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Abstract

Linear Programming (LP) is a class of
mathematical programming models concerned
with the efficient allocation of limited resources
to gpecified activities with the objective of
meeting a desired goal. Linear Programming
model is a simplified representation of a real-life
system. This system is intended to formulate
linear programming model of LPG (Liquefied
Petroleum Gas) plant Minbu and calculate the
maximum profit of objective function of LP
model by using simplex method (maximization
case) and Simple Genetic Algorithm. This system
can search optimal solution for Linear
Programming model of LPG plant. LP model can
be solved by many methods: these are Graphical
method, Two Phase method and Big- M method.
But this system can solve LP problem using
simplex method and simple genetic algorithm.
Keywords: Linear Programming Model, Genetic
Algorithm, Optimization, LPG Extraction Plant

1. Introduction

For an increasingly large number

engineering design problems involves linear
terms for constraints and objective function but
certain other problems involve nonlinear terms
for them. In some problems, the terms are not
explicit functions of the design variables.
Unfortunately, there does not exit a single
optimization algorithm which will work in all
optimization problems equally efficiently. Some
algorithms perform better on one problem, but
may perform poorly on other problems. That is
why the optimization literature contains a large
number of algorithms, each suitable to solve a
particular type of problem [1].

So, this system is intended to formulate the
linear programming model to represent the
problem and develops a computer-based
procedure for optimal solution by using simplex
method and genetic algorithm. It then shows the
results and determines the optimal solution of
LPG plant of Minbu as a case study.

2. Background System

LPG (Liquefied Petroleum Gas) plant
produces three types of products propane, butane

ofand naphtha. The production process contains

applications, there are many problems that cafiree departments to produce these products
decide for them what they need to do in order tE2]-These are-

satisfy their design objectives. The application of
evolutionary computation techniques for the
solution of optimization problems is now the

major area of research. Optimization problems
ofgas from Minbu, Htout Shar Pin and Kan Ni gas

reveal the fact that the formulation

(1)Dehydration Department
(2)Fractionation Department
(3)Refrigeration Department

It gets raw material which is called associated



terminal. In mathematics, LP problems involvelf there are 240 liters of associated gas,
the optimization of linear objective function, production department can produce 39 liters of
subject to linear equality and inequalitypropane, 60 liters of butane and 10.8 liters of
constraints. It gives the best outcome or optimalaphtha. Capacities (product unit per hour) for
solution (e.g. maximum profit, least effort, etc)each part on section are shown in Table 1.

by using a linear mathematical model. In LPGTable 1. Capacities of Production Department

plant, linear programming model can be used t Propane Butane Naphtha
solve problems regarding to- Dehvﬂrangn 25 lqerﬁhr 4lgtel‘.ﬁhr 25 lqelx‘hr
. .. Fractionation 25 liter/he 2 liter/hr 2 liter/he

(1) Profit maximization Refiigeration 4 liter/hr 3 liter/hr 4 liter/r

(2) Cost minimization

(3) Transportation

Table 2. User defined data of L PG Plant

Propane Butane Naphtha Cost/hr (ks)
Dehydration | 25 liter/hr 4 liter/hr 25 liter/hr Ks20
HTR‘:CGTIDN FERﬁszER LOCATION 0F FACTORIES Sl e el = V\ -
vty FACTORY TVANHAR FETROCHENICAL ENTERFRISE Fractionation | 25 liter/hr 2 liter/hr 2 liter/hr Ks30
QB 'KYUNCHAUNG MINISTRY OF ENERGY — — PO ST PO EY
T v FVANHAR Refiigeration |4 liter/hr 3 liter/hr 4 liter/hr Ks30
. Utilities cost | Ks 3 Ks 6 Ks 10
AKTNERND] | | p g EXTRAGTION PLANT per unit
_ (MINBU (e 1 — —
o Selling Price | Ks 50 Ks 70 Ks75
FACT (CHAUK) . t
i LOCATION, per uni
P 3 MINGU TOWNSHIP (liter)
e T MAGWAY DIVISION .b»ocmtcd 39 liters 60 liters 10.8 liters 240 liters
FacTORY MIDDLE OF MYANMAR Gas

($ALE)

Table 2 shows the user defined data of
LPG plant in order to formulate the linear
programming model.
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Figure 1. Location of LPG Plant

2.2. Decision Variables

Let x; be number of units of propane to be
produced per hour.

Let x, be number of units of butane to be

; produced per hour.
LPG Extraction Plant produces three Let x3 be number of units of naphtha to be

types of product propane, butane and naphthsrooluceol per hour.

Production department consists of three primary

sections for these products dehydrationy 3 cglculation of Profit for use in
fractionation and refrigeration section as Show'bbj ective function

before. The selling prices of one unit (liter) of
product propane, butane and naphtha
respectively are kyat 50, 70 and 75. Other

2.1. LP Modd Formulation for the Plant

Profit of one unit of propane

. 50-5-(20/25+30/25+30/4) = 35.5
utilities factory cost for one unit (liter) of each ) .
duct wvat 5 f 6 for but q Profit of one unit of butane
product are kyat 5 for propane, 6 for butane an 70-6-(20/4+30/2+30/3) _ 34
10 for naphtha. The plant has only one of each ) :
. ; ducti i q X ¢ Profit of one unit of naphtha
of type of production section or department. 75-10-(20/25+30/2+30/4) = 417

Costs per hour to run each of the three sections is

. ) ) The result of this can vary depending on the
kyat 20 for dehydration, 30 for fractionation and . . .
. . | user input data entry. These decision variables
30 for refrigeration section.



are required for the formulation of linear3x; + 4% + 3% < 12
programming model of the LPG extraction plant.39x+60% + 10.8% < 240

X1, X2, X3 > 0
3. Simplex Method Objective function

Max Profit Z = 35.5x+ 34»% + 41.7%

Formulating a mathematical model, if there This is the linear programming model of LPG
are n related decisions to be made, they apéant that have been formulated depending on the

represented as decision variables (say xS€'S input entry. Depending on the users’ input

X2,...,Xn). The measure of performance (e.g'entry, the model changes day by day. The

Profit) is expressed as a mathematical function &opstramts in this model change day by day.
decision variables (e.g. P = 3®2x+...+5x,) is This LP model must be changed to standard form

called the objective function. Any restrictions on” order to solve with simplex method.

the values that assigned to these decision
variables are expressed by means of inequality 8r
equality (e.g. ¥3x%+t2x; =<10), are called
constraints. It is a numerical method for

1.2. Standard Form

Subject to constraints

optimizing many dimensional unconstrained‘b(1 T2%t+Ae  ts f 100

problems. It is the more general class of searc%f(l T25%+25% +9 _ 50

algorithms. It is concerned only with finding thesx1 Tae 3% ts B 12
39%+60x% + 10.8% + = 240

single optimal point of LP problem that must be”~"* ~ X
converted into simplex standard form. All theObJeCt'Ve_ Function

constraints should be expressed as equations WX ProfitZ = 35.5x+ 34 + 41.7% + Og+
adding slack (s) or surplus (-s) or artificial 08 0%+ Os,

variables (A). The right hand side of each

constraint should be made non-negative [3]. Tables. Initial Smplex Table

cB |BV |[XB [X, [X; |Xg S, |S; |Ss |8y | Minratio XBrxg

3.1. Simplex Method Procedure -

0 S 100 |4 25 4 1 0o |0 0 100/4 = 25

35.5 34 an.7 0 o] 0 0

Stepl: Formulation of the mathematical model |[° | |'® (2 |2 |25 |0 |1 10 |0 |5025=2
Step2: Set up the initial solution 0o |s, |12 |3 |4 |3 0 [0 |1 |o [12:3=4
Step3: Test for optimality

Step4: Select the variable to enter the basic
Step5: Test for feasibility z=0
Step6: Finding the new solution
Step7: Repeat the procedure

0 Sy 240 |39 60 10.8 o |0 |0 1 240/10.8 =22.2

z, |0 |o |o o o |0 |o
-z |355 |34 (417 |0 |o o o

3.1.1. Solving LP Model of LPG Plant by In table 3, we must first initialize the
using Simplex M ethod input data into the simplex table to solve the LP

model of LPG plant. CB represents coefficient
Subject to constraints of basic variables, BV represents basic variables
A%, + 25% + 4% < 100 and XB represents the values of variables at the
2x; + 25% + 25% < 50 right hand side of the equation.



Table 4. Testing Optimal Solution a form of natural selection and natural genetics.

Ce BV XB |Xi X X |8 |S, | |Sq [Winratio XBix, All information required for creation of
& |ws | |1 o [0 o |o appearance and behavioral features of living
0 S |52 |o2 |21 |0 |1 |=m5 |0 |0 | organism is contained in its chromosomes.
a7 o[22 1 1 Jo [uzs o [o [z Reproduction generally involves two parents,
0 s |6 e [+ [0 o |ams [t [0 217 and the chromosomes of the offspring are
0 S¢ |2184 [s136 402 |0 |0 |-6425 |0 |1 |57 generated from portions chromosomes taken
Ze634 from the parents. In this ways, the offspring
T e T T inherit a combination of characteristics from
their parents. Gas attempts to use a similar

In table 4, we test for optimality by method of inheritance to solve various problems
using the result of;. If the value of result is [4]- . . _
negative then the solution of Z is optimal. If the Five components required by GA are defined
value of result is positive then we must repeat thgy the system designer. In this system, system
procedure of simplex method until the valuedesigner defined a way of encoding solution to

becomes negative. the problem as binary form.
Table5. Final Solution 1. A way of encoding solution to the
cB BVIXB X, |X Xs 1SS, S, S, | Minratio XB/x, problem on chromosome or candidate
¢, fws = Jarlo o o o solution.
0 sTer o Jsoe o 10 |46 o= 2. An evaluation function which returns a
417 % |4223 |0 [emee |1 [0 | 123 [-2:89 |0 |25 rating for each chromosome given to it.
355 x |5023 |1 (2589 [0 |0 |-1/23 2569 |0 |2.17 3. A way of initializing the population of
0 S, | 1355 |0 353 0 0 |1226 |-1382 |1 |573 Chromosomes
zisa o Jsss|ssss |617]o |azr | 11ss o 4. Operators that may be applied to parents
oz [0 |-1935 [0 |0 |027 |-1165 |0 when they reproduce to alter their
genetic  composition. Standard

In table 5, all of the values of-g are
negative. So we can stop the repeat procedure
and see the optimal solution. In this optimal

operators are mutation and crossover.
Parameter settings for the algorithm.

solution, the value of Z = 153.32 and5 | | tati f Geneti
corresponding values of;,xx; and % are 35.5,0 ™ .mp ementation 0 enetic
and 41.7. Algorithm

4. Genetic Algorithm Below is an outline of how a GA uses these

components to search for optimal solutions:

1. Create an initial population of
chromosomes.

2. Evaluate each of the chromosomes
in the initial population.

3. Select chromosomes that will have
their information passed onto the
next generation.

A genetic algorithm is a computer algorithm
that searches for a good solution to a problem
among a large number of possible solutions.
These search algorithms are based on the
mechanism of natural selection and natural
genetics. Genetic algorithms maintain a
population of some feasible solutions for a given
problem. This population undergoes evolution in



4. Crossover the selected Table 7. Generation Number 2

Chromosomes to produce newl Gen |Pop | %1’ x1’ x2' x2' X3 X3’ Fitness
. no: |No | Bit value | Bit value |Bit value
offspring chromosomes. string string string
5. Mutate the genes of the offspring[1 [1 (000 |0 |001 |1 001 |1 75.7
chromosomes. |1 |2 Joto |2 oot |1 Jooo [0 [105
6. Repeat step§ 3 through 5 until &4 3 o001 (1 001 1 001 11 1112
Eewbpopulanond of chromosomes1 2 looo 1o looo lo loo1 11 a7
as been created. 1 |5 [011 |3 |000 |0 000 |0 106.5
7. Evaluate each of the chromosome$

in the new population. In table 7, it will repeat the procedure as
8. Repeat steps 3 through 7 until somd’€efore and stop the calculation because this is the
termination condition has been met.€Nd of generation number 2. As the final result,
This termination condition can be the best optimal solution is found in generation
based simply on the number offumber 1 and population number 5. The best

generations or it can be based upoﬁolution is chosen depending on the most
more complex criteria. maximum value of profit Z. And the values of

In the calculation of GA for the LP model of X X2 @nd x are corresponding values that
LPG plant, new parameters for the algorithm arB'€sent in the row of maximum value of Z.
needed. As an example, generation size is 2,
population size is 5, and crossover and mutationB- System Design
probability is 0.8 and 0.2 respectively. Step by
step calculations of GA are shown in table 6 an
table 7.The process of GA will repeat until the
end of specified generation number and amor
all of these results it chooses the best optimi
solution for the LPG plant.

Input Data Entry
process for LPG
Plant

/ SsusesE>

Formulate the LP
Madel

Table 6. Generation Number 1

Gen |Pop |1’ x1’ X2 X2’ X3’ X3’ Fitness Input GA
no: no: Bit value | Bit value |Bit value Manager parameter
string string string “<<ysesE>
1 [1 [o11 |3 |ooo |0 001 |1 |1482 N
1 |2 |oo1 |1 001 |1 001 |1 111.2 —
1 |3 |oo0 |0 |000 |O 010 |2 83.4 model with G
1 |4 |o11 |3 |000 |0 000 |0 106.5
1 [5 Jo11 [3 [ooo |o 001 |1 148.2 ez

Display Result

c<yges>>

In table 6, it will repeat the procedure
depending on the population number. In this G/
calculation, a way of encoding chromosome i
changing decimal value of xx and %to binary
form and substituting these values in objective
function to find the best solution for Z.

Calculate the
model with
simplex method

Figure 2. Use Case Diagram
In this system design as figure 2 shows, user
can enter data entry for LPG plant and formulate



the LP model. And then, user can calculate the In table 8, profit of the simplex method is
optimal solution by using simplex method andbetter than GA method. These testing results can
GA method. In simplex result, the best optimabe changed depending on user’s input data.
solution calculated from the model that has beenTable 8. Comparison Result of Simplex and

formulated will show to the user and the user can
save the result for the later use in comparison t

results from the GA.

7. Implementation and Experimental
result

e B

Simplex Method Result

Result

[»

H3I=1.826087  K1=2173913
Should be Produced to get Maximum of

7=15332175

farthe madel

Z=36.501 +34.0K2 + 41.7%3

1 = na: of liters of product propane to be produced
¥2 = na: of liters of product butane to be produced

¥3 = no: of liters of product naphtha to be produced

[T

OK

Genetic Algorithm S

Max. Generations |10 Crossover Probability 0.8 Suggested Solution
Population Size |10 mutation Probbility 02 T:"‘; Eniar=s
x2=00
Calculate |
3= 16000061
Gen Mo, Pop Ho X1 Fe] Fitness
40000153 200004 80000305 |66, 360 -
500002 400000 6000061 137.12033
500002 500005 2000045 332.34048
600006 040000153 0 70,400 =
40000057 40000876 |30.880402
80000114 000051 2000122 132.04076 I
200004 000061 160.3204
400000 5. 2000
500000 80000305 [0. 155.00012
0 00004 80000114 0000305 [103.160324
2000008 160000305
000051 500006 40000916
000045 200004
200004
40000916
QI0E 40000153
40000976 [
2000046 40000057
00003 80000305 40000153 43.20027
0 200000 30000114 80000114 74.1601
40000 40000815 80000305 216077
z 500006 ] 200004 06.84041
3 80000114 2 600006 35.92029 |~
Il D

Hide

Figure 4. GA Solution

GA
Method | x; X2 | %3 Max Profit 7
Simplex 2173913 | 0 | 1826087 | 15332175
GA 2.0 0 | 1edoooel | 13772025

8. Conclusion and Further Extension

This system formulates the LP model
depending on the user requirements and then
calculates the model with two methods to get
optimal solution. This system only provides the
profit maximization LP problem of the LPG
plant. It can be extended to the cost minimization
and transportation problem of the LPG plant.
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