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Abstract: Traffic delays are not wholly new and are a well-known problem that impacts many of
the world’s populations through disruptions and pollution. The rising urbanization and quantity
of powered road vehicles necessitate a greater traffic control demand to maintain flow and avoid
jams. In order to understand the notion of sustainable transportation, this study first examined
sustainable transportation systems. This research then assessed Pakistan’s present transportation
infrastructure and urban transportation to find the most reasonable and sustainable alternative to
reduce congestion. The Taxila intersection was utilized as a pilot study area because of its vicinity
to Pakistan’s leading economic hubs (i.e., industrial estates and the twin cities of Islamabad and
Rawalpindi). The study used multi-criteria decision making (MCDM) techniques, including the
fuzzy AHP, TOPSIS, VIKOR, and traffic simulation software, to determine the optimal solution for
a more sustainable transportation system, and reducing traffic congestion. A pairwise comparison
of the criteria and alternatives was made using a survey. This survey was used to look into the
perspectives of various stakeholders and experts. The outcomes of the fuzzy AHP-TOPSIS and fuzzy
AHP-VIKOR revealed that a flyover is the best alternative. In contrast, the best alternative, according
to the software was a parking area. Ultimately, we assessed our results using the literature, and site
observation, and concluded that a parking area would be the most sustainable alternative in the
Taxila intersection.

Keywords: MCDM; congestion; fuzzy AHP; fuzzy TOPSIS; fuzzy VIKOR; traffic simulation;
AIMSUN

1. Introduction

In wealthy and developing nations, urban areas worldwide have become less sustain-
able and more automobile-dominated, in just a few decades. Cities, particularly those in
developing countries, have seen a sharp increase in the problems associated with trans-
portation, including pollution, traffic congestion, accidents, a decline in public transit,
environmental devastation, global warming, ecological collapse, visual impacts, and a lack
of accessibility for the urban poor. Some cities in more developed nations, especially in
Northern Europe, have seen a trend in reclaiming urban areas from vehicles by banning
cars from entering considerable parts of the city centers or restricting them in various
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ways [1]. The transportation infrastructure is crucial to the sustainable growth of space.
Transportation gives all communities access to economic and social possibilities, and con-
tributes to an area’s sustainable development [2,3]. However, we must acknowledge that
one of our difficulties, while building a transportation network, is the environmental issue
and the corresponding necessity to avoid natural obstacles [4]. The modernization of
transportation infrastructure “should guarantee sustainable mobility, communication of
persons, and develop effective interactions of business agents while providing support for
the national economy,” according to Lithuanian academics [5]. Due to the effects of urban
transportation networks, smart mobility is now a more prevalent issue in sustainability
agendas [6]. The fusion of the digital revolution with the transportation sector is largely
responsible for the development of the idea of smart mobility. Thus, new technologies have
been applied to boost the effectiveness of the transport network [7].

The sustainability of the transportation system can be stated in the expressions of
pillars, i.e., economic sustainability, social sustainability, and environmental sustainabil-
ity [8]. Sustainable transportation is critical for long-term development. To achieve the
2030 Agenda for Sustainable Development and the Paris Agreement on Climate Change,
we will need to establish a set of sustainable development goals (SDGs). While many tradi-
tional modes of transportation are evolving, significant challenges remain in successfully
transitioning to sustainable transport. As a result, the SDGs include essential building
blocks such as universal access to safe, affordable, and sustainable transportation systems,
energy efficiency, road safety, resilient infrastructure development, preventive care, and
mitigating climate change [9]. Environmental pressure and energy shortages have risen
over the previous few decades, and conventional road travel is raising more significant
concerns due to carbon emissions and energy use. The primary driver of climate change is
thought to be greenhouse gas (GHG) emissions, one of the many types of environmental
consequences. The Environmental Protection Agency (EPA) claims that the transportation
industry is one of the leading sources of GHG emissions [10].

In order to better understand the complexity of cities and to deepen the connections
between land use and transportation, sustainable mobility offers new models that can en-
hance flexibility in transport planning [11]. The concept of sustainable mobility is relatively
new, just over three decades old, and lacks the traction to transition from unsustainable
societies to sustainable societies [12]. The authors presented a bigger picture and correlated
fossil fuel replacement, increasing the number of passengers per vehicle and decreasing
the amount of car travel as a workable solution toward a sustainable society [13]. One
industry, transportation, is proving to be particularly difficult to reduce energy use and
emissions. There are numerous good examples of how energy use in transportation has
been reduced in metropolitan areas, primarily through demand management (pricing,
parking, access control, and congestion charge), investments in public transportation, and
other methods [3]. The rapid increase in population hurts urban mobility systems. It has
achieved the need to resolve the issues of improving the transport system [14]. While
congestion is cited as a critical and progressing issue, it is also a complex and loosely
defined subject area, following a superficial examination. The subject becomes even more
complicated when considering places, causes, effects, solutions, and impacts. The problems
and solutions vary according to routes [15].

Congestion affects everyone in the developed world and many individuals in de-
veloping countries. It has an indirect impact on the world, even in unpopulated areas.
Although delays due to traffic have been observed since Roman times, traffic has only had
a broad and indirect influence internationally since locomotive engines rely on combus-
tion processes to generate motion. It is worth mentioning that traffic congestion is not
restricted to automobiles; pedestrian (non-automobile) traffic congestion has been widely
studied to build evacuation strategies and crowd control procedures [16,17]. The smart
city concept is progressively gaining traction as a new urbanization paradigm [18]. Smart,
participatory sensing cities and location information from communication systems and
social networks provide a vast number of diverse mobility data that might be used to
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regulate traffic. This intelligent transportation is one of the essential aspects of smart cities
since it offers inhabitants a safer, quicker, and eco-friendlier service [19]. Real-time massive
data processing, fast processing, and effective decision-making and management are one of
the shortcomings [20].

Introducing vehicles into the transportation sector resulted in extraordinary develop-
ments, such as improved travel and commodities movement flexibility and the expansion
of many economic sectors. Moreover, automobiles have given birth to certain important
issues that need immediate answers. Environmental deterioration, pollution, and noise are
examples of such difficulties. Furthermore, when more automobiles are introduced onto
the roadways, people and animals are put in danger, with increased traffic accidents [21].
Automobiles have also contributed to the economic concerns linked with traffic bottlenecks,
which are now common in most cities. When prioritizing and planning activities that will
influence future generations, it is vital to remember that long-term economic development
is aided by health, quality of life, and social inclusion [22]. One of the most important
solutions to rising traffic is adopting sustainable practices. However, public perception
and attitudes about these long-term therapies significantly affect their effectiveness [23].
A smart city built on sustainability ideals improves sociability while saving money for
the environment, its inhabitants, and everyone’s well-being. The two most important
indicators for smart cities are the development index planned by the OECD and the Cohen
Smart City Index Master [24].

The multi-criteria decision making (MCDM) technique is used to evaluate the best
available option, out of many, based on pre-established criteria. Traditional MCDM ap-
proaches applied for decision-making include AHP, TOPSIS, ELECTRE (elimination and
choice translating reality), PROMOTHEE (Preference Ranking Organization Method for
Enrichment Evaluation), or VIKOR (Vlsekrzterijumska Optimizacija I Kompromisno Re-
senje) were employed by the authors, Additionally, the DEMATEL (decision making trial
and evaluation laboratory), REMBRANDT (ratio estimation in magnitudes of decibels to
rate alternatives which are non-dominated), and MACBETH (measuring attractiveness
by a categorical based evaluation technique) are also taken into consideration. Moreover,
many studies employed two or more MCDM approaches (hybrids) [25–27]. Furthermore,
the interval type-2 fuzzy TOPSIS [28], the intuitionistic fuzzy TODIM [29], and the PSO
(Particle Swarm Optimization) [30] algorithms are utilized to evaluate the sustainability of
the systems.

MCDM in sustainable transportation is typically used for infrastructure selection,
information system selection, vehicle selection for clean technologies, location issues, and
mode and route selection for transportation. The criteria and their weighting significantly
impact the best-chosen options [31]. The criteria used in the decision-making process
should be impartial to alternatives. Researchers argued that selecting the “Best” MCDM
technique is very difficult, as these techniques have their advantages and disadvantages.
Furthermore, more than one MCDM technique must be utilized to obtain a more reliable
result [30]. The fuzzy AHP technique provides a series of weight vectors that will be used
to identify the primary characteristic using the fuzzy arithmetic and fuzzy aggregation
operations. The pairwise comparisons in the judgment matrix are fuzzy numbers. In
some circumstances, the decision maker can use the AHP numerical pairwise comparison,
which Saaty expressed as a nine-point significance scale between two elements, in order to
convey preferences. Triangular fuzzy numbers were added to the conventional AHP to
increase the decision-level makers of judgment. The center value of the fuzzy number is
the comparable real clear value [32]. The fuzzy TOPSIS and fuzzy VIKOR techniques rank
many workable alternatives depending on how close they are to the ideal option. The ideal
alternative must be the one with the least geometric distance to a positive ideal solution and
the one with the most significant geometric space. The fuzzy-neural method was suggested
by Pang et al. [33] who proposed that a neural network’s implementation may be used
to acquire the processes and membership functions of the fuzzy system. In addition to
handling multiple routes, its learning system picked up new information from the driver’s
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selections. However, the training process was time-consuming and there was a high need
for high-quality data. The same can be said for the implementation of the PSO [30].

Traffic congestion has been a long-standing issue that has eluded a solution. The key
focus of this paper is the traffic congestion management in Taxila, Pakistan. It primarily
provides a solution to traffic congestion at the Taxila intersection. The research addresses
different solutions to existing traffic conditions while recognizing the inevitable congestion
in urban areas. The research proposes a novel control method for clearing pre-existing
congestion and reducing congestion by integrating the MCDM techniques and digital
assessments of the current traffic situation. The best result, based on the MCDM and simu-
lations have been compared, and have taken into consideration the existing literature, and
an affordable and sustainable alternative is suggested. One must comprehend why traffic
congestion arises and if it can be controlled more efficiently than present methods allow.

2. Methodology
2.1. Method

The research methodologies were applied to gather important information about traffic
congestion in Taxila. This research used MCDM (fuzzy AHP), the Technique for Order
of Preference by Similarity to Ideal Solution (TOPSIS), Vlsekrzterijumska Optimizacija I
Kompromisno Resenje (VIKOR), and AIMSUN software. From the literature, we selected
different criteria and alternatives. A survey was conducted among experts and analyzed
the opinions through MCDM; with the fuzzy AHP, we calculated the weights of the criteria,
and with the TOPSIS and VIKOR, we calculated the best alternative based on expert opinion.
Furthermore, site visits in the identified areas for traffic congestion were conducted. The
visits were conducted on different days, from 7 a.m. to 7 p.m. These observations aimed
to quantify the vehicular volume circulating on these sites. The recordings made with the
camera were later used to calculate the number of cars flowing in each intersection lane
separately. The findings were used as input to the traffic software AIMSUN, based on
the real-time data and traffic flow during peak hours. Finally, the results were compared,
and a suitable alternative was selected. Formal mathematical techniques, modeling, and
simulation systems were examined to control, measure, and manage traffic flow.

2.2. Case Study

Taxila is an old city founded in 1000BCE and was considered to be the heart of
Buddhism. The Achaemenids ruled this city around 600BCE, followed by the Greeks,
Mauryans, Indo-Greeks, Scythians, Parthians, Kushans, White Huns, and lastly, the Hindu
Shahi, in the 10th century CE. It is located 25 km northwest of the Twin cities of Islamabad
and Rawalpindi. The Taxila intersection is chosen as the point of interest because it is
located at a key location on the National Highway, N-5, the longest National Highway of
Pakistan, which starts from Karachi and ends at Torkham, covering 1819 km. It is the most
important intersection on this highway, as discussed in the previous study [34]. Currently,
it is the hub of several businesses in the region, resulting in numerous movements; however,
the rapid growth of motor vehicles in an urban environment causes critical issues such as
congestion caused by human activities, which reduces the true width of the roadway. All
of this adds up to a congested intersection. The situation is exacerbated by heavy traffic
from the nearby industrial estates (Hattar Industrial Estate, Punjab Small Industries Estate,
Heavy Mechanical Complex, and Wah Industries Limited). The most noticeable effect of
this congestion is the increased travel time, especially during peak hours.

Figure 1 shows the Taxila intersection along with various routes that enter the intersec-
tion from Peshawar, Rawalpindi, HMC Road, POF Road, and Thatha Khalil Road towards
Taxila. At every point from which a vehicle entered the Taxila intersection, the traffic count
of the vehicle was recorded on the score sheet.
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Figure 1. Road Network at Taxila intersection (33◦44′14.5” N, 72◦47′54.4” E).

2.3. Study Framework

A two-phase framework was adopted to carry out this research. Phase-I consisted of
using traffic data to simulate the given alternatives. Furthermore, Phase-II applied the fuzzy
AHP-TOPSIS and the fuzzy AHP-VIKOR hybrid techniques to find the best alternative,
Figure 2.

Figure 2. Flowchart of the proposed methodology.
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2.4. Phase-I (Simulation)

A traffic count determines the quantity and categorization of cars at specified locations
and times. The manual and automated traffic counting are two options to choose from. A
traffic counting methodology designated as “manual” is commonly referred to as “manual
counting.” Vehicle counts at junctions, an estimate of average daily traffic, and daily traffic
per year are all instances of traffic counting [35,36]. The site can be manually counted
and classified, or video recordings might be used. The visual inspection and individual
judgment observers count and grade the items. Counting/scoring sheets or mechanical
counters are commonly used to record data [37]. A manual traffic count was conducted to
count the number of cars traveling in each direction. Vehicles were calculated individually
based on their kinds, such as bikes, passenger vehicles, single-axle trucks, and two-axle
trucks [34]. The cars were tallied from 7:00 a.m. to 7:00 p.m., and a portion of the traffic
count is displayed in Table A1.

AIMSUN uses dynamic exploratory tasks, implicit route selection models, and valida-
tion techniques to verify the simulation. The AIMSUN microscopic simulator demonstrates
how these characteristics may be employed [38]. Building an AIMSUN model requires
two types of information: supply data and demand data. Supply data involves trans-
portation networks and services related to mobility, whereas demand data include OD
matrices for each category of vehicle and time brackets [39]. To better satisfy the objectives
of the ITS system assessment, an advanced transport analysis, and ATMS, AIMSUN has
created a microscopic traffic simulator. The simulator’s integration with AIMSUN/ISM
(intermodal strategy manager), which is a flexible visual environment for model manipu-
lation, a simulation-based traffic analysis, and advanced traffic management techniques
assessment, emphasize the description. The AIMSUN/ISM scenario study module creates
and simulates the traffic management methods. The (OD Tool) makes and manipulates
origin-destination matrices that reflect the mobility patterns required by a dynamic traffic
analysis. The matrix calculation algorithms were created utilizing the EMME/2 transporta-
tion planning programmer, which has a customizable interface. AIMSUN generates a wide
range of information, including flow rate, density, journey duration, delayed time, and
speed. The output may be customized at numerous levels, including the overall system
output, segment output, turning action output, and stream output (set of consecutive
sections) [40,41].

2.5. Phase-II (MCDM)
2.5.1. Fuzzy AHP

The fuzzy logic-based analytic hierarchy process (AHP) technique is also known
as the fuzzy analytic hierarchy process (FAHP). The AHP method and the fuzzy AHP
methodology are similar, but the fuzzy AHP method turns the AHP scale into a fuzzy
triangle scale that may be used immediately. Fuzzy logic is an approach that deals with
uncertain data and knowledge [42]. The experts debated extensively to discover the
criteria influencing the selecting and ranking options in Taxila, Pakistan. The indicators are
collected from the literature and modified to fit the context of the local prevailing conditions
for measuring sustainable urban transport systems. These criteria are provided in Table 1.
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Table 1. Indicators for a Sustainable Urban Transport.

Sustainability Aspect Intent Indicators Ref.

Transport and Service Quality

To ensure the competitiveness of
transport services and marked

indicators of quality road
transport service

Comfort and convenience
Public transport availability

Traffic calming
Traffic control devices

The willingness of citizens to use public
transportation

[43,44]

Environment
To reduce emissions and ensure

minimized impact of transport vehicles
on humans, flora, and fauna

Air quality
Sound pollution
GHG emission

Reduction of high pollution vehicles

[45,46]

Maintenance Cost
To minimize economic loss due to

congestion and supplementary facility
operational costs

Facility management cost
Reduction in travel cost

Facility maintenance cost
Fuel consumption

[47,48]

Social Wellbeing
To ensure the safety, mental comfort,
and convenience of the people using

various modes of transport

Reduce accidents
Education

Willingness
Perception of passengers on safety

and security

[49,50]

The five feasible alternatives given below have been selected for the study area. Com-
pleteness, redundancy, decomposability, and minimum should all be met by the hierarchy of
criteria, but in certain circumstances, compromises are possible. These alternatives include:

Shuttle transport (A1)—Public transportation, such as buses, can use less fuel per
passenger and reduce the amount of traffic congestion [34,47].

Signalized intersection (A2)—Intersections may be signalized to address road safety, effi-
ciency, or operational issues or to improve crossing opportunities for pedestrians and cyclists [51].

Lane Separation (A3)—It allows traffic to move freely and reduces the complexity of
traffic movements, also reducing the risk of accidents [34,52].

Parking Areas (A4)—Parking is an essential transportation system component. Ve-
hicles must park at every destination. Parking convenience affects the ease of reaching
destinations and therefore affects the overall accessibility [53].

Flyover (A5)—To ease the traffic flow and help in decongesting traffic at a major
intersection [52].

The fuzzy AHP was used to assign weight to the criteria and to display the best criteria
across all criteria, Figure 3. The classical set theory is subdivided into fuzzy set theory
and classical set theory. It gives a grade from one to 10 and is an associative function. A
“tilde” is placed on the letter if it denotes a fuzzy set. For (l, m, u), where ‘l’ is the smallest
value, ‘m’ is the most likely value, and ‘u’ is the most significant value, a fuzzy event
is signaled [54].

The following are some of the definitions for the fuzzy AHP:
First definition: For a triangular fuzzy number Ĩ, the membership function is given

by (l, m, u) and is defined by Equation (1):

µ Ĩ(x) =


x−l
m−l l ≥ x ≥ u
u−x
u−m m ≥ x ≥ u
0 otherwise

(1)
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Figure 3. Proposed matrix for the application of MCDMs.

For the left and right-side representations, the degree of membership of a fuzzy
number is given by Equations (2) and (3):

Ĩ =
(

IL(y), IR(y)
)

(2)

Ĩ = (l+( m − l)y, u+(u − m)y) , y ∈ [0, 1] (3)

Second definition: Suppose that the two triangular fuzzy numbers are Ĩ1 = (l1, m1, u1)
and Ĩ2 = (l2, m2, u2). The operational laws of addition, multiplication, subtraction, division,
and reciprocation are expressed as follows: Their addition is given by Equation (4):

Ĩ1 + Ĩ2 = (l1, m1, u1) + ( l2, m2, u2)= ( l 1 + l2, m1+m2, u1 + u2) (4)

Their multiplication is given by Equations (5) and (6):

Ĩ1 × Ĩ2 = (l1, m1, u1) × (l2 , m2 , u2)= (l 1l2, m1m2, u1u2
)

(5)

α × Ĩ = (αl2, αm2, αu2) where α > 0 (6)

Their subtraction is given by Equation (7):

Ĩ1 − Ĩ2 = (l1, m1, u1) − (l2, m2, u2)= (l 1 − l2, m1 −m2, u1 − u2
)

(7)

The division is given by Equation (8):

Ĩ1 /Ĩ2 = (l1, m1, u1)/(l2, m2, u2)= (l 1/l2, m1/m2, u1/u2
)

(8)

Equation (9) gives the inverse:

Ĩ1
−1 = (l1 , m1 , u1)

−1= (
1

u1
+

1
m1

+
1
l1

) (9)

In the interval judgments, the fuzzy triangular numbers precede one criterion over the
other. The extent analysis is then used to make the pairwise comparison. The weights of
the criteria are calculated. This method’s general steps are as follows:
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Steps of the Fuzzy AHP

Chang’s method is used to evaluate the fuzzy AHP technique through the follow-
ing steps:

Step 1: Construct a tiered diagram, Figure 3.
Step 2: Perform the pairwise comparisons.
The pairwise comparison matrix can be expressed in Equation (10) as follows:

A∼ =


1 a∼12

a∼21 1
...

...

. . . a∼1n

. . . a∼12n
. . .

...
a∼n1 a∼n2 . . . 1

 (10)

When there are multiple experts, the elements of a complete pairwise comparison
matrix used in the fuzzy AHP method are fuzzy triangular numbers, with ‘l’ representing
the minor component, the ‘m’ representing the mean of numbers, and ‘u’ representing the
maximum number.

Step 3: Si for the pairwise evaluation matrix
Si can be calculated from:

Si =
m

∑
j=1

M
j

gi

[
n

∑
i=1

m

∑
j=1

M
j

gi

]
−1

(11)

where i and j denote the row number and column number, respectively. In the formula,
Mj

gi are fuzzy triangular numbers of the pairwise comparison matrices. The values of
m
∑

j=1
Mj

gi,
m
∑

i=1
Mi

gi and

[
n
∑

i=1

m
∑

j=1
Mi

gi

]
−1 can be calculated by using:

m

∑
j=1

Mj
gi =

(
m

∑
j=1

lj ,
m

∑
j=1

mj,
m

∑
j=1

uj

)
(12)

n

∑
i=1

m

∑
j=1

Mi
gi =

(
n

∑
i=1

li,
n

∑
i=1

mi,
n

∑
i=1

ui

)
(13)

[
n

∑
i=1

m

∑
j=1

Mj
gi

]−1

=

(
1

∑n
i=1 ui

,
1

∑n
i=1 mi

,
1

∑n
i=1 li

)
(14)

where li, mi, and ui are the fuzzy number’s first, second, and third elements.
Step 4: Compute the magnitude
In general, if M1 = (l1, m1, u1) and M2 = (l2, m2, u2) are two fuzzy triangular numbers,

as shown in Equation (15), the magnitude of M1 to M2 can be defined as follows:

V(M2 ≥ M1) = hgt(M1 ∩M2) = µM2(d) =


1 i f m2 ≥ m1
0 i f l1 ≥ u2

l1−u2
(m2−u2)−(m1−l1)

otherwise
(15)

V(M ≥ M1,M2, . . . . . . ., MK) = V[(M ≥ M1) and (M ≥ M2) and . . . (M ≥ M1k)]
= Min V(M ≥ M1) . . . . . . . . . I = 1, 2, 3, . . . . . . ., k

(16)

Step 5: Calculation of the criteria weight
The weight of the criteria is calculated using the following:

d′(Ai) = Min V(Si ≥ Sk) k = 1, 2, . . . . . . , n, k 6= i (17)
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Therefore, the normalized weight vector can be given as follows:

W ′ = (d′(A1), d′(A2), . . . . . . ., d′(An))
T Ai(i = 1, 2 . . . . . . , n) (18)

Step 6: Final weight calculation
To determine the final weight vector, first, normalize the weight vector produced in

the previous step:
W = (d(A1), d(A2), . . . . . . , d(An))

T (19)

2.5.2. Fuzzy TOPSIS

The alternative is ranked on TOPSIS based on its performance. This study examined
two sorts of options, as listed below:

1. Negative ideal solution
2. Positive ideal solution

TOPSIS is a strategy for choosing the best alternative: the furthest away from the
negative ideal solution and the furthest away from the positive ideal solution. The positive
and negative ideal solutions provide the most and least benefits. The final evaluation of
the alternatives is based on how near they are to the ideal solution [55,56]. The following
steps are involved in the TOPSIS process [57]. In these steps, ‘m’ stands for alternatives, ‘n’
for characteristics, and xij stands for the score of option i about criteria j. Furthermore, m
stands for the cost and J for the benefit criteria.

Steps for Fuzzy TOPSIS

Step 1: Create a normalized decision matrix. The equation is used to calculate the
normalized value of rij:

rij =
xij√

∑m
i=1 x2

ij

i = 1, . . . . . . , m; j = 1 , . . .., n (20)

Step 2: Construct the weighted normalized decision matrix. Assume we have a set of
weights for each criterion wj for j = 1..., n and ∑n

j=1 wj = 1. Each column of the normalized
decision matrix is then multiplied by its weight. An element of the new matrix is equation:

ηij= wirij, i = 1 , . . . , m; j = 1, . . . , n (21)

Step 3: Determination of the positive ideal and the negative ideal solutions.
For a positive ideal solution:

A+= {η+1 , . . . . . . , η+n
}

(22)

where,
η+ j= {max

(
ηij
)

if j ∈ J, min
(
ηij
)

if j ∈ J‘ } , j = 1, . . . , n (23)

and for a negative ideal solution, the equation will be

A−= { η−1 , . . . . . . , η−n
}

(24)

where,
η− j= {max

(
ηij
)

if j ∈ J, min
(
ηij
)

if j ∈ J‘ } , j = 1, . . . , n (25)

Step 4: Separation measures calculation:
From the positive ideal alternative, the separation measure is:

Si
+= {∑n

j=1

(
ηij − ηj

+
} 1

2 i = 1, . . ., m (26)
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Furthermore, the separation measure for the negative ideal solution is:

Si
−= {∑n

j=1

(
ηij − ηj

−} 1
2 i = 1, . . ., m (27)

Step 5: Calculation of the relative closeness from the ideal solution

Ci or Pi =
Si
−

(S i
++Si

−)
, i = 1 . . . . . . , m. Ci or Pi ∈ {0 , 1} (28)

In the TOPSIS method, Ci or Pi will denote the final score.
Step 6: The choices should be rated in ascending or descending order using the Ci or

Pi values. The greatest index value, Ci or Pi, shows the shortest distance from the positive
ideal solution. In contrast, the lowest index value Ci or Pi indicates the shortest distance
from the negative ideal solution.

2.5.3. Fuzzy VIKOR Method

In order to optimize the complicated systems for several criteria, Opricovic originally
introduced the VIKOR approach [58]. Using the initial (provided) weights, the approach
generates a compromise ranking list, a compromise solution, and weight stability intervals
for the preference stability. It presents a multi-criteria ranking system based on a specific
indicator of how close a given solution is to the ideal one [59].

Alternatives are identified by the letters A1, A2,..., AJ. For alternative AJ, fij stands
for the value of the ith criterion function, where is the number of criteria and fij is the
rating of the ith aspect. The following Lp-metric is the first to be used in developing the
VIKOR technique.

Lp,j =

{
n

∑
i=1

[
wi(f∗i − fij)/

(
f∗i − f−i

)
]p
}1/p

(29)

where; 1≤ p ≤ ∞; j = 1, 2, ..., J
The VIKOR approach uses Lp,j (as Sj in Equation (32)) and L∞j (as Rj in Equation (33))

to create a ranking measure. While min Rj’s solution has the least amount of individ-
ual regret from the opponent, min j Sj’s answer optimizes the collective utility (majority
rule). The reasonable middle ground compromise is an agreement reached via recip-
rocal concessions, and Fc is a workable solution that is the closest to the ideal F* by
∆ f1 = f ∗1 − fc

1 and ∆f2 = f∗2 − fc
2. The following processes are included in the compromise

ranking algorithm VIKOR [60].
Step 1: If the ith I = 1, 2, 3 . . . , n term represents the benefit, then compute the best f∗i

and worst f−i values for all criteria functions. f∗i = maxjfij , f−i = minjfij

D˜ =
A1
A2
A3


f∼11 f∼12
f∼21 f∼22
...

...

. . . f∼1n

. . . f∼2n
. . .

...
f∼j1 f∼j2 . . . f∼jn

 i = 1, 2, . . . , n; j = 1, 2, 3, . . . , nj (30)

W∼ = [W∼1 W∼2 . . . , W∼n ] (31)

where; ˜ fij = (lij, mij, rij) denotes the fuzzy rating corresponding to alternative Aj with
regard to criterion Ci, wi denotes the fuzzy weights for the criteria.

Step 2: Calculate the values of Sj and Rj; j = 1, 2, . . . , J

sj =
n

∑
i=1

[
wi(f∗i − fij)/

(
f∗i − f−i

)
] (32)

Rj = maxi
[
wi(f∗i − fij)/

(
f∗i − f−i

)
] (33)
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where wi is a criterion weight indicating the criteria’s relative weight.
Step 3: Calculate the Qj values, j = 1, 2, . . . , J:

Qj =
ϑ
(
Sj − S∗

)(
S− − S∗

) + (1− ϑ)
(
Rj − R∗

)(
R− − R∗

) (34)

where S∗ = minjSj,S− = maxjSj,R∗ = minjRj, R− = maxjRj
ϑ shows the weight of the strategy of “the majority of criteria” (or “the maximum

group utility”).
Step 4: Rank the alternatives for S˜ , R˜ , and Q˜ values in ascending order, and

construct three lists based on S˜ , R˜ , and Q˜ values. The best alternative in each ranked
list is the one with the lowest value.

Step 5: Propose a compromise solution, the alternative (A) ranked the best by the
measure Q˜ (minimum).

Numerous variations of the VIKOR approach, such as the fuzzy VIKOR (F-VIKOR),
have been developed [61,62]. The interval valued VIKOR (IV-VIKOR) [63] and the intu-
itionistic fuzzy VIKOR (IF-VIKOR) [64].

3. Results and Discussion
3.1. Phase-I Result

Aimsun Live integrates with the traffic control center, and analyzes the live field data
in real-time, simulating the vehicle flow in any sized road network, from a single highway
strip to an entire metropolitan area. Aimsun Live can effectively estimate future network
flow behaviors that will emerge from certain traffic management or information supply
strategy by integrating live feeds from traffic data and rapid simulations to mimic the
applied mitigation measures related to congestion.

Selection of the Feasible Alternative Based on Simulations

Many alternatives in the literature are used to reduce congestion and ensure sustain-
ability. The main aim of this study is to rank the selected alternatives on the defined criteria.
It is suggested that priority be given to the high-ranking alternative in construction. The
low-class alternative will be taken up later due to a limited financial budget in Pakistan [65].
AIMSUN requires a simulation scenario and a collection of additional simulation parame-
ters that describe the experiment as input data. AIMSUN generates various data, including
flow rate, speed, density, trip time, delay time, and average speed. The output can be
configured at multiple aggregate levels, including the system-wide creation, each segment,
spin action, and stream (a consecutive set of sections), Figure 4.

In the 1st stage, we did not introduce any alternative to the AIMSUN and analyzed
the current traffic condition. Following the introduction of each alternative, the changes in
delay time, density, travel time, and average speed, are provided in Table 2.

Table 2. AMISUN data at Peak Hour after different alternatives.

No Alternatives Parking Area Shuttle Flyover Signals Lane Separation Unit

Delay Time 227 165.02 179.1 186 198.2 209.5 s/km
Density 87.31 86 91 96 101 93 veh/km

Travel time 487.65 369.76 387.3 398.8 428.6 412.8 s/km
Average speed 43.42 53.6 51.7 47.3 45.05 46.2 km/h



Sustainability 2022, 14, 12325 13 of 25

Figure 4. AIMSUN Modelling to analyze traffic conditions.

From Table 2, if we compare all of these data, one can assume that the parking area is
better in all aspects (delay time, density, travel time, and average speed), so according to
the AIMSUN software, the parking area will be the solution to reduce traffic congestion,
Figure 5.

Figure 5. Cont.
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Figure 5. Cont.
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Figure 5. Comparison of the Alternatives from AIMSUN, (a) Delay Time, (b) Density, (c) Travel Time,
and (d) Average Speed.

3.2. Phase-II Result

The criteria for considering the alternatives are provided in the fuzzy-AHP [66], and
the available literature was studied to do this. Triangular fuzzy numbers (TFN) [57] calcu-
lated each criterion’s priority weights. The reciprocals of these fuzzy triangular numbers
are provided in Table A2. In order to create fuzzy comparison matrices, questionnaires
are employed.

Twenty-four (24) experts were contacted to provide critical feedback for additional data
analysis and were requested to submit their valued opinion and advice. Only twenty (20)
of the twenty-four volunteered to contribute their expertise. The remaining four were
thanked for their important work. Various specialists were academic experts and field
experts involved in these initiatives. Only specialists were chosen and contacted in this
study because the input/opinion of others with little or no expertise might have impeded
both the input and input-based output. The experts were consulted to develop the criterion,
considering the prevailing local conditions. The experts, using linguistic characteristics,
estimated the significance rate of the criterion. For example, the first question of the
questionnaire, Table 3, compares the criteria of transport and service quality with the
environment. Six (6) such tables were established and compared for the different criteria.
The linguistic variables were changed using fuzzy triangular numbers. The information is
subsequently entered into the Excel software for a pairwise comparison, Table 4.
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Table 3. Transport and service quality criteria comparison with the criteria of Environment.

Transport and Service Quality Criteria Compared with the Criteria of the Environment

Equivalent Triangular Fuzzy Number Linguistic Variables Experts
l m u

5 6 7 Fairly Good 1
4 5 6 Good 2
1 1 1 Equal Advantage 3
1 1 1 Equal Advantage 4
4 5 6 Good 5
1 1 1 Equal Advantage 6
6 7 8 Very good 7
1 1 1 Equal Advantage 8
4 5 6 Good 9
1 2 3 Weak 10

0.2 0.25 0.333 Preferable (Reciprocal) 11
5 6 7 Fairly Good 12
1 1 1 Equal Advantage 13
4 5 6 Good 14
1 1 1 Equal Advantage 15

0.33 0.5 1 Weak (Reciprocal) 16
5 6 7 Fairly Good 17
8 9 10 Perfect 18

0.2 0.25 0.333 Preferable (Reciprocal) 19
1 2 3 Weak 20

2.6865 3.25 3.8333 Average

Table 4. Pairwise comparison matrix of the defined criteria for the fuzzy AHP.

Criteria
Transport and Service Quality Environment Maintenance Cost Social Well Being

l m u l m u l m u l m u

Transport and
Service Quality 1 1 1 2.685 3.25 3.833 3.522 4.375 5.233 2.69 3.174 3.708

Environment 0.26 0.307 0.372 1 1 1 3.2625 3.966 4.675 3.435 4.096 4.766
Maintenance Cost 0.191 0.228 0.2839 0.2139 0.252 0.306 1 1 1 2.1521 2.7141 3.2849
Social Well Being 0.2696 0.315 0.372 0.2098 0.244 0.2911 0.3044 0.368 0.4646 1 1 1

From Equation (9), the fuzzy synthetic exponential values are:
S1 = (0.3132, 0.43184, 0.59228)
S2 = (0.2519, 0.3429, 0.46496)
S3 = (0.11258, 0.1535, 0.2096)
S4 = (0.0565, 0.071, 0.0915)
The above values are used to calculate the values of V (magnitude of the fuzzy

numbers). Following the calculation of V, the minimum degree of possibility is:
m(C1) = 1, m(C2) = 0.63, m(C3) = 0.0, m(C4) = 0.0
The weight vectors, W ′ are:
W = (1, 0.63, 0, 0)
The calculated normalized weight vectors, W ′ are:
W ′ = (0.6134, 0.372, 0, 0)
The weight vectors indicate that the C3 and C4 criteria are not considered necessary

by the experts; therefore, the weightage of these criteria comes to zero.

3.3. Ranking Alternatives Using the Fuzzy TOPSIS Technique

The alternative is ranked using TOPSIS. This research examines five alternatives, and
the experts classify the alternatives using Table A3. The results of the normalization are
shown in Table 5. The best and worst ideal solutions are represented in Tables 6 and 7,
respectively.
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Table 5. The weight normalized decision matrix for TOPSIS.

Criteria

Alternative Transport and Service Quality Environment Maintenance Cost Social Well Being

Weightage Weightage Weightage Weightage

0.6134 0.385 0 0

Shuttle
Transport 3.15901 4.26313 5.09122 1.925 2.618 3.13775 0 0 0 0 0 0

Signalized
Intersection 2.63762 3.6804 4.6005 1.8095 2.40625 2.8875 0 0 0 0 0 0

Lane
Separation 3.34303 4.23246 4.87653 1.48225 2.05975 2.618 0 0 0 0 0 0

Parking Areas 2.39226 3.49638 4.41648 1.617 2.2715 2.86825 0 0 0 0 0 0
Flyover 4.14045 5.15256 5.70462 1.8095 2.541 3.13775 0 0 0 0 0 0

Table 6. Best Ideal Solution for TOPSIS.

Alternative
Criteria Transport and Service Quality Environment Maintenance Cost Social Well Being

Shuttle Transport 0.8427 0 0 0
Signalized Intersection 1.3716 0.41803 0 0

Lane Separation 0.85011 0.50918 0 0
Parking Areas 1.5765 0.309 0 0

Flyover 0 0.080143 0 0

Table 7. Least Ideal Solution for TOPSIS.

Alternative
Criteria Transport and Service Quality Environment Maintenance Cost Social Well Being

Shuttle Transport 0.73735 0.50916 0 0
Signalized Intersection 0.20591 0.31611 0 0

Lane Separation 0.74328 0 0 0
Parking Areas 0 0.2046 0 0

Flyover 1.576 0.4503 0 0

In the questionnaire concerning TOPSIS, we compare the alternatives with alterna-
tives; the question is, how important criteria, such as transport and service quality, when
compared with the alternative: shuttle transport. There are a total of twenty tables for the
comparison of the alternatives. In this research, we dealt with the criteria and alternatives
and the sub-criteria only defined the criteria, so in this research, we have four criteria and
five alternatives. Through the fuzzy AHP, we derive the weight of the criteria and through
TOPSIS, we derived the weightage/ranking of the alternatives. The weight vectors clearly
showed that experts did not consider the criterion ‘maintenance cost’ and “social wellbeing”
as important; therefore, the weighting of these criteria came out to be zero after applying
Equations (15) and (16) [67].

The final ranking of TOPSIS is represented in Table 8.
The Ci or Pi number closest to 1 (unity) denotes a more optimal alternative. According

to this study, A5 is the most practicable alternative based on the information recorded from
the twenty experts. At the same time, A4 is the least viable option owing to social and
service quality failure. The quality of transport service in Pakistan needs to be improved,
and there has been a strong demand to improve the quality of service [68]. The alternatives
by the Pi values are for a flyover, shuttle transport, and lane separation. The parking area is
the least preferred or the worst alternative, and the flyover is the best alternative because
of its highest Pi value.
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Table 8. Final Ranking of Alternatives for TOPSIS.

Alternative Pi Rank

Flyover 0.96195 1
Shuttle Transport 0.59664 2
Lane Separation 0.35351 3

Signalized Intersection 0.22582 4
Parking Areas 0.09789 5

3.4. Ranking Alternatives Using the Fuzzy VIKOR Technique

The fuzzy VIKOR method uses the same fuzzy decision matrix, Table 4, constructed
by the linguistic evaluation of the experts’ opinions. Therefore, it is possible to determine
the fuzzy best ˜ f∗I and the fuzzy worst ˜ f-I values without constructing another decision
matrix. The first step of the fuzzy VIKOR is to calculate the best (f*j) and worst value f-j
which is shown in Table A4.

The values of ˜ Sj are the sum of the Sj values, which mean the distance for jth alterna-
tive to the best fuzzy solution, according to all of the criteria, by using Equation (34). For
example, the ˜ Sj value for each alternative is shown in Table 9.

Table 9. Ranking of alternatives for VIKOR.

Alternative
˜ Sj ˜ Rj ˜ Qj

Index Rank Index Rank Index Rank

A1 0.96588 2 0.34436 2 0.3096 2
A2 2.03016 3 0.54524 5 0.72776 4
A3 2.1699 4 0.39433 3 0.60986 3
A4 2.54662 5 0.6134 4 0.9021 5
A5 0.15354 1 0.10043 1 −0.0979 1

The alternatives are sorted in ascending order according to Q˜ j, S˜ j and R˜ j. It is
determined that the alternative of A5 is the best solution according to the Q˜ j index.

3.5. Sensitivity Analysis

Most data in multi-criteria decision-making (MCDM) problems are variable rather than
constant and stable. So, post-troubleshooting sensitivity analysis can help make accurate
decisions [69]. A sensitivity analysis’s primary objective is to assess how the MCDM models
modify the ranking of the alternatives when the input variables are slightly altered [70,71].
The sensitivity analysis is carried out to verify the system’s performance [72]. The issue
of “How sensitive is the overall decision to make slight changes in the individual weights
assigned during the pairwise comparison process?” is answered via a sensitivity analysis.
This issue may be answered by adjusting the weights’ values slightly and analyzing how
they affect the choice [73]. The priority weighting of the criterion is updated for the
sensitivity analysis to reflect the conclusion of the selected alternatives and the rating
process. To do the aforementioned, the criteria weights are swapped to check the changes
in the ranking of the two methods, Table 10. For example, in Analysis 3, exchanging the
C1 and C2 values modified the weight of the second criterion, the index value (Pi) of A2
jumps from 0.2258 to 0.29984 when the priority weights for C1 and C2 are switched. The
A2 ranking changes from 4 to 3. Similarly, in the F-VIKOR, the ˜ Q j changed and the A2
jumped from 4 to 3. Considering the sensitivity of the F-TOPSIS, and the F-VIKOR, 70%
of the top ranking goes to A5 (flyover). As ranked by the experts, providing a flyover
appears to be the most viable choice, based on the modifications. Furthermore, A1 (shuttle
transport) appears to be the second highest ranked alternative, indicating that instead of
using personal vehicles, one must opt for local transport services instead. This ultimately
leads to reducing the vehicles per passenger, which might help in reducing the traffic
congestion problem.
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Table 10. Sensitivity Analysis and its effect on the fuzzy TOPSIS and the fuzzy VIKOR.

Sensitivity
Analysis

Criteria
Weightage

Calculation of
(Ci or Pi)

Ranking of the F-TOPSIS ˜ Q j of Each
Alternative Ranking of the F-VIKOR

1

C1 = 0.6138 0.59664

A5→ A1→ A3→ A2→ A4

0.309595254

A5→ A1→ A3→ A2→ A4
C2 = 0.385 0.22582 0.727764597

C3 = 0 0.35351 0.609859475
C4 = 0 0.09789 0.902103711

0.96195 −0.097896289

2

C1 = 0.25 0.64135

A5→ A1→ A3→ A2→ A4

−0.466904928

A5→ A1→ A3→ A4→ A2
C2 = 0.25 0.27496 0
C3 = 0.25 0.309371 −0.260021006
C4 = 0.25 0.083668 −0.176686364

0.947284 −1

3

C1 = 0.385 0.684148

A5→ A1→ A2→ A4→ A3

−0.033592464

A5→ A1→ A2→ A4→ A3
C2 = 0.6134 0.29984 0.34844168

C3 = 0 0.201948 0.823529412
C4 = 0 0.220414 0.573594952

0.924512 −0.176470588

4

C1 = 0 1

A1→ A4→ A5→ A3→ A2

0

A1→ A4→ A5→ A3→ A2
C2 = 0.385 0.193343 0.961340412
C3 = 0.6134 0.253272 0.890625

C4 = 0 0.588572 0.497828448
0.547927 0.567083232

5

C1 = 0 0.563122

A1→A3→ A4→ A2→ A5

−0.101370454

A5→ A1→ A3→ A4→ A3
C2 = 0.6134 0.331939 0.320127079

C3 = 0 0.44418 0.638638729
C4 = 0.385 0.442087 0.364863717

0.263377 −0.359745842

3.6. Impact of the Flyover

The flyover is one of the most popular solutions to reduce congestion and improve
travel time over major intersections of busier road networks [74]. A flyover can provide a
short-term solution but they are not sustainable in the long run. With the traffic growth over
time, a flyover will also tend to choke [75]. Researchers concluded that business people’s
monthly income decreased after a flyover construction. Employment opportunities fell at
nearby shops, and accidents increased in nearby areas [76]. The qualitative risk analysis
revealed that some environmental, social, and economic components were at high risk
due to the construction of flyovers [77]. Furthermore, a study suggested that flyovers
obstructed and severely damaged pedestrian movement [78]. Taleb and Majumder [79]
looked into how newly built flyovers influence the people living nearby. They concluded
that some businesses and landowners have seen a decrease in their earnings since the
flyover construction. Peiris [80] investigated whether a flyover was a suitable traffic
management strategy and realized that the flyover was the scene of 67% of accidents while
74% of incidents at the flyover ends are caused by buses and large trucks. Furthermore, the
researcher recorded ten accidents per month, on average, in 2007, which jumped to 36 per
month in 2010. Researchers from developed countries are now moving away from the ‘road
on bridge’ or flyover approach [81]. Instead, removing these flyovers is more sustainable,
keeping in view the current environmental issue of global warming. They noted that the
flyover’s drawbacks outweigh its anticipated advantages.

3.7. Impact of the Parking Area

Automobiles have progressively grown to offer a problem to city authorities, particu-
larly in ensuring that the increasing number of automobiles can be managed through road
expansion and the development of appropriate parking places [82,83]. The parking issue
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is crucial, although most people prefer private automobile ownership, which is strongly
established in many daily routines [21]. As a result, finding a parking place in congested
towns and cities is difficult, resulting in time waste and unnecessary fuel use and contribut-
ing to global warming [84,85]. Parking issues can be addressed by notifying users about
the important parking trends and availability information for their location via mobile
applications installed on drivers’ smartphones or incorporated in vehicles’ infotainment
systems [86]. The construction of parking spaces in an elegant manner is crucial to reducing
urban congestion [87]. The parking system is a critical component of the municipal traffic
system. Its exclusion is directly linked to traffic jams, fatalities, and pollutants. Even
though a sound parking system may improve urban mobility and the city’s environment,
rather than residents’ quality of life, it is sometimes overlooked in urban planning and
transportation [88]. A parking system can help to enhance both urban transportation and
the environment. A separate location for car parking should be established to alleviate
traffic congestion [89].

3.8. Physical Site Examination

Upon the physical observation of the study site, it was noted that the fruit and veg-
etable vendors on the roadside are a significant source of traffic congestion at the inter-
section. Solving this problem can reduce traffic congestion, and the vehicle will pass and
move quickly in the intersection. Pedestrians in an un-signalized intersection show barriers
for the vehicles, which causes congestion, and most accidents occur in such meetings.
Additionally, there is no specific parking point in the Taxila intersection, and most vehicles
are parked on the roadside, which causes traffic congestion, Figure 6. The existing parking
area is insufficient for this enormous number of vehicles, and there is a need for a new
parking area away from the mainstream traffic.

Figure 6. Congestion Situation at the Taxila intersection with traffic moving, (a) South bound, (b) East
bound, (c) North bound, and (d) West bound.

4. Conclusions

Conflicting criteria are found in traffic congestion situations; MCDM can be a valuable
method for resolving these conflicts. From an expert’s view, the best alternative is a flyover,
which is analyzed from the fuzzy AHP, TOPSIS, and VIKOR. The site data (traffic volume),
when analyzed on the AIMSUN software, computed the parking area as the best choice for
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reducing traffic congestion by comparing delay time, speed, traffic density, and travel time
for different alternatives.

Both parking areas and flyovers can reduce traffic congestion. Considering the studied
literature, the former is more sustainable than the latter in all aspects of sustainability
(social, economic, and environmental). Furthermore, the parking area outweighs the long-
term benefits compared to the flyover. Additionally, from the physical site examination,
we can conclude that roadside activities interrupted the traffic flow and contributed to
congestion. Furthermore, the sensitivity analysis provides shuttle service as the second
highest ranking alternative. This could be helpful in the reduction of traffic, due to fewer
personal vehicles, by increasing the number of passengers per vehicle.

The inclusion of various perspectives is an important aspect of assessing the urban
transportation system. The perspective of local road users, especially related to socio-
economic and socio-psychological aspects and driver behavior, needs to be investigated to
determine the implications of these alternatives. Additionally, a detailed study regarding
the existing policies for mitigating traffic congestion and improving urban mobility and
their shortcomings needs to be studied. For future work, more research data can be
collected and the study area can be expanded to validate the proposed approach for various
intersections.
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Appendix A

Table A1. Specimen of tally counting for the traffic study.

Traffic Survey Sheet (Tally Counting)
Location: West Bound toward the Taxila Intersection

Start Time: 07:00 a.m. End Time: 08:00 a.m.
Time Interval Motorcycle Rickshaw Car Van Bus Light Truck Heavy Truck Total

07:00 a.m.–07:15 a.m. 118 105 155 87 11 4 20 500
07:15 a.m.–07:30 a.m. 113 109 161 77 9 3 22 494
07:30 a.m.–07:45 a.m. 121 101 171 81 8 6 23 511
07:45 a.m.–08:00 a.m. 126 110 167 79 14 3 16 515

Total 478 425 654 324 42 16 81 2020
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Table A2. Fuzzy scale and its linguistic terms.

Linguistic Terms Triangular Fuzzy Numbers Triangular Fuzzy Numbers
(Reciprocal)

Perfect (8, 9, 10) (0.1, 0.111, 0.125)
Absolute (7, 8, 9) (0.11, 0.125, 0.142)

Very good (6, 7, 8) (0.125, 0.142, 0.166)
Fairly good (5, 6, 7) (0.142, 0.166, 0.2)

Good (4, 5, 6) (0.166, 0.2, 0.25)
Preferable (3, 4, 5) (0.2, 0.25, 0.333)
Not Bad (2, 3, 4) (0.25, 0.333, 0.5)

Weak Advantage (1, 2, 3) (0.333, 0.5, 1)
Equal (1, 1, 1) (1, 1, 1)

Table A3. Linguistic scale for TOPSIS.

Number Linguistic
Variable

Triangular Fuzzy Number
l m u

1 Very Weak 0 0 1
2 Weak 0 1 3
3 Partly Weak 1 3 5
4 Average 3 5 7
5 Partly good 5 7 9
6 Good 7 9 10
7 Very Good 9 10 10

Table A4. Best and worst fuzzy rating for fuzzy VIKOR.

f*j 6.75 8.4 9.3 5 6.8 8.15 4.6 6.45 8 5.45 7.25 8.65

f-j 3.9 5.7 7.2 3.85 5.35 6.8 3 4.5 6.1 3.5 5.35 7.1
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