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Abstract

Star pomfret (Trachinotus blochii) is one of the most sought-after types of marine fish in Indonesia. The production of feed for star
pomfret fish is an important factor because it is related to their survival and ability to grow well. Therefore, formulating the feed
formulation for star pomfret (7rachinotus blochii) is very important to minimize feed production costs and ensure the nutritional
adequacy of the fish. Therefore, we change the feed for star pomfret fish as a linear programming (LP) problem and solve it using
the Hybrid Differential Evolution-Wolfe Algorithm (HWDEA). HWDEA combines the Wolfe method, which efficiently transforms
constraints into a system of linear equations, with the use of the Differential Evolution Algorithm (DEA) to find a global
optimization solution, which is a solution that is not trapped in a local minimum. We improve accuracy and efficiency by using
HWDEA to find the optimal solution for this fish feed production. Our HWDEA can also overcome the limitations of traditional
methods such as the simplex algorithm. Thus, we can show that HWDEA successfully reduced feed production costs from 12,353
IDR to 9,035 IDR per kg while maintaining nutritional balance. We can conclude that the HWDEA method successfully adapted to
price fluctuations and raw material availability, allowing it to produce an optimal raw material composition in feed production.
Therefore, HWDEA can be used as an efficient tool to provide significant cost savings for supporting sustainable and profitable fish

farming.
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1. INTRODUCTION

Star pomfret fish (Trachinotus blochii) have
several advantages over other sea fishes. First, its
white and tender flesh makes pomfret fish is
delicious and rich in protein. Besides that, pomfret
fish also contains omega-3, therefore, this fish is
good for our health [1] and has the opportunity for
cultivation [2]. In terms of appearance, pomfret fish
is attractive with its distinctive color and pattern, so
it is often a choice in the appearance of dishes.
Based on the price, this fish tends to be more
expensive than some other seafood, but many
people are willing to pay more because of its
delicious taste [3]. Moreover, star pomfret is one of
the marine fisheries commodities with high
economic value and significant export demand [2].

According to previous work [4], four production
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factors influence the success of cultivation, one of
which is feed. Feed simultaneously influences
freshwater fish production, which is the research
object. The costs incurred for food production are
one of the costs required for fish farming. These
costs range from 60% to 70% of the total expenses
incurred in cultivation activities because the fish
need protein [5]. In another work [6], they stated
that feed contains nutrients that impact metabolism,
repair of damaged cells, and maintenance of the
fish's body. A similar thing was also stated by the
other researcher [5] about the quality of fish feed
reviewed more deeply based on the nutritional
composition contained therein. The fish need
protein to grow fast, thus, marine fish can use
artificial feed.

Lampung Marine Aquaculture Fisheries Center
(BBPBL-Lampung) produced star pomfret feed
independently. The production of star pomfret fish
feed uses fish meal, soybean meal, wheat, meat and
bone meal (MBM), bran, corn gluten meal (CGM),
fish oil, and vitamin mix originating from within
the country and abroad at low raw material prices.
Different components serve as a reference for feed-
cost components. Apart from that, pomfret feed
must meet nutritional components consisting of a
minimum of 36% protein, a minimum of 9% fat, a
maximum of 13% ash, a maximum of 5% fiber, and
a maximum of 10% water/moisture (BBPBL-
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Lampung). Therefore, this research aims to
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attention to price variability and availability of raw
materials. In addition, this method cannot quickly
respond to changing market conditions or limited
resources, so it often results in feed formulations
that are expensive or less efficient in terms of
production.

The development of optimization techniques for
feed production began to experience a leap with the
introduction of linear programming (LP). This LP
method allows feed formulation to be carried out
more systematically and efficiently by combining
several available raw materials to achieve optimal
nutritional composition at minimal cost. In the
context of star pomfret fish feed, LP is used to
determine the optimal proportion of ingredients
such as fish meal, corn meal, oil, and premix based
on the nutritional value and price of each
ingredient. The LP assumes a linear relationship
between the composition of raw materials and the
produced. In this model, feed
manufacturers can set nutritional limits that must be
met (for example, a minimum of 30% protein and a
maximum of 10% fat) and optimize raw material
costs to obtain efficient feed formulations.

nutrients

However, although LP is effective for solving
simple problems, this method has limitations in
dealing with non-linear problems and increasing
data complexity.

As complexity in feed production increases,
particularly due to variability in raw materials,
costs, and nutritional requirements, metaheuristic-
based optimization techniques are starting to
develop rapidly. Metaheuristics are search
algorithms that can find optimal or near-optimal
solutions to complex problems by exploring the
solution  space Some methods
commonly used in fish feed formulation include the

extensively.

differential evolution algorithm, and multi-objective
Bayesian optimization [14]. This method can
handle a variety of non-linear constraints and works
well in conditions, whereas traditional optimization
methods, such as LP, experience limitations. These
algorithms can be used for feed formulation
problems to find better and more efficient solutions
in a relatively short time.

One optimization technique that has shown great
potential in fish feed formulation problems is the
HWDEA. This algorithm uses a combination of two
approaches: Wolfe's Algorithm, which is effective

in local exploitation, and differential evolution,
which is powerful in global exploration of the
solution space. HWDEA can solve optimization
problems by minimizing feed raw material costs
while ensuring that nutritional needs good feeding.
This algorithm utilizes the exploratory approach of
differential evolution, which allows for searching
for optimal solutions in more ranges in solution
space. Wolfe's algorithm works to increase
efficiency in approaching optimal solutions through
more intensive local searches. This hybrid approach
is very suitable for pomfret fish feed formulation
because this problem involves many non-linear
variables and constraints, including varying raw
material prices and minimum and maximum
nutritional limits, like raw material availability
constraints. HWDEA allows feed manufacturers to
optimize the composition of raw materials by
significantly —minimizing costs compared to
conventional optimization methods.

This research has novelty in calculating the
production costs of star pomfret fish feed using a
HWDEA. This research is unique in that it uses
differential evolution as the final step of the Wolfe
method to replace the simplex method, and no
papers/journals/research this.  The
differential evolution algorithm plays a role in

discuss

optimizing linear programming problems built by
the Wolfe method, replacing the simplex method,
which is usually used in the final stage of the Wolfe
method. The advantage of wusing differential
evolution is that it can always be used to find
optimal solutions to linear programming problems
built using the Wolfe method in contrast to classical
methods such as the simplex method. For this
reason, hybridizing the Wolfe method with the
differential evolution algorithm is necessary to
obtain a more optimal solution. This differential
evolution plays the role of finding the optimal
solution to a system of linear equations built based
on the Wolfe method.

2. MATERIALS AND METHODS

2.1. Formulation of Objective Function

The optimization problem can be defined as a LP
problem with the following components: objective
function is the cost of producing the feed, the
minimizing of this function subject to the
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nutritional requirements such as protein, fat,
vitamins and minerals, ensuring that the feed meets

the dietary needs of Star Pomfret (see Eq. 1-3).

n
Minimize Cost = Z G (1)
J=1
n
Z BiXj = Ppin  (protein requirement) (2)
j=1
n
Fjx; = Fpyn  (Fatrequirement) (3)

j=1

The ¢ is the cost per unit of ingredient j, x;is the
quantity of ingredient j, Z is the total cost, 7 is the
protein content of ingredient J, Pmin s minimum of
the protein requirement, 5 is the fat content of
ingredient j, and Fmn is minimum of the fat
requirement. Similar formulations can be developed
for vitamins, minerals, and other essential
components. Other constraints include composition
limits, cost, and non-negativity. For general
formulation, definite Eq. (2) — (3) and other
constraints as follows;

n

Z a;x; Z by (4)

=

520 (5)

where i =1,2,..,mand j=1,2,..,n

2.2. Methods

2.2.1. Differential Evolution

This method is a very effective optimization
algorithm, especially for problems in continuous,
non-linear, and non-convex systems. It involves the
evolution of a population of candidate solutions
selection

through  mutation, and

operators.

Crossover,

2.2.2. Wolfe Method

This method is a combination of the Kuhn-
Tucker condition and simplex. It works by
transforming inequality constraints into equations
by inserting slack variables (s;) for maximization
problems and excess variables (e; ) for minimization
problems. The linear programming problem (LPP)
of the Kuhn-Tucker condition is then built for the
same and an optimal solution for LPP is found, as is
typically done using the simplex method. In this
paper, the differential evolution algorithm will be
used instead of the simplex method to enhance
performance.

2.2.3. HWDEA

Combining the Wolfe line search with
differential evolution can balance exploration and
exploitation, overcoming some of the limitations of
standard differential evolution. Steps of the hybrid
algorithm are given as follows. At first, convert the
inequality constraints Eq. (4) — (5) into equations by
intoducing the excess variables ¢ in the ith
n. Then, derive the Karush-
Kuhn-Tucker condition. Because this problem is a
linear problem, we propose to remove the step of
linearization in the Wolfe method. the Karush-Kuhn
-Tucker conditions as follows:

constraints i = 1, 2, ...,

3(2"': C-x-) = IY_ agx
%@”;L(ﬁ%_%)zo (6)
A; a;;x;—b; | =0 (7)
o [P, ia[ S0 ®)

where x = (x1,x2, ., xy) e= (e e .. 6m),
A= (A, ;, ..., 4), & is delta function

where &, =1for k=jand §:=0.
Third, use DE algorithm to obtain an optimum
solution to LPP as follows:

Table 2. Nutritional Composition in Star Pomfret Fish Feed Production in BBPBL-Lampung.

No Parameter
1 Protein
2 Fat
3 Ash
4 Fiber
5 Moisture

Star Pomfret Fish Feed Composition (%)

>36
>9

<13
<5

<10
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minimize Z _chxj 9
DR TIR (10)
A (Z _b[) o (11)
x; (CJ +§m12, au) =0 (12)
X530 = 0 (13)

where i=1,2,..,m and j=1,2 .,n. Fourth,

define the population size and initialize candidate
solutions randomly within the constraints of the
decision variables x;. Afterward, update the initial
population x; through mutation, crossover, and
selection processes.

Mutation: For each candidate solution =x;, DE
generates a mutant vector » by combining other
population members. The mutation process is
expressed as:
vy =X + F - (2 — %x12) (14)
where r1, r2,73 are randomly chosen individuals

from the population, and F is a scaling factor that
controls the influence of the mutation.

Crossover: A crossover operation is performed
between the current candidate solution x; and the
mutant vector v;. The trial vector v is generated as
follows:

Vi sif rand() < Cr

W = {x- . and constrints are satisfied
j: otherwise

(15)
where Cr is the crossover probability, and
rand() is a random number between 0 and 1.

Selection: The trial vector w; is evaluated. If it
has a lower cost and satisfies the constraints, it
replaces the current candidate solution x;:

x; =1 ;if minZ(uj) < minZ(xl,)

(16)

Finally, repeat the previous step for a
predetermined number of iterations or until
convergence criteria are met (to obtain optimal

results).

2.3. Data Description

A model was developed using data from BBPBL
-Lampung to create an objective function that can
be used in the development of a feed production
cost minimization model for star pomfret fish. The
data on raw materials and nutritional requirements
for producing star pomfret fish feed are summarized
in Tables 1 and 2.

Table 2 will be referred to in developing
constraints for the objective function, which
consists of the eight ingredients detailed in Table 1.
The prices to be arrived at using this formulation
may deviate from those presented in Table 1 since
the information was based on typical common
references for the nutritive values of the eight
ingredients in Indonesia. The nutritional content of
the ingredients used at BBPBL-Lampung is
classified as institutional confidential information
and is not permitted for publication.

3. RESULTS AND DISCUSSIONS

3.1. Experiment Data

We re-construct the data in Table 1 by
incorporating the nutrient content requirements for
star pomfret as specified in Table 2. Four nutrient
content limits—protein, fat, ash, and fiber—are
used as shown in Table 2. The water/moisture limit
is excluded since it originates from sources outside
the eight basic feed ingredients being considered.
Furthermore, the four nutrient types are assumed to
be derived from seven ingredients listed in Table 1,
excluding the vitamin Mix. The nutritional
composition of these seven ingredients in star
pomfret feed production is presented in Table 3.
The proportion of vitamin Mix in the feed mixture
is assumed to be 1% based on the BBPBL-
Lampung data in Table 1.

We divided the optimization problem into two
problems based on the protein, fat, ash, and fiber
contents present in the ingredients listed in Table 3.
In problem 1, the percentages of protein, fat, ash,
and fiber contents in the ingredients are determined
by choosing the minimum value within the range
provided in Table 3. In problem 2, the percentages
of protein, fat, ash, and fiber content in the
ingredients are determined by calculating the
maximum value within the given range. In problem
1, we can formulate a linear programming model
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with the following minimum content requirements

~~
for seven ingredients listed in Table 3 to minimize g
. )
the cost of producing star pomfret fish feed. Let it
data values '< 1' in the table be assumed to be 0.1. == e 22
ESE8E8E8ESES
The objective is to minimize the total cost of the == S oS8 S e
feed. Subject to this condition, nutritional %’ o - e
requirements should be satisfied. Let x;, x5, ..., 2
. . )
x7 represent the proportions (in percentage) of the =
following ingredients in the fish feed: x; corresponds
to Fish Meal, x; to soybean meal, x3 to wheat flour,
=
x4 to MBM, Xs to rice bran, ¥sto CGM, and *7to fish N o e
oil. Minimize the total cost of the feed can be ARV T v & L
2 NN S —
calculated by Eq. 17-22. = o
Min Cost = 200x; + 100x, + 80x5 + 85x, + 50x5 +
120%4 + 200x; + 550 (17)
Q o
S3v713S9 .
Protein (min 36%) IR b
0.60%; + 0.44x, + 0.10x3 + 0.50x, + 0.12x5 + <
0.60x4 + 0x; = 36 (18)
. 0 ~
Fat (min 9%) § o NI o 2| o o
0.05x; + 0.01x, + 0.01x3 + 0.08x, + 0.13x5 + £ 8 dh - = o =9
0.01xg + 0.99x; = 9 (19 § =
S
e
Ash (max 13%) e~
o] e
0.10x; + 0.06x5 + 0.005x3 + 0.28x, + 0.08x;5 + 2 T oo s o
0.01x, + 0x, = 13 e = £TII77T9% .
212833228
= | 2
. ~—
Fiber (max 5%) & A
0.001x; + 0.03x, + 0.005x5 + 0.001x, + 0.10x; + £
0.01xs + 0x; =5 ey <~ §
8 | =
S
The total proportion of all ingredients (7 3 g
ingredient) must sum to 99%: =BG H I U X S
b5 —
X1+ Xy +x3 + x4+ x5+ x5 +x7 =99 (22) g 1=
S g
2 |E
Each proportion must be non-negative: = §
Xq1,X2,X3,Xg,X5,Xg, X7 =0 (23) g
S}
E
. ©n
In problem 2, we reformulate a linear g
programming model to minimize the cost of g
producing star pomfret fish feed making use of the © =
. . < ] E« ?5
maximum content requirements for seven g *:._._; = = s o =
. . . S = .2 s —
ingredients in Table 3. Minimize the total cost of § S é’ % % = q 3 g
the feed can be calculated by Eq. 24-28. E 5 < % 2 m 8 % < 8
i SEwBE = &0KE >
Min Cost = 200x; + 100x, + 80x5 + 85x, + 50x5 + g o E
SR Z — N ot v o 0D
120xg + 200x; + 550 24 £ =
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Protein:
0.72x; + 0.48x; + 0.12x3 4 0.55x, + 0.14x + 0.65x, +
0x, = 36 (25)

Fat:
0.12x; 4 0.02x, + 0.02x5 + 0.12x, + 0.15x5 + 0.03x4 +
0.99x; =9 (26)

Ash:
0.20x; + 0.07x, + 0.01x5 + 0.36x, + 0.10x5 + 0.02x¢ +
0x; < 13 (27)

Fiber:
0.01x; + 0.07x, + 0.01x3 + 0.01x, + 0.13x5 + 0.03x, +
Ox; <5 (28)

The proportions of each of the seven ingredients,
derived in that a total proportion of all the
ingredients satisfies Eq. (22), must be non-negative,
as in Eq. (23) above. This model can be solved
linear  programming  techniques or
optimization solvers, such as the HWDEA, to
determine the optimal ingredient proportions that

using

minimize feed production costs while satisfying all
nutritional requirements.

3.2. Wolfe Method and Differential Evolution

For the problems 1 and 2, the HWDEA is used
for finding an optimal solution. The Wolfe method
gives the first step in the process whereby a linear
problem is provided with the constraints which are
presented as a system of linear equations. The
differential evolution algorithm follows after to
determine the solution.

3.2.1. Wolfe Method

This method is a combination of the Karuhs-
Kuhn-Tucker condition and the Simplex method.
This research only adopted the Wolfe procedure to
convert inequality constraints into a system of
linear equations. The excess e; variables with
j=1,2,..,7 are introduced to convert the inequality
constraint into equality. These excess variables are
added To transform "less than or equal to" (<)
constraints into equalities, and they are subtracted
from "greater than or equal to" (>) constraints.

For problem 1, the minimization problem with
Karush-Kuhn-Tucker conditions can be written as:

minimize 2 = 200x; + 100x, + 80x3 + 85x, 4+ 50x; +

120x, + 200x; + 550 (29)
200 — 0.604; — 0.054; + 0.1045 + 0.001, —

s —e; =0 (30)
100 — 0.444; — 0.014; + 0.064; + 0.034, —

As; —ex =10 (31)
80 — 0.104; — 0.014; + 0.0054; + 0.0057, —

As —e3 =0 (32)
85 — 0.504; — 0.084, + 0.284; + 0.0014, —

As—e, =0 33)

50 — 0.124; — 0.134, + 0.084; + 0.104, — A; — es = 0(34)
120 — 0.604; — 0.014, + 0.014; + 0.014, —

As —eg =0 (35)
200 —0.994, —A; —e; =0 (36)
21(36 — 0.60x; — 0.44x; — 0.10x; — 0.50x, —

0.12x5 — 0.60x5) =0 (37
22(9 — 0.05x; — 0.01x, — 0.01x3 — 0.08x, — 0.13x; —
0.01xg —0.99x;) =0 (38)
23(0.10x, + 0.06x;, + 0.005x5 + 0.28x, + 0.08x; +
0.01x,—13) =0 39)
24(0.001x; + 0.03x; + 0.005x3 + 0.001x, + 0.10x5 +
0.01xs—5) =0 (40)
As(99 —xy — X3 — X3 — Xy — X5 —Xg—X7) =0 (41)
x1(200 — 0.604; — 0.054; + 0.104; +

0.0014, —A5) =10 (42)
x2(100 — 0.444; — 0.014, + 0.064; + 0.034, —

2) =0 (43)
x3(80 — 0.104; — 0.014; + 0.0054; + 0.0054, —

As)=0 (44)
x4(85 — 0.504; — 0.084, + 0.284; + 0.0014, —

2) =0 (45)

x5(50 — 0.124; — 0.131, + 0.0845 + 0.104, — A5) = 0 (46)
x(120 — 0.604; — 0.014, + 0.0145 + 0.014, —

As) =0 (47)
x7(200 — 0.994, —A5) =0 (48)
X1,X2,X3,X4,Xs5,X6,X7 =0 (49)
PO S (50)
€1,62,€3,€4,65,65,8; =0 (51)

where 4, 43, ..., A4 correspond to the nutritional
constraints, and 4; correspond to total proportion
constraint of all ingredients (7 ingredients).

The constraints (30)—(36) and (42)—(48) give the

following term.

x1e; = 0,xe; = 0,x3e3 = 0,x564 = 0,x585; = 0,

(52)

xgeg — 0,x7;e; =0

Since to are assumed to be non-zero, then;
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8128223323423523623720 (53)

so, Equation (29) is minimzed with constraints:

200 — 0.604; — 0.051, + 0.1043 + 0.0014, — s =0 (54)

100 — 0.441; — 0.014, + 0.061; + 0.032, — s =0  (55)
80 — 0.104; — 0.014, + 0.0054; + 0.0054, —As =0 (56)
85 — 0.504; — 0.081, + 0.284; +0.0014, — s =0 (57)
50 — 0.124; — 0.134; + 0.0843 + 0.104, — A5 = 0 (58)
120 — 0.601;, —0.014, + 0.014; + 0.014, —A. =0 (59)
200 —0.994, — A =0 (60)

In problem 2, the same procedure is applied
resulting in a minimization problem, which is
Equation (29) subject to the following constraints:

200 — 0.724; — 0.124, + 0.204; + 0.014, — A; =0  (61)
100 — 0.481; — 0.024, + 0.074; + 0.074, — s =0  (62)
80 —0.124; — 0.024, + 0.014; + 0.014, —A; =0 (63)
85 — 0.554; — 0.124, + 0.3643 + 0.014, — A; =0 (64)
50 — 0.144; — 0.154, + 0.1045 + 0.134, — 4; = 0 (65)
120 — 0.651; — 0.034; + 0.024; + 0.034, —A; =0  (66)
200 —0.994, —A; =0 (60)
24;(36 —0.72x; — 0.48x, — 0.12x5 — 0.55x, —

0.14x; — 0.65x¢) = 0 (67)
A;(9 — 0.12x; — 0.02x; — 0.02x3 — 0.12x, — 0.15x5 —
0.03x, — 0.99x;) =0 (68)
A3(0.20x; + 0.07x5 + 0.01x3 + 0.36x, + 0.10x5 +

0.02xg —13) =0 (69)
244(0.01x; + 0.07x5 + 0.01x3 + 0.01x, + 0.13x5 +
0.03x,—5)=0 (70)

3.2.2. Differential Evolution

The differential evolution algorithm will be used
to solve problems 1 and 2 with the following
parameters: Max_Iter = 2000, NP =15, F = 0.5, and
Cr = 0.9. For problem 1, we have the results of
problem 1 using differential evolution are

xp=10,x; = 4,x3 = 6,x, = 29, x5 = 42,x, = 7,%; = 1 (71)
and
Cost =9035 (72)

For problem 2, we have the results using
differential evolution of

X1 =8,x;=19,x;3 =13,x, = 28,x5 = 23,x, = 7,x; = 1 (73)

and

Cost = 9660 (74)

In this research, we use MATLAB R2018a in HP
Pavilion Laptop Model 14-dv0067TX that is
equipped with processor Intel Core TM i7- 4.70
GHz with 8 GB ram. We build a linear program
with constraints in the form of a system of
equations by applying the Wolfe method. Then, we
solve the problem using the differential evolution
algorithm. In this problem, the system of equations
of constraints cannot be solved using the Simplex
method, so the HWDEA approach is essential for
addressing this problem. The system of equations in
problems 1 and 2 can have many possible solutions,
but applying differential evolution to the running
process 20 times with an average running time of
less than 3 seconds obtains optimal results, as in
Equations (71)—(74).

The different proportions of results, in Problems
1 and 2 with the BBPBL-Lampung data, are
possibly due to differences in some of the nutrient
composition of the ingredients listed in Table 3 that
were used by BBPBL-Lampung. However, the
results showed that the cost of the formulated feed
is not much different from the price of BBPBL-
Lampung, which indicates that the nutrient of the
utilized ingredients by BBPBL-Lampung is not
significantly different from the ingredients used in
Table 3. The cost of the formulated feed in our
results is slightly lower than the price at BBPBL-
Lampung. This suggests that BBPBL-Lampung has
the potential to reformulate ingredients with an
optimized nutrient composition that can result in a
more economical formulated feed.

4. CONCLUSIONS

We have shown detailed steps of a HWDEA to
optimize the star fish feed production by changing
the problem into a linear programming problem
with constraints defined by a system of linear
equations. We can extend this model to other fish
feed productions. Thus, we can get a minimum cost
in fish feed production. The reason for using the
hybrid method in finding this optimal solution is
that the results with the classic method (Wolfe) may
not be optimal enough or cannot be used to find an
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optimal solution to the problem. Therefore, we use
the hybrid method called a HWDEA. The results
show that HWDEA can find the optimal solution
for the problem. Then, the future works of this
research are developing implications of the fish
food model by considering fish growth, which was
completed by exploring the HWDEA.
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