. We use the next N periods

of customer orders to find a new value of T for the subsequent N

periods. For N<52, we generate 250 weeks of demand; for N=52, we

generate 510 weeks of demand. We use the first N weeks to "initialize"

the process. We derive two weekly demand distributions: with filter-

ing large pops and without.

1.2.2 The Results

We display the results in Table 3, which shows N (the parameter

for the filtering rule), the item designation, the average demand per

week (unfiltered and filtered), the percentage reduction in average

demand, and the percentage of orders that ar filtered. Note the

significant reduction in demand per week due to the filtering.



STATISTICAL ESULTS OF OR FILTERING RULE

Ave p Average Percent
INTERVAL Average Nuaber ITEM Unfiltered Filtered 1eduction in

N of Orders Dmnd Owmd Average Demand Orders
N Per Week Per Week Per Week Per Week Filtered

10 5.07 A 2M8.24 194.75 33.5 4.67
4.23 AD 28.13 21.83 22.4 5.86

13 2.42 T 21.18 11.84 44.1 6.92
2.63 V 17.09 6.89 69.7 7.01
3.48 AA 43.16 32.79 24.0 7.90
2.75 AB S8.40 5.94 89.8 11.63

26 .98 C 57.85 40.00 30.9 13.86
* 1.02 F 7.28 4.28 42.0 14.07

1.46 6 8.68 3.66 57.8 13.93

1.20 I 19.48 9.36 52.0 12.63

1.00 L 5.75 4.12 28.3 7.24
1.21 N 112.70 79.84 29.2 8.24

1.16 N 11.19 7.25 35.3 9.02
1.66 P 275.02 201.44 73.6 14.47
1.0S Q 312.24 248.80 20.3 6.75

1.64 R 8.29 5.43 34.6 3.09
1.28 U 11.25 7.57 32.7 6.32

1.87 V 7.76 6.84 11.8 3.71
1.57 W 8.96 8.02 10.5 1.45

1.47 X 3.90 3.40 12.8 5.26
1.90 Z 13.09 9.73 25.7 4.11
1.29 AC 71.06 37.20 47.6 8.83

2 .78 S 76.33 60.24 9.3 2.01
.76 0 7.56 6.06 33.0 11.87

.4 .69 E 9.43 7.61 19.4 4.49
.73 H 7.48 6.35 15.2 3.30
.69 J 12.77 7.32 42.7 14.93

.61 K 29.60 18.41 38.2 10.00

.86 0 2.37 1.00 67.9 11.04

.81 S 38.60 35.60 7.8 2.75

Table 3
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In all but 2 cases the average demand per week Is reduced at least 10%,

and in 23 of the 30 cases demand is reduced at least 20%. Also note

that the percentage of orders that are filtered out never exceeds
15.04%. The percentage of orders that are filtered closely resembles

the cumulative probability of demand specially handled in [1) and

[3], which demonstrated significant cost savings.

1.3 THE MODEL

We assume a single-item inventory model. We also assume a periodic

review of an item's inventory level and employ a stationary, discrete-

time stochastic process to describe an item's demand. The demand

sequence q19 q2"".qn consists of independently, identically distrib-

uted non-negative integer values. For each item there are two demand

sequences: unfiltered demand and filtered demand as described in

Section 1.2.

Demands are met as long as stock is sufficient; when a stock-out

occurs, the unfilled demand is completely backlogged until a stock

replenishment eventually occurs.

Items kept in inventory are conserved, there being no losses by

deterioration, obsolescence, or pilferage; disposal is rot allowed.

Inventory on hand at the end of a current period is the inventory from

the previous period plus any replenishment that arrives less demand in

the current period. Replenishments are assumed to be delivered a

fixed lead time L periods after being ordered. The time sequence of

events within any period is taken to be order, delivery, demand.

.... "5 ."....-....... . . . . . . . .- ....
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e assume no tim discounting of costs and postulate an unbounded

horizon ver which the ite is demanded and stocked. We seek to mini-

mize expected total cost per period.

The cost of a replenishment quantity y is assumed linear with

fixed ordering cost K and constant unit cost c

K, + € for >O

0 for y-0

Since all demand is filled eventually, and costs are not discounted,

the constant unit cost c is not a factor in choosing a minimum cost

policy, and is suppressed hereafter.

The inventory holding cost is proportional to any stock on hand

at unit cost h

hi for i>0
.h(i) - ifrb

0 for i0,

and the unit penalty cost tis applled to any quantity on backorder at

the end of the period

0 for tU0

-wi for i<O

The resulting expected total cost function, therefore, is linear in K,

v, and h.

We postulate that control over replenishment is exercised by an

(s,S) policy: whenever inventory x on-hand and on-order at the start

of a period drops below s, an order is placed for a replenishment of

size S-x.

We calculate approximate (s,S) policies using the Statistical

Power Approximation [4]. The Statistical Power Approximation is an
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algoritm for computing approximately optimal values for (s,S) using

the sample mean 4 and variance ; of demand. We assume that a demand

history of fixed length is kept to compute the sample statistics,

with equal weight being given to each observation. We call the fixed

length a revision interval N, and it coincides with the number of periods

used to derive the customer order threshold value T using the filtering

rule. The values of q, , and T may change from one interval to the

next.

At each revision, we compute q and . Let t be a period at the

beginning of which a revision is made; then

N

"'"A (t-n')

N-1

The approximately optimal values (sS) are found as follows. Let

3 364(K.498 .0691D - (1.6) [(L+I)v] (1)

and:,:, (g 603

S,1 1 (L+I)4 + [(L+41)4J.4l6(;) J U(z) (2)

~S 1 a S1 + Do

where U(z) is given by

U(z) - .182 + 1.142 - 3.466z,

,364 K.),498 (3)

Z a ' .4 31- -
~ 1+ 1) [LI;
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If is greater than 1.5, let sms, and S-S 1 . Otherwise compute

S2  (L 1)4 + a(L+l)J", (4)

where a is the solution to

*(a) - (5)

and 0(.) is the cumulative distributuion function of the unit

nornmal distribution. The policy parameters are given by

s - minimum (s1 , s 2}

S - minimum B1,S2 I

The values of S1, D, and S2 are rounded to the nearest integer.

1.4 EXPERIMENTAL DESIGN

We study the model for the input parameters shown in Table 4.

We employ both unfiltered and filtered weekly demand distributions from

the 30 items in Table 1. Using the United States Air Force annual

holding cost of 26% and the item's price from Table 1, we derive a

holding cost per period (h-(.26*price per unit) /52). The stock out

costs are set to result in service levels (R - ' ) of 80%, 90%,
r+h

and 99. The replenishment leadtimes are 0, 2, and 4. The set-up

cost values are 16 and 32, which bracket the range of set-up costs

that we have seen in practice. For example, the United States Air

Force uses a set-up cost of $16.84. We use a full factorial experimental

design, which generates 1080 combination of parameters; 540 cases are

with filtering and 540 cases without filtering.

,:t 7 . .- ,. ii' i"" " , ." ""-- - A -,
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EXPERIMENTAL DESIGN

Parameters Levels Number of Levels

Demand
Distribution 30 Items 30

Filtering Unfiltered,

Filtered 2

Service Level (R) .80, .90, .99 3

Replenishment
Leadttme (L) 0, 2, 4 3

Replenishment
Set-up Cost (K) 16, 32 2

Table 4

2. RESULTS

We examine the reduction in total costs, categorize the cost

savings, display the value of demand unfilled versus the reduction

in inventory investment, and determine the breakeven special handling

cost.

2.1 REDUCTION IN TOTAL COSTS

Appendix 11 presents six tables showing each item's reduction In

total costs for different service levels R. We also show the percent

* reduction

Total Expected Cost Per - Total Expected Cost Per
Period Unfiltered Period Filtered

x 100

Total Expected Cost Per Period Unfiltered
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Each table is for a given set-up cost K and leadtime L. We present

the items sequenced by average value per year demanded (see Table 1).

The results for the reduction in total costs are consistent over

all parameter settings and generally agree with our findings in [1].

The percent reduction in total costs ismonotonically increasing as:

(1) mean demand becomes sufficiently small;
(2) the service level (w becomes sufficiently large; and

(3) the unit price becomes sufficiently large.

Note the results of increasing the set-up cost are not consistent and
do not support our findings in [1]. In [1] the ratio I was 0, 32,findg i

and 64, whereas in this report K=16 and 32 and the ratio R varies

from less than 1 to over 21.000. Secondly, for any one item the ratio
.2 does not change as significantly from one parameter setting to the

* next setting as in E1). For example, the ratio & for item L is
h

4.27 for K-16 and 8.53 for K-32.

To further illustrate the effect of unit price, we changed the unit

cost for item I, 3, and N. The results are consistent for all para-

meter settings; however, we only display L=O and K-l6 in Table S.

7K EFFECT OF WIANING U IT NICE
O . P C pENcT REDUCTION OF L-O

TOTAL COSTS K-IG

Itm Price r.8 It-. I-."

1 S450.00 62. 64.3 .7
11.00 38.0 44.6 66.8

j 800.00 49.2 $4.2 66.0
50.00 37.2 44.3 54.1

N 11.00 21.8 24.1 A.4
450.00 43.? 4S.3 60.7

Table 6
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Note we decrease the unit price for items I and J, and there ts

a decrease in the percent cost reduction. We increase the price

for item N and the percent cost reduction increases.

2.2 CATEGORIZATION FOR COST SAVINGS

In Appendix III we categorize the cost savings into holding,

penalty and set-up. Appendix III shows all 30 items with a separate

table for each of the four high demand/low demand and high value/low

value categories. We present all cases for L-O, R-.8, (-16 and K-32,

and all cases for L-2, R=.9, 0-16 and K-32. Thus, 16 of the 72

possible tables are shown. Tables 6 through 9 summarize the results

of Appendix III. In Table 6, notice that the 30 item inventory system

with parameter settings of L-O, R-.8, and K-16 saves a total of

$677.86 per period which is a 31.7% cost reduction. More than half

of that cost reduction comes from inventory holding cost savings.

Over two-thirds of the cost savings comes from the 5 high demand/

high value items.

The results of categorization of cost savings are consistent over

all parameter settings and agree with our results In [1]. Filtering

large pop customer orders:

(1) decreases the amount to stock, thereby decreasing the

amount of holding costs.

(2) decreases the penalty cost incurred.

(3) decreases the frequency of replenishment, thereby

decreasing the expected set-up cost.



L8O

K816

blnlto W Filteed Dlfferem I bll-tim

WMOR CMS 0 ~ ~o S42.5 $262.0I ".0
PINT CUT1 6M.93 43.100 200.9 S1.S
situP Ci4ST !52.18 ".27 2.91 5.6

TAL COST 1594.91 112.22 43. 29.3

WIN PUMLOW VALK

SCOT 112."9 UM.29 44.70 3I9.6
IPENALTY COST 82.63 41.33 41.20 41.9

SET-UP COST 42.16 33.6 8.31 19.7
TOTAL COST 237.6 143.47 94.0 3.6

LO 6EINDMIGH VALUE
IIIVErWM COST 140.27 62.04 5.23 41.5
PENALTY COST 93.W 43.44 10.42 53.7
SET-UP CWT 33.12 29.10 3.22 Ii.8
TOTAL COST 267.15 164.66 112.57 42.1

LOW -DVALU VALUE
INVENMRY COST 14.06 12.12 I. 13.1
PENALTY COST 3.11 7.u 1.43 15.7
SIT-UP COT 13.64 12.52 1.11 8.2
TT COST W.91 32.42 4.3 11.9

tOTAL
IWNENTMY COST 1173.12 OS.so 37.62 31.3
PENITY COST 63.43 626.45 293.3 36.7
SET-P COST 141.10 124.84 16.26 11.5
TOTAL COST 2136.66 146.79 677.6 31.7

Table 6

.m . ....-. -- - -
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CATEGORIZATION OF COST SAVINGS
LwOSUARY R-.8
K-32

INfl tered Filtered Differm S Rduction

11H UNWIMOtHI VALUE

INVENTORY COST $918.58 $652.44 $266.14 29.0
PENALTY COST 645.15 424.87 220.28 34.1
SIT-UP COST 9B.39 87.92 10.47 10.6
TOTAL COST 1662.12 1165.23 496.89 29.9

1IGH DOW ILOW VALUE
INVENTORY COST 127.47 79.80 47.67 37.4
PENALTY COST 82.69 42.39 40.30 48.7
SET-UP COST 60.06 50.82 9.24 15.4
TOTAL COST 270.22 173.01 97.21 36.0

LOW OEPANO/HIGH VALUE
INVENTORY COST 153.88 89.74 64.14 41.7
PENALTY COST 85.45 46.54 38.91 45.5
SIT-UP COST 43.62 41.74 1.88 4.3
TOTAL COST 282.95 178.02 104.93 37.1

LOW DOEID/LOW VALUE
INVENTORY COST 17.13 15.33 1.80 10.5
PENALTY COST 11.18 9.39 1.79 16.0
SET-UP COST 20.41 18.52 1.89 9.3

TOTAL COST 48.72 43.24 5.48 11.2

TOTAL
INVENTORY COST 1217.06 837.31 379.75 31.2
PENALTY COST 824.47 523.19 301.28 36.5

SETUP COST 222.48 1.o0 23.48 10.6
TOTAL COST 2264.01 15S9.50 704.51 31.1

Table 7

.4.
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* CATEGORIZATION OF COST SAVINGS
S U',R L 4

sits. 9
" K,016

Unfiltered Filtered Difference 9 Reduction

HIGH DEMAND/HIGH VALUE

INVENTORY COST $2805.13 $1977.96 $827.17 29.5

PENALTY COST 1862.55 1253.80 628.75 33.4

SFT-UP COST 51.18 47.56 3.62 7.1

TOTAL COST 4738.96 3279.32 1459.54 30.8

NIGH OEAN/LO. VALUE
INVENTORY COST 371.77 218.67 152.90 41.1

PENALTY COST 206.06 88.14 117.92 57.2

SET-UP COST 40.75 30.95 9.60 24.0

* TOTAL COST 618.58 337.96 280.62 45.4

LOW DEMANWDHIGH VALUE
INVENTORY COST 465.46 273.74 191.74 41.2

PENALTY COST 215.34 65.17 130.17 60.4

SET-UP COST 31.07 25.30 5.77 16.6

TOTAL COST 711.69 364.21 327.66 46.0

LOW DEMAND/LOW VALUE
INVENTORY COST 35.10 30.41 5.47 15.2

PENALTY COST 15.69 13.46 3.43 20.3

SET-UP COST 12.42 11.27 1.15 9.3

TOTAL COST 65.19 55.14 10.06 15.4

TOTAL

INVENTORY COST 3678.26 500.9 1177.28 32.0

PENALTY COST 2320.84 1440.57 680.27 37.9

SET-UP COST 136.42 116.06 20.34 15.0

TOTAL COST 6134.S2 4056.63 2077.89 33.9

Table 8

Jo

I

*1'

" ". . ...- ..-.. ,- *- - .- ". ." '," ." . -,. . " .- ,"-.- .- 17 - -"i:-*,i 'i ''; ,': :. -"" " :." '.. ,, .•" , " ' : ." " .,-""' ., .,." ". '- " '
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CATEGORIZATION OF COST SAVINGS

sumR -4
K-32

Unfit1tered Filtered Diffeence S Reduction

HIGH DEMNONIGH VALUE
INVENTORY COST 52868.13 52013.14 MS4.99 29.8
PENALTY COST 1803.01 1183.15 619.86 34.4
SET-UP COST 92.73 84.01 8.72 9.4
TOTAL COST 4763.87 3280.30 1483.57 31.1

HIGH DEMAND/LOW VALUE
INVENTORY COST 415.50 223.68 191.82 46.2
PENALTY COST 191.69 90.6S 100.94 52.7
SET-UP COST 54.09 46.01 8.06 14.9

. TOTAL COST 661.18 360.34 300.84 45.5

LOW DEM INHIGH VALUE
INVENTORY COST 507.62 27S.76 231.86 46.7
PENALTY COST 219.34 111.81 107.53 49.0
SET-UP COST 38.78 39.04 -. 26 -. 7
TOTAL COST 765.74 426.61 339.13 44.3

LOU DEMAND/LOU VALUE
INVENTORY COST 38.08 32.90 5.18 13.6
PENALTY COST 18.46 16.32 2.14 11.6
SET-UP COST 18.36 16.96 1.39 7.6
TOTAL COST 74.89 66.18 8.71 11.6

TOTAL
INVENTORY COST 3829.33 2545.48 1283.85 33.5

PENALTY COST 2232.40 1401.93 830.47 37.2
SET-UP COST 203.9S 186.02 17.93 8.8
TOTAL COST 6265.68 4133.43 2132.25 34.0

Table 9

A:'

-. 4
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2.3 UNFILLED DEMAND VERSUS THE REDUCTION IN INVENTORY INVESTMENT

We compare the amount of inventory investment saved with filter-

ing to the cost of incurring that savings, specifically the increase

in the total demand unfilled Including the filtered orders. If we

can save a significant amount of inventory Investment without

incurring a substantial increase in the amount of demand left unfilled,

filtering large customer orders would appear beneficial.

Appendix IV displays the difference in the value of unfilled

demand versus the reduction in inventory investment. We select 16

items: four from each of the four demand/value categories. We show

one item from each category with parameter settings of L=O, R-.8, K=16

and K=32. We then select another item from each category with parameter

settings of L=O, R=.9, K-16 and K-32. We repeat this process using the

same parameters except L-4. Although only 16 of the 540 possible cases

- are shown, they are indicative of all the cases.

In practically all the cases, the amount of inventory saved exceeded

the amount of demand left unfilled including the filtered orders. Even

at service levels of 80%, filtering large orders incurs a significant

savings in inventory investment for a relatively small amount of demand

left unfilled. This conclusion holds for both high and low demand and

for both high and low value. If an inventory manager is uncertain

whether a "large pop" order will recur, then the use of the filtering

rule can greatly reduce inventory levels.

" . 2.4 BREAKEVEN SPECIAL HANDLING COST

So far we have not included any costs for special handling a large

pop. In this section we find a special order cost per period that

-,.-.. ...- ,,,,..... *. .. • * .. - - * ,- . .. . . .* ............ . . . ....
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-equates the total costs for the model that filters large pops to the

total costs for the model that does not filter large orders. We solve

for the K' (fixed special order cost) that satisfies
Probability of\ Total Cost Per Total Cost Per

K' a Special Order -Period for the - Period for the

in a Period / Unfiltered Model Filtered Model

Table 10 presents the frequency distribution for the breakeven special

costs. The table shows the percentage of cases where the breakeven

special handling cost falls within specified intervals. We present

the frequency distribution for all 540 cases categorized by high demand/

low demand and high value/low value. Note that for the high value

items, in 94% of the cases breakeven special handling costs are at least

10 times the normal set-up cost. In some high value cases, a breakeven

special handling cost is 1000 times that of the normal set-up cost.

Breakeven special handling cost is more than double the normal set-up

cost in 54% of all cases. It should be noted that the total is skewed

toward low value items, since two-thirds of the items are low value.

-REAKEVEN SPECIAL HANDLING COST

FREQUENCY DISTRIBUTION

Hig h Demand Hi gh Demand Low Demand Low Deand Tu
High Value Low Value High Valve Low Value

OW4 .0 .63 .0 .47 .35
KsK',c2K .0 .13 .0 .28 .11

2KsK'4K .0 .12 .01 .14 .08
41sK'clOK .0 .06 .11 .0B .06

-OKsK'dOOK .42 .12 .73 .03 .26
,ODKK' .56 .04 .15 .0 .14

Table 10

'.

; : - ,- . - . . - . . . . .. - o .. . . . . . . . .. . . .
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In a practical inventory setting, however, the vast majority of cases

would be low valued. Therefore, if special handling of large orders

incurred a fixed special handling cost, and if the inventory manager

is reasonably assured that large orders would recur with the same

frequency, then the filtering rule should be limited to use for higher

valued items.

As in Ell, when special handling costs are fixed, the higher the

cost reduction, the more favorable the filtering rule. Note that

;* increasing the amount of cost reduction does not necessarily mean

increasing the percent of cost reduction. Hence, breakeven special

handling costs monotonically increase as

(1) the service level increases,

(2) the leadtime increases, and

(3) the value increases.

3. SUMMARY

Table 11 presents the frequency distribution of percent cost savings

categorized by high demand/low demand and by high value/low value. In

99.4% of the 540 cases we examined (Table 4), filtering large customer

orders reduces total expected costs (excluding special handling costs).

For high-valued items the average savings are 40 to 50%. Even for low-

valued items the average savings are significant: 17.4% for low demand

and 29.6% for high demand items. All three components of total costs

are reduced, with holding costs providing the majority of the savings.

In virtually all the cases the number of units saved in inventory

investment exceeds the total amount of demand left unfilled (including

orders that are filtered).
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PfRMN COST nOUCTION
FMQECY DISTRIBUTION

Denmaod Nigh DOmand Low Demand LoW iMed Total

Perteit Cost SViols a Low Valve Nigh Value Low Valve

4 Las than 0 .0 .8 .0 .9 .6
0-10) 1.1 16.3 .0 38.9 15.6

(1O-20) 26.7 36.5 1.1 20.4 25.6
(20-30) 8.9 10.3 16.7 19.4 13.0
wo 30-40) 12.2 7.5 8.9 16.7 10.4

(40-50) 8.9 6.3 23.3 3.7 9.1
(504) 20.0 9.9 16.6 .0 10.5
(0-70) 17.8 3.6 25.6 .0 8.9
[70-80) 3.3 2.8 6.7 .0 3.0
(80-9) 1.1 3.6 2.2 .0 2.2
[9o-100) .0 2.4 .0 .0 1.1

Average Percent 40.5 29.6 50.1 17.4 32.3
Savings

Table 11

The results of [1] and [33 and this report indicate filtering

large customer orders can significantly reduce the costs of an

inventory system if there are reasonable ways to special handle these

large pops. There are a number of ways to special handle (not issue

from existing stock) a large order, for example:
(1) better predict the large order,

(2) expedite replenishment of the backorder, or

(3) develop alternative procurement strategies.

Use of our filtering rule for these methods of special handling should

probably be limited to high value items.

Another use of our filtering rule is to identify spurious orders.

al Inclusion of a large customer order into future stockage policy decisions

greatly increases inventory levels. If that order size is not likely
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to recur, inventory levels are greatly inflated at a significant

increase in cost. If our filtering rule is used to identify spurious

* demands, it may be beneficial to include lower-valued items as well.5'.

5Ii

4.

• ,4 . •..-, - ,,; .. , . ,,... . .-. - - .°.. . ..- -.- ... . .- .. ..- ... .. ..
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APPENDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION
,- FOR

ITSM A

Order size Cumulativ Relative

28 .0057
31 .0114

S,36 .8523

42 .8580
65 .8637
72 .9546
73 .9603

108 .9717
144 .9774

ISO .9831
216 .9945
252 1.00

• ": 1-1

APPENDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION

FOR
ITEM 3

Odr Sze Cumulative RelativeFrequency

45 .0286
so .0857

69 .2246
75 .6817
78 .7388

100 .9102
10 .9388

200 1.00

,

N



EiMIRICAL CUSTOMER ORDER DISTRIBUTION

"Tm C

Order Size Cmjlative Relative

30 .0286
so .8000

100 .9714
200 1.00

1-3

APPENDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION
FOR

ITEM D

Order Sin Cumlative Relative
Freqmwey

6 .62SO

9 .7917
11 .8334

20 .9584
35 1.00

1-4



APPENDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION

FOR

ITEM E

Order Size Cmulative Relative,.. rderSizeFrequency

6 .0370

10 .8518

17 .8888

25 .9629
45 1.00

I-S

1'.

APPENDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION

FOR

ITEM F

Order Size Cumulative RelativeFrequency

1 .0294
3 .6470

10 .8823
20 .9411

40 1.00

.-
:* . - -0+ . " , ., . • , . . '. ' ..*. ' .. ' " . . . . ". . • . .. . .. - . '

+ 4 ° " +' + +" 'i " " . . .. . +I" '+°' " " ++% " i, +" "++ I ' "r + +3-6. ..t
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APPEWMIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION

FOR

*ITEM 6

rdr Sie Cumulative Relative
Order____S__e Frequency

2 .7460
4 .7777

5 .7936

9 .9206
26 .9365
34 .9682

so 1.00

1.7

APPENDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION

FOR

ITEM H

OdrS Cumulative Relative

Frequency

1 .0303

4 .4242

5 .4545

6 .4848

8 .6666

1s .7272

20 .9393

24 .9696

36 1.00

I-S

.2 S - - - - ---"



APPIIX I

DPIRICAL CUSTOIR ORDER DISTRIBUTION

FOR

ITEM I

Order Si R@ Cumulative Relative
Frewquency

1 .10

2 .15
6 .20
a .80
10 .85

25 .90

44 .95

100 1.00

1- 9

APINDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION

FOR

ITEM J
i Cumlative Rtelative

,. Order Mate Fremmaw

* -; 2 .0385

9 .1154

10 .2308

11 .6539
13 .6924
2S 8647

so .9616

100 1.00

1-10

5i+ .,
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APPEIDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION

FOR

110M K

Order Ste Cumulative RelativeOrdr iz Frequency

• '"4 .0870
8 .1305

10 .1740

30 S218

52 .6088

100 .9131

200 1.00

APPENDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION

FOR

-e ITEM L

SOrder Size Cumulative Relative
Frequency

3 .4
5 .52
6 .92

26 1.00

1-12

12:. . . .. .. ..- ..-. . . .. . . . - - . . .- . .. ...-.-. ........ . . .. - . ,... ..



APPEIIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION
FOR

ITEM M

Order Siz Cumulative RelativeFrequency

e .068
10 .2353

12 .2941

25 .4706

35 .6471

100 .8236

200 824

298 .9412

439 1.00

-13

APPENDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION

FOR
ITEM N

Order Size Cumulative Relative,-.' Frequency

5 .05
6 .60
10 .90

32 .95

48 1.00

1-14
C...

'.I

---------------------------------------------------- **i.~- * ~ * ~



APIPENDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION

FOR

ITEM 0

Orde Sin Cumulative Relative

1 .6667
2 .7000
4 .8667
9 .9000

14 1.00

1-15

APPENDIX I

p EMPIRICAL CUSTOMER ORDER DISTRIBUTION
FOR

ITEM P
*

O:er si.Cumulative Relative, ~~Order Size Fruec
Frequency

27 .0625
30 .1458

90 .2083
101 .3125

110 I .4167
123 .5209
137 .5417
204 .6075
211 I .8124
400 .9791

Soo 1.00

1-16



APPENDIX I

EMPIRICAL CUSTOSER ORDER DISTRIBUTION
FOR

IT"M Q

Order Size Cumulative RelativeFrequeny

100 .7273
696 .7727
700 .9545

1000 1.00

1-17

APPENDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION
FOR

ITEM R

Order Size Cumulative Relative
Frequmnqy

1 .1923
I.4 

.9615
57 1.00
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EMPIRICAL CUSTOMER ORDER DISTRUT

FOR

rder S~z Cumulative Relative
Frequemncy

30 .3646
35 .4231

40 .4616

r. 60 .8647

so .9232
120 1.00

1-19

APPEUDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION
FOR

ITEM T

Order S ze Cumlative Relative
Frequency

1 .0877
2 .2631
3 .3771

4 .S30
6 .6227
6 .7016

a .7191
10 .793
12 .8419

,,15 .8507

20 .9033
24 .9208

36 .9S59
48 .9734

72 .9W22
106 1.00

1-.20



. APPENDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION

FOR
ITE U

Order Sit Cumulative Rlative

Frequecy

1 .0227
2 .0909
3 .2727
4 .3636
5 .3863

6 .5908
8 .6363
9 .6590

10 .9090

16 .9317

24 .9544

48 1.00

1-21

APPENDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION

FOR

ITEM V

Order Size Cumulative Relative
Frequiency

1 .0562

2 .$618

3 .6067

4 .6292

6 .8876

8 .8988
12 .9887

18 1.00

1- 22
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. MINDIX I

FIPIRICAL CUSTOMR ORDER DISTRIBUTION

FOR
ITIO V

Order Size Frmlieelativ

.. 1 .0704

S2 .S3S

3 .4788

4 .M

5 .7183

6 .0028
8 .8310

10 .9155

12 .9437

15 .9578

20 .9960

40 1.00

1- 23

APPENDIX I

EMPIRICAL CUSTOIER ORDER DISTRIBUTION
FOR

ITN X

Order Site Cwmulative Relative
Frequency

1 .2610
. 2 .7393 .7826

4 .8984

6 .9S64
8 .98S4

10 1.00

1-24
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E[IRICAL CUSTOMER ORDER DISTRIBUTION

FOR

ITEM V

* 0,sr iRSCumulative RelativeFOrder Sinrqu y

1 .3111
2 .5331

3 .616

4 .7479

5 .7923

6 .8812
7 .886

10 .9256
12 .9552
16 .9626

to .9700
100 1.00

1-25

-. APPENDIlX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION

* FOR

ITEM4 Z

Order Sin Cumlative Relative

Frequency

1 .1717

2 .4242

3 .4747

4 .5959
5 .IS6S

6 .7676

8 .7878

10 .8383
*12 .9686

16 .9090
24 .9292

32 .95

60 1.00

•1-2



APMI IX I

EIPIRICAL CUSTOMER ORDER DISTRIBUTION

FOR

ITEN A

OrderSizeCumulative Relative
O,*, SizeFreQueny

1 .0562
2 .1011
3 .1517
4 .1910
5 .2079
6 .2979

10 .3316
12 .6428
13 .8484
24 .9551
36 .9776
48 .9832
72 1.00

1-27

APPEIIX I

EIPIRICAL CUSTOMER ORDER DISTRIBUTION

FOR
ITIM AB

Order Size Cumulative Relative
_ _ _ _Frequency

1 .306

2 .659
3 .7436
4 .0070
5 .8281
6 .8422

10 .9337

12 .9478
20 .9619

100 .9w6
160 .97g
S0 .950

1000 1.00

4 . -68
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APPEDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION
FOR

ITEM AC

Order Sine Cmltv Rlaitve

1 .0597
2 .1045

,.1493

i4

5 .2241
6 .3584

10.42
12 5077

15 5525

20 .6122

24 .671

30 .6719

44 .7017
so .8062

100 .9526

150 .9405

200.90

400 1.00

1-29
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APPENDIX I

EMPIRICAL CUSTOMER ORDER DISTRIBUTION

FOR

ITEM AD

Od Size Cumulative Relative
, .DiFrequcy

1 .1667

2 .3380

3 .4769

4 .5741

5 .6482

6 .7501
8 .057

9 .8196

- 12 .8705

16 .8751

17 .6797

20 .8843

24 Mu6

36 ."D8

48 ."654
72 1.0

1- 30
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% " .,:APEND1IOIX 11

IUCTION IN TOTAL COSTS
Tftl Cost Sevlgs/Poumt Reductuon In Total Costs

LBO
15

YEARLY
OLLAR SAUE we.$ RM.*

A $3560544 49.05/1S.4 72.15/15.9 462.60/35.0

C $006206 204.50/36.2 313.SO/3.7 1099.00/$1.5

S"519" 0 44.00/10.9 67.75/12.4 310.75/27.1

1 631232 63.20/49.2 136.80/54.2 640.80/66.0

I 45M32 85.SO/62.5 130.05/64.3 465.98/69.7

AC 369512 56.8S/S4.0 93.00/57.6 376.60/72.6

F 286450 34.65/43.4 52.85/4S.3 170.80/58.0

L 22405S 30.75/44.8 SO.53SO.65 201.38/70.5

E 22062 13.0S/22.7 19.13/24.4 76.73/36.6

T 220272 22.40/46.1 36.S0/52.6 155.50/73.2

S 130468 1.04/3.2 1.96/4.6 -.65/-1.0

R 107770 19.38/53.1 35.88/63.4 115.00/79.0

0 61490 14.50/58.6 22.00/62.0 42.00/63.2

V 32664 1.09/10.0 1.70/12.8 3.44/17.6

M 29173 1.25/13.S 1.29/12.5 .57/4.0

H 19448 .85/9.9 .83/7.7 .25/1.6
Q 16236 .83/10.6 1.19/12.5 .19/1.0

* X 13182 .49/7.7 .5/7.7 -. 391-.04

0 11771 1.50/23.5 2.00/25.8 2.70123.0

. 10847 1.46/23.0 2.36/29.1 4.29/32.2
AM 9110 4.00/75.6 7.11/S0.0 18.93/91.1

: 6401 .9S/21.8 1.19/24.1 3.01/3B.4

v 51s .20/5.4 .28/6.8 1.02/18.1

P 4290 .55/15.9 .63/16.8 1.17/24.0

I 2754 .51/17.7 .58/18.3 .30/7.2

AD 2369 .23/9.6 .33/12.3 .31/10.4

v . m1 .96/38.8 1.18/42.1 2.45/S7.8

Z 5I3 .22/13.6 .23/13.3 .41/20.1
6 248 .28/34.8 .31/36.4 .37/39.8

U 128 .09/16.2 .11/17.8 .13/19.9
4.
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-a APPENDIX It

REM TION IN TOTAL COSTS
Total Cost Savtngs/Purcent sduction in Total Costs

L-O
Ku32

YEARLY
1ITE IMLAR VALUE R.8 -..9 -._

A $35 044 82.80/23.2 109.50/23.2 230.55/19.3

C 3008 2 195.00/34.3 339.00/41.2 1383.00/57.5

1 1964SO 50.52/12.1 74.75/13.2 39M.00/32.8

1 131232 86.00/48.1 140.00/53.8 584.40/74.4

1 45582 82.35/59.1 115.65/59.4 407.03/72.1

AC 369512 56.85/so.2 93.30/55.9 306.20/69.9

F 266450 32.55/39.4 42.00/37.9 93.45/42.2

L 224055 28.88/39.7 41 .25/42.0 115.13/56.4

E 220662 13.50/21.4 22.50/25.6 31 .95/20.1

T 220272 22.70/41.5 35.50/47.6 104.30/62.2

S 130468 1.85/4.9' 2.54/5.3 3.22/4.1

R 107770 15.75/42.1 28.00/52.3 106.88/75.2

0 61490 14.00/52.3 22.0/57.9 45.75/62.9

. v 32664 1.26/8.8 1.50/9.3 2.79/12.5

AA 29173 1.98/15.5 2.27/15.8 2.58/14.5

H 19448 1.05/9.4 .98/7.5 .93/4.9

O 16236 .92/9.1 .93/8.2 .S9/3.6

, 13182 .62/7.3 .42/.01 .49/4.0

D 11771 1.95/22.8 2.21/22.9 3.86/26.8

K 10847 2.01/23.6 2.58/26.2 4.77/31.2

AB 9110 6.07/74.0 8.65/79.0 21.31/89.4

N 6401 1.31/21.8 1.56/23.S 3.17/33.4
, 5125 .36/7.0 .41/7.2 .92/13.0

P 4290 .76/1S.8 .87/17.1 1.15/18.9

N 2754 .67/17.0 .50/12.1 .78/14.8

AD 2369 .39/11.3 .44/12.1 .43/10.8

y • 2221 1.39/38.8 1.43/38.3 2.20/46.9

- 993 .28/12.8 .39/16.2 .45/16.5

* 6248 .40/35.6 .44/36.7 .49/38.0

U 128 .13/16.0 .16/18.3 .15/16.9

11-2



*AWENDIX I
OUCTION IN TOTAL COSTS

Total Cost kvlmp/Percmt hductlon In Totel Costs
La 2
Ke 16

YEARLY
ITEM DOLLAR VALUE Ra.8 N.9 1.9

A $3560544 158.40/25.8 158.85/18.9 240.60/14.3

C 3008200 409.50/40.1 $44.50/41.5 1690.50/S0.0

3 198650 76.50/11.9 163.50/18.2 306.25/19.3

1 531232 161.20/S4.7 240.40/57.7 604.40/65.2

I 4S5832 133.65/61.2 219.15/66.6 857.93/80.3

AC 369512 111.15/57.9 145.10/58.2 S40.70/74.8

F 286450 51.10/40.7 77.3S/44.6 179.55/50.0

L 224055 51.00/46.9 77.25/51.S 237.38/66.3

E 220662 22.05/23.4 26.10/21.0 49.95/21.9

T 220272 46.80/54.0 64.10/56.3 174.90/66.5

S 130468 1.92/3.8 3.61/5.4 3.84/3.4

tR 107770 38.00/62.8 63.00/69.6 212.00/83.1

0 61490 25.75/63.6 34.00/63.3 67.75/66.9

V 32664 1.42110.4 5.06/25.8 6.40/22.5

AA 29173 1.65/15.2 2.22/17.2 1.66/8.7

H 19448 .93/8.1 .7S/S.2 .00/0.0

O 16236 .69/7.2 .73/6.1 1.69/8.2

x 13182 .39/5.4 .49/5.6 .65/4.9

O 11771 2.21/27.3 2.57/25.7 4.08/25.1

K 10647 2.55/29.S 3.64/34.1 5.84/32.4

a 9110 7.95/83.9 12.94/88.7 26.66/92.8

, 6401 1.66/31.4 1.93/31.7 5.07/45.0

v 5125 .47/11.4 .41/8.9 1.89/26.8

P 4290 .73/19.4 .80/19.1 1.40/23.6

N 2754 .4S/14.9 .63/17.8 .43/8.1

AD 2369 .33/13.0 .34/12.4 .48/14.3

Y . 211 1.28/4S.1 1.63/49.6 3.27/62.8

z 993 .30/18.2 .28/15.5 .41/16.9

6 248 .32/38.8 % .33/38.1 .48/44.4

v 12 .10/18.1 .11/17.7 .14/19.9
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APPENDIX 11
REDUCTION IN TOTAL COSTS

Total Cost Savng/Prget Reductli In Total Costs
Le 2
Ke 32

ITEM DOLLR VAUE W.8 W.9 nI
A $3560544 10.35/26.5 169.10/20.4 $4.45/4.9

C 308200 385.50/38.2 497.00/37.6 1356.00/48.5

51984S80 95.00/14.5 133.2S/15.1 298.50/18.1

a 531232 148.80/51.5 218.40/S4.3 466.40/57.5

1 455832 136.3S/60.2 194.63/62.3 415. 80/66.5

AC 369512 105.45/54.2 132.75/52.9 26".40/S6.1

F 286450 52.15/40.1 78.05/43.1 163.10/47.6

L 224055 48.75/43.2 78.00/49.5 184.50/58.9

*E 220662 21 .83/21 .7 25.43/20.0 70.65/29.0

*.T 220272 39.70/47.0 63.50/52.9 134.00/60.3

S 130468 2.99/5.6 2.60/3.8 4.13/3.6

R 107770 33.38/55.3 61 .25/65.6 180.75/79.8

0 14025.75/60.2 322/0075.25/68.9

V 32664 1.74/10.3 2.55/12.7 5.67/18.9

AA 29173 2.14/15.1 2.17/13.5 2.52/10.9

N 19448 1.25/9.0 1.10/6.7 2.63/10.4

-~Q16236 .96/8.0 1.32/9.2 1.50/7.1

x 13182 .39/4.2 .59/S.4 .20/1.3

D 11771 2.S4/25.4 3.09126.1 6.45/34.0

K 10847 2.93/28.8 3.90/31.0 6.39/31.8

AB 9110 9.16/80.8 13.31/85.1 28.97/91.6

N 6401 1.55/23.9 2.08/27.8 4.00/34.7

V 125 .34/6.7 .60/9.8 1.35/16.4

P429 .77/15.6 .96/17.5 1.41/20.1

N2754 .58/14.2 .79/16.9 .48/7.9

AD 2369 .35/10.1 S55/14.6 .63/13.9

Y. 2221 1.41/39.3 1.80/43.8 3.66/59.1

z 99 .31/13.8 .35/14.1 .57/19.0

6248 .39/34.7 .43/36.0 S55/40.5

v 128 .14/17.2 .15/17.7 .19/19.9
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APPENDIX 11
REDUCTION IN TOTAL CiTS

Total Cost Savlp/Parcent lbdctlo In Total Costs
L,,4

SK=16

YEARLYz : !OmLA VALUK 20 AS LA
* A 35644 136.35/17.4 160.50/1S.0 792.30/21.8

C 3008200 502.0O/38.4 600.00/35.4 2120.00149.5

I 184510 89.S0/10.7 169.50/15.5 568.25/25.5

i 531232 191.60/$2.5 282.00/56.9 762.40/66.0

1 4"32 180.45/62.9 247.28/64.3 818.10/75.8

" AC 369512 137.10/56.5 161.3562.6 625.15/72.3

F 286450 61.60/38.7 81.55/39.8 127.40/35.1

L 224055 61.88/45.S 6.88/48.8 192.75/55.4

- 220662 23.18/20.2 39.38/25.5 69.30/25.4

T 220272 64.70/56.0 82.60/56.6 184.60/60.7

-" S 130468 1.24/2.0 5.01/6.3 3.28/2.3

R 107770 50.88/64.8 73.75/9.2 224.63/81.1

0 61490 31.50/64.0 47.00/67.6 94.75/71.5

V 32664 1.70/10.6 3.28/16.3 7.70/22.1

AA 29173 1.7214.0 2.30/15.0 2.22/9.6

" H 19448 .73/5.4 1.83/10.6 3.63/12.6

. 16236 .66/5.7 .73/5.2 .31/1.3

1 13182 .26/3.2 .23/2.3 1.20/1.2

0 11771 2.42/26.1 3.87/32.1 7.44/37.0

K 10847 2.99/29.7 4.27/33.5 5.85/27.5

.i AS 9110 10.66/87.1 17.98/91.2 33.47/94.1

U 6401 1.91/32.1 2.08/30.3 6.46/46.2

v 5125 .47/10.5 .57/11.0 2.69/29.9

0.74/18.6 .82/18.4 1.68124.7

. N 2764 .51/15.1 .63/13.6 .74/12.1

AD 2369 .32/12.5 .44/14.8 .33/9.0

.21 1.47/48.3 2.05/54.9 3.85/65.4

.1 2 913 .2514.7 .27/14.66

1 24 .31/37.1 .33/37.9 .53/46.1

U 18 .10/17.4 .12/18.8 .16/22.0

".
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,APPENIX if

REDUCTION IN TOTAL COSTS
Total Cost Savisp/Pollu Reduction In Total Costs

Le 4
1 32

YEARLY
ITE. DOLLAR VALUE No.$ ... 9 Its."

A $3160544 114.60/13.4 153.45/14.7 418.95/14.4

C 3006200 434.50/34.1 687.00/40.3 2236.30/51.1

9 164580 115.50/13.7 143.50/12.7 768.25/32.4

1 531232 188.40/51.1 247..20/50.5 508.00/54.0

I 45S32 198.23/62.2 252. 0/62.8 538.65/64.8

AC 69512 128.75/52.8 174.85/55.9 420.00/61.7

F 286450 72.10/41.0 92.40/41.2 207.55/44.5

L 224055 70.13/45.9 94.13/48.1 229.13/57.3

E 220662 27.23/22.0 35.78/21.8 93.83/30.6

T 220272 6.50/55.0 94.10/56.8 213.80/58.1

S 130468 2.86/4.4 1.66/2.0 14.85/9.9

R 107770 51.00/65.0 73.38/65.4 225.63/79.5

0 61490 30.75/60.9 43.25/62.9 87.25/68.7

V 32664 2.19/11.2 1.70/7.6 6.36/17.7

AA 29173 2.52/16.3 2.29/12.7 .04/.2

N 19448 1.23/7.9 1.78/9.1 3.20/10.6

- 16236 1.06/7.6 -. 01/-.2 .18/.7

X 13182 .68/6.5 .23/2.0 .00/.0

D 11771 2.97/26.6 3.69/27.2 6.57/31.0

K 10847 3.57/30.8 4.24129.2 11.19/42.6

a3 9110 10.88/63.5 16.44/87.3 31.3S/91.5

f 6401 1.2/26.2 2.45/29.7 7.03/46.4

V 5125 .51/8.9 .86/12.9 2.S4/25.6

p 4290 .92/17.8 1.13/19.4 2.00/24.7

N 27S4 .63/14.1 .46/9.7 .72/10.1

AD 236 .45/12.9 .5/14.0 .75/16.0

-. l . 1 1.76/44.6 2.07/47.1 4.65/64.1

z 993 .33/14.2 .40/15.9 .62/18.9

a 246 .41/36.5 .46/37.1 .62/42.6

4 u 128 .15/17.6 .17/19.2 .23/23.6

11-6
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.APPENDIX 111

CATEGORIZATION OF COST SAVINGS L=OR-.8
HIGH DEMAND/HIGH VALUE K-16

Unfiltered Filtered Difference

ITEM A ($3560544)
Inventory Cost $179.10 $149.31 $29.79
Penalty Cost 123.83 104.58 19.25
Set-Up Cost 16.38 16.38 0.00

ITEM C ($3008200)

Inventory Cost 327.95 213.80 114.15
Penalty Cost 228.25 138.20 90.05

Set-Up Cost 9.35 8.70 .65
ITEM B ($1984580)

Inventory Cost 232.75 207.83 24.92
Penalty Cost 162.85 143.73 19.12

Set-Up Cost 8.43 8.38 .05

ITEM J ($531232)

Inventory Cost 94.04 46.76 47.28
Penalty Cost 68.36 32.64 35.72

Set-Up Cost 6.84 6.52 .32

ITEM I ($455832)
Inventory Cost 71.96 25.25 46.71
Penalty Cost 53.64 16.85 36.79

Set-Up Cost 11.18 9.29 1.89

111-1
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APPENDIX III

CATEGORIZATION OF COST SAVINGS LuOR,,.8
HIGH DEMAND/LOW VALUE K 16

Unfiltered Filtered Difference

ITEM AC ($369512)

Inventory Cost $55.80 $26.29 $29.51

Penalty Cost 42.84 17.22 25.62

Set-Up Cost 10.29 6.58 3.71

ITEM T ($220272)

Inventory Cost 21.83 12.00 9.83

Penalty Cost 18.44 7.27 11.17

Set-Up Cost 8.37 6.89 1.48

ITEM S ($130468)

Inventory Cost 17.82 17.38 .44

Penalty Cost 9.37 8.90 .47

Set-Up Cost 5.45 5.33 .12

ITEM AA ($29173)

Inventory Cost 3.31 2.80 .51

Penalty Cost 1.94 1.63 .31

Set-Up Cost 4.02 3.58 .44

ITEM Q ($16236)
Inventory Cost 2.85 2.57 .28

Penalty Cost 2.31 2.15 .16

Set-Up Cost 2.63 2.23 .40

ITEM K ($10847)

Inventory Cost 2.51 1.83 .68

Penalty Cost 1.97 1.48 .49
Set-Up Cost 1.86 1.57 .29

ITEM AB ($9109)

Inventory Cost 2.99 .57 2.42

Penalty Cost 1.92 .15 1.77

Set-Up Cost 1.43 .82 .61

111-2
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APPENDIX III

- CATEGORIZATION OF COST SAVINGS L-O
Ru .8

HIGH DEMAND/LOW VALUE K- 16

Unfiltered Filtered Difference

ITEM N (S6401)
Inventory Cost $1.45 $1.15 $.30

Penalty Cost 1.11 .69 .42

Set-Up Cost 1.77 1.55 .22

ITEM P ($4290)

Inventory Cost 1.07 .92 .15
Penalty Cost .76 .59 .17

Set-Up Cost 1.62 1.39 .23

ITEM N ($2754)

Inventory Cost .92 .76 .16

Penalty Cost .75 .65 .10

Set-Up Cost 1.23 .98 .25

ITEM AD ($2369)
Inventory Cost .83 .77 .06

Penalty Cost .30 .27 .03

Set-Up Cost 1.29 1.15 .14

ITEM Y ($2221)

Inventory Cost .83 .56 .27
Penalty Cost .52 .13 .39
Set-Up Cost 1.13 .82 .31

ITEM Z ($993)

Inventory Cost .55 .49 .06

Penalty Cost .25 .18 .07

Set-Up Cost .78 .70 .08

VITEM U ($128)

Inventory Cost .23 .20 .03
Penalty Cost .05 .02 .03

Set-Up Cost .29 .26 .03

111-2 (Cont'd)



APPENDIX III

CATEGORIZATION OF COST SAVINGS Lu 0". R- .8
LOW DEMAND/HIGH VALUE K 16

Unfiltered Filtered Difference

ITEM F ($268450)
Inventory Cost $ 41.72 $ 25.20 $16.52
Penalty Cost 29.47 14.00 15.47

Set-Up Cost 8.75 5.99 2.76

ITEM L ($224055)

Inventory Cost 35.32 19.46 15.86

Penalty Cost 25.09 11.10 13.99

* Set-Up Cost 8.36 7.39 .97

ITEM E ($220662)

Inventory Cost 30.31 24.82 5.49

Penalty Cost 19.19 12.22 6.97

Set-Up Cost 7.81 7.22 .59

ITEM R ($107770)

Inventory Cost 19.04 7.71 11.33
Penalty Cost 12.31 3.84 8.47

Set-Up Cost 5.12 5.55 -.43

ITEM 0 ($61490)

Inventory Cost 13.88 4.85 9.03

Penalty Cost 7.80 2.28 5.52

Set-Up Cost 3.08 3.05 .03

111-3
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APPENDIX III

CATEGORIZATION OF COST SAVINGS LuO
Ru .8

LOW DEMAND/LOW VALUE K=16

Unfiltered Filtered Difference

ITEM V ($32664)

Inventory Cost $4.29 $3.81 $.48

Penalty Cost 2.72 2.30 .42

Set-Up Cost 3.96 3.76 .20

ITEM H ($19148)

. Inventory Cost 3.56 3.16 .40

Penalty Cost 2.43 2.20 .23

Set-Up Cost 2.63 2.42 .21

ITEM X ($13182)

Inventory Cost 2.29 2.10 .19

Penalty Cost 1.31 1.24 .07

Set-Up Cost 2.71 2.50 .21

ITEM D ($11771)

Inventory Cost 2.37 1.73 .64

Penalty Cost 1.78 1.28 .50

Set-Up Cost 2.23 1.88 .35

ITEM W ($5125)

Inventory Cost 1.25 1.26 .04

Penalty Cost .78 .63 .15

Set-Up Cost 1.71 1.69 .02

ITEM G ($248)

Inventory Cost .30 .21 .09

Penalty Cost .09 .03 .06

Set-Up Cost .40 .27 .13

111-4
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4.. APPENDIX III

CATEGORIZATION OF COST SAVINGS L-O
R-.8

HIGH DEMAND/HIGSI VALUE K-32

Unfiltered Filtered Difference

ITEM A ($3560544)

Inventory Cost $187.02 $141.78 $45.24

-* Penalty Cost 138.80 101.18 37.62

et-Up Cost 30.59 30.60 -.01

ITEM C ($3008200)

Inventory Cost 326.40 218.35 108.05

Penalty Cost 223.35 138.35 85.00

Set-Up Cost 19.15 17.40 1.75

ITEM B ($1984580)

Inventory Cost 236.50 207.00 29.50

Penalty Cost 163.60 142.88 20.72

Set-Up Cost 18.38 18.08 .30

ITEM J ($531232)

Inventory Cost 98.44 55.68 42.76

Penalty Cost 67.24 26.12 41.12

Set-Up Cost 13.28 10.84 2.44

ITEM I ($455832)

Inventory Cost 70.22 29.63 40.59

Penalty Cost 52.16 16.34 35.82

Set-Up Cost 16.99 11.00 5.99

11
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APPENDIX III

CATEGORIZATION OF COST SAVINGS L-O
Ru .8

HIGH DEMAND/LOW VALUE K-32

Unfiltered Filtered Difference

ITEM AC ($369512)
Inventory Cost $60.77 $32.31 $28.46

Penalty Cost 39.42 14.21 25.21
Set-Up Cost 13.05 9.90 3.15

ITEM T ($220272)

Inventory Cost 25.86 13.47 12.39
Penalty Cost 17.81 8.41 9.40

Set-Up Cost 10.99 10.17 .82

ITEM S ($130468)

Inventory Cost 18.57 17.35 1.22

Penalty Cost 10.56 10.14 .42
Set-Up Cost 8.77 8.55 .22

ITEM AA ($29173)
Inventory Cost 4.31 3.64 .67

Penalty Cost 2.40 1.80 .60
Set-Up Cost 6.05 5.35 .70

ITEM Q ($16236)
Inventory Cost 3.22 2.99 .23

Penalty Cost 3.04 2.82 .22

Set-Up Cost 3.87 3.39 .48

ITEM K ($10847)

Inventory Cost 2.97 2.17 .80
' Penalty Cost 2.66 1.93 .73

Set-Up Cost 2.89 2.41 .48

ITEM AB ($9109)

Inventory Cost 3.37 .83 2.54
Penalty Cost 2.31 .16 2.15

Set-Up Cost 2.51 1.14 1.37

111-6
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I-. APPENDIX III

CATEGORIZATION OF COST SAVINGS L"O
Ru .8

HIGH DEMAND/LOW VALUE K=32

Unfiltered Filtered Difference

ITEM N ($6401)

Inventory Cost $1.96 $1.62 $.34
Penalty Cost 1.36 .86 .50
Set-Up Cost 2.68 2.22 .46

ITEM P ($4290)

Inventory Cost 1.55 1.37 .18
Penalty Cost .88 .66 .22

Set-Up Cost 2.39 2.03 .36
ITEM M ($2754)

Inventory Cost 1.25 1.06 .19
Penalty Cost .92 .72 .20
Set-Up Cost 1.77 1.49 .28

ITEM AD ($2369)
Inventory Cost 1.30 1.13 .17

, Penalty Cost .32 .29 .03
Set-Up Cost 1.84 1.63 .21

ITEM Y ($2221)
Inventory Cost 1.19 .83 .36
Penalty Cost .69 .14 .55
Set-Up Cost 1.69 1.21 .48

ITEM Z ($993)

Inventory Cost .81 .73 .08
Penalty Cost .27 .22 .05

Set-Up Cost 1.14 .98 .16

ITEM U ($128)
Inventory Cost .34 .30 .04
Penalty Cost .05 .03 .02
Set-Up Cost .42 .35 .07

111-6 (Cont'd)
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APPENDIX III

CATEGORIZATION OF COST SAVINGS L 0
Ru .8

LOW DEMAND/HIGH VALUE Ku 32

Unfiltered Filtered Difference

ITEM F ($268450)

Inventory Cost $ 46.38 $ 26.53 $ 19.85

Penalty Cost 25.97 14.67 11.30

Set-Up Cost 10.29 8.72 1.57
ITEM L ($224055)

d Inventory Cost 39.75 22.05 17.70
Penalty Cost 22.99 11.36 11.63

* Set-Up Cost 10.16 10.46 -.30

ITEM E ($220662)

Inventory Cost 36.83 27.83 9.00
Penalty Cost 16.25 12.60 3.65

Set-Up Cost 10.15 9.32 .83

ITEM R ($107770)

Inventory Cost 17.69 8.48 9.21

Penalty Cost 12.04 4.73 7.31

•,it-Up Cost 7.69 8.46 -.77

ITEM 0 ($61490)

Inventory Cost 13.23 4.85 8.38
Penalty Cost 8.20 3.18 5.02

Set-Up Cost 5.33 4.78 .55

111- 7
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APPENDIX III

CATEGORIZATION OF COST SAVINGS L-O
Ru.

LOW DEMAND/LOW VALUE K32

Unfiltered Filtered Difference

ITEM V ($32664)

Inventory Cost $ 5.09 $ 4.65 $ .44
Penalty Cost 3.30 2.81 .49

Set-Up Cost 5.90 5.59 .31

ITEM H ($19148)

Inventory Cost 4.11 3.73 .38
Penalty Cost 3.04 2.74 .30

Set-Up Cost 4.05 3.67 .38

ITEM X ($13182)

Inventory Cost 2.75 2.71 .04
Penalty Cost 1.62 1.49 .13

Set-Up Cost 3.99 3.68 .31

ITEM D ($11771)

Inventory Cost 2.97 2.27 .70
Penalty Cost 2.21 1.56 .65

Set-Up Cost 3.37 2.77 .60

ITEM W ($5125)

Inventory Cost 1.76 1.66 .10
Penalty Cost .91 .76 .15

Set-Up Cost 2.52 2.42 .10

ITEM G ($248)

Inventory Cost .45 .31 .14
Penalty Cost .10 .03 .07

Set-Up Cost .58 .39 .19

i 111-8



APPENDIX III

CATEGORIZATION OF COST SAVINGS 1-4
f ..9

HIGH DEMAND/HIGH VALUE K=16

Unfiltered Filtered Difference

ITEM A ($3560544)
Inventory Cost $ 585.69 $ 462.41 $123.28
Penalty Cost 466.88 429.59 37.29
Set-Up Cost 15.56 15.74 -.18

ITEM C ($3008200)

Inventory Cost 1014.05 673.50 340.55
Penalty Cost 672.85 414.10 258.75

0 Set-Up Cost 9.15 8.30 .85

ITEM B ($1984580)

Inventory Cost 702.23 612.83 89.40
Penalty Cost 383.78 304.08 79.70
Set-Up Cost 8.53 8.25 .28

ITEM J ($531232)
Inventory Cost 290.44 144.08 146.36
Penalty Cost 198.32 62.96 135.36
Set-Up Cost 6.96 6.36 .60

ITEM I ($455832)
Inventory Cost 212.72 85.14 127.58

Penalty Cost 160.72 43.07 117.65

Set-Up Cost 10.98 8.91 2.07

111-9
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APPENDIX III

CATEGORIZATION OF COST SAVINGS L-4
R..9

HIGH DEMAND/LOW VALUE K&16

Unfiltered Filtered Difference

ITEM AC ($369512)

Inventory Cost $ 179.51 $ 97.48 $ 82.03

Penalty Cost 116.51 40.65 75.86

Set-Up Cost 10.49 7.04 3.45

ITEM T ($220272)

Inventory Cost 83.65 38.68 44.97

Penalty Cost 53.08 18.93 34.15

Set-Up Cost 9.32 5.74 3.58

ITEM S ($130468)

Inventory Cost 59.49 55.17 4.32
Penalty Cost 15.43 15.00 .43

Set-Up Cost 4.98 4.72 .26

ITEM AA ($29173)

Inventory Cost 7.50 5.96 1.54

Penalty Cost 4.21 3.84 .37
Set-Up Cost 3.60 3.22 .38

ITEM Q ($16236)

Inventory Cost 8.16 7.75 .41
Penalty Cost 3.44 3.45 -.01

Set-Up Cost 2.35 2.02 .33

ITEM K ($10847)

Inventory Cost 7.72 4.74 2.98

Penalty Cost 3.27 2.31 .96

Set-Up Cost 1.74 1.41 .33

ITEM AB ($9109)
Inventory Cost 13.91 .81 13.10

Penalty Cost 4.71 .21 4.50

Set-Up Cost 1.10 .72 .38

-II- 10
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-, APPENDIX III

CATEGORIZATION OF COST SAVINGS L84
R-.9

HIGH DEMAND/LOW VALUE K-16

Unfiltered Filtered Difference

ITEM N ($6401)

Inventory Cost $ 3.47 $ 2.21 $ 1.26
Penalty Cost 1.80 1.22 .58

Set-Up Cost 1.58 1.35 .23
ITEM P ($4290)

Inventory Cost 2.05 1.62 .43
Penalty Cost .95 .78 .17

Set-Up Cost 1.45 1.23 .22

ITEM M ($2754)

Inventory Cost 1.88 1.57 .31
Penalty Cost .92 .89 .03

Set-Up Cost 1.09 .90 .19

ITEM AD ($2369)

Inventory Cost 1.35 1.14 .21
Penalty Cost .51 .39 .12

Set-Up Cost 1.15 1.04 .11

ITEM Y ($2221)

Inventory Cost 1.93 .77 1.16
Penalty Cost .86 .18 .68

Set-Up Cost .94 .73 .21

ITEM Z ($993)

Inventory Cost .85 .72 .13

Penalty Cost .31 .26 .05

Set-Up Cost .70 .61 .09

ITEM U ($128)

Inventory Cost .30 .25 .05
Penalty Cost .06 .03 .03

Set-Up Cost .26 .22 .04

4 0
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APPENDIX III

CATEGORIZATION OF COST SAVINGS L=4
R-.9

LOW DEMAND/HIGH VALUE Ku16

* Unfiltered Filtered Difference

ITEM F ($268450)
Inventory Cost $134.82 $ 87.64 $ 47.18
Penalty Cost 61.22 30.28 30.94
Set-Up Cost 9.O0 5.53 3.47

ITEM L ($224055)
Inventory Cost 110.18 64.58 45.60
Penalty Cost 57.83 19.09 38.74
Set-Up Cost 7.99 6.49 1.50

ITEM E (S220662)
Inventory Cost 103.66 87.19 16.47
Penalty Cost 44.03 22.59 21.44

Set-Up Cost 7.00 5.45 1.55
ITEM R ($107770)

Inventory Cost 68.69 19.95 48.74
Penalty Cost 33.81 7.96 25.85
Set-Up Cost 4.18 5.00 -.82

ITEM 0 ($61490)
Inventory Cost 48.13 14.38 33.75
Penalty Cost 18.45 5.25 13.20

N Set-Up Cost 2.90 2.83 .07

11-1
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APPENDIX III

CATEGORIZATION OF COST SAVINGS L= 4R .9
LOW DEMAND/LOW VALUE K-16

Unfiltered Filtered Difference

ITEM V ($32664)

Inventory Cost $ 11.21 $ 9.33 $ 1.88
Penalty Cost 5.29 4.09 1.20

i Set-Up Cost 3.60 3.43 .17
ITEM H ($19148)

Inventory Cost 10.35 9.47 .88
Penalty Cost 4.43 3.79 .64

Set-Up Cost 2.47 2.18 .29

ITEM X (513182)

Inventory Cost 4.99 4.75 .24
Penalty Cost 2.34 2.49 -.15

Set-Up Cost 2.40 2.24 .16

ITEM D ($11771)

Inventory Cost 6.53 4.43 2.10
Penalty Cost 3.47 2.07 1.40

Set-Up Cost 2.06 1.69 .37

ITEM W ($5125)

Inventory Cost 2.38 2.17 .21
Penalty Cost 1.24 .98 .26

Set-Up Cost 1.54 1.49 .05
ITEM G ($248)

: Inventory Cost .42 .26 .16
Penalty Cost .12 .04 .08

Set-Up Cost .35 .24 .11

III- 12
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:. APPENDIX III

CATEGORIZATION OF COST SAVINGS L=4
R-.9

HIGH DEMAND/HIGH VALUE K=32

Unfiltered Filtered Difference

ITEM A ($3560544)

Inventory Cost $ 569.94 $ 458.99 $ 110.95

Penalty Cost 442.19 399.44 42.75

Set-Up Cost 29.64 29.91 -.27

ITEM C ($3008200)

Inventory Cost 1009.10 648.10 361.00

Penalty Cost 675.75 350.85 324.90

Set-Up Cost 18.60 17.30 1.30

ITEM 8 ($1984580)

Inventory Cost 708.98 624.93 84.05

Penalty Cost 400.58 341.23 59.35

Set-Up Cost 18.10 18.10 0.00

ITEM J ($531232)

Inventory Cost 331.24 185.92 145.32

Penalty Cost 146.00 47.08 98.92

Set-Up Cost 12.12 8.84 3.28

ITEM I ($455832)

Inventory Cost 248.87 95.20 153.67

Penalty Cost 138.49 44.55 93.94

Set-Up Cost 14.27 9.86 4.41

111-13

,'. ' . "- " .,.. . .. '.'.: .- .-.'-..-...--..-..-.....-.........'..".-.......-....".T.--.....,.-.......".......".....:" "''*". "



APPENDIX III

CATEGORIZATION OF COST SAVINGS L4
Ru.9

HIGH DEMAND/LOW VALUE K-32

Unfiltered Filtered Difference

ITEM AC ($369512)
Inventory Cost $ 214.49 $ 98.78 $115.71

Penalty Cost 84.76 29.72 55.04
Set-Up Cost 13.33 9.20 4.13

ITEM T ($220272)

Inventory Cost 92.25 38.41 53.84

Penalty Cost 64.62 24.28 40.34

Set-Up Cost 8.78 8.85 -.07

ITEM S ($130468)

Inventory Cost 57.25 54.44 2.81
Penalty Cost 19.57 20.85 -1.28

Set-Up Cost 8.10 7.99 .11

ITEM AA ($29173)

Inventory Cost 8.40 7.02 1.38
Penalty Cost 4.19 3.91 .28

Set-Up Cost 5.41 4.77 .64
ITEM Q ($16236)

Inventory Cost 8.21 8.03 .18
Penalty Cost 4.44 4.93 -.49

Set-Up Cost 3.43 3.13 .30

ITEM K ($10847)

Inventory Cost 8.07 5.30 2.77

Penalty Cost 3.83 2.79 1.04

Set-Up Cost 2.63 2.21 .42
FITEM AB ($9109)

Inventory Cost 12.65 1.09 11.56
Penalty Cost 4.28 .27 4.01
Set-Up Cost 1.90 1.03 .87
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APPENDIX III

CATEGORIZATION OF COST SAVINGS L=4
R- .9

HIGH DEMAND/LOW JALUE K- 32

Unfiltered Filtered Difference

ITEM N ($6401)
Inventory Cost $ 3.96 $ 2.64 $1.32
Penalty Cost 1.88 1.13 .75

Set-Up Cost 2.39 2.01 .38

ITEM P ($4290)
Inventory Cost 2.58 2.03 .55
Penalty Cost 1.13 .87 .26

Set-Up Cost 2.15 1.82 .33

ITEM M ($2754)
Inventory Cost 2.15 1.94 .21
Penalty Cost 1.07 1.04 .03
Set-Up Cost 1.54 1.32 .22

ITEM AD ($2369)
Inventory Cost 1.74 1.58 .16
Penalty Cost .48 .36 .12

Set-Up Cost 1.71 1.44 .27

ITEM Y ($2221)
Inventory Cost 2.14 1.08 1.06
Penalty Cost .92 .20 .72
Set-Up Cost 1.33 1.03 .30

ITEM Z ($993)
Inventory Cost 1.16 .99 .17

Penalty Cost .36 .26 .10
Set-Up Cost 1.02 .89 .13

ITeM U ($128)
Inventory Cost .45 .35 .10
Penalty Cost .06 .04 .02
Set-Up Cost .37 .32 .05

1 I-14(Cont'd)
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APPENDIX III

CATEGORIZATION OF COST SAVINGS L- 4
Re .9

LOW DEMAND/HIGH VALUE Ku 32

Unfiltered Filtered Difference

ITEM F ($268450)
Inventory Cost $ 156.14 $ 85.72 $ 70.42
Penalty Cost 59.47 38.12 21.35

Set-Up Cost 8.82 8.05 .77
ITEM L ($224055)

Inventory Cost 128.40 65.33 63.07
Penalty Cost 58.42 26.81 31.61

Set-Up Cost 8.89 9.56 -.67
ITEM E ($220662)

Inventory Cost 118.49 89.60 28.89
Penalty Cost 36.45 29.70 6.75
Set-Up Cost 9.34 9.29 .05

ITEM R ($107770)

Inventory Cost 60.06 20.81 39.25
Penalty Cost 45.65 10.35 35.30
Set-Up Cost 6.75 7.71 -.96

ITEM 0 ($61490)
Inventory Cost 44.53 14.30 30.23
Penalty Cost 19.35 6.83 12.52
Set-Up Cost 4.98 4.43 .55

III-15
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APPENDIX III

CATEGORIZATION OF COST SAVINGS L=4
R- .9

LOW DEMAND/L(W VALUE K32

Unfiltered Filtered Difference

ITEM V ($32664)

Inventory Cost $ 11.45 $10.12 $1.33
Penalty Cost 5.66 5.35 .31

Set-Up Cost 5.27 5.17 .10

ITEM H ($19148)

Inventory Cost 10.61 9.61 1.00
Penalty Cost 5.12 4.72 .40

Set-Up Cost 3.72 3.41 .31

ITEM X ($13182)

Inventory Cost 5.56 5.38 .18
Penalty Cost 2.58 2.71 -.13

Set-Up Cost 3.49 3.30 .19

ITEM D ($11771)

Inventory Cost 6.91 4.81 2.10
Penalty Cost 3.54 2.51 1.03

Set-Up Cost 3.09 2.53 .56

ITEM W ($5125)
Inventory Cost 2.97 2.60 .37

Penalty Cost 1.42 .99 .43
Set-Up Cost 2.27 2.21 .06

ITEM G ($248)

Inventory Cost .58 .38 .20
Penalty Cost .14 .04 .10

Set-Up Cost .51 .34 .17

III- 16
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