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Abstract: This work presents a developed Master Production Scheduling (MPS) optimization model. The model
is formulated in a mathematical programming form and solved using both linear programming (LP) and genetic
algorithm (GA) tools. The model objective is to maximize the profit. The system consists of two potential suppliers
that serve the factory to serve two customers. The model is solved using three Different Methods: (1) MATLAB
linear Programming Algorithm, (2) MATLAB Genetic Algorithm, and (3) Using Evolver solver. The results of the
model are verified and the sensitivity analysis is done for some of the factors. Results obtained from the LP are
used to benchmark the results of the other two methods.
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I. INTRODUCTION
Master Production Scheduling (MPS) is concerned mainly with optimization of the manufacturing activities
in order to maintain desired profit. It acts as a communication tool with the business and delivers a manufacturing
plan that targets the needs of the customer as well as the capabilities of the manufacturing organization assuring
stable production. Many advances in MPS optimization have been attempted. N. P. Lin and L. Krajewski [1]
developed a mathematical model for the MPS by an analytical approach using a rolling schedule. S. C. K. Chu [2]
applied linear programming formulations for various levels of model complexity to optimize Material
Requirements Planning (MRP) and master production scheduling (MPS). G. Ernani Vieira and P. C. Ribas [3]
applied an artificial intelligence technique called Simulated Annealing to optimize a MPS problem. Other attempts
included a genetic algorithm-based optimization technique for MPS, which was heavily dependent on the size of
the manufacturing scenario [4]. Z. Wu et al. [5] also developed a working optimization method using the ant
colony algorithm, which is a kind of population based heuristic bionic evolution of the system. Other researches
solved production optimization problems using different solvers. Petr Klimek and Martin Kovarik [6] used
MATLAB and Evolver software tools for determining the optimal production. Data preparation for Evolver was
done in MS Excel Michalewicz [7] developed an evolution program for continuous time aggregate production an
problems using Genetic Algorithm (GA) to determine a rate of production under varying types of demand and
cost. Wang and Fang [8] formulated the same problem using a fuzzy linear programming model. Wang et al. [9]
addressed the problem of joint marketing production decision aiming to maximize the net profit of a company.
Wang and Fang [10] presented a fuzzy linear programming approach to solve aggregate production planning
problems. Genetic algorithm is an approach for optimization, which is based on principles of biological evolution.
It is usually used for the generation of high quality solutions for optimization problems. As in genetics, a
chromosome is used which is formed of sequential arranged genes. Each one is controlling one or more characters.
For chromosome handling, several operators have been proposed, most widely used are: selection, crossover, and
mutation (Back and Schwefel) [11].
Many GA solvers have been developed. One of the simplest and most common software that can be used
for GA optimization is “MATLAB” software. A separate optimization tool box that includes a GA based solver
is included within MATLAB [12].
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Another important software tool for optimization is “Evolver”. It is one of the fastest, most advanced
commercial genetic algorithm based optimizer available. Evolver adopts powerful genetic algorithm based
optimization techniques, which can find optimal solutions to unsolvable problems for standard linear and
nonlinear optimizers [13]. In this paper, a developed mathematical MPS optimization model is proposed and
solved using linear programming and genetic algorithm tools to maximize the profit. The system consists of two
potential suppliers that feed the factory to serve two customers. The model is solved using various tools such as
linear programming and genetic algorithm tools of MATLAB in addition to Evolver solver, which works as a
supplement (Add-In) in MS Excel. The results of the model are then verified for accuracy and sensitivity analysis
is performed for some of the factors. The rest of the paper is organized as follows: Section 2 presents both problem
description and model formulation. In Section3, the model efficacy is verified and the solvers are evaluated. The
effects of the factory capacity, shortage cost per unit, material cost per unit, non-utilized capacity cost, and the
facility store capacity, on the optimal profit, are studied and discussed in section 4.

II. Problem description and model formulation

2.1 Problem description

The problem consists of two approved suppliers that serve the factory to serve two customers as shown
in Figure 1. The proposed research tackles the problem of production planning optimization in three periods for
one product. The factory has a raw material and final good stores with limited capacities. The factory is enforced
to receive an initial inventory and remains a pre-defined final inventory at the end of the planning periods.

2.2 Model formulation:
The model involves the sets, parameters and variables mentioned in [14].

Figure 1. Factory Relations Network.

2.2.1 Objective Function
The objective function for the model is to maximize the profit. The profit is calculated by subtracting the
total cost from total revenue given in Equation 1.
Total Revenue = z z:((QfCt + Ige) * Be * Pyy) D)

ceC teT
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2.2.3 Constraints

Balance Constraints

1)
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Constraint (9-10) makes sure that the facility store avoids virtual storing.

Constraint (11) ensures that the quantity of inflow material to the factory from all suppliers equals the
sum of the outflow from it.

Constraint (12-13) makes sure that the sum of beginning balance and additions to inventory equals the
sum of ending balance and the withdrawal from inventory in all periods.

Constraint (14) makes sure that the sum of inflow to each customer does not exceed the sum of the current
demand and the previously accumulated shortages for the product.

Constraint (15) makes sure that the residual inventory of the last period satisfying the required final
inventory for the product.

2) Capacity Constraints
Qsft * B < CAP, ,VSES,VtET (16)
z Qsfe * Bs < CAPMg ,VtET (17)
SES
(z QfCt * Bf + [fft * Bf) MH < CAPHft ,VteT (18)
ceC
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Rge * Be * wyp, < CAPFSg, Vt €T (19)

Constraint (16) ensures that the outflow from each supplier to the factory does not exceed the supplier
capacity at each period.

Constraint (17) makes sure that the sum of the material inflow to the factory from all suppliers does not
exceed the factory material capacity at each period.

Constraint (18) ensures that the sum of manufacturing hours for outflows from the factory in each period
does not exceed the manufacturing capacity.

Constraint (19) makes sure that the residual inventory at the factory store does not exceed its storing
capacity at each period.

III. COMPUTATIONAL RESULTS
In this section, the model accuracy is verified and the solvers are evaluated.

3.1 Model Inputs

An example is assumed to verify the efficacy and efficiency of the model. The demands of all customers
for products in the three periods are 850, 350, 750, 350, 750 and 850 unit respectively. The other parameters are
considered as shown in Tablel. The objective is to maximize the profit.

Tablel. Verification model parameters.

Parameter Value
Number of products 1
Fixed costs($) 50000
Factory capacity (hrs.) 12000
Weight of product (Kg) 1
Price of the product 100
Material cost ($/kg) 10
Manufacturing cost ($/hr.) 10
Distance between suppliers and the factory 50.99
Manufacturing time for the product (hrs.) 1
Initial inventory of the product in the factory store 50
Final inventory of the product in the factory store 100
Capacity of each supplier in period (kg), 1200
Capacity of the factory store (Kg) 2000
Supplier batch size 10

3.2 Model Outputs and Discussion

The model is solved using MATLAB and Evolver softwares and ran on an Intel ® Core™ i3-2310
MCPU@ 2.10 GHz (3 GB of RAM). Regarding to the GA parameters; population size N = 200, number of
generations G = 1000, probability of crossover Pc = 7.0 and probability of mutation Pm = 0.01

Table 2 shows the results obtained by solving the model using Linear Programming (LP) optimization
tool in MATLAB, GA optimization tool in MATLAB, and GA optimization solver in Evolver. The optimal
maximum values achieved using LP MATLAB and GA Evolver solvers are equals as 145,882$. However, the
optimal maximum value achieved using GA MATLAB solver is 140,865 $.

Table 2. Optimization Results of the Three Solvers.

Solver QSFT QSFT QFCT QFCT

Qserir | Qseriz | Qseriz | Qserar | Qser2 | Qsers | Qrerin | Qreriz | Qreris | Qrer2r | Qrer22 | Qrems
LP MATLAB 45 0 40 120 70 120 800 350 750 850 350 750
GA MATLAB 72 17 92 105 38 71 712 346 823 821 160 752
GA Evolver 45 0 40 120 70 120 800 350 750 850 350 750
Solver IrcT IrcT IFFT RFT

Irctin | Irctiz | Irctis | Ircrar | Ircr2a | Ircr2s | Irrrni Irrri2 | Irrris Remi Rrm2 Rrm3
LP MATLAB 50 0 0 0 0 0 0 0 100 0 0 100
GA MATLAB 237 45 53 36 32 0 4 213 0 247 47 100
GA Evolver 0 0 100 50 0 0 0 0 0 0 0 100

The weight flow balance during the three periods is shown in Figure 2
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Figure . The suppliers supplied 1650 units to the factory during the first period but the customer demand
in this period was1700, so to balance the demand 50 units were taken from the factory store initial inventory. The
customer demand for the second period meets the factory production capacity, so no units were stored in the
factory store. By the end of the last period, the factory, in addition to satisfying customer demands, was constrained

to store 100 units. The Flow balance in Figure 2 for the above problem verifies the results obtained by the three
solvers shown in Table 2.

Period 1

Period 2

Period 3

70

“ 2

200 [0 [ 700 ]
L 2

]
[ 0 [ e[ 0 |

Req | 1700 Regq 700 Req | 1500
Rec | 1700 Rec | 700 Rec | 1500
Short 0 Short 0 Short 0

Figure 2. Flow balancing using the three solvers.

For discovering the reason of getting near optimal solution from MATLAB GA optimization tool,
another small-scale problem of smaller number and values of variables is assumed and solved. In the small-size
problem, shown in Figure 3, the number of variables is reduced to bel5variables instead of 24 variables in the
main problem by reducing both the number of suppliers and the number of customers into one instead of two. The

optimal maximum value achieved using Evolver is equal to the value obtained using the LP solver of 145,882 $

--

Figure 3. Small-size factory relations network.

The small-size problem has been solved using both genetic algorithm optimization tools in addition to
the LP tool; Evolver and MATLAB. All solvers gave the same results as shown in Table3. The optimal maximum
value achieved using these three solvers is -79,1948$.

Table3. Small-size problem results using all mentioned Optimization tool.
SOLVER Qs¥Fr

QFCT IFFT
QsFril QsFril QsFri1 QrcT11 Qrcti2 QrcT13 Irrr 11 Irrr 12 Irrr 13
LP MATLAB 80 35 85 800 350 750 0 0 100
GA MATLAB 80 35 85 800 350 750 0 0 100
GA Evolver 80 35 85 800 350 750 0 0 100
Solver IrcT RFT
Irct 1 Irct 12 Ircr i3 Rei Rem2 Rrrs
LP MATLAB 50 0 0 0 0 100
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GA MATLAB 50 0 0 0 0 100
GA Evolver 50 0 0 0 0 100

The weight flow balance during the three periods of time of the small sized problem is shown in Figure
4. 800 units were supplied to the factory by the supplier during the first period and the customer demand in this
period was 850 so to balance the demand, 50 units were taken from the factory store initial inventory. The
customer demand, for the second period, meets the factory production capacity of 350 units hence no units were
stored in the factory store. By the end of the last period, the factory was constrained to store the 100 units in
addition to satisfying customer demand of 750 units.

800

Reg | 830 350 Reg [ 730
Rec | 830 Rec | 350 Rec | 750
Short | 0 Short | 0 Short | 0

Figure 4. Small-size problem results

IV.  Sensitivity Analysis
In this section, the effects of the factory capacity, shortage cost per unit, material cost per unit, non-
utilized capacity cost, and the facility store capacity, on the optimal profit, are studied and discussed.

4.1 Factory Capacity Effect

350000
300000
250000

Profit 200000
150000
100000

50000
0

0 2000 4000 6000 B0OOO 10000 12000 14000

Factory capacity

Figure 5. Factory capacity effect.

Figure 5 presents the effect of the change in the factory capacity on the optimal profit. At the beginning,
the Graph displays an increase in the profit and then there is a gradual decrease due to the increase in non-utilized
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capacity cost, such as overhead and depreciation cost of the machines. No results are available below 100 units of
the factory capacity since the required final inventory should be exact100 units.

4.2 Shortage Cost Per Unit Effect
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Figure 6. Shortage cost per unit effect.

Figure 6 presents the effect of changing the shortage cost per unit on the optimal profit. Since the demand
was satisfied in all periods, there is no shortage and the shortage cost per unit has no effect on the profit.

4.3 Material Cost Effect
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Figure 7. Material cost effect.

Figure 7 presents the effect of changing the material cost per unit on the optimal profit. The increase of
the material cost per unit reduces the profit whereas this increase increases the total cost
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4.4 Non-Utilized Capacity Cost Effect
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Figure 8. Non-utilized capacity cost effect.

Figure 8 presents the effect of the non-utilized capacity cost on the optimal profit. It can be noticed that
the increase of the non-utilized capacity cost decreases the profit whereas this increase increases the total cost.

4.5 Factory Store Capacity Effect
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Figure 9. Factory store capacity effect.

Figure 9 presents the effect of the factory store capacity on the optimal profit. Since there is no storage
between the periods, the factory store capacity has no effect on the profit. The demand is satisfied directly during
all the periods and the final inventory cost is assigned to the fourth period, which is not included in this planning
horizon. No results are available below 100 units of the factory store capacity to satisfy the constraint of the
required final inventory of exact 100 units.

V. CONCLUSION
The model was solved by two optimization methods: Linear Programming method and Genetic
Algorithm method. Linear Programming method was applied by MATLAB application to compare the Linear
Programming and the Genetic Algorithm Programming result that was applied by both MATLAB Genetic
Algorithm tool and Evolver solver. They both were able to solve and give the same logical optimal values but
when testing a large-scale problem, MATLAB presented a near optimal value rather than the optimal. So, it is
recommended to solve the optimization problems using more than one solver and select the best solution. The

International Organization of Scientific Research 92|Page



A Multi-Period Optimization Using Linear Programming and Genetic Algorithm with Capacity

Constraint.

effects of the factory capacity, shortage cost per unit, material cost per unit, non-utilized capacity cost, and the
facility store capacity, on the optimal profit, are studied and discussed.
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