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An Aggregate Production Planning for
An Optical Instrument Industry

Hark-Hwang*, Myung-Joo Oh** and Seong-Beak Lee*

Abstract

This paper presents a linear programming formulation of the aggregate produc-

tion planning problem for an optical instrument manufacturing company. Taking

into account of the various requirements of the company, an L.P model is devel-

oped whose objective is to minimize the total cost of production during the

planning horizon. The application results and its implications are well understood

by the management and expected to be used as a guide line for future production

planning.

1. Introduction

The production planning problem is con-
cerned with specifying the optimal produc-
tion guantity, inventory level, the use of
outside capacity and work force to meet
the known demand schedule of a pres-

cribed planning horizon. Many modeis

have been proposed with Saad[8! and
Silver[10] giving good reviews of these
models. Among those, linear cost formula-
tions and quadratic cost formulations are
well known for aggregate planning
models.

For linear cost formulation, the trans-

portation method was proposed by Bow-
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man(2] and the linear programming for-
mulation by Hansman and Jess[5]. Basic
extensions of these models are the goal
programming formulation proposed by
Goodman[4] where maultiple objective
function is used. The linear programming
model was applied by Eisseman and Young
[3] in a textile mill, by Wai-Hing Chin[7]
in a packing industry and by Tang et al.[9]
in a heavy manufacturing industry.

For quadratic cost formulations, Holt
and Muth et al[6] developed a model in
which they minimize a quadratic cost func-
tion, and come up with a linear decision
rule that solves for optimal production and
inventory decisions. Many extensions of
this model have been developed since then,
e.g., Van de panne[12] has considered the
case when some coefficient estimates are
not available. Bergestrom and Smith[1]
have extended the formulation to incorpo-
rate the case of multi-itemm production
planning.

The objective of this paper is to formu-
late an aggregate production planning
maodel in the context of the optical division
of Samsung Aerospace Industries Ltd. The
model is based on linear programming aﬁd
considers various requirements of the com-
pany. The division manufactures a variety
of high~tech optical items including laser
pickups, VIR camera lenses, binoculars,
lenses and cameras. Cameras, in parti-
cular, have been quite successful on the
domestic market and recently the sales
volume has increased dramatically in the

overseas market.

Due to the following production and sales
related environments, the manager of the
optical division faces the problem of estab-
lishing plan in a more systematic way:

i) A wide range of camera models are
produced on three different assembly lines;
high quality, medium quality and sub-
compact camera lines. New models are
going to be introduced and production of
several models will be discontinued accord-
ing to the current management plan.

ii) Monthly demand forecasts for the
upcoming yvear show drastic seasonal varia-
tions which make the production scheduling
problem a more difficult one.

iii) Due to the improvements of standard
of living, emplovees especially in major
industries are reluctant to work overtime.

iv) Many subcompact models are being
assembled on contract basis by a number of
small sized subcontractors. Regardless of
the company’s work load, a certain amount
of job orders has to be given to the sub-
contractors to maintain stable relations
with them. It is expected that the proportion
of the products assembled outside will
increase substantially in the near future.

v} A number of camera parts are import-
ed from a Japanese firmmn with whom the
company has a technical tie-up. The pur-
chase lead time is estimated to be three
months.

vi) As its management policy, the com-
pany begins to adopt the life time ermploy-
ment. In case of decrease of demand, some
workers would be transferred to other divi-
sions. This practice eliminates the option of
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dismissing or laying off any workers to
absorb demand fluctuations.

vii) Shortages are not allowed due to
fierce competitions among camera

manufacturers in the domestic market.

2. Production Costs

Since the objective of the aggregate
production planning is to minimize the
total production cost within a planning
horizon, we shall have fo investigate as to
which costs effect the total cost of produc-
tion. Fixed production costs such as the
cost of raw materials are not relevant
since they are independent of the produ-
ction scheduling during the planning hori-
zon. Thus the following variable costs are

considered;

i ) Direct payroll costs
ii) Overtime costs

iii) Hiring costs

iv) Inventory costs

v) Subcontract costs

Direct payroll costs are calculated by
taking the average wage of a worker and
multiplying it with the number of workers
employed during the period. Salaried staff
and management costs are excluded, since
they are considered to be relatively fixed
during the planning horizon. Overtime
costs are calculated by multiplying the
total man-months of overtime by the
regular pay and the overtime payment

factor.

Hiring costs include the cost of inter-
view, medical examination, training, apti-
tude test and paper work. Inventory costs
are the sum of handlin cost, insurance cost,
interest on tied capital. Subcontract costs
are calculated by multiplying the average
hourly wage of the worker of subcontrac-
tors with the estimated working hours

associated with the work load.

3. Model Development

A linear programming model to minim-
ize the production costs over 12 months
period is developed from which optimal
solutions for work force, production and
inventory level for each month are found.
By consolidating similar products into
product families and different labor skills
to labor center, a wide range of camera
models are aggregated into 12 groups. An
this stage, the production capacities of
each assemble line and subcontractors, the
amount of safety stock required at the end
of each month, and other constraints
resulted from the existing managerial plan
are integrated in the model development.

Notation

The following notation will be used:

W, : workers employed at the begi-
ning of period t (number of
workers)

Piy : production rate of group g dur-
ing period t (unit)
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) P : the amount of inventory of group
g at the end of period t {unit)

X.e :regular production hours for
group g during period t thour)

Y. : overtime hours for group g dur-
ing period t (hour}

Z.y - subcontractor production time
for group g during period
t (hour)

R : regular hours available per wor-

ker during period t (man-hour)

(O, : overtime hours available per
worker during period t (hour/
worker)

K; : average man-hour required to
assemble a unit of group g
items (man-hour/unit)

D.gy : forcasted sales of group g during
period t (unit)

S.. : safety stock of group g required
at the end of period t (unit)

Uiz : upper limit of subcontractor
production time for group g
during period t (hour)

a.g : portion of group g products
which is asembled by subcon-

tractors during period t (%)

CREG: monthly salary per worker

COVER: average hourly overtime cost

CHIRE: hiring cost per worker

CINV: monthly inventorv cost in percent

CFCg: average unit factory price of group g

tlems

CSUB: aqverage hourly subcontract cost

Among these, Wy, Py, Lg, Xiq, Yoo, and

Z.¢ are decision variables. Note that these

variables must satisfy nonnegativity con-
straint and are not independent each other.

The problem can then be formulatred as:

Minimize
£ CHIRE X (W,—W..,) hiring cost
....................................... w0
+ ;221 CREG x (W) payroll cost
.................................... (2)

12

+ t2‘.1;211(3INV x CFC, %1, inventory cost

Subject to

i )} relationship of monthly production

rate, inventory and sales;

It,g:It—l.8'+Pt.g_Dt.S T (6)

iii) prohibition of laying off any wor-
kers;
W.,2W t=1,2,--:,12 everrinniiiiiininn, (8)

iv) upper limit of regular production
time for each period;

12
EIXLSgRtht t=1,2,++,12 coereeenn (9}

v) upper limit of overtime for each
period;

EYGZ0XW,  t=12412 - (10)
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vi} subcontractors’ capacity;
A= § PP P (11)

vii) constraints due to other critical

resources;
T v VDOV VOO PPI SO {12)
P +Puz=m, my,m. constant - (13)

viiy relationship of regular time, over-
time and subcontract time with production
rate;
mM(X g+ Yee)+nxZ,y =KX Pt.s. “““““ (14)

Xt.s‘f‘Yt,g _ Zt.g _

mX nf 100—a,, aLs)—-O

Products groups can be classified into
three categories depending on whether
products of each group are assembled i) in
the company’s own line, ii) outside by

subcontractors or iii) both by the company

-and subcontractors. For each group belong-
ing to the last category, the ratio of the
amount assembted outside to the produc-
tion quantity of the group is estimated for
each month and represented by a.,. Also,
equation{15) is needed to keep balance in
work loads between two production sites.
Therefore, for equations(14) and(15), m=1
and n=0 are assigned for the groups of the
first categories, m=0 and n=1 for the
second categories, and m=1 and n=1 for
the third categories.

Equation(12) and (13) imply that produc-
tion rate of groups 2, 11 and 12 are limited
by some manufacturing facilities whose
machine hours become scarce resources.

Additionally, intial values of number of
workers and beginning inventories should

be provided for each group.

Table 1. The average production time and unit inventory cost per month

group average production unit inventory
number time (minute) cost {won/month)
g=1 55.2 280.6

2 80.4 561.6

3 73.2 372.7

4 111.8 991.7

5 127.2 1078.2

G 79.2 393.8

7 85,2 533.0

8 204.0 572.2

9 152,0 792.8

10 249.8 1242.0

11 18.0 2592,0

12 55.2 3076.4
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4, Application

The model developed was applied for a
planning horizon of one year with 12 plan-

ning periods of one month each. All cost

Table 2. Demand data{ x X units}

parameters and input variables are esti-
mated by the production and accounting
departments. Due to the requests of the
company, we are allowed to release only
part of the data{after some meodification)
and Appendix A shows the calculations

period group number
{month) 1 2 3 4 5 6
1 3.2 8.5 - 1.0 3.2 -
2 5.3 11.0 - 2.0 3.2 -
3 5.4 1.2 - 2.0 3.7 -
4 8.3 16.8 - 3.0 4,2 -
5 9.3 17.5 10,0 3.0 4.7 ~
53 8.6 14,4 27.6 3.0 2.0 8.0
7 5.7 13.7 38,9 2.5 3.0 32.0
8 4.3 1a.1 45,0 2.5 2.0 38.0
9 9.9 12,5 43.5 2.5 - 38.0
20 6.2 8.9 36.5 1.0 0 37.0
1 4.7 7.3 28.0 0.5 - 36.0
12 4.1 8.4 22.5 - - 20.0
period group number
{month) 1 2 3 4 5 5]
1 22.8 - - - 1.5 3.0
2 23.8 - - - 2.0 3.5
3 24,0 - - - 2.0 4.0
4 29.3 - - - 2.5 4.2
5 29.3 - - 11.2 2.5 4.5
6 29.3 6.3 5.0 32.3 2.0 3.5
7 22.8 16.6 23.0 340 1.5 3.7
8 17.5 27.0 23.0 3.40 1.0 3.3
9 7.3 37.2 30.0 29.2 - 3.8
10 8.4 32.8 25.0 331 - 3.8
11 3.3 27.6 13.0 214 - 4.4
12 3.2 22.5 7.1 131 - 4.3
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involved for the estimation of cost para-
meters.

The average production time and unit
holding cost per month are listed in Table
1 Table 2 gives the projected demand
quantities for the planning horizon. The
model had 732 variables and 712 const-
raints and was solved using APEX IV
installed on IBM.

The aggregate production plan obtained
from the model is shown in. Figure 1.
Figures 2 and 3 show production rates,
inventory levels and forecasted demands
for group 2 and 12, respectively.

From the results of the application, the
following observations are made:

i) In the optimal production plan, wor-
ker is neither fired in accordance with the
policy of the management nor hired due to
the high man-power cost.

ii} the optimal production follows the
demand for high quality models such as
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Fig. 1. Aggregate production level, demand

and inventories.

28
24
221
20+
184
16+

nG. of products
{xx units}

24 I}
1 2 34 5 & 7 8 9 10 11 12
month

0 inventory © production O sale

Fig. 2. Production plan for group 2.
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Fig. 3. Production plan for group 12.

group 12 which has expensive unit-inven-
tory cost.

iii} Inventories are utilized for low
priced models, especially in subcompact
models, to absorb fluctuation in demand so
that resources can be reserved for high
quality models.

iv} The occurrence of under times are .
observed at the early and late periods of
the planning horizon,

v} Overtimes are fully untilized during
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periods of June through October which COVER : hourly overtime cost  3,504won
show high demand rate.

vi} The amount of subcontract increase CHIRE : hiring cost per worker
gradually to reach full capacity in June, interviews and selection cost 6,840won
and then decrease. test 120won

medical examinations 10,800won
5. Conclusions training 24,860won
paper work 2,640won
other expense 3,600won

This study demonstrate the applicability
of the linear programming technique to the
aggregate production planning problem in
an optical instruments industry.

One of the basic weakness of this
approach is the assumption of determinis-
tic demand: there is considerable uncert-
ainty in the forecasts of demand, especially
when a major portion of demand comes
from overseas market. An another short-
coming of L.P. models is the requirement
of linear cost function. However, the pos-
sibility of piecewise linearity can improve
the walidity at a cost of additional
computational effort.

We acknowledge that significant gaps
exist between this model and practice and
hope to devise a way to bridge these gaps
in the future study.

Appendix A.
Estimation of Cost Parameters

CREG : monthly salary per worker

wage and salary 256,800won
bonus 112,800won
retirement ailowance 72,000won
fringe benefit 133,200won

total 573,600won

total 48,960won

CINV : monthly inventory carrying cost

interest on capital blotked 1.25 %
ingurance _ 0.014%
warehouse operation and 0.035%

material handling cost

total 1.299%
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