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It ié believed that the scheduiing system described here, represénts a
very significant imprdvement in the operations of this firm. However, we do
not believe in any way that this‘scheduling system is an optimum one. The
developmeﬁt of optimum sgheduiing systems is an extremely difficult problem,
and here we can‘feporﬁ only on our plans. We are considering simulating the
production scheduling problem with the Monte Carlo Method, on a large scale
electronic digital computer. As our ideas are preliminary here, it will be

perhéps best to describe the proposed approach through an example.

Simulation of Scheduling

Consider a very simple production scheduling problem where four parts,
P, Q, R, and S, are to be manufactured on machines &, B, v, and 6. The pro- -
duction requirements are shown in Figure 10. It cah be seen, for instance,
that 100 of assembly P is required by the end of the sixth week, 80 by the
end of the ninth week, 120 by the end of the twelfth week, and 85 by the end
of the fifteenth week. Assembly P requires as parts, Q, R, and S.. As each
assembly P requires two of Q, we have to have 200 Q's available when the first
lot of assembly P is to be started. This means, as shown in the diagram, that
200 of part Q must be completed by the end of the third week. The schedule
shown in Figure 10 can be interpreted in a similar fashion for the other parts.

The question arises whether this schedule is compatible with the machines
available. In Figure 11, we show a schedule by two-hour intervals, which des-
cribes the production of all these assemblies and parts. The representation

in Figure 11 is twofold. The lines headed by Pl, Ql, Rl, Sl show the history
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of the first lot of each part; the iines headed by @, B, ¥, and ® show the
history of each machine. (The two representations are somewhat redundant
and must be in agreement.) We begin by producing the first lot of Q, i.e.,
Ql. Figure 11 shows that Ql goes on machine B on day 1. Each symbol in
Figure 11 denotes two hours of production, and so it can be seen that the
first operation on lot Ql takes four hours. During the third quarter of
day 1, Ql is in-transit to machine @. This is designated by the letter T.
Then Ql goes on machine & for a six-hour period. As a coumparison we see in
the line headed « that Ql is, indeed, manufactured on machine @, as indi-
cated by the letter Ql. Then Ql is in-transit for two hours to go on
machine ¥ where it stays for four hours. Then Ql is in-traﬁsit again, and
becomes ﬁvailable as designhated by the letter A. At the beginning of day
4, Ql is available for assembly. Manufacturing of Pl on machine & begins
in the second quarter of day 4. This can be seen in the line headed by ®
where the production of P1 is listed. We also observe that according to
the schedule we should have started P1 on the fourth day, but we could not
start it, since subassembly Rl was in-transit. We list in the line headed
by Pl the letter D which shows that the start of Pl is delayed.

The diagram in Figure 11 shows, then, a detailed description of the
events that occur during the production of these parts. (The chart is to
be continued for the subsequent lots of parts.) In ordervto prepare charts
like Figure 11, it is necessary to consider all the important elements that
enter into the production problem. For instance, we note that wmachine ¥

on day 5, during the first and second quarter, is under maintenance as
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denoted by the letter M. There are many other factors that must be included
in a realistic situation, but here for the sake of simplicity, these other
factors are omitted.

‘In order to carry out, in a systematie fashion; the preparation of such
schedules, it is neceséary to have decision rules which specify what to do
in each instant. In particular, when different parts compete for the same
machine, there is a need for a decision rule to indicate.which part should
go on the machine fi-fst° The, simplest decision rule is to take the part
first which arrives first. More elaborate decision rules which relate more
intimately the production schedule to the delivery requirements have been
suggested by various authorsa*

In addition to the specification of these decision rules, it is neces-
sary to -know the statistics of each of the factors that enter into production.
The statistical distr;bution of the time it takes to wanufacture a part,
is one of these factors. The statistical distribution of set-up time is
necessary, too.  We need to know the statistics of the time it takes for
a part to be transported from one wachine to another. Information on main-
tenance is required. However, when all this statistical information is avail-
able, and the decision rules are specified, then the scheduling process be-

comes automatic and can be performed with the aid of an electronic computer.

" , B _ _ ,
A. Vazsonyi, "Operations Research in Production Control--A Progress Report,"

Operations Research, Volume 4, No. 1, February 1956, pp 19-31.

R. T. Nelson, "Priority Function Methods for Job-Lot Scheduling,"
Management Sciences Research Project, Discussion Paper No. 51, University
of California, Los Angeles, February 24, 1955.
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,We'illustrate, tentativel&, in Figure 12 by a block diagram of how the
simulation process could be performed. ' The basic input is the shipping
schedule as shown on the left-hand side. The next block shows the set-back
structure that is to be employed in the computations. Then we need to store
in the memory of the computer the operations sheets which describe on what
machines the particular part is to be manufactufed, and in what sequence.

We need to store information on maintenance statistics. The particular Time
Assignment Scheduling System to be employed, must be stored in the memory.
We need to specify the particular decision rule to be employed, and finally
we need to generate random nuuwbers., This is the information from which the
ccmputer can prepare‘simulated production plans of the type shown in Figure
11. . From each simulated production plan we obtain information about the
effectiyenessiof‘the.partiéularvscheduling system employed. It is recognized
here, that no single measure of effectiveness is avallable yet to evaluate
- the performance of a schedule. In Figure 12 we show three important mea-
sures that way be used. One measure is lateness or earliness of delivery.
Another one is the inventory level, and the third one is machine utilization.
Let us inject here that it may be too early to say what these meaéures
of effectiveness should be; the important thing is to recognize that what-
ever measure is accepted; this measure can be coumputed once simulated pro-
duction plans are developed.
In summary, then, the simulation process runs as follows. A partiéular
set-back structure is predicated and then many Monte Carlo runs are made with

different shipping requirements. With the aid of specified measures of
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effectiveness, the particular System of scheduling is evaluated. Then, pro-
posed improvements in the scheduling system are introduced, new runs on the
computer are made, and these proposed improvements are evaluated.

One of the important problems we plan to study, is the problem of shor-
tening lead-times. Instead of using the empirical set-back rules, (Figure 8),
we plan to experiment with various proposals for shortening the lead times.
With the aid of simulation, we will evaluate the validity of these new set-
back structures, and will determine whether these set-back structures are
practical in actual production.

In summary, then, we can say that our point of view of looking at the
problem of production control as a problem in decision theory, has been fruit-
ful. We have developed, installed, and tested, certain decision rules in a
rather complex situation. Our study started with the purpose of introducing
high speed electronic data processors, but a great deal of work had to be
done before it could be specified which electronic computer should be employed.
This is not surprising, as one can readily see that the decision processes
of production must be clearly developed before computers can effectively be
applied. We have learned that by combining electronic computers with thor-
ough system studies, very significant improvements can be realized. There
is every'reason’to believe that continuation of this work will lead to fur-

ther iwmportant benefits to Thompson Products, Inc.
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