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Section 1

INTRODUCTION

BACKGROUND

Contract NONR 3742(00), performed by the Federal Systems Division

of the International Business Machines Corporation for the Bureau of

Supplies and Accounts, is a continuation of IBM's Independent Research

and Development (IRAD) Program, Task 0453, completed 15 September

1961, in which the utility of using a computerized inventory control simu-

lator as a management tool in the military supply system was proven.

During the conduct of IRAD Task 0453, the IBM Inventory Management

Simulator (IMS) was used to simulate the inventory control system in opera-

tion at the Ships Parts Control Center (SPCC), Mechanicsburg, Pennsylvania.

Demands for a small sample of items maintained at this supply demand

control center were used as input to the simulation. The complex set of

decision rules used was programmed into the IMS along with other avail-

able data affecting inventory control. The simulation was run with various

I combinations of these decision rules, with results being evaluated so as to

achieve that combination of decision rules that best met management

I objectives.

The present contract involved programming additional inventory rules

I into the simulator. The simulation was then used to evaluate the effect of

two dissimilar inventory rules on the same supply system. The final

objective was to vary the parameters of one set of rules so that the system

would perform within a given tolerance of the performance obtained by use

of the other set of rules.

I
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THE INVENTORY MANAGEMENT SIMULATOR (IMS)

The IMS is a computer program consisting basically of a series of

routines logically associated with such inventory factors as review period,

order point, order quantity, lead time, safety stock level, and forecasting.

By properly combining, and sometimes modifying these routines, virtually

any inventory control system may be simulated.

The major functions of the IMS are summarized as follows:

(a) Demands may be either supplied from historical records or

synthesized by a demand generator.

(b) Forecasting may be done by exponential smoothing or moving

average with the option of trend and seasonal corrections.

(c) Order point and order quantit, calculations may be done either

after each transaction or on a periodic basis.

(d) Material flow is controlled primarily through use of the on-

hand and on-order amount. When material is ordered, the amount is

placed in a queue. At the conclusion of the appropriate lead time, this

amount is removed from the queue and added to the on-hand quantity.

(e) Policy evaluation is done on an item basis and for a group of

items. At the end of each simulation run, a printout is generated showing

level of inventory, costs, and service provided.

USE OF THE IMS AS A MANAGEMENT TOOL

The Inventory Management Simulator is a very powerful research and

analysis tool for use in the areas of supply management. A built-in flexi-

bility allows modification to simulate virtually any type of inventory system

by simply programming the specific inventory rules of a supply system

and arranging the logical routines to conform to the real-life situation.

By using actual historical inventory transactions or generated transactions

as input to the simulation, several years of detailed activity of a specific

inventory system may be compressed into a few minutes of simulation.

An evaluation of the specific inventory system can then be made with the

aid of the simulation results.
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Section 2

PROBLEM SCOPE

STATEMENT OF PROBLEM

The basic objective of this study was to utilize the Inventory Manage-

ment Simulator as a tool to match the results of using certain inventory

decision rules developed by Stanford Research Institute (SRI) with the
results obtained by using other inventory decision rules developed by

Planning Research Corp. (PRC). In particular, the SRI rules were to be

varied so that the average dollar inventory and obligated funds for procure-

ment were within a given tolerance of the results obtained by use of the

PRC rules.

SCOPE OF WORK

The project was divided into five tasks. These were:

(1) Modify the routines of the basic simulator (as follows) to conform

to requirements specified by the Bureau of Supplies and Accounts.

(a) Modify the input routines so that certain type transactions

common throughout the Navy Supply system could be intro-

duced as input into this simulation.

(b) Modify the output routines (summary results) so that a

broader analysis could be made of the effect of various

inventory rules on a typical Navy Inventory system.

(c) Increase the speed of the simulator by modifying various
routines.

(d) Add to the Fimulator an order placement routine by which

material is received into stock as a function of a variable

lead time.

3



¶ (2) Generate variable lead times for order placement for the specific

items used in the simulation.

(3) Prepare the data for initializing item records and generate a

demand tape for 24 items, to be used as input to the simulation.

(4) Program the inventory rules developed by PRC and SRI into the

basic simulator. Specifically, make modifications to the PRC rules,

previously programmed, and program the two specified SRI rules.

(5) Make simulation runs with the SRI rules for 24 inventory items

for 104 weeks of demand history and match the results to results

obtained by utilizing PRC rules.
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Section 3

TECHNICAL APPROACH

The five tasks listed in Section 2 are described in detail below.

MODIFICATION OF THE BASIC SIMULATOR

The demand input subroutine was modified so that seven types of

inventory transactions could be introduced into the IMS. These are:

Type Transaction Code

1. Reportable/Replenishable Demand Issue A

2. Replenishable Demand Issue Credit B

3. Non-Reportable Demand Issue H

4. Establish Replenishable Demand Obligation S

5. Cancel Replenishable Demand Obligation T

6. Demand Debit Y

7. Demand Credit Z

The output routines were modified to conform to the specified needs

of BuSandA for analyzing an inventory system. The following outputs are

developed and printed for an individual item summary and total system

summary.

* Cost of material procured = (no. of items ordered) x (unit cost).

* Average value of on hand stock = (average inventory on a weekly
basis) x (unit cost).

* Dollar velocity of annual demand = (no. of demands made upon
system on an average annual basis) x (unit cost).

* Average value of lead time stock = (average of the lead time stock
on a quarterly basis) x (unit cost).

* Average value of order point stock = (average of the order point
stock on a quarterly basis) x (unit cost).

5
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0 Order placement cost = (no. of orders placed) x (order place-
ment cost - $25. 00).

0 Total holding cost = (average inventory on a yearly basis) x (15%)
x (unit cost).

* Total shortage cost (dollar base) = (no. of units on back order) x
(1.00).

* Total shortage cost (unit cost base) = (no. of units on back order) x
(unit cost).

* Total cost (dollar base) = (total holding cost) + (total order cost) +
(total shortage cost (dollar base)).

* Total cost (unit cost base) = (total holding cost) + (total order cost) +
(total shortage cost (unit cost base)).

* Service percentage = the percentage of demands that could be filled
without back ordering.

* Average back order age (wk) = (no. of unit weeks in back order) -
(no. of units in back order).

* Back order service = the percentage of demands that could be
filled that were in back order.

* Total demand for issue = cumulation of the demands that effected
the issues.

* Total demand for forecast = cumulation of the demands that effected
the forecasts.

* On hand (ending) = the amount of material on hand at the end of the
simulation. - Not applicable to total system summary.

* Due in (ending) = the amount of material due in at the end of the
simulation. - Not applicable to total system summary.

* Due out (ending) = the amount of material due out at the end of the
simulation. - Not applicable to total system summary.

* Total back order weeks = number of unit weeks in back order.

Figure 1 illustrates the individual item summary while Figure 2
illustrates the total system summary.

The input routine was modified so that a block of thirty inventory trans-

actions could be read into the simulation at one time. This increased the

overall speed of the simulation.

The order placement routine was modified to allow material to be

received into stock as a function of a statistical distribution of lead time.

6
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GENERATION OF VARIABLE LEAD TIMES

Initially, lead times for the items being simulated were considered to

be generated by sampling from a gamma distribution. To determine which

gamma distribution was to be used, information was required on the mean

and variance. This information was obtained from SPCC on the specific

24 items to be simulated. Unfortunately all the information could not be

used because of errors in the data associated with the calculation of lead

time variances. It was previously determined that the standard deviation

of lead times for the total items in the system at SPCC varied from 15 to

25 days.

An analysis was made of the existing information (lead times, means

and variances), and a decision was made to use the normal distribution in

lieu of the gamma distribution. The reasons were:

(a) The mean square to variance ratios were extremely large.

This ratio, p, represents one of the two parameters of the

gamma distribution. There are no known tables whose range

on p varies over the ranges required. The average value of

p, obtained from data, was on the order of 150, whereas

Pearson's Tables [8] are limited to p = 50.

(b) As p becomes large, the gamma distribution approaches the

normal distribution.

To determine the standard deviation, 6L, of the lead times of the 24

items (it was known that 6L varied from 15 to 25), a random procedure

was used. For each item, a number between 15 and 25 was selected at

random; that is, it was assumed that the standard deviations were uniformly

distributed over the range 15 to 25. The Random Number Tables in Dixon

and Massey (91 were used. Figure 3 shows a for the 24 items thus generated.

The basic information from SPCC provided the mean lead times, ML' for

each item. To obtain a random sample lead time for a given item, the

following method was used. Let Plx _< X} be the probability that the lead

time x is less than or equal to a known value X. Plx = X} is assumed to

be normal, i.e.,

9



ITEM NO. FEDERAL STOCK NO. DESCRIPTION LEAD TIME cL
(DAYS) (DAYS)

I HF 2010-385-9501 Shim Bearing 330 18
2 HF 2030-318-7319 Pulley Asey. Steering Gear 330 17
3 HF 2040-393-3842 Expander Ring 271 17

4 HF 2805-275-3061 Pin Piston 240 19

5 HF 2805-333-0992 Plug Special Pipe 330 21
6 HF 2815-179-8683 Bracket 600 i9

7 HF 2815-343-2678 Bearing Shell Half 290 i9
8 HF 2815-354-1217 Plug Retaining Push Rod 330 92
9 HF 2815-364-3753 Cylinder Liner Assy. 330 24

10 HF 2815-391-6903 Gasket 330 19

11 HF 2825-036-3215 Gear Assembly 268 17
12 HF 2825-126-4661 Knife Edge Governor 420 20

13 HF 2825-147-5831 Shaft Assembly Pinion 264 16
14 HF 2825-216-9293 Bearing Assembly 287 19

15 HR 2825-379-3571 Wheel Turbine Bladed 540 24
16 HS 2825-388-1584 Bearing 363 21

17 HS 2825-394-8584 Screw Adjusting 330 20

18 HF 2910-364-2072 Clamp Support 330 19
19 HF 2920-640-7546 Generator Engine Accy. 389 19

20 HF 2930-363-8598 Pump 360 20

21 HS 3110-100-5507 Bearing RLTPR 330 20
22 HF 3610-394-9234 Tire Trolley Wheel 330 22

23 HF 3610-491-2255 Adapter Duplimat Multh. 330 18

24 HF 3950-344-0817 Ring Piston 223 16

Figure 3, Variance of Lead Times
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ox -(x - 2 /22

Pfx = $ ( AL) V dx.
-- g

Setting X - PL/aL = y, then

where y is normally distributed with zero mean and unit variance. Hence

I•-JAL)/aL

P{x < X} = Pfy.< (X -pL)/aL}= exp I -y /2} dy.

The Random Normal Number Tables in Dixon and Massey [9) were used to

determine (X - ML)/%L. Let tV be a number selected from the table.

Then setting

tV = (X -AL)/a'L

yields

X = tvaL +AL'

which provides a random sample of a lead time for an item *hose distribu-

tion is normal with mean is and variance a 2

The values for the variable lead times for the 24 items are found in

11



DATA PREPARATION

Actual demand data and item record information for 200 items were

collected from SPCC. The demand information for these items was con-

tained in a file of eighteen thousand transaction cards covering the period

from June 1959 to February 1961. These cards contained all stock account-

ing detail transactions, e.g., receipts, issues, credits, and returns. Other

specific inventory information required about each item, such as stock

number, nomenclature, unit cost, lead time, weight, cubage, history of

demand, and inventory broken into various categories, was contained in the

SPCC Consolidated Stock Status Report (CSSR).

The twenty-four items previously selected in MAD Task 0453 were

used as a sample for the purposes of this study. These items were selected

to include varying unit costs and varying demands.

Seven types of inventory transactions were selected from the transac-

tion cards for use as input to the simulation. These categories were:
Effect Effect

Demand Inventory
Type Transaction Code Forecast Balance

1. Reportable/Replenishable Demand Issue A + -

2. Replenishable Demand Issue Credit B +

3. Non-Reportable Demand Issue H

4. Establish Replenishable Demand Obligation S +

5. Cancel Replenishable Demand Obligation T -

6. Demand Debit Y +

7. Demand Credit Z -

A 7090 EDPM Program was written which summarized each type of

demand by week, and a demand tape was produced for the 104-week period.

The stock balances of February 1961 obtained from the CSSR were chosen

as the initial on hand balances. The stock balances as reported on the CSSRs

required adjustment because inventory carried on hand for mobilization

reserve and specified planned programs is not considered in establishing

the levels of inventory. The ten variable lead times for each of the 24 items

was placed on the item record, therefore making the condition on the item

record the same for all simulation runs.

12
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PROGRAMMING INVENTORY RULES

Forecasting

The forecasting technique used was simple exponential smoothing

which was previously programmed into the simulator under IRAD Task 0453.

Order Point, Order Quantity

Two sets of rules were programmed into the simulator; they were:

(1) PRC's discrete and continuous review rules.

The major portion of these rules were programmed previously under

IRAD Task 0453. Modifications were made to these rules, whereby new

shortage cost formulas, the Lagragian multiplier, and a new minimum buy

routine were added.

(2) SRI's discrete and continuous review rules.

These rules were programmed and added to the simulator.

The following is a mathematical description of the forecasting, order

point and order quantity rules.

Forecast of Demand. Simple exponential smoothing with a smoothing

constant (a) of 0.2 was used.

The formulas are:

F =aA+(l-a) F1q q

D =4F q

FLT =DL

where

Fq = forecast of quarterly demand

F' = previously computed Fq q
D = forecast of annual demand

F LT = forecast of lead time demand

a = smoothing constant = 0.2

A = actual demand over quarter

L = mean lead time in years.

13



Standard Deviation of Demand. Simple exponential smoothing with

smoothing constant (a) of 0.2 was used in obtaining the mean absolute
deviation from which the standard deviation is determined. The formulas

are:

E = IF'- AI

MAD = aE + (1 - a) MW'

O'FLT= 1.25MADV•/L
(D = 2.5(MAD)

where

E = forecast error

U = mean absolute deviation of quarterly forecast error

MAD'= previously computed MI-D

F LT = standard deviation of demand over lead time

°O = standard deviation of annual demand

Shortage Cost Computation. Shortage cost was recomputed every

quarter after the forecast had been made. The Shortage Cost formulas

used were:

S = 50

S = 50 + vr"

S = C/(C D)1/4

where

C = unit cost.

Other inputs were:

P = order cost = $25

H = annual holding rate

A = Lagrangian multiplier

a L = standard deviation of lead time

PRC Continuous Rule. The continuous review formula for order

quantity (Q) is:

Q = MAX[MIN(V2PD/CD,5D), 6/52 D]

14
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The order point is that value, j = X, for which

A (X)_< HCQ/,XSD < A (X - 1),

where

A(i) =1- . p(i),

i=O

and p(i) is the demand probability distribution for the item under consider-

ation. For computational purposes, this distribution is assumed to be one

of three types - Poisson, negative binomial, or normal. It is selected

according to the size of the forecast of annual demand in the following

manner:

Poisson if 0 .• D_< 2

Negative Binomial if 2 < D< 100,T/FLT > 1

Normal if 2 < D_< 100, T/FLT <1

Normal if 100 < D

The mean for the distribution is FLT, and the standard deviation is aFLT'

The formulas describing the above distribution are as follows:

Poisson: p(0) = e LT

p F(i) =-FLT p(i- 1),i>0.

1
Negative Binomial: p(0) qk

p(i) k + (i-1) ..a1 p (i- 1),

i q
2

where qawhr q=FLT/FLT and k = F LT-/ (q - 1).

expf -(i - FLT) 2/2• }

Normal: p(i) L
aFLT;7"

15



The following approximation formulas for computation of the order

point were employed in all cases in which the normal distribution was

specified:

X =F LT+T TFLT

where

T = -644R3 + 247.7R2 - 32.26R + 2.713

if 0.01 < R < 0.14,

T = 1.59R2 - 3.893R + 1.553

if 0.14 _< R < .50, and

R = HCQ/ASD.

PRC Discrete Rule. The order quantity and order point computations

are the same as in the PRC continuous rules described above with the

exception that the forecast is given by:

FLT = D (L + 1/8).

SRI Continuous Rule. The continuous review formulas for order

quantity (Q) and order point (X) are shown below:

Q* =FD+QwifQ2;-2.25 F2 D2

Q* = 1.85 (F DQw2 ) 1/3 otherwise

Q = MIN{MAX [Q*, 1 + (DVD)/2, 6/52 D] , 5D-

X* = F D1nK(a-e-Q/FD+-a + (W + V

X = MAX [1, DL, X*',

where

W review interval = 0IOQW =vq 2P/-C

f VD = (a•/D)2

VL = (aL/L)
2

I
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k /(1 +VL) (1 +2 VL + 3V/L) + (V/L)2

k V 3(1 + vL + VD/L)

K FLT

K - 2k (+VL+VD/L)

F = kL

PO H= HCFP0 =HCF + xS

SRI Discrete Rule. The discrete review formulas for order quantity

(Q) and order point (X) are shown below:

Q = MIN{MAX[Q* + D/2 (W + VD), 1 + (DVD)/2 + DW/2, 6/52D], 5 D}
X = MAX[X*, 1, D (L + 1/8)].

where

W = review interval in years = 0.25.

MATCHING

After the modifications and additions were made to the simulator,

tW-lye simulation runs were made with PRC inventory rules. For each

combination of the rules, the simulation was run for 104 weeks of demand

history with twenty-four items having variable lead times.

Six runs utilized continuous review, with the available inventory level

being checked for reorder every two weeks. In the other six runs a discrete

review was made. In this case the available inventory level was checked

for reorder every thirteen weeks.

Each set of the six rule combinations involved using two values of

holding rate in the order quantity and order point formulas (10 percent and

50 percent), and three values of the shortage cost in the order point formula,
S~namely:

Unit Cost

$50, $50 + rU-nit Cost, [(Unit Cost) (Annual Demand))0.25

In all simulation runs, the forecasting technique used was simple

exponential smoothing with the value of the smoothing constant being 0.2.

The value of the Lagrangian multiplier (X) for all PRC's rules was held at 1.0.

17



The resulting inventory levels and costs for these twelve rule combina-

tions were obtained from the output of the total system summary. The value

of the cost of material procured, the average value of on-hand stock, and

the system effectiveness for the twelve PRC rule combinations are shown

in Figure 4.

The values of the cost of material procured and average value of the

on-hand stock for the twelve PRC rules,were used as the basis for obtain-

ing corresponding results with the SRI rules. The requirement was to vary

the SRI rules so that the average value of the on-hand stock and cost of

material procured were within a given tolerance of that obtained using

PRC rules. This was accomplished by varying the Lagrangian multiplier

and holding cost in the SRI rules so that the average value of the on-hand

stock was within plus or minus 2 percent, and the cost of material procured

was within plus or minus 5 percent of that obtained by utilizing PRC rules.

Initially several exploratory runs were made with the SRI rules to

evaluate the effect of using various holding rates and Lagrangian multipliers

(H and Arespectively). The results of those runs were used as the basis

for determining more specifically what values of x and H would be used

for obtaining the required match.

The value of the cost of material procured, the average value of on-

hand stock, and the system effectiveness obtained for the successive runs

of using SRI rules are shown on the following six figures (Figure 5 through

10).
Six graphical plots, Figures 11 through 16,were produced from the

results of using PRC rules (Figure 4) and SRI rules (Figure 5 through 10)-

three plots for the discrete review, one associated with each shortage cost

and three plots of the continuous review, again with one shortage cost

associated with each.

On each of the six plots, two areas (corresponding to the two holding

rates used) were drawn representing ± 2 percent of the average value of on-

hand stock and + 5 percent of the cost of material procured, obtained from

using the PRC rules.

Points were plotted for the various SRI runs having the same shortage

cost and review period as the corresponding PRC rules. Curves were then

drawn through the points having the same holding rates.

1.3
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Section 4

RESULTS AND CONCLUSIONS

Through the use of the IBM Inventory Management Simulator, it was

possible to vary the values of X and H in the SRI rules and match results

of using inventory decision rules developed by PRC.

Twelve combinations of PRC rules were held constant. By varying

the SRI rules, it was demonstrated that in every case the average values

of the on-hand stock could be brought within plus or minus 2 percent, and

the cost of material procured within plus or minus 5 percent of that obtained

by using corresponding PRC rules.

The following conclusions were reached.

(1) In all cases analyzed as the value of the Lagrangian multiplier

(A) is increased, both the cost of material procured and the average value

of on-hand stock increase.

(2) As A decreases, a minimum point is reached when A becomes so

small that the minimum order point restriction is initiated for each of the

items.

(3) Variations in A effect order point but not order quantity.

(4) Increasing the holding rate while keeping A constant decreases

the order quantity and decreases the order point.

(5) The various system simulation values of the ratio of A/H yielded

approximately equivalent values for cost of material procured and average

value of on-hand stock. As the values of ./H increased, values for cost

of material procured and average value of on-hand stock increased.
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I

Osersdtom of Variable Lead Time
SNormal Distribuatoa

[ Ites No.. 1 Fed. Steek No. my-201Q-SRg-BAO1

'L = Mean Lead Time (days) 330 (47 weekal aL (dab)1

O - t(V) where t(v) is de rndom normal number

X- (ad (t(v)) + uL

RandomNoma No. Lead Time (das) Lead Time

Sample No. t(v) (XLMM) X

1 +1.464 +26.352 356.35 51

a2 +1.137 +20.466 350-47 so

3 +2.455 +44.190 374.19 54

4 -0.323 - 5.814 324.19 46

5 -0.068 - 1.224 328.78 47

6 +0.296 + 5.328 335.33 48

S-0.288 - 5.184 324.82 46

8 +1.298 +23.364 353.36 50

9 +0.241 + 4.331 334.34 48

10 -0.957 -17,226 312.77 45

1 36
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Generation of Variable Lead Times

I Normal Distribution

Item No. 2. Fed. Stook No. HF-2030-318-7319

AL - Mean Lead Time (days) 330J47 weeks) 7L 1 (days) _7(2.43 weeks)

a .= t(v) where t(v) Is the random normal number

x - (aL) (t(v)) + )L

Random
Normal No. Lead Time (days) Lead Time

... (weeks)
Sample No. t(v) (L)(t(v)) x

1 -1.329 -22.593 307.41 44

2 -0.238 - 4.046 325.95 47

3 -0.838 -14,246 315.75 45

4 -0.988 -16.796 313.20 45

-0.445 - 7.565 322.43 46

6 +0.964 +16.388 346.39 50

7 -0.266 - 4.522 325.48 47

8 -0.322 - 5.474 324.53 46

9 -1.726 -29.342 300.66. 43

10 +2.252 +38.284 368.28 53

i
I

I
1 37



Generation of Variable Lead Timm
j Normal Distributiou

Item No.. 3_ Fed. Stock No. HF-2040-393-3842

ML " Mean Lead Time (days) 271 (39 weeks) aL (days) 17 (2.43 weeks)

X-p 1

St(v) where t(v) is the random normal number

X = (a L)ltlvl) + )AL

Normal No. Lead Time (days) Lead Time(weeks)
Sample No. t(v) (OL))) x

1 -1.752 -29.784 241.22 34

2 -0.329 - 5.593 265.41

-1.256 -21.352 249.65 36

+0.318 + 5.406 276.41 40
5

+1.531 +26.027 297.03 42

6 +0.349 + 5.933 276.93 40

-0.958 -16.286 254.71 36

8 -0.059 - 1.003 270.00 39

+0.415 + 7.055 278.06 40

10 -1.084 -18.428 263.94 38

383
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I

eneration of Variable Lead Times

¶ Normal Distribuetol

Item No.. 4 Fed. Stock No. HF-2805-275-3061

)L w Mean LOAd Time (day$) 240 (34 weeks) OL (days) 19 (2.71 weeks

UL t(v) where t(v) ts the random normal number

X- (aL)(t(v)) + $L

Random
Normal No. Lead Time (days) Lead TimeS(Weeks)

Sample No. t(v) (UL)(t(v)) X

1 +0.756 +14.364 254.36 36

2 -0.860 -16.340 223.66 32

3 -0.778 -14.782 225.22 32

4 +0.037 + 0.703 240.70 34

5 +2.619 +49.761 289.76 41

6 -0.420 - 7.980 232.02 33

7 +1.048 +19.912 259.91 37

8 +1.000 +19.000 259.00 37

9 +0.170 + 3.230 243.23 35

10 +0.389 + 7.391 247.39 35
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I

Oeneration of Variable Lead Times

Normal Distribution

Item No.. 5 Fed. Stock No. HF-2805-332-0992

"L u Mean Lead Time (days) 330 (47 weeks) aL (days) 21 (3.0 weeks)

a _ . t(v) where t(v) is the random normal number

X = (a L)(t(v)) + ML

Random
Normal No. Lead Time (days) Lead(weeks)

Sample No. t(v) ( jL)() X

-0.305 - 6.405 323.59 46

2 -0.321 - 6.741 323.26 46

3 +1.900 +39.900 369.90 51

4 -0.778 -16.338 313.66 45

+0.617 +12.957 352.96 50

6 -1.430 -30.030 299.97 43

7 +0.267 + 5.607 335.61 48

8 +0.978 +20.538 350.54 50

9 -1.235 -25.935 304.06 43

10 -0.258 - 5.418 324.58 46
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Generation of Variable Lead Times

Normal Distribution

Item No.. 6 Fed. Stock No. Hl-215-170--iRRS

ML " Mean Lead Time (days) 600 I86 weeks) arL (days) 19 (2.71 weeks)

___ ,, t(v) where t(v) Is the random normal number

X= (OL)(t(v)) + IL

Random

Normal No. Lead Time (days) Lead Time(weeks)
Sample No. t(v) (L) (t(v)) X

1 1
+0.243 + 4.617 604.62 86

2 -0.292 - 5.548 594.45 85

3 -0.505 - 9.595 590.40 84

4 +0.397 + 7.543 607.54 87

5 -0.605 -11.495 588.50 84

6 +1.360 +25.840 625.84 89

+0.480 + 9.120 609.12 87

8 -0.027 - 0.513 599.49 86

9 -1.482 -28.158 571.84 82

10 - 1.256 -23.864 576.14 82

41
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Generation of Variable Lead Times

Ix Normal Distribution

Item No.. 7 Fed. Stock No. HF-2815-343-2678

JAL , Mean Lead Time (days) 290 (41 weeks) a L (days) 19 (2.71 weeks)

X-s
S_-__ - t(v) where t(v) is the random normal number0'L

X - (a L) (t(v)) + IAL

Random

Normal No. Lead Time (days) Lead Time
(weeks)

Sample No. t(v) (4L)(t(v)) X

1 -1.132 -21.508 268.50 38

S2 -0.780 -14.820 273.18 39

3 -0.859 -16.321 273.68 39

4 +0.447 + 8.493 298.49 43

5 +0.269 + 5.111 295.11 42

6 +0.097 + 1.843 291.84 42

7 -0.686 -13.034 276.97 40

8 +0.957 +18.183 308.18 44

9 -0.976 -18.544 271.46 39

10 +0.274 + 5.206 296.21 42

I
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Generation of Variable Lead Times
Normal Distributton

Item No.. 8 Fed. Stook No. HF-2815-354-1217

)L - Mean Lead Time (days) 330 (47 weeks) a L (days) 22 (3.14 weeks)

X(pL t(v) where t(v) is the random normal number

•L

X = (aL)(t(v)) + AL

Random
Normal No. Lead Time (days) Lead Time

Sample No. t(v) (•L)(t(v)) X

-0.397 - 8.734 321.27 46

2 +0.412 + 9.064 339.06 48

3 -0.979 -21.538 308.46 44

S+0.062 + 1.364 331.36 47

5 -0.440 - 9.680 320.32 46

6 -0.287 - 6.314 323.69 46

7 +0.220 + 4.840 334.84 48

8 -0.638 -14.036 315.96 45

9 -1.131 -24.882 307.12 44

10 -0.435 - 9.570 320.43 46
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Generation of Variable Lead Times

j Normal Distribution

Item No.. 9 Fed. Stock No. HF-2815-364-3753

AL Mean Lead Time (days) 330 (47 weeks) aL (days) 24 (3.43 weeks)

X pL

= t(v) where t(v) is the random normal number

X= (d )(t(v)) + AL

Random
Normal No. Lead Time (days) Lead Time

(weeks)
Sample No. t(v) (aL)(t(v)) X

1 +0.838 +20.112 350.112 50

2 -0.039 - 0.936 320.64 46

3 +1.572 +37.728 367.73 53

4 -0.288 - 6.912 323.09 46

5 -1.718 -41.232 288.77 41

6 -0.953 -22.782 307.13 44

7 -0.048 - 1.152 318.48 45

8 -0.520 -12.480 317.52 45

9 -1.168 -28,032 301.97 43

10 +0.638 +15.312 345.312 49

4
J4



I

Generation of Variable Lead Times

Normal Distribution

j Item No.. 10 Fed. Stock No. HF-2815-391-6903

)L a Mean Lead Time (days) 330 (47 weeks) OrL (days) _19 (2.71 weeks)

aL_ = t(v) where t(v) is the random normal number

X = (aL)(*)) + JL

Random
Normal No. Lead Time (days) Lead Time

(weeks)
Sample No. t(v) (L) (t(v)) X

4 +0.629 +11.951 341.95 49

2 -1.455 -27.645 302.35 43

3 +0.389 + 7.391 337.39 48

4 -0.287 - 5.453 324.55 46

5 -0.470 - 8.930 321.07 46

6 +0.182 + 3.458 333.46 48

7 -0.699 -13.281 316.72 45

8 -0.487 - 9.253 320.75 46

9 -0.815 -15.385 314.51 45

10 -0.567 -10.773 319.23 46

4
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Generation of Variable Lead Times

Normal Distribution

Item No.. 11 Fed. Stock No. HF-2825-036-3215

-L = Mean Lead Time (days) 268 (38 weeks) aL (days) 17 (2.43 weeks)

St(v) where t(v) is the random normal number

X = (a L)(t(v)) + )AL

Random
Normal No. Lead Time (days) Lead Time

(weeks)
Sample No. t(v) (aL)(t(v)) X

1 +2.039 +34.663 302.66 43

2 -0.239 - 4.063 263,94

-0.215 - 3.655 264.34 38
S~4

+1.479 +25.143 293.14 42

5 +0.735 +12.495 280.50 40

6 -1.883 -32.011 235.99 34

-1.596 -27.132 240.87 34

8 +0.057 + .969 268.97 38

-1.789 -30.413 237.49 34

10 +0.226 + 3.842 271.84 39

4
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Generation of Variable Lead Times

Normal Distribution

Item No.. 12 Fed. Stock No. HF-2825-126-4661

IAL ' Mean Lead Time (days) 420 (60 weekf ,L (days) 20 (2.86 weeks)

X- J
_ _ = t(v) where t(v) is the random normal number

0 L

X- (aL) + ML

RandomNormal No. Lead Time (days) Lead Time

S(weeks)
Sample No. t(v) (aL)(t(v)) X

1 -1.772 - 3 5 .4 4 0 384.56 55

2 -0.327 - 6.540 413.46 59

+0.236 + 4.720 424.72 61

+0.426 + 8.510 428.51 61

+0.477 + 9.540 429.54 61

-0.050 - 1.000 419.00 60

7 +1.121 +22.420 442.42 63
8 +1.261 +25.220 445.22 64

9 -0.985 -19.700 400.30 57

10 +0.171 + 3.420 423.42 60

47
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I I Ge~~mausm al Vawlah Lead Time

HAS No. 13 Fed. Mook No. ulA.TMMis I

P5L w Mm Lead Time (day) 264 (38 woekS) WL (d"O 16 12J9 tb)*

CL t(v) where t(v) is dle random normal number

iX - ,L) (t•)) + I'L

Noma No. Lead Time (ds) Lead Time

1 "s,•, NO. t(,) (L)•) x

1 -2.019 -32.304 231.70 33

2 +•1 799 +28,784 292.78 42

3 -o,2 - 3.904 260.10 37

4 -04" - 7AQ8 256.51 37

-0,183 - 2.928 261.07 37

+ 0 +0.770 +12.320 278.32 40

I' 40.972 +15.552 279.55 40

8 -o.m8 - 5.888 258.11 37

9 ,o.25 + 5.200 269J.2 38

1 10 +W.309 +36.944 300.94 43

I
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Generation of Variable Lead Times
f Normal Distribution

Item No. 14 Fed. Stock No. HF-2825-216-9293

a Mean Lead Time (days) 287 (41 weeks) o L (days) 19_(2.71weeks)

X tv) where t(v) is the random normal numberI OL

X-= (aL)(t(v)) + ML

,Random
Normal No. Lead Time (days) Lead Time

(weeks)
Sample No. t(v) (oL)(t(v)) X

1 -1.516 -28.804 258.20 37

12 -1.451 -27.569 259.43

3 +0.544 +10.336 297.34 42

4 +1.712 +32.528 319.53 46

5 +0.007 + .133 287.13 41

6 +1.476 +28.044 315.04 45

7 +1.615 +30.685 217.69 31

8 -1.000 -19.000 268.00 38

9 -0.121 - 2.299 284.70 41

10 -0.994 -18.886 268.13 38

I
!

I 49

I
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Generation of Variable Lead Times

Normal Distribution

Item No., 15 Fed. Stock No. HR-2825-379-3571

JL = Mean Lead Time (days) 540 (77 weeks) aL (days) 24 (3.43 weeks)

S-t(v) where t(v) is the random normal numberOL

X x (aL) (t(v)) + OAL

Random
Normal No. Lead Time (days) Lead Time

(weeks)
Sample No. t(v) (aLMM) (t(v)) X

1 +1.934 +46.416 596.42 85
-0.497 -11.928 528.07 75

3 +0.241 + 5.784 545.78 78

4 +0.067 + 1.608 541.61 77

5 -0.066 - 1.584 538.42 77

6 -0.218 - 5.232 534.77 76

7 -0.286 - 6.864 533.14 76

8 -1.153 -27.672 512.33 73

9 -0.696 -h16.704 523.30 75

10 -0.909 -21.816 518.14 74

I
I

1 50

I
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Generation of Variable Lead Times

Normal Distribution

Item No.. 16 Fed. Stock No. HS-2825-388-1584

)L a Mean Lead Time (days) 363 (52 weeks) " 0 L (days) -21 (3.0 weeks),

t(v) where t(v) is the random normal number

X ( (L) (t(v)) + AL

Random
Normal No. Lead Time (days) Lead Time

(weeks)
Sample No. t(v) (L) (t(v)) X

1 -0.257 - 5.397 357.60 51

1 2 +9.178 + 3.738 366.74 52

3 -1.033 -21.693 341.31 49

4 +L221 +25.620 388.62 56

5 +1.063 +22.323 385.32 55

6 -0.481 -10.101 352.90 50

7 -1.789 -37.569 325.43 46

8 +0.510 +10.710 373.71 53

19 . +0.102 + 2.142 365.14 52

10 +0.891 +18.711 381.71 54

I
1 51

I



Generation of Variable Lead Times[ Normal Distribution

Item No.. 17 Fed. Stock No. RR-2R2.-.q4-RFAR4

JAL =Mean Lead Time (days) 330 (47 weeks) aL (days) 20 (2.86 weeks)

X pL
a t(v) where t(v) is the random normal numberi aL

(a fi(L) (t(v)) + u•L

Random
Normal No. Lead Time (days) Lead Time(weeks)

Sample No. t(v) (oL)(t(v)) x

-0.540 -10.800 319.20 46

12 -1.032 -20.640 309.36 44

3 -1.721 -34.420 295.58 42

4 -1.324 -26.480 303.52 43

5 -0.100 - 2.000 328.00 47

6 -0.007 - .140 329.86 47

7 +0.734 +14.680 344.68 49

8 +1.690 +33,800 363.80 52

9 +1.421 +28.420 358.42 51

10 +0.741 +14.820 344.82 49

II

I 52

I
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Generation of Variable Lead Times

Normal Distribution

Item No.. 18 Fed. Stock No. HF-2910-364-2072

1AL = Mean Lead Time (days) 330 (47 weeks) " aL (days) 19 (2.71 weeks)

X pL
0_ L t(v) where t(v) is the random normal number

x = (a L) (t(v)) + J41

Random
Normal No. Lead Time (days) Lead Time(weeks)

Sample No. t(v) (aL)(t(v)) X

1 -0.157 - 2.983 327.02 47

2 +1.492 +28.348 358.35 51

3 -0.042 - .798 329.20 47
l 4

S+0.289 + 5.491 335.49 48

5 +0.721 +13.699 343.70 49

6 -0.599 -11.381 318.62 46

-0.225 - 4.275 325.72 47

8
-0.015 - .285 327.10 47

9 +1.884 +35.796 365.80 52

10 +1.011 +19.209 349.21 50

53

I
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Generation of Variable Lead Times

Normal Distribution

Item No._ 19 Fed. Stock No. HF-2920-640-7546

AL = Mean Lead Time (days) 389 (56 weeks) - •L (days) 19 (2.71 weeks)

X-ML
O L = t(v) where t(v) is the random normal number

X = (oL)(t(v)) + tL

Random
Normal No. Lead Time (days) Lead Time

(weeks)
Sample No. t(v) (L) (t(v)) X

1 -0.222 - 4.218 384.78 55

2 -0.434 - 8.246 380.75 54

3 +1.471 +27.949 416.95 60

4 +0.426 + 8.094 397.09 57

5 -0.271 - 5.149 383.85 55

6 +0.202 + 3.838 392.84 56

7 +0.722 +13.718 402.72 58

8 +0.701 +13.319 402.31 57

9 -1.799 -34.181 354.82 51

10 -0.572 -10.868 378.13 54

5

! 54

I
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Generation of Variable Lead Times

I Normal Distribution

- Item No.. 20 Fed. Stock No. HF-2930-363-8598

$A = Mean Lead Time (days).3_60(51lweeks) _L (days) 20 (2.86 weeks)

X u = t(v) where t(v) is the random normal numberIL
X =(aL)(t(v)) + JL

Random
Normal No. Lead Time (days) Lead Time

-" (weeks)
Sample No. t(v) (aL) (t(v)) X

S~1
+1.120 +22.400 382.40 55

2 +0.524 +10.480 370.48 53

+1.497 +29.940 389.94 56

4 +0.471 + 9.420 369.42 53
+0.320 + 6.400 366.40 _ _

+1.521 +30.420 390.42 1 56

7 -1.211 -24.220 335.78 48

8 -0.150 - 3.000 357.00 51

9 -0.939 -18.780 341.22 49

10 +1.158 +23.160 383.16 55

I55

1 55
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I
Generation of Variable Lead Times

f Normal Distribution

Item No. 21 Fed. Stock No. HS-3110-100-5507

$L I. Mean Lead Time (days)_ ,,O_.k.nl.. aL (days) 20AjwJZks)

a-_ = t(v) where t(v) is the random normal number
•L

x = (a L) (t(v)) + IAL

Random
Normal No. Lead Time (days) Lead Time

(weeks)
Sample No. t(v) (oL)(t(v)) X

1 +0.905 +18.100 348.10 50

2 -2.225 -44.500 285.50 41

3 +1.130 +22.600 352.60 50

4 -0.072 - 1.440 328.56 47

5 +1.719 +34.380 364.38 52

6 -1.872 -37.440 292.56 42

7 -1.408 -28.160 301.84 43

8 -1.479 -29.580 300.42 43

9 +2.652 +53.040 383.04 55

10 -0.161 - 3.220 326.78 47

I . . . ....5

I
I
1 56

i
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Generation of Variable Lead Times
Normal Distribution

Item No. 22 Fed. Stock No. J .62 0-394-?,4_

JAL Mean Lead Time (days), 330 47 weeks) . u (days)2.13..4weka)

X ML

t . t(v) where t(v) It the rasidom normal number

X - (aI)(t(v)) + AL

ReanI

Normal No. Lead Time (days) Lead TimeS... . ... (weeks)
Sample No. t(v) (aL) (t(v)) X

+0.693 +15.246 342.25 49

2 -0.713 -15.686 314.31 45

3 +1.615 +34.530 365.53 52

4 -0.904 -19.888 310.11 44

6 -1.117 -24.574 305.43 44

6 -0.875 -19.250 310.75 44

7 +1.014 +22.308 352.31 50

8 +0.119 + 2.618 332.62 48

9 -0.185 - 4.070 325.93 47

10 -1.071 -23.562 306.44 44

5

I 57
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Generation of Variable Lead Time
Normal Distribution

Item No. 23 Fed. Stock No. 94ý2L-L255

JL Mean Lead Time (days) 330 W47 week-1 - OL (days) 184257aeJ s)

-at(v) where t(v) is the random normal numbera L

X a (a L)(t(v)) + )L

Random
Normal No. Lead Time (days) Lead Time

(weeks)
Sample No. t(v) ('Li (t(v)) X

1 +0.386 + 6.948 336.95 48

2 -0.284 - 5.112 324.89

3 +0.389 + 7.002 337.00 48

4 -0.370 - 6.660 323.34 46

8 -1.439 -25.902 304.10 44

6 -0.357 - 6.426 323.57 46

+7 0.655 +11.790 341.79 49

8 -0.280 - 5.040 324.96 47

. -0.354 - 6.372 323.63 46

10 +0.181 + 1.448 331.45 47

I

I



I
Generation of Variable Lead Timem

I" Normal Distributaon

g Item No., -4 Fed. Steok No. HF-3950-344-lUI•

JL w Mean Lead Time (days) 223 -(32 weeks) aL (days) 16 (2.29 weeks)

a W) where t(v) is the random normal number

X ()(t(v)) + L

Random
Normal No. Lead Time (days) Lead TimI.. -(week.)

Sample No. t(v) (a(t(v) x

:+1.188 +19.008 242.01 35

I2 -0.672- -10752 212 .2530

3 -0.661 -10.576 212.42 30
84 +12.544 235.54 34

6 +1.406 +22.496 245.50 35

6 -1.367 -21.872 201.13 29

. .7 -0.871 -13.936 209.06 30

8 +0.034 + .544 223.54 32

-1.457 1-23.312 99.69 29

10 o1.041 1 +16,366 239.66 34

I 59


