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Imagine now that once again we could collect a substantial record of these
events and develop considerable confidence in the relative frequency with
which we might expect each of these replenishment cycle periods to occur.

In just the same manner that we developed a roulette wheel for the distribution
of frequencies for demand, we could design another roulette wheel following
the diagram of frequencies for replenishment cycle time. Then, with these
two roulette wheels before us, it will be possible to simulate operation of a
branch warehouse replenishment system, so that it will have a striking re-
semblance to the pattern of events as they actually occur.

On Chart VII, we show a single branch replenishment system again, but this
time we introduce dynamic variability in demand and replenishment cycle
time by placing the roulette wheels we have designed in the system. This
gives us a very useful model of the processes that we want to investigate.
Let's proceed now to operate the model, in order that we may study the be-
havior of important characteristics of the system. Previously, we had de-
cided that one of the most important things we would like to know is what
effect different levels of inventory will have upon the reliability of supply to
customers. For the sake of an example, let's assume that we have an average
weekly demand expectation of ten per week for some part we want to study.
Also, let's use the replenishment cycle time expectations that we developed
for our roulette wheel. Finally, for the sake of this experiment, let's see
what kind of lost sales might result if we have an initial inventory of 47 units
in stock at the selected branch.

Now we spin the two roulette wheels simultaneously and record the numbers
that win on this spin of the wheels. Let's set our record up as we have on
Chart VIII so that opposite week number one we enter values that came up on
the first spin of the wheel, that is, a demand of eight and a replenishment
cycle time for that eight units of four weeks. Opposite this, we enter a week-
ending inventory of 39 which is simply a reduction of the starting inventory
by the eight units which were sold during the first week. We could then go on
down through the weeks spinning our roulette wheels and obtaining pairs of
numbers just as they have been entered here on the chart. Then, if we also
keep track of just when each of the replenishment shipments for the demands
that have occurred are to arrive at the branch, we would get a record of in-
ventory fluctuation as indicated in the fourth column of the chart.

During week number seven, we register our first lost sale. Here, we indicate
that an inventory of ten units was available at the start of the week, but there
were no replenishment shipments arriving that week and there was a demand
of twelve, resulting in lost sales of two units.

At this point we have experienced a demand for 84 units in total for the first
" seven weeks, but have been unable to fill the demand for two of those units,
resulting in a lost sales performance index of 2.4% through the first seven
weeks.



BRANCH WAREHOUSE SUPPLY SYSTEM

—

CHART VII

(A



- WEEI DEMAND

REPLEN. REPLEN.

TIME '

QTY

THE SYSTEM

[NVENTORY LOSTSALES %

8
7

10
8

12
7

12

T

WNhWhpPNWD

POOPROOOO

CHART VIII

4T
39

22

12
4

21

10
0

2 247




14

As we proceed as recorded on Chart IX, we experience no more out-of-stock
conditions until we hit the 20th week, at which time we start out with four
units in stock. Apparently we get no receipts that week, but have a demand .
for eleven units, resulting in lost sales of seven units. Of course, through
the 20th week then, we have experienced lost sales of nine units and the ag-
gregate demand in those weeks has been 213, resulting in a performance
index of 4. 2% of total demand going unfilled.

Now, you see, we have run this example to 21 weeks and we have already
observed a rather substantial fluctuation in the percentage of total demand
which may result in lost sales. Of course, at the beginning it was 0%, then
after seven weeks it was 2.4% and now after twenty weeks it is 4.2%. In
order to determine what the average expectation of lost sales over the long
haul might be for this case, we might have to continue to operate the model
and analyze the results for several hundred or perhaps several thousand
weekly steps. At whatever point we found that the lost sales percentage no
longer fluctuated appreciably, we would have established a single point de-
scribing the relationship between lost sales and a starting inventory of 47
units,

A mnatural question, of course, would be '"What would the lost sales have been
had I started with a different inventory.'" Obviously, we could run through a
long series of such weekly observations again and establish a new number
representing expected lost sales as a per cent of demand for some other
starting inventory. In fact, if we continued this process for several different
figures, we could obtain enough data to establish a trend showing the relation-
ship between inventory and lost sales for the average demand that we have
selected under a replenishment cycle pattern which applies to the system.
Were we to do this, we could ultimately develop a curve as shown on Chart

X. For example, we might have started with an inventory of 50 units as shown
on this chart, and after spinning our roulette wheels long enough, we could
have established the ratio of 6% indicated on the chart. Then, we might have
tried again for an inventory of say 80 units and established that the expected
lost sales would be about 1% of demand. Continuing in this manner, we would
have determined any of the other points on the curve and ultimately we should
have sufficient data to construct a curve representing a wide range of inventory
figures with corresponding lost sales expectations.

.So far, however, we have conducted our work here at the conference around
an average demand of just ten units per week. Clearly, for any given part
number the demand may change from one season to the next; there will be an
over-all increasing and decreasing pattern for the lifetime of the part; and we
are concerned with several thousand different part numbers, each with its

own expected rate of demand. .So, in order to give us guide lines throughout
the entire range of expected demand rates for all articles carried in inventory,
we need a series of curves like the one just completed. However, even in the
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somewhat oversimplified case that we have described here, it is estimated
that several man years would have to be expended to complete adequate
computations. In the model that was actually studied, it was necessary to
include other characteristics of the system, which greatly increased the
computational requirements. Fortunately, we had already decided to use
computer simulation techniques and it was practical for us to take a rather
liberal attitude about such complications.

So, a model of our branch replenishment supply system, quite similar to

that which we have described here, but somewhat more complicated was
programmed as an application for the Univac Scientific Computer in the com-
putational laboratories of our affiliate, The Ramo-Wooldridge Corporation,

in Los Angeles. The system was operated on the computer until several
points for each of seven curves had been generated. Of course, each of these
several points was carefully selected to give us the best possible indication

of the shape of the curve to which each applied. To give you some idea of the
magnitude of the computational task here, it was found necessary to run up to
about 10,000 replenishrnent cycles for some of the points to get a stable indi-
cation of the lost sales expectations at any given level of demand and inventory.
Each one of these several thousand cycles involved about 100 program instruc-
tions to the computer. Altogether, it is estimated that the computer executed
about 30 million instructions in the course of the simulation study. Careful
analysis of the data, as it was generated, indicated that with seven basic
curves determined by the computer, additional intermediate curves could be
fitted in very efficiently by manual methods.

Design and translation of the model into computer language involved less than
six man-months of work, and then the complete simulation process was com-
pleted with the use of slightly less than two hours computer time. Thus, in
less than two hours, the computer provided us with data equivalent to nearly
200 years experience.

Now that the computer simulation work has been completed, the next step is
to test the validity of the results. We are now in this stage of the entire pro-
gram. -Representative part numbers and branches from our nationwide net-
work have been selected and placed on a system of inventory control involving
the use of the data obtained from the simulation study. The results of this
phase are as yet inconclusive, We expect, however, to realize three major
benefits from this understanding of the relationship of lost sales and inventory.
First, we expect to be able to operate with reduced inventory investment.
Second, we expect to improve profits through decreased costs of inventory,
and the attainment of higher sales volume as a result of a reduction in lost
sales. Thirdly, we anticipate an improved competitive position through im-
proved customer service.

A number of by-products of our study have already been generated. These
are both interesting and important. The experiment has required us to
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re-examine and improve our forecasting techniques and this will have an im-
pact on the rate at which obsolescence is generated. It is now easier to
identify the cause of the lost sale. This has led to a greater concentration
on the problem of stock-outs in our central supply at Cleveland, and as a
consequence, we are already realizing the benefits of improved inventory
techniques in this area of operation. Our sharper focus on reliability of
supply problems has stimulated us to analyze our records more extensively.
In turn, management now receives more and better organized data on which
to render decisions regarding the investment in inventory as related to lost
sales.

This is as much of the story as can be told today. We feel that we have dis-
covered a new and exciting technique for solving many present and future
business problems. Our experience thus far make us enthusiastic to the
point that it is not difficult for any of us to imagine the many problems which
may finally yield to this powerful new tool of management.



