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Abstract. Production planning is an activity related to determining what to produce, how many
to make, and what resources are needed to get a product determination. The problem faced by
an industry makes lamp is the delay in orders leads time, lack of production capacity. This
because the company only consider the regular capacity and overtime without other strategies
consideration. This paper will look for a strategy combination to minimize production costs. The
land transportation model is used to compile an aggregate plan that will considers regular ability,
overtime, inventory, and subcontract. The total production cost for the next six months is IDR
218.046.000. By adding a source of demand order through a subcontract, the company does not
experience loss sales twice and does not bear the cost of lost sales of IDR 15.540.000.

1. Introduction

Production planning is one of the most critical activities in organizational operations. Production
planning is a company strategy in responding to market demand. Production is a process developed to
convert human, material, capital, energy, and information inputs into specific outputs such as finished
products and services in the right quantity and quality, to achieve the company goals [1]. Production
planning is a structured step taken in a production arrangement to ensure that strategic inputs such as
materials, labor, money, and machines are available at the right time and in the right quantity [2].
Production planning can be defined as a process to determine the amount of production, inventory, and
workforce levels to meet fluctuating demand [3]. The purpose of production planning is basically to
create the final product according to the scheduled demand by consumers.

Aggregate Production Planning is concerned with matching the consumer demand and the its ability
to produce products over the medium term, which is about the next twelve months [4]. Production
planning is the determination of the level or speed of factory production which is stated in the aggregate
[5]. Aggregate is a plan made for all products that use the same source, without making a detail into
different products (end item). Usually, the objective of aggregate planning is to minimize production
costs during the planning period. The operations manager tries to determine the best way to meet the
demand forecast by adjusting production rates, labor rates, inventory rates, overtime work, subcontract
rates, and other controlled variables [6].

There are several strategies to plan aggregate production, namely by inventory manipulative,
production rate, number of workers, capacity, or other controlled variables. If changes are made to a
variable so that a change in production rate occurs, it is called a pure strategy. Meanwhile, a mixed
strategy, is a combination of two or more pure strategy to obtain flexible production planning.

Several methods have been used to complete aggregate planning, such as trial and error [7] and
graphics [8]. Aggregate planning using the graphical method was popular because it was easy to
understand and use. However, graphic strategy does not guarantee optimal production plan [9].
Mathematical techniques are also used in aggregate planning such as fuzzy linear programming [10],
genetic algorithms [11], and Multi-Attribute Decision Making (MADM) Approach [12]. Aggregate
planning is also carried out with various strategies such as chase strategy, level scheduling strategy, and
mixed strategy [9]. Chase Strategy is a planning strategy that determines the quantity of demand equal
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to the predicted production demand. This strategy tries to achieve a level of output for each period that
meets the demand forecast for that period. Production capacity is increased or decrease according to the
demand. The level scheduling strategy is an aggregate plan in which is the production rate remains the
same output from period to period (constant output). The scheduling rate maintains a continuous level
of production, production rate, or work level. Mixed Strategy involves change more than one
controllable decision variable. Several combinations of variables are controlled to produce the best
aggregate planning strategy. Some of these techniques are included in the large body of APP literature,
give optimal solutions while others provide only near-optimal or acceptable solutions.

The transportation model is considered one of the most widely used linear mathematical models in
practical life [13]. For example, goods transportation, traffic organization, mail schemes, etc. quickly
and accurately. The concept of vehicle comes from the several of resources to provide several products,
as well as several specific of demand for these products in certain quantities [14, 15]. The purpose of
the transportation model is to build a plan for allocating supply capacity to provide what is needed based
on consumer demand. Based on this concept, the transportation model can be used in aggregate planning.

The problem faced by an industry produces lamps often experience delays in order lead time.
Regular capacity shortages are only met through overtime without other strategies consideration. Lack
of regular capacity and overtime to produce on-demand lamp products lost sales. This paper will look
for a combination of strategies that can minimize costs to prepare a production plan.

2. Methodology

The data is collected by using survey techniques (field research) aims to find problems that occur in the
industry. Data collection is carried out with three methods, namely direct observation, interviews, and
data documentation, such as reports and internal company records.

From the method used, this study is evaluation research. The production planning and control system
consists of several sub-systems designed to achieve the two main targets of production planning and
control fully, namely achieve customer satisfaction and a high level of utilization of production
resources. For these targets reached maximally, all sub-systems must carry out, planning and control
functions synergistically, for example planning and controlling materials, capacity, and production
process. The research steps begin from forecasting demand data and continue with do the aggregate
planning.

The steps in aggregate planning using a transportation model can be seen in Figure 1.
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Figure 1. The Methodology of Aggregate Planning using Transportation Model

3. Result

3.1. Data Collection and Demand Forecasting

The data collection in aggregate planning is production capacity and production costs. The production
capacity of the company consists of regular production capacity, overtime capacity, and the
subcontracting policy by the company. Production costs include regular production costs, production
costs of overtime and subcontract, inventory costs, and inventory shortage costs. This study aims to
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optimize all company resources with minimal costs to meet customer demand with a transportation
model.

In this model, the demand value is unknown, so it is estimated by using historical demand data.
Time series models are used to estimate demand because the historical demand data results from
observations from time to time. This paper focuses on estimate the steps of which demand data will
continue into the planning period. Demand data patterns can be divided into four types, namely constant,
seasonal, cyclical, and trend [16]. The results of demand forecasting using the double exponential
smoothing method for the next 12 months can be seen in Table 1.

Table 1. Result of Demand Forecast

Period Demand Forecast (Lamp Unit)
1 2469
2 2505
3 2587
4 2674
5 2734
6 2807
7 2840
8 2987
9 3053
10 2178
11 3404
12 3499

3.2. Aggregate Planning with Transportation Model

This study uses a transportation model to compile an aggregate production plan by minimizing
production costs. The transportation model is used to obtain the minimum total production cost
performance criteria. The function to reduce the total production cost by regular time capacity, overtime
capacity, and subcontract capacity consideration.

To use a transportation model, the first thing to do is build a mathematical model and determine the
purpose. The goal is to minimize the total cost of production. The basic form of the transportation model
completion can be seen in Table 2.

The following is a mathematical model used in aggregate planning problems:

Objective function

n
Man = 2 R11 CRll + + RlnCRln + 0116011 + M + 01nC01n + 5116511 + e + Slncsln
i=1
+ + lecle + + RmnCRmn + 0m1C0m1 + M + OmnCOmn + Sm1CSm1 + M
+ SnCSmn

Constraint function
Ri1+041+S11++Rpy1 + 01 + Sy = Dy
Riz+ 013 +Si2+ "+ Rpnz+ 0z + Sz =D,
Riz+ 03+ S35+ +Ryuz3+ 0,3+ Syus =D,
Riy + Rz + Ry < Spe
le + Rmz + Rmn < SRm

ey
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011 + 012 + 01, < Sp1
Oml + Omz + Omn < Som
S11+ S12 + Sin < Ss1
Sml + SmZ + Smn < Ssm

Table 2. Transportation Model Solution

d; d . dy Supply
R o R R CRe R CRin 5
1 0) OHCO” 012C012 ..... OMCO]" So;
S S, CSu S CSuz S CSim Ss;
R Ra) CRzi Ro CRaz | R, CRon Sra
2 0) 021C021 022C022 ..... 02”C02" So2
S S CSar S, CSz S o Ss2
R RmICR’”’ RmZCR’”Z ..... RmnCR’”” Sk
Moo O Cow o,
S S St S Cnz S, St Som
Demand D, D; D,

Where CR is the regular time cost per unit, R is the production with regular time capacity, CO is the
overtime cost per unit, O is the whole production with overtime capacity, CS is the subcontract cost per
unit, and S is the number of subcontracts. D, is the demand in period n is the result of forecasting.
Whereas R is the number of products made at regular time capacity, O is the number of products made
at overtime capacity, and S is the number of products used in subcontracting capacity. The company has
final inventory of 150 lamps for the period. The results of aggregate planning with the transportation
model for six periods can be seen in Table 3.
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Table 3. Aggregate Planning with Transportation Model

Source Period .
1 2 3 4 5 6 Available Used Aggregate
0 2000 4000 6000 8000 10000  Capacity Capacity Plan
Inventory 150
Regular 13000 15000 17000 19000 21000 23000 2140
time 2140 2140
1 Over-time 1o 18000 20000 22000 24000 26000 28000 310 170 2319
Subcontract 22000 24000 26000 28000 30000 32000 500
Regular 13000 15000 17000 19000 21000 2200
time 2200 2200
2 Over-time 105 18000 < 20000 ’4 22000 24000 26000 400 156 2586
Subcontract 22000 24000 26000 28000 30000 500
Regular 13000 15000 17000 19000 2170
time 2170 2170
3 Over-time 18000 20000 22000 24000 360 2530
360 360
Subcontract 22000 24000 26000 28000 500
Regular 13000 15000 17000 2250
time 2250 2250
. 18000 20000 22000 400
4 Over-time 400 400 2650
22000 24000 26000 500
Subcontract
Regular 13000 15000 2205
time 2205 2205
. 18000 20000 370
5 Over-time 2734
370 370
22000 24000 500
Subcontract 159 159
Regular 13000 2125
time 2125 2125
. 18000 320
6 Over-time 320 320 2804
22000 500
Subcontract 350 359
Demand 2469 2505 2587 2674 2734 2804

The cost involved in aggregate planning is a regular production cost of IDR 13.000 per unit,
overtime cost of IDR 18.000, - per unit, and the subcontract cost is IDR 22.000 per unit, and the
inventory cost per period is IDR 2.000, - per unit. So that the total production cost based on the aggregate
planning for six months is IDR 218.046.000, -. By using the subcontract strategy to meet consumer
demand, the company does not experience two loss sales. If the old system is implemented by the
company, the company will bear the cost of lost sales of IDR 15.540.000 (with a loss sales cost of IDR
30.000 per unit). In addition to the material effect, the loss of sales impacts on consumer confidence and
company service levels. The strategy that companies can do to meet the demand is a combination of the
company's internal capacity, inventory management, and subcontract.

4. Conclusion

In achieve consumer demand, a lamp production industry cannot rely on regular capacity and overtime.
With these two capacities, the company experienced sales losses due to unsatisfied demand. The new
strategy implemented by the company is to do subcontract to increase the company's ability to meet the
demand.



TALENTA CEST III 2020 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 1122 (2021) 012068 doi:10.1088/1757-899X/1122/1/012068

Acknowledgment
This paper was published with financial support from the Universitas Sumatera Utara. The authors
would like to thank all participants so that this paper can be completed and published.

References

[1]
[2]
[3]
[4]

[5]
[6]

[7]

[8]
[9]

[10]
[11]

[12]
[13]

[14]
[15]
[16]

Umoh G I, Wokocha I H and Amah E 2013 IOSR Journal of Business and Management (IOSR-
JBM).

Irvan, Suharmanto A, Sidabutar R, Ashari M 2020 IOP Conf. Ser: Mater. Sci. Eng. 801(1)
012127.

Smith B S 1989 Computer-Based Production and Inventory Control (New Jersey: PrenticeHall
Inc).

Schroeder R G 2004 Operations Management: Contemporary Concept and Cases (U.S.A:
McGraw Hill).

Ciarallo F, Akella R and Morton T E 1994 Management Science 40 (3) 320-332.

Gulsun B, Tuzkaya G, Tuzkaya U R and Onut S 2009 [Infernational Journal of Industrial
Engineering 16 (2) 135-146.

Noori H and Radford R 1995 Production and Operations Management: Total Quality and
Responsiveness (New York, U.S.A: McGraw-Hill).

Stevenson W J 1993 Production and Operations Management (New York, U.S.A: Irwin).

Heizer J and Render B 2004 Principles of Operations Management Pearson Education
International (U.S.A).

R Wang and T Liang 2004 Computers & Industrial Engineering 46 17—41.

Hsu HM and Lin Y J 1999 International Journal of Industrial Engineering-Theory, Applications
and Practice 6 (4) 325-333.

Chen Y K and Liao H C 2003 International Journal of Production Research 41 (14) 3359-3374.

Dharma S and Ahmad A M 2005 In Proceedings of the Postgraduate Annual Research Seminar,
Malaysia, pp. 140.

Taha H 2013 Operations Research: An Introduction 9th Ed (Pearson Education Inc.)

Joshi R 'V 2013 IOSR Journal of Mathematics (IOSR-JM) pp. 46-50.

Makridakis S, Wheelwright S C and Hyndman R J 1998 Forecasting Methods and Applications,
Third Edition (U.S.A: Wiley & Sons, Inc).



