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Optimization of Tire Production Planning Using The
Goal Programming Method and Sensitivity Analysis

Vera Devani, Muhammad Isnaini Hadiyul Umam, Yulia Aiza and Sarbaini

Abstract—In Indonesia there are many companies that are
engaged in tire retreading or reuse of unused used tires. One of
the problems in the retread business in Indonesia is that the tire
production target is often not fulfilled and the lack of available
tires is used as the main raw material for retreading due to
the long process of sending tires from consumers to companies.
The purpose of this study is to determine the optimal needs of
resources, determine the priority of achievement and determine
the value of sensitivity to the optimum solution achieved. The
method used in this study is the Goal Programming Method,
because it is suitable for problems that have many goals because
through its deviation, the method can automatically capture
information about the relative achievement of the goals to be
achieved. Based on the results of research that has been done,
it can be concluded that the maximum income earned by the
company is IDR 474,426,000 or an increase of 36% from the
limit set by the company. In addition, it can also be concluded
that the sensitivity range for the boundary quantity value is the
distance at which the shadow price remains valid. If it increases
above the upper limit of sensitivity (increases) or decreases below
the lower limit (decreases), the value of the shadow price will
change.

Index Terms—sensitivity analysis, goal programming, method,
optimization.

I. INTRODUCTION

EVELOPMENTS in the industrial world is something
that often happened in recent times. This is evident
from the many industries that have stood up, both large,
medium and small industries. If growth in the industrial world
increases, competition will be even tighter, so we need a
careful production planning in order to create a better company
future. [[1] explained that production planning is aterm strategy
medium that is supported by making appropriate decisions so
as to optimize industrial activity. According [2], production
planning is a form of operations management, which is a tool
that companies can use to direct the production system with
a comprehensive planning and control system.
The right decision making needs to be done by a company,
one of which is to evaluate existing production results by
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reviewing the optimization of production planning. It aims
to minimize costs by paying attention to the financial side
incurred, so that the benefits obtained become greater (maxi-
mizing profits). With the production planning, the company
will be able to know what product plans and how many
products will be produced in the future. In addition, companies
will also be able to know the estimated amount of raw
materials and production costs that will be used in production
activities.

Problems that occur in this study is often not meeting
the target of tire production because employees work not
according to the schedule set by the company. In addition,
there are also problems other, namely the lack of availability
of used tires which are used as the raw material main for
retreading due to the long process of shipping tires from
consumers to companies. This has an impact on tire production
that should have been completed on time and can meet
demand, but because of these problems consumer demand is
often not met. The following is a graph of tire demand and
production results in 2017 and 2018.
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Fig. 1: Demand and Production Results of Tires

Based on Figure [T] can seen that the occurrence of fluctua-
tions in demand and uncertain production results. In addition,
in July-October 2018, consumer demand can be fulfilled while
in other months consumer demand cannot be fulfilled, which
if it often happens it will have an impact on the company.

Therefore, companies in their production activities require a
good and correct production plan so that the optimal produc-
tion results. To realize the good and right production planning,
the use of resources and capital must be made as optimal
as possible in order to produce quality products. Another
problems that occur is a company that has several corporate
goals that must be achieved, in fact the goals set are still
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many that have not been achieved such as unfulfilled consumer
demand, production results have not exceeded the target and so
forth. Goal Programming Method can be used for production
planning, because the Goal Programming Method is able to
solve problems related to achieving many goals. One reason
for choosing the Goal Programming Method is according to
[3]] which explains that, the Goal Programming Method is very
suitable for problems that have many goals because through its
deviation, the method can automatically capture information
about the achievement relative of the goals to be achieved.
In addition, according [4] Goal Programming is a devel-
opment method of linear programming that has three main
components, namely decision variables, target constraints and
objective functions, where the method can solve the problem
of determining the optimal amount of production. Linear
Programming is a planning of activities to obtain an optimum
result or a result that achieves the best goal [5]. Torres and
Ravindran (2019) cited by [6] explained that Goal Program-
ming has deviational variables, namely variables that indicate
the possibility of negative deviations (deviations below the
target) and positive deviations (deviations above the target).

II. RESEARCH METHOD

Optimization is the achievement of the best condition,
namely the achievement of a problem solution that is directed
at the maximum and minimum limits [7]. Each company
will try to achieve optimal conditions by maximizing profits
or by minimizing costs incurred in the production process
[8]. Meanwhile, according [9]] explains that optimization is
a normative approach to identify the best solution in making
a decision on a problem.

Research related to production optimization has also been
carried out by [10], [[11f], [12] and [13]. Mean while, research
related to optimization of production using Goal Programming
Method has been conducted by [14], [15], [16], [[17] and
[18]]. However, in the research carried out, there has been
no sensitivity analysis done to the optimum solution that has
been achieved. For this reason, this research will analyze the
solution optimum that has been achieved by using sensitivity
analysis, so that changes can occur in the existing resources
of the company.

The stages carried out in this study are as follows:

1) Preliminary research, consisting of preliminary surveys and
literature studies conducted to determine the object of
research and techniques used in solving problems.

2) Identification of the problem, is a stage to determine the
problems that occur in the object of research.

3) Formulation of the problem, aims to find out what variables
and constraints are used.

4) Research objectives, aim to formulate answers to problems
encountered in research.

5) Data collection, data collected in this study are company
profile, company organizational structure, tire production
process, number of tire production in 2017-2019, total
tire demand in 2017-2019, raw material costs, employee
working hours and income.

6) Data processing, data processing using the Goal Program-
ming Method with the help of software LINDO. Which

previously had been done in advance forecasting the de-
mand and results of tire production for 2020.

7) Analysis, the analysis used is a sensitivity analysis that can
be known from the results of the software LINDO.

8) Conclusions, containing the results of research that has
been done.

ITII. RESULTS AND DISCUSSION

The steps taken in the calculation using the Goal Program-
ming Method are:

A. Determination of Decision Variables
In this study, the decision variables are made:

X1 = Number of tire production ring 16 in January
X2 = Number of tire production ring 16 in February
X3 = Number of tire production ring 16 in March

X4 = Number of tire production ring 16 in April

X5 = Number of tire production ring 16 in May

X6 = Number of tire production ring 16 in June

X7 = Number of tire production ring 16 in July

X8 = Number of tire production ring 16 in August

X9 = Number of tire production ring 16 in September
X10 = Number of tire production ring 16 in October
X11 = Number of tire production ring 16 in November
X12 = Number of tire production ring 16 in December
X13 = Number of tire production ring 20 in January
X14 = Number of tire production ring 20 in February
X15 = Number of tire production ring 20 in March
X16 = Number of tire production ring 20 in April
X17 = Number of tire production ring 20 in month May
X18 = Number of tire production ring 20 in June

X19 = Number of tire production ring 20 in July

X20 = Number of tire production ring 20 in August
X21 = Number of tire production ring 20 in September
X22 = Number of tire production ring 20 in October
X23 = Number of tire production ring 20 in November
X24 = Number of tire production ring 20 in December
X25 = Number of tire requests ring 16 in January
X26 = Number of tire requests ring 16 in February
X27 = Number of tire requests ring 16 in March

X28 = Number of tire requests ring 16 in April

X29 = Number of tire requests ring 16 in May

X30 = Number of tire requests ring 16 in June

X31 = Number of tire requests ring 16 in July

X32 = Number of tire requests ring 16 in August

X33 = Number of tire requests ring 16 in September
X34 = Number of tire requests ring 16 in October
X35 = Number of tire requests ring 16 in November
X36 = Number of tire requests ring 16 in December
X37 = Number of tire requests ring 20 in January

X38 = Number of tire requests ring 20 in February
X39 = Number of tire requests ring 20 in March

X40 = Number of tire requests ring 20 in April

X41 = Number of tire requests ring 20 in May

X42 = Number of tire requests ring 20 in June

X43 = Number of tire requests ring 20 in July

X44 = Number of tire requests ring 20 in August
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X45 = Number of tire requests ring 20 in September
X46 = Number of tire requests ring 20 in October

X47 = Number of tire requests ring 20 in November
X48 = Number of tire requests ring 20 in December

B. The Formulation of The Objective Function

In this study, there are five function objectives to be
achieved, namely:
1) Revenue function to be maximized
Max P = 208,200,000X; + 209,400,000Xs +
210,600,000X3 + 211,800,000Xs + 213,000,000X5 +
214,200,000Xs + 216,000,000X7 + 217,200,000Xs +
218,400,000X9 + 219,600,000X:0 + 220,800,000X:1 +
222,000,000X12 + 457,500,000X13 + 455,250,000X14 +
452,250,000X15 + 450,000,000X16 + 447,000,000X17 +
444.750,000X18 + 442,500,000X19 + 439,500,000X20 +
437,250,000X21 + 434,250,000X22 + 432,000,000X23 +
429,000,000X 24 @))]

2) Functions of the amount of production to be maximized

Max K = 347X; + 349X, + 351X3 + 353Xy + 355X5 +
357X6 + 36OX7 + 362X8 + 364—X9 +366X10 +368X11 +
370X12 + 610X13 + 607X14 + 603X15 + 600X16 + 596X17 +
593X18 + 590X19 + 586X20 + 583X21 + 579X22 + 576X23 +
572X24 2)

3) Function of the number of requests to be maximized

Max T = 352X25 + 355X26 + 357X27 + 359X28 + 362X29 +
364X30 + 366X31 +369X32 + 371X33 + 373X34 + 376X35 +
378X36 + 606X37 + 604X38 + 602X39 + 600X40 + 598X41 +
596X42 + 594X 43 + 592X 44 + 590X 45 + 589Xy + 587Xu7 +
585X4s 3)
4) Function raw material costs to be minimized
Min B = 5,455,000X; + 5,485,015X, +
5,515,000X3 + 5,545,000Xs + 5,575,013Xs +
5,605,022X¢ + 5,650,011X7 + 5,680,011X5s +
5,710,000X9 + 5,740,000X:0 + 5,770,000X:1  +
5,800,000X:2  + 11,687,500X13 + 11,631,265X14 +
11,556,250X15 + 11,500,000X:6 + 11,425,013X17 +
11,368,772X1s  + 11,312,511X49 + 11,237,511X50 +
1 1,181,250X21 + 1 1,106,250X22 + 1 1,050,000X23 +
10,975,000X 24 4)

5) Function of employee working hours to be minimized
Min J = 2,200X; + 2,112Xs + 2,112X3 + 2,024X, +
2,112Xs + 2,024Xe + 2,288X7 + 2,288Xg + 2,288X9 +
2,288X10 + 2,200X11 + 2,200X12 + 2,200X13 + 2,112X14 +
2,112X15 + 2,024X 16 + 2,112X17 + 2,024X15 + 2,288X19 +
2,288X20 + 2,288X51 + 2,288X25 + 2,200X23 + 2,200X 24 (5)

C. Determination of The Constraints

The target constraints used in this study are revenue, total
production, total demand, large tire raw material tire costs,
small raw material costs, rubber raw material costs, gum raw
material, glue costs raw material costs, tiner raw material costs,
chord yarn raw material costs, plastic raw material costs and
employee work hours.

D. Determine The Main Priorities
The Main Priority order in this study are:

1) P1 = Target maximizing income. The target to be mini-
mized is the bottom deviation. Then that will be minimized
is the value of Py(dj ). That is, the company wants the
income earned is above the limits set by the company.

2) P2 = The target is to maximize the amount of production.
The target to be minimized is the bottom deviation. Then
that will be minimized is the value of Py(d; ). That is, the
company wants the amount of production to be above the
target and can meet consumer demand.

3) P3 = The goal is to maximize the number of requests.
The target to be minimized is the bottom deviation. Then
that will be minimized is the value of P3(d5 ). That is, the
company wants the number of requests above the target set
by the company.

4) P4 = The goal of minimizing the cost of raw ma-
terials. The target to be minimized is a deviation
above. Then what will be minimized is the value of
Py(df,di,dE,dt,df, dS, dfy, df}). That is, the company
does not want the cost of raw materials to exceed the budget
specified.

5) P5 = The goal of minimizing employee work hours. The
target to be minimized is a deviation above. Then what will
be minimized is the value of P5(d;,). This means that the
company wants work hours employees to faster so that the
production process will be finished quickly, so the company
can meet consumer demand.

E. Completion of The Software LINDO

Next step is the completion of Goal Programming using
software LINDO. In LINDO the lower deviation is denoted
by DB, whereas for the upper deviation is denoted by DA.
The output of software LINDO is as follows:

Based on Figure E] above, it can be seen that the variables
that have values are the variables X6, X16 and X25. This
value is substituted into the objective function equation 1, 2,
3, 4 and 5, so that the maximum income is IDR 474,426,000,
the maximum production is 11.75 units, maximum requests
is 1,038.4 units, the minimum raw material cost is IDR
12,128,150.66 and the minimum employee working hours is
2,165.68 hour / month.

FE. Sensitivity Analysis

This study uses sensitivity analysis in analyzing problems
that will occur as follows:
1) Analysis of priority the achievement
To view the priority level of attainment of some objective
function is achieved, it can be seen in the following table:

Based on TABLE it was found that the negative
deviation value for ranking priorityl maximum revenue)
and 3 (maximizing the number of requests) are fulfilled,
because the negative deviation value is 0. While the priority
ranking (priority) 2 (maximizing the amount of production)
is not fulfilled, because the negative deviation value is
not 0. Also, the positive deviation value in the ranking of
priorities (priority) 4 (minimizing the cost of raw materials
for large tires), 5 (minimizing the cost of materials raw
for small tires), 6 (minimizing the cost of rubber raw
materials), 7 (minimizing the cost ofraw materials gum), 8
(minimizing the cost of raw materials glue), 9 (minimizing
the cost of raw materials for thinner), 10 (minimizing the
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Fig. 2: LINDO Software Output Results

TABLE I
Variable Deviation Positive and Negative Priority
Achievement
Achievement . Var.iab_le Var.iab.le
Priorit Constraint Dev1.aF10n Dev1at}0n Exp
y
Positive Negative
1 1 265.154.080 0,00 Fulfilled
2 2 0,00 397,08 |Unfulfilled
3 3 0,00 0,00 Fulfilled
4 4 0,00 0,00 Fulfilled
4 5 0,00 5.796.148 | Fulfilled
4 6 0,00 17.146.272| Fulfilled
4 7 0,00 15.874.581| Fulfilled
4 8 0,00 17.510.754| Fulfilled
4 9 0,00 5.598.459 | Fulfilled
4 10 0,00 47.443.120| Fulfilled
4 11 0,00 12.525.787| Fulfilled
5 12 0,00 0,00 Fulfilled

2)

3)

4

~

cost of raw materials for yarn chord), 11 (minimizing the
cost of plastic raw materials) and 12 (minimizing employee
work hours) are met, because the positive deviation value
is 0. mathematical approach through the Method is Goal
Programming very suitable to use.
Sensitivity analysis of goal function coefficient

Based on the results of sensitivity analysis using software
LINDO, it can be seen that the change in the value of
the objective function coefficient X1 to X12 (the number
of tire production ring 16 from January to December
2020) experienced an unlimited increase except at value
X6.(June) which increased by 4 units. It also experienced
a decrease that varies each month or can be seen in the
section allowable decrease. For the value of the objective
function coefficient X13 to X24 (the number of tire pro-
duction ring 20 January - December 2020) experienced
an unlimited increase except in X16 which increased by
4.21 units and decreased indefinitely. For the value of the
objective function coefficient X25 to X36 (the number of
tire requests ring from January to December 2020) has an
unlimited increase except for the value of X25 which has
increased by O units and decreased by O units. For the
value of the objective function coefficient X37 to X48 (the
number of tire requests ring 20 January - December 2020)
has an unlimited increase, while for the decrease (allowable
decrease) down by O units or does not decrease. Although
there is an increase and decrease in the value of the right
segment, it will not affect the objective function because
the value of the current coefficient is 0.
Sensitivity analysis right section

Based on the results of sensitivity analysis using software
LINDO, it can be seen that the value of a right segment
can be has increased and decreased in value. Where in
row 2 (total production), 3 (total demand), 5 (small tire
raw material costs), 6 (rubber raw material costs), 7 (raw
material costs gum), 8 (glue raw material costs), 9 ( tiner
raw material costs), 10 (yarn raw material costs chord) and
11 (plastic raw material costs) experienced an unlimited
increase, while for row 1 (revenue) an increase of Rp
265,154,080, row 4 (raw material costs large tires) in-
creased by Rp. 18,373,460 and row 12 (employee working
hours) increased by 2,190.74 hours/month. As for the
impairment in row 1 (income) which is experiencing an
unlimited decrease, while for rows 2-12 has decreased
varying or can be seen in the allowable decrease.
Sensitivity analysis shadow price

Based on the results of sensitivity analysis using software
LINDO, it can be seen that the value of slack or surplus is
zero, then the constraints are active. If the value of slack
or surplus is zero and the value of dual prices is also zero,
then the condition indicates that the addition of each unit
of the value of the right segment to these constraints will
cause the value of the objective function to decrease by
zero. Like wise with the value of dual prices which are not
zero, the value of the objective function will be reduced
by the value of the dual prices . The sensitivity range for
the boundary quantity value is the distance at which the
shadow price remains valid. If it increases above the upper
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limit of sensitivity (increases) or decreases below the lower
limit (decreases), the value of the shadow price will change.

IV. CONCLUSION

Based on the results of research conducted using the Goal
Programming Method, it can be seen that the company’s max-
imum income is IDR 474,426,000, the maximum production
amount is 11.75 units, the maximum number of requests is
1,038.4 units, the minimum raw material cost is IDR 12,128.
150.66 and minimum employee work hours are 2,165.68
hours/month. Based on the analysis that has been done, it can
be concluded that the changes that occur will not affect the
optimal solution.
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