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Abstract. The transshipment problem is a specific issue within transportation. This
article discusses the transshipment problem with fuzzy costs. In shipping, unexpected
events often occur due to natural conditions, making predetermined costs and times un-
clear. Therefore, a transshipment model with fuzzy costs is necessary. To find the optimal
solution, costs in fuzzy number form are converted into crisp values using robust ranking,
then an initial basic solution is found using Vogel approximation method, followed by
an optimality test on the initial solution using the simplex transportation method. The
optimal solution obtained is then converted back into fuzzy numbers, resulting in costs
expressed in fuzzy form. This research yields results with minimum costs, concluding that
robust ranking, Vogel approximation method, and the simplex transportation method are
effective in seeking optimal solutions in fuzzy cost transshipment models.
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1. Introduction

Operations research solves problems by producing the optimum value of a decision
problem in conditions of limited resources. Transportation is a process of man or
goods moving from one place to another using a tool help, land vehicle, oceanic ve-
hicle, and air vehicle, well familiar and also person by use of machine or not utilize
machine [1]. Hasbiyati et al. have previously researched transportation problems in
various problems ([2], [3], [4]). Part of the transportation problem, namely the route
and scheduling problem, can be seen in the research conducted by Setiowati et al. [5].
The transportation problem refers to a unique form of linear programming dealing
with shipping from various sources to various destinations. The transportation prob-
lem is a classic problem in operations research that involves finding the optimal way

*Corresponding author

62



Determining Transshipment of Clothing Raw Materials 63

to move goods from one place to another [6]. Transshipment problem in the standard
form is a linear min-cost network flow problem and for such optimization problems
[7]. The transportation problem seeks to lower the price of a specific good from
several suppliers to a variety of destinations [8]. Transshipment problems can exist
in every source and destination when shipping from source to destination makes it
possible to transship; that is, goods are sent from several sources to several desti-
nations through other sources and destinations [9]. The transshipment technique is
used to find the shortest route from one point in a network to another [10].

Several types of uncertainties are encountered in formulating transshipment
problems mathematically due to factors like lack of exact information, unobtainable
information, frequent changes in the rate of fuels, traffic jams, or weather condi-
tions [11]. The transportation problem is a linear program that can be solved using
the simplex method. Still, due to its unique structure, the simplex transportation
method is used, which is computationally much more efficient. This is similar to
the discussion, namely, the transshipment problem with the transportation simplex
method. The initial basic solution used is the Vogel approximation method, and the
optimal solution used the transportation simplex method.

Transshipment is shipping goods involving movement across multiple distribu-
tion points before reaching the final destination. In practice, there are challenges
caused by cost uncertainty influenced by natural conditions, price fluctuations, and
other external factors. This uncertainty makes shipping costs challenging to predict,
and traditional transportation models are often less optimal in handling such situ-
ations. Therefore, this study applies a transshipment model with a fuzzy approach
to address uncertainty in shipping costs.

This study proposes using fuzzy logic to handle uncertain costs in the trans-
shipment model. Using the robust ranking method to convert fuzzy costs into crisp
values, the initial solution is determined using Vogel’s method, which is subsequently
tested for optimality with the simplex transportation method. These steps are ex-
pected to produce an optimal transshipment solution even under uncertain cost
conditions. The main objective of this study is to develop a transshipment model
capable of handling cost uncertainty using a fuzzy approach, aiming to produce a
minimum-cost solution. Thus, this research can provide a more reliable solution for
shipping scenarios that frequently experience cost fluctuations.

Fuzzy logic has been widely used in decision-making models involving uncer-
tainty, particularly for costs and conditions that are difficult to predict. According
to previous research, fuzzy methods can help address cost fluctuations in supply
chains. Robust ranking converts fuzzy numbers into crisp values that are easier to
analyze. Vogel’s method is known to be effective in determining an initial solu-
tion to transportation problems, while the simplex transportation method provides
optimality assurance for the final solution.

This research is expected to provide transshipment solutions with minimum
costs that are more adaptive to cost uncertainty, particularly in the logistics and
supply chain industry. The anticipated benefits include increased shipping efficiency
and reduced costs in distribution processes that involve high uncertainty.
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2. Methods

The costs in fuzzy number form are converted into crisp values using robust ranking.
An initial basic solution is found using the Vogel approximation method, followed by
an optimality test on the initial solution using the simplex transportation method.
The optimal solution obtained is then converted into fuzzy numbers, resulting in
costs expressed in fuzzy form.

The following will present some methods of supporting the problem of transship-
ment of raw materials. The study materials include the Transshipment Problem,
Trapezoidal Fuzzy Number, Robust Ranking, Vogel Approximation Method, and
Simplex Transportation Method. The following will present some methods of sup-
porting the problem of transshipment of raw materials. The study materials are
the Transshipment Problem, Trapezoidal Fuzzy Number, Robust Ranking, Vogel
Approximation Method, and Simplex Transportation Method.

2.1. Transshipment Problem

The transshipment problem explains that all sources and destinations can give or
receive goods from other sources and destinations. In its application, transshipment
can occur at the customer’s location (other than the origin and destination of the
request), at a dedicated transshipment location, or both [12]. Each point can become
a transit point for goods or a transshipment point. In the transshipment problem, for
example, 1 = 1,2,--- ,m, as the source of an item to be transported to destination
j=m+1m+2,--- ,;m+ n. The sending unit is zero if a sender and receiver
have the same point. The coefficient ¢;; is the cost unit of goods from source 4 to
destination j, and z;; is the amount of goods to be transported from source i to
destination j while s; is the amount supplied at sources i and d; is a demand at
destination j.

In the transshipment problem, each source and destination is seen as a point
that can accommodate units of goods distributed for supply or demand. The source
and destination require buffer stock (L), which serves to help ensure the availability
of goods and anticipate running out of goods to be given to consumers. Each unit
of goods moved to each point must be large enough for all transshipment. Units
of goods must not exceed the amount produced or received. The total amount of
inventory and demand equals L, and L is added at each source and destination
point.

m n

L= Z 8; = Z d; = buffer stock.

i=1 j=1
Furthermore, the mathematical model of the transshipment problem can be
reduced to:

m+nm+n

min z = g E CijTij,

i=1 j=1
i#£]
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with constrains:

m+n

Swg=sitL i=1,2-,m,
j=1

m—+n

inj:L, t=m+1m+2,--- ,m+n,
j=1

m—+n

Zmij:La ]:1327 , M,
i=1

m—+n

Z$2]:dj+L, ]:m+1,m+27 ,m+n,
=1

x”zov 27321727 am+n7 J:1727 7m+n7 CMZO

2.2. Trapezoidal Fuzzy Number

Fuzzy numbers can be used to solve many problems, such as the transshipment
problem, which constrains cost uncertainty. This study uses trapezoidal fuzzy num-
bers to model uncertainty in costs related to the transshipment problem. Trape-
zoidal fuzzy numbers are represented by four parameters: the lower limit, the lower
peak, the upper peak, and the upper limit. This approach allows for a more flexible
handling of uncertainty compared to triangular fuzzy numbers, as it reflects a more
realistic range of values for cost and time estimates in uncertain situations.

By using trapezoidal fuzzy numbers, this research aims to achieve a more
accurate optimal solution in goods transportation, especially when facing the
cost fluctuations that frequently occur in the logistics industry. Using trapezoidal
fuzzy numbers, the proposed model is expected to provide more reliable results in
decision-making involving variables that cannot be predicted with certainty. The
existence of uncertain parameters gives rise to a new problem model called the
fuzzy transportation problem [13].

Definition 2.1. [14] A fuzzy number A is a subset of real line R, with the mem-
bership function pA satisfying the following properties:

(i) pa(x) is piecewise continuous in its domain.
(ii) A is normal, i.e., there is a xg € A such that pa(xg) = 1.
(iii) A is convez, i.e., pa(Azy + (1 — N)ze) > min(pa(xy), pa(ze)) Vo, o € X.

Definition 2.2. [15] The trapezoidal fuzzy number A is a fuzzy number (a, b, ¢, d)
shown in Figure 1, which has the membership function pA(z) as following:

0, T < a,
T —a
, a<xz<bh
b—a
pilz) =141, b<z<ec,
A== i<y
c<zx
d—c’ - =
0, T >d.
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1i(x)

Figure. 1. Trapezoidal curve

2.3. Robust Ranking

Assume A = (a,b,c,d) is a trapezoidal fuzzy number. Given the following a-cut:
which « € [0, 1]. In the decision making process, the ordering of fuzzy number is very
important. Robust ranking method is given to determine the rank of trapezoidal
fuzzy number. Robust ranking method is transforming trapezoidal fuzzy number
into crisp number. If A= (a,b,c,d) is a trapezoidal fuzzy number, then the robust
ranking is as follows [16]:

R - | (05)(AL, AY) da,
0
where
(AL, A2) = ((b—a)a+ a,d — (d - c)a)

is the a-cut of the trapezoidal fuzzy number. In the case of trapezoidal fuzzy number,
the robust ranking becomes as follows [16]:

~ a+b+c+d
R(A) = —

2.4. Vogel Approximation Method

The Vogel approximation method deals with finding an optimal solution taking
into account the relationships of price indices. This method compares always the
two lowest price indices in both a column and a row [17]. Vogel’s Approximation
Method is known as the best algorithm for generating an efficient initial feasible
solution to the transportation problem [18]. To determine the optimal solution of
a transportation problem, the first step is to determine the initial basis solution.
The initial basis solution can be determine by various methods, one of which is the
Vogel approach. The steps of the Vogel approach method, namely:

(i) For each row or column, determine the difference by subtracting the elements’
smallest cost in a row or column.
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(ii) Then allocate supply with as much demand as possible to the variable with
the smallest cost in the selected row and column. Then, readjust supply and
demand again and mark the rows or columns that have been fulfilled. If any
row and column are filled simultaneously, select one to be marked.

(iii)(a) If a row or column with zero supply or demand is not marked.

(b) If the row or column with supply and demand is not marked, then determine
the basis variable in the row or column with the smallest cost.

(c) If all rows and columns that are not marked have supply and demand equal
to zero, then determine the basic variable that is zero by choosing the lowest
cost and stopping.

2.5. Simplex Transportation Method

The transportation simplex method is used because transportation problems are
linear programming problems that require many constraints and variables [19]. The
computational complexity in the simplex method depends on the number of vari-
ables and constraints and is directly proportional to both [20]. The initial basis
obtained from solving a problem is not necessarily an optimal solution. The opti-
mal solution is determined by various methods to test and optimize the solution.
One way to improve the solution to the transportation problem is to use the simplex
transportation method ab, abbreviated as MST.

Let u; be the dual supply variable and v; the demand dual variable, with i =

1,2,--- ,mand j =1,2,--- ,n. The dual from the transportation problem is if
m n
IR o
i=1 j=1

then it is said to be balanced. In a balanced transportation problem, the dual form
can therefore be written:

min 2’ = s1up + SaUs + -+ 4 Sl + div1 + dove + - - + dpvy,
with constraints:

u1 +v1 < cq1,

u1 +vg < c12,

A

Uy + v < Cin,

IN

uz +v1 < co1,4

Uz + Vg < Cog,

N

Uz + VUp < Con,
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Um + V1 < Cmi,
U, + V2 < Cy2,
U, + Un < Cmn,
where u; and v; are independent of signs, for i =1,2,--- ;/mand j =1,2,--- ,n.

(1)

The steps of the simplex transportation method are as follows.

If the question is not balanced, then balance it first.

Use one of the methods to find the initial basic feasible solution.
Use the fact that u; = 0 for all basic variable to find:

[Ula U, 3 U, U1, U, " - 71]”]7
with the equation:
u; + Vj = ;.
Determine the possible costs for each nonbasic variable using the equation:
Cij = ui +vj — ¢ <0,

with ¢;; is a possible fee.
There are several cases, namely:

(a) If ¢;; is negative, then the solution obtained previously is the optimal solu-

tion.

(b) If ¢;; is positive, then the solution obtained is not optimal. Refine the so-
lution by finding variables that will enter the basis (input variables) and
variables that will leave the basis (outgoing variables). The input variable
is a variable that corresponds to a value of most positive. We construct
a closed loop that starts and ends at the input variable to find the input
and output variables. The loop consists of successive vertical and horizon-
tal segments in an undefined direction, meaning they can be clockwise or
counterclockwise. The exit variable is determined by selecting the smallest

base variable in the constructed loop.

Furthermore, the incoming variable is filled in as much as the outgoing
variable. For example, suppose the x;; variable is the input variable when
x;; is increased by 1 unit to maintain the solution. In that case, the base
variable in the loop is adjusted according to the amount of demand and
supply by increasing and decreasing the base variable in the loop. The
table summarizes this process with (+) and (-) signs in the corresponding
cells. The changes obtained will maintain supply constraints and demand

constraints to remain fulfilled. Then, return to Step (3).
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3. Discussion and Result

A clothing tailor entrepreneur in Rokan Hilir started its business in 1990. Several
clothing materials can be selected according to customer requests: Roberto, Maks-
mara, Songket, and brocade. As time went by, the entrepreneur grew rapidly and
opened branches (C), each producing similar goods according to customer requests.
If customer demand exceeds the daily capacity, other branches can help produce
goods according to the demand that is still lacking. Branch 1 and branch 2 have
Production of 30 pcs, and branch 3, branch 4, and branch 5 require 25 pcs, 15 pcs,
and 20 additional pcs. The cost of clothing is not yet known for specific reasons,
depending on the materials needed. The cost of clothing depends on the materi-
als required by the customer. The materials used are getting more expensive, and
vice versa for materials. If the standard is used, then the price is also standard.
The transportation cost table with two sources and three destinations can be seen
in Table 1. To guarantee each point is capable of according to the total units of
goods to be distributed, it needs to be increased even L to the point of supply and
demand. Next, determine the supply and demand for buffer stock (L).

L= i S = z": d; = Buffer Stock,
i=1

j=1

2 5
:ZSiZZdj = 60.
i=1

Jj=3

Estimation of shipping costs for transshipment problems with cost coefficient trape-
zoidal fuzzy can be seen in Table 1.

Table 1. Transshipment Problem with Cost Coefficient Fuzzy

C1 C2 C3 C4 C5 Supply
C1 (0;0;0;0) |(1;3;3;5)](2;3;5;6) | (3;5;6;10) | (5;7;8;12) | 30+ L
C2 (1;2;2;3) | (0;0;0;0) {(2;5;8;13)| (1;2;6;11) |(4;6;10;20)| 30 + L
C3 (2;3;6;9) |(6;7;9;14)| (0;0;0;0) | (152;4;5) | (1;2;5;7) L
C4  ((6;10;13;15)| (4;5;7;8) |(5;8;9;10)| (0;0;0;0) | (1;1;2;4) L
C5 (2;4;4;6) | (1;1;3;3) | (2;4;5;9) (9;10;13;16)| (0;0;0;0) L

Demand L L 25+ L 15+ L 204+ L

Then, substituting L = 60 into Table 1, we get the table transportation with
trapezoidal fuzzy number cost in Table 2.
The mathematical model of the standard transportation problem can be written
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Table 2. Transshipment Problem with Cost Coefficient Fuzzy with L = 60

C1 C2 C3 C4 C5 Supply
C1 (0;0;0;0) |(1;3;3;5)](2;3;5;6) | (3;5;6;10) | (5;7;8;12) 90
C2 (1;2;2;3) |(0;0;0;0) |(2;5;8;13)| (1;2;6;11) |(4;6;10;20)| 90
C3 (2;3;6;9) |(6;7;9;14)| (0;0;0;0) | (1;2;4;5) | (1;2;5;7) 60
C4  ((6;10;13;15)| (4;5;7;8) [(5;8;9;10)| (0;0;0;0) | (1;1;2;4) 60
C5 (2;4;4;6) | (1;1;3;3) | (2;4;5;9) (9;10;13;16)| (0;0;0;0) 60

Demand 60 60 85 75 80

as follows:

min z =(0,0,0,0)z11 + (1,3,3,5)x12 + (2,3,5,6)z13 + (3,5,6,10)x14 + (5,7, 8,12)x15
+(1,2,2,3)z21 + (0,0,0,0)z20 + (2,5,8,13)x23 + (1,2,6,11)x24 + (4,6, 10,20)z25
+(2,3,6,9)x31 + (6,7,9,14)x32 + (0,0,0,0)x33 + (1,2,4,5)x34 + (1,2,5,7)x35
+ (6,10,13,15)x41 + (4,5,7,8)x42 + (5,8,9,10)x43 + (0,0,0,0)x44 + (1,1,2,4) 245
+(2,4,4,6)xs51 + (1,1,3,3)x52 + (2,4,5,9)x53 + (9,10,13,16)254 + (0,0,0,0)z55,

subject to:
x11 + x12 + 213 + T14 + 215 = 90,
o1 + T2 + To3 + Tog + w25 = 90,
x31 + T32 + o33 + T34 + T35 = 60,
Ta1 + Ta2 + T43 + Taa + x45 = 60,
T51 + Ts2 + 53 + T4 + 255 = 60,
x11 + @21 + @31 + 241 + 51 = 60,
T12 + Too + T32 + a2 + T52 = 60,
x13 + To3 + T33 + Ta3 + T53 = 85,
T14 + Toa + T34 + Taa + Tsqa = 75,
T15 + Xo5 + w35 + Ty5 + 55 = 80,

where

x5 >0, fori=1,2,3,4,5and j =1,2,3,4,5,
¢i; =0, fori=1,2,3,4,5.

The steps to solve the transshipment problem are as follows:

(1) Checking the balance between supply and demand. The amount of inventory
can be written as:
5

D s =90 490 + 60 + 60 + 60 = 360,
=1
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and the demand amount:

5
> dj =90+ 90 + 60 + 60 + 60 = 360,
j=1

because supply and demand have the same value, i.e.

5 5
D si=Y  dj =360,
i=1 j=1

then the transshipment problem is balanced.

Changing shipping costs in the form of trapezoidal fuzzy numbers into crisp
numbers. Robust ranking is used to change the shipping cost coefficient from
fuzzy numbers to crisp numbers of equation (i). The following firm numbers are

obtained:
R(A) = OL—H)Zc—&-d7
where

¢11 = (0,0,0,0), ¢11 =0,
¢12 = (1,3,3,5), c12 =3,
é13 = (2,3,5,6), c13 =4,
G = (3,5,6,10), c14 =6,
é15 = (5,7,8,12), ¢15 =8,
¢o1 = (1,2,2,3), co1 =2,
¢oo = (0,0,0,0), 92 =0,
Goy = (2,5,8,13), a3 =T,
Gor = (1,2,6,11), cos = 5,

Gas = (4,6,10,20), ca5 = 10,
31 = (2,3,6,9), c31 =5,
G0 = (6,7,9,14), ¢32=09,
¢33 = (0,0,0,0), ¢33 =0,
G = (1,2,4,5), c30=3,
¢35 = (1,2,5,7), c35 =4,

e = (6,10,13,15), cqy = 11,
Cao = (4,5,7,8), c42 =6,
s = (5,8,9,10), ci3 =8,
¢44 = (0,0,0,0), c4q4 =0,
G5 = (1,1,2,4), cy5 =2,
= (2,4,4,6), c51 =4,
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(1,1,3,3), c¢52=2,
(2,4,5,9), ¢s3 =05,
Csq = (9,10,13,16), c54 = 12,
és5 = (0,0,0,0), ¢s5 =0.

Cr2 =
Cs3 =

Changes in shipping costs in the from crisp number can be seen in Table 3.

Table 3. Shipping Costs in Crisp Number

Cl1|C2|C3|C4| C5 | Supply
C1 0 3 4 8 90
C2 2 0 7 5 10 90
C3 5 9 0 3 4 60
C4 11 6 8 0 2 60
C5 4 2 5 12 0 60
Demand | 60 | 60 | 8 | 75 | 80

(3) Then, using Vogel approach method to find the initial base solution.

(a) Investigate the two smallest values in each row and column. If there are the
same values, you can choose one of them. Each row and column is obtained
as follows:

row 1 =3—-0=3,
row2=2-0=2,
row 3=3—-0=3,
row4d=2-0=2,
rowb=2—-0=2,
column1=2-0=2,
column 2 =2 —-0= 2,
column 3 =4 —-0=4,
column 4 =3 —0 = 3,
column 5 =2—-0=2.
Based on the results of each row and column, select the largest value in
column 3, which is 4.

(b) Allocate as much demand and inventory as possible to the variables with the
smallest cost in the rows and columns. Then, delete rows and columns that
have been exhausted when allocated. The smallest cost element in column 3
is selected, 0 in row 3. Allocated demand and inventory in column 3, row 3,
which is 60 pcs. Rows or columns that have been selected are then deleted
if they have no inventory or demand. Cost changes can be seen in Table 4.

(¢) Re-investigate each row and column. Then allocate the supply and demand
until they are all used up (see Table 5).
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Table 4. Iteration 1 Vogel Approximation Method

Cl1|C2|C3|C4| C5 | Supply
Ci 0 3 4 6 8 90
C2 2 0 7 5 10 90
C3 5 9 0 3 4
60
C4 11 6 8 0 2 60
C5 4 2 5 12 0 60
Demand | 60 | 60 | 25 | 75 | 80

Table 5. Iteration 2 Vogel Approximation Method

Cl1 | C2|C3|C4|C5 | Supply
C1 0 3 4 6 8 90
C2 2 0 7 5 10 90
C4 11 6 8 0 2 60
60
C5 4 2 5 12 0 60
Demand | 60 | 60 | 25 15 | 80

In Table 5, each row and column value is obtained, i.e.:

row 1 =3—-0=3,
row2=2-0=2,
row4d =2-0=2,
row b =2—-0=2,
column 1 =2—-0=2,
column 2 =2-0=2,
column 3=5—-4=1,
column 4 =5—-0=25,

column 5=2-0=2.

Based on the results of each row and column, select the largest value in
column 4, which is 5. The largest cost element in column 4 is worth 5.
In column 4, select the smallest cost, which is 0 in row 4. Then allocate
demand and inventory in column 4 and row 4 as much as 60 pcs. Cost
changes can be seen in Table 6.
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Table 6. Iteration 3 Vogel Approximation Method

Cl1|C2|C3|C4| C5 | Supply
Ci 0 3 4 6 8 90
C2 2 0 7 5 10 90
C5 4 2 5 12 0
60
Demand | 60 | 60 | 25 15 | 20

In Table 6, each row and column value is obtained, i.e.:

Based on the results of each row and column, select the largest value in
column 5, which is worth 8. The cost element in column 5 is selected as
the smallest cost, which is worth 0, in row 1. Then allocate demand and
inventory in column 5 and row 1 as many as 10 pcs. Cost changes can be

seen in Table 7.

column 2 =2 —-0= 2,
column 3=5—-4=1,
column4=6-5=1,

column 5=8—-0=28.

row 1=3-0=3,
row 2=2—-0=2,
rowb=2-0=2,

column 1 =2-0=2,

Table 7. Iteration 4 Vogel Approximation Method

Cl1|C2|C3|C4|C5 | Supply
C1 0 3 4 6 8 30
60
C2 2 0 7 5 10 90
Demand 60 | 25 15 | 20

In Table 7, each row and column value is obtained, i.e.:

row 1=3—-0=3,
row2=2-0=2,

column 1 =2-0=2,

column 2 =3 —-0=3,

column 3=7—-4=3,

column4=6-5=1,

column 5 =10 -8 = 2.
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Based on the results of each row and column, select the largest value in
row 1, column 2, and column 3, because it has 3 equal values, select one
of them, namely in row 1, which is worth 3. The cost element in row 1 is
selected as the smallest cost, which is worth 0 in column 1. Then allocate
demand and inventory in row 1 and column 1 as many as 60 pcs. Cost
changes can be seen in Table 8.

Table 8. Iteration 5 Vogel Approximation Method

C2 | C3 | C4 | C5 | Supply
C1 3 4 6 8 30
0
C2 1 30
60 7 5 0
Demand 25 | 15 | 20

In Table 8, each row and column value is obtained, i.e.:
row1l=4-3=1,
row 2=5—-0=235,
column 2 =3 -0 =3,
column 3 =7—-4 =3,
column4=6-5=1,
column 5 =10 -8 = 2.
Based on the results of each row and column, select the largest value in row
2, which is worth 5. The cost element in row 2 is selected as the smallest

cost, which is worth 0 in column 2. Then allocate demand and inventory in
row 2 and column 2 as many as 60 pcs. Cost changes are given in Table 9.

Table 9. Iteration 6 Vogel Approximation Method

C3 | C4 | C5 | Supply
4
C1 o5 6 8 5
C2 7 5 10 30
Demand 15 20

In Table 9, each row and column value is obtained, i.e.:
row 1 =6—4=2,
rowd=7—-5=2,

column 3 =7-—4=3,
column4=6-5=1,
column 5 =10 -8 = 2.
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Based on the results of each row and column, select the largest value in
column 3, which is worth 3. The cost element in column 3 is selected as
the smallest cost, which is worth 4 in row 1. Then allocate demand and
inventory in column 3 and row 1 as many as 25 pcs. Cost changes can be
seen in Table 10.

Table 10. Iteration 7 Vogel Approximation Method

C4 | C5 | Supply
C1 6 8 5
5
C2 15 10 15
Demand 20

In Table 10, each row and column value is obtained, i.e.:
row 1 =8—-6=2,
row 2=10—5=235,
column4=6-5=1,
column 5 =10 -8 = 2.
Based on the results of each row and column, select the largest value in row
2, which is worth 5. The cost element in row 2 is selected as the smallest
cost, which is worth 5 in column 4. Then allocate demand and inventory

in row 2 and column 4 as many as 15 pcs. Cost changes are given in Table
11.

Table 11. Iteration 8 Vogel Approximation Method

C5 | Supply
C1 8 5
10
c2 15
Demand 5

In Table 11, each row and column value is obtained, i.e.:

row 1 =8 =28,
row 2 = 10 = 10,
column 5 =10 -8 = 2.

Based on the results of each row and column, select the largest value in
row 2, which is worth 10. The cost element in row 2, which is worth 10, is
in column 5. Then allocate demand and inventory in row 2 and column 5
as many as 15 pcs. The cost changes can be seen in Table 12.
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Table 12. Iteration 9 Vogel Approximation Method

C5 | Supply

C1 )

ot Ot Co

Demand

In Table 12, each row and column value is obtained, i.e.:

row 1 =8,

column 5 = 8.

Based on the remaining rows and columns, namely row 1 and column 5,
the demand and inventory of 5 units of goods can be directly allocated.

(d) The initial base solution of the transshipment problem is obtained. The
initial solution obtained is

z11 =60, 713 =25, 715 =5,
T2z = 60, 24 =15, x5 = 15,

I33 = 60, Tg4 = 60, and Iy = 60.

with total transportation costs are (150,230,405, 640). The results of this
calculation can be seen in Table 13.

Table 13. Cost Allocation Vogel Approach Method

Cl1|C2|C3|C4| C5 | Supply
0 4 8
C1 60 3 o5 6 5 90
0 5 10
C2 2 60 7 15 | 15 90
0
C3 4
5 9 60 3 60
C4 11 6 8 0 2 60
60
C5 4 2 5 12 0 60
60
Demand | 60 | 60 | 85 75 | 80

(4) Next, the optimality of the initial base solution is checked using the simplex
transport method. The values of u; and v; are determined through each base
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variable:

U; + Vj = Cij,

Uy =

Uy + v =

U1+U3_

U1 + Vs

U + V5 =

U2+’U4
U + Vg

U3+U3

Uy + Vg =

U5+U5

=0

initial value,

— v = O,
— vy =4,
— Vs = 8,
— Uy = 2,
— vy =3,
— vy = —2,
- u3z = —4,
- uy = —3,
—  us = —8.

Furthermore, for each non-basis, ¢;; is determined, namely:

C12

C31 =

C41

Cs1

It can be seen that the non-base value of ¢45 = 3 is greater than zero or
positive, which means that the initial base solution is not optimal. Further-
more, x45 will become the base by forming a loop that starts and ends at x5
namely z45(+) — 244(—) = @24(+) — za5(—) = x45(+). The exit variable is
determined by selecting the smallest cost in the loop which is min{zgs, z44} =
min{15,60} = 15. Then obtained element changes are x45 = 15, 44 = 45,

= =9, C1a = —1, o1 =0, Ca3 = —1,
=9, €32 = —15, €34 = —2, ¢35 = 0,
= —14, ¢4o = =11, ¢43 = =7, Ca5 = 3,
= —12, é50 = —12, é53 = —9, G54 = —15.

r94 = 30, and x95 = 0. Cost reduction can be seen in Table 14.

Table 14. Vogel Approach Method Cost Reduction

Cl1|C2|C3 C4 C5 | Supply
C1 600 3 24 5 6 i 90
C2 2 600 7 %515 ¢1?5 %
C3 5 9 600 3 4 60
C4 11 6 8 " % 0 i 60
C5 4 2 5 12 600 60
Demand | 60 | 60 | 85 75 80
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Furthermore, for each non-basis, ¢;; is determined, namely:

Cig = —2, €15 = —13, €1 = —15, Coq = =5, 25 = —13,
C31 = —13, C3g = —7, €34 = —13, ¢35 = —21, ¢41 = —6,
Cq0 = =T, Cy3 = =3, Cs1 = —13, G52 = —11, C53 = —5, G54 = —3.

It can be seen that all non-bases are smaller than zero or negative. The
optimization requirements have been met so that the optimal solution to the
transshipment problem is obtained, namely x13 = 25, x15 = 5, x24 = 30, and
x45 = 15. The optimal solution to the transshipment problem can be written
in the form of a route as shown in Figure 2.

Figure. 2. Transshipment Problem Representation

The total minimum cost of the transshipment problem is:

min z = €13%13 + C15%15 + C24T24 + C45745,
— (2,3,5,6)(25) + (5,7,8,12)(5) + (1,2,6,11)(30) + (1, 1,2, 4)(15),
— (50, 75,125, 150) + (25, 35, 40, 60) + (30, 60, 180, 330) + (15, 15, 30, 60),
= (50 4+ 25+ 30 + 15,75 4+ 35+ 60 + 15,125 + 40 + 180 + 30, 150 + 60 + 330 + 60)
— (120,185, 375, 600).

Based on the discussion of the fuzzy cost coeflicient transshipment problem
with the Vogel approach method, the initial base solution is produced. Then
to get the optimal solution, the initial base solution optimization test is car-
ried out with the transportation simplex method. The minimum total cost is
(120, 185,375, 600) per pcs.

Transshipment problems can be divided into recurrent problems and non-
recurrent problems. For the case of the transshipment problem with the re-
current method using looping, while for the non-recurrent case does not use
looping. The example case in this article is the recurrent case, and the looping
is shown in Table 14. In the repeated case example, the loop occurs when per-
forming optimality tests on the initial base solution. In the iterative case, the
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loop occurs when performing optimality tests on the initial base solution. It is
the retesting of the base that causes the loop to occur.

The initial base solution obtained through the Vogel method is then tested
for optimality using the simplex transportation method. The initial base so-
lution of the transshipment problem is obtained. The initial solution obtained
is 11 = 60, Tr13 — 25, 15 — 5, Tog = 607 Tog4 — 15, Tos — 15, r33 — 60,
x44 = 60, and 55 = 60, with total transportation costs are (150,230,405, 640).
The optimization requirements have been met so that the optimal solution to
the transshipment problem is obtained, namely x5 = 25, x15 = 5, w24 = 30,
and x45 = 15. The minimum cost obtained from the transshipment problem
on the specified route is (120, 185, 375, 600) /unit, the minimum cost is obtained
which is the optimal route determination in the transshipment problem, namely:
from the source supplier 1 to distributor 3, then from the source supplier 1 to
distributor 5, then the source distributor 2 to distributor 4 to distributor 5, and
transshipment is at the distributor 4.

The optimal solution to the transshipment problem can be written in the form of a
route and can be seen in Figure 2.

4. Conclusion

This research provides significant insight into the fuzzy transshipment problem. The
findings show that the fuzzy transshipment problem can be solved by the simplex
method commonly used in transportation problems. First, the fuzzy numbers are
converted into firm numbers by the Robut method. The Vogel method finds the
initial basis solution, and optimality is tested by the transportation simplex method.
The results of this study add valuable understanding to the fuzzy transshipment
problem.

The implications of these findings are critical for identifying transportation is-
sues that experience cost and time uncertainties that natural factors may cause.
This research suggests the need to anticipate when shipping goods so that no losses
occur. This research offers a foundation for improving the understanding of uncer-
tainty problems by changing the anticipation of the uncertainty element.

The scope of this study is determined by certain limitations that affect the
interpretation of the study results. In particular, this research is limited by the fuzzy
transshipment problem; natural factors cause the fuzzy element. Although these
limitations are necessary to manage the research, they may affect the generalizability
of the findings.

Future research should build on this by exploring other uncertainty elements
using fuzzy numbers and stochastic programming. Stochastic programming topics
can deepen understanding and generate new insights. Advanced research like this
is significant for the public because it supports and contributes to the public, for
example, inter-city transportation problems.
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