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Abstract. This paper applies a novel automated decision-making process with TOPSIS to analyze ions and organ-
ic materials in drinking water. The hypothesis was that the modified TOPSIS algorithm with the Lukasiewicz fuzzy
disjunction would be appropriate to optimize the drinking water samples. The maximum output values were set to
one to apply the fuzzy disjunction. The concentrations of ions and organic materials in the drinking water samples
were considered from the values for naturally occurring chemicals that would be of health significance. Materials
with positive effects on the body were considered profit criteria, whereas other ones with negative impacts on human
health were considered cost criteria. The analysis of samples with unmodified TOPSIS showed that profit criteria
having high concentrations and cost criteria having low concentrations had the dominant effects on the candidates’
ranking. The modified TOPSIS showed that the candidates’ ranking in the second analysis series was the same as in
the first. However, the value of 1.0 for the fourth candidate’s concentration of nitrite, which resulted from the fuzzy
disjunction in the algorithm of the modified TOPSIS, was attributed to the confusion of the drinking water and un-
drinkable water categories. The optimization results for drinking water samples could be applied in science and engi-
neering based on the concentrations of their ions and organic materials with the automated decision-making process
for their distinction from undrinkable water.

Keywords: drinking water, automated decision-making process, health public, environment.

1 Introduction

Access to drinking water in the environment is a key
factor for human survival. The lack of this material in
many regions has searched for drinking water a first-
order task. For this purpose, many industries produce
large-scale drinking water each year to overcome this
challenge. However, diseases due to drinking polluted
water cause more than 1 million deaths per year [1].
Therefore, the distinction and analysis of drinking water
are crucial processes. This is a remaining need to search
for water on the planets with primordial atmosphere [2-
4]. The already applied approach is based on the registra-
tion of several photos obtained by satellites and their
analysis by humans on Earth. At this level, all the tasks of
gathering and analyzing the data are carried out by hu-
mans. However, the environmental conditions where
drinking water would be searched would not always be
appropriate for humans because of the lack of atmos-

phere, polluted environment, and extreme temperatures.
Therefore, developing an automated decision-making
process that distinguishes drinking water from undrinka-
ble water and performs appropriate analysis and optimi-
zation is urgently needed.

The Technique for Order of Preference by Similarity
to Ideal Solution (TOPSIS) is a multi-criteria decision-
making method with many applications in science and
engineering [5-9]. This method ranks the candidates
based on their distances from ideal solutions and close-
ness coefficients [10-14].

The characteristics of drinking water, such as its total
dissolved solids, hardness, electrical conductivity, and
cost, depend on the concentration of its ions [15-18]. Pre-
vious work presented the analysis of drinking water and
undrinkable samples according to these characteristics
with TOPSIS [7]. In the present paper, this method has
been used to analyze the concentrations of ions with a
new perspective for science and environmental applica-
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tions. For this purpose, the modified version of the TOP-
SIS method in a recently developed software has been
used to optimize and rank candidates.

Appropriate amounts of minerals in drinking water are
essential for human health. Calcium is essential as the
extracellular mineral forms different skeleton parts, such
as teeth and bones [19]. Magnesium has several func-
tions, such as helping the muscle and nervous system and
binding to targets in enzymatic reactions [20]. Boron is
essential for bone and central nervous system growth,
hormone regulation, and reducing the risk of cancer, ar-
thritis, and heart disease symptoms. It also positively ac-
celerates wound healing and reduces pain in gynecologi-
cal diseases and kidney stones by decreasing cytokines
[21]. Copper has several roles in the body, such as storing
calcium in bones and repairing or building connective
tissues [22]. Chlorine is converted to chloride in the
body. Sodium and chloride are the principal cation and
anions of the body, respectively [23]. These ions maintain
an equilibrated sodium balance to maintain body volume
and blood pressure system and regulate blood pressure
[23, 24]. Therefore, these minerals are considered in the
current work as profit criteria for the analysis with un-
modified and modified TOPSIS methods. It has been
shown that nitrite consumption harms human health,
leads to methemoglobinemia, and increases cancer inci-
dence by promoting the formation of potentially carcino-
genic nitrosamines [25, 26]. Hence, this ion was consid-
ered a cost criterion for this investigation with TOPSIS.

This paper is aimed to analyze and optimize the drink-
ing water samples according to the concentrations of their
ions using the unmodified and modified TOPSIS meth-
ods, this second algorithm for performing an automated
decision-making process. Three tasks have been per-
formed with the developed software: 1. optimization of
drinking water samples with unmodified TOPSIS, 2.
modification of TOPSIS with the Lukasiewicz fuzzy dis-
junction for performing automated decision making, 3.
optimization of drinking water samples with modified
TOPSIS for their analysis and optimization.

The application of an automated decision-making pro-
cess for detecting and analyzing ions in drinking water
samples for their distinction from undrinkable water and
their optimization has not been performed yet. The cur-
rent research results on these issues can be applied in
science and engineering.

2 Research Methodology

The standard concentrations of ions in drinking water
were considered from the World Health Organization
(WHO) guideline for naturally occurring chemicals, ac-
cording to which these concentrations would be of health
significance.

The concentrations of the ions and organic materials
for health significance in the standard drinking water
sample, which was the first sample or candidate indicated
as Cy in the TOPSIS matrices, would be as below: calci-
um (80 mg/L), magnesium (60 mg/L), boron (2.4 mg/L),
copper (2 mg/L), sodium (50 mg/L), chlorine (5 mg/L),
nitrite (3 mg/L), 1,2-dichlorobenzene (1 mg/L), mono-
chloramine (2 mg/L), dichloroisocyanurate (40 mg/L),
and toluene (1 mg/L). The second, third, and fourth sam-
ples were indicated as Co, Cs, and Ca, respectively. Their
ions and organic materials concentrations were propor-
tional to the first candidate’s.

The TOPSIS code in Python presented on GitHub was
used to analyze and optimize candidates as described
previously [8, 9, 27].

The ions and organic materials determined the charac-
teristics of drinking water samples, such as hardness, tur-
bidity, etc. As the analysis of their concentrations was the
aim of this paper, they were considered as criteria. Their
concentration values were divided by 100 to adjust them
between 0.0 and 1.0 and make them similar to fuzzy
membership degrees for their use in the TOPSIS method.

The modified TOPSIS, including the FLukasiewicz
fuzzy disjunction, was used in this paper, and this method
was described previously [8]. The data analysis with the
modified algorithm considered the members of drinking
and undrinkable water categories. The category confusion
due to humans’ inappropriate consideration of the criteria
that led to the inconsistency of their epistemic beliefs was
analyzed as explained previously [8, 28].

The maximum value of 1.0, according to the
Lukasiewicz fuzzy disjunction, was observed in the eval-
uation matrix in the output of TOPSIS [28].

3 Results

The first series of results were obtained with the un-
modified TOPSIS algorithm.

Tables 1-2 show matrices of the triangular fuzzy data
corresponding to the concentrations of ions and organic
materials in the water samples and their average values.

Table 1 — Matrix of triangular fuzzy data for different water samples

Candidates/Criteria| Calcium | Magnesium Boron Copper Sodium Chlorine Nitrite
C1 0.7,0.8,0.9/0.5,0.6,0.7]0.01, 0.02, 0.03]0.01, 0.02, 0.03]0.4, 0.5, 0.6|0.04, 0.05, 0.06 | 0.02, 0.03, 0.04
Cz 0.1,0.2,0.3/0.1,0.2,0.3] 0.1,0.2,0.3 0.1,0.2,0.3 |0.4,05,0.6/] 0.4,0.5,0.6 |0.05,0.06,0.07
Cs 0.1,0.2,0.3/0.1,0.2,0.3] 0.3,0.4,0.5 0.3,04,05 |0.0,0.1,0.2| 0.0,0.1,0.2 |0.05, 0.06, 0.07
Cs 0.3,04,05/0.2,0.3,04| 0.3,0.4,05 0.7,0.8,09 |0.0,0.1,0.2] 0.0,0.1,0.2 ]0.00,0.01,0.02
Table 2 — Matrix of the mean values of triangular fuzzy data for different water samples
Candidates/Criteria|  Calcium Magnesium Boron Copper Sodium Chlorine Nitrite
C1 0.8 0.6 0.02 0.02 0.5 0.05 0.03
Cz 0.2 0.2 0.20 0.20 0.5 0.50 0.06
Cs 0.2 0.2 0.40 0.40 0.1 0.10 0.06
Cs 0.4 0.3 0.40 0.80 0.1 0.10 0.01
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Tables 3-4 show the weight values applied for each
criterion and the criteria matrix of different water sam-

ples, respectively.

Table 3 — Weight values applied for each criterion of different water samples

Alternatives/Values| Calcium Magnesium Boron Copper Sodium Chlorine Nitrite
Ci—Cs 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Table 4 — Criteria matrix for different water samples
Alternatives/Values|  Calcium Magnesium Boron Copper Sodium Chlorine Nitrite
C1—C4 True True True True True True False

Materials with positive effects on human health were
considered profit criteria, whereas those with negative
effects were considered cost criteria. Therefore, the term
“true” was considered for all the criteria. The exception is
those for which “false” was in the criteria matrix in
TOPSIS.

Table 5 represents the distances from the best and
worst alternatives (di* and di-), the similarity coefficients
(CCy), and the ranking of water samples.

Table 5 — The distances from the best and worst alternatives,
similarity coefficients, and ranking of different water samples

Candidates di* dr CCi Ranking
C1 0.1978 0.1518 0.4342 4
C 0.1782 0.1551 0.4655 2
Cs 0.2071 0.1090 0.3448 1
Cs 0.1595 0.1751 0.5234 3

As shown in Tables 2, 5, sodium, chlorine, boron, and
copper, having high concentrations, and nitrite having
low concentrations, had the dominant effects on the can-
didates’ ranking. Therefore, the fourth candidate, Cs, Was
ranked in a position better than the other candidates.
Moreover, higher concentrations of boron, copper, and
chlorine for the second candidate compared with those
for the first candidate showed their effect on the prefer-
ence of candidate C, to candidate C; in the ranking. The
third candidate, Cs, having lower concentrations of calci-
um, magnesium, and sodium and a higher concentration
of nitrite, was ranked fourth.

In the second series of this study, the modified TOP-
SIS algorithm, with the Lukasiewicz fuzzy disjunction,
was used for performing the automated decision-making
process, which allowed the appearance of the maximum
value of 1.0 in the output.

These modifications were considered in the second se-
ries of this analysis: 1. The concentration of the nitrite ion
in the fourth candidate was high (0.5 mg/L in place of
0.03 mg/L). 2. Nitrite was considered as a profit criterion
like the other ions by the individual. Therefore, the term
“true” was considered for all the criteria in the criteria
matrix of TOPSIS. This was due to the confusion of the
drinking and undrinkable water categories by the individ-
ual leading to the appearance of the value of 1.0 for the
nitrite concentration for the last water sample (candidate
Cs). Also, this is due to the application of the
Lukasiewicz fuzzy disjunction representing the high con-
centration of this ion and that of the candidate of the un-
drinkable water category. As the candidates’ membership
degrees in this analysis were the concentrations of ions
and organic materials in water samples, the addition of
the concentration of nitrite for candidate C4 with that of
the undrinkable water sample from the undrinkable water
category would be considered according to this fuzzy
disjunction (0.5 mg/L + 0.5 mg/L = 1.0 mg/L). As the
maximum value of concentrations in the modified TOP-
SIS algorithm was set to 1.0, this value appeared in the
output of the modified TOPSIS.

The two modifications described in the second series
of analyses are shown in Tables 6-7.

Table 6 — Matrix of the mean values of triangular fuzzy data for different water samples

Candidates/Criteria|  Calcium Magnesium Boron Copper Sodium Chlorine Nitrite
Ci 0.8 0.6 0.02 0.02 0.5 0.05 0.03
C2 0.2 0.2 0.2 0.2 0.5 0.5 0.06
Cs 0.2 0.2 0.4 0.4 0.1 0.1 0.06
Cs 0.4 0.3 0.4 0.8 0.1 0.1 1.0
Table 7 — Criteria matrix for different water samples
Alternatives/Values|  Calcium Magnesium Boron Copper Sodium Chlorine Nitrite
Ci—C4 True True True True True True True

The weight values of 0.5 were applied for each criteri-
on of water samples like the ones applied in the first se-
ries of analyses.

Tables 7-8 show the distances from the best and worst
alternatives, the similarity coefficients, and the ranking of
different water samples.

Table 8 — The distances from the best and worst alternatives,
similarity coefficients, and ranking of different water samples

Candidates di" di CGCi Ranking
C 02391 | 01442 | 03762 4
C 0.2083 | 01552 | 0.4269 )
Cs 0.2335 | 01090 | 03183 1
Cu 01595 | 02086 | 05667 3
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The comparison of the rankings in the two series of
analyses shows the same ranks for the candidates. How-
ever, the value of 1.0 appeared in the output of TOPSIS
in the second series of analyses. The first rank for the
fourth candidate (C4) would not be accepted due to the
individual’s mistake of considering nitrite in this water
sample as a profit criterion, as this ion should have been
considered as a cost criterion, as explained in this paper.
This candidate would be considered drinking water in the
first analysis series, whereas it would be considered un-
drinkable water in the second.

Boron and copper with excessive doses are harmful to
human health and biological systems [29, 30]. Therefore,

these ions were considered cost criteria in the third analy-
sis series. Moreover, some organic materials, such as
1, 2-dichlorobenzene, monochloramine, dichloroisocy-
anurate, and toluene, as cost criteria were also added to
the entry data matrix, and their concentrations appeared
in the evaluation matrix of TOPSIS.

Table 9 shows the matrix of the mean values of trian-
gular fuzzy data for different water samples.

Table 10 shows the weight values matrix applied for
each water sample criterion.

Table 11 shows the criteria for drinking water samples.

Table 9 — Matrix of the mean values of triangular fuzzy data for different water samples

Candidates/ | 1 cium Magnesium | Boron | Copper | Sodium | Chlorine| Nitrite 1, 2-Dichloro-Monochlo- Dichloro- | o\
Criteria benzene ramine |isocyanurate
C1 0.8 0.6 0.2 0.2 0.5 0.05 0.03 0.01 0.02 0.4 0.01
C2 0.2 0.2 0.2 0.2 0.5 0.5 0.06 0.02 0.04 0.1 0.02
Cs 0.2 0.2 0.4 0.4 0.1 0.1 0.06 0.03 0.04 0.1 0.02
Cq 0.4 0.3 0.4 0.8 0.1 0.1 0.01 0.01 0.02 0.2 0.04
Table 10 — Weight values applied for each criterion of different water samples
Alternatives/ | Cal- | Magne- | Bo- | Cop- | So- | Chlo- | Nit- | 1, 2-Dichlo- | Monochlo- | Dichloro- | Tolu- | 1, 2-Dichloro-
Values cium| sium | ron | per |dium| rine | rite | robenzene ramine |isocyanurate| ene benzene
C1-Cq4 0.5 0.5 01] 01 ]05] 05 |01 0.1 0.1 0.1 0.1 0.1
Table 11 — Criteria matrix for different water samples
Alternatives | 1 ium Magnesium | Boron | Copper Sodium|Chroine| Nitrite 1, 2-Dichlo- | Monochlo- |- Dichloro- | .\
Values robenzene ramine | isocyanurate
C1—C4 True True False | False | True | True | False False False False False

Table 12 shows the distances from the best and worst
alternatives, the similarity coefficients, and the ranking of
different water samples.

Table 12 — The distances from the best and worst alternatives,
similarity coefficients, and ranking of different water samples

Candidates di" di CCi Ranking
C1 0.1616 0.1918 0.5427 2
Co 0.1584 0.1939 0.5504 1
Cs 0.2372 0.0367 0.1339 4
Ca 0.2098 0.0608 0.2246 3

As shown in Table 12, the water samples’ ranking was
modified due to adding organic materials and considering
boron and copper as cost criteria. Comparing the obtained
results showed that candidate 4 was replaced with candi-
date 2 as the best candidate in the third analysis series.
Moreover, candidate 2 was replaced with candidate 1 and
candidate 1 with candidate 4. The rank of candidate 3 did
not change in both analysis. These results showed the
importance of considering criteria in analyzing candidates
with TOPSIS. The presence of the ions and organic mate-
rials considered as cost criteria could affect drinking wa-
ter quality. Their ranking with this method has been help-
ful for their comparison with the samples without organic
materials.

Recently, the TOPSIS method modified by incorporat-
ing the Lukasiewicz fuzzy disjunction in a new software
has shown its efficacy in providing a novel automated

water analysis decision-making process [7]. The current
work presents the results of the analysis of drinking water
samples based on the concentrations of their ions and
organic materials. These works are the first step required
for a perspective change in the search for drinking water.
The results of these investigations can be used in the next
generation of robots helping them distinguish the confu-
sion of the categories of drinking water and undrinkable
water with the appearance of 1.0 in the output of TOP-
SIS.

4 Discussion

The proposed detection and analysis procedure pro-
posed a new insight for the perspective change in science
and engineering, which could help robots become inde-
pendent of humans for predicting, detecting, and analyz-
ing the target category, which was that of drinking water
in this study. Therefore, their performance could be done
independently from humans. In other words, the applica-
tion of the proposed new software by robots, instead of
the organizations’ procedure of taking photos from other
planets and analyzing them by humans, can provide au-
tomated detection and analysis of this important material
in environmental conditions. This would not be appropri-
ate for humans because of the lack of atmosphere, pollut-
ed environment, and extreme temperatures. Further inves-
tigations would be required to implement this software in
the next generation of robots to search for drinking water
on other planets.

H4
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TOPSIS is a decision-making algorithm. As categori-
zation is the central process for decision-making in hu-
mans and it is before learning, in a perspective change for
artificial intelligence, decision-making processes apply-
ing algorithms such as TOPSIS, including the issues of
categorization, a cognitive disorder due to inconsistency
in epistemic beliefs should be considered before machine
learning. In other words, these issues should be imple-
mented in new software in combination with this last
method to advance science and engineering.

Previously, the properties of different nanomaterials
[31-35], biomaterials [36-40], and construction materials
[41, 42] were investigated for diverse applications in sci-
ence and engineering. It has been revealed that nanoparti-
cles [43, 44], polymers [45-48], and nanocomposites [49]
would be used for water treatment, and more investiga-
tions could be performed for this application.

During recent years, TOPSIS has been used for the op-
timization and analysis of polymers [50-53], nanomateri-
als [54-56], and machine process or operation parameters
[57-60]. More investigations would be required to devel-
op this algorithm for the manufacturing optimization of
materials and their preparation procedures for environ-
mental studies.

5 Conclusions

The search for water in difficult environmental condi-
tions is essential for human survival, for which a new
perspective has been proposed in this paper.
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