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Abstract

This paper deals with the problem of the decision support system for production planning from the viewpoint of
two major functions: physical performance analysis and choice analysis. The first is make clear, through the physical
performance analysis, the impact of decision variables on the system performance such as unfilled order rate for
market demand, ratio of setup time, average inventory level of finished products and part items, and frequency of
replanning. The second is to guide for selecting an alternative or setting the decision variables value, if management
can, on the basis of the physical performance analysis results, provide a ranking, preference, or acceptable limits in
terms of their contribution or importance to the production system. An example of the prototype DSS for the
production planning is also presented from the above-mentioned viewpoint.
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1. Introduction

One of the production planning problem is
concerned with specifying optimum production
capability so as to satisfy the market demand for
a forthcoming planning horizon. Such decision
problems are often semi-structured, even at the
tactical level because of the dynamic nature of
the manufacturing environment such as change in
product mix, design change, etc. These also cause
changes in market demand fluctuation for the
finished products, bottleneck change, and changes
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in manufacturing lead-time, Thus, in order to
respond to such changes in the manufacturing
environment, it is important for the management
to continuously review changing production sys-
tem status.

It is also necessary to provide manufacturing
systems with control capabilities to make a deci-
sion for semi-structured problems. That is, when
such environment changes are foreseen, the man-
agement, at first, has to identify how such changes
will affect the production system. Then, they
needs to modify or redesign, if necessary, the
production planning system, in order to satisfy
the market demand for finished products at their
minimum inventory level under various con-
straints.
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This is the starting point in our approach in
developing the decision support system(DSS) for
production planning in a semi-structured environ-
ment at the tactical level.

A variety of papers relative to the DSS for
production planning have been published. For
example, Ramesh and Sekar [5] present an
framework for decision support in the hierarchi-
cal planning system. Pels and Wortmann [4] dis-
cuss the issue of decentralization and decomposi-
tion of information system in the hierarchical
organization. Lee and Lee [2] discuss the interac-
tion between long-term planning and short-term
planning. Lundell and Osrlund [3] present DSS
for manufacturing resource planning. Bitran et
al.[1], Tsubone, et al.[7], and Tsubone and Sug-
awara [8] present the hierarchical production
planning system which can extend to the DSS.
The interactive production planning systems also
are presented [9], [10]. Tabucannon [6] presents a
methodology how to achieve multiple-goals in an
intangible and conflicting environment.

This paper, first, describes two major DSS
functions; physical performance analysis and
choice analysis. The physical performance analy-
sis clarifies the impact of decision variables or
parameters on the manufacturing performance.
On the other hand, the choice analysis is a guide,
reached on the basis of the results of physical
performance analysis, to selecting an alternative
or setting an optimum value for decision vari-
ables.

Second, the prototype DSS for make-to-stock
production planning is presented, from the
above-mentioned viewpoint, in a two-stage part
fabrication / finished product assembly process.

2. DSS for production planning
2.1. Manufacturing performance

Production planning is necessary to implement
production activities smoothly, as well as to sat-
isfy the market demand, while inventory is main-
tained at as low a level as possible. The total-cost
performance is an important measure as criteria,
but does not capture all the production planning

effects on manufacturing performance. Addi-
tional difficulties lie in estimating intangible costs,
such as shortages for unfilled products which
prevent meeting market demands, as well as setup
costs at a potential bottleneck.

Thus, physical performance measure, such as
the unfilled-rate, average inventory level, and to-
tal setup time, are generally preferred to be used
as manufacturing performance indicators at the
tactical planning level.

These measures often have intangible and con-
flicting relationships in regard to each other. Ac-
cordingly, the production planning problems usu-
ally involve multiple conflicting objectives. These
problems are solved through an interactive pro-
cess, which continues until they terminate when a
mutually acceptable plan is reached.

The DSS role is to facilitate an efficient analy-
sis of various decision alternatives as well as to
analyze manufacturing performance in produc-
tion system. DSS can be divided into distinctly
related phase: Physical performance analysis and
Choice analysis.

2.2. Physical performance analysis

The objective of physical performance analysis
is to clarify production system behaviours such as
those bearing on the manufacturing performance,
by analysing the relationship between production
planning rules and the decision variables, such as
buffer inventory level, in terms of manufacturing
performance.

Such factors are:

(1) How will the safety stock level, required for
finished products, be affected by a change in
product mix?

(2) How will the total set-up time, pertinent to
the part fabrication processes, be affected by
changes in lead-time resulting from changes
in design for part items or through stand-
ardization programs?

(3) How will deviation in production rate and
changed production quantity resulting from
replanning be affected by production plan-
ning procedure?

(4) How much can “nervousness” regarding plan-
ning be deduced by increasing the buffer in-
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ventory level for part items or finished prod-
ucts?

Since simulation is one of the most effective
methods for the management to understand a
complex and complicated actual production sys-
tem, these physical performance analysis can be
achieved, through the use of a simulation model,
without losing their essentials, by changing deci-
sion variables in the production system. The sim-
ulation model, using input from the user and
database, can estimate important operating char-
acteristics in the production system, such as un-
filled order rate, ratio of set-up time or fre-
quency, average inventory level, etc.

The management can identify and confirm a
production bottleneck which would affect pro-
duction capacity, and evaluate the effect of vari-
ous decision variables, such as buffer inventory
and control parameter for smoothing production,
on the manufacturing performance.

The input to the physical performance analysis
can be obtained from the manufacturing profile
database called as MP and the terminal. The MP
database stores all the data relative to a produc-
tion system, such as the unit processing time and

( Start )

Check all the data relative to the
production system and modify the data
if necessary

Identify any potential bottleneck and
analyze the operating characteristics
for the production system through

the performance analysis model

v

Output relative to the relationship
between control parameters value
and performance measure values

( Stop )

Fig. 1. Procedure for physical performance analysis.

set-up time for each part item, and routing at the
fabrication process, the unit assembly time for
each finished product, the bill of materials, lead-
time of part items required for assembly lines,
and historical data regarding market demands for
each finished product, on an average and a stand-
ard deviation, for use in forecasting market de-
mand for finished products.

Fig. 1 shows a rough procedure for the physi-
cal performance analysis.

First, when accessing the MP database, the
user needs to identify or check all the data rela-
tive to the production system. He needs to, if it
necessary, update their pertinent values, add new
data, or delete data, according to change in prod-
uct mix, and change in operating conditions of
the production process.

Second, through the performance analysis
model, the user can identify any potential bottle-
necks and can analyze the operating characteris-
tics for the production system under various pro-
duction planning rules, by varying the decision
variables such as buffer inventory and parameter
for smoothing production.

The analytical results are stored in the perfor-
mance file, from which the data can be extracted
relative to the relationship between decision vari-
able value and performance measures values. As
examples, these entail: (1) Buffer inventory level
versus the unfilled order ratio for finished prod-
ucts. (2) the parameter for smoothing production
versus the deviation in monthly production rate.
(3) The buffer inventory levels for both part items
and finished products, which can control the un-
filled order ratio, under various planning rule,
within their acceptable upper limit. (4) The in-
ventory level for part items versus the difference
between, due to replanning, planned production
quantity and actual production quantity under
various production planning policies.

2.3. Choice analysis

Choice analysis supports the management in
choosing an appropriate production plan from
among several specified sets or ranges of alterna-
tives. That is, the results of the physical perfor-
mance analysis indicate that the conflict arises
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because an important decision in regard to meet-
ing an objective cannot be made, to the detriment
of meeting the other objectives. Thus, the man-
agement can, through the choice analysis, make a
decision on the value of decision variables and

specify the planning rules to be employed for
production activities, by providing a ranking,
preference, or acceptable limits in terms of their
contribution or importance to the production sys-
tem. The multi-objective production decisions are

( Start )

Identify performance measure and
their respective acceptable limits

Select the most important measure
and set its’ acceptable limit

Yes

production planning rule

Can a feasible

be specified ?

Select next important measure
and its’ acceptable limit

Are all the
control parameters value
ecified

No

Select next important
measure and set its’
acceptable limit

[

Yes

*kx QUTPUT k%

An optimum planning rule
Decision variables value
Performance measure values

< Stop )

Fig. 2. Procedure for choice analysis.
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solved interactively by assessing the decision
maker’s preference or knowledge about the pro-
duction system. This is an interactive process, and
it terminates when acceptable operating condi-
tions are obtained.

The first step in the choice analysis, to form
the management policy, as combination of vari-
ous objectives, in account with the results of
physical performance analysis. Examples are as
follow:

Objective O”: Control the unfilled order rate
(A) for finished products within
their acceptable upper limit (a %).
Control the average inventory
level (B) for finished products
within b %, in regarding to weekly
average market demand.

Control the average inventory
level (C) for part items within ¢
%, in regarding to weekly average
requirements.

Objective OF:

Objective OF:

Planning
model

Simulation model

Forecasting model

Searching model

1 1T

.
»

211

Objective OP: Control the ratio of setup time
(D) to the processing time within
d %.

Control the deviation (E) in
monthly production rate within e
%.

Control the ratio (F) of the differ-
ence, due to replanning, between
planned production quantity and
actual production quantity, in re-
garding to weekly production
within f %.

The value for pertinent measures in each ob-
jective must be set within a feasible limit or
range, if only a single objective would be selected.

The second step of the choice analysis is to
select objectives one by one in order of impor-
tance, then to set its acceptable limit. For exam-
ple, O%(a)/0OBb)/0%(c)/... etc., denotes the
importance ranking for management objectives as
mentioned above. The primary priority is Objec-

Objective OF:

Objective OF:

Database

Manufacturing profile
*Production engineering data
*Production control data
*Performance profile

!

Data accessing and updating
Physical Choice
performanc Display on screen J analysis
analysis
r' Interactive mode J

Fig. 3. DSS architecture.
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tive O?, second is Objective O® under the condi-
tions which can satisfy Objective O*, while third
is Objective O under the conditions which can
satisfy Objective O” and OB, and so forth, until
all the decision variable values are specified and
a feasible production planning rule is selected.
The notation in the bracket expresses an accept-
able upper limit in each management objective.

Fig. 2 represents a procedure for the choice
analysis.

In the decision process through the choice
analysis, the developed system has two ap-
proaches, involving only a slight difference in
detail. One approach is where all the acceptable
limits are set at the same time, when objectives
are determined. The other approach is where
each acceptable limit is set each time an individ-
ual objective is selected as having the highest
priority among the objective set. The latter ap-
proach is shown as example in the later chapter.

2.4. DSS architecture

The architecture developed aids the manage-
ment to assess the physical performance analysis
and to determine, through the appropriate choice
analysis, the value of various decision variables,
while still remaining knowledgeable about the
implications of their decisions for all aspects of
the production system.

The DSS architecture, as shown in Fig. 3, is
composed of the control subsystem, the database
subsystem, the model subsystem, and the report
subsystem.

The control subsystem supports the manage-
ment to handle the situation employing the DSS
and to interact with other subsystems. The
database subsystem contains all data required for
the formulation of the model. At the physical
performance analysis phase, the model subsys-
tem, using input from the user and database files,
can be used to analyze important operating char-
acteristics of the production system. At the choice
analysis phase, the model subsystem furnishes
guides enabling the user to set respective values
for decision variables and to select a production
planning rule, if the management can rank the
importance about various factors or objectives.

The user can control the solution process by
setting initial parameters and selecting pertinent
algorithms, in the interactive process for both
performance analysis and choice analysis. The
report subsystem is a critical link in the communi-
cation process, between the model subsystem and
the DSS user. This subsystem furnishes access to
the basic data and the model solution, showing
them on the screen and presenting hard-copy
reports.

3. Prototype DSS for production planning
3.1. Production system model

The production system for a prototype DSS
can be modeled as a two-stage fabrication/
assembly process. The materials are processed
into different item categories for respective fin-
ished products on the fabrication processes. They
are fed to the assembly lines to be assembled into
a variety of finished products, in accordance with
diverse market demands. It is assumed that the
market demands for finished products fluctuates
independently in each period. All unfilled de-
mands for finished products are backordered as
“unfilled order”, when there is no longer any
stock in hand.

Loss time for setup can be regarded on assem-
bly lines as minor and negligible, but it cannot be
considered negligible in the fabrication processes.
The materials become available part items for
assembly one week after they start to be pro-
cessed in the fabrication processes.

Two-level planning model is used to plan pro-
duction of finished products and part items. First,
an aggregate model is used to determine the
aggregate number of units of finished products
and part items, respectively, to be produced in
the immediate month of the planning horizon.
These number of units are determined by using
an aggregate forecast demand for finished prod-
ucts. The aggregate production planning takes
place once a month.

Two production planning rules are adopted in
the assembly lines: “Fixed planning” and “flexi-
ble planning”. Fixed planning fixes or freezes the
number of units for each finished product to be
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Fig. 4. Demo in physical performance analysis.

produced at the assembly lines over the accumu-
lated total lead-time, in order to avoid nervous-
ness due to replanning. Flexible planning varies
the number of units of finished product, up to
those units for which respective part items can be

supplied, though the aggregate number of units
remains fixed.

3.2. Performance criteria

The criteria used to evaluate the manufactur-
ing performance in the production planning sys-
tem are:

(1) The unfilled-rate or shortage in meeting mar-
ket demand, that is, the demand ratio which

012 ¢
— & X=(a=0.0,v =0.0)
01t — 00— Y=(z=0.0,v =1.0)
[=)
200 |
=1
o
5
&
0.06 |
0‘04 i 1 1 1 i
0.00 0.20 0.40 0.60 0.80 1.00

Buffer inventory level of part item [B]

Fig. 5. Demo in physical performance analysis.
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would be unfilled when immediately using the
finished products stock.... (A).

(2) The average inventory level of finished prod-
uct.... (B).

(3) The average inventory level of parts items....
©).

(4) The ratio of total set-up time to total process-
ing time at the fabrication process.... (D).

(5) The deviation in the monthly production
rate.... (E).

(6) The changed production quantity due to re-
planning, that is, difference in the actual pro-
duction quantity of each finished product and
the planned quantity as a measure represent-
ing the results due to replanning.... (F).

These criteria measures are expressed in a
normalized fashion for the examples for proto-
type DSS.

3.3. Decision variables and planning rules employed

The decision variables in the production sys-
tem are:

(1) The buffer inventory level for parts items and
finished products, indicating « and B respec-
tively.

(2) The control parameter or coefficient (y) for
smoothing production.

An additional controllable factor is the deter-
mination of production planning rule to be set,
that is, either fixed planning rule or flexible plan-
ning rule can be employed in the weekly plan-
ning.

3.4. Example for prototype DSS

(1) Physical performance analysis

Fig. 4 and 5 show examples of the output,
obtained through the physical performance analy-
sis under the conditions for simplified case study
regarding this study without losing essential.

(2) Choice analysis

Table 1 shows an example of a decision pro-
cess, in which the allowable ranges for respective
performance measures are determined each time
when objectives are determined.

“Step 0” in Table 1 indicates the source data,
that is, respective performance measure values
obtained through the physical performance analy-
sis. They are stored from the minimum value to
the maximum value of each performance measure
when the decision variables vary from zero to
their respective specific value. “Step 1” indicates
the allowable range of each performance mea-
sure, under the conditions in Objective O (1 %)
as the primary objective. “Step 2” indicates the
performance measures under the conditions in
Objective O*(1%)/0"(7%), i.e., under the con-
ditions by which the second priority is Objective
OP. “Step 2” also indicates that flexible planning
rule has been selected or specified as production
planning rule at the time when Objective OP has
been determined. Objective OF is selected as the
next priority in step 3. This procedure terminates
when all the decision variables are fixed at re-
spective specific values. Accordingly, this system

Table 1
Demonstration for choice analysis
Step  Objective Planning A D B E C F
combination rule
0 Source data Fix 0~028 0.09~011 012~097 0 ~005 0 ~0 0 ~0
Flexible 0~027 004~010 0.09~097 O ~005 019~1.02 0.06~0.15
1 04(1%) Fix 009~009 054~096 0006~004 0 ~0 0 ~0
Flexible 0.04~009 036~096 0.006~0.04 019~1.01 0.08~0.14
2 04(1%)/0P(7%)  Fix - - - -
Flexible 036~096 0006 ~0.04 060~1.01 0.11~0.14
3 04(1%)/0P(7%) Fix . - -
0B(60%) Flexible 0.006 ~0.04 060~101 0.11~0.14
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can indicate how various policies will fix the
decision variables at their specific value, depend-
ing the objective ranking and acceptable upper
limits.

4. Conclusion

DSS has to be developed to help the manage-
ment arrive at appropriate decisions and to
strengthen their production management prob-
lem-solving abilities, when faced with a rapidly
changing manufacturing environment, such as
changing in market demands and changing in
operating conditions of production process
through operation improvement “Kaizen” activi-
ties.

This paper, first, presented two major DSS
functions for production planning in semi-struc-
tured environment, and described their relation-
ship from the viewpoint of problem finding and
solving in the production system. We have pre-
sented, second, a prototype DSS for production
planning. A demonstration of the system has been
made for IBM 9370. The physical performance
analysis can, through using a simulation model as
the main tool, guide management in finding prob-
lem in a production system. On the other hand,
the choice analysis is, as it were, a problem solv-
ing tool. That is, it can acts as a guide for select-
ing an alternative or setting the value of decision
variables, if management can provide objective
ranking and importance to the production system,
on the basis of accumulated knowledge, through
the physical performance analysis.

There is no theoretical foundation in particu-
lar for the method developed. Regardless of this
fact, it is useful in guiding decision making, while
focusing very carefully indeed on how the man-
agers think and what factors they are likely to
regard as relatively important.
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