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ABSTRACT

The objective of this simulation was to
ascertain the mean time required to pro-
cess a procurement action and the vari-
ability of this time. A cumulative prob-
ability distribution was generated for
each step as well as a rejection probabil-
ity. A Monte Carlo computer program was
used to determine the time required to
process through the organization and these
"make time" distributions were tested a-
gainst known distribution for goodness of
fit.

I. DATA ACQUISITION AND MODEL

This simulation was conducted to determine
the "make time" for purchase orders and
contracts in the Guidance and Control
(G&C) Directorate, US Army Missile Command
This Directorate is comprised of six oper-
tional branches and an administrative sec-
tion. It is basically a research organi-
zation within which requirements for new
materials and contracts are generated by
engineering and scientific personnel on a
random basis.

Personal interviews were conducted with
various individuals throughout the G&C
Directorate. Those interviews included
engineers, researchers, secretaries, ad-
ministrative officers, and the Director.
The purpose of the interviews was to
gather as much data as possible regarding
the flow of procurement packages. A gen-
eral model for preparation and review of
procurement packages within G&C Directo-
rate was prepared from information gath-
ered during the interviews. Questione
naires and typist logs were prepared and
distributed to all Branch Chiefs, secre-
taries, and engineers within the Directo-
rate. Completed questiomnaires togather
with the information from the timing test
were sufficient to identify the cumulative
time distribution for each operation.

A general model of the entire procurement
process within G&C Directorate was con-
structed. The six branches are represent-
ed by parallel lines of main blocks and
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then they are connected in series with ten
more main blocks which represents common
steps within the chain. Each block repre-
sents a definable piece of work required to
complete a procurement package. At each
main block there was a rejection probabili-
ty. This rejection could be due to insuf-
ficient funds, incomplete requirements,
typing errors or changing of organizational
goals.

A computer program was developed for per-
forming the Monte Carlo simulation opera-
tion by first constructing a simple build-
ing block model of an alternate within an
operation of the system and this building
block is shown in Fig. 1. Associated with
each main block or building block of the
overall general model is a set of three
sub-blocks. These sub=blocks represent
work that must be redone because of errors,
redirection, etc; e.g., if the main block
represents typing, sub-block 1 could re-
present review, sub-block 2 retyping, and
sub-block 3 approval. Associated with each
main block is a probability of going from
one main block directly to the next. This
represents the probability of a rejection,
and subsequent corrections and review of
procurement actions.

FIGURE 1
Building Block Model
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The program works as follows; a random
number between 0 and 1 is generated by a
sub-routine and compared with a probabili-
ty obtained from that block of question-
naires. If the random number is less than
the probability distribution, each of the
sub-blocks associated with that main block
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is entered and the times selected. If the
random number is greater than the probili-
ty, the program goes directly to the next
main block distribution for a time value,
and sub-blocks are not included.

II. RESULTS

The outputs from the Monte Carlo program
included: Mean, Standard Deviation, and
Variance for the service times and are
shown in Tables 1 and 2. :

TABLE 1
Purchase Requests
Branch Mean Time Standard
Hours Deviation
1 16.82 L.he
2 16.26 3.49
3 22.25 6.66
L 28.36 5.16
-5 17.76 3.54
6 19.71 4.99
TABLE 2
Contracts
Branch Mean Time Standard
Hours Deviation
1 k6,11 10.23
2 78.27 5.66
2 27.01 5.29
‘ 35.47 8.34
6 k2,19 8.89

The service times were expected to be nor-
mally distributed due to the Central Limit
Theorem; therefore, a test was needed to
prove this hypothesis. The KILOMOGOROV~-
SMIRONOV Test was found appropriate in
this situation. The normal F(X) and samp-
ple SN(X) probability distributions are
easily obtained where N is the number of
observations or points to be compared.

The KS-1 Test then tests the absolute dif-
ference between theoretical and empirical
distributions at N points. The maximum
of these absolute deviations is compared
against a table of critical values (K).

If the calculated value is above the crit-
ical value the hypothesis of normality is
rejected. In mathematical terms:

MAX |F(x) - SN(X)'(Kn

where K_ is a function of number of ob-
servatibns.

The KS-1 Test was conducted on all the

distributions and confirmed the normality
at the 0.005 level of eriticality except
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for one. Additional. research was performed
at this point to find a model to which the
non-normal case could be fitted. The
Weibull distribution was found to be a good
model for time functions, such as this case,
because of its non-negative characteristics
and flexibility in curve shape. The
Weibull distribution which yielded the best
model is

-0.00018t2°65

F(t)= 0.000182°35¢

This model was then tested using the KS-1
Maximum Deviation Test by converting to
F(t), which yielded:

MAX |F (Weibull) -S (test data) | =0.197

At anx of 0.05, the critical value of the
KS-1 Test is 2.64; therefore, the Weibull
model is accepted as a valid one.

The fact that a Weibull model is accepted,
the character of the co-efficients imply
that as time passes the actions that have
not been completed become more critical
and have more priority than those generated
later. In other words, the status of the
procurement actions are monitored within
this branch and those actions that are lag-
ging receive the greatest action.

II1. CONCLUSIONS

A normal model was assumed based on the
Central Limit Theorem but the one Branch
that does not exhibit normality indicates
a positive feedback through the system. As
the time between origination and completion
becomes long, more emphasis is placed on '
these lagging actions. Other Branches that
flow normally indicate that the flow is not
being checked on and followed up by the or-
iginator of the action. As expected the
Branch which prepares the most technically
sophisticated contracts requires the most
preparation and review time.
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