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STATISTICAL DETERMINATION OP SAFETY STOCKS

AMD LEAD TIMES FOR AN ECONO. IC ORDER QUANTITY

ELECTRONIC DATA PROCESSING INVENTORY CONTROL SYSTEM

INTRODUCTION

The General Stores and Excess Property Operation of

the General Electric Company's Hanford Atomic Products

Operation has incorporated the economic order quantity

formula with electronic data processing machines to control

inventories. An IBM 7090 computer makes use of one year's

past monthly demands, unit price, safety stocks and lead

times for determining when and how much stock to reorder

for each of the 23,000 individual line items In inventory.

The economic order quantity formula has proven to be

an excellent method for controlling inventories. The basic

difficulty with the economic order quantity system is that

mathematical computations and constant surveillance of

stocks are needed. The incorporation of the economic

order quantity system with electronic data processing

machines has made practical use of this system a reality.

The economic order quantity formula, however, is not

the complete and final answer to the problem of inventory

control. There are a number of supplementary problems that

must be solved. However accurate an economic order quan

tity formula may be, the entire system Is only as accurate

as its most inaccurate component.
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One difficulty with any inventory control system is

the determination of safety stocks. Safety stocks have

been established In the economic order quantity electronic

data processing system by estimating the number of months

supply of stock needed in safety stock. This constant

number of months is introduced in the electronic data proc

essing system and, in the majority of cases, forgotten.

Over a period of years safety stocks have accumulated with

in the system, increasing the amount of inventory, increas

ing costs, and creating a very inaccurate and inflexible

safety stock system. The safety stock computation within

the economic order quantity electronic data processing

system is in need of improvement.

Another phase of the present system that can be

improved is the area of lead times. Lead times are now

being calculated manually and introduced to the system for

an automatic averaging process. This technique of calcu

lating and averaging lead times is very inaccurate, yet

this very same lead time is one of the more Important

elements in the economic order quantity electronic data

processing system. The lead times are important in that

they establish the reorder points which are the key points

in the over-all system.

The two fields in need of improvement will be

analyzed separately in the text of the study. The main

purpose of both proposed analytical techniques is to create



a more effective arid exact inventory control systeni with 

a decrease in annual costs. 

The purpose of the first section is to suest a 

way of autornaticaliy calcu1atin safety stocks in the elec- 

tronic data rocessing conponent of the present cystetn. 

This will be accomplished by approximating the cost of 

bein.', out of stock and calculating the fluctuations in 

demand. The tecbnique will be applied only to those line 

items that are in particular need of safety stocks. 

The second section presents a method of automat- 

ically calculatin the correct lead time Cor use in the 

economic order quantity electronic data processing system. 

It is a method utilizing exact calculations, logical aver- 

aging for partial shipments, and statistical reasoning that 

will produce very accurate lead times. Incorporating this 

technique in the electronic data processing system will 

discontinue all manual calculations and produce an up-to- 

date ystQm utilizing all, arid the very latest data 

available. 

The study will be confined to triose areas directly 

associated with, and including, safety stocks and lead 

tijas. Statistical reasoniri will ce introduced as a means 

of obtaining matheiatica1 formulas for calculating pur- 

poses. The formulated system will be designed for inte- 

. 

gratiori in the electronic data processing system and will 



be an1icab1e on1 to the inventorj 81tution ot the 

General $tores and Excess Property Operation. 
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SUI IMARY 

Safet StOCkS are now calculated nLanua11, inserted 

In the systeiii, and forgotten. The niethod of determining 

the correct safety stock is on1j an estimate; a very ira- 

accurate estimate, Safety stocks have compounded over the 

years to a total va1e of ].00,000. By introducing an 

autoaiatic statistical formula to the electronic data proc- 

essing component of the inventory control system, a reduc- 

tion in the value of the safety stock inventory and an 

increase in the accuracy of the system will be realized. 

The proposed automatic safety stock system consists 

of three separate components; namely, a questionnaire and 

accuracy constant, a statistical forniuia, ìd the incorpo- 

ration of the first two coiriøonents in the electronic data 

processin; system. Alter it has been decided a safety 

stock is needed, the questionnaire will be Í'illeo out. 

Adding all the points assi»ned to fIyesI! enswers toether 

and dividing by 100 will ive the correct accuracy constant. 

This constant deterines the numüer of out-of-stock situa- 

tions that cari ce tolerateu. 

The statistical formula that will be used by the 

electronic data processing systecì is 

2 2 
\ 

X1 -(Xj) 
IN 

Safety stock = K (Lead time) 
1(L..3) 



Where 

Xi onthly sales 
N = Nu.iber of iionths in review period 
K = Accuracy constant froni questionnaire 
Lead Time = Time difference between the date of 

demand and tI date of receipt of a 
shipment 

which is the formula for the standard deviation of the 

normal distribution. This formula allows the measurement 

of the deviation or fluctuation of the monthly sales away 

from the average monthly sales during the lead time. This 

can be measured, as shown above, in terms of units which 

will be added to the average number of units sold during 

a lead time so as to estaolish the reoroer point. 

The formula can be incorporated In the electronic 

data processing system quite easily. The formula will use 

the variable monthly sales, accuracy constant, and lead 

time for the calculation. Since all of these factors are 

variable, the safety stock will also be variable, fluctu- 

atirig with the changes in lead time, and the trends and 

fluctuations in monthly demand. 

There are some very definite advantaes to having 

this system Incorporated in the over-all Inventory control 

system. Among these advantages are: 

1. A more effective method of controlling 
inventories, 

2. An auditablo safety stock. 
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3. An automatic mathematical calculation of 
safety stocks. 

Lt. A savings in investment of 8O,OOO and a 
savings in annual cost of l6,OOO. 

Lead timos are now calculated manually iii the 

Purchasing 3rilt of the General Stores and Excess Property 

Operation. This manual calculation is time consuming and 

very inaccurate; yet the lead time Is a very important 

ele,ient in the over-all economic order quantity-electronic 

data processing system In tkt it detennines the reorder 

point. 

The calculation of a statistical lead time can be 

accomplished In three separate mathematical computations. 

The terni statistical leaci time is given to the aesired 

results and should not be confused with other lead times 

mentioned. The first step Is to compute the calculated 
lead time by use of the following formula: 

Where 

Size of sruipment(L.T. - Avg. L.T.)+ Avg.L.f. 
Size of order 

L.T.0 Calculated lead time, in days. 
L.T. = Actual lead timo of the shipment, in days. 
Avg. L.T. = Lead time front the previous averaging 

calculation, in days. 
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The calculated lead tirrie i then stored in the electronic 
data processing system alone; with the calculated lead times 

coviputed from previous shipments. 

This formula allows the calculation of lead time for 

either complete or partial shioments. Partial shipments 

will be dolt with, by the formula, in reference to the size 

of the shipment in relation to the size of the order. 

The second step is to find the average lead time for 

the calculated lead times coiputod from previous shipments 

ana the new calculated lead time, This is accomplished by 

adding all calculated lead times together and dividing by n. 

The factor n is determined by an electronic data processing 

analysis of the economic order quantity. This factor n 

also determines the number of calculated lead times that 
will be considered in the averaging process. After this 

operation is complote, the new calculated lead time will be 

stored in the electronic data processing system and the 

oldest calculated lead time will be dropped. 

This average lead time will tnen be used to calcu- 

late the statistical lead time durink step three. This 

will uo accomplished by use of the following formula: 

Statistical L.T. = Average u.T. + KAvg. t.T. 

The square root of the average lead tLìe is the standard 

deviation of the Poisson distribution, and the constant it 

measures the accuracy desired in the results. 



The K factor is 

and is the only manual 

will be determninea for 

of inventori. This al 

inventory, for various 

controlled source, the 

The data needed 

derived by a manageraent decision 

entry to the system. One K factor 

each of the approximately 15 classes 

Lows a nianual manipulation of the 

reasons and causes, by one self- 

manager of the operation. 

for the calculation of the statisti- 

cal lead time is found in the proposed Flexowriter- 

electronic data processing system. This data will be 

transferred to the economic order quantity-electronic data 

processing system for the calculation of the statistical 

lead time. 

This technique of calculating the statistical lead 

time produces an automatic calculation of both partial 

and complete shipments. It is a technique that will 

reduce work loads while producing a more exact and effect- 

ive inventory control system. 
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CONCLUSIONS

It has been found that safety stocks and lead times

can be calculated automatically within the economic order

quantity-electronic data processing system. This can be

accomplished by introducing formulated procedures to the

master record of the electronic data processing component

of the Inventory control system.

The accuracy of the over-all system will be greatly

Increased through the incorporation of the proposed tech

niques. By calculating automatically rather than manually,

the area of human judgment will be so small that it could

be considered eliminated. Those areas that do require

human judgment have been confined by establishing proce

dures that must be followed In order for the human judgment

to be utilized.

There is a large dollar savings Involved In the

automatic calculation of safety stocks. The present system

has $100,000 Invested in safety stocks which is costing

#20,000 annually. This can be reduced to #20,000 invested

in safety stocks and a resultant cost of investment of

#4,000 annually. This represents a reduction in annual

costs of $16,000 and a reduced Investment of |80,000.

The proposed lead time system is believed to hold a

great potential savings in the form of reduced inventory

and elimination of back orders. The Inaccuracies in the



11 

present system cannot be interpreted in terms of cost 

without actual incorporation of the proposed system. 

Incorporation of the two proposals concerning safety 

stocks and lead times is th correct approach to take in 

producing an advanced and progressive inventory control 

system. This approach, however, is applicable only to the 

inventory situation of the Oeneral Stores and iixcess 

Property Operation of the Hanford Atomic Products Operation. 
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ICOtNDATIuN3 

It is recomtnendod that th i1anaer of the General 

Stores and Excess Property Operation of the hanford Atomic 

Products )peration incorporate both proposals in the f orLau- 

lated hase of the present inveTitory control system. 

The safety stock form la should be inte:rated in the 

master record of the econokic order quantity-electronic 

data processing inventory control system. This should be 

accomplished as soon as possible in order to take advantage 

of the reduced inventory cost, th more effective means of 

controlling inventorios, t greater accuracy that will be 

producted, and the auditable safety stock that will result. 

The lead time technique should be incorporated in 

the Flexowriter-electronic aata processing and the economic 

order quantity-electronic data Droceasing systems. The 

Flexowriter-electronie data processing system is a program 

designed to record and up-date data pertaining to purchas- 

in, ' and to furnish various purchasing oriented reports for 

management utilization. The data needed for tI lead time 

calculations is found in this system. 

The calculating program should be integrated in the 

master record of the economic order quantity-electronic 

data processing system. The kiexowriter-olectronic data 

processing system should be progr&imed so as to make the 

necessary data available. The means of transferring data 
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from one system to the other has already been devised. 

The data necessary for the lead time calculations will be 

included in this transferring process. 

In order to create a smoother integration of both 

sjstema, it is recomznendod tI't they be integrated at the 

same time. Although this is not of paramount Lportance, 
it is hih1y desirable insofar as the evaluation of each 

systxn is concerned. 130th the present safety stock and 

lead time systems are dependent upon each other. By auto 

mating one proposed system and leaving the other in the 

manual phase, both systems would falter in spite of the 

formulated procedure. This faltering would occur in the 

f orn of reduced confidence and reduced evaluation meauros 
of the two proposed techniques. 
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SAFETY STOCKS 

History 

The General Stores and Excess Property Operation 

of the Hanford Atomic Products Operation began its approach 

to an automated inventory control system in l913. Emphasis 

was placed on a more proficient manner for processing data 

tbro1gh the introduction of a kardex filing system. 

Effort was then directed toward another phase of the 

operation; namely, the method of controlling the quantity 

of inventory. The economic order quantity formula, incor- 

porated in the Inventory control system in l92, was used 

in conjunction with the afore-mentioned kardex filing 

system. 

The kardex filing system was replaced by electronic 

data processing machines in l9. The economic order 

quantity formula was pro'amed in the electro-uic data proc- 

esing system with thought being directed toward the types 

of Information reports desired, 

After the economic order quantity electronic data 

processing system was workIng satisfactorily, emphasis ws 

directed toward another component of the operatIoh. During 

1960, the first steps were taken in automating the purchas- 

Ing section of the oeneral Stores and Excess Property 

Operation, 



During 1960, two oroposals for i:aprovin the inven- 

tory control system were subuiltted to manageraont. íoth 

were accepted. The first proposal, a statiatical deter- 

mination of safety stocks for an Economic Order Quantity 

ilectronic Data Proceasin&: ystexn, has been programed in 

the electronic data proces$ing system. The second pro- 

posai, a statistical determination of lead tiznes for an 

Economic Order Quantity Electronic Data Processing System, 

is awaiting the automation of the purchasing section before 

being Drogramed in the electronic data processing system. 

The automation of tt purchasing section brings forth the 

data necessary for the computations In the formulated 

procedures for lead tirrie. 

Both proposals are to be in operation in the iriven- 

tory control system within the next year. At this ttrue 

the entire operation, 0th inventory control and purchasing, 

is expected to be in an advanced state of automation. 
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Basic Procedure 

The procedure that is followed in the periodic use 

of this systeri is that reordering is done to bring the 

stock levels up to a maximum quantity. Reordering takes 

place when the stock on hand falls below the reorder point. 

The reorder point is determined to be the maximum number 

of units to have on hand less the economic order quantity, 

or the average number of units used during the lead tine 

plus the safety stocks, with the result being that the 

economic order quantity is always reordered. 

The aaxinium quantity to have on hand is the sum of 

the economic order quantity, the average number of units 

that will be used during the lead time and the number of 

units in safety stock. The lead time is the time that it 

takes to get the reordered stock on the warehouse shelves 

after the need for the stock has become known. The safety 

stock is a surplus of units that will absorb any fluctua-. 

tions in demand during the lead time. The basic formulas 

are: 

(Safety stock + Lead time)(Average use) + = Naximum 

(Safety stock + Lead tinie)(Average use) = Number of 
units at reorder point 

The formulas, shown above, can be summarized by the graphic 

illustrations shown in Figures 1 and 2. 



Units 

T 
EO 

L.T. 

Maximum 
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EOQ, 

JL.T. 

Time 

Figure 1. Ideal inventory model, 

Units 

Maximum 

Reorder I 

.\Point 

J 

Usage N __ Lower than '\ 
Average Usage 

Higher than e 

Safety Stock 
$ !"1Average Usage 

. I 

J. 
______ Actual r.m. 

Aa. L. 

Figure 2. Actual usage rate model. 

Time 

Possible outf 
stock situation 
without safety 
stock 



Take, for example, the f ollowing data concerning one 

particular line iteiri: 

C = Unit price = 

Y = Yearly demand = L.00 units 

P = Reordering cost = 10 

I = Cost of carrying inventory = 20% of unit price 

Safety stock = 2 months average demand 

Lead time = 2 months 

Average monthly demand 33 units 

In the following equations TAC is the abbreviation 

for the total annual cost and Q. is the abbreviation for the 

economic order quantity. 

The equation for the total annual cost may be 

written as the sum of the inventory cost and the ordering 

cost as follows: 

TAC = Q,CI + YP 

The equation for the economic order quantity Q is 

derived br taking the derivative of the total annual cost 

equation with respect to Q., setting equal to zero, and 

solving for Q.. 

Q, = il 
aP 
CI 
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Substituting the afore-mentioned data in the above 

equation, the econoiriic order quantity for this particular 

situation is derived. 

Q = 2 (Lo0)(lO) 
(Lx.2) 

= 100 units 

The maximum quantity would be equal to the safety 

stock quantity, plus the lead time quantity, plus the 

economic order quantity. 

Maximum = EOQ + (Safety stock + Lead time)(Av. 
mo. demand) 

= 100 + (2 + 2)(33) 

= 100 + 132 

= 232 units 

The reorder point would be at a stock level equal 

to the safety stock quantity plus the lead time quantity. 

Number of units = (Safety stock + Lead time)(Avg. 
at reorder point mo. demand) 

= (2 + 2)(33) 

= 132 units 

Each of these figures, in terms of number of units, 

can be tranformed into months by dividing by the average 

monthly usage. The data processing system can readjust the 

reorder point and the maximum by making use of the variable 

lead time, average usage and the economic order quantity. 

r, 
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One component of the system of controlling inventories 

that can be improved is the situation of safety stocks. 

Safety stock data is now inserted in the electronic 

data processing system manually. A buyer or expediter in 

the Purchasing Unit will insert the number of months usage 

he wants as safety stock in the system thru the use of an 

IBM card. This figure, in terms of months, is added to 

the lead time and is kept in the system indefinitely. 

Safety stocks have mounted over the years to include 1600 

individual line items and once inserted in the system, have 

been forgotten. 

The inaccurate and forgotten figures that have been 

Inserted in the system amount to 4O0,0O0 of safety stock 

Inventory. This safety stock inventory ïs costing the 

General Stores and Excess Property Operation 20,00O per 

year. This figure is derived using the 20 percent cost of 

carrying inventory figure, discussed previously, which 

Includes taxes, insurance, obsolescence, salaries, and the 

cost of invested capital. 

For this reason, and the need for accuracy, the 

entire safety stock system will be analyzed with the goal 

being an accurate and automatic calculating system for 

safety stocks. 
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Ustimate of Accuracy 

In order to deteriine the correct amount of safety 

stock, an analysis should be made eoíiparing the coste of 

holding the units in inventory and the cost of being out of 

stock. To determine these costs accurately would be a long 

and costly operation. aowever, trii value could be esti- 

niatod by the ase of a questionnaire tkt would have points 

assigned to various questions. A high number of total 

points would indicate a need for a high level of accuracy 

and corresponding large safety stocks, whereas a low number 

of total points would indicate low level of accuracy arid 

a low safety stock or no safety stock at all. 

A questionnaire was derived, by trial and error and 

through 'iany discussion periods, to be used for daterining 

an aoproximation to the cost of being out or stock. These 

questionnaires will oe filled out by the personnel closely 

associated with the particular line item and its many uses. 

ach "Yes" answer on the questionnaire has points 
associated with it which would be totaled and divided by 

loo to give what will be called the accuracy constant. 

These Doint values were determined by interviews with per- 

sonnel associated with the inventory control system arid 
familiar with the customers desires and Qetrianda. This 

accuracy 
constant is, in actuality, the number of standard 

deviations fro:t the avera,e, or mean, which is discussed 
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in the next section. An example of this type of question- 

naire and the corresonding point value data sheet are 

shown in Figures 3A, 3D, and J4. respectively. 

The questionnaire and point values are very Ílszib] 
in that they riay be chaníed it the situation warranta si&sk 

action. Any change in the questionnaire or point values 
can be iade only with the approval of ianagement. 

The questionnaire, after bein8 filled out by the 

custoier desiring a safety stock, is analyzed by the buyer 

under whose Jurisdiction this particular line iteni falls. 

A second analysis is made by an inventory control analyst 
and the point values assigned and totaled. The total point 
value ta key ounched into an i. card and passed tbrous!h 

the electronic data processing system. A safety stock then 

will be calculated automatically each month utilizing a 

i$atistical formula and the latest data available, 

The Normal Distribution 

number of salee during a nonth, in the majority 

of cases, varios in accordance with the normal distribution. 

This means that it is just as probable to be a certain 

quantity high as it is low. It a frequency distribution 
were to be Atlade it would resemble the bell shaed curve 

shown tri Figure 5. The frequency distribution shows the 
quantity sold per month in relation to the nwriber 01' times 
this quantity was sold pez' month over a long period of 
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Store Stock Request No. 

Who activated this request of safety stock? 

Name _____________________ Title _________________ Area 

x - Check - Leave Blank 

- 1. Will operations in an area cease if this item is 
not available? 

2. Will operations or departments, other than the 
area supplied, also be affected? 

3. Will a particular person be stopped from per- 
forming hie/her job if this item is not available? 

- i. will the health or safety of an employee be jeopar- 
dizod if this item is not available? 

- 5e Will the morale of a group of employees be affected 
by the unavailability of this item? 

- 6. Is the item made specifically for the order? 

- 7. Is the item normally a vendors shelf item? 

- 8. This Item cannot be substituted by another item 
in inventory, 

The vendor is located within a - 

- 9. 300 mile radius. 

_lO. 600 mile radius. 

_ll. 1,000 mile radias. 

_l2. Over a 1,000 mile radius. 

Figure 3A. Eatiraate of accuracy questionnaire. 



_13. la the Item easy to handle and ship? 

lit. is the item difficult to handle and ship? 

_l5. Is the item procured by G..? 

_16. is the item procured by the A..C.? 

The lead tiaie Is months. 

The minimuni time In which this item may be procured 
under emergency conditions: 

With premium transportation is days. 

Without premium transportation is days. 

Use the space below for any other pertinent iní1ormatIon 

that should be known in determining safety stocks, 

This questionnaire was 
completed by: 

Name 

Title 

Area 

This questionnaire was 
analyzed by: 

Name 

T i t i e 

Area 

Figure 3E. E stimate of accuracy questionnaire. 
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POINT VALUES FOR SAFITY STOCK QUESTIONNAIRE 

In analyzing the questioimaire, the analyst will give 
point values to the sections concerning lead time and 
other pertinent information. 

The qestions marked with a check will be given point 
values and totaled along with the pointa given under the 
sections concerning lead time and other pertinent mf or- 
mation. This total will be divided by 100 to give the 
correct constant for use in the safety stock equation. 
The point values for each question are: 

Question No. Point a 

1 ..............s... 80 
2 .................... 110 
3 ..............s.... 25 L1....,, 6o 
5 ................... 140 

6 .................... 140 

7 .................... 20 
8 .................... 50 
9 ................... o 

iO .................... 10 
ii ................... 20 
i2 .s....s..,.e.,.e.. 30 
1 .................... O 
1 L. .................... 20 
1 5 .................... o 
1 6 .................... 140 

with the points assigned to te sections concerning lead 
time and other pertinent information being left to the 
discretion of the analyst. 

Figure 14. Point values for questionnaire. 
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Figure 5. The normal curve. 



27 

time. This bell shaped curve Is known as the normal curve 

and f ollow8 the normal distribution. Although the shape 

of the curve may not appear normal in every caso, it is a 

good over-all approxliîiation. 

The normal curve is governed in shape by two 

factors, namely the mean, or average, and the standard 

deviation. The standard deviation is defined as the square 

root of the average of the squared deviations from the 

mean. Two equivalent formulas for determining the S.D. are 

shown below, of which the seco.-ìd will be used. 

S.D. = 1I(Xt - 
N 

Where 

Ili12 _____ 

X = Average usage during periods reviewed 
xi = Number of sales during period i 
N Number of periods observed 

Thi8 equality is derIved in the follQvring trans- 

formation, beginning with the accepted formula for the S.D. 

of the normal distribution, 

S.D. =1 (x1 - 
N 

S.D. =' (X12 



Where 

S.D. iJ x12 -2Xj 
N 

and !Xj 
N 

Substituting in the above forniula for t S.D., the 

following fornula i8 derived: 

S.D. fr12 -2ZXiXI+N(Xi)2 
N 

N 

S.D. 1 x1 - 2LzXd2 + (X)2 
N N 
N 

S.D. Xj2 - (iX1)2 
N 

N 

.i)ue to the ease of calculating, an interpretation 

of the above fortnula will be used in the electronic data 

processing system f r calculating safety stocks. 

The area under the total normal curve has been set 

equal to one. )ne S.D. on tue riht Bide of the mean 

includes approximately 8 percent of the area under the 

curve. Two S.D.s Include approximately 97 percent, and 

three S.D.s include approximately 99 percent as shown in 

Figure 6. To determine the exact number of S.D. s 
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Figure 6. Standard deviations for 8%, 97% and 99% 
accuracy. 
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corresponding to a particular percentile, a norïial statis- 

tical table can be used. For example, the exact number of 

. s that includes 99 percent of the area under the curve 

would be 2.326. This accuracy constant of 2.326 would be 

determined bî analyzing the questionnaire mentioned 

prèviously. 

Consider the case of an avera,e number of sales 

during a month being equal to 100 arid a ). of 10. These 

figures would be determined by analyzing past historical 

data. 1hat would be the chances of the demand for the next 

month exceeding 130 units? The answer would be one chance 

in one hundred because percent of the area under the 

curve Is between the lower limit of minus infinity and the 

upper limit of 130. 

Another statistical tool is the determination of an 

S.D. for a period longer than one month. It is easy to see 

that the variability for a two-month period is greater than 

that for a one-month period. The S.1). for a two-month 

period would appear as follows: 

S.D.i&2 = (s.D.1)2 + (S.D.2)2 

Due to the fact that the S.J. for any one month is 

exactly the same as any other month for a line item, 

is equal to '-2 and the above equation may be revised to 

S.D.l&2 a S.D.i1 2 
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or nore generally 

= S.L.j \ Number of months 

Since all inventories at the General Stores and 

Excess Property Operation are not reviewed once a ionth, 

but once a week, the value of N In the denominator of the 

equation for the .1). would be multiplied by L..3, the 

number of weeks in the average period reviewed. This is 

an imortant consideration in the derivation of the safety 

stock formula, It is assumed, in connection with the 

afore-naentioned constant of L1.3, that the deLrlands upon the 

inventory occur randomly throughout the month rather than 

all at once. This assumption is not valid for every line 
item, but is 1o;ical when considering the entire 23,())O 

line items in inventory. The monthly sales, however, will 

still be suimued over the number of raonths in the period 

reviewed as will the squares of the ionthly sales. The 

value of N that is divided into the square of the sum of 

the xnontnly sales will take the number of months in the 
review period. 

the L.3 factor in the equation is derived frrì an 

evaluation of the equation for the weekly S.D. The formula 

for the weekly ... is shown below. 

.D.W (Xj 

N 



W here 

= Actual weekly demand during week i 
Aierage weekly demand 

N = Review period of 2 weeks 
K Accuracy constant 

Interpreting the f oríula for the weekly ..3. in 

32 

terms of safety stocks, the following f oruiula is derived: 

4 here 

Safety stock K'\{[X1_ )2j (L.T.)U.3) 

L.T. = C2he lead time in months 

The weekly demand cari be interpreted only in terms 

of the monthly demand. The monthly demands are the only 

demand figures held in the electronic data processing 

system. The weekly demand is equal to the monthly demand 

divided by L..3, the number of weeks in an average month. 

Since it is no longer necessary to sum over the number of 

weeks, the summing may be done over the number of months. 

Changing the definition of X1 and to monthly demand 

figures, the safety stock formula Will take the following 

form: 

T M X 2(L.T.)(L..3) 
Safety stock = K t . - 

2 
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Breaking the formula down into simpler form, the 

final formula for safety stocks would appear as follows: 

Where 

fx1 2 

Safety stock = K - (L.T.)U..3) 
- (l)Li..3) 

= (L.T.) 
N(.3) J 

Average monthly demand 
X1 = Actual monthly demand during month i 
N = Review period of 12 months 

Consider the case of a particular line item, with 

the average monthly demand, the actual demand for each 

month, and the lead time iown from one year's past 

historical data. It has been determined by the use of the 

questionnaire mentioned previously, that a constant of 23 

should be used in the formula, which would mean one stock 

outage situation during 100 reordorings. 

The number of units to have in safety stock can be 

determined by the general formula 

Safety stock 2.3 (S.D.T) 

or more specifically 

,rrÑ 2 ¿{ 21 
3afety stock = 2.3 ZXj (ç Xj) 1(Lead time) 

I 
N 

L NV4.3) 
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This is the formula that will be inserted in the 

riiaster record of the electronic data processîng system. 

The system would pick up the constant, punched in an iBi 

card, and calculate the safety stock, If no constant is 

punched in the card, the safety stock calculations will be 

automatically bypassed. All the data, except the accuracy 

constant, is presently in the system and can be used in 

the calculations quite easily. 

Safety Stocke 

The basic problem concerning safety stocks is deter- 

mining the amount of stock to have on hand to absorb any 

fluctuations in demand during the lead time, The theoret- 

ical situation is shown in Figure 7. The more realistic 

situation would not appear as that shown in Figure 7, but 

would be similar to that shown in Figure 8. Figure 3 

emphasizes a larger than average demand during the lead 

time, but could have appeared as a lower than average 

demand just as easily. In this iliu8tration, an out-of- 

stock situation occurred at the midway point of the lead 

t1tie. If this particular item were of great importance, a 

critical situation would have occurred. The only pro- 

caution that can be tacen, in this case, is to establish a 

safety stock. This safety stock should be established by 

the use of the questionnaire mentioned previously to 

determine if the safety stock is necessar', and if so, the 
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Figure 7. Theoretical demand situation. 

Maximum 

¡ ¡ 

I I -- 

Lead Time L 

Figure 8. Actual demand situation. 
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accuracy needed. In determining the accuracy, the constant 

is automatically determined that will be used along with 

the formula shown previously. 

onsider now a numerical example involving purchase 

order forms. The lead time in this example is 2.8 months, 

the average monthly demand is ¿1.,383 forms ana the present 

safety stock is a two-irionths supply, or 3,766 forms. The 

number of forms that would make up the total for the lead 

time and afety stock, and therefore the reorder point, 

would be 21,038. The actual monthly sales ana the number 

of forms sold durmn- the lead time are as follows: 

Table I. Actual Demand During Lead Time 

Actual Total for 
Monthly Salea Month 1 Month 2 .8 of Month 3 Lead Time 

5500 5500 + 1.j$50 + (.8)(2800) 12290 

¿1$50 ¿1.550 + 2800 + (.8)(5600) = 11030 

2800 2800 + 5600 + (.8)(Lj.800) = l22Lj.0 

5600 5600 + ¿1.800 + (.8)(2800) = l26i.0 

¿1.800 ¿1.800 + 2800 + (.8)(6300) = l26L.0 

2800 2800 + 6300 + (.8)(L.5oo) = 12700 

6300 6300 + ¿1.500 + (.8)(2800) = l30L0 

¿1$00 L500 + 2800 + (.8)(3850) 10380 

2800 2800 + 3850 + (.8)(3150) = 9170 

3850 3850 + 3150 + (.8)(5950) = 11760 

3150 

5950 
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The assumption was made, for the purposes of this 

illustration, that reorderings took olace only on the first 

of the month. The reorderings shown are only examples, 

although they give a good representation of the true sit- 

uation. It is further assumed that, upon analyzing the 

questionnaire, an accuracy constant of 2.3, or 99 percent 

efficiency was determined. 

The first operation in determining the number of 

forms to have in safety stock is to sum the squares, over 

a 12-month period, of the monthly usage. This figure, 

following the example, is 250,200,000. The next calcula- 

tion to be made is to sum the monthly demand over the 12- 

month period, square this figure, and divide it by 12. 

This figure would then be 232,000,000. The next calcula- 

tion is to subtract 232,000,000 froìi 2O,2OO,OOO and divide 

this difference by the number of review periods during the 

year, namely 2. The answer to this calculation is 3O,OOO. 

The square root of this number is then the standard devi- 

ation of the monthly demand for this particular line item. 

Before we take this square root, we must multiply 

the 3O,OOO by 2.8, the lead timo. This is done because 

the standard deviation over the 2.8 months must be found. 

The next step is to take the square root of this product, 

which is 990. To obtain the 99 percent accuracy of the 

safety stock, the 990 found in the previous calculation 
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must be multiplied by 2.3. This figure, 2,303, is then 

the amount to have in safety stock, which is 6,L63 forms 

less than the present safety stock. 

Safety stock = 2.3J120,200,000232,000,0O01(2.8) 
52 i 

= 2.3' (3O,0O0)(2.8) 

= 2.3(990) 

= 2,303 forms 

In comparing this newly calculated safety stock with 

the existing situation, the average monthly usage must be 

nultiolied by the lead time and the safety stock added to 

this figure to obtain the new reorder point. This figure 

is l3,75, which is greater than the number of forms 

demanded during the lead time for every situation shown 

nreviously. 

It must be remembered that this statistical system 

is not a fixed system. k(ecalculations will occur monthly 

so that safety stocks will automatically be brought up to 

date using the latest data available. The system takes 

into account tue wide fluctuations and trends that will 

effect the amount of safety stock to have on hand. The 

amount of safety stock will also vary as the lead time 

varies. It is a ssteLf1 that will bring more exactness and 

confidence into and around the economic order quantity 

electronic data processingsystem, while reducing costs. 
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LEAD Til

Basic Procedure

Lead time is defined as the time difference between

the date of demand and the date of receipt of a quantity

of ordered material. The lead time is used to determine

the reorder point or the minimum number of units to have

on hand at reordering. This minimum number of units on

hand is the average number of units that will be used

during the lead time. This situation can be represented

graphically as shown in Figures 9 and 10.

The Purchasing Unit of the General Stores and

Excess Property Operation is responsible for calculating

lead times. The calculations of lead time are, in a major

ity of cases, inaccurate. These inaccuracies are due to

the fact that the lead times are not calculated but are

anoroximated or remain fixed.

These approximated or fixed lead times are caused

by a lack of time and interest on the part of the people

doing the calculating or by the procedures set up within

the organization. In a majority of cases these approxi

mated or fixed lead times are larger than the true lead

times.

A lead time that is larger than the true lead time

is equivalent to establishing safety stocks on those partic

ular items. If, on the other hand, the lead time is less
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Figure 9. Theoretical lead time situation. 

Assumed L.T. 
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Figure 10. Actual load time situation. 

Assumed L.T. 
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than the true lead time, out-of-stock situations and back 
orders will result. oth the safety stock and the out-of- 

stock back-order situations are very costly in the expend- 

iture of time, space, aperwork and money. 

The procedure followed by the electronic data 

processing system in the present calculation of lead times 

is as follows: 

1. The new lead time is manually calculated 
and punched in an IM card for insertion 
in the electronic data processing system. 

2. ny lead tLrie of less than one month is 
taken as one month in all calculations. 

3. The newly calculated lead tine is added 
to the lead time in the electronic data 
processing system and divided by 2, to 
obtain an average. 

)4.. The electronic data processing system 
recalculates the maximum number of units 
to have on hand and the reorder point. 

The inaccurate manual calculations are determining 

a most important component in the over-all economic order 

quantity-electronic data processing system, namely the 

reorder point. Therefore, tbe entire procedure will be 

analyzed with t goal being a completely automatic and 

accurate lead time calculation system. 

New Averaging Frocess 

A necessary element in determining the statistical 

lead time is the average, or mean value. The term 
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statistical lead time will oe used to designate the desired 

results that will be used in the economic order quantity- 
electronic data processthg systeri for eterinining reorder 

pointa. There are, however, a few difficulties involved 

in eteriining how to take this average. These diffi- 
culties arise in the number of observations to take and the 

problea of partial shipments. 

There la a great difference between the historical 
value o1 lead tinies of ari item with an econoìic order quan- 

tity of one year and another with an economic order quanti- 
ty of' two nionths. A lare arriount of historical data 
concerning an Item with an econociic order quantity o1 one 

year could be very outdated and inaccurate. A small aiaount 

of historical data for an item with an economic order quan- 

tity of two ïionth could omit an seasonal fluctuations, 

trends, or ueviatious. because of tais cha aLteistic, it 
seems evicient that the number of calculated baa times that 

atiould be averaged should be proportional to the eoonouic 

order quantitî. The term calculated lead time is used to 

designate those lead times that nave been coiiputed pro- 
portionatelj as will be shown later. 

In analyzing the econocric order quantity-electronic 
data processing system lt was found that the two extremes 

in the econoßlic order quantity are the afore-mentionod two 

and twelve months. i a trial and error method, it has 

been determined that the two rionth economic order quantity 
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should have a 6 calculated lead time average and the 

twelve month economic order quantity, a 2 lead time average. 

y inserting the following fixed program in the master 

record of the electronic data processing system, the desirod 

results can be achieved. 

Table II. Number of Calculated Lead Times Versus 
the 'conomic Order Quantity. 

Economic order Number of calculated 
quantity (months) lead times in the average 

12 . . . . . . . . . . . 2 
11 . . . . . . . . . . . 2 
10 . . . . . . . . . . . 3 
9 . . . . . . . . . . . 3 a. . . . . . . . . . . ¿4. 

7 . . . . . . . . . . . L1. 

6 . . . . . . . . . . . 14. 

s. . . . . . . s s 5 
Li.. . . . . . . . 5 
3 . . . . . . . . . . . 6 
2 . . . . . . . . . . . 6 
i. . . . . . . . . . . 6 
o. . . . . . . . . . . 6 

Partial shipments are a major problem in calculating 

lead times. . 
typical example of this, is an order for 100 

units, with an. econoriic order quantity of 2 months, with 

the receival of 50 units 30 days after the demand was 

known, 25 units after 60 days, and 25 units after 90 days. 

The average lead time known before the l.Y) units arrived 

in this hypothetical situation, could have been 4.5 days, 

the avorae of the last 6 calculated lead ti:tes. hese 

6 lead times could have appeared as follows: 
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(1) (2) (3) (Ii.) () (6) 

60 days 30 days 60 days 60 days 30 uays 30 days 

The basic formula used in the following example is: 

= Size of shipment(L.T.-Avg.L.T.)+Avg.L.T. 
Size of order 

L.T.0 = Calculated lead time, in days 
LT. = Actual lead time of particular shipment, 

in day8 
Avg. L.T. L.T. from previous averaging computation, 

in days 

This calculated lead tuas, in the case of an econom- 

ic order quantity of 2 months, is then added to the sum of 

the five previous calculated lead times and divided by 6 

to obtain the average lead time. 

A 

lead time for arrival of the first 50 units can 

be calculated in the following manner: 

100 

= 37.5 days 

By dropping the calculated lead time in position 

number (1) shown above, adding the remaining five toether, 

adding the new calculated lead time to this SWi, and 

dividing by 6 will produce a new average lead time of 
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days. The tarrn average lead time 18 sod to designate the 

average of the six calculated lead tirrea. 

In a corresponding .anner, the now average lead t1e 

for the second partial shlpnient tnay be cotaputed as follows: 

(60 L3.l.L) + 

= I6.l days 

avg. L.T. 6o + 60 +30 + 30 + 37. + Li.6.l 

= ¿3.9 days 

and sirLilarly for the third partial shipiìent. 

= (90 .3.9) + i.3.9 

days 

Avg.L,T,a60+3O+30+3,+6.l+½.4. 

= ¿j3,2 days 

If the shipment arrives all at once rather than In 

partial sh1pîionts, the actual lead tirie will be the sanie as 

the calculated lead tiis. Thu can be proven as follows: 

LT.c = Size of shient(&.T..'Avg.L.?.)+Avg.L.T. 
Size of order 

= i (r.T.-Avg. L..) 4 Avg. L.T. 

- r ï' - 
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If the lead time of a partial or complete shipment 

should he exactly the same as the average lead time, the 

calculated lead time would be exactly the same as the 

average lead time. This can be proven in the follodxg 

manner. 

= Size of shipm.ont(L.T.-Avg.L.T.)+Avg.L.T. 
Size ot order 

Size of shipment(0) + Avg. L.T. 
Size of order 

= hvg. L.T. 

The formula for the calculated lead time Is meant 

to calculate the lead time in proportion to the degree of 

completeness of the order. The smaller the partial ship- 

ment in relation to the size of the order, the smaller the 

calculated fluctuation from the average. The opposite also 

holds true in that larger portions of the partial shipment 

will create a larger deviation frori the average. in both 

cases the calculation is as lt should be In computing lead 

times. 

This formula allows the calculation of all lead 

times with one basic formula which treats partial and corn- 

plete shipments in exactly the same way. This formula, 

combined with the proportional economic order quantity lead 

time averae, produces t cesired results in the averaging 

ìrocess. 
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The Poisson Distribution 

it is understandable that lead times cannot he 

constant. Lead times can take an average value, but each 

individual bau time will be reater or lees than the 

average, The lead time, over a bone period of time, aries 

in accordance with the poisson distribution, 

The Poisson distribution appears, as shown in Figure 

11, to have 50 percent of its observations on the left side 

and 50 percent on tr right aloe of the median. It will 

be noticed, however, that the majority of observations on 

the left side of the distribution are closer to the average 

or mean value than are those observations on the right. 

The observations on the riht side of the average tend to 

be more widely dispersed or spread out, making the distri- 

bution look somewhat lopsided. 

The Poisson distribution is governed in shape by 

this average or mean value, the median arid the standard 

deviation, The standard deviation measures the spread or 

dispersion away froxu the average or mean valuo. The stand- 

ard deviation of the Toiason distribution is equal to the 

square root of the average or mean value. 

The area under the total curve has oeen set equal 

to unity. One 3.3. on the riht side oi the mean includes 

approximately 8 percent of the area under the curve. Two 

S.i).s include approximately 97 percunt, and three S.),s 
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FIgure 11. The Poisson distribution. 



Figure 12. Standard deviations for 85%, 97% and 99% 
accuracy. 



include approximately 99 percent as shown in Figure 12. 

The nuraber of S.D.s and corresponding percentiles have been 

approxiLuateu, in this case, by the normal distribution. 

Tuis is a justified approximation in that both distribu- 

tions are quite similar in shape. This accuracy constant, 

or number of on the right aide of the average, would 

oe determined by a manaeient decision as to the accuracy 

needed for lead times. 

The number of S.D. s on the ripht slue of the mean 

can be given the unknown value . This value, determined 

by a management decision, will be inserted in the electron- 

ic data processing system through the use of an appropriate 

I card. 

The entire General Stores and Excess Property 

Operations inventory is divided into approximately 15 dif- 

ferent classes, An example of this would be that all sheet 

steel is segregated into one class, electronic tubes In 

another. By assign1n a Ç factor to each of these classes, 

the classes can be controlled Individually. 

The r. factor is a means of more accurate control of 

lead times, but there is a ore significant value involved. 

With the safety stock and lead time proposals both inte- 

grated in the system, the system will be completely closed 

to manual tìanipulation. For various reasons, one of which 

is the percent of back orders, It may be desirable to man- 

ually Increase a class of Inventory. The K factor gives 
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the rnana<er of the operation this opportunity. In iost 

caseß, the nanager of the operation woula keep K equal to 

zero or ore other aa11 value. A K value of 3, however, 

would create a situation of one out-of-stock situation In 

one hundred reorderins, or a comparatively small stock 

outage probability. 

This technique can be used to measure the random 

fluctuations in lead time l'or use in forecasting the lead 

timo for the next reordering cycle. This forecasting 

would tcko the form of calculating for the longer than 

average lead time. 

The statistical or forecasted lead time would be 

the sum of the averae lead time and the fixed number of 

S.i.a from the averaLe. This can be represented graphic- 

ally as illustrated In .1Igure 13. In terms of a inathemat- 

leal formula, the situation would appear as follows: 

= X + K 

Where 

= Forecasted or statistical lead time. 
X = Average lead time. 
K = ?Tumber of S.iD.e from the c.verae or 

accuracy constant. 

Consider the followicig calculated lead times in 

procuring the last si;: shipments of a particular item. 



iDate of Demand 

Avg0 Lead Tim 

' A' ¿ L.T. + iC!Avg. L.T. 

}'iguro 13. Forecasted lead time. 

'Ji N 



(1) (2) (3) (Li.) () (6) 

30 days 35 days 27 days 30 days 2 days 33 days 

The averaje lead time can be calculated by surrniing 

the lead time and dividing by 6, giving, in this case, an 

average value of 30 days. 

The S.D. will take the following mathematical form: 

S.D. 130 

= 

If, by a management decision, the accuracy constant 

or number of 3.i).s from the average is determined to be 2, 

the statistical or forecasted leaa time Will oe: 

Forecasted or 
statistical L.J.. 30 + 2(.) 

= L.l days 

This ¿J. days i the lead time that will be used by 

the economic order quantity-electronic data processing 

system for calculating the reorder point. It allows for 

the average lead time that would occur in the theoretical 

case, plus a fixed amount that would compensate for the 

random fluctuations in the actual case. This statistical 

technique, in essence, adds a small safety stock to the 

lead time. This controlled safety stock is desirable in 

the random fluctuating situation that exists. 



Electronic Data Processing 

The General Stores and xcess Property Operation is 

presently planning and incorporating a rlexowriter- 

electronic data processing system in the Purchasing and 

Inventory Control Jnits ol' the operation. This proposed 

system will function along with the present economic oruer 

quantity-electronic data processing systerîi. 

In an analysis of the proposed Flexowriter- 

electronic data processing system it was found that the 

following data will be available: 

1. Date of demand 
2. Date of recelval 
3. Size of order 
i. Size of shipment 

This data is not found, in its entirety, in the 

present economic order quantity-electronic data processing 

system. The object will be to gather the data together in 

the Flexowriter-electronic data processing system and to 

transfer this data to the economic order quantity- 

electronic data processing system. This transferring 

process will be done to other data along with the data 

concerning the statistical lead tiume. 

The calculation of the statistical lead time will 

be performed in the economic order quantity-electronic 

data processing system, by first computing the calculated 
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lead time. This will be accomplished by use of the

following formulas

L.T.C* Size of shipment(L.T.-Avg.L.T.)+Avg.L.T.
Size of order

The second step in calculating the statistical lead

time will be to find the average lead time. This will be

computed as follows:

Avg. L.T. * L.T.cl+ L.T.c2+ + L.T.
en

N

with L.T.cn being the latest calculated lead time. When a

new statistical lead time is to be calculated, the new data

and corresponding calculated lead time will take the place

of L.T.cn. L,T.cn will be transferred to the position of

L,T,c(n-l) wnicl1 will in turn take the place of L.T.c/n„2)«

This will be continued with the eventual dropping of the

oldest calculated lead time in the series. The value of n

will be dependent upon the economic order quantity as

determined by the economic order quantity-electronic data

processing system.

The third and final step in the series of calcula

tions is the calculation of the statistical lead time.

This will be accomplished by the use of the following

formula:

Statistical L.T. • Avg. L.T. + K 1 Avg. L.T.



The K factor will only apply to classes of inventory 

and will be derived by a rrianagexnent decision. The desired 

accuracy of the statistical lead time, established by a 

manipulation of the K factor, apilies only to the average 

line item in a class of inventory and specific deviations 

from the desired accuracy will be noted. 

This statistical lead time will then be used by 

the economic order quantity-electronic data processing 

system in the determination of the reorder point and for 

more effective control of inventories. 



7 
BIBLIOGRAPHY 

1. Brown, Robert G. Statistical roreca8ting for inventory 
control. New York, Mc(raw-Hi11, 199. 232 p. 

2. DIxon, Wilfrid J. and iLassey, Frank J., Jr. 
Introduction to statistical analysis. 2nd ed. 
New York, McGraw-Hill, 1957. LI88 p. 

3. Duncan, Acheon J., PhD. Quality control and indu8- trial statistic$. Rev. ed. Homewood, Illinois, 
Richard D. Irwin, Inc., l99. 9116 p. 

¿4.. Magee, John F. Production planning and inventory 
control. New York, McGraw-Hill, 1958. 333 p. 

5. Sasieni, Maurice, Yaspari, Arthur and Friedman, 
Lawrence. Operations research - methods and problems. 
New York, John Wiley and Sons, Inc., l99. 316 p. 

6. Welch, W. Evert. Tested scientific inventory control. 
Greenwich, Oonn., 'anagemerit Publishing dorp., 1956. 
158 p. 

7. Westing, J, H. and Fine, I. F. Industrial purchasing. 
New York, John wiley and Sons, Inc., 1955. i1.2l p. 

8. Whiten, J. í'. The theory of inventory management. 
Princeton, Princeton University Press, 1953. 2L$ p. 

PRIMARY SOURCES 

1. Canson, R. L. 

General Stores and ixcess Property Operation 
Hanford Atomic Products Operation 

2. Finfrock, V. 

Hlectronic Data Processing Operation 
Hanford Atomic Products Operation 

3. Gilbert, R. D. 

Industrial Engineering Operation 
Hanford Atomic Products Operation 



Li.. urth, R. 

Electronic Data Processing Operation 
Hanford Atomic Products Operation 

5. :1offett, J. T. 

General Stores and xcess Froperty Operation 
Hanford Atomic Products uperation 

6. Mullineaux, R. 

General Stores and Excess Property Operation 
Hanford Atomic Products operation 

7. Webster, . V. 

eneral Stores and xcess Property Operation 
Hanford Atomic Products Operation 

8. Wiins, A., PhD. 

Operations Research and Synthesis Operation 
Hanford Atomic Products Operation 


