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Abstract: In each specific problem of finding the best solution among many available options,
where each option has multiple criteria, multi criteria decision making methods are considered
equally effective when they converge to the same optimal solution. Proximity Indexed Value,
Preference Selection Index, Faire Un Choix Adequat (in French), and Collaborative Unbiased Rank
List Integration are four Multi Criteria Decision Making methods with very different characteristics.
All these four methods have been used a lot in recent times. The effectiveness of these four methods
have been confirmed to be comparable to other multi criteria decision making methods in many
applications. However, the comparison of these four methods with each other has never been
performed in any studies. This article is performed to fill that gap. These four methods have been
used to find to the best option among five types of plastic injection molding machine. Ten criteria
have been chosen to describe each alternative. Two different methods that have been used to
calculate the weights for the criteria are the MEAN weight method and the CRiteria Importance
Through Intercriteria Correlation weight method. Different scenarios have been created to
compare the effectiveness of these four methods. The results have shown that the four multi criteria
decision making methods mentioned above are equally effective in the selection of plastic injection
molding machines. Among the five types of plastic injection molding machines, namely JSW
J350EII-SPA ANBE-002-02, Meiki M-200B-SJ, Meiki M-350C-DF-SJ, JSW J350E I, and JSW
J550E-C5, the JSW J550E-C5 is the best type.

Keywords: MCDM; PIV Method; PSI Method; FUCA Method; CURLI Method.

1. Introduction

Nowadays, the number of MCDM (Multi Criteria Decision Making) methods has exceeded 200,
and they are used a lot to find the best option among available options in many different fields [1].
The purpose of applying MCDM methods is to find the best option among available options.
Therefore, the methods are considered to be equally effective when they find the same best option
(2], [3], [4]. MCDM methods are divided into four main groups, the first group is the methods that
need to normalize data and determine the weights for criteria (called group I), the second group is
the methods that need to normalize data but do not need to determine the weights for criteria
(group II), the third group is the methods that do not need to normalize data but need to determine
the weights for criteria (group III), the fourth group is the methods that need neither data
normalization nor determining the weights for criteria (group 1V).
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PIV (Proximity Indexed Value) is a method that belongs to group I, this method has an advantage
of minimizing rank reversal [5], [6], [7], [8]. PSI (Preference Selection Index) is a method that
belongs to group II, this method is known to be the method that can be combined with many data
normalization methods. Which means when using many data normalization methods to combine
with it, it still find the same best option [9]. Another advantage of the PSI method is that because it
does not need to determine the weights for criteria so this method is very useful in solving problems
where there is a conflict about the importance of criteria [10], [11]. FUCA (Faire Un Choix
Adequat) is a method that belongs to group Il and is known to have a simpler algorithm than other
methods [12]. In some studies, it was found that the best option determined by the FUCA method
does not depend on the weights of criteria [13]. CURLI (CRiteria Importance Through Intercriteria
Correlation) is the only method that belongs to group IV. The significant advantage of this method
is when using it, it is not necessary to normalize data and determine the weights for criteria [14],
[15], [16], [17], [18]. These four methods are confirmed to be equally effective as other methods in
many different cases. In table 1, a summary of some contents related to this statement is presented.

Table 1. Some MCDM methods that were confirmed to be equally effective in each case

MCDM methods

PIV, ARAS (Additive Ratio ASsessment),
MOORA (Multi Objective Optimization

Cases for application Ref.

Choosing location to build garment

on the basis of Ratio Analysis), MABAC factorv in Tiirki [19]
ry in Tur

(Multi-Attributive Border Approximation actory e

area Comparison)

PIV, AHP (Analytic Hierarchy Process),

COPRAS (COmplex PRroportional ) ) ) )

ASsessment), WEDBA (Weighted Choosing online learning website [20]

Euclidean Distance Based Approach)

PIV, SAW, MAUT (Multi Attribute Utility Identify the Country worst affected by 21]

Theory) the Covid 19 pandemic

PIV, TOPSIS, WASPAS, COPRAS Choosing location to build warehouse [22]

PSI, SAW Ch(?o.sing personnel  for manager 23]
position

PSI, CODAS (COmbinative Distance- Choosing personnel of textile company
. 2 [24]

based Assessment) in Denizli

PSI, EDAS Cho?sing the .Country with the best 25]
tourism potential

FUCA, CURLI Choo.sing air conditioner, washing [14]
machine, drone

FUCA, CURLI Choo.sing metal gTir.lder, mejcal drilling [15]
machine, metal milling machine

CURLI, PROMETHEE (Preference . .

) o Choosmg material to manufacture

Ranking Organization Method for tocti )

Enrichment Evaluation), EDAS protective paneton car [16]

CURLI, EDAS, TOPSIS, PROMETHEE Choosing material to manufacture gear

CURLI, VIKOR Choosing material for cutting tool

RLI, CRADI ise Ranki f
cu ’.C 5 (ComPromlse aniang Choosing wood milling machine, wood
Alternatives from Distance to Ideal . . [17]
. sawing machine, wood planer
Solution)
CURLI, VIKOR, TOPSIS Choosing grinding wheel (18]

CURLI, TOPSIS

Choosing supplier
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Thus, it can be seen that the four methods PIV, PSI, FUCA, and CURLI have been confirmed to be
as effective as other MCDM methods in many different cases. However, there was no document
that has been proceeded to compare these four methods. This study has been performed to fill this

&ap-

When using two methods PIV and FUCA, the determination of the weights for criteria is necessary.
However, the weights for criteria also have a great influence on the ranks of alternatives [26], [27].
For the comparison between PIV method and FUCA method to be general, two different weighting
methods have been used. MEAN weight is the first method to be used. According to this method,
all criteria have the same weight. It is the simplest method among weighting methods [13], [15],
[28]. PSI and CURLI are two methods that do not need to calculate the weights for criteria, so the
combination of the MEAN weight method with two methods PIV and FUCA to compare with PSI
and CURLI is considered a suitable approach. The second weighting method that has been used is
the CRITIC (CRiteria Importance Through Intercriteria Correlation) method. This is the weighting
method for criteria that consider the correlation between criteria [29], [30], [31], [32], [33].

For plastic injection molding machine, many parameters have correlation with each other. For
example, the diameter size of screw is related to the maximum pressing force, or spindle motor
power is related to maximum pressing force, or the diameter size of screw is related to spindle
moter power, etc. Therefore, the application of the CRITIC method is considered to be suitable to
calculate the weights for criteria that are correlated with each other of plastic injection molding
machine. The plastic injection molding machine has been chosen as the subject of this study because
selecting an appropriate plastic injection molding machine is crucial for plastic manufacturing
businesses. A precise injection molding machine not only enhances productivity but also ensures
the quality of the final products. This is because a suitable plastic injection molding machine can
optimize the manufacturing process, minimize material waste, and maximize operational efficiency.
Additionally, plastic injection molding machine can be utilized in various applications such as plastic
packaging production, shaping industrial products, and even in the medical field. Therefore,
searching for and selecting the right plastic injection molding machine is a crucial step for the success
of a plastic manufacturing business. This study aims to achieve two goals. The first objective is to
compare the effectiveness of four methods: PIV, PSI, FUCA and CURLI, when used to select plastic
molding machines. The second objective is to identify the best plastic injection molding machine
among the five available types. The motivation of this research is to broaden the understanding of
the effectiveness of MCDM methods. The results of the study will provide a solid foundation for
users when deciding to employ a specific MCDM method to solve a particular problem.

2. Material dan methods
2.1 Block diagram of the process

Determining the best type of plastic injection molding machine is conducted as illustrated in Figure
1. From the information about various types of molding machines, two MCDM methods without
using criteria weights (including PSI and CURLI) will be employed to rank the alternatives. Also,
from the information about the machines, weighting criteria using two methods, MEAN and
CRITIC, will be performed. Subsequently, two MCDM methods requiring criteria weighting
(including PIV and FUCA) will be utilized to rank the alternatives. A summary of the steps applying
each method is presented in subsections 2.2 through 2.6.
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The best plastic injection
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Figure 1. Block diagram of the process for determining the best type of plastic injection molding
machine

2.2 The PIV method
Let m be the number of alternatives to be ranked, n is the number of criteria of each alternative, y,
is the value of criterion j of alternative i, with i= I +m, j = I-n, ranking the alternatives when using

the PIV method is performed in the following sequence [5].

Step 1: Calculate the normalized values according to equation (1).

Yij

1
/ m o2 M

Step 2: Calculate the Weighted normalized values of the criteria according to equation (2).

nl-j =

Vij =ijnij (2>

Step 3: Calculate the quantities u; according to two equations (3) and (4). For the larger the better
criteria, the formula (3) will be used. The equation (4) will be used for the smaller the better

criteria.
U; = Vmax — Vi 3)
Ui = Vi = Vnin (4>

Step 4: Equation (5) is used to calculate the scores of alternatives.

di = iui (%)
=1

Step 5: Alternatives are ranked in ascending order of their score.

2.3 The PSI method

The order of ranking alternatives when using the PSI method is as follows [9].

Step 1: Normalize data according to two equations (6) and (7). The equations (6) and (7) are applied

respectively when criteria are the larger the better and the smaller the better.
4
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n. = Y P
ij y}nax (6)
y]r.nin
n;: = 7
y= 21 ™
Step 2: The average of normalized data is calculated according to equation (8).
_1lgn 8
n= - N ®)
Step 3: The quantities ¢, £, 3 are calculated according to equations (9), (10) and (11).
— yn 2 9)
Pj= i=1[nij —n]
8= [1- ¢ (10)
b= s (11
i~ ym .
D) j=1 ?;
Step 4: Equation (12) is used to calculate the scores for alternatives.
m
j=1

Step 5: The descending order of the scores of alternatives is the ranks of the alternatives.
2.4 The FUCA method

To rank the alternatives when using the FUCA method, the following sequence must be followed
[34]:

Step 1: Rank the alternatives for each criterion. Let r; be the rank of the alternatives, r, = I if the

criterion j of the alternative i is the best. Otherwise, r; = m if the criterion j of the
alternative i is the worst.

Step 2: Equation (13) is used to calculate the score of each alternative.

n

vV = ZTUWJ (13)

j=1
Step 3: The ranks of alternatives are determined in ascending order of their scores.

2.5 The CURLI method

The sequence to apply the CURLI method is as follows [35].
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Step 1: For each criterion, construct a square matrix of level m and score the alternatives. The
scoring of alternatives (for each criterion) is performed as follows. For example, in the cell
corresponding to column 1 and row 2, the value of the alternative 1 is better than that of
the alternative 2, then score 1 in that cell. Another example, if in the cell corresponding to
column 2 and row 1, the value of the alternative 2 is worse that that of the alternative 1,
then score -1 in that cell. As another example, if in the cell corresponding to column 2 and
row m, the value of the alternative 2 is equal to that of the alternative m, then score 0 in
that cell, etc. 0 score will also be filled in the cells that lie in the main diagonal of matrix.
The scoring matrix for criterion j is denoted by the matrix Q.

Step 2: The scoring matrix of the alternatives for all the criteria will be formed by adding all the
matrices Q, together. This matrix is called matrix Q, which means Q =Q; + Q; + ... + Q,

+ .. +Q,.

Step 3: Arrange the matrix Q by repositioning the rows and columns so that the part above the main
diagonal has no cells with positive score. After rearranging, the alternative that is positioned
in row 1 is considered the best alternative.

2.6 The weighting methods

The MEAN weight method is the method where the weights of criteria are equal [14, 17, 36]. The
CRITIC method is used to calculate the weights of criteria according to equations (14) and (15) [29],
(301, [311, [32], [33].

G =0 2(1 —1ij) (14)
=1

W =Y

J] T yn .
j=1Gj

(15)

Where: 0; and r; are the standard deviation of criterion j and the correlation coefficient between
the two criteria, respectively.

2.7 Types of plastic injection molding machine

Five types of plastic injection molding machine have been chosen for ranking with product codes
JSW J350EII-SPA ANBE-002-02, Meiki M-200B-S], Meiki M-350C-DE-Sj, JSW J350E II, and JSW
J550E-C5. These five types of machine have been denoted by the letters A, B, C, D and E,
respectively. To rank the machine types, ten criteria have been used to describe each product type
including the minimum height of the mold that can be mounted on the machine (mm), the
maximum height of the mold that can be mounted on the machine (mm), the screw diameter (mm),
the mold pressing force (tons), the pressing stroke (mm), the width of the base plate (mm), the
length of the base plate (mm), the spindle motor (kW), the maximum mold opening (mm), and
selling price (million Vietnam dong). These ten criteria are denoted by the symbols from C1 to
C10, respectively. C1 and C10 are the smaller the better criteria, the remaining eight criteria are
the larger the better criteria. The minimum and maximum mold heights that the machine can
accommodate determine its capability to work with molds of varying sizes. The diameter of the
screw directly impacts the plastic molding efficiency, while the mold clamping force dictates the
machine's ability to precisely inject plastic into the mold. The stroke length needs to be determined
to ensure the machine can effectively handle different sizes and shapes of products. The size of the
mold base plate must be compatible with both the mold and the machine to avoid mismatch or

6
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constraints during production. The main axis motor needs to be sufficiently powerful to ensure
stable and efficient machine operation, especially when dealing with large-sized molds or high-
pressure plastic molding requirements. The maximum mold opening distance needs to be
determined to ensure the machine can accommodate large-sized molds and adjust the opening
distance flexibly. Finally, the cost is crucial for evaluating the feasibility and economic viability of
investing in an injection molding machine. In table 2, the information of five types of plastic
injection molding machine has been presented.

Table 2. Types of plastic injection molding machine

Alt. C1 C2 C3 C4 C5 Cé6 C7 C8 c9 C10
A 250 530 53 350 570 630 630 55 1100 750

B 120 400 55 200 770 590 590 37 1000 300

C 600 600 50 350 745 1300 1300 55 1300 575

D 320 670 66 350 700 730 730 45 1370 1090
E 400 800 83 550 900 900 900 75 1700 1040

We can see that machine B has two criteria CI and C10 are the best; machine C has two criteria C6
and C7 are the best; machine E has six criteria C2, C3, C4, C5, C8, C9 are the best. Two machines
A and D do not have any best criteria. Thus, the best machine type will not be found only base on
observing the data in table 2. The best machine type can only be found when using multi-criteria
decision-making methods to rank the machine types. Four methods PIV, PSI, FUCA and CURLI will
be used to perform this task, respectively. To apply both PIV and FUCA methods, it is necessary to
calculate the weights for the criteria first.

3. Results and discussion
3.1 Determination of the wights for criteria

According to the MEAN weight method, each criterion will have a weight of 0.1. To calculate the
weights of the criteria according to the CRITIC method, the determination of the correlation

coefficients between two criteria have been calculated online, the results are summarized in table

3.

Table 3. Correlation coefficients between the criteria

Citeria C1 C2 c3 C4 c5 Cé6 C7 c8 9 C10
C1 1 0.5678  0.0418  0.0561  0.2384  0.9639  0.9639  0.5242 0.5483 0.2722
c2 0.5678 1 0.1060 09381  0.4906  0.3987  0.3987  0.8084 0.9767 0.8714
C3 0.0418 0.1060 1 0.7852  0.7647  -0.0699  -0.0699  0.6516  0.8569  0.7150
C4 0.0561 0.9381  0.7852 1 0.4975  0.3477  0.3477 09560 09269  0.7658
Cs 0.2384 0.4906  0.7647  0.4975 1 0.3217  0.3217  0.4465 0.6644 0.1174
cé6 0.9639 0.3987  -0.0699 03477  0.3217 1 1.0000  0.4465 0.6644 0.1174
c7 0.9639 0.3987  -0.0699  0.3477  0.3217  1.0000 1 0.4086  0.4242  0.0317
cs 0.5242 0.8084  0.6516  0.9560  0.4465  0.4465  0.4086 1 0.8182  0.5607
C9 0.5483 0.9767  0.8569  0.9269  0.6644  0.6644 04242 08182 1 0.7694

C10 0.2722 0.8714 0.7150 0.7658 0.1174 0.1174 0.0317 0.5607  0.7694 1

The standard deviations of the criteria have also been calculated. The C; values and w; weights have
also been calculated according to the formulas (14) and (15). All the data have been summarized in
table 4.



https://unp.ac.id/
https://creativecommons.org/licenses/by/4.0/

© The Author(s)
Published by Universitas Negeri Padang.

This is an open-access article under the: https://creativecommons.org/licenses/by/4.0/

Teknomekanik, Vol. 7, No. 1, pp. 1-19, June 2024
e-ISSN: 2621-8720 p-ISSN: 2621-9980

Table 4. Some parameters in the CRITIC method

C1 C2 C3 C4 C5 Cé6 C7 C8 C9 C10
o; 0.3728 0.3746 0.4091 0.3557 0.3617 0.4066 0.4066 0.3748 0.3878 0.4164
G 1.798 1.28991 2.13517 1.20195 1.85796 1.95571 2.10364 1.2664 0.9115 1.98991
w; 0.1089  0.0781 0.1293 0.0728 0.1125 0.1185 0.1274 0.0767 0.0552 0.1205
3.2 Application of the PIV method
Apply the formula (1), the normalized data have been calculated as shown in table 5.
Table 5. Normalized values in the PIV method
Alt. C1 C2 3 C4 C5 Cé Cc7 C8 Cc9 C10
A 0.2990  0.3855 0.3788  0.4154 0.3423 0.3241 0.3241 0.4480 0.3736  0.4158
B 0.1435 0.2910 0.3931 0.2374 0.4624 0.3035 0.3035 0.3014 0.3397 0.1663
C 0.7175  0.4365 0.3573 0.4154 0.4474 0.6688 0.6688 0.4480 0.4416 0.3188
D 0.3827 0.4874 0.4717 0.4154 0.4204 0.3756 0.3756 0.3666  0.4654  0.6044
E 0.4783 0.5819 0.5932 0.6527 0.5405 0.4630 0.4630 0.6110 0.5775 0.5766

The formula (2) has been applied to calculate the weighted normalized values of the criteria. First,
the weight set of the criteria which was calculated by the MEAN weight method will be used, the
results are summarized in table 6.

Table 6. The weighted normalized values of the criteria

Alt. C1 C2 c3 C4 C5 Cé Cc7 C8 c C10
A 0.0299 0.0386 0.0379 0.0415 0.0342 0.0324 0.0324 0.0448 0.0374 0.0416
B 0.0143  0.0291 0.0393 0.0237 0.0462 0.0304 0.0304 0.0301 0.0340 0.0166
C 0.0717 0.0436  0.0357 0.0415 0.0447 0.0669 0.0669 0.0448 0.0442 0.0319
D 0.0383  0.0487 0.0472  0.0415 0.0420 0.0376  0.0376  0.0367 0.0465 0.0604
E 0.0478 0.0582  0.0593 0.0653 0.0540 0.0463 0.0463 0.0611 0.0577 0.0577

Two formulas (3) and (4) have been applied to calculate the values of u,. The scores of the
alternatives have been calculated according to the formula (5). All the values that were calculated

and the ranks of the alternatives have been summarized in table 7.

Table 7. Values of uij, scores di and ranking the alternatives by the PIV method when the weights

of the criteria have been calculated by the MEAN Weight method

u;j

Alt. @ @ C3 C4 Cs C6 C7 cs8 ) C10 di Rank
A 0.0155  0.0196  0.0214  0.0237 0.0198  0.0345  0.0345 0.0163  0.0204  0.0250  0.2307 5
B 0.0000  0.0291  0.0200 0.0415  0.0078  0.0365 0.0365 0.0310  0.0238  0.0000  0.2262 4
C 0.0574  0.0145  0.0236  0.0237  0.0093  0.0000 0.0000 0.0163  0.0136  0.0152  0.1737 2
D 0.0239  0.0095 0.0121  0.0237 0.0120  0.0293  0.0293  0.0244  0.0112  0.0438  0.2194 3
E 0.0335  0.0000  0.0000  0.0000 0.0000  0.0206  0.0206 0.0000  0.0000  0.0410  0.1157 1

Following the same procedure, the scores have been calculated and the alternatives have been
ranked when the weights of the criteria have been calculated by the CRITIC weight method, as
shown in table 8.
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Table 8. Values of u;, scores d,and ranking the alternatives by the PIV method when the weights

of the criteria have been calculated by the CRITIC weight method

Alt. Cl @ C3 [ C5 3 c7 c8 &) C10 di Rank
A 00169 00153 00277 0.0173 00223 0.0408 00439 0.0125 0.0113 00301 0238 5
B 0.0000 0.0227 0.0259 0.0302 0.0088 0.0433  0.0465  0.0237 0.0131  0.0000 0.2143 3
C 0.0625 0.0114 0.0305 0.0173  0.0105 0.0000 0.0000  0.0125  0.0075  0.0184 0.1705 2
D 0.0260 0.0074 0.0157 0.0173 00135 0.0347 0.0374 0.0187 0.0062 00528 0.2298 4
E 0.0365  0.0000  0.0000 0.0000 0.0000 0.0244 0.0262 0.0000 0.0000 0.0495  0.1365 1

3.3 Application of the PSI method

The two formulas (6) and (7) have been applied to calculate the normalized data. The data has been
summarized in table 9.

Table 9. Normalized values in the PSI method

Alt. C1 C2 C3 C4 C5 Ceé C7 C8 c9 C10
A 0.4800 0.6625 0.6386 0.6364 0.6333 0.4846 0.4846 0.7333 0.6471 0.4000
B 1.0000 0.5000 0.6627 0.3636 0.8556 0.4538 0.4538 0.4933 0.5882 1.0000
C 0.2000 0.7500 0.6024 0.6364 0.8278 1.0000 1.0000 0.7333 0.7647 0.5217
D 0.3750 0.8375 0.7952 0.6364 0.7778 0.5615 0.5615 0.6000 0.8059 0.2752
E 0.3000 1.0000 1.0000 1.0000 1.0000 0.6923 0.6923 1.0000 1.0000 0.2885

The formulas (8), (9), (10) and (11) have been applied to calculate the values of @, & va 3. The

results have been summarized in table 10.

Table 10. Some parameters in PSI

Parameters C1 C2 C3 C4 C5 Cé C7 C8 C9 C10
0j 0.3918 0.1403  0.1058  0.2050  0.0703  0.1973  0.1973 0.1442  0.1020 0.3557
Jj 0.6082 0.8597 0.8942 0.7950 0.9297 0.8027 0.8027  0.8558  0.8980 0.6443
Bj 0.0752 0.1063  0.1105 0.0983 0.1149 0.0992 0.0992 0.1058 0.1110 0.0796

The scores of the alternatives have been calculated according to the formula (12). The scores of PSI,
and the ranks of the alternatives have been presented in table 11.

Table 11. Scores and ranks of the alternatives

Alt. Pj * ny PSL,  Rank
c 2 a3 c4 Cs cé c7 s 9 10

A 0.0361 0.0704 0.0706 0.0625 0.0728 0.0481 0.0481 0.0776 0.0718 0.0319 0.5898 5

B 0.0752  0.0531  0.0732  0.0357 0.0983  0.0450 0.0450 0.0522  0.0653 0.079  0.6228 4

c 0.0150 0.0797 0.0666  0.0625 0.0951 0.0992  0.0992 0.0776  0.0849 0.0416 0.7214 2

D 0.0282  0.0890 0.0879  0.0625 0.089%4  0.0557 0.0557 0.0635  0.0895 0.0219 0.6433 3

E 0.0226 0.1063  0.1105 0.0983 0.1149  0.0687 0.0687 0.1058 0.1110  0.0230  0.8297 1

3.4 Application of the FUCA method

The results of ranking the alternatives for each criterion are in table 12.
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Table 12. Ranking the alternatives for each criterion

Alt. C1 C2 C3 C4 C5 Cé6 C7 C8 Cc9 C10
A 2 4 4 3 5 4 4 2.5 4 3
B 1 5 3 5 2 5 5 5 5 5
C 5 3 5 3 3 1 1 2.5 3 4
D 3 2 2 3 4 3 3 4 2 1
E 4 1 1 1 1 2 2 1 1 2

Apply the formula (13) to calculate the score of each alternative. In two tables 13 and 14, the scores
and ranks of the alternatives when the weights of the criteria are calculated according to two
different methods are presented, respectively.

Table 13. Ranking the alternatives when the weights of the criteria are calculated according to the
MEAN Weight method

Alt. T V; Rank
Ci C2 C3 C4 C5 C6 (C7 C8 Cc9 C10

0.2 04 0.4 0.3 0.5 0.4 0.4 0.25 0.4 0.3 3.5500
0.1 05 0.3 05 02 05 05 05 0.5 0.5 4.1000
0.5 03 0.5 03 03 0.1 01 025 03 04 3.0500
03 0.2 0.2 03 04 03 03 04 0.2 0.1 2.7000

04 0.1 0.1 0.1 0.1 0.2 0.2 0.1 0.1 0.2 1.6000

m o OQw >
—_ N W U1 PN

Table 14. Ranking the alternatives when the weights of the criteria are calculated according to the

CRITIC method
Alt. i Vi Rank
C1 C2 Cc3 C4 C5 Cé6 C7 C8 Cc9 C10
A 0.2178 0.3125 0.5173 0.2184 0.5627 0.4738 0.5097 0.1918 0.2208 0.3616 3.5863 4
B 0.1089 0.3906 0.3880 0.3640 0.2251 0.5923 0.6371 0.3835 0.2760 0.6026 3.9681 5
C 0.5446 0.2344 0.6466 0.2184 0.3376 0.1185 0.1274 0.1918 0.1656 0.4821 3.0669 3
D 0.3267 0.1563 0.2586 0.2184 0.4501 0.3554  0.3822 0.3068 0.1104 0.1205 2.6855 2
E 0.4356 0.0781 0.1293 0.0728 0.1125 0.2369 0.2548 0.0767  0.0552 0.2411 1.6931 1

3.5 Application of the CURLI method
The ten tables in the appendix section, from Table A1 to Table A10, represent the scoring results
of the options based on each criterion. Add the matrices Q;, Q,, ... Q) together, we get the matrix

Q as shown in table 15.

Table 15. Matrix Q

Alt. P1 P2 P3 P4 P5
A 0 2 4 3 6
B 0 2 4 6
C 4 2 0 1 4
D 3 4 1 0 8
E 6 6 4 8 0

10
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Change the positions of the rows and change the positions of the columns in matrix Q so that the
number of cells with negative values lies above the main diagonal is the maximum. The results are
presented in table 16. We notice that all cells with negative values lie above the main diagonal of
the matrix. In contrast, all the cells with positive values lie below the main diagonal of the matrix.
Thus, the swapping of rows and columns has ended. The results of ranking the alternative have also
been presented in the last column of table 16.

Table 16. Matrix Q after rearranging

Alt. P5 P3 P4 P1 P2 Rank
E 0 -4 -8 -6 -6 1
C 4 0 -1 -4 -2 2
D 8 1 0 -3 -4 3
A 6 4 3 0 -2 4
B 6 2 4 0 5

Summary of the results of ranking the plastic injection molding machine when using different
methods have been presented in the chart in figure 2.

B PEI BCUFRLI BFUCA & MEAN weight
FUCA & CEITIC weight =PIV & MEAN weight m PIV & CRITIC weight

A B C D E

Figure 2. Ranking the plastic injection molding machines

Rank
e T N O T T O T &

It can be seen that in every cases, E is always determined to be the best alternative. Which means
the four methods PIV, PSI, FUCA, and CURLI are equally effective. To reinforce this statement, the
ranking of plastic injection molding is further performed with different scenarios. Generating
various scenarios to assess the stability of ranking options is necessary because multiple studies have
shown that when the number of options to be ranked changes, the rankings of the options may
change as well. Even an option considered the best can become the worst if any option is removed
from the list of options to be ranked [36], [37], [38]. Four scenarios have been performed, each
scenario will remove one option from the list of alternatives to be ranked. This is how to create
different scenarios that have been used in many studies [39]. In figure 3 to 6, the results of ranking
plastic injection molding machines in four different scenarios are presented.

11
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3 m P51 mCTURLI
BFUCA & MEAN weight BFUCA & CRITIC weight
B PIV & MEAN weight BPTV & CRITIC weight

B C D E

Figure 3. Ranking the plastic injection molding machines after removing alternative A from the
list

After removing A from the list of alternatives, we see that there is only one exchange in the ranks
of two alternatives B and D when using the PIV method (figure 3). Thus, in this case, we also notice
that the four methods PIV, PSI, FUCA, and CURLI are equally effective because all of them determine
E to be the best alternative.

mPSI ECURLI BEFUCA & MEAN weight
B FUCA & CERITIC weight mPTV & ME AN weight mPIV & CRITIC weight

53
2
1 .
. EE
A C D E

Figure 4. Ranking the plastic injection molding machines after removing alternative B from the
list

For the scenario where B is removed from the list of alternatives, an extremely perfect result has
occurred, that is the ranks of the alternatives are completely the same when using different methods
(figure 4). Of course, in this case, we also find that the four methods PIV, PSI, FUCA and CURLI are
equally effective.

12
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EPSI ECURLI BFUCA & MEAN weight
FUCA & CRITIC weight =PIV & MEAN weight mPIV & CRITIC weight

4
53
2
U B B
A B D E

Figure 5. Ranking the plastic injection molding machines after removing alternative C from the
list

In the scenario where C is removed from the list of alternatives, the alternatives that is ranked the
1" is completely the same when using different methods (figure 5). In this scenario, we also find
that the four methods PIV, PSI, FUCA and CURLI are equally effective.

5

m PSI m CURLI mFUCA & MEAN weight
FUCA & CRITIC weight mPIV & MEAN weight mPIV & CRITIC weight

4
53
2
D E B
A B C E

Figure 6. Ranking the plastic injection molding machines after removing alternative D from the
list

After removing D from the list of alternatives, the ranks of the remaining alternatives are also quite
similar when using different methods (figure 6). In particular, the alternatives that are ranked the
1"t and the 2™ are completely the same. Thus, in this case, once again, we see that the four methods
PIV, PSI, FUCA and CURLI are equally effective. All the statements above are enough for us to have
a solid conclusion that the four methods PIV, PSI, FUCA and CURLI are equally effective in the
selection of the best plastic injection molding machine. In addition, by observing five figures above,
we can also make the following comments:

- The combination of the PIV method and the MEAN weight method shows that the ranking results
are completely the same with when using the PSI method.

- The best alternative determined when using the PIV method does not depend on the weights of
the criteria. This is also found in some previous studies [6], [7].

- When using the FUCA method to rank the alternatives, the best alternative does not depend on
the weights of the criteria. This is also confirmed in some previous studies [13].

13
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4. Conclusion

Four MCDM methods with different characteristics are used simultaneously for the first time in this
study which are the PIV method, the PSI method, the FUCA method and the CURLI method. All
these four methods are used to rank the plastic injection molding machines. In which the PIV method
and the FUCA method are used to combine with two different weighting methods. Some conclusion
are drawn as follows:

- Four methods including PIV, PSI, FUCA and CURLI are confirmed to be equally effective in
making multi criteria decision to select plastic injection molding machine.

- When using the two methods PIV and FUCA to rank the alternatives, the best alternative to be
found does not depend on the weights of the criteria.

- JSW J550E-CS5 is confirmed to be the best type of plastic injection molding machine among five
types of machines including JSW J350EII-SPA ANBE-002-02, Meiki M-200B-§], Meiki M-
350C-DE-Sj, JSW J350E II, and JSW J550E-C5.

- Two methods have been used to calculate the weights for the criteria in this study, both of which
are objective methods (MEAN and CRITIC). This means that the opinions of decision-makers
(plastic buyers) regarding the importance of the criteria have not been taken into account. If one
wants to consider the opinions of decision-makers on the importance of the criteria while still
ensuring objectivity, it is necessary to use combined weighting methods. Combined weighting
methods are methods that combine both objective and subjective factors. This means that
weighting the criteria takes into account the opinions of decision-makers while still ensuring
objectivity. Some methods of this type include PIPRECIA [40] and CIMAS [41].

- To be able to conclude whether these four methods are equally effective when they are applied
in other cases, other surveys must be conducted. Other cases can be understoood as determining
the weights when using other methods, or ranking other types of product (service), or the
number of criteria is changed, etc. Of course, the ways that have been used in this article can
also be repeated.
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Appendix
Table Al. Matrix Q,

Alt. P1 P2 P3 P4 P5
A 0 1 -1 -1 1
B -1 0 -1 1 1
C 1 1 0 1 1
D 1 1 1 0 1
E 1 1 1 1 0

Table A2. Matrix Q,

Alt. P1 P2 P3 P4 P5
A 0 -1 1 1 1
B 1 0 1 1 1
C 1 1 0 i 1
D -1 -1 -1 0 1
E -1 -1 -1 -1 0

Table A3. Matrix Q;

Alt. P1 P2 P3 P4 P5
A 0 1 -1 1 1
B -1 0 -1 1 1
C 1 1 0 1 1
D 1 1 1 0 1
E -1 -1 -1 -1 0

Table A4. Matrix Q,

Alt. P1 P2 P3 P4 P5
A 0 -1 0 0 1
B 1 0 1 1 1
C 0 -1 0 0 1
D 0 -1 0 0 1
E -1 -1 -1 -1 0

Table A5. Matrix Qs

Alt. P1 P2 P3 P4 P5
A 0 1 1 1 1
B R 0 1 1 1
C -1 1 0 -1 1
D -1 1 1 0 1
E E 1 1 1 0
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Table A6. Matrix Qq

Teknomekanik, Vol. 7, No. 1, pp. 1-19, June 2024
e-ISSN: 2621-8720 p-ISSN: 2621-9980

Alt. P P2 P3 Lt P
A 0 5 ! ! :
B 1 0 ! : :
C E 1 0 ! !
D 1 1 i 0 1
E 1 1 1 1 0

Table A7. Matrix Q-

Alt. P1 P2 P3 L P5
A 0 1 ! ! !
B 1 0 ! ! 1
C 1 1 0 i !
D 1 -1 ! 0 :
E 1 1 1 1 0

Table A8. Matrix Qg

Alt. P1 P2 P3 it P>
A 0 1 0 ! :
B 1 0 ! : :
C 0 1 0 ! :
D 1 2 : 0 :
E 1 1 1 1 0

Table A9. Matrix Q,

Alt. P1 P2 P3 P4 P5
A 0 5 ! ! :
B 1 0 ! : :
C 1 -1 0 1 1
D -1 -1 -1 0 1
E 1 1 1 1 0

Table A10. Matrix Q,

Alt. P P2 P3 L P5
A 0 1 ! ! !
B B 0 ! ! !
C | 1 0 ! .
D ! ! ! 0 :
E 1 ! ! ! 0
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