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Abstract: Determining the critical path in bituminous road transport network in the past period depended only on time
and cost, whereas in current period the identifying the critical path has become complicated because of multi-criteria:
time, distance, security, etc. We have proposed Integrated FAHP — FTOPSIS Methodology for determining the
optimal critical path based on trapezoidal, hexagonal and octagonal fuzzy numbers. The aim of this research work is
for transport department and society should have through the effective methodology to avoid critical path and for safe
journey. Moreover, this methodology will carry for future course of action through Ministry of Road Transport to
make safe roadways which is helpful and useful for effective transportations. We are exhibiting the proposed
methodology by giving a numerical example and comparing trapezoidal, hexagonal and octagonal fuzzy numbers.
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1. INTRODUCTION

To reach from one place to another place, one medium is needed for carrying goods, animals
or humans which is called transport. The day was there people utilized horse and oxen or they
used to go everywhere they defined on foot and return from the destination in the same way as
they were. This method and system for transport was felt difficult for the people especially for
the village people. Days go by, transport also has been developed due to technology growth. In
general sense, three modes of transportations air, water and land have got enormous growth.

Among three modes of transportations, land is considered as an important and inevitable
mode. Because air and water are utilized only by big shots and bearocracy people but land,
people who are not sound in financial position, influenced persons, can utilize. Railways and
airways cannot enter into nook and corner of the village and rural areas whereas roadways can
execute service door to door even in a remote place. Rail and airways services can be utilized for
a long distance. Shortest distance coverage, personal service, flexible and for all purposes of
service reaching only possible and acceptable mode is Road Transportations which is always
under easy moving and covered budget. Hence Road Transport plays an important role in all
developments which are seen for the betterment of national growth in the world arena.

Therefore, roadways are considered to be the most important for communication. It is clear
that efficient management of road network never choose or desire the critical route because of
the barriers and disturbances. They are nature of the road, poor maintenance, interior places
without infrastructure resulted often accidents, delaying in moving as well as reaching the
destination, congestion, etc. In the past years, the selection of the routes were calculated by using
numerical methods as attributes of road transporting were considered as crisp values. Now, in
modern time, technology has been highly improved. In that juncture, sometimes attributes might
have given vague values are presented for which we cannot use or utilize numerical methods.

Therefore, we use Fuzzy concept to solve the previous problematic experiences. When attributes
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are seen vague, Fuzzy critical path involves to improve road transport network and it is proved a
success one. First and foremost, Critical path was identified under fuzzy environment in 1970’s
and various techniques and also ranking methods have been proposed for determining fuzzy
critical path by many researcher till now.

After that, methods for multi-criteria decision making were used and developed from
classical decision-making methods such as AHP, Electre, etc. in which only time was an
important criterion to determine the critical path. But in today’s era, not only time but other
criteria like safety, distance, are also considered for determining the critical path. Zammori et al.
[4] in 2009 used some critical parameters such as time variation, risks in externals, etc. for
identifying the critical path by using TOPSIS. In 2010 [1], Ahmadvand et al. developed a method
for FCP using more critical parameters. In 2013 [5], Cristobal used PROMETHEE methodology
for FCP using safety, time, etc. Mehlawat in 2016 [6] have applied TOPSIS method to find FCP
with some criteria and also identified it based on weakness and strength indexes. In 2016 [7],
Mabhtab developed a reliable method for ranking the affecting factors of critical path using FAHP
and SIR.VIKOR and found the optimal critical path. Riddhi et al. used fuzzy programming
method for an exponential and linear membership functions to find the critical path and also
compared with TOPSIS method in 2019 [10]. Recently, We have proposed two distinct
algorithms for FCP and also proposed the defuzzification technique using centroid in 2020[8].
Also, we have proposed Integrated FAHP — FTOPSIS methodology to find the optimal critical
path using trapezoidal fuzzy numbers in road transport with multi-criteria [9]. In this paper, we
have extended the integrated FAHP — FTOPSIS methodology for hexagonal and octagonal fuzzy
numbers and also we have introduced the distance function based on centroid of incenters to rank
the alternatives.

The structure of this research paper is as follows: Section 1 gives the literature. In Section 2,
the basic concepts of fuzzy set theory are reviewed. Section 3 describes an Integrated
FAHP — FTOPSIS methodology to identify Fuzzy Critical Path and Section 4 illustrates the
numerical example to demonstrate our proposed methodology. In Section 5, We have provided

the results with discussion and Section 6 ends with conclusion.
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2. PRELIMINARIES

L. A. Zadeh [12] introduced the Fuzzy set theory for uncertain environment and also
modelling the fuzzy decision makings is its important role. There are some basic definitions in
this section.

Definition 1 (Fuzzy Set). A non-empty subset A in a universal set X is a fuzzy set if it is defined

by the membership function g which assigns a value in [0,1]and

A= {x 1300 :x € X, 1159 € 0,11}
Definition 2 (Trapezoidal Fuzzy Number). A trapezoidal fuzzy number ;&:(01,02,03,04 ;) 1S

non-normal if

Hz(X)=

0, otherwise
where 0 < @ <1land it is normal when @ =1.
Definition 3 (Hexagonal Fuzzy Number). A hexagonal fuzzy number A= ,.,6,,6,,0,,6,,0,, o)

is non-normal if

o[ X=0, ' 0, <x<6,
2\6,-6,
o o X-0
—+— 2, 6,<x<86,
2 2\6,-06,
o, 0, <x<0
Hz(X)= p ? )
P | 0, <x< 6
2\ 6, -0,
of % =x | 0, <x< 0,
26, -6,

0, otherwise
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where 0 < @ <1land it is normal when @ =1.
Definition 4 (Octagonal Fuzzy Number). A=(91,92,93,94,6?5,6?6,97,98; ®) is non-normal

octagonal fuzzy number if

k(x_gl J 0, <x<0,
92_91
k, 0, <x<0,
k+(w—k x=0; , 0,<x<8,
6, -0,
o, g, <x<6
w1z (X)= P * °
k+(a)—k)( G_XJ, 0, < x<0,
96_95
K, 0, <x< 0,
k(ef’_x), 0, <x< 6,
98_67
0, otherwise

where 0 <w<1and O<k < wand it is normal when @ =1.

3. PROPOSED FUZZIFICATION APPROACHES
Let the interval data be I =[X, Y]. Then, the tri-section, penta-section and hepta-section of |

(Y-X) _(Y-X)

are D= , D

and D :@ respectively.

5
Thus, the trapezoidal, hexagonal and octagonal fuzzy numbers will be taken as
(1) (X,X+D,X+2D,Y)
2) (X,X +D,X +2D,X +3D, X +4D,Y)

3) (X,X +D,X +2D, X +3D, X +4D, X +4D, X +5D, X +6D,Y)
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4. METHODOLOGY
4.1. Goal

The main aim of this proposed integrated methodology is to identify the critical path of the
road transport network and an index based model by taking both qualitative and quantitative
aspects is used to calculate the critical path.
4.2. Identification of Criteria and Sub-Criteria

We have presented the criteria and their sub-criteria in Table 1.

TABLE 1. Criteria and their Sub-criteria [9]

Criteria Sub-criteria

Fuel Cost(C/)

Cost (C)) Toll Cost(C;2)

Maintenance Cost(C3)

Running Time(C>/)
Time(C>) Standstill Time(C22)
Unwind Time(C>3)
Distance(C3;)
Risk in Travel(Cs) Nature of the Road(C32)

Climate Conditions(C3;)

Lighting Facilities(Cyr)

Information Board(Cy2)

Non-availability of
Restaurant(Cy3)

Facilities & Services(Cy)
Medical Facilities(Cas)

Vehicle Service Stations(Cys)

Thefts(Cs;)

Insecurity(Cs) Terror Attacks(Cs2)

Threats caused by Animals(Cs3)
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4.3. Proposed Ranking Method based on Centroid of Incenters for Trapezoidal Fuzzy

Numbers [9]

Ordering fuzzy numbers is very important in optimization and decision making problems

under uncertain environment. We have proposed centroid based ranking method to order

trapezoidal fuzzy numbers for critical path selection. First, We divide the trapezoid into three

triangles ABR, ARD and RCD and subsequently Gi, G2 and Gs are incenters of these three

triangles. Join these three incenters and find the centroid G which is a point of inference for

defining the ranking function to order trapezoidal fuzzy numbers which is shown in Fig. 1

Let the trapezoidal fuzzy number be A= (a,b,c,d;w).

The incenters of AABR, AARD and ARCD are

0

P(b,0)

Q(c,0) D(d,0)

FIGURE 1. Centroid of incenters for trapezoidal fuzzy number

Gl

G,

b+c
aa, +bp +(j7/
U2 ) elBi+n)
a + B+ a + B+
b+c
— d
aaz"’( > )ﬂ2+ V2 o,

a, + B, +7, a,+p,+y,
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b+c
- d
( 2 jas +ep+drs a’(as +ﬂa)

G = X, = ’
’ ( ’ Y3) as+ B +7; as + s+,

Where
.= 260 .= Lo re—2a) a0t o) o,
a, :%\/(Zd—b—c)z +40, B, =\J(d-af 7, :%\/(b+c—2a)2 +407,
o = (a=0F v g, = La-b=oF 4 7, = (6T

These incenters Gi1, G2 and G3 can form a triangle because they are not in the same line.

The centroid of AG,G,G, of the trapezoidal fuzzy number A= (a, b, c, d; w) is defined by

) G=(w)=[X1+X32+X3,y1+y32+y3j

Thus, the ranking function of the trapezoidal fuzzy number A s
(5) R(A)=X
4.4. Proposed Ranking Method based on Centroid of Incenters for Hexagonal Fuzzy
Numbers

Ordering fuzzy numbers is very important in optimization and decision making problems
under uncertain environment. We have proposed a centroid based ranking method to order
hexagonal fuzzy numbers for critical path selection. First, hexagon is divided into two triangles
ABQ, SEF and two trapezoids BQSE, BCDE. Again, Trapezoid BQSE is divided into three
triangles BQR, BRE and RES and trapezoid BCDE which is divided into three triangles BCU,
BUE and UDE. Hence, We find the incenters of two triangles ABQ and SEF are G and G». For

trapezoid BQSE, the centroid of incenters of BQR, BRE and RES is G; and for trapezoid

BCDE, the centroid of incenters of BCU, BUE and UDE is G; and the centroid of G; and GJ

is G3. Join these three points Gi, G2 and Gz and find the centroid G which is a point of inference
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for defining the ranking function to order hexagonal fuzzy numbers shown in Fig. 2

0| A@0) P(bl,O) Q(c,0) R[%'OJ S(d,0) T(e,0) F(f,0)

FIGURE 2. Centroid of incenters for hexagonal fuzzy number

Let the hexagonal fuzzy number be A= (a,b,c,d,e, ;).

The incenters of A ABQ and A SEF are

> lg
aa, +bp +cy, 2 )

G = ) = )
' (Xl yl) a+pi+yn at+fitn
(4]
G :(X y )= daz +eﬂ2+f]/2 [Zjﬂz
’ v ay+ By +7, ’a2+ﬁz+72
Where
_1\/ 2 2 _\/ 2 _1 2 2
al_E Uc-b) +w®, B,=(c-a) ,;/1—?/4(b—a) +0°,
a2:%\/4(f—e)2+a)2,ﬂzzw/(f—d)z,yZ:%w/4(e—d)z+a)2.

For trapezoid BQSE, the incenters of ABQR, ABRE and ARES are

a+ f w
Cas + [Zjﬂs +by, (2}/3

a;+ s+, az+ Pz +7,

Il=(X,1, Y, )=
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ba, +(a+2f}84 +E€7, ((;J(‘U + 74)

a,+pB,+7, a,+p,+7,

'2:(X|27y|2)=

[a; f ]% e, +dy, @ﬂs
I, :(X|3 Y, ):

as+ Bs+7s as+fs+7s

Where

a=2\2o-a=fF 4ot f=falb-cf +o  y= fla+  -20F,
a4=%\/(2e—a—f)2+a)2,ﬂ4= (e—b)z,;/4=%\/(a+f—2b)2+co2,
a5:% 4(d—e)2+co2,ﬁszém,yszg\/(%—a—f)2+a)2.
Hence, the centroid of incenters I; , I» and I3 is

X, +X, +X +y, +
i 000

3 3

For trapezoid BCDE, the incenters of ABCU, ABUE and AUDE are

bag +cp; +(C+2dj76 (?)ae +a)(ﬂe +7/6)

I4=(X,4,y,4)=

s+ Ps+7s ’ g + P + 76
c+d @
ba, + Ty P +ey, P (7 +77)+ 0,
=%, = '
5 ('5 yls) a7+ﬁ7+}/7 a7+ﬂ7+7/7

2
ag+ P+, , Qg+ s+ 74

(C+dja8 +dpf; +ey, a)(a5 +ﬂ5)+[wj7’s
2
ISZ(XIG’yIG):

Where

4729
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aezi,/(d —0)2 , B =%\/(C+d —Zb)2 +o’ ,7/6=%\/4(b—c)2 +a’,

2

a7:%\/(2e—c—d)2 g ,ﬂ7=w/(e—b)2,77:%\/(c+d “obf 4o,
@y = \4e—dY +o == (e —c-d) +? 7, == \(d —cf

2

Hence, the centroid of incenters I4, Is and Is is

X, +X_+X +y, +
e e e =

Thus the centroid of G; and G; is

G, =(x,, y3)Z£X3 X Ya Ysj

2 2

The centroid of AG,G,G, of A= (a,b,c,d,e, f;w) is

- — X +X+X YV+Y,+Y,;
6 G: , = ,

Therefore, the ranking function of the hexagonal fuzzy number A is
(7) R(A)=X
4.5. Proposed Ranking Method based on Centroid of Incenters for Octagonal Fuzzy
Numbers

Ordering fuzzy numbers is very important in optimization and decision making problems
under uncertain environment. We have proposed a centroid based ranking method to order
octagonal fuzzy numbers for critical path selection. First, We divide the octagon into four
trapezoids ABCR, TFHI, CRTF and CDEF. Again, We divide ABCR into three triangles ABY,
AYR and YCR and the centroid of their incenters is G ; Divide the trapezoid into three triangles

TFW, TWI and WHI and centroid of their incenters is Gz ; Divide the trapezoid CRTF into three

triangles CRS, CSF and STF and the centroid of their incenters isG; ; Divide the trapezoid

CDEF into three triangles CDX, CXF and XEF and the centroid of their incenters is G . Then



4731
ANALYSIS OF BITUMINOUS ROAD TRANSPORT NETWORK

the centroid of G; and G; is Gs. Join these three points Gi, G2 and G3 and find the centroid G

which is a point of inference for defining the ranking function to order octagonal fuzzy numbers

shown in Fig. 3

pd.@) X55) Ee,0)

W(% i) H(h, 0/2)

T

Q(c0) REO) §2l) TE0) U(ro) V(o) 1G.0)

2

/2

A@0) P (B,O)

[=]

FIGURE 3. Centroid of incenters for octagonal fuzzy number

Let the octagonal fuzzy number be A= (a,b,c,d,e, f,h,i;w).

The incenters of AABY, AAYR and AYCR are

aa, +bp + (bzcj% (C;j(ﬁl + 71)

I1=(x,1,y,1 ):

a, +p +y, '0{1+ﬁ1+71
b+c w
aa, + (zjﬂz +dy, (zjﬁz
I =\X y = ’
? (Iz yIZ) a+f,+7, a, + B, +y,

(b;—(ﬁ}ae’ +cf; +dy, (Czoj(as + ﬁs)

as+ B+, as+ Py +7;

Is:(xlgvylg):

Where

0’1:% (C—b)2 ,,81:%\/(b+c—2a)2 +? ,;/1:% 4(b—a)2 + o,
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a2=%\/(2d “b—cf+w’,p,=d—a) ,y2=%J(b+c_za)2 Py
aS:%1/4(d —of +a? ,ﬂS:%\/(Zd “b-cf +a ,ygzé,/(c_b)z |
The centroid of incenters I;, I> and I3 is

X, +X,. +X +y, +
Gl=(xl,yl)=( e y Y y:.; y.aJ

The incenters of ATFW, ATWIand A WHI are

€a, + fﬂ4 +(f ;h)74 [az)j(ﬂ4 +74)

I4:(x,4,y,4):

a,+B,+7, ’0(4+,34+}/4
f+h . w
€as +(2Jﬂ5 +1ys (2)135
I =\X y = ’
’ (|5 Y|5) as + fs +7s as+fBs +7s

(f ;hjas +hBs +iye (?j(ae +ﬂ6)

ag + B + 7 g + P + Ve

Ie:(xls1ylﬁ):

Where

aﬁgw/(h_ Fy ,,84:%\/(f +h-2ef +a’ ,y4:%1/4(f —ef
a5=%\/(2i— f—h)P+0?, f=+(i-e) ,75=%\/(f +h-2e) +0?,
aG:%w/4(i—h)2+a)2,ﬂezg\/(Zi—f—h)2+a)2,;/6: N

The centroid of incenters 4, Is and Is is

X, +X_+X +y, +
Gzz(xzfyz):[ . X IG,ylA y|5 ylej

N |~

3 3

The incenters of ACRS, ACSF and ASFT are
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a+i ®
Ca; +df; +(2)77 (2)0‘7

a; + B+, a; + B+,

l=(x,¥,) =

a-+i w
Ca8+(2jﬂ8+ f78 (Zj(as"'?/s)
I =X y = ’
° (IB yla) g+ P+ 74 Qg+ P + 75
a+i
(Zjag + 18, +ey, [?jﬂg
I =\X y = ’
? (Ig ylg) ay + By + 7, Ay + Py + 74

Where

057:%\/m,,[ﬂ:%\/(aﬂ—%)2 + @? ,;/;%JW,
ay =\t —a-if +a f=\(f =oF .y =2 (a+i-20f +o,
agzé 4(e—f)2+a)2,ﬁgzém,yg:%\/(ﬂ—a—i)2+a)2.

The centroid of incenters 17, Is and Io is

X, +X, +X +y, +
G§=(x;,y;)=( R BT y'g}

3 3

The incenters of ACDX, ACXF and A XEF are

d+e W
Cay, +dBy, + (2}/10 (Zjalo + a’(ﬁlo + 710)

Ay + Pio + 710 Qo+ Pro + 710

1o :(Xlw Y, )=

d+e w
Cay, + [Zjﬂll + fry (zj(an + 711) +wpf,

ay + Pyt ay + Pyt

I :(XIM’ Yi, ) =
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d+e w
[2)0512 + B8, + ey, a’(alz + 712)"' (Zjﬂlz

Ay + Pia+ 71, Ay + o+ 71,

1, :(Xl12 Y, ) =

Where

\/e d Bro= \/d+e ZC) ® Vo= 2\/ (d C)
all:%\/(Zf—d—e)2+a)2,ﬁllzv(f—C)Z,Q/M:%\/(d+e—20)2+a)2,
a12:%\/4(e_f)2+a)2vﬂ12:%\/(e_d)217/12:%\/(2f_d_e)2+a)2

The centroid of incenters o, I11 and 112 1s

X, +X, +X + +
G” (X3!y3) ( l10 ;1 I ,y|1o yéu y|1zJ

Thus the centroid of G; and G; is

Ga=(X3 ’ yg):(xs + X3 ’ Y3 + ysj

2 2

The centroid of AG,G,G; of the octagonal fuzzy number A= (a,b,c,d,e, f,h,i;w) is

o = X +X,+X; Y +Y,+Y
8 G=(xy)=| 22778 N1 2 3
(8) (xy)( 3 3 ]

Therefore, the ranking function of the octagonal fuzzy number A is
) R(A)=X
4.6. Distance between two Fuzzy Numbers

If X =(6,,0,,6,,6,,0,) and V=(191,192,193,194;w8) are two trapezoidal (or hexagonal or

octagonal) fuzzy numbers, then the distance between X and Y is

(10) dis(X,)=[R(X)-R(Y)|
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4.7. Proposed Integrated FAHP — FTOPSIS Methodology

There are various techniques for Multi-criteria decision making in which two important
familiar techniques are AHP and TOPSIS. Saaty [11] in 1980’s introduced AHP and in 1996,
Chang [2] was the first to introduce FAHP using triangular fuzzy numbers and also extent
analysis method was used to compute criteria’s weight. In 1992 [3], FTOPSIS was introduced by
Chen and Hwang for decision making problems with ambiguity and used to evaluate the
alternative with respect to criteria. In the proposed methodology, We integrate Fuzzy AHP and

Fuzzy TOPSIS to rank the alternatives based on chosen criteria and their sub-criteria.

The steps of our proposed integrated FAHP and FTOPSIS method for determining the critical

path are given below.

Step 1: Criteria C, and their sub-criteria Cij J,J=L2,...m are defined to identify the

critical path
Step 2: We have formed the comparison matrix and also the linguistic variables are assigned for

criteria and their sub-criteria in the form of trapezoidal fuzzy numbers. That is,

aij bijl Cij1 dijl

(11) X, =

is the comparison matrix where 1<i<m,1< j<m and k — no. of experts and all elements of

X 1s taken as the trapezoidal fuzzy numbers and also used the pairwise comparison presented

for comparing itself in Table 2.

(or) the comparison matrix is

—
=
e
=
=
—
=
=
—
=
—h
—
=

—h

ij2

(12) X, = 2

Ak bijk Ciji dijk Ciii fijk
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Ay, bijl Cij1 dijl €ij1 fijl Oii1 hijl
(13) x| %2 Pz Gio dij2 &2 fi2 O hij2
K
A bijk Ciji dijk €iji fijk Oijk hijk
where all elements of X, will be taken as the hexagonal and octagonal fuzzy numbers and also

used the pairwise comparison presented in Tables 3 and 4 for comparing itself.

TABLE 2. Trapezoidal Fuzzy Conversion Scale for Pair-wise Comparison

o ) Scale of Relative Important Trapezoidal
Linguistic Variables
of AHP Interval Numbers Fuzzy Numbers
2 4
Absolutely Less Important (A-L-I) 1 (0, 2) (0, 3’3 2)
57
Very Strong Less Important (V-S-L-I) 2 (1,3) 1, 33 3
8 10
Strong Less Important (S-L-I) 3 (2,4) 2, 33" 4
11 13
Weakly Less Important (W-L-I) 4 (3, 5) 3, 33 5
14 16
Equally Important (E-I) 5 4, 6) 4, 33 6
17 19
Weakly More Important (W-M-I) 6 5,7) S5, 33 7
20 22
Strong More Important (S-M-I) 7 (6, 8) 6, 33 8
23 25
Very Strong More Important (V-S-M-I) 8 (7,9) 7, 33" 9
26 28
Absolutely More Important (A-M-I) 9 (8, 10) 8, 33 ,10
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TABLE 3. Hexagonal Fuzzy Conversion Scale for Pair-wise Comparison

o ] Scale of Relative Important Hexagonal
Linguistic Variables
of AHP Interval Numbers Fuzzy Numbers
2468
Absolutely Less Important (A-L-I) 1 0, 2) 0=,=,=,=,2
5555
7 9 11 13
Very Strong Less Important (V-S-L-I) 2 (1,3) l,g,g,g,gﬁ
12 14 16 18
Strong Less Important (S-L-I) 3 2,4 20—, —,—,—,4
5 5 5 5
17 19 21 23
Weakly Less Important (W-L-I) 4 (3.,5) 33—, —,—,—,5
5 5 5 5
Equally Important (E-I 5 4,6 4,22 24 26 28 g
qually Important (E-I) (4, 6) 555" 5"
27 29 31 33
Weakly More Important (W-M-I) 6 5,7) 5,?,€,€,€,7
32 34 36 38
Strong More Important (S-M-I) 7 (6, 8) 6—,—,— —.8
5 5 5 5
37 39 41 43
Very Strong More Important (V-S-M-I) 8 (7,9) 7, =555 9
42 44 46 48
Absolutely More Important (A-M-I) 9 (8, 10) 8,?,?,?,€,10

Step 3: The arithmetic operation for aggregation is

(8 by Cy 0y =By, +ay, +.ot 8y, By by, By, Gy +Cyp o Gy, Oy + 0y, + 0y ) (o)

(aij by ,c,dy ey, fij):(aijl + @, + ot Ay, by H 0y, o By Gy Gy o+ Gy, Dy Dy,
€1 T 8o oo B fij1+ fij2 +.+ fijk)

(or)




4738
A. HARI GANESH, A. HELEN SHOBANA

(aij N s PR ,gij,hij):(aijl + A, + ot Ay, by H 0y, by Gy Gy o+ O g+, o+

€ T 8o oo B fij1+ fij2 4.+ fijk,gij1+ Qijp +oF gijk,hij1+hij2 +.+ hijk)

TABLE 4. Octagonal Fuzzy Conversion Scale for Pair-wise Comparison

Scale of Relative
S . Octagonal
Linguistic Variables Important of AHP
Fuzzy Numbers
Interval Numbers
2 46 81012
-L- 01_1_1_1_1_1_12
Absolutely Less Important (A-L-I) 1 0, 2) ( e j
Very Strong Less Important (V-S-L-I 2 1,3 (1QEEEE§3J
ery Strong Less Important ( ) (1, 3) A
Strong Less Important (S-L-I 3 2,4 182022 4%,
rong Less Important ( ) (2,4) R A
R —— ey | (REZR2AE
eakly Less Important (W-L-I) (3,5 RN
Equally Important (E-I 5 4,6 4@g%§§@6
quaympoan(') (,) 1717171717171
Weakly More Important (W-M-I 6 5,7 5£§ﬂ4—3££7
eakly More Important (W-M-I) 5,7 i
Strong More Important (S-M-I 7 6, 8 6,2 40 48 50 52 54
I‘0ng Orempoan(") (,) !717!7!71717)
Very St More Important (V-S-M-I 8 7,9 7%@@5@%9
ery Strong More Important ( ) (7,9) o
58 60 62 64 66 68
Absolutely More Important (A-M-I) 9 (8, 10) 8,7,7,7,7,7,7,10
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Step 4: Synthetic extent value of criteria SE(Ci) is defined as
m m m 1
E(Ci ) = Luja Sij X (Zi:l j=L Sij

(14) S

Where

im? ~il im? ¥il

ZLS =(a, +a, +...+a,,,b, +b, +..+b,,C, +Cp +...4+C,,d, +d,, +...+d,;)
:(ai’bi’ci’di)i:1,2,3,...m

2-12-1 i=(a +a,+..+a,b+b,+..+b, ,c +c, +..+c,,d +d, +...+d,)

=(a,b,c,d)

Therefore, (Z Z_l u) (1 : ; ;j
(or) (Z. 12—1 J ( e'd'c _%j

11111111
o [ W28 s)' (— e g?ggj

Similarly, We calculate synthetic value of sub-criteria SE(CU-)

Step 5: We have used the degree of possibility for finding comparison between criteria

(or between sub-criteria) which is defined as

1 c>f
(15) V(SE(C,)=SE(C, ))(or V(SE(C, )= SE(C,)))=1 © e>d
e—d :
———  otherwise
e—d+c—f

Where SE(C,)(or SE(C; ))=(a,b,c,d) and SE(C, Jor SE(C,))=(e, f,g,h) (or)

1 d=>i
(16) V(SE(C,)=SE(C, ))(or V(SE(C, )= SE(C,)))=1 © g>f
— 970 Gtherwise
g-f+d-i
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Where SE(C,)(or SE(C;))=(a,b,c,d,e, f)and SE(C, Jor SE(C,))=(g,h.i, j,k,1) (or)

ex|
an V(SE(C,)= SE(C, ))(or V(SE(C, )= SE(C,)))=1 © i>h
_i;h otherwise
i—h+e—I

Where SE(C,)(or SE(C,))=(a,b,c,d,e, f,g,h)and SE(C,Jor SE(C,))=(i, j,k,1,m,n,0, p)
Step 6: Using FAHP, the weights of criteria & sub-criteria are found as follows. Let

(18) d'(C;)=minV(SE(C,)>SE(C,))

(19) d'(C;)=minV(SE(C; )>SE(Cy.))

Thus, the criteria’s and sub-criteria’s weight vectors are

(20) W'=(d"(C,),d"(C,),..d"(C,))

Q1) W'=(d"(C,),d"(C,,),..d"(C;))

Where i, j,k=1,2,....m, i # j#k

Step 7: Normalize the weight vectors of criteria and sub-criteria

For criteria and sub-criteria,
(22) W =(d(C,),d(C,),..d(C))
(23) W =(d(C,).d(C,y),-d(C,))

Step 8: Fuzzy project network is constructed to use FTOPSIS technique

Step 9: The fuzzy decision matrix is constructed as

Yiu Y2 oo Yy
(24) v_ Yor Yoo o Yoq
ypl yp2 ypq

Where the trapezoidal fuzzy number yij :(au b.,c. dij) represents linguistic variables shown in

| I | I

Table 5.
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TABLE 5. Linguistic Variables for Trapezoidal Fuzzy Numbers

Linguistic Variables Trapezoidal Fuzzy Numbers
Very Low (VLO) 0,1,2,3)
Low (LO) (1,2,3,4)
Medium (ME) (3,4,5,6)
High (HI) (5,6,7,8)
Very High (VHI) (7, 8,9, 10)

(or) the hexagonal fuzzy number Yy, :(aij 0y, C, 8y, fij) represents linguistic variables shown

in Table 6.

TABLE 6. Linguistic Variables for Hexagonal Fuzzy Numbers

Linguistic Variables Hexagonal Fuzzy Numbers

Very Low(VLO (0§§21—3j
ery Low( ) 55’5 5
ow(LO) 5555
Medium(ME 320 2L 2 2
edium(ME) 555 5"
High(HI 5,23 31 34 37 8
igh(HI) 555 5"
Very High(VHI 7§ﬂﬂ£10
ery High(VHI) 555 5"

(or) the octagonal fuzzy number Y :(aij 0;.C5. 0,60 T, Gy hij) represents linguistic variables

given in Table 7.
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TABLE 7. Linguistic Variables for Octagonal Fuzzy Numbers

Linguistic Variables

Octagonal Fuzzy Numbers

Very Low(VLO)

36912 15 18

2

Low(LO)

Medium(ME)

High(HI)

Very High(VHI)

Step 10: Normalization of fuzzy decision matrix is computed using
(25) N eom :[nij ]pxq
Where
_ |a b oc. d.| .
i=| 5t | JeBC
di dy d; d;
- a. a. a;, a. | .
n=|-+,—+ —,—| jeCC
dj ¢ by a
Where BC and CC are set of benefit & cost criteria
a; _mln( )&d+_max(d )
a b, c d. e f
ﬁ" i,i’i’_”1i1i H J BC
(Or) 1] {f+ f+ f+ f+ f+ f+:| JE

respectively

and
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Where a; = miin(aij)and f :miax(fij)

Ao BB Gy 8 Ty Gy By
(or) My=| T T T T , e BC
h"h h hheThe The

R LSS e
Where a; = m_in(aij)and hj*:max(hij) )

Step11: The weights of normalized fuzzy decision matrix is computed using

(26) Veow =17, ]pxq where ¥, = Npp,, xW
Step 12: Rank the paths based on sub-criteria

The possible paths P, are ranked based on sub-criteria C; by using eq.(10).

Step 13: From step 11, We define the Fuzzy Positive Ideal Solution and Fuzzy Negative Ideal
Solution as

27) P =(3,0;,...0; )and P~ =(T; Ty ,....0; )

~

Where U = mltilX<\7], ) and U; = miin (Vij

N—"

Step 14: The distance of each path from I5i+ and IS[ 1s defined as
(28) DIS;’ ="' d(V;,d; ) and DIS; =31 d(7;.0;)

Step 15: Finally, Path‘s closeness coefficient is computed by using

DIS;

29 = —
@) DIS; +DIS;
Step 16: All possible paths are ranked based on closeness coefficient which is given in eq. (29)

and the path with the highest rank will be considered as the fuzzy critical path

5. NUMERICAL EXAMPLE
Consider six states namely, U, V, W, X, Y and Z and suppose a bituminous road is laid

among these six states shown in Fig. 4. In this, U and Z are the origin and terminus. This road to
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be laid represents the connection between one state to another state and there are four ways to

reach F. Using our proposed methodology, find out which of these four ways is the critical one.

A. HARI GANESH, A. HELEN SHOBANA

FIGURE 4. Bituminous Road Transport Network

5.1. Calculation for Trapezoidal Fuzzy Numbers

First, FAHP is used to find the weights of criteria and their sub-criteria

Weights of Criteria and their Sub-Criteria

Decision makers give the comparative judgments between criteria and also between sub-criteria

using linguistic variables presented in Tables 8 - 13.

TABLE 8. Fuzzy Pairwise Comparison Matrix for Criteria

Factors Ci C> Cs Cy Cs
C; E-1 V-S-L-1 S-L-1 W-M-I W-L-I
G A-M-1 E-1 S-M-1 A-M-1 S-M-1
Cs S-M-I W-L-I E-I S-M-1 W-M-I
Cy W-L-1I V-S-L-I S-L-1 E-1 W-L-I
Cs W-M-I S-L-1 W-L-I S-M-1 E-I
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TABLE 9. Fuzzy Pairwise Comparison Matrix for Sub-Criteria of C;

Ci Cu Ci2 Cis
Cu E-1 A-M-1 S-M-I
Ci2 V-S-L-1 E-1 S-L-I
Ci3 S-L-1 V-S-M-1 E-I

Table 10. Fuzzy Pairwise Comparison Matrix for Sub-Criteria of C>

C> Car Ca2 Cas
Cai E-1 V-S-M-1 A-M-1
Cx V-S-L-1 E-I S-M-I
Cas A-L-I W-L-I E-I

TABLE 11. Fuzzy Pairwise Comparison Matrix for Sub-Criteria of Cs

Cs Csi Cs2 Css
Csi E-1 V-S-M-1I A-M-1I
Cs2 S-L-1 E-1 S-M-I
Cs; A-L-I W-L-I E-I

.TABLE 12. Fuzzy Pairwise Comparison Matrix for Sub-Criteria of Cy

4745

Cy Cu Ca2 Cs Cys Cys
Cu E-1 S-L-1 W-M-I V-S-M-1I S-M-1
Ca S-M-I E-I V-S-M-I1 A-M-1 V-S-M-1
Cs S-L-I V-S-L-1 E-1 V-S-M-1I S-M-1
Cu S-L-I V-S-L-1 S-L-I E-1 W-L-1
Cys S-L-1 V-S-L-1 W-L-1 W-M-I E-1
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TABLE 13. Fuzzy Pairwise Comparison Matrix for Sub-Criteria of Cs

Cs Csi Cs2 Css
Csi E-I S-M-1I A-M-1
Csz V-S-L-1 E-1 S-M-1I
Cs; A-L-1 S-L-1 E-1

Using Tables 8 — 13 and our proposed methodology, we find
(1) weight of criteria is
W = (0.0959, 0.3243, 0.3158, 0.0403, 0.2237)"
Hence, We prioritize the criteria in the order Time, Risk in travel, Insecurity, Cost and
Non-availability of facilities and services.
Also,
(i1) weight of sub-criteria of C; is
W = (0.4877, 0.0592, 0.4532)"
(ii1) weight of sub-criteria of C> is
W =(0.6168, 0.3628, 0.0204)"
(iv) weight of sub-criteria of Cs 1s
W = (0.5812, 0.4094, 0.0094)"
(v) weight of sub-criteria of Cy1is
W =(0.3244, 0.3322, 0.2301, 0.0136, 0.0997)"
(vi) weight of sub-criteria of Cs is
W = (0.5786, 0.4110, 0.0104)"
Secondly, We use FTOPSIS to determine the critical path based on closeness co-efficient.
Closeness Co-efficient

Fuzzy decision matrix is formed using alternatives and sub-criteria presented in Table 14.
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TABLE 14. Rating of Activity based on Sub-Criteria [9]

Activity | U-V | U-W |U-X | X-Y |[V-W | V-Z | W-Z|Y-Z
Cu HI VHI LO ME ME VHI VHI ME
Ci2 ME HI VLO LO LO HI LO VLO
Cis ME HI LO LO ME VHI ME LO
Cor HI VHI LO ME ME HI HI VLO
Ca2 HI VHI LO LO ME HI ME | VLO
Ca3 ME HI VLO LO LO LO ME LO
Csi ME HI VHI HI HI ME VHI ME
Cs2 ME HI HI ME HI HI ME ME
Cs3 VLO ME ME ME HI HI HI LO
Cu HI HI ME VLO ME ME HI ME
Ce HI VHI ME LO ME HI HI ME
Cys ME ME LO ME VHI HI ME HI
Cu VLO LO VLO LO HI HI LO LO
Cys LO ME LO ME HI ME ME LO
Csi ME HI VHI LO ME LO HI ME
Cs2 LO ME HI LO HI ME ME ME
Css LO ME LO VLO ME LO ME LO

4747

Using Table 5 and using eq. (24) — (29), closeness co-efficient is computed presented in Table 15

TABLE 15. Closeness Co-efficient PC;

Paths DIS;” DIS,” PC.
Uu-v-2Z 2.5034 1.3229 0.3457
U-v-w-2Z 3.4562 0.3701 0.0967
U-W-Z 3.004 0.8223 0.2149
U-X-Y-Z 2.6962 1.1301 0.2954
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From Table 15, four paths are ranked as PC, > PC,>PC, >PC, and the path U — V — Z with

maximum closeness co-efficient is the optimal fuzzy critical path
5.2. Calculation for Hexagonal Fuzzy Numbers
Weights of Criteria and their Sub-Criteria
Using FAHP method, We find
(1) weight of criteria is
W = (0.0900, 0.3643, 0.2974, 0.0379, 0.2104)"
(i1) weight of sub-criteria of C; is
W = (0.5318, 0.0539, 0.4142)"
(ii1) weight of sub-criteria of C> is
W = (0.6578, 0.3241, 0.0182)"
(iv) weight of sub-criteria of C3 is
W = (0.6236, 0.3679, 0.0084)"
(v) weight of sub-criteria of Cy is
W = (0.3050, 0.3725, 0.2163, 0.0127, 0.0935)"
(vi) weight of sub-criteria of Csis
W = (0.6211, 0.3696, 0.0093)"
Closeness Co-efficient

We find the closeness co-efficient for hexagonal fuzzy numbers using FTOPSIS presented in

Table 16.
TABLE 16. Closeness Co-efficient PC;
Paths DIS,” DIS;” PC
Uu-v-7Z7 2.4736 1.3480 0.3527
U-V-W-Z 3.4476 0.3740 0.0979
U-w-7Z7 2.9915 0.8301 0.2172
U-X-Y-Z 2.6597 1.1619 0.3040
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From Table 16, four paths are ranked as PC, > PC,>PC, >PC, and the path U — V — Z with

maximum closeness co-efficient is the optimal fuzzy critical path
5.3. Calculation for Octagonal Fuzzy Numbers

Weights of Criteria and their Sub-Criteria

Using FAHP method, We find

(1) weight of each criteria is

W =(0.0877, 0.3799, 0.2902, 0.0369, 0.2052)"

(i1) weight of sub-criteria of C; is

W = (0.5485, 0.0519, 0.3995)"

(ii1) weight of sub-criteria of C> is

W = (0.6728, 0.3099, 0.0174)"

(iv) weight of sub-criteria of C3 is

W = (0.6393, 0.3527, 0.0081)"

(v) weight of sub-criteria of Cy is

W =(0.2973, 0.3883, 0.2109, 0.0124, 0.0911)"

(vi) weight of sub-criteria of Cs is

Closeness Co-efficient

W = (0.6368, 0.3543, 0.0089)"

We calculate the closeness co-efficient for octagonal fuzzy numbers using FTOPSIS presented in

Table 17.

TABLE 17. Closeness Co-efficient PC;

Paths DIS;* DIS,” PC,
U-vV-Z7 2.4958 1.3241 0.3466
U-V-W-Z | 3.459% 0.3603 0.0943
U-W-Z 3.0097 0.8102 0.2121
U-X-Y-Z | 27156 1.1043 0.2891
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From Table 17, four paths are ranked as PC, > PC,>PC,>PC, and the path U — V — Z with

maximum closeness co-efficient is the optimal fuzzy critical path.

6. RESULTS AND DISCUSSION
The comparison among trapezoidal, hexagonal and octagonal fuzzy numbers is presented in
Table 17 and Fig. 5.

TABLE 17. Comparison among Trapezoidal, Hexagonal and Octagonal Fuzzy Numbers

Closeness Co-efficient
Paths Trapezoidal fuzzy Hexagonal fuzzy Octagonal fuzzy
number number number
U-v-Z 0.3457 0.3527 0.3466
U-V-W-Z 0.0967 0.0979 0.0943
U-W-Z7 0.2149 0.2172 0.2121
U-X-Y-Z 0.2954 0.3040 0.2891
0.4
0.35
0.3 /
0.25 =—&—Trapezoidal Fuzzy Number
02 - Hexagonal Fuzzy Number
015 Octagonal Fuzzy Number
0.1
0.05
0 T T T 1

u-v-Z2 U-V-W-Z U-W-Z U-X-Y-Z
FIGURE 5. Comparison among Trapezoidal, Hexagonal and Octagonal Fuzzy Numbers
7. CONCLUSION

In this paper, critical path in bituminous road transport is identified using proposed

Integrated FAHP — FTOPSIS and more criteria and sub — criteria are used to identify it.
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Moreover, We have used trapezoidal, hexagonal and octagonal fuzzy numbers as parameters and

the comparison have been made among them. The numerical example illustrated for providing

benefits to the decision makers by analyzing the integrated technique for bituminous road

transport system and also hexagonal fuzzy number is more effective than trapezoidal and

octagonal fuzzy numbers for identifying the critical path based on our ranking technique.
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