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Summaxry

This paper reviews the use of two GPSS models
to verify effects of changes in an inventory
control system. Selected model output, gen-
eral descriptions of the models, summariza-
tion of output and discussion of results are
included. The GPSS models were essentially
inventory models which determined the work-
in-process inventory (WIP) variations under
two different methods of controlling and dis-
bursing a high cost inventory item. Reduc-
tions in the amount of WIP required to meet
production, control of WIP and amount of ex-
posure to inventory obsolescence were mea-
sured by the GPSS models. )

Introduction

Early in 1968 a successful simulation study
was made of the keypunch assembly line at the
IBM Systems Manufacturing Division plant in
Poughkeepsie, N.Y. Based on the success of
this experimental simulation study, IBM es-
tablished a division-wide simulation project
for the Systems Manufacturing Division (SMD)
in March 1968, This project was intended to
acquaint the SMD plants with management sci-
ence techniques in inventory management.

The General Purpose Simulation System (GPSS)
was chosen as the management science tool to
study inventory management. GPSS was chosen
because it is an IBM Type II program, fully
supported by the IBM Data Processing Division;
training courses are available at IBM educa-
tion centers; some plants already had person-
nel trained in GPSS; and it provided a common
language which facilitated exchange of infor-
mation,

The simulation project had two main purposes
for being established at the IBM Boca Raton
plant:

1. A training vehicle to acquaint plant
personnel with GPSS as an analysis
tool.

2. To provide &ata to support or dis-

prove proposed changes in inventory
management of a high~cost computer
part at Boca Raton.

In May 1968, the IBM Boca Raton facility,
having no personnel trained in GPSS and none

. of the required computer hardware or software,
embarked on its first simulation project., The
study was conducted over a nine-month period
and was successful in meeting its objectives.

The following discussion will describe:
objectives of the simulation, the GPSS models

that were used, results of the simulation
and the preséntation té management. All of
the data presented in the following dis-
cussions of results of this project is simu-~
lation data. For example, the plotted out-
put in Pigures 3 and 4 containsg data from
GPSS simulation, not actual inventory guan-
tities.

Objectives

As mentioned, one of the main objectives of
the simulation at the Boca Raton plant was
to test a proposed change in inventory man-

"agement procedures for one of the high cost
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parts of a computer.

The "high dollar" parts studied were plug-
gable integrated circuit boards called
"cards." Each card contains many electri-
cal circuits and several hundred cards are
used in (plugged into) each computer as-
sembled at the Boca Raton plant. Although
the cards are small and relatively easy to
store, each one is expensive and many dollars
can be invested in inventory of these cards.
Typically, some of the cards are subject to
rework before they can be used because of
engineering changes. This rework expense
can be reduced by proper control of card in-
ventory.

Without any analysis it seemed logical that
reducing the amount of in~process and ware-
house inventory would lower the dollar in-
vestment in inventory for the plant and also
reduce the rework expense associated with the
cards. However, thé following "unknowns" re-
guired answers:

1. How much could the inventory of cards
be reduced without jeopardizing pro-
duction schedulesg?

2. Would manufacturing efficiency be
affected?

3. Would the dollar savings be realized
for some products and not others?

4, How much would the dollar investment
in inventory be at any point in the
production cycle?

5. Would more or less manpower be re-

quired?

Simulation of the so-called "present" method
of operation and the "proposed” method was
performed to provide answers to these ques-
tions and others. The existing method will
be referred to in this paper as the "present"
method, and the new method as the "proposed”



method. The engineering group proposing the
inventory changes and the simulation analyst
both approached the project objectively.
This understanding between the simulation
analyst and the engineers was important so
that the analysis could be performed without
prejudice and "hidden objectives.”

The GPSS Models

Two different simulation models were built:

1. A model of the existing method of
card inventory and usage on the com-
puter assembly lines.

2. A model of the proposed method of

card inventory control and associated
assembly procedures.

Representations of the present and proposed
methods of card inventory procedures and
associated assembly activity are shown in
Figures 1 and 2, respectively. In the pres-
ent method, cards are stored in a "card
crib," which is controlled by Production Con-
trol (PC). According to a lead time set by
Production Control, cards required for pro-
duction are sent to an inventory point on the
assembly line. Maintenance of this "line"
inventory is also under control of PC. As .
computers move down the asgsembly line to the
card installation station, assembly personnel
go to the line inventory of cards, choose
those needed, and install them in the com-
puters. All of the computer assembly lines
in the present method require the above de-
scribed procedure with a manufacturing line
inventory of cards as well as cards stored in
the Materials Distribution Center.

The proposed method of card inventory (Figure
2) requires only one inventory of cards for
all of the computer assembly lines. It was
proposed that this inventory would be stored
in a card crib on the assembly floor. Then
the computers would come to the card crib for
installation of cards.

It was thought that this procedure would pro-
vide the following advantages which simula-
tion would prove or disprove:

1., The need for a duplicate inventory of
cards at each assembly line would be
eliminated.

The number of inventory control per-
sonnel would be reduced.

Efficiency of the card installation
personnel at each card-installation
operation would be increased by hav-
ing these personnel install the cards
in more than one type of machine.

The proposal would provide other
benefits such as reduced space re-
quirements and reduced exposure to
card rework (as previously described).

The GPSS models used in this study are basi-
cally simple in contrast to complex models
sometimes built to demonstrate the analyst's
expertise. It was decided to keep the models
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simple so that the engineers and managers in-
volved, who were not programmers, could
understand the general workings of the
models. Their understanding was important
since this was the first application of simu-
lation techniques to an existing plant situ-
ation at Boca Raton.

Flexibility was purposely designed into the
models through the use of variables and
functions so that many experiments could be
conducted with the models. For example,
different lead times, production schedules,
and inventory operating rules could be
changed or inserted by simply adjusting the
variables or functions. The ease with which
experiments could be performed aided accep-
tance of the simulation by the engineering
groups.

The real world was accurately represented in
the models. This was especially true for the
inventory control procedures being studied.
The models simulated the daily production for
two years of four different computers. The
models were designed to constantly check the
level of inventory in the Materials Distribu-
tion Center and on the assembly lines against
not only current production at any time, but
also against future production requirements.
All of this activity had to meet the pre-
scribed inventory control operating rules of
the present and proposed methods. The
ability of the models to accomplish these
tasks was important to Production Control and
Manufacturing management.

The real world was approximated in some
cases, however. For example, the following
real-life situations were not simulated:

Stock out (or not stock) situations
Overtime conditions
Production reschedules

Varying skill levels of assembly
personnel

Analysis of the output showed that these
limitations did not jeopardize the validity
of the results.

Most of the data required in the simulation
was readily available since these were essen-
tially inventory models. However, one of the
four computers that was involved in the simu-
lation was new and not in production at that
time. Data for this computer was estimated
by development engineers using current com-
puter models as a basis. Meetings were held
to obtain agreement on the required cost data
to be used. The agreements on data that re-
sulted from these meetings also aided other
studies regarding the new computer.

Simulation Results

The output of the simulation models produced
the following kinds of data:

1. Manpower required for card inventory
control and card installation on the
assembly lines.



2, Efficiency of card installation in
assembly.

3. Inventory amounts:

- Average inventory of cards required
per computer

- Maximum and minimum guantity of
cards required by inventory control
and manufacturing to meet schedules

~ Dollar investment in card inventory
for each computer

- Maximum order lead time for card
inventory

The position of card inventory, required by
manufacturing and inventory control, for each
. computer type at two-week intervals for two
' years was plotted.

The output of simulation was to be used to
show management the feasibility of making the
proposed inventory control changes. After
simulation provided data to prove the sound-
. ness of the proposed method to the engineers
studying the problem, it was decided that
. plotted output would best represent the pro-
posed method. These plots of the level of
card inventory in the assembly atrea and in
the Materials Distribution Center were shown
to management. Examples of the plots are
. shown in Figures 3 and 4.

By use of the plotted output, management
could "see" the levels of card inventory
every two weeks during the two years of the
simulation for every computer type. The
plots also dramatically showed the difference
in card inventory regquired under the present
method versus the proposed method of inven-
tory management. All of this was accom~
plished by showing the plotted output direct-
ly as it came from the GPSS without any addi-
tional embellishments.

Computer resources used for debugging the
simulation models were different from com~
puter resources used for the final output.
For the first few months while the models
were being constructed and tested the Boca

. Raton plant did not have the hardware or

- software required to run GPSS. During this
phase of the project the modéls were input te
an IBM 2741 communications terminal over
telephone lines to an IBM System/360 Model 50
in San Jose} California. The Model 50 in
California would immediately queue the Boca
Raton simulation with the other jobs on the
system and process it as its turn came up.
The results of the Boca Raton simulation

© would be automatically stored in the computer
in California to await retrieval over the
2741 terminal in Boca Raton. This system
provided an excellent method of debugging
since turnaround was fast and the 2741 ter-
minal allowed direct access to any line of
the printed output without looking at the en-
tire output. Thus the computer in California
; was asked to search the stored simulation
output for the words "error in block num-
ber..." Then the computer would print just
the information associated with the error,

The models were validated with data from
Production Control, Manufacturing Engineer-
ing, and Industrial Engineering. The model
of the present method was used not only for
comparison with the proposed method but it
was also used as the validation model. Out-
put from the model of the present method re-
garding quantity and dollar investment in
card inventory was compared to the current
planning of Production Control. It was found
that the card inventory being projected by
the simulation was 96% of the amount being
projected by Production Control planning.

The results of the simulation studies fully
supported the proposed changes in inventory
management of cards. The results showed
dramatic reductions in average and maximum
amounts of card inventory with the proposed
method in comparison to the present method.
The percentage reductions in card inventory
are summarized below.

Table I. Summary of simulated
card inventory reductions.

Average Card
Requirement Reductions

Computer
Type Year 1 Year 2
I 66% 64%
II 67% 55%
III 71% 58%
IV 94% 90%

Maximum Card
Requirement Reductions

Computer
Type Year 1 Year 2
I 53% 52%
II 33% 18%
IIT 43% 36%
v 91% 91%

The "average card requirement reduction"
above refers to the amount by which the
median card inventory was reduced by the pro-
posal. In the same manner, the "maximum card
requirement reduction" shown refers to the
amount by which the highest card inventory
requirement point was reduced in the simula-
tion of the proposal. Furthermore, simula-
tion showed that the above reductions in card
inventory could be achieved with no loss of
efficiency in the assembly lines.

The dollar investment in card inventory at
the end of each month of simulated production
was calculated by the models. Following are
the projected reductions in card inventory
investment resulting from the proposed
changes in inventory management.

Table II. Simulated card
inventory investment reductions.
Computer Year 1 Year 2

I 48% 84%
II 32% 813
III 75% 87%

v 92% 92%



Presentation to Management

The simulation project group had agreed to
reveal the results of the study to selected
management first and then in a group meeting
of all management later. The results were
not publicized until these formal presenta-
tions.

It was decided following the presentations to
management that a committee should be formed
to implement the proposal as it was simula-
ted. This committee was made up of repre-
sentatives from a half-dozen different func-
tions that would be affected by the proposal.
The objectives of the implementation commit-
tee were several: establish a target date
for implementation; construct a schedule of
events for all the required implementation
activity; and determine the costs of imple~
mentation.

At this point the simulation analyst's job
was completed and he stepped out of the pic-
ture, so to speak. He consulted with the
committee but was not a committee member.

To date the proposal has not been implemen-
ted because of external conditions beyond
control of the Boca Raton plant. The mode of
operation at present is essentially that
simulated in the so-called present method
previously described.

Conclusion

This simulation study provided the means for
an organized analysis of a recognized prob-
lem. Simulation provided the data necessary
for a rational decision based on the objec-
tiveness of facts.

In retrospect there is some question con-
cerning the appropriateness of simulating in-
ventory problems., There are other less
costly and less time consuming methods of
analyzing inventory problems. In addition,
simulation can be such a powerful tool that
it may pre-sell the solution of relatively
simple inventory problems.

In this case, however, simulation was worth-
while because of the ease of experimentation
and analysis of various "what if" situations
after the models were built. Also, this
ease of experimentation probably resulted in
the analysis of more different situations
than would have been attempted with other
analysis tools. The simulation provided the
information required to aid management in
analyzing the advantages and disadvantages
of the two methods of operation.

165



MATERIALS DISTRIBUTION CENTER

FROM SUPPLIER | CONTROL
STATION

CARD

COUNT STOCKING
STATION AREA

¥
3]
@]
o
o
Z
2
wl
o
ud
«

MANUFACTURING BUILDING

SHUTTLE AREA

COMPUTER
ASSEMBLY

LINES

Vv /\ \fr S v vV
FINAL LINE CRIBS QUALITY SYSTEMS

ASSEMBLY , WITH ASSURANCE TEST
CARD INVENTORY

Figure 1. Present method.
j ; 166



FROM SUPPLIER

RECEIVING DOCK

MANUFACTURING BUILDING

MATERIALS DISTRIBUTION CENTER

SHUTTLE AREA
A
CONSOLIDATED
COUNT, CONTROL,
CRIB, AND CARD PLUG
STATION DAILY CARD
— T DISPERSAL TO
V71 L ASSEMBLY LINES
t t -
COMPUTER } ; —
ASSEMBLY ; L -
LINES | | \
\ _\ _/L N — >
\'2 v s e s
FINAL QUALITY CARD PLUG AREA SYSTEMS
ASSEMBLY ASSURANCE TEST
QUALITY
ASSURANCE

Figure 2. Proposed method.

. 167



891

CARD QUANTITY

*

*

*

*

*

*

*

*
2000 * 00 00 00
1800 * * *% *%
1600 * * % *% * ¥
1400 * * % ** * %
1200 * * % % * %
1000 * * ¥ %% *%
0800 * * * % * % * % * % *% *% *% * % *% ** * % *% * % * % % * %
0600 * * % *% * ¥ *% *% * % *% * % * % *% *% * % * % * % *% *% *%
0400 * *% * % *% ** *% * % %% * % *® % *% * % *% *% * % * % * % * %
0200 * *% * % * ¥ *% *% * % %% *% % * % *% * % * * % *% * % %
0000 * *% *% *% * % X% *% *% * % * % * % * % * % * % * % * % *% * %
9800 * * % *% * % *% * % * % * % *% * % * % * % *% * % * % *% *% * % * % * %
9600 * * % *% *% *¥ ** * % *% * % * % * % *% *% * % * % % * % *% * % %
‘9400 * x* * % * % *% * % * % *% *% ** * % * % * % * % * % *% * ¥ *% * % *%
9200 * *% X * % * % *% * % *¥ xx *% *% * % * % *¥ * % * % * % *% * % *%
apnn * *% *% * % *% * % * % * % * % * % *% * % * % *x * ¥ * % * % *% *% * %
8800 * * % *% *% * % * % #% % *% * % * % * % * % *% * % * % * % * % * % . * %
8600 * %% *% *% ** *% * % *% *% * % * % * % * % * % *% *% ** * % % * %
8400 * ** *% *% ** % % *% * % * X * % % * % ** * % * % * % * % * % * %
8200 * * % * % ** *% * % * % *% *% * % *% * % * % *% *% *% * % % * % %
8000 * *% *% * % * % * % *% ** ** * % * ¥ *% * % *% * % ** * % *% * % *%
7800 * * % *% * % * ¥ ** * % * % * % %% * % *% * % ** * % * % * ¥ * % * % *%
7600 * *% * % *% *% *% * % *% * % * % * % * % * % *% * % % *% *% *% *%
7400 * * % *% * % *% * % * % * % * % *% * % * % * % * % * % * % * % * % * % * %
7200 * * % *% *% * % - *% *% * % ** * % - ¥ * % *% * % *% x* *% * % *%
7000 * *% *% % *% * % *% *% * % *% * % *% * % *¥ * % * % * % *% *% *% * % **
6800 * * % *% * % * % *% * % *% *% * % *% €% * % ¥ * % *% *¥ * % * % * % *% * %
6600 * * % * % *% *% *% * % *% %% *% * ¥ * % *% *¥ * % E23 * % *% * % ** *% * %
6400 * *% * % * % * * * % *% *% *% * % * % * % * % * % * % * % *% *% * % * % * % *%
6200 * %% * % *% * ¥ *% *% *% * % * % % * % * % *% * % ** * % * % *% ** *% * % *% * % *%
6000 * *% *% *% * % % * % * % * % * % *% * % * % *% *% * % *% *% *% * % *% * % * % *% * %
5800 * ** * % * % *% *% *% *% *% *% * % *% *% * % * % *% ¥ * % * ¥ x% *% * % *% * ¥ * %
5600 * *% *% %% * % *% ** * % *% * % * % * % * % * % * % *% ' x® * % *% *% *% *% *% ** *%
5400 * *% *% ** * % * % ** *% *% *% *% *% *% * % * % * % * % *% *% * % *% *% *% * % *%
5200 * ** * % * % * % * % * % *% * % *% *¥ * % * % * % * * % * % * % *% *¥ *¥ *% *% *% *%

5000 *******************************************************************************************************************************

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
MONTHS ——» BI-WEEKLY CARD INVENTORY

TFigure 3. Computer I card inventory re-
quirements, present method.



CARD QUANTITY

691

0800
0600
0400
0200
0000
9800
9600
9400
9200
9000
8800
8600
8400
8200
8000
7800
7600
7400
7200
7000
6800
6600
6400
6200
6000
5800
5600
5400
5200
5000
4800
4600
4400
4200
4000
3800
3600
3400
3200

3000 *********************************************************************** X'***************************************************

1 2 3 4 5 6 7 8 9 16 11 12 13 14 15 16 17 18 19 20 21 22 23 24

* % * % * %

%* % ** * ¥

* % ¥* % *%

*¥* * % **

* ¥ * % * % * % * % * % * % *¥* * ¥ * ¥ * % * % * % * % * % * % * % ** * ¥

* % *¥ * % * ¥ * % *% * % * % * ¥ ** * % * % * % *% * ¥ * % *% * % * %

* ¥ * ¥ * ¥ * % *%* * % * % * % * % * % * % * % L * % *% * % *%* * % * %

* ¥ * % * % * % * % * % * % *% * % * % * ¥ * % * % *¥* * % *% * % * ¥ * %

* % *% ** * % * % *% * ¥ * ¥ * % * % *% ** * % *% ** *%* *% *% * %

* % * % * % * % * % *%* * % *¥ * % *% *% * ¥ * % *% * % * % * % *® % * % *¥* * ¥ ** * % * %
*¥ *% *% * % * % * % * % *%* * % * % ** * % * ¥ * ¥ * % *%¥ * % * ¥ * % *% %* ¥ * ¥ * % * %

K & k ok k ok ok %k k ok k %k k k k sk k k Kk *k H k >k k %k sk Ok ¥ sk ok k k ok *k .k %k k k k

* ¥ * ¥ * % * % * % *% * % * ¥ ** * % * % *% * % * % * % * % * % * % * % x*% * % * ¥ * % * %k

MONTHS ——— BI-WEEKLY CARD INVENTORY

Figure 4. Computer I card inventory re-——
guirements, proposed method.



