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Abstract

Transportation sector generates the largest share of greenhouse gas emissions. In
real life situation due to uncontrollable factor the parameters of the transportation problem
may not known precisely. In some practical situation the decision maker is interested in
setting multi aspiration levels for objectives that may not be expressed in a specific manner.
The transportation related emissions are the major source of air pollutants and another
source of affecting environment is emissions from packaging .So this paper focuses on Eco
friendly Fully Fuzzy multi objective Multi-item solid transportation problem (FFMOMISTP).
Two models have been discussed in which one consisting of emissions related to diesel and
Non eco-friendly packaging and another one is emissions related to biodiesel and eco-
friendly packaging. Using This proposed methodology ecofriendly FFMOMISTP is converted
into 4 crisp problems and the optimal solution is obtained by using goal programming
approach through LINGO software.The main advantage of proposed method is the optimal
solutions are also in non-negative LR flat fuzzy numbers. Finally the Aspiration levels of the
above two models have been compared.

Key words:Solid transportation problem, LR flat fuzzy numbers, Emissions related to fuels
and packaging, goal programming approach.

Introduction

Transportation problem is a particular class of linear programming , which is
associated with day-to-day activities in our real life and mainly deals with logistics. It helps
in solving problems on distribution and transportation of resources from one place to
another.In many situations the parameters of transportation problem may not be
deterministic due to uncontrollable factors like lack of information and uncertainty in
judgment the values of the transportation parameters .This impreciseness in the values of
the parameters can be represented by the fuzzy numbers. The fuzzy set was introduced by
Zadeh[24]. Many authors[2,3,4] have used the fuzzy numbers to represent the uncertainty
in transportation parameters and proposed methods to solve them .

In real life application many researchers most often used triangular and trapezoidal
shapes of membership functions for representing fuzzy numbers[23,28]. The advantages of
using triangular or trapezoidal fuzzy number are easy to use and easy to interpret. In some
application the other shapes may be preferable like power membership function and
Gaussian membership function. In addition triangular, trapezoidal, power and Gaussian
fuzzy numbers are LR flat fuzzy numbers. Due to these features, in this paper all
parameters are considered as LR flat fuzzy numbers.
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The conventional transportation problem proposed by Hitchcock in 1941 [11] was
generalized to the transportation problem in which it takes three types of constraints
namely, source, destination and conveyance constraints instead of only source and
destination constraints. This generalized problem is called the solid transportation problem.
It was first stated by Schell in 1955[10] . It plays a major role in business economies as
many business situations like this. Haley gives the solution procedure of solid
transportation problem.

There are several objectives are considered and optimized in our real world
problems. Such problems are called multi objective transportation problem. In a multi
objective transportation problem in which more than one items are transported from
different source to different destination using different types of conveyances, the problem
reduces to multi objective multi-item solid transportation problem (MOMISTP). The MOMSTP
model was given by kundu et al. Recently pramanik et al. have developed a multi objective
STP in a fuzzy environment. In MOMISTP all the parameters are considered as fuzzy
number. Then the problem is reduced to fully fuzzy multi objective multi-item solid
transportation problems.

According to Eva Pongracz (2007) “Packaging-related sources of pollution are also
electricity generation (CO, , SO, ,NOyemissions) and transportation-related emissions
(e.g.,CO, , SO, ,NO, , dust, hydro carbons ). It is increasingly important to take in to
account of the transportation- related emissions”. Safety cost is to paid by the customer for
safety measure used in packaging. If the price of common food is assumed to be 100.The

formula for safety cost is expressed as _ (Q 70"V ,whereQ is the quality price and (Q is
s=*"° 100 p P

an ordinary food price. Bio packaging is the one of best environmental-friendly packaging to
reduce the emission during the transportation. Diesel fuel produces many harmful emissions
when it is burned, diesel-fueled vehicles are major sources of harmful pollutants such as
ground-level ozone and particulate matter.

Scientific research confirms that Biodiesel exhaust has a less harmful impact on
human health than petroleum diesel fuel. Biodiesel emissions showed decreased levels of
polycyclic aromatic hydrocarbons(PAH) and nitrite PAH compounds which have been
identified as potential cancer-causing compounds.

So this paper focuseson eco Friendly FFMOMISTP. The main advantage of proposed
method is the optimal solutions are also expressed in non-negative LR flat fuzzy numbers.
Also this model will be highly useful to the society as it has been focused to reduce the
environment impact of transportation. Tothe best of our knowledge no researchers have
used LR flat fuzzy numbers to study MOMISTP .

In Eco Friendly FFMOMISTP all of the parameters such as transportation cost,
packaging cost, emission cost, supplies and demands conveyance capacities are considered
as LR flat fuzzy numbers .Two models have been discussedin which one consisting of
emissions related to diesel and Non eco-friendly packaging and another one is emissions
related to biodiesel and eco-friendly packaging. This FFMOMISTP can be converted into four
crisp transportation problems and the optimal solution is obtained by using goal
programming approach through LINGO software.

Rest of the paper is organized as follows:

In section 2, some basic definitions related to the fuzzy set theory are presented. In
section 3, the FFMOMISTPs can be formulated in terms of non-negative LR flat fuzzy
numbers. In section 4 , solution methodology is discussed. Numerical examples are solved
in section 5 and conclusion is presented in section 6.

2. Preliminaries:

Definition:2.1According to A.Ebrahimnejad (2016) ™
A fuzzy number is a convex normalized fuzzy set of the real line [J , whose membership
function is piecewise continues. We denote the set of fuzzy numbers on [I with F (LI )”.
Definition: 2.2 According to A.Ebrahimnejad (2016) "

A function L: [0,0) - [0,1] (or R: [0,0) — [0,1] ) is said to be reference function of
fuzzy numbers if and only if i) L (0) =1 (R (0) =1)ii)L (or R) is non-increasing on [0,x)".
Remark:2.1According to A.Ebrahimnejad (2016) “

The commonly used linear reference functions and non-linear reference functions
with parameter q, denoted as RF, are summarized as follows:
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i) Linear max {0,1-X}  (ii)Power : RF;= max {0,1-x%}, >0
q
iii)Exponential power: RF;= e_x ,q > O(iv)Rational : RFg= 1 q>0"
1+x%

Definition:2.3According to A.Ebrahimnejad (2016) ™
An LR flat fuzzy number (see Fig 1), is denoted as a = (ai, a,, as, as)w, if the

membership function f/ (x)is given by L[;z _:1)’ 8, <x<a,
=

,(x)=11 a, <x<a,

R(; 2) a,<x<a,

The set of LR flat fuzzy numbers on real line is denoted by ¢R(01 )"

I
Fig:1. An LR flat fuzzy number 5:(a1,az,asa4)
Remark:2.2According to A.Ebrahimnejad (2016) *
If L(x) =R(x) =max{0,1-x} then the LR fuzzy numbera = (a,8,a,3,) ,is denoted by

LR

a= (ai;, ap, as, a4) and is called a trapezoidal fuzzy number with the following
membership function (see Fig. 2):
X—a

a, <x<a
a-a ’
n,(x)=141 a, <x<a,
ﬂ asxga
J 3 4

a,—a,

a

Fig:2. A trapezoidal fuzzy number 5= (al,az,a3a4)

If a, = asthen the trapezoidal fuzzy number a= (ai, ay, a3, a4) is called a triangular
fuzzy number.”
Remark:2.3According to A.Ebrahimnejad (2016) “
If L (x)=R(x)= e™ then the LR fuzzy number a = (ai, a,, as, as4)wr is called an exponential
fuzzy number”.
Remark:2.4According to A.Ebrahimnejad (2016) *
If L (x) = R(x) = e 2 then the LR fuzzy number a = (ai, a,, as, a4)r is called a Gaussian

fuzzy number”.
Remark:2.5According to A.Ebrahimnejad (2016) *

If L (x)= R(x) = max {0,1-x*} then the LR Fuzzy number 5: (a1, a2, a3, a4)1r is called a
quadratic fuzzy number” .
Definition:2.4According to A.Ebrahimnejad (2016) ™

Two LR flat fuzzy numbers a = (a;, a,, az, a4)r and b= (by, by, bs,bs)r is said to be

equal (i.e.) gl = 6 if and only if a;=by, a,=b,, as=bs and as=by,
Definition:2.5According to A.Ebrahimnejad (2016) ™

An LR flat fuzzy number a = (a;, a,, as, a4)r iS said to be a non-negative LR flat
fuzzy number if and only if a>0. The set of all non-negative LR flat fuzzy numbers is

denoted by /R (D )+ ",
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Definition:2.6According to A.Ebrahimnejad (2016) ‘j ~
The FFMOMISTP is said to be balanced, if 2 A i g otherwise, it is called
i j
j=12..n

i=1,2..m
unbalanced FFMOMISTP”.
Remark : 2.6 According to A.Ebrahimnejad (2016) “

It is assumed that the all parameters of the FFMOMISTP are as non-negative LR flat
fuzzy number because the negative quantity of the product and all are represented by non-
negative LR flat fuzzy number. Negative transportation costs have no physical meaning”.
Definition:2.7According to A.Ebrahimnejad (2016) ™

Let a=(a,a,8,a,), and b=(b,b,,b,,b,) be two LR flat fuzzy numbers. Then,

a<bifand only if &, <b,, a,<b,, a,<b,, a,<b,".
2.8 Arithmetic operations: According to A.Ebrahimnejad (2016) "
Let az(al,az,as,a4)LR and E):(bl,bz,b3,b4)LR be two non-negative LR flat fuzzy numbers

and k be a non-negative real number. Then the exact formula for the extended addition, the
approximate formula for the extended multiplication and the scalar multiplication are
defined as follows [22];

() (a,8,,8,,8,) l(bl,bz,bS,b4)LR =(a,+b,a,+b,,a,+b,,a, +b,) .

(i) (ai’az’a31a4)|_R ® (bl’bZ’b3’b4)LR = (@b, ash,, ah;, a4b4)LR
(iii) K (ay,8,,85,8,),, = (kay,ka, kag ka, ), ”

3. Mathematical formulation of FFMOMISTP:

In real life situation due to uncontrollable factors the values of transportation cost,
packing cost, supply, demand and conveyance capacity may not be known precisely. Fuzzy
set theory is highly useful to solve such types of transportation problem.

The fuzzy transportation problem, in which a decision maker is uncertain about the
precise values of transportation cost, packaging cost, emission cost,supply demand and
conveyance capacity may be formulated as follows:

min > > > ioafk@;(i:_’k,t:l,z,s ..... R

p=212.1i=12..m j=1,2..nk=1,2...

S ~P  ~p.
st » X =S i=Ll2..mp=12..1

j=1,2,...nk=12..0

> ;;(TK=Q:’ j=12.np=12..l

i=1,2.mk=1,2...
Z . z Z Xijk:ek’ k:1’20
p=1,2....1'i=1,2..m j=1,2...n

e (R(D), i=L12.m,j=12.n, k=12.0, p=12.l

ijk
Where, t: total number of objectives, m: total number of origins, n: total number of
destinations| : total number of items. o: total number of conveyances Si: fuzzy supply of
the commodity at it origin,aj: The fuzzy demand of the commodity at j™ destination.

g’ The fuzzy conveyances capacity,Cy: The fuzzy transportation cost for unit

quantity of the commodity from i* origin to j* destination with k™ conveyances to minimize
the total fuzzy transportation cost X, : The fuzzy quantity of the commodity from it origin
to j*" destination with k™ conveyances to minimize the total fuzzy transportation cost.
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Here we assume that aijk, gi,gj,ék and ;(ijk all are represented by non-negative LR flat
p p p p PP PP pogP gb gbp
fuzzy numbers. (Cijk,l’Cijk,Z’Cijk,S’CijkA)LR , (Sil’SiZ’Si3’Si4)LR ) (d jlld jz,d j3|d 14)LR’ (ekllekzlek316k4)LR!and

(Xijk,l’ Xijk,Z’Xijk,S’Xijk,4)LR’ respectively. FFMOMISTP can be reformulated as

min 3 > > > (ChaCiaCiaCina).,

P=1,2..1i=1,2...m j=1,2,3...n k=1,2...0

P P P P
® (Xijk.l' Kiji,2* Xijk,3? Xijk,4)LR

S.to & x 2.1
p p p p (<P <P <P <P i _
jzg_nkzg__o(Xijk,l’Xijk,21Xijk,3injk,4)LR*(Si,l’Si,21Si,3’Si,4)LR'*1'2'3-"’“'pfl'z"-'
SRS _ p o _ .22 (2)
izlzz;__mk:l O(lek l’Xuk 2’lek 3’lek 4) 7(d jl’d 2’d j, S’d i, 4) 1=123..n,p=123.1

+

2.2 mj:;n(xi?k.rXi?k,z'Xi?k,a'Xi?kA)LR — (€18 € 3-8 s) . K=123.0 2.3
(X X Xz Xea) - €R(0) i=12,3..m, ] =1,2.3.n.k=12,3..0,p=1.2,3..1 --2:4
k ' : 4/LR

By definition of 2.4, 2.5 and arithmetic operations 2.8, FFMOMISTP (2) may be rewritten
as follows:

min|:P 12111 1K210“k1X”k1;§§ZC”k2 Xukz ;g;ZC'JkB X“k3;§;}<ﬂc§k,4 Xi?k,4:|
S.to Z > Xii=Shi=12..mp=12._1 3.1
j=1 k=1
> kZ:)(ijk’zzsfzi=1,2,...m,p=1,2...| .-3.2
j=1 k=1
Zn: Zolxi‘;kj:Sf;i=1,2,...m,p=1,2...| 3.3
j=1 k=1
anj ki;,)(i';’m=sf4i=1,2,...m,p=1,2...| 3.4
e
mQ . ...3.5
; ;Xi?k.lzd P i=l2.np=12.1
S Sy _qP 12 12 ] ..3.6
2:1: éxﬂk'fdﬂ’“ 2.n,p=12...
N : ..3.7
le kZl:xi‘j’m:d Poi=12.np=12.1
S : ..3.8
> qum d’,i=12.np=12.1
i=1
I m n
222 Xy =8a k=12.0 ~3.9  (3)
p=1 i=1 j=1
I m n
..3.10

ZZZXUKZ ekz k= 12 0
p=1l i=1 j=1
SSTS ..3.11
Z;Z:Z;Xuks esk=12.0
p=l i=1 j=
I m n

..3.12
D222 Xia=8a k=120
p=Li=l j=1
p
Xijk,4_X|Jk3_0|_12 m j=12.nk=12.0,p=12.1 -...3.13
p —_—
Xijk,S_Xukz_OI =12.m, j=12.nk=12.0,p=12.1 ...3.14
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Xieo~ Xio20,=12.m, j=12.nk=12.0,p=12.1 .3.15
X|k1_0|_12 m, j=12.nk=12.0p=12.l ...3.16

The objective function of model (3) is obtained using the multiplication of two non-
negative LR flat fuzzy numbers. Constraints (3.1) to (3.12) in model (3) are simply obtained
using the equality of two LR flat fuzzy numbers. To impose the non-negative;(p preserving

ijk
its form as a non-negative LR flat fuzzy number, we have )(]k4 XIT“ )(”k2 Xk1>0wh|ch
corresponds to constraints (3.13) to (3.16).
4. Solution methodology:

The fuzzy transportation problem can be converted into four crisp transportation
problem. This is used to reduce the complexity of solving FFMOMISTP (3). In addition the
non-negative fuzzy solution can be achieved by using this method.

The constraints (3.13) - (3.15) are used to preserve the form of the optimal
solutions as a non-negative LR flat fuzzy numbers. Also it should be noted that Without
these constraints, the feasible space of FFMOMISTP (3) is separable in terms of

p p p
)(ijkl,)(ijk " )(ijk 3,and Xi?“.Due to this fact, this method is proposed for solving FFMOMISTP

(3)first by removing the constraints (3.13) - (3.15) from the feasible space and then by
decomposing the FFMOMISTP (3) into four crisp transportation problems . It is shown that
the integration of optimal solution of four sub-problems not only provides the optimal
solution of the FFMOMISTP (3) for each objective .But also it satisfies the constraints
(3.13)-(3.15).

4.1. Algorithm:

Step :1Solve  the foIIowing crisp transportation problem using LINGO

Z:_mln j j j j Cukl lekl

_:|_ el j—l —1

StOZ ZX.Jkl Shi=12,.mp=12.1 4.1

j=1 k=1

j ..4.2 4

; ;Xi‘j)k,l:d?’l’ J:112n,p:1,2| ( )
ZI Zm > ...4.3

~ L in?k,lz S k=12...0
o e
Xy 20i=12.m j=12.nk=12.0,p=12.1 ~ ..4.4

The optimal value of the objective function of model(4), , computes the first component of

fuzzy solution.
Step 2:

Solve the following bounded FFMOMISTP using LINGO with assuming x1 ( ukl) lis
nmx.

the optimal solution of the above problem (4 ):

1 m o
z; = MmMin ZZZZC.TK > XIJk >
p=1 i=1 j=1 k=1
Stoz ZXUKZ S|2 12 mp 12 A ...5.1
Z ZXupkzz :'jygl J :112n1p:1,2| 52 (5)
...5.3
ZZZXukz ek’2 k:1,20
p=1 i=l j=1
Xukz—xﬁm i=12.m j=12.nk=12.0,p=12.1 .54
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The optimal value of the objective function of model(5), Z; computes the second component
4

of fuzzy solution.
Proposition: 4.2

The optimal value of the objective function of Z:is less than or equal to the optimal

value of the objective function of Z;.
Proof:

* _ p*
Let Xz _(Xijk’2)nmx1 be the optimal solution of model (5). On the one hand, from the

p* p*
constraints (5.4) it follows that Xijk,l < Xijklz .On the other hand due to the form of fuzzy
tp

number (Cuk 1’C|Jk Z’Cuk S’Cljk 4) 'We have C”kl C”kz .Therefore ZZZZCuleukl ZZZZCW Xix2

p=li=l j=1 k=l p=li=l j= k=1
which means that ZI < Z;.
Step 3:
* _ p*
Slove the following bounded FFMOMISTP using LINGO with assuming X2 _(Xijk’z)nmxlis

the optimal solution of problem (5)

Z; - mln ZZZZCleS lek3

p=1 i=1 j=1 k=1
10D > Xis=Sis1=L2,..mp=12.1 6.1
j=1 k=1 ' ’
o . ...6.2 6
> 2 Xws=0d s i=L2.np=12.1 (6)
i=1 k=1

| m n
Zzzx:jjks:ekg k =1,2.._O ---6.3

p=1 i=1 j=1

X 2K, =12.m, j=12.0k=12.0p=12.1 .64

The optimal value of the objective function of model (6), , computes the third component
of fuzzy solution. Moreover, the following statement can be made.
Proposition 4.3: The optimal value of the objective function of Z; less than or equal to the

optimal value of the objective function of Z;.
Step 4: Solve the following bounded FFMOMISTP based upon the LINGO with assuming

*

X, :(Xi’j’:3) _is the optimal solution of (6):

z, = min ZZZZCUK 4 lek4

p=1 i=1 j=1 k=1

ot Z ZXIJkA S|4 =12,.mp=12.1 7.1
j=1 k=1

N N P p .
Z ZXijkA:d 4 1=12.np=12.1 7.2 (7)
i=1 k=1
1 n

Z X|Jk4_ek4k 12 .0 ..7.3

=1 i=l j=1

p

XijM_XEkg,l—lZ mj=L2.nk=12.0,p=12.1 ..7.4.
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The optimal value of the objective function of model(7), Z:, computes the forth component

of fuzzy solution. Moreover the following statement can be made.
Proposition4.4:

The optimal value of the objective function of Z;is less than or equal to the optimal

value of the objective function of ZZ
Step: 5

Find the fuzzy optimal solution by substituting the values of X,Jkl;xukz;xukgand

~p*
p p* p* p*
lek 4in Xijk (Xukl’ Xuk Z’lek 3 Xuk 4)LR

~*

Step : 6 Find the total minimum fuzzy transportation cost by putting the values of X in
ij

1 3

+ ~t ~
Y Y Y Y Cu®Xpet=123.R

p=12.1i=1,2..m j=12..nk=1,2..0
Theorem 1:

The integration of optimal solution of four sub- problems (4)-(7) provides the optimal
solution of the FFMOMISTP (3).

o~ p* —px —pr —pk —p*
Proof: Let (

Xijk - Xijkl,xijkz,xijk 3’Xijk4 be an arbitrary fuzzy feasible solution of
FFMOMISTP (3) it follows that

L O — o o
(I)Z ZXijk,lz I—12 ~mp=12. I’Z ZXUkl_dJl’J =12.n,p=12..

| m n i=1 k=1
ZZZX.“ e k=12. 0)(k 3 0i=12.mj=12.nk=12.0,p=12.l
p=l i=1 j=1
(i) kzllx,,kz—slzl—lz mp=12.13 $37 =d’, j-12.np-L2.
a i=1 k=1 !

- D% bl 113

ii Xio, =82 k=120, Xijk,z3 Xijk,l’i:1'2"'m'j:1'2'"n’k:1'2'"0'p:1'2"'|

p=1 i=1 j=1
B L LB
(|||)j:1 kﬂxijk’fsh3 =12,..m,p=12.. I,Zl: qukg—djs, =12..n,p=12..1
I . m n _ . " 3_ 1= 1= - -
)3 X.Tks 6 sk =1,2..0, X Xijky2,|_1,2...m, j=12.0k=12.0,p=12.l
p=l i=1 j=1
. n I - m 0 s
(|V)JZ:1: HXUMZSM':1’2""m’p:1’2"'|’_Zl: ZX.,u_d pi=l2.np=12.1

3

ZIZZZHZX.,M ek4k 1,2...0, X|]k4 X|Jk3| 12 mJ 12 nk 12 Op 12'

p=l i=
* — * — p* *
The Condition (i), (ii), (iii) and (iv) imply that Xuk1 Xik. 2 XIJI<3 and XIJ are the
feasible solutions of problems (4), (5), (6) and (7) respectively, Also, due to
* * * p*
optimality of Xi?kyl, Xirj)k,Z’ Xiij)k,3 and Xijk,4 respectively for problems (4), (5), (6), and
(7), we conclude that
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—_— px

ZZZZCUM fea = ZZZZCUH Xijia

p=1 i=1 j=1 k=1 p=1 i=1 j=1 k=1

)ID- 339 I HIETIIED 35339 I HIEVINE

p=1 i=1 j=1 k=1 p=1 i=1 j=1 k=1

— p*

ZZZZC.,k 3 11:3 - ZZZZCIJK 3 lek3

p=1 i=1 j=1 k=1 p=1 i=1 j=1 k=1

ZZZZC.,“ fca = ZZZZC.,k4§.T:4

p=1 i=1 j=1 k=1 p=1 i=1 j=1 k=1
Regarding to definition 2.7, this means that

p* mn 0
I:ZZZchjklxljkl'ZZchljka ”kz,ZZZZC”pkg Ijk3’ZZZZCIka4 uk@

p=li=1 j=L1k=1 =li=1 j=1k= =1i=1 j=1k=1 p=li=l j=lk=1
l mn 0 mn o mn o n0t e Therefore
JLLLY Cuklxukl’Z LY ZCukZXukZ’Z LY ZCle3Xuk3’Z ) Cljk4X|]k,4
p=li=l j=Lk=L =1i=L j=Lk=1 =1 j=1k=L =1j=lk=1 IR

by

Z Z 2 Z;:a:k iupk*éi 2 z ZCiJk®Xijk

p=12.1i=12.mj=12.nk=12..0 p=12.li=12.mj=12..nk=12..0

and hence Xijkp:(Xijkpyl,Xijkpyz,Xijkp’B,XijkpA)LR.WI” be

the fuzzy optimal solution of FFMOMISTP(3) for each objective.

Finally the obtained fuzzy optimal solution is in the form of a non-negative LR flat
fuzzy number. The optimal solution for FFMOMISTP can be obtain by goal programming
approach
4.5 Fuzzy goal programming approach for solving FFMOMISTP:

The procedure for fuzzy goal programming approach as follows:
According to Zangiabadi and H.R.Maleki (2013) '
Step: 1 Solve the multi objective transportation problem as a single objective
transportation problem, taking each time only one objective as objective function and
ignoring all others.
Step: 2 Compute the value of each objective function at each solution derived in Stepl.
Step: 3 From Step,2find for each objective the best (L.) and the worst (U,) values
corresponding to the set of solutions. Recall that L, and U, are the aspired level of
achievement and the highest acceptable level of achievement for the r -th objective function
respectively.
Step: 4

The membership functions p, for ther™ objective function is defined as follows:
§1 JFZ £ L
Z -L .
W (20 00) = 1- T if L <2, < U,

0 ifz3 U

r

then an equivalent linear model can be formulated as:

min :A
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S.t.
Yergygredr =1,
U _ r r
r r
o=d, r=1,2, ..k
+ T —
d;d, =0,
>0 Xo =81 i=12..mp=12._

j=1,2,..nk=12..0

. . ~p p .
_ > X".k=Q ; j=L2.np=L12.1
i=1,2..mk=1,2...0
+ o ¥ ~p .
Xiw — €’ k=12...0

p=1,2...1 i=1,2..m j=1,2...n

=~ e/R(D), i=12.m,j=12.n,k=12.0, p=12.l

Xijk
+ -
d,d>o,
(I)Sl, 0> 0, Xjj= o, for all i, _]
m n
where the equilibrium condition § a; =g b,
i=1 j=1
Step: 5
Solve the equivalent crisp model obtained in step 4. The solution obtained is

step 5 will be the optimal compromise solution of FFMOMISTP. "

5. Numerical Example:

A fruit supplier company of west Bengal, India supply two types of fruits namely
mango and orange from three source points namely Darjeeling, siligiri and Malda of west
Bengal, India by truck, and lorry to the four destinations situated at Kolkata, Ranchi,
Durgapur and Kharagpur through twelve routes. Our objective is to minimize the
transportation cost ,packaging cost and emission cost related to fuels and packaging. Two
models have been solved model 1 is related to non-eco-friendly fuel and packaging and
model-2 is related to eco-friendly fuel and packaging . Due to fluctuation of fuel price, road
tax for different route, political issues, different type of packaging for different route,
fluctuation of price packaging material the transportation cost and packaging cost in each
route is not fixed. The transportation cost and packaging cost of carrying one unit (500 gm)
of mango and orange form source to a destination is treated as a multi objective multi- item
solid transportation problem. Here we have considered the parameters of transportation
problem in LR flat fuzzy environment. The input data are given as follows:
Model-1Transportation cost for 1% item

Cun Cui CuuCun Cauu Cou| [ (5.51.52,.54) (.39,.4,.42,.43) (.51,.53,.54,.55) (.47,.49,.5,.51) (.35,.36,.38,.39) (.48,.49,.51.53)
Cun Caunr CoCom Cay Cuy| | (:35..36,.38,.4) (.18,19,.21,.22) (.30,.31,.32,.34)(.68,.69,.71.72) (.83,.84,.86,.87) (.73,.75,.76,.77)
Cus Cimt CinCun Co Com| | (5.51.52,54) (.38,.39,.42,43) (05,51 .53,55) (46,48,.49,51) (.34,35,37,.38) (47,.48,5,52)
Cun Cun CunCom Cam Cum| [(:34,.35.36,38) (.18,.19,.22,.24) (.29,.30,.31,.32) (.67,.68,.7,.72) (.82,.83,.85,87) (.72,.73,.75,.77)

Transportation cost for 2" item.
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Cut Cui CupCuw Cows Co | [(45,.46,47,.49) (36,.37,.39,40) (.49,51,.52,.54)(.44,45,46,.48) (.35,37,.39,41) (.5,52,53,55)
Cur Cosz CuCrpy Camy Cauo | |(:35..36,37,39) (.32,.33.34,.36) (.28,.3,.31,.33) (.62,.63,.65,.68) (.78,.79,.80,.81) (.69,.70,.72,.73)
Cun Cum CumCum Com Coms | |(44,45.47,48) (.35.36,.38,.39) (.48,.49,50,52)(43,44,46,47) (.34,35,37,38) (49,5,51.53)
|Crrr Cae CizCims Cume Cume| |(:34,35.36,.38) (.3,.32,33,35) (.25,27,.28,.29)(.60,.61,.63,.64) (.76,.77,.78,.79) (.66,.67,.68,.69)

(
Packaging cost for 1% item

[Cuu Con CunCusn Cauyu Cou | [(:23,24,26,.27) (.25,.26,.27,.28) (.27,.28,.29,.3) (.28,.27,.29,.30) (.26,.27,.28,.3) (.26,.27,.28,.3)
Coti Cost CoiCoti Cast Cauns (4,41,42,44)  (.3,31,33.35) (.25.27,.28,.31) (.27,.28,.29,.3) (.4,.41.43,.44) (.3,32,.33,.34)
Cun Cum CinCin Com Com | (.23,.24,.26,.27) (.25,.26,.27,.28) (.27,.28,.29,.3) (.28,.27,.29,.30) (.26,.27,.28,.3) (.26,.27,.28,.3)
1Con Cazt CynCam Cuan Coan (4,41,42,44) (.3,31,33,.35) (.25.27,.28,31) (.27,.28,.29,.3) (.4,.41.43.44) (.3,32,.33,.34)
Packaging cost for 2"? item

[Cuz Cuip CippCui Cowp Cop | [(23,24,25,27) (.25,.26,.28,.30) (.25,.26,.28,.3) (.27,.28,.29,.31) (.26,.27,.29,.31) (.3,.31,.32,.34)
Couir Caurr CasCoip Casp Cayp | [(-35,.36,.37,.39) (.32,.33,.35,.36) (.25,.26,.27,.29)(.26,.27,.29,.30) (.26,.27,.29,.30) (.28,.29,.3,.31)
Cur Cum CinCum Cun Com | |(:23.24,25.27) (.25,.26,.28,.30) (.25.26,.28,.3) (.27,.28,.29,.31) (.26,.27,.29,.31) (.3,.31,.32,.34)
1Cozz Caze Cy22Cipz Case Caip | |(.35,.36,.37,.39) (.32,.33,.35,.36) (.25,.26,.27,.29)(.26,.27,.29,.30) (.26,.27,.29,.30) (.28,.29,.3,.31)

Emission cost for 1% item
Cuw Cou CinCun Com Com| [(:023,025,026,.027) (.018,.019,.02,021) (.024,.025,.026,.028)(.021,022,.024,.025) (.016,.017,.019,.020) (.022,.023,.025,.026)
Cam Cusr ConCam Cay Caay | | ((015.016,018,019) (.008,.009,.010,011) (.014,.015,.016,018)(.031,.032,.034,035) (.037,.038,039,.04) (.033,.034,.036,.037)

Cun Cum CinCunm Cam Com | |(026,.027,.028,029) (.019,.02,.021,.023) (.027,.028,.029,.03) (.024,.025,.027,.028) (.018,.019,.02,.021) (.024,.025,.027,.028)
|Cont Canm ConCom Cam Caon| | (018,019,.02,.021) (.009,.010,.011,.012) (.016,.017,.018,.019) (.035,.036,.038,.04) (.043,.044,.045,046) (.038,.039,.04,.041)

Emission cost for 2" item

[Cuv Cun CiwCusw Cow Cun ]| [(021.022,023,025) (.017,.018,019,020) (.022,.023,.025,.026) (.019,.02,022,023) (.016,.018,.019,.020) (.024,.025,026,027)
Cue Car CoCur Ca Cumo | |(:015.016,.018,019) (.011,012,.013,014) (012,.013,014,016) (.029,.03,031,.032) (.035,.036,.037,.038) (.03,.031,.032,.033)
Cuz Cusw CinCim Cus Cum| |(024,025,.026,028) (.017,.018,02,021) (.025,.026,.027,.03) (.022,.023,.024,026) (.018,.019,.02,021) (.026,.027,.028,.03)
C

| Conz 3322 Cam (.018,.019,.020,.021) (.013,.015,.016,.018) (.026,.027,.028,.029)(.033,.034,.035,.036) (.042,.043,.044,.046) (.035,.036,.037,.040)
Amounts of items available at origin

5P 5" ] [(600,800,900,1100) (100,400,600,700) (1000,1100,1300,1500)
g g™ g [(700,900,1000,1200) (200,300,500,700) (700,900,1100,1200)

C C,,,C

2422 3122 3222

C

The demand amount of items at destination
d” d® d{® diP| [(700,900,1000,1100) (500,700,800,900) (300,400,500,600) (200,300,500,700)
[d{P d{® d{” d{”| | (600,700,800,1000) (600,700,800,900) (300,500,600,700) (100,200,400,500)

Conveyance capacity.
ek ek } =[(2000,2500,3000,3500)  (1300,1900, 2400, 2900) |

Using the solution methodology prescribed in sec.4,the total fuzzy transportation cost of

model 1 is as follows:
£=33 Y Yo 0y =(12521711,2177,2667) z-333

p=1i=1 j-1 k=1 =Lt

3¢, 0%, =(8471187.1547,1947)

k=1

MN

-3 38 0y -(59.182.7,108.2137.5)

i=1 j=1 k=1

o
I
I8

The fuzzy optimal solution and total fuzzy transportation cost based on this proposed
method have no negative part.
Now, we have formulated the foIIowmg membershlp functlons of model 1 is as follows:

0, iz ul iZ2(x) 0, lle(X)’ U3
1 3
1569- Z;(x) 1. 1 2139- z1 ) 2 3§ AT g 3
p(z:ll(x))= 15691252 ° fL<Z(x)<Up” (1( X)) = —me TR if L] <Zj(x)<Up H(Zl(x))*lwa if L] <Z/ ()< Uy
1, e d ] 1 22wl l 1, iBwe
j 2 2
ol s )l 0, ifZ5(x)* U
0, i} ut 0. iZz09° Uy ) , 2" Y
1 1258-75(x)
4 89-75(x) 2 w12 72 2
3344-7;'(x) 2 1 . 1, w2 = —27 if12<z2w<u
4 4_ 4 b e ,
n(z} ()= ﬁ it 1 <7} (0 < U] ) =] =2 go-gar o TEy=Zp<Uy ' H% 1258-1187 . 2 22 2
1 iizbeoe L 1, iz L 1, WZ5ME L5
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N i ooy 4 3 1 1
I 0. iZ300° U3 } 40, ifZ5(x)* Uy 1 0. ifZ5)° Ug
A 2045-Z5(x) 778-7L
1627-Z5(x) 40— 2 L 1d o4 4, 8-Z3(x)
LY 2 13 273 3, =l—— 2 LI <Zi(x)<U - 3 1.4 1
W)=l 2, 13 <230 < U3 KoM=l e 1L <Z0<U) n(zyx) =] e <z <0
: ol 4 .
i 1, i3 1, ifZy(x)£ Ly l 1, izywe
i 73 3
. 0, ifZ5(x)* U i .
0, 120 U l ; 3 U3 t 0, izdo vl
2 140.4-Z3(x) 4
109-22(x) 3. W3 3 3 732300
T LA e T R B i v - M B A T O B SR e AR
. . 73 3 . .
1, |fZ§(><)i. L% 1, iZ3K)€ Ly 1, |fZ§(x)i L‘g

The fuzzy optimal solution of model 1 using goal programming method is as follows:

%.1= (0, 60, 60, 60),, %...= (300, 338, 338, 338)LR, %11 = (0, 100, 167, 267),, / %= (0, 0, 0, )
%= 05 S)s, WBor: = (0, 0.8, 8), %= (0, 0, 0, ) %= 00,5, S,
.
Y= (700, 700, 753, 847) = (200, 200, 200, 300), %= (0, 0,0, 0), s = (100, 100, 226, 252),
%.2= (0, 0,0,0), 622 = (400, 400, 400, 500) , 6rz = (155, 355, 355, 356) %= (0,0,7,7),
%= (57, 57, 57, 257),, %= (0, 0,0 0), o= (100, 200, 171, 171) %= (43, 43,131, 131),
%22 = (145, 145, 245, 245), %= (0, 0, 11, 11) %:2= (0, 0,9, 9), %2 = (0, 0, 12, 12)
%= (0,01 1), =01 11), 3.0 (300, 300, 332, 332), %= 0 1, 1, 101),
%= (0, 40, 81 87),, $n= (0, 161 253, 283) , %= (00 11), i = (100, 197, 231, 325),
%2 = (0, 100, 100, 200), %..= (0, 0, 0, 0), %= (0, 0, 0, 0).. %= (0, 0, 0, 0),.
%..= (0, 0,0, 0), $o= (0.0,0,0), sz = (145, 145, 235, 335) %= 00,3 3),
%u:= (0, 0,0, 0),, %= 0,0, 1, 1), %= 0,0, 1, 1), .= (0, 100, 139, 139),
%u: = (398, 498, 498, 498) , ¥ = (157, 257, 257, 257), %, = (0,0,0,0), %2 = (0, 0, 68, 168),,

| = (1601, 3142, 3142, 4343), (], = (01597, 01597, 0.313, .3908) ., ¢, = (01601, 0237, 0.2553, 0.4343) ., ], = (0.16, 03142, 0.3142, 04341) ,

2,-(1304.931810.57,2370.33,2942.64) 2,-(856.29,1200.06,1563.831969.43)

2,-(64.108.90.448120.156,154.055)

Model-2
Transportation cost for 1% item

LR

Bio packaging cost for 2" item

(
(
(
(

52,.53,.54,.55
70,.72,.73,.75
51,.52,.53,.55
69,.70,.72,.73

1.36,1.37,1.38,1.4
1.4,1.42,1.431.44

1.4,1.42,1.431.44
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)
)
)
)

Cun Cun CunCuyn Cun Cou| [(52.53,54,55) (.40,.41,.43,.45) (.53,.55,.56,.58)(.48,.49,51,53) (.36,.38,.39,.4) (.5,.51,.53,.55)
Chui Comr ConnCou Cyn Can | |(.36,.37,.38,39) (.2,.22,.23,.25) (.32,.33,.34,.36)(.70,.72,.73,.75) (.86,.88,.89,.9) (.76,.77,.78,.79)
Cun Cun CinCun Com Com - (.52,.53,55,56) (.39,.4,.42,.43) (.52,.53,.54,.55) (.48,.49,5,.52) (.36,.37,.38,.39) (.49,.51,.53,.54)
1Cor Caum CuniCaimit Caan Can | |(.35,.36,.37,.39) (.19,.2,.22,.24) (.31,.33,.35,.37)(.69,.70,.72,.74) (.84,.85,.86,.88) (.74,.75,.76,.77)
Transportation cost for 2" item

[Cuz Cuiz CipCui Cop Cop | [(:47,.48,.49,50) (.38,.39,.41,.43) (.51,.53,.55,.57)(.46,.47,.49,.51) (.36,.38,.39,.40)

Cuz Carr CanCap Cap Caun | |(:36,.37,.39,.41) (.25,.26,.27,.29) (.30,.31,.33,.35)(.65,.66,.68,.70) (.84,.85,.86,.87)

Cun Cum CinCuzm Coum Com | (.45,.46,.47,.49) (.37,.38,.39,.40) (.49,.5,51,53) (.44,.45,.47,.48) (.36,.37,.39,.41)

1Cozz Caze Cy22Cye Casme Caip | |(35..37,.38,.40) (.23,.24,.26,.27) (.28,.29,.31,.33)(.63,.65,.66,.67) (.82,.83,.84,.86)

Bio packaging cost for 1% item

[Cun Cuy CinCun Caun Cou| [(1:331.34,1.351.37) (1.351.36,1.38,1.39) (1.37,1.38,1.39,1.41)(1.42,1.431.44,1.46) (1.36,1.37,1.38,1.4) ( )
Cou Cor CoiCami Cinr Cous | |(145,146,1.47,1.49) (14,142,1431.44) (1.351.36,1.38,1.40)(1.37,1.38,1.41,1.43) (1.45,146,1.47,1.49) ( )

Cun Cun CiunCun Cum Cum| |(1.331.34135137) (1.351.36,1.38,1.39) (1.37,1.38,1.39,1.41)(1.42,1.431.44,1.46) (1.36,1.37,1.38,1.4) (1.36,1.37,1.38,1.4)
1Co Cor CanCami Caan Caim (1.45,1.46,1.47,1.49) (1.4,1.42,1.43,1.44) (1.35,1.36,1.38,1.40)(1.37,1.38,1.41,1.43) (1.45,1.46,1.47,1.49) ( )
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C3212
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C

1122

322 1422

C
C
C
C

L 2322 3122 C3222

E

1211

C
Count
C

C3311

C2121

1221

C2421

m
1111
2311
1121
2321 C3321

Emission cost for
[ ClZlZ ClSlZ C1412 CleZ

C2412 C3112 C3212

61222 C1322 C1422
C3122 C3222

1112

2312 3312

C
Co
C

1122

C
C
C
C
|C
C
C
C
C

L2322 CZAZZ 3322

1.33,1.34,1.35,1.37

2212

~1(1.33,1.34,1.35,1.37

2222

C.
C
C
o

1%titem with Biodiesel.

( ) (1.35,1.36,1.38,1.39)

o || (1411.43,1.44,145) (142,1431.44,1.46)
I ) (1351.36,1.38,1.39)
(1.41143,1.44,1.45) (1.42,1.431.44,1.46)

Cpui] [(:006,.007,.008,.009) (.005,.006,.007,.008)
Cot | |(:004,.005,.007,.008) (.002,.003,.005,.006)
ot || (:007,.008,.009,.010) (.005,.006,.008,.009)
Cyne| | (:005,.006,.008,.010) (.002,.003,.005,.007)
2" item with Biodiesel.

Cor] [(:004,.005,.007,.008) (.004,.005,.007,.008
Cup | |(:004,.005,.007,.008) (.003,.004,.006,.008
Cpe || (:005,.007,.009,.010) (.004,.005,.006,.007
Cy | |(:005,.007,.009,.010) (.003,.004,.005,.007

)
)
)
)

1.35,1.36,1.38,1.39
1.35,1.36,1.38,1.40
1.35,1.36,1.38,1.39
1.35,1.36,1.38,1.40

(1.37,1.38,1.39,1.40)
(1.36,1.38,1.40,1.41)
(1.37,1.38,1.39,1.40)
(1.36,1.38,1.40,1.41)

AAAA
== = —=

(.006,.008,.009,.010)(.005,.006,.009,.010)
(.003,.004,.006,.007) (.008,.009,.010,.011)
(.007,.008,.009,.010)(.006,.007,.009,.010)
(.004,.005,.006,.009) (.009,.010,.012,.013)

(:005,.007,.009,.010)(.003,.004,.006,.008)
(.001,.002,.004,.005)(.006,.007,.009,.010)
(:006,.007,.008,.009)(.005,.007,.009,.010)
(.002,.003,.005,.007)(.007,.008,.009,.010)

Using the solution methodology prescribed in sec.4, the total fuzzy
model 2 is as follows:

3

2
p=1i=1 j=1 k=1

g5

1 k=1

4 2 ~0
ZZ 1 & X =

e ex,=(12.921.635550.2),

(1.36,1.38,1.40,1.41)
(1.36,1.38,1.40,1.41)
(1.36,1.38,1.40,1.41)
(1.36,1.38,1.40,1.41)

(1.4,1.41,1.43,1.45) |
(1.37,1.38,1.41,1.42)
(1.4,1.41,1.43,1.45)
(1.37,1.38,1.411.42)

(.004,.006,.007,.009) ~ (.006,.008,.009,.010)
(.009,.010,.011,.013) (.008,.009,.010,.013)
(:004,.005,.007,.008) ~ (.007,.008,.009,.010)
(:011,013,.014,.016) (.010,.012,.013,.014)

(.004,.005,.007,.008) ~ (.007,.009,.010,.011)
(.007,.008,.009,.010) ~(.006,.007,.009,.010)
(.004,.005,.006,.007) ~ (.008,.009,.010,.011)
(

009,‘010,‘011,‘012) (.008,009,.010,.011)
transportation cost of

(13131781,2253,2779) 2:-L 2335, 0%, =(4476,6029,7507,8096)

1 i=1 j=1 k=1

The fuzzy optimal solution and total fuzzy transportation cost based on this proposed
method have no negative part.
Now, we have formulated the foIIowmg membership functions of model 2 is as follows:

Zl )3 U3

if L?l’ < zf(x) < Uf

i3 e 13

if 13 <22 < U3

1
0, 7 Uf 0, ifZ2x9° U2 0
1
1649-73(x) 2232-72(x) 2881-73
Axny=1_—_ A le <7 <Ul 1 i 12 <72 2,3 Zx)
WD = Tea9-1313 100 <UL e ) =l <0 <U]  uoo =] g oS
. 1 .
1, |fZl(x)£ g l 1, e 12 [ 1,
A4 4
0, iz} U] 0, itzb9 Ub 0. 2w U
4 1
3547-7} (x) 4512-Z;(x) .72
40\ w144 4, _ 1_,1 6073-Z5(x)
MO g+ T A SUL w0 =l e B i <7500 < U " yedy -] | 0736009
1, iZtwe L 1, izxe L l 1 i€ 15
) I
0, iZ3x* U 0. izdw U3 0, iZ3(x)° U}
3 1
7561- 23 (x) 9060-74 17.7-2A(%)
3 2 3_,3 4 200 4 a4 4, I el 1.4 1
R R L B L L E A Ll b e R R L
1 iwe S 1, iZhE LY 1, iz
208 2 i 3005 U3
] 0, ifZ5(x)° U3 l 0, ifZ3(9° U3 ; 0, iz U3
2 3
289-2200 442-73(x) .74
“(Zg(x)):‘ﬁ’ 1525w <3 " uedoo - s §<Zo<vy 50 = %ﬁg?’ it 13 <2400 <Ug
T 1, iZ3xe 13 1 1, iZ3e 1 ’ 1, izdee 1

The fuzzy optimal solution of model 2 using goal programming method is as follows:

% = (72, 72, 72, 87) ,

36 = (128, 327, 327, 328) ,

%= (0, 0, 0, 0),

%411 = (0, 0, 0, O)LR

%111 = (0, 0, 0, 1)LR

%= (0, 0,200, 183) ,

%= (0, 0,0, 0),

%2 = (100, 100, 194, 210)

%= (628, 720, 720, 720)

Y = (272, 272, 272, 288),

%:.= (0, 0,0, 0),

%= (0, 0, 200, 100),

%2 = (600, 600, 600, 641),

l))(Iézzz = (0, 0, 18, f|.8)LR

%xz = (0, 145, 145, 145)

%.2= (0, 0,0, 0),

%..= (0, 0, 81, 81),,

%222 = (O, 0, 0, O)LR

%:2: = (200, 200, 200, 200)

%2 = (0, 45, 164, 164)

6= (0, 100, 100, 100),

%= (0, 0, 76, 76),

X@szz ©, 0,0, 0)

0)(@422 = (0, 11 92)LR

%= (0, 0,0, 84),

$6:0= (100, 100, 100, 100),,

i = (300, 301, 401, 501),,

l;@421 = (0, 0, 0, O)LR

J6.:= (0, 100, 100, 100),

%221 =011 1)LR

%= (0, 99, 99, 99),

$62.= (0, 100, 106, 106),,

%.:= (0, 8, 108, 108)

% = 0, 0,0, 0)LR

%= (0, 0,0, 0),

3= (10, 100, 100, 264),

%..= (0, 0, 0, 50),,

l;(5;212 = (0, 12, 2)LR

$6.2= (100, 100, 100, 200),

%= (0, 54, 135, 144)
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%= (0, 0, 0, 100),, %.2= (0, 0,0, 91) %12 = (0, 55, 55, 55),, %2= (0, 0,0, 0),,

%= (0, 0, 19, 19), .= (600, 699, 704, 713) %= (0, 0, 100, 100), %12 = (100, 100, 100, 100),,

| = (828, 8284, .8952, 8952) .r (|, = (0828, 0.828, 0.828, .830), s (l,= (0828, 0.828,0828, 888), + ;= (0.6988, 0.8284, 0.8952, 0.8952) 7
2,-(1620,2093.45,2651.78,3321.98)  7,-(4483,6049.01,7526.669018.54) 7,-(17.632..27.637,42.452,59.388)

Conclusion

For the first time Eco —friendly fully fuzzy multi objective multi-item solid
transportation problem with LR-flat fuzzy numbers are formulated and solved. The main
advantages of this proposed method is the optimal solutions arealso expressed in non-
negative LR flat fuzzynumbers. Two models have been discussedin which one is non-eco-
friendly and another one is eco-friendly. From the above result we observe that Emission
cost of eco-friendly model is 65.69% lesser than the emission cost of non-eco-friendly
model. Theprescribed methodology shows that the aspiration level of eco-friendlymodel is
better than non-eco-friendly model. This model will be highly useful to the society as it has
been focused to reduce the environment impact of transportation.
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