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1. Introduction
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The selection of manufacturing processes for a given application is a complex problem of multicriteria decision-making although
there have been several different approaches that can be utilized to select a suitable alternative. However, identifying appropriate
multicriteria decision-making approach from the list of available methods for a given application is a difficult task. This work
suggests a methodology to assess different selection approaches, which are the technique for order of preference by similarity to
ideal solution (TOPSIS), analytic hierarchy process (AHP), and VIKOR: stepwise procedure. This valuation was done depending
on the following factors: number of alternative processes and criteria, agility through the process of decision-making, com-
putational complexity, adequacy in supporting a group decision, and addition or removal of a criterion. A case study in this study
was presented to analyse the evaluation methodology. The criteria used to evaluate and identify the best manufacturing process
were categorized into productivity, accuracy, complexity, flexibility, material utilization, quality, and operation cost. Five
manufacturing processes were considered, including gravity die casting, investment casting, pressure die casting, sand casting, and
additive manufacturing. The results showed that each approach was suitable for the problems of manufacturing process selection,
in particular toward the support of group decision-making and uncertainty modelling. Manufacturing processes were ranked
based on their respective weights for AHP, TOPSIS, and VIKOR, and sand casting is the best. In terms of computational
complexity, the VIKOR method performed better than TOPSIS and AHP. Moreover, the VIKOR and TOPSIS methods were
better convenient to the selection of manufacturing processes for agility during the process of decision-making, the number of
alternative processes and criteria, adequacy in supporting a group decision, and addition or removal of a criterion.

correlation between distinctiveness of manufacturing
methods and selection rule causes the selection procedure a

The competitive market and precise and variable customer
demands have given rise to a large number of manufacturing
processes and techniques. As a result, a number of
manufacturing alternatives are available for a given pro-
duction application or a product. In fact, the choice of a
manufacturing process for any product is a challenging issue
[1]. It is because various manufacturing processes differ in
their productivity and performance as well as economics.
The preference of the manufacturing process for a given task
is indeed complex due to several reasons. The intricate

cumbersome and time-consuming task. The complication is
further aggravated due to unequal importance assigned to
multiple criteria in decision-making. Therefore, it is crucial
to employ an effective and systematic approach to the se-
lection of a manufacturing process for a given problem. For
instance, Ullman, [2] emphasized the significance of rational
approach in the process selection problem as well as the
requirement of identifying the attributes that might affect
the performance of the fabrication process for the specific
component.


mailto:amag16@gmail.com
mailto:yemenhussam@yahoo.com
https://orcid.org/0000-0003-4666-3283
https://orcid.org/0000-0003-3608-013X
https://orcid.org/0000-0002-8279-2827
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/4039253

The selection of appropriate process from the group of
contrasting and diverse manufacturing processes can be
accomplished through the implementation of multicriteria
decision-making (MCDM) techniques. The MCDM is a very
appropriate technique for analysing complex actual prob-
lems because of its ability to use certain criteria to assess
different alternatives [3]. MCDM techniques are used to
breakdown complex problems to minor parts [4], conse-
quently that after performing the analyses, all parts will be
placed together providing a complete image of the problem.
The process of decision-making needs the previous defini-
tion and fulfilment of specific factors, particularly when need
to solving the problems in the more complex zones [5] Also,
in the science, the theory of MCDM takes a special and
important place [6]. The application of multicriteria deci-
sion-making (MCDM) techniques assistances the decision-
maker to take into their consideration diverse criteria or
goals in order to arrive a compromise between all potentially
incompatible parameters [7, 8]; consequently, decision-
maker has to take into consideration and evaluate quanti-
tative and qualitative factors [9]. The MCDM approach may
consider both subjective and quantitative attributes (and
criteria). For different manufacturing process selection
problems, a large number of criteria can be analysed.
Therefore, it is critical to consider the following two factors
in the decision-making problem when several alternatives
are accessible. Foremost, it includes the choice regarding the
various criteria affecting the given problem (e.g.,
manufacturing processes). The second factor involves the
adoption of a most suitable MCDM approach for the
problem at hand. It is a known fact that different MCDM
methods possess variable performance and characteristics.
Hence, it is not straightforward to determine and select one
particular approach from the available MCDM methods.
Most often, a comparative evaluation of different MCDM
techniques becomes mandatory in order to improve selec-
tion efficiency and effectiveness.

It is obvious from the literature review that earlier re-
search studies have concentrated on MCDM approaches, for
example, fuzzy TOPSIS and fuzzy AHP for evaluation of
supplier [3, 10-12] and there is a lack of studies related to
manufacturing process selection. Each technique has anal-
ysis models, information requirements, underlying as-
sumptions, and decisions. This means that it is necessary to
choose the most appropriate techniques to solve the
manufacturing process selection problem being studied;
otherwise, if an inappropriate technique is chosen, we arrive
at misleading solutions. Thus, choosing the appropriate
technique to solve the manufacturing process selection
problem is in itself the most important question that must be
considered. Therefore, it is necessary to do a comparative
assessment of various approaches with regard to
manufacturing process selection. To overcome this gap, this
work is an extension of [10, 12] and introduces a meth-
odology for the comparative analysis of MCDM methods,
particularly related to manufacturing process selection.
Moreover, the proposed approach aims at assessing MCDM
methods based on these aspects: agility through the process
of decision-making, computational complexity, number of
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alternative processes and criteria, adequacy in supporting a
group decision, and addition or removal of a criterion. The
different approaches that have been investigated included
the AHP, TOPSIS, and VIKOR: stepwise procedure.

Other sections of this paper are arranged as follows:
Section 2 describes a literature review pertaining to the
selection  criteria and approaches employed in
manufacturing process preference. The subsequent section
details the methodology adopted in this paper as well as
some fundamental ideas connected to TOPSIS, AHP, and
VIKOR methods. Section 4 shows the results of the
implementation of the suggested approaches to a real case
study. Section 5 carries out a comparative analysis of dif-
ferent MCDM approaches. Finally, in Section 6, final re-
marks and future directions are provided.

2. Literature Review

Multicriteria decision-making (MCDM) started in the 1970s
and was considered an interesting area for many researchers.
From the beginning until now, more than 70 multicriteria
decision-making techniques have been discovered [13],
where the MCDM can be divided into two different clas-
sifications: multiobjective decision-making (MODM) and
multiattribute decision-making (MADM). The multi-
objective decision-making (MODM) aims to design alter-
natives which optimize the multiple objectives of decision
maker [14]. The selections are generally very large or infinite,
and the best selection will be which satisfies priorities and
constraints of decision maker. Moreover, the multiattribute
decision-making (MADM) involves the selection of a spe-
cific alternative from several alternatives that were previ-
ously determined based on features, so that this alternative is
known as the best alternative [15]. The MADM is generally
used to the solution of problems that have a limited number
of alternatives. Among the techniques that have been de-
veloped for MCDM, each technique has analysis models,
information requirements, underlying assumptions, and
decisions [16]. This means that it is necessary to choose the
most appropriate techniques to solve the problem being
studied; otherwise, if an inappropriate technique is chosen,
we arrive at misleading solutions. Therefore, inappropriate
decisions will lead to very large losses. Therefore, choosing
the appropriate technique to solve the problem is in itself the
most important question that must be considered a lot
before the selection is made, given the large warehouse of the
MCDM techniques.

2.1. Criteria and MCDM Approaches in the Selection Process.
Recent studies have concentrated on MCDM approaches,
for example, fuzzy TOPSIS and fuzzy AHP for evaluation of
supplier [3, 10-12]; fuzzy rule-based system (FRBS), fuzzy
multicriteria decision-making (MCDM), stochastic MCDM,
mathematical modelling, information theory, and heuristic
approaches for evaluation of risks and failures of public
transport systems [17], AHP for evaluation of waste treat-
ment, supplier details, waste management cost, and waste
handling procedure [18]; fuzzy AHP, quality function
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deployment (QFD) for evaluation of quality, cost, delivery
time, and supplier standing [19]; multiattribute ideal-real
comparative analysis (MAIRCA), best-worst method
(BWM) for evaluation of flexibility, costs and price, profile of
supplier, quality, and delivery [20]; fuzzy TOPSIS for
evaluation of flexibility, delivery, reputation, quality, tech-
nology, and affairs of environment [21]; ANN and AHP for
evaluation of service, cost, risk, delivery, and quality [22];
TOPSIS for evaluation of cost of purchasing, quality of
product, stability of financial, delivery performance, facility
and building, and personnel [23]; fuzzy TOPSIS and fuzzy
AHP for evaluation of delivery, cost, service, relationship,
and flexibility [24]; DEA for evaluation of price of pur-
chasing, response time, quality, date of expiration, and re-
liability in delivery [25]; Z-TOPSIS, principal component
analysis (PCA), and mixed integer linear programming for
evaluation of quality, cost, delivery, profile of supplier, and
services [26]; AHP for evaluation of cost, quality, regulatory
compliance, reliability of service, management of risk, green
purchasing, and profile of supplier [27]; fuzzy evaluation
with MATLAB for environmental, social, and economic
evaluation [28]; fuzzy VIKOR and artificial neural network
for evaluation of quality, price, timely delivery, transporting
and packaging quality, terms of payment, and the back-
ground of supplier [29]; Preference Ranking Organization
METHod for Enrichment of Evaluations (PROMETHEE) I1
and TOPSIS for evaluation of on-time delivery, quality,
reliance, flexibility, reputation, status financial status, pre-
vious cooperation experience, price, amount of material can
be provided, and duration of delivery time [30]; and mul-
tichoice goal programming (MCGP) and fuzzy TOPSIS for
evaluation of capacity of supply, capacity of production, time
of response, technology of production, warranty, price,
procedural compliance, transaction of purchase, quality,
communication system, completed shipping document, on-
time delivery, financial position, reputation, location, or-
ganization, and management [31].

2.2. Application of MCDM Approaches in Manufacturing
Processes Selection. There have been many studies that have
concentrated on the selection of manufacturing processes.
For instance, a system known as MAPS-1 was introduced by
Dargie et al. [32] to select appropriate materials and pro-
cesses from several alternatives. It was a computer-aided
design-based system for determining the suitable combi-
nation of manufacturing processes and materials depending
on the part being processed. The application of this system
was further extended by Shea et al. [33] through a procedure
known as CAMPS (computer-aided material and process
selection). The primary objective behind the establishment
of CAMPS was the selection of appropriate manufacturing
methods depending on the application requirement such as
sheet-metal processing, machining, and casting. Similarly,
an approach known as computer-oriented material, selec-
tion system of apparatus, and processes was adopted by
Chan et al. [34]. This selection technique focused on
choosing the manufacturing processes based on the available
shop floor resources. An expert system named as Expert

Processing Sequence Selector was introduced by Farris and
Knight [35] to identify the best operation sequence. The
system considered geometrical and material constraints of
design as input data. A number of processing orders and
their ranking were suggested depending on the material
compatibility and difficulty level of the manufacturing
process. Yu et al. [36] proposed an expert system addressing
the selection of net-shape manufacturing processes. The
information regarding shape, production volume, and
material was considered simultaneously as the basis in the
selection of suitable process. The decision procedure per-
taining to selection in manufacturing can be divided into
preselection and final selection stages [37]. The preselection
considers material selection, shape complexity, precision,
and finish required, alternative process routes as well as cost
related to each combination. The final stage involves the
study of the most favorable processes in detail, depending on
its availability, in-house experience, and environmental and
safety issues. Certainly, the material and manufacturing
process selection is an MCDM problem. These decisions are
taken during initial design stages incorporating uncertainty
elements, various factors, and their relationships. To address
this aspect, Giachetti [38] introduced a material and
manufacturing process selection system and named it as
MAMPS. Based on the designer preference as well as other
decision factors, an integrated system was established which
stored information regarding various options and made
decisions using possibility theory. Moreover, a material and
process selection tool known as Manufacturing Advisory
Service (MAS) was introduced by Smith et al. [39] to aid
designers in understanding and learning about different
processes and their capabilities. The input information to
this system included quantity of production, physical size,
required tolerances, cost requirements, and overall shape.
The system output involved the list of manufacturing al-
ternatives depending on the input data and optimized re-
lationship between process and material combination.
According to Boothroyd [40], the consideration of
manufacturing and assembly problems is crucial in the
initial stages of the product life cycle. This requirement
emphasizes the significance of the appropriate MCDM
approach in the early stages of product design. Besides, part
complexity, shape information, quality requirements, and
the manufacturing time as well as cost also contribute
significantly to the development of a robust decision-making
process in manufacturing [41]. For instance, the decision-
making process and subsequently the prestige of any or-
ganization are gravely affected if they are unable to define a
cost model for their product in the initial stages [42]. It
further affirms the importance of the cost model in the
decision-making process. Feng and Song [43] developed an
integrated design and manufacturing object model to guide
interoperability of prior design and process planning in
Unified ModelLing Language. It comprised of the
manufacturing information, including workpiece data, re-
sources of manufacturing, estimated time, and cost. The
output of this system consisted of hierarchical
manufacturing processes. The efficient and effective appli-
cation of computer-aided process planning system may be



limited due to the absence of a flexible and robust MCDM
method [44, 45]. The MCDM methods can be useful in the
selection of the best alternative and make the manufacturing
process cost-effective. The MCDM can be very helpful in
overcoming the challenges related to the integration of
computer-aided  process  planning  systems and
manufacturing activities [46].

There have been significant contributions, where re-
searchers have proposed different MCDM approaches.
However, a methodology, which can compare the various
MCDM techniques, is seldom available in the literature in
the context of manufacturing process selection. There is still
a need for more comparative evaluations of various
methods in the context of manufacturing process selection.
To overcome this gap in the literature, comparative analysis
of the methods in the context of manufacturing process
selection is also needed. Therefore, this work develops an
approach to assess different selection approaches. The main
advantages of the proposed approach are as follows: (1) it
can be applied to a complex manufacturing process se-
lection; (2) it has a simpler structure compared to the
technique used; (3) it provides overall comparative analysis
to assess different selection approaches; (4) it considers the
following factors for comparative analysis: number of al-
ternative processes and criteria, agility through the process
of decision-making, computational complexity, adequacy
in supporting a group decision, and addition or removal of
a criterion.

3. Methodology

A methodology for comparing MCDM methods and
assisting stakeholders to select the best selection tool
depending on their application has been presented. In this
work, three MCDM methods have been selected based on
owing to their popularity, ease of application, and super-
lative results in earlier works. The selected methods are AHP,
TOPSIS, and VIKOR. The different steps for the application
of selected methods and their comparative assessment are
shown in Figure 1.

4. MCDM Methods

The different MCDM tools, which have been utilized in this
study, can be described as follows.

4.1. Analytical Hierarchy Process. The AHP can be described
as one of the most prominent approaches to assess the
analogy between customer needs and design characteristics
[47]. To implement the AHP approach, a four-step proce-
dure was established by Saaty [48] and is shown below.

Step 1. Generate a paired comparison matrix. An
overall number of [n (n—1)/2] pairwise comparisons
have to be assessed for a cluster with n customer de-
mands. The different attributes are rated on the 9-point
Likert scale including their reciprocals as shown in
Table 1. A paired comparison matrix is expressed in the
following equation:
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1 ap, A1y
a 1 a
A= 21 2n i (1)
anl an2 . 1

where A represents an n * n pairwise matrix of com-
parison. The values on the right and left sides of the
matrix diagonal represent the strength of agreement of
i"™ element with respect to j™ element. Let a;j=1/aj,
where i, j=1, 2, ..., n, a;; >0, i#}].
Step 2. The relative importance of various attributes is
computed using the normalization of the geometric
mean (NGM) technique. W; symbolizes the degree of
importance for the ith customer requirement:
n 1/n
W,:%, hi=L2...,n (2
i (H?:l aij)

Step 3. Consistency of the obtained degree of impor-
tance for the attributes. In order to confirm that
pairwise comparison is rational and suitable, a con-
sistency test has to be carried out. Let C signify an n-
dimensional column vector relating to the sum of
weighted values for the importance degrees of criteria:

C=[ci]n*1:A*WT, i=1,2,...,n, (3)

where

r 1 a12 aln
T a1 eeoay,

W' = Nwpw,y, . w,],
-anl anZ 1 (4)
el
(%)

T:
L c

n

The consistency values for the customer demand cluster
(or the attributes) can be specified by the vector CV =
[evi]1.n> With a representative element cv; computed as
follows:

CV‘:—I, i:1,2,...,n. (5)

To avoid any inconsistency due to diversified measurement
scales in the assessment process, Saaty [48] recommended
application of maximal eigenvalue A, to assess the
validity of measurements. The maximal eigenvalue A,
can be determined using the following equation:

n
1 _ Zi:I CVi
max >

n

i=12,...,n (6)

Using Ayax @ consistency index (CI) can be calculated
as follows:
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Interview with decision makers

v

| Criteria and process selection |

v

| Develop a proper scale |

v

Impact of selection on selected criteria

v
Use MCDM tool

\
AHP ( TOPSIS >< VIKOR >
be—"

Analyze results

v

Select process

v

Compare the performance of MCDM tools

End

Ficure 1: Steps for the application of MCDM tools and their
performance evaluation.

TaBLE 1: A 9-point Likert scale.

Intensity of agreement Definition of intensity of agreement

1 Strongly disagree
3 Disagree

5 Somewhat agree
7 Agree

9 Strongly agree
2

,4,6,and 8 Intermediate values

CI:M, (7)
n—1

The value of CI=0, suggesting that the pairwise
comparison is entirely consistent. Note that the closer

the maximal eigenvalue is to n, the more consistent is
assessment. Typically, a consistency ratio (CR) [48] can
be used as a guidance value to check for conformity:

CR = 9 (8)
RI
RI represents the average random index with the value
that is estimated using different orders of the pairwise
matrices of comparison. If the CR value is less than 0.1
that is the threshold, then the importance degree
evaluation of criteria is assumed to be rational.

Step 4. Define the relative overall importance degrees of
different attributes.

4.2. Technique for Order of Preference by Similarity to Ideal
Solution. The TOPSIS technique is among the extrusive
MCDM methods [49, 50]. According to this method, the
best alternative should possess the shortest distance from the
positive ideal solution (PIS). It must possess the highest
distance from the negative ideal solution (NIS). A set of
generated alternatives (say design alternatives), DA =
{DA,=1, 2, ... s}, is compared with respect to a set of
customer needs, R={R;, i=1, 2, ... n} in this approach. Let
DAR represent an i * r multiple criteria decision matrix and
the element DAR;, indicates the performance rating of
design alternative DA, with regard to customer requirement
Ri.DAR={ag;,,i=1,2,...n;r=1,2,...s}. The various steps
for TOPSIS approach can be described as follows:

Step 1. Development of normalized decision matrix
(NDM). The NDM is employed to express the relative
performance of generated DAs, along with element
normalized decision matrix NDM; ,:

iy

Step 2. Computation of weighted decision matrix
(WDM). Let WDM = {b; ,, i=1,2, ... mr=1,2,...s}:
b. =W. Air

ir [ e— 10
Zi:l a%r ( )

NDM,;, =

W; represents the importance degree for i require-
ment of customer.

Step 3. Definition of PIS and NIS based on WDM. The
PIS and NIS can be shown as follows:

max min
PISz{( bi)r|ie])or< bi’,|ie]’>|r:1,2,...,s]»:bf,b;,...,b;, (11)
r r

min max , -
NIS={< bi,,|i6]>or( b,-,rliE]>|r=1,2,...,5}=b1,b2,...
r r

,b, (12)

n’



where J={i = 1,2,..., nand i is related with profitable
requirements of customer of b;,},and J'={i=1,2,...n
and i is related to cost criteria of b;,}.

Step 4. Calculation of distance of separation for every
option from PIS and NIS. In this study, the Euclidean
distance technique was used. Let b, and b, specify the
distance of ith design alternative from NIS and PIS,
respectively:

b::\i(bi,,—bT)2> r=1,2,...,s, (13)

b;=\i(bi,r_b1)2’ r=1,2,...,s. (14)

Step 5. Computation of the relative similarity or
closeness degree to the ideal solution for each com-
petitive design alternative. RC represents an s-di-
mensional column vector determining the coefficient of
relative closeness to the ideal solution for competitive
design alternatives, with typical element RC,:

b-
RC, = r
Tobr+b;

r=1,2,...,sand 0<RC,.<1. (15)

Step 6. Rank the preference order of competitive design
alternatives depending on relative closeness with the
ideal solution, where the maximum value of relative
closeness indicates a higher-ranking order among
competitive design options and should be used as a
preferred design alternative.

4.3. VIKOR: Stepwise Procedure. The MCDM approaches
can be identified as one of the most useful methods for
dealing with a dispute between various engineering and
management subjects [51]. One of the MCDM approaches is
the VIKOR method, which can be recognized as a flexible
ranking method to get the best decision-making procedure
[52]. The implementation of the VIKOR method focuses on
ranking and choosing from a group of alternatives in the
existence of contradictions [53]. The basic procedures of
VIKOR technique exhibited as follows:

Step 1. Provide values for all linguistic variables in
relevance to feasible alternatives of process. Subse-
quently, for each criterion, a matrix of alternatives has
to be developed.

Step 2. Generate a matrix of decision. The alternative
ratings are collected through expert’s ratings, and then,
matrix of decision is generated by the following equation:

1 n
A=%;AU, forall j=1,2,...,m, (16)

where k is the number of decision maker, i is the
number of alternatives, and j is the number of criteria.
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Step 3. Identify best f,” and worst f, from criterion
rating values, where b=1, 2, ..., n. The following
equations are used to compute the best f,;” and worst
S} values:

fy =max(fg), (17)
fl: = max(fub)’ (18)

where f; is the PIS for the b criterion and f; is the
NIS for the b™ criterion.

Step 4. Compute values of S, and R, fora=1,2,...,m
using the following equations:

=S| ) 1

/-

where S, represents the rate of distance to PIS, i.e.,
maximum “group utility of majority,” R, denotes the
distance rate to NIS, i.e., minimum “individual regret of
opponent,” and W, represents each criterion weight
that computed by AHP.

Step 5. Compute the aggregating index, i.e., final ne-
gotiation solution Q, fora=1, 2, ... m through equation
(21). The best alternative has the least Q, value:

-8 R,-R*

S,
Q =V (1-M 1)
where
"~ =max,S,S ,
* = min,S,S",
(22)

S
S
R™ =max,R,R",
R* = min,R,R".

The solutions, which achieve max, S,, point at the
“maximum group majority,” while the solutions
which obtain min, R, indicate “minimum individual
regret” of alternative. The weight of the path of action
or maximum set usefulness is represented by v. The
(1 —v) points to the weight of individual contrition.
The value of v in this study is 0.5.

Step 6. Based on Q, values, rank the alternatives.

Step 7. The best negotiation solution has a minimum
value of Q and can be recommended if the following
two conditions are satisfied:

(1) If QLA®)-—Q(AM)>1/n—1, then the alternative
Q(AW) represents a convenient feature, where # is
the number of alternatives and Q(A™) and Q(A W)
are the alternatives

(2) Q(AM) is steady and constant in decision-making if
it is identified as best in S, and R,
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Step 8. The alternative (A") that has the smallest
value of Q, with regard to the conditions mentioned
above is the best alternative, where “m” represents
the number of alternatives.

5. Case Study

The case study employed in this work included a submersible
water pump driven by a built-in submersible motor driving
multistage impeller/diffuser sets. The product is assembled
on a common shaft. Moreover, the pump power perfor-
mance increases by an increase in the number of stages and
motor horsepower simultaneously. Hence, the selected
product consisted of two subassemblies enclosed with two
end supports, which are enclosed with stainless steel tube.
The main function of the stainless steel tube is holding either
motor-stator or multistage impeller/diffuser set. The selected
part is one of the motor supports that assembled with the
motor subassembly unit. Figure 2 shows the 3D CAD model
for the selected part.

The criteria used to evaluate and identify the best
manufacturing process were categorized into productivity,
accuracy, complexity, flexibility, material utilization, quality,
and operation cost [54]. Five manufacturing processes were
considered, including gravity die casting, investment cast-
ing, pressure die casting, sand casting, and additive
manufacturing. The number of experts participated in the
evaluation process is five. Figure 3 illustrates the criteria for
the manufacturing process evaluation.

Recently, the AHP was one of the MCDM approaches
employed to solve the given selection problem. With AHP,
the preference degree of decision makers/stakeholders
regarding the choice of manufacturing process was
quantified through pairwise comparisons. The pairwise
comparisons were conducted based on the developed AHP
methodology in [55]. Table 2 shows a matrix of evaluation
relevant to the main criteria. By using the AHP method, the
weight vectors for the main criteria and overall weight
vectors are computed and are shown in Table 3. Table 4
shows the summary of the results. It is clear that the most
important criterion for users with regard to the selected
material is accuracy. According to the ranking of the
manufacturing processes, pressure die casting is the best
process for this case study with the highest overall score of
0.297. Although pressure die casting did not have the
highest weight with respect to the operation cost criteria, it
is still the best manufacturing process among all of the
competing manufacturing processes with respect to the
overall evaluation.

Based on the linguistic terms, the decision makers
performed assessment of the weight of the criteria and the
ratings of manufacturing processes, as indicated in Table 5.
Table 6 indicates NDM of aggregated ratings of the al-
ternative manufacturing process. The weighted NDM is
shown in Table 7. The PIS and NIS are expressed as follows:

PIS ={1,1,1,1,1},

(23)
NIS ={0,0,0,0,0}.

The distances b7 and b, of ratings for each
manufacturing process from A" and A7, calculated based on
equations (9)-(14), are shown in Table 8 and Table 9, re-
spectively.  The thorough performance of each
manufacturing process is shown by the relative closeness,
RCi, which is calculated in equation (15) and illustrated in
Table 10. Finally, this calculation leads to outranking shown
in Table 10, which means that pressure die casting is the best
manufacturing process.

The assessment matrix of criteria and manufacturing
processes alternatives was generated through a scale
mentioned in Table 1. The collected matrix for weights of
manufacturing process alternatives was calculated using
(16) and is illustrated in Table 11. Next, the best f, and
worst f; values of all criteria were computed using
equations (17) and (18). Then, the S and R values were
computed by using equations (19) and (20). The Q values
for all manufacturing processes were computed by using
equation (21), and the maximum group utility v=0.5 was
considered and is displayed in Table 12. The manufacturing
processes were ranked according to S, R, and Q in
descending order. According to Q, values, the chosen best
manufacturing process has been performed and is dis-
played in Table 13.

As described in Section 4.3, “S” denotes PIS, “R” denotes
NIS, and “Q” denotes optimal compromise solution. Thus,
the decision-making may be carried out by ordering the
values of Q in descending order. Based on Q values, the
descending order of manufacturing process alternatives
causes the following ranking: pressure die casting > invest-
ment casting > gravity die casting > additive manufactur-
ing > sand casting. Therefore, the best alternative is pressure
die casting. Moreover, both conditions in VIKOR method
(in Step 7) were attained that means Q (pressure die casting)-
Q (investment casting) > 1/5—1 and, similarly, the pressure
die casting was highly ranked by R and S that guaranteed
decision-making stability.

Finally, the alternative manufacturing processes were
ranked based on their respective weights for AHP, TOPSIS,
and VIKOR with regard to improvement criteria opted by
decision maker (see Table 14). For the case study, presented
approach recommended pressure die casting. It must be
noted that ranking of manufacturing processes alternatives
is closely dependent on obtained weights using pairwise
comparison of selected criteria. Thus, if the agreement of
selected is changed by decision maker, the ranking of
identified alternative manufacturing processes will be
influenced and changed directly.

6. Comparative Evaluation of
Suggested Approaches

The comparison of all the suggested methods was made
according to a set of required characteristics which are
crucial to overcome the issue of choosing manufacturing
processes. The following factors were considered [10]: ad-
equacy to changes in alternatives or criteria, agility during
the decision-making process, computational complexity,
adequacy in supporting group decision-making, number of
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FIGURE 2: Case study: product selected for the study.
Optimal primary manufacturing process
. Material
utilization
e e >
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Sand casti Gravity die casting| |Investment casting | |P die casti Additive
and casting ravity die casting nvestment casting ressure die casting manufacturing
FIGURE 3: Attributes used for the manufacturing process evaluation.
TaBLE 2: The main criteria evaluation matrix.
. . s Material .. Operation L Principal ~ Consistency
Cjj Productivity Accuracy Complexity Flexibility atilization Quality cost Priority cigenvalue  ratio CR
Productivity 1 1 3 5 2 4 3 0.264454  7.53507 0.066568
Accuracy 1 5 6 3 5 3 0.32392
Complexity 1 1 3 2 1 0.104459
Flexibility 1 2 3 2 0.102623
Material 1 2 2 0.086151
utilization
Quality 1 1 0.050267
Operation 1 0.068127
cost

alternative manufacturing processes as well as criteria, and
uncertainty modelling.

6.1. Agility in Decision Process. This factor assesses the
number of judgments required from decision makers for all
approaches. Let p be the number of manufacturing processes

and ¢ be the criteria number, in the AHP approach, where
the required judgment number for a matrix of decision A;,;
is as follows:

-1

Ja, =i (24)

2
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TaBLE 3: The original data of rating manufacturing process in the AHP.

o Sand Graylty Investment ~ Pressure Additive o Principal ~ Consistency
Criteria Cjj castin die i di i facturi Priority . 1 tio CR
8 cas ting casting ie casting manufacturing eigen value  ratio
Sand casting 1 1/2 1 1/9 5 0.1042  5.390771 0.086873
Gravity die 1 4 1/4 5 0.2095
casting
Investment
Productivity casting ! 1/ 3 0.0941
Pressure die
casting 1 7 0.5529
Additive
manufacturing ! 0.0394
Sand casting 1 1/2 1/2 1/5 1/5 0.0736  5.337901 0.075119
Gravity die 1 1/2 1/2 2 0.1794
casting
Investment
Accuracy casting ! ! 2 02669
Pressure die 1 ) 0.3083
casting '
Additive 1 01718
manufacturing )
Sand casting 1 6 1 5 1/3 0.2582  5.399496 0.088812
Gravity die 1 1/2 1 1/4 0.0734
casting
Investment
Complexity casting ! 6 ! 0.2584
Pressure die ] 13 0.0644
casting '
Additive
manufacturing ! 0.3455
Sand casting 1 4 2 5 1/2 0.3151  5.368257 0.081868
Gravity die 1 1 2 1/2 0.1269
casting
Investment
Flexibility casting ! 4 12 01694
Pressure die 1 12 0.0746
casting '
Additive 1 0.3141
manufacturing '
Sand casting 1 1 1/3 1/5 1/8 0.0645  5.427601 0.09506
Gravity die 1 1 1 1/5 0.1229
casting
Material Investment 1 2 1 0.2373
e casting
utilization .
Pressure die 1 13 0.1588
casting ’
Additive 1 0.4165
manufacturing ’
Sand casting 1 1/5 1/5 1/5 1/4 0.0491  5.071013 0.015787
Gravity die 1 1 1 1 0.2359
casting ’
Investment
Quality casting ! 2 2 0.3148
Pressure die ] ) 0.2049
casting ’
Additive | 0.1952

manufacturing
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TaBLE 3: Continued.
Gravity -, s .
. Sand . Investment ~ Pressure Additive . Principal ~ Consistency
Criteria G . die . . . . Priority . .
casting casting casting die casting manufacturing eigen value ratio CR
Sand casting 1 1 1 1 1 0.1917  5.216373 0.048102
Gravity die 1 1/2 1/2 2 0.1732
casting
Operation Investment 1 2 2 0.2909
casting
cost Pressure die
. 1 1 0.197
casting
Additive 1 0.1472
manufacturing
TaBLE 4: AHP results for the case study.
Criteria Weight  Sand casting Gravity die casting Investment casting Pressure die casting Additive manufacturing
Productivity 0.264454 0.104152 0.209493 0.094062 0.552875 0.039418
Accuracy 0.32392 0.073584 0.179427 0.266929 0.308276 0.171784
Complexity 0.104459 0.258235 0.073424 0.258436 0.064398 0.345507
Flexibility 0.102623 0.315072 0.126903 0.169364 0.074594 0.314066
Material utilization 0.086151 0.064543 0.122857 0.237289 0.158783 0.416528
Quality 0.050267 0.049112 0.235939 0.314837 0.204899 0.195213
Operation cost 0.068127 0.1917 0.17317 0.290888 0.197023 0.14722
Total weighted 1.000001  0.13177645 0.168455972 0.211801245 0.297850336 0.190116964
Rank 5 4 2 1 3

TaBLE 5: The assessment of decision makers for the criteria and the manufacturing processes.

Productivity = Accuracy = Complexity  Flexibility = Material utilization =~ Quality ~ Operation cost
Sand casting 5 3 9 9 3 2 6
Gravity die casting 9 8 3 6 6 9 8
Investment casting 4 9 9 8 9 9 9
Pressure die casting 9 9 4 8 8 9 9
Additive manufacturing 2 8 9 9 9 9 9
Weights of criteria 9 9 5 5 4 3 3

TaBLE 6: Normalized decision matrix of the collected ratings of the manufacturing process alternatives.

Criteria A, (sand A, (gravity die Aj; (investment A, (pressure die As (additive Weights of
casting) casting) casting) casting) manufacturing) criteria
Productivity 0.555556 1 0.444444 1 0.222222 1
Accuracy 0.333333 0.888889 1 1 0.888889 1
Complexity 1 0.333333 1 0.444444 1 0.555556
Flexibility 1 0.666667 0.888889 0.888889 1 0.555556
Material 0333333 0.666667 1 0.888889 1 0.444444
utilization
Quality 0.222222 1 1 1 1 0.333333
Operation cost 0.666667 0.888889 1 1 1 0.333333

For each decision criterion, there is ¢ matrix of size p x p;
moreover, the weight of the criteria needs a decision matrix
of size c¢xc. Therefore, the total required number of
judgments is given in the following equation:

re(pP0)

In the TOPSIS and VIKOR approaches, for each of the p
alternative, there is a need a total of ¢ judgments; moreover,

c—1
]AHP:C

e = e (25)

the weight of the criteria needs ¢ judgments. Therefore, the

total required number of judgments can be represented as
follows:

JTOPSIS or VIKOR

pic

In the present case study, TOPSIS and VIKOR required

42 judgments, whereas AHP required 91 judgments.

Therefore, it can be found that VIKOR and TOPSIS ap-

proaches performed better than the AHP approach

=c+ pc. (26)
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TaBLE 7: Weighted NDM.
Criteria Ay A, As Ay As
Productivity 0.555556 1 0.444444 1 0.222222
Accuracy 0.333333 0.888889 1 1 0.888889
Complexity 0.555556 0.185185 0.555556 0.246914 0.555556
Flexibility 0.555556 0.37037 0.493827 0.493827 0.555556
Material utilization 0.148148 0.296296 0.444444 0.395062 0.444444
Quality 0.074074 0.333333 0.333333 0.333333 0.333333
Operation cost 0.222222 0.296296 0.333333 0.333333 0.333333
TaBLE 8: Rating of each alternative from A™ (PIS).
Criteria d(A,, AY) d(A,, AY) d(As, AT) d(Ay, AY) d(As, AY)
Productivity 0.444444 0 0.555556 0 0.777778
Accuracy 0.666667 0.111111 0 0 0.111111
Complexity 0.444444 0.814815 0.444444 0.753086 0.444444
Flexibility 0.444444 0.62963 0.506173 0.506173 0.444444
Material utilization 0.851852 0.703704 0.555556 0.604938 0.555556
Quality 0.925926 0.666667 0.666667 0.666667 0.666667
Operation cost 0.777778 0.703704 0.666667 0.666667 0.666667
b} 4.555556 3.62963 3.395062 3.197531 3.666667
TaBLE 9: Rating of each alternative from A~ (NIS).
Criteria d(A;, A7) d(A,, A7) d(A;, A7) d(As, A7) d(As, A7)
Productivity 0.555556 1 0.444444 1 0.222222
Accuracy 0.333333 0.888889 1 1 0.888889
Complexity 0.555556 0.185185 0.555556 0.246914 0.555556
Flexibility 0.555556 0.37037 0.493827 0.493827 0.555556
Material utilization 0.148148 0.296296 0.444444 0.395062 0.444444
Quality 0.074074 0.333333 0.333333 0.333333 0.333333
Operation cost 0.222222 0.296296 0.333333 0.333333 0.333333
b, 2.444444 3.37037 3.604938 3.802469 3.333333
TaBLE 10: Outranking of alternative manufacturing processes based on TOPSIS.

Manufacturing processes by b, RCi Rank
A; (sand casting) 4.555556 2.444444 0.349206 5
A, (gravity die casting) 3.62963 3.37037 0.481481 3
Aj (investment casting) 3.395062 3.604938 0.514991 2
A, (pressure die casting) 3.197531 3.802469 0.54321 1
As (additive manufacturing) 3.666667 3.333333 0.47619 4

TaBLE 11: Collected decision matrix ratings for manufacturing processes.

Cij Productivity = Accuracy = Complexity  Flexibility = Material utilization =~ Quality ~ Operation cost
Sand casting 5 3 9 9 3 2 6
Gravity die casting 9 8 3 6 6 9 8
Investment casting 4 9 9 8 9 9 9
Pressure die casting 9 9 4 8 8 9 9
Additive manufacturing 2 8 9 9 9 9 9
Weight of criteria 9 9 5 5 4 3 3
fi 9 9 9 9 9 9 9
1, 2 3 3 6 3 2 6
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TaBLE 12: S, R, and Q values for manufacturing processes.

G S R Q.
Sand casting 24.14 9 1
Gravity die casting 14.50 5 0.31
Investment casting 8.10 6.43 0.28
Pressure die casting 6.50 417 0
Additive manufacturing 10.50 9 0.61

§ =2414 R =9

§*=6.50 R* =417

TaBLE 13: Ranking of manufacturing processes depending on S, R,

and Q.

S Rank R Rank Q, Rank
24.14 5 9 5 1 5

Gij
Sand casting

Gravity die casting 1450 4 5 2 031 3
Investment casting 8.10 2 643 3 028 2
Pressure die casting 6.50 1 417 1 0 1
Additive manufacturing 10.50 3 9 4 061 4

TaBLE 14: Overall manufacturing process scores using AHP and
TOPSIS.

Manufacturing AHP TOPSIS VIKOR
processes Score Rank Score Rank Score Rank
Sand casting 0131776 5 0349206 5 1 5
Gravity die 0.168456 4 0481481 3 031 3
casting

Investment 0211801 2 0514991 2 028 2
casting

Fressure die 029785 1 054321 1 0 1
casting

Additive 0190117 3 047619 4 061 4
manufacturing

regarding to the communication level with decision makers
for required collection data. According to previous results,
VIKOR and TOPSIS provided remarkable skill in the se-
lection procedure than AHP. Figure 4 displays the agility in
decision process of approaches.

6.2. Computational Complexity. The computation com-
plexity for all suggested approaches was evaluated by con-
sidering the time complexity. Similar to [56], time
complexity, T, was evaluated inside the calculations by
considering the number of augmentations. In this study,
logical operations and exponentiation were also used to
measure the intricacy of time. Considering there are ¢ cri-
teria and p elective manufacturing processes, the AHP
approach needs c(c + 1) + p(c + 1) operations to find the AHP
engineered degree for all choice grids, and finally, pc op-
erations are wanted to do the execution worldwide. In this
way, the AHP time intricacy (Tagp) is computed as follows:

Tagp =clc+ 1)+ plc+1)+ pe (27)
The TOPSIS technique requires pc operations to com-

pute NDM and pc operations to compute the weighted
decision matrix, and to compute the distances d*, we need
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Ficure 5: Computational complexity of approaches.

p(c+1) operations, and to compute the distances d~, we
need p(c + 1) operations. Thus, the time intricacy Tropsis of
TOPSIS technique is computed by the following equation:

Tropsis = pc+pc+ plc+ 1)+ plc+1)+ p=4pc+3p.
(28)

The VIKOR technique requires 2nm operations to
compute the best f, and worst f}, values decision matrix, 3n
operations to calculate the of S, R, and Q decision matrix,
and 4 operations to compute the S, $*, R”, and R*.
Therefore, the time complexity, Tyixor, of VIKOR approach
is expressed through the following equation:

Considering the given case study, the TOPSIS technique
required 155 operations, the AHP technique required 131
operations, and the VIKOR technique needed 40 operations.
Consequently, it can be found that the VIKOR technique
performed better than the TOPSIS and AHP techniques in
terms of the complexity of computation, while TOPSIS
performed better than AHP. Figure 5 shows the computa-
tional complexity of three approaches.

6.3. Number of Alternative Manufacturing Processes and
Criteria. Regarding the number of criteria or alternatives,
the AHP approach shows that it does force certain re-
strictions for determination procedure. In addition, TOPSIS
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FIGURE 6: Importance of various criteria provided by AHP.
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FIGURE 7: Importance order obtained after removal of criteria in AHP.

approach does not force restrictions for determination
procedure. Saaty [48] suggested that the number of criteria
or alternatives to be compared using AHP should be limited
to nine so as to maintain a trade-off between human
judgment and their consistency. In the applied case, using
the seven main criteria and five choices, the utilization of the
AHP methodology was impeccably feasible. Thus, the
technique decision depends on the uniqueness of the
existing conditions. For instance, while selecting another
operation for another item, with many potential providers,
superior decision can be done by using TOPSIS approach.

6.4. Adequacy in Supporting Group Decision-Making.
Judgments can be allowed by approaches based on infor-
mation acquired from more than one decision maker. For
the VIKOR and TOPSIS approaches, acquisition of different
judgments was performed using the following equations for

the ratings of alternative manufacturing processes and
weights of criteria:

S N PO B oy
wj:E[wj+wj+---+wj], (30)
~ _1 ~1 ~7 ~k (31)
w,-j—E[xj+xj+---+wj],

where k denotes the makers of decision.

In the case of AHP, in spite of the fact that this is not
expressly considered in the approach developed in [56], the
author suggests that an information acquisition should be
done by using the mathematical mean of judgments. In
order that the measure of information required by AHP
approach is remarkable as compared to TOPSIS and
VIKOR. The increase in the number of decision makers
would bring about a larger growing in the AHP time un-
predictability in comparison with TOPSIS and VIKOR
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TaBLE 15: Comparative analysis of AHP, TOPSIS, and VIKOR.
Parameters AHP TOPSIS VIKOR

Agility in the decision process

Computational complexity

Number of alternative manufacturing processes and criteria
Adequacy in supporting group decision-making

Addition or removal of criteria

Better than AHP
Better than AHP
Better than AHP
Better than AHP
Better than AHP

Better than AHP and same with TOPSIS
Better than AHP and TOPSIS
Better than AHP and same with TOPSIS
Better than AHP and same with TOPSIS
Better than AHP and same with TOPSIS

strategies. However, both approaches supported group de-
cision-making and owing to the effect on the time intricacy,
the VIKOR and TOPSIS approaches were identified to be the
best.

6.5. Addition or Removal of a Criterion. In real situations,
purchasing department or stakeholders might plan to add a
new or remove an old criterion in order to assess the
manufacturing processes. Hence, the importance of cri-
teria order that obtained by selection approach must be
convenient as well. Considering AHP approach with the
seven criteria and respective weights, the importance of
criteria order was accuracy > productivity > complexity >
flexibility > material utilization > operation cost > quality.
To assess the influence of removing an old criterion, an
operation cost criterion is removed from the model. The
results have indicated that there is a significant change in
the importance order, and the new criteria importance
order was accuracy > productivity > material
utilization > complexity > flexibility > quality. In  the
TOPSIS and VIKOR application cases, adding a new or
removing an old criterion resulted in no variation at all to
the criteria importance order. Figures 6 and 7 show cri-
teria importance order before and after removing crite-
rion. Finally, Table 15 illustrates an outline of these
findings.

7. Conclusions

The decision regarding the choice of manufacturing pro-
cess is a challenging issue in design and development of
any product. It is also crucial for favorable outcomes as
well as to meet the needs of cost reduction and better
performance. In the literature, several different ap-
proaches have been proposed, including the AHP,
TOPSIS, and VIKOR. However, until now, no any com-
parative studies of these approaches associated with the
problems of manufacturing processes selection have been
done. Henceforth, this paper has implemented a meth-
odology to assess various approaches of MCDM. The
valuation was done based on the following factors:
computational complexity, agility during the decision-
making process, number of alternative processes and
criteria, adequacy in supporting a group decision, and
addition or removal of a criterion. The methodology was
implemented on a real case study. The criteria used to
evaluate most suitable manufacturing process were
identified as productivity, accuracy, complexity, flexibil-
ity, material utilization, quality, and operation cost. Five
manufacturing processes were considered, which were

sand casting, investment casting, gravity die casting,
pressure die casting, and additive manufacturing. The
results showed that each approach was suitable for the
problems of manufacturing processes selection, in par-
ticular toward the support of group decision-making and
uncertainty modelling. Moreover, the best manufacturing
process that is obtained by proposed approaches was
pressure die casting. In addition, in terms of computa-
tional complexity, VIKOR performed better than tech-
nique for order of preference by similarity to ideal
solution (TOPSIS) and analytic hierarchy process (AHP).
Furthermore, the TOPSIS and VIKOR approaches were
better suitable to the problems of manufacturing process
selection with regard to agility during the decision pro-
cess, number of alternative processes and criteria, ade-
quacy in supporting a group decision, and addition or
removal of a criterion. The main advantages of the pro-
posed approach are as follows: (1) it can be applied to a
complex manufacturing process selection; (2) it has a
simpler structure compared to the technique used; (3) it
provides overall comparative analysis to assess different
selection approaches; (4) it considers the following factors
for comparative analysis: number of alternative processes
and criteria, agility through the process of decision-
making, computational complexity, adequacy in sup-
porting a group decision, and addition or removal of a
criterion. The main limitation of the proposed method is
that the proposed model may undergo the multiple layers
of criteria of manufacturing process selection; if a system
has this issue, a proposed method requires to be improved.
For the future work, the proposed work can be extended to
include mathematical programming in the selection
problem as well as fuzzy environment can be incorporated
in MCDM approaches. Indeed, the multiple layers of
criteria can also be utilized in the forthcoming work.
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