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Abstract

The current research shows how to utilize the linear programming to perform a profit maximization on two
economic cases and analyze the sensitivities of the obtained solutions to identify the key factors influencing the
solution, which then can be used as the basis to decide the most profitable business. The case of the current study
is identifying the most profitable project of two housing developments in Indonesia. The linear programming of
the simplex method is applied to address the problem. The findings indicate that the linear programming solution
and its sensitivity analysis effectively and efficiently inform and assist businessmen in identifying the most
profitable project under the given constraints. In this case, the linear programming with its sensitivity analysis
asserts that selecting a business activity based merely on the amount of its apparent profit may lead to an improper
business decision. An example from the current study shows that although the second project yields a higher profit,
the solution of the linear programming suggests that the first project is more relevance to its market demand and
itneeds less capital than that the second project. The higher profit obtained of the second project tends to be relative
or fictitious since both projects result in the same return on investment (ROI). Moreover, the sensitivity analysis
indicates that the optimization solution of the first project is more stable to change than that of the second project.
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1. Introduction

Various approaches of profit maximization have been widely applied to help decision-makers in taking essential
business steps to optimize their business profit (e.g. Stripling, 2018; Hasanah & Ahmad, 2018; Levitt, 2015; Liu,
2006; Khanra, Maiti, & Maiti, 2015; Ahmadi-Javid, Amiri, & Meskar, 2018; Mazidi, et al., 2018). Among them
is Linear Programming. It has been proven to be one of the most blossomed quantitative approaches to decision
making (Anderson et al., 2012). Its applications have been reported in a wide range of industry and business
activities, such as production decisions (e.g. Levitt, 2015; Yahya, Garba, & Ige, 2018; Rohmabh, et al. 2018; Maurya,
et al., 2015), capital budgeting and financial planning (e.g. Wu & Ge, 2012; Wijeratne, & Harris, 1984),
distribution system (Goetschalckx, Vidal, & Dogan, 2012), project selection (e.g. Aboelmagd, 2018),
transportation (Guo & Xu, 2016), staffing (e.g. Florez, et al. 2012; Cezik & L’Ecuyer, 2006), scheduling (Torres
et al. 2014; Garcia-Nieves, 2019), farming (Jaslam, et al., 2017; Hassani & Akhtar, 2015; Igwe, Onyenweaku &
Tanko, 2013), etc.

Moreover, an essential relationship between linear programming, profitability and resource allocations is well
identified. Onoriode & Ighoroje (2018), for example, found that the linear programming method is a highly
effective strategy and tool for organizing resource allocations that lead to profit maximization.

Despite the numerous application of linear programming in industries and business, a few research has been
reported about the utilization of the linear programming for business decision making in selecting the most
profitable business activity.

Since market demand is known as one of the most influencing economic factors on business profitability
(Narver & Slater, 1990; Guide, Teunter, & Wassenhove, 2003; (Hildenbrand, 1994), the context of profit
maximization with respect to market demand of a commercial housing development is taken as the case of the
current research.

Hence, the current research clarifies the modelling process of the profit maximization subject to market
demand by means of linear programming taking the case of housing development. The result of the optimization
and its sensitivity are used to identify the key factors influencing the profit maximization and use as the basis to
decide the most profitable project.

2. Methodology

The current study demonstrates the use of linear programming for profit maximization with regards to market
demand and other related constraints. It is a case study taking the context of commercial housing development in
Indonesia. The data are taken from an Indonesian housing firm (a housing developer) where they intend to develop
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a commercial housing location consisting of three types of houses. The challenge faced by the developer is
selecting one of two potential locations for housing development. It is known that both locations have identic
constraints, except on their market demand. There is a slight difference in the market demand in the two locations.
The developer asks for the most profitable location if it has to choose one of the two locations.

Profit maximization approach is used to address the challenge. The output of the profit maximization model
of the current study is expressed in the form of a linear programming statement proclaiming the objective and the
constraint functions of the optimization, including its optimization solution. The analysis of the obtained
optimization solutions and their sensitivities are performed to identify the key factors influencing the profit
maximization and use as the basis to decide the most profitable project.

In formulating the model for profit maximization, the current study employs the linear programming method
(i.e. the simplex method) using QM software. There are five stages of linear programming procedures applied,
namely (1) determining decision variables, (2) formulating the objective function, (3) determining and modelling
the constraint functions, (4) formulating the model of the linear programming statement subject to the given
constraints, (5) calculating and analyzing the optimization solution of the linear programming statement, and (6)
conducting sensitivity analysis to identify the key factors influencing the optimization solution.

3. Results and Discussion

Profit maximization relating to unit production is a crucial issue and a complex problem for most industrial
companies or firms, especially once they face a considerable number of limitations. Although the amount of profit
obtained from the selling a product, suppose product A, is significantly higher than those of product B, it is not
always a right decision to produce more A than B in order to obtain an optimal profit. The producers should
consider a bunch of factors that influence their business activities, such as the available resource (capitals, materials,
and workforce), market demand, return on investment, policy restriction, etc.

As mentioned before, the case discussed in the current study is the developers’ challenge in deciding two
potential projects of housing development that have similar constraints with a minor difference in market demand.
Since the developer has to choose one of the two projects, the question is which location is more profitable.

Profit maximization of linear programming (i.e. the simplex method) using QM Software is used to address
the challenge consisting of six steps, namely (1) determining decision variables, (2) formulating the objective
function, (3) determining and modelling the constraint functions, (4) formulating the model of the linear
programming statement subject to the given constraints, (5) calculating and analyzing the optimization solution of
the linear programming statement, and (6) conducting sensitivity analysis to identify the key factors influencing
the optimization solution. Each of the steps is discussed in this section. Some important remarks regarding the
findings are elaborated in the end of the current sections.

3.1. The Case Description

Due to capital and resource limitation, a housing developer (an Indonesian firm) has to choose one of two available
places to develop a residential location. They will build a similar variance of houses (types and size) in both
locations, and they also face similar constraints relating to capital and land resources and workforce. The firm plan
to build three types of houses, so-called T40, T70, and T100. The capital production for each type of houses is 75%
of the price. T40 is offered to the market at a price of 400 million. Whereas T70 and T100 are 600 million and 720
million respectively. Currently, the developer has only 50,000 million in total for capital production.

Each type of houses is built on a fixed size of the area where T40 is on 100 square meters, and T70 is on 200
square meters. Meanwhile, T100 occupies 350 square meters. In total, there is 20 hectares area available for the
house construction in each location, excluding the space area for public facilities.

There are 450 workers available at the moment to work either at the first location or at the second location.
For the efficiency purpose, the firm restricts the number of workers in each type of houses, where it should be 3
workers for constructing T40, 4 workers for T70 and 5 workers for T100.

Considering the local government policy about residential development, the developer decides to build
maximally 200 units in each location regardless of the house types in order to avoid constructing own electrical
power control that may cause a capital increase.

However, the market demands for the houses at the two locations are slightly different. According to their
data of registered buyers (the list of consumers who have registered to buy the houses), they identified that there
are around 60% of their costumers intending to buy T40 and about 30% and 10% for T70 and T100 respectively
for the first location. Meanwhile, the market demand for the second location is 55%, 30% and 15% for T40, T70
and T100 respectively.

The firm’s owners question about which location is more profitable under the given constraints and
differences.
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Table 1. The variables and the constraints of the case of the housing development of the current study

Variables and Type of Products Available
Constraints T40  T70 Tioo  Resourceand Note
Restriction

Land Size (square 100 200 350 20,000 excluding area for residential street
meter) and other public facilities
Price (million) 400 600 720 - Fixed price
Capital Production 300 450 540 50,000 75% of the price
(million)
Profit (million) 100 150 180 - 25% of the price
Workforce (person) 3 4 5 450 Available at the moment
Unit Production - - - 200 To avoid a capital increase on the
(house) project.
Market Demand on 60% 30% 10% - The proportion is based on the
the first site registered buyers
Market Demand on 55% 30% 15% The proportion is based on the
the second site registered buyers

To address the challenge, profit maximization of linear programming is applied consisting of six steps,
namely (1) determining decision variables, (2) formulating the objective function, (3) determining and modelling
the constraint functions), (4) formulating the model of the linear programming statement subject to the given
constraints, (5) finding the optimization solution based on the model of the linear programming statement, and (6)
conducting sensitivity analysis to identify the key factors influencing the optimization solution. Each of the steps
is discussed in this section. Each step is described in the following paragraphs.

3.2. The Decision Variables

In the context of profit maximization, the decision variables are the quantities that the decision makers would like
to specify and control in order to optimize their profit. In other words, the decision variables are the values that
are intended to be optimized to gain a maximal profit.

In the case of the current study, the number of unit production for each type significantly determines the
obtained profit since the profit from selling each type of houses differ from one to another. Therefore, the decision
variables, in this case, are the number of houses sold for each type. Since there three types of houses, there are
three decision variables. Suppose X, X, and X3 are used to express the three decision variables, so:

X1 = the number units built for T40
X> = the number units built for T70
X3 = the number units built for T100

3.3. The Objective Function
An objective function is a mathematical model of decision variables that are intended to be maximized or
minimized, subject to given constraints.

Since the purpose of the current study is to optimize profit, so the decision variables of the current
optimization are the number of units produced in each type of houses. Hence, the number of unit production of
each type of houses and the amount of the profit obtained in each type will stipulate the objective function of the
current optimization process.

In formulating the objective function mathematically, it is necessary to transform the context of the profit
maximization into an appropriate mathematical model. Suppose C1, C2 and C3 are the profit gained from selling
T40, T70 and T100 respectively and let Z as the objective function. Since X is the number of units built for T40,
and X, and X3 is the number of units built for T70 and T100 respectively, so the general form of the objective
function to gain a maximal profit of the current situation can be modelled as follows:

Z =C(C1X, + C2X, + C3X; (1)

Concerning Table 1, C1 is 100 million. Meanwhile, C2 and C3 are 150 million and 180 million, respectively.
So, equation 1 can be redefined as (in a unit of million of Indonesian rupiahs):

Z =100X; + 150X, + 180X, )

In the current study, this last equation is considered as the objective function that will be optimized to gain a
maximal profit. Note that such an objective function is applied to both locations.

3.4. The Constraint Functions

Linear programming is a method of transforming optimization cases into mathematical models represented in
linear relationships to gain the best decision, either to maximize (e.g. profit) or to minimize (e.g. cost of production),
subject to given constraints. Constraints, in this case, define the limitations of the decision. In other words, the
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constraints are the conditions that the decision must satisfy within the context of optimization.

As has been described before (see table 1), it is identified that there are a number of constraints that delimit
the profit maximization of the housing development in the current case study. Those constraints are required to be
transferred into mathematical models in order to be able to analyze in linear programming method. Each of the
constraints is explained below.

3.4.1.  Construction area
The first constraint relates to the limitation of the size of the land for the construction. There are 20,000 m? (2
hectares) available. There are three types of houses will be built where each takes the different size of land. The
first type, T40, takes 100 m2. Meanwhile, the other two types, T70 and T100, are built on 200 m? and 350 m?
respectively. It implies that the land size for constructing those types of houses cannot exceed the available land
size. For example, we cannot build more than 57 units of T100 or 100 units for each T40 and T70 respectively
since it takes more than 20,000 m?. For each X;, X, and X; are T40, T70 and T100, respectively; this constraint
can be expressed as follows (in the unit of square meters):

100X, + 200X, + 350X; < 20000 3)
3.4.2.  Capital production
Another constraint confining the profit maximization comes from the developer’s capital resource. The developer
has a limited amount of capital to develop the resident. For the project, they currently have provided 50,000 million
(Indonesian rupiah). Each type of units spends a distinct amount of capital. To build T40, it takes 300 million.
Meanwhile, 450 and 540 million are taken by T70 and T100 respectively. Mathematically, this constraint can be
stated as follows (in the unit of million Indonesian rupiahs):

300X; + 450X, + 540X; < 80000 4)
3.4.3.  Workforce
It is also identified that the firm has a limited number of workers. There are 450 workers available at the moment.
The workers are distributed differently in each type of houses. It should be 3 workers work for each T40, 4 and 5
workers for each T70 and T100 respectively. Such a restriction can be denoted mathematically as follows (in the
unit of person):

3X; +4X, + 5X3; < 450 (5)

The next constraint relates to the local government policy. The policy regulates the installation of electrical
power control in residential development. It states that residential developers have to build their own electrical
power control if they build more than 200 houses in one residential location. If they build less than or maximally
200 houses, they may use the available public electrical power control. Building own electrical power control takes
relatively much money and may cause a capital increase. Therefore, the firm intends to avoid it by building no
more than 200 houses in the location. This constraint can be stated mathematically as:

X, + X, + X3 <200 (6)

3.4.4. Market demand

Table 1 shows the difference in the market demand in each location. The distribution of the market demand of
three houses at the first location is 60%, 30%, and 10% for T40, T70 and T100 respectively. Meanwhile, at the
second location is 50%, 30% and 20% for T40, T70 and T100 consecutively. This difference leads to a different
market demand constraint between the first and the second location. Each of the constraints is discussed separately.
At the first location, the percentage of the market demand on the three houses (60%, 30% and 10%) can be
expressed alternatively in the form of a proportion of 6:3:1 for X, (T40), X, (T70) and X3 (T100) respectively. The
proportion implies that for every 6 houses of T40, it should be no more than 3 houses for T70 and 1 house for
T100 in order to meet the market demand. The proportion 6:3:1 moreover can be expressed separately as 6:3 and
3:1 for proportion between X; and X5 and between X and X3 consecutively. These last two proportions then will
be used to formulate constraints relating to the market demand for the first location.

In mathematical terms, the proportion between X; and X; can be noted as % = g . Since % = S, then 3X; —
2 2

6X, = 0 and X; — 2X, = 0. The similar principle can be applied for the proportion between X, and X3 resulting
in the equation X, — 3X3 = 0. Since the proportion of 6:3:1 implies that for every 6 houses of T40, it should be
no more than 3 houses and 1 house for T70 and T100 respectively, the last two equations should be expressed in
the form of inequalities as the following:

X, —2X,=20 (7)

X,—3X;=20 8)

The similar principle can be applied for formulizing the constraint of the market demand at the second location.

The distribution of the market demand on the three houses at the second location is 55%, 30% and 15% for X,
(T40), X, (T70) and X3 (T100) respectively. Such a distribution can be expressed mathematically as 11:6:3 for X,
X, and X3 respectively. Such a proportion can be restated as 11:6 for the proportion of X; and X, and as 6:3 for
the proportion of X, and X3. These last two proportions lead to the formation of the market demand constraints at
the second site.
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6X; — 11X, =0 )]
3X,—6X;>0 (10)

3.5. Profit Maximization Model
Regarding the aforementioned objective and the constraints functions, the model of profit maximization of the
current case can be stated into a complete linear programming model. The linear programming model for the first
location is stated as follows:

Maximize Z = 100X, + 150X, + 180X,

Subject to

(i) 100X; + 200X, + 350X; < 20000

(ii) 300X; + 450X, + 540X; < 80000

(iii) 3X, +4X, + 5X; < 450

(iv) X, + X, + X3 <200

) X, —2X,=20

(vi) X,—3X3=20

Where X1,X,,X; =0 (10)
Meanwhile, the linear programing model for the second location is expressed as follows:

Maximize Z = 100X, + 150X, + 180X,

Subject to

(i) 100X, + 200X, + 350X; < 20000

(ii) 300X; + 450X, + 540X; < 80000

(iii) 3X, + 4X, +5X5; <450

(iv) X+ X, + X3 <200

) 6X, —11X, >0

(vi) 3X, —6X3 =20

Where X1,X,,X3 =20 (11)

3.6. Optimization Solution and Its Interpretation

The aforementioned linear programming model of each location is then analyzed using QM software to obtain the
solution for the profit maximization. In this model, the solution refers to the number of units in each type should
be produced in order to obtain the maximal profit satisfying or subject to the given constraints.

Taking the linear programming model (statement 10 and 11) into QM analysis, Table 2 shows the comparison
of the profit optimization solution for the two locations. The value of variable X, X> and X3 is the solution list
indicating the number of houses built for T40, T70 and T100 respectively. The value of slack variables informs
about the optimization or the surplus of the given resources or constraints as the result of the optimization process.
Meanwhile, the optimal Value (Z) indicates the maximal profit obtained from the optimization model subject to
the given constraints.

Table 2. The solution list for the profit maximization of the housing development at the first and the second
location

Variable The First Site The Second Site Unit
X1 77 75 House
X2 39 41 House
X3 13 12 House
slack 1 (land) 71 0 Square meter
slack 2 (capital) 2,557 2,462 Million
slack 3 (workforce) 0 0 Person
slack 4 (total unit) 71 72 House
slack 5 (market demand 1) 0 0 -
slack 6 (market demand 2) 0 48 -
Optimal Value (Z) 15,814 15,846 Million

For the first location, the maximal profit gained by the firms under the given constraints is 15,814 million.
To obtain such a profit, the firm should build 129 houses consisting of 77 houses of T40, 39 houses of T70 and 13
houses of T100 (see the value of X1, X2 and X3). Slack 1 indicates that there are 71 square meters of the available
20,000 square meters are unbuilt. This implies that not all the available area of the construction has been used for
the house building. The surplus is also found in capital production (slack 2) where there are 2,557 million from
50,000 million are unspent. Meanwhile, there is no surplus in the workforce (slack 3), implying that all workers
are employed. Slack 4 expresses that the solution of the total of the houses built needs 71 houses more to reach
200 houses (the maximal house to be built based on the fourth constraint). This implies that the number of built
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houses satisfies the firm’s restriction to build maximally 200 houses.

Meanwhile, for the second location, the result of the profit optimization shows that the maximal profit
obtained under the given constraints is 15,846 million by building 75 T40s, 41 T70s and 12 T100s. So, there are
128 houses built. The value of slack 1 indicates that all the available land is used for housing. Meanwhile, slack 2
means that there are 2,462 million remaining from 50,000 million invested capital for the production. All available
workers are employed. It is indicated by the value of slack 3. Similar to the first location, slack 4 expresses that
the solution of the total of the houses built needs 72 houses more to reach the restricted 200 houses. This implies
that the number of built houses is in line with the firm’s expectation to build maximally 200 houses.

3.7. Sensitivity Analysis

Nowadays, the environment of a business is difficult to be predicted and is very unstable. As a result, a business
decision is easily be influenced by other external factors that predispose business cost or profit. Hence, a crucial
business decision needs to be analyzed its sensitivity regarding the potential related changes.

In the context of profit maximization, sensitivity analysis is an analysis to identify the amount by which we
can change the input data (for example the RHS values of the constraint functions) for the output of the
optimization of a linear programming model to remain comparatively unchanged. Suppose there are two linear
programming models of optimization. If a small change of RHS of the first model produces a significant change
in its optimization solution while a correspondingly small change of RHS of the second model doesn’t affect its
optimization solution as much, it can be concluded that the first model is more sensitive while the second model
is less sensitive to the change in the input data.

The purpose of sensitivity analysis of the current study is to identify the key variables or constraints that are
major influence the obtained solution of the profit maximization. Such identification will help the developer to
assess whether the change on the input of key variables or constraints will affect the project decision. Such a
sensitivity analysis are categorized into two forms, namely sensitivity analysis on the decision variables (the
objective function) and sensitivity analysis on the constraints (the constraint functions).

3.7.1.  Sensitivity analysis on the objective function

The sensitivity analysis on the objective function refers to identify the possible change on the optimization solution
and on the obtained profit as the result of the change on the parameters or the coefficient of the objective function.
Table 3 shows the result of the sensitivity analysis on the objective function or the decision variables. The first
column represents the decision variables that is the number of unit production for each house type, namely X; for
T40, X, and X3 for T70 and T100 respectively. The second column tells about the location of the development.
The third column shows the value of X;, X, and X3 in each location to obtain the maximal profit. The fourth
column represents the parameter values of Xi, X, and X3. The fifth and the sixth column inform the lower and the
upper bound of the parameter values of X;, X, and X3. Meanwhile, the seventh column shows the range between
the lower and the upper bound of the parameters.

In the current sensitivity analysis, the parameters of each decision variables are studied for their impact on
the optimization solution and on the profit change.

Table 3. Sensitivity analysis on the objective function

Variable Location Value Original Val  Lower Bound Upper Bound Discrepancy
(parameter)
1 2 3 4 5 6 7
X1 The first 77 100 -105 105 210
The second 75 100 26 105 79
X2 The first 39 150 129 160 31
The second 41 150 138 159 21
X3 The first 13 180 175 Infinity Infinity
The second 12 180 175 213 38

According to Table 3, the value of lower and upper bound suggest that the change on the parameter X; (the
original value) will not alter the obtained optimization solution if the parameter is substituted by any value between
the lower and the upper bound. For example, at the first location, the value for the lower and upper bound of X is
-105 and 105, respectively, with the original value is 100 (the parameter of X;). If the parameter of X is replaced
by 105, the optimization solution will remain the same that is 77, 39 and 13 for X1, X2 and X3 respectively.
However, if the parameter is substituted by 106 (out of the upper bound), the optimization solution will differ from
the previous one. The similar principle is also applied for the parameter of X, and X3. The infinity value means
that there is no bound for the related bounding. For example, in the first location, the optimization solution will
remain the same even though the parameter of X3 (the original value of X3) is replaced by any value that is more
than 175. It can be concluded that the optimization solution will remain the same even though there are changes
in the parameters of the decision variables as long as the changes are within the value of lower and upper bound.

It also implies that the discrepancy between the lower and upper bound indicates the sensitivity of the

63



European Journal of Business and Management WWWw.iiste.org
ISSN 2222-1905 (Paper) ISSN 2222-2839 (Online) DOI: 10.7176/EIBM g
Vol.11, No.19, 2019 IISTE

optimization solution. If the values of the discrepancies between the first and the second location are compared, it
may be concluded that the second location is more sensitive to changes than the first location. It can be traced from
the fact that the discrepancy values at the second location tend to be smaller than that in the first location. Once an
optimization solution is rather sensitive, the solution will be easily affected by the changes in their parameters and
constraints or other external economic factors. Hence, the optimization solution for the first location is more stable
than that of the second location.

Furthermore, the value of the lower and the upper bound also give impacts on the value of the obtained profit.
In the case of the current study, the change in the parameters (the original value, see Table 3) will cause the change
(increase or decrease) on the obtained profit. The amount of change on the obtained profit is determined by the
value of the corresponding decision variables (the second column of Table 3). For instance, if the parameter of X
is changed to be 101, the optimization solution remains the same, but the obtained profit (the value of Z) increases
by 77. However, if the parameter is switched to be 99, the profit will decrease by 77. It is also applied for the other
two parameters, X» and X3. The sensitivity analysis informs the developer about the possible changes that they can
make without change the optimization solution. The lower and the upper bound assist the developer in making
such a possible change to improve the profit without changing the initial optimization solution. It means that the
developer can still optimize their obtained profit by manipulating the unit profit (the decision-variable parameters)
within the range of the lower and upper bound subject to the given constraints.

Concerning the effect of changes on the parameters toward the profit, it is more profitable to invest in the first
location rather than in the second location. At the first location, the developer has a more flexible decision to adjust
the parameters in order gain a more maximal profit with the condition that there is no change in the given
constraints since the discrepancy at the first location is relatively broader and higher than that in the second location.
3.7.2.  Sensitivity analysis on the constraint functions
The sensitivity analysis on the constraints refers to the analysis on the possibility of changes of the optimization
solution as the result of the change on the value of the RHS (Right Hand Side) of the constraint functions. Table 4
shows the result of the sensitivity analysis on the constraint functions in both locations. The first column represents
the constraints of the optimization. The second column tells about the locations of the development. The third
column shows the RHS value of each given constraint function. The fourth and the fifth column inform about the
lower and the upper bound of the value of RHS. Meanwhile, the sixth column shows the range between the lower
and the upper bound of the RHS value.

Table 4. Sensitivity analysis on the constraint functions.

Constraints Location Original Val Lower Upper Bound Discrepancy
(RHS) Bound
1 2 3 4 5 6

Construction Area The first 20,000 19,929 Infinity Infinity
(square meter) The second 20,000 18,158 20938 2,780
Capital Production The first 50,000 47,443 Infinity Infinity
(million) The second 50,000 47,538 Infinity Infinity
Workforce (person) The first 450 0 452 452

The second 450 430 474 44
Unit of Construction The first 200 129 Infinity Infinity
(houses) The second 200 128 Infinity Infinity
Market Demand 1 The first 0 -2 150 152

The second 0 -525 142 667
Market Demand 2 The first 0 -2 45 47

The second 0 -infinity 48 Infinity

The value of lower and upper bound indicates the range of the changes on the RHS values of the constraint
functions (e.g. the original value) that do not impact on the optimization solution. For example, at the first location,
the range of changes of RHS value of the constraint relating to the construction area that does not change the
optimization solution is between 19,929 and Infinity. It means that if the firm enlarges the area of the construction,
suppose 30,000 square meters; the optimization solution remains the same as if it is 20,000 square meters. But, if
the change is out of the range, the optimization solution will differ. The infinite value of the upper bound of capital
production means that the optimization solution will remain the same even though the developer spent more
capitals on the project as much as possible. However, if the developer reduces the capital, such that it is less than
47,443 (under the lower bound), the optimization solution will be impacted.

Hence, the result of the sensitivity analysis on each constraint function shown on Table 4 inform the developer
about the range of changes (i.e. the values of the lower and the upper bound) that they can make on RHS value
without impacting the optimization solution. In the world of business or industries where situations are not stable,
changes on constraint functions may happen unexpectedly. As long as the changes are in the range of lower and
upper bounds, businessmen do not need to change their economic strategies or plans.
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If the discrepancies between lower and upper bound are being considered in both locations, it is identified
that the optimization solution of the first location is more stable to change than that of the second location. It can
be traced from the discrepancies of constraints relating to the available resources, such as the land area, the capital,
and the workforce. Where those three constraints significantly affect the maximal profit of the project. It implies
the change in the given constraints will not really affect the initial optimization solution. Having such a stable
optimization solution to some extent gave benefit for the developer where they do not need to change their
economic strategies or plans as long as the changes are in the range of the given lower and upper bounds.

3.8. Remarks on the Optimization Solution

Considering the optimization results of the two locations, it is identified that developing housing in the second
location produces more profit than that on the first location by 32 million. Moreover, the available land is used
more efficiently in the second location since the whole land is used for the housing altogether, no land left.
Meanwhile, there are 71 square meters remained unbuilt in the first location.

However, if slack 5 and 6 (the slacks relating to the market demand) are taken into account (see table 2), the
distribution of the number of the houses in the first location (the optimization solution) is more compatible with
the given market demand comparing to that in the second location. It is indicated by the absence of surplus in the
slack 5 and 6 of the first location. This state, to some extent, gives a benefit for the developer since the distribution
of the houses is close to the market demand causing the houses to be sold quickly and maximally.

Although the second location produces a higher profit, there is much more capital invested in the second
location comparing to that in the first location. It is indicated by the different amount of capital surplus between
the two locations (see slack 2 of table 2). From 50,000 available capital, 2,557 million are unspent in the first
location while 2,462 million are in the second location. It means that there is only 47,443 million capital spent in
the first location, which is significantly less than that in the second location (47.538 million). The discrepancy
reaches 95 million.

Once return on investment (ROI) being considered, both locations have the same amount of ROI, that is 33%.
It means that the higher profit obtained from the second location does not imply that the location is more profitable
than the first location. Its higher profit is due to a higher investment given to the location.

In addition, the use of land in the optimization solution of the first location seems to be not optimal since
there are remaining unbuilt area (see slack 1 table 2). However, it can be turned into another income for the firm
once it is treated as another object to be sold.

Moreover, the sensitivity analysis on the objective and the constraint functions shows that the optimization
solution of the first location is more stable to potential changes than that on the second location. It implies the
change in the given constraints will not really affect the optimization solution. Hence, the developer does not need
to make major adjustment once an acceptable change occurred on the given constraints.

Regarding the aforementioned arguments, it can be concluded that although investing in the second location
leads to gain a more profit; it is more recommended to invest in the first location due to several reasons. First, its
optimization solution is more relevance to its market demand. Second, investing in the first location need less
capital than that in the second location. Third, since both locations have similar ROI, the higher the profit obtained
in the second location tends to be a relative or notional profit. Fourth, the drawback founded in the first location
can be turned to another benefit for the developer to gain more profit. The last, the optimization solution of the
first location is more stable to change than that of the second location due to changes in the parameters of the
objective function and the constraints.

4. Conclusion

The current research shows how to perform a profit maximization procedure with respect to market demand by
means of linear programming to determine the most profitable economic activities. It shows how to analyze the
optimization solutions of linear programming and their sensitivities to identify the key factors influencing the
profit maximization, which then can be used as the basis to decide the most profitable business.

The comparative analysis of the optimization solutions of the two cases implies that selecting a business
activity based simply on its profit may lead to an improper business decision. An example from the current study
shows that although the second location more profitable (since it generates a higher profit) than the first location,
the analysis on the optimization solutions and their sensitivities shows that the first location is more relevance to
its market demand comparing to that of the first location. Moreover, it is noted that the higher profit obtained in
the second location tend to be relative or notional since both locations result in the same return on investment
(ROI). It also found that investing in the first location need less capital than that in the second location to generate
a similar return on investment (ROI). In addition, the sensitivity analysis on the objective and the constraint
functions shows that the optimization solution of the first location is more stable to change than that of the second
location due to changes in the parameters of the objective function and the given constraints.
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