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ABSTRACT

In the present scenario supply, demand and tratajwor cost per unit of the commodity
in multi objective transportation problem for muitems may be rarely specified
precisely due to uncertain conditions. Vehiculaission generates harmful air pollutants
in urban areas which leads to severe health hazardo this paper, a multi objective
profit transportation problem for multi items haseb framed and solved in fuzzy
environment, it emphasizes on fuzzy methodologywdtve transportation problem to
minimize the travel time and maximize the profit lgducing emission charge during
traffic congestion. Unit transportation cost, eomimental protection cost, transportation
time and congestion charge during peak time andpeatk time, loading and unloading
time, total supply and demand, selling and purctipgirices are all considered as
triangular type-2 fuzzy numbers. Then the multiestive profit transportation problem
has been transformed into single objective trartafion problem by applying Fuzzy
Goal programming Technique (FGPT) and Weighted Yufzoal Programming
Technigue (WFGPT) and the corresponding model ligedousing Generalized Reduced
Gradient (GRG) method LINGO-(18.0). Numerical ithagion has been given to show
the efficiency of the proposed model.

Keywords: Type-2 triangular fuzzy variable, CV reduction nmth, Congestion charge,
Profit transportation problem, Fuzzy Goal ProgramgmiTechnique, Weighted Fuzzy
Goal Programming Technique

Mathematical Subject Classification (2010): 90C08

1. Introduction

In current scenario, several establishments ineiesi have a compulsion to find a
superior way to satisfy the needs of the customarscost effective manner.
Transportation problem provides a dynamic structarface this situation and guarantee
the timely shipment of the commodity satisfying tleeds of the customers. The classical
transportation problem is a particular case ofdinprogramming problem which deals
with the dispersion of the commodities from sout@edestination. The Transportation
problem was originally developed by Hitchcock [ir1]1941 and solution to this problem
is derived using simplex method. The transportaiwaoblem can be modeled as a
standard linear programming problem which can thersolved by the simplex method.
Suppose that the company wishes to judge the toatasion plan in advance for the next
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month, they need to ask for some experts knowledge consider the statistical analysis
of previous transportation activities. Owing to tlbarrent complex environmental
conditions during transportation activities someaapaeters are treated as uncertain
variables to meet the current situation. Saad dpigtb8 discussed the solutions algorithm
for solving transportation problem in fuzzy envinoent [17]. Chanas et al proposed a
fuzzy linear programming model for solving trangption problem with crisp cost
coefficient and fuzzy supply and demand values Tée tool to manage this imprecise
conditions fuzzy methodology considering fuzzy dethand fuzzy supply constraints
involving fuzzy triangular variable is used. Chaaasl Kuchta [6] proposed the concept
of the optimal solution for the transportation gesh with fuzzy coefficients expressed
as fuzzy numbers and developed an algorithm fomioisy the optimal solution.
Zimmermann [22] in 1978 applied fuzzy set theonnempt with some membership
function to solve multi-objective transportatioroplem. In 1975 the concept of fuzzy set
called as type-2 fuzzy set was introduced by Zg@&h and the extension of ordinary
fuzzy set called as type-2 fuzzy set was introdubgdZadeh [19] in 1975. Few
Reduction method is used to convert type-2 fuzayabde to type-1 fuzzy variable and
then defuzzification is carried out using the cqtcef centroid method or by using
geometric defuzzification method. Karnik and Menddl] introduced a method for type
reduction via the concept of a centroid of a typRt2zy set. In 2011 Qin et al [16]
introduced three kinds of critical value reductimethods called as optimistic critical
value, pessimistic critical value and critical valof type-2 fuzzy variables and the
expected value for type-2 triangular fuzzy variables established. Bellmann and Zadeh
suggested fuzzy programming model to make decisidnzzy environment [2]. Fuzzy
transportation problem is the problem of minimizfngzy valued objective function with
supply and demand. The Goal programming technigaeveeighted goal programming
technigue was first formulated by Charnes and Cowp&990 [3]. In order to measure a
fuzzy event, Zadeh [20] defined a concept of pdlisibmeasure as a counterpart of
probability measure in 1978. Then the possibilitgasure was studied by Klir [12],
Dubois and Prode [8]. Liu Liu [14] proposed creltibhi measure. Oheigeartaigh [15]
proposed an algorithm for solving transportationbtems in which the capacities and
requirements are fuzzy sets with triangular menitprféunctions. In 2017, Dutta and
Jana [7] formulated the expectations of the redustiof type-2 trapezoidal fuzzy
variables and applied it to a multi objective sotidnsportation problem via goal
programming technique. In 2017, D.K Jana et algijposed a comparative study on
credibility measures of type-1 and type-2 fuzzyialsles and applied it to multi objective
profit transportation problem via goal programmiechnique.

Traffic congestion is the vital problem duringnsportation activity. It indirectly
contributes to the environmental pollution becaokéhe emission of GHG gases from
the vehicles which in turn cause harmful damagekegmzone layer. It also contributes to
many other negative effects such as more fuel ekper, delay in delivery of goods and
also causes severe health hazardous to the traviiesrder to reduce these congestion
related problem during transportation activity, tbengestion cost is charged on a
particular route in which the transportation precisscarried out. The congestion charge
varies during peak time (i.e., after 8 a.m. andk®eB p.m.) will have a charge doubled
than the normal charge and non-peak time will haeenal charge (i.e., before 8 a.m.
and after 8 p.m.). This type of toll charging ieealdy in practice in many countries [18].
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If this strategy is implemented in India, the négatimpact of traffic congestion gets
much reduced. Therefore encourages the timely smpaf commodities from source to
destination and drastically reduces the emissiomh&fimical pollutants form vehicles
which in turn increases the profit and the timeisimized during transportation process.
In section-2, the preliminaries of Type-2 Fuzzy lsate been discussed. In section-3 the
Fuzzy Goal Programming Technique (FGPT) and Wethh€oal Programming
Technique (WFGPT) have been explained. In sectjahel mathematical notations and
assumptions used in this paper has been giverediios-5 the formulation of Type-2
Fuzzy Multi Objective Multi Iltems Profit Transpotien Problem (T2FMOMIPTP) with
congestion charge. Section-6 detailed the solutiwocedure for T2FMOMIPTP.
Section-7 discusses the numerical example for tlopgsed T2FMOMIPTP model.
Section-8 gives the conclusion.

2. Preliminaries
In this section, some basic definition on T2 fugeys have been discussed.

Definition 1. Type 2 triangular fuzzy variable [7]

A type-2 triangular fuzzy variablg} is denoted by;f: (r,r,.15,6, .8 )wherery, rp, 13

are real values and, 4 O [0, 1] are two parameters characterizing the degk
uncertainty thatf takes a value iR Forx O [ry, r,] the secondary possibility function

L (X) of & isdefined in the form
¢
X—r .| X=r, r,=X| X-r, xX-r .| X=r, X-r
U (x)= 1+t9|m|n{ L2 } L—1+0 mln{ 1,—1} F
3 r,—n r,=r, Tr,=r,) r,=r,r,—r, r=r,r;r
orx [ [ry, 1), the secondary possibility distribution functio;,
- r,—X | ra=X X—=r, | ;=X r,—X .| =X X-r
o = 3 +<9,m|n{3 _ 2}, 3 , 3 _ng mm{3_,_2}
3 r,—r, F;=r, I;=I,] I'y;=r, Ir;=r, r—r,rgr

Definition 2. Type-2 Fuzzy set ([10])

Let x X be a Universal set. Then a type-2 fuzzy set dehb}eAis characterized by a
type-2 membership function of the forrf. (x,u), wherex O X and J, denoting the
A

primary membership of such thau 00 J, O [0, 1],
A={((x u), .(x w) | OxOX,0udJ, O[0,1]}, in which 0< /i (x,u)<1.
A A
Acan be expressed b= I J. . (x.u)/(x,u),J,0[0,], where[ [ denotes the
A

XOX uldy
union ofx andu.
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3. Fuzzy methodology
Method 1. Fuzzy Goal Programming Technique [7]
The fuzzy Goal Programming Technique (FGPT) isoumticed to solve linear and
non-linear multi objective programming problems (FIs) by converting them into
single objective optimization problems.

The MOPPs can be considered with m-objective fanstf; i = 1, 2,....m and may

be written as{min[ f,(x), f,(X),...f, X)]
Let us consider that decision makers have fixechteebership function, (f, (x)) and
given the goal membership function valike=(1, 2,....).

Let us consider the following programming problesn a
m
min»_d’
i=1

subject to the constraintg, (f, (X)) +d" —d = ,L;k

d'd =0,d"d >2=0k=0,1,2,.m

d"=20,d" 20, where d’,d” denotes the positive and
negative deviations respectively.

Method 2. Weighted Fuzzy Goal Programming Technique [7]
The Weighted Goal Programming Technique (WFGPTtr®duced to solve linear and
non-linear multi objective programming problems (FIEB) by converting them into
single objective optimization problems.

The MOPPs can be considered with m-objective fansff;i = 1, 2, ....m and may

be written as{min[ f,(x), f,(X),...f,, X)]
Let us consider that decision makers have fixechtembership functionz, (f, (x)) and

given the weighted goal membership function vakuse {, 2,...n).
Let us consider the following programming problesn a

m
min > w(d +d")
i=1
subject to the constraintsy, (f, (X)) +w'd" —wd~ = wk
d'd =0,d"d =20k=0,1,2,.m
d"=>0,d" =0, where d',d” denotes the positive and
negative deviations respectively.
4. Notations and assumptions
This section defines the mathematical notationsassdimptions used in this paper. The

following notations are used in this paper.
W-number of sources (indexeéd= 1, 2,.W), F-number of destinations (indexgd 1,
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2, ...F) I-number of items (indexe#t = 1, 2,..l) ;,- -total environmental protection
cost;ik—supply (in litres) Bjk—demand (in Iitres)(::ijk—unit transportation cost from ith
source to jth destination (in paise/litre()a)(r:)t)ijk -unit transportation time from ith source to
jth destination during peak time (in minutes), (lm):)t)ijk -unit transportation time from ith source

to jth destination during non-peak time (in min)JteéI ik -loading and unloading time from ith
source to jth destination,x;-the amount (in litres) to be transported for itluige to jth

destination, é;k—the selling price of the product at jth destinat{m paise/litre), bik -the
purchasing price of the product at ith source (aisg/litres). (a)(pz:)ijk—congestion
charge during peak time, (l:()nbc)ijk-congestion charge during non-peak timfal-total

profit in the problem (in paise),f ,-total transportation time (in minutes)

4.1. Assumptions
In the T2FPMOMITP the following assumption is made.

If a commodity of the company is to be transpoitedifferent destination then the
company has to pay the environmental protectiort. ddence the following binary
indicator is introduced as

i, 0 x, %0
)ﬁjk __‘{(), if )ﬂjk =0 (1)

5. Formation of T2FPMOMITP
In this proposed model, the following conditiong aptimized separately during peak
time and non-speak time.

® Maximize the total profit (i) Minimize the tdt&ransportation time
The T2FPTP is formulated as
= W F | = = = = =
max f, = Z ZZ[ Sik= Py = Cik = PC;j Wy — Bk X yijk] 2
i=1 j=1 k=1
o= W F | = =
min f, :ZZZ[ Pt Vi + i .xjk] (3)
i=1 j=1k=1
subject to the constraints:
Fo =
D> X < @, ik (4)
j=1 k=1
W | = )
Z)gijbjk,Dj,k (5)
i=1 k=1
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Xijk = 0
Similarly, the T2FPTP can also be formulated fonpeak time.

Suppose the commodity is to be transported to d&ind¢isn and no expert
knowledge about the transportation cost, supplydamiand. This uncertainty is examined by

considering type-2 triangular fuzzy cost. The otiec functions Fi(i =1,2,3,4
consists of selling price(;)jk = (Si» S Sie» S Sk ),
purchasing  pricgp),, = (L. P2, B, Pl P ).
transportation cosl(z:)ijk = (s G s G i Gk ),
total environment protection co;t,-k = (€. €8 & &%),

loading time and unloading timé(i)iik = (d}, d3.ds.df .d),

congestion charge during peak tinf@c), = ((PC)j,., (PC)fi, (PC)5. (PEX, (P ),
congestion charge during non-peak time

&

(npe) ;. = (NPC)j, (NPC)S, . (PC) . (pe)i , (pe ) ),
transportation time during non-peak time

() = (0, (M, (M, (O, OO0 ),
transportation time during peak timépt),, = (P (P2, (PUS, . (P (PLE, ).
supply aw = (a,, 82,83 ,al ,a* ), demand by = (b, bZ b3, bk b% ).

6. Solution procedurefor T2FPMOMITP

The Type-2 fuzzy variable can be reduced to nomyfuariable using critical value reduction

methods (CV).
Special cases of CV methods are discussed ag/follo

6.1. Optimigtic expected value

Using the generalized expectation theory [5], thiedive functions and the constructions for

T2FPMOMITP can be written as:
6,

2 .3 Sik
s:J.Lk + Sigk _ (s;]lk _zsjk + Sjk)ln(1+é)

g
i=1 j=1 k=1 2 25,-;2
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Py
2)

p}k + pfk (Pi —2p; + py) In(@+
2 2ps
6
Vijk
2 ) (PO)l, + (PO,
2 2

(pe)s;
2

1 2 , .3
c&k +(;”3k (Cljk —2C;, +C|jk)|n(1+

(( pC)iljk = 2( pc)i?k + (pc)i?k )In(1+
2(pe)j

Xjik

el
2)

q}k + q?k (ﬁk - qu'zk + ql'ak )In(L+
2 2,

X Vi (7)

(pt):
2

woE 1 3 ((pt)j —2(pt)i, + (pt)5) In(L+
min f, =ZZZ (pt)ijk +(pt)ijk _

yi .
=y 2 2(pt )i, :

dé

d +d3 (dj —2d5 +d3 ) In(L+ '—2”‘)

2 X (8)
2 2d4 ik

ijk

Subject to the constraints
6
F o 31_1 +ai3 (ailk_zaii"'aii)ln(l"'ai*k)
22 Ky S ) 2
j=1 k=1 2 28
b?
jk
3 bjlk +bj3k (bjlk _ijzk +b].i)ln(l+ '2 )

W |
Z 2% 2 207,

Similarly the objective functionzfand f, their corresponding constraints for the proposed
T2FPMOMITP during non-peak time can also be forteda

ik 9

0j,k (10)

6.2. Pessimistic expected value

Using the generalized expectation theory [5], thaive functions and the constraints for
T2FPMOMITP can be written as:
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gf

g
(s;—2s’+5) In(1+é)

a 4
i=1 j=1 k=1 2s;

o c’
(pi-2pf+ )+ ) @l -2 +oi)nas )
P - - 2"~ (poy;
p] 2p9, (13 ZCQL p ijk
i i
(po);;
(PO, —2(pe)i, + (pc)ifk)ln(1+T'k)
_ .
2(pe)f ik
gf
(" - 2¢f, +e?k)ln(1+qé'k)
2
G T ZQ?[( X Vi (11)
(pt);;
I iilz - _((pt)?jk—Z(pt)ﬁk +(PU) (L ik .
i=1 j=1 k=1 e 2(pt)i‘j_"rk ijk
d
) (di:jlk _2dij2k+dij3k)|n(1+7]k)
19~ Xik (12)

2di;

and with subject to the constraints (9) and (10).

Similarly the objective functionsfand f, their corresponding constraints for the
proposed T2FPMOMITP during non-peak time can aésfobmulated.

6.3. Expected critical value

Using the generalized expectation theory [5], theaiive functions and the constraints for
T2FPMOMITP can be written as:

maxt, _Zzszl  F2S5 +S) S, 25, +sy

i=1 j=1 k=1 8

<6 4 & 4
Sk Sik Sik Sik

{1&3W$W&$hmﬂmmﬂ?
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_ p}k +2pj2k + pjsk + pjlk + 2pji + pji

4 8
11 @+pR)in@+pi) @+ pf)In(+ pf )
pﬁ( quk pjgl; p?k
_ Gk +2G + G Gt 205 + G
4 8
11 (+ci)in(+cl)  (+ci)n(+ci)
Gl Cik i i
_ (PO + 2(pe)i + (PO)ii |, (PO + 2(PC) + (PC)i
4 8
1 1 (@+(pe)f In(+ (pe)f,
(PO (pO)f, (PO)5,
@ (P el ||
6}2 jk
(PC)ijc
_ G *t28 *el , Gt e
4 8
L1 (ref)indrel), (+e)inteel ) a3)
2 2 ijk
CH el el |

mint, %ii{ {(m)ak +2(rlt)§k + (U5, (PO 2(pt g + (pt);,

i=1 j=1k=1

{ 11 _@+(poi)in@s (Y, | @+ (pLfy) g (pt)?kHy

(p%  (p)d (pt)% (Pt
+{di:jlk + 2dij2k + dijgk + dijlk + 2diji + diji
4 8

T _ﬂ grz ﬂ2
dijk dijk dijk dijk

and with subject to the constraints (9) & (10). iirty the objective functiorf; andf,with
their corresponding constraints for the proposeBPROMITP during non-peak time can
also be formulated.
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7. Case study

7.1. Input data

In order to examine the validity of the proposeddei@ case study is done in milk centres
functioning in Trichy and Thanjavur districts basatdthe secondary data received through
RTI. Considering these two as sources (W = 2) aredréceiving milk centres from these
sources as destinations (F = 5), the two milk tiasesuch as Standardized milk and Double
toned milk is transported for daily sales. Owingthe real life uncertain situations, the
transportation problem cannot be analyzed usingribe value so that the parameters used in
the transportation problem are considered as tyfgz2y variable. The type-2 fuzzy
transportation cost, total environment protectiost,ccongestion charge during peak-time and
non-peak time and transportation time for a urétrjty of the commodity from th& source

to thej" destination and the selling prices and purchagifees, the total supply in each
source and total demand in each destination, fdti itms (I = 2) have been assumed and
the values are given in the following table.

Table 1.1: Input data for T2FPMOMITP
ltem-1 ltem-2

:Su =(4000,4102,4102,0.5,0.,

;12 =(4400,4452,4552,0.5,0.

Sz = (4000, 4102, 4102,0.5,0.

S22 = (4400, 4452, 4552,0.5,0,

511 = (2700, 2802,2852,0.5,0.

E)lz =(2700,2802,2852,0.5,0.

p,, =(2700,2802,2852,0.5,0.

p,, =(2700,2802,2852,0.5,0.

au = (941,942,943,0.5,0.!

2wz = (235,236, 237,0.5,0.!

;21 =(225,226,227,0.5,0.!

az = (56,57,58,0.5,0.t

bu = (901,902,903, 0.5, 0.!

buz = (224, 225,226,0.5,0.!

ba = (33,34,35,0.5,0.F

ba2 =(7,8,9,0.5,0.5

bs: = (5,6,7,0.5,0.5

bs = (3,5,6,0.5,0.5

be=(2,3,4,0.5,0.5

bez = (4,7,8,0.5,0.5

bs: = (159,160,161,0.5,0.

bsz = (39,40,41,0.5,0.F

;111 =(22,23,24,0.5,0.5

;112 =(22,23,24,0.5,0.5

e = (56,57,58,0.5,0.5

ewz2 = (56,57,58,0.5,0.F

e = (39,40,41,0.5,0.5

ers2 = (39,40,41,0.5,0.F
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€1 = (58,59,60,0.5,0.F

euz = (58,59, 60,0.5, 0.5

ers1 = (40,41,42,0.5,0.E

&2 = (40,41, 42,0.5,0.F

€211 = (39,40,41,0.5,0.F

€212 = (39,40, 41,0.5,0.¢

€221 = (89,90,91,0.5,0.5

€222 = (89,90,91,0.5,0.F

€201 = (51,52,53,0.5,0.F

€22 = (51,52,53,0.5,0.F

€201 = (33,34,35,0.5,0.F

€22 = (33,34,35,0.5,0.¢

€251 = (39,40, 41,0.5,0.F

€252 = (39,40, 41,0.5,0.¢

di: = (15,16,17,0.5,0

duso =(15,16,17,0.5,0

izt = (15,16,17,0.5,0.F

duso =(15,16,17,0.5,0

d1s: = (15,16,17,0.5,0F diz2 = (15,16,17,0.5,0
dis = (15,16,17,0.5,0 dio =(15,16,17,0.5,0
dis: =(15,16,17,0.5,0.F 8152:(15,16,17,0.5,0.f
d211=(15,16,17,0.5,0§ d212 = (15,16,17,0.5,0)
Aoz =(15,16,17,0.5,0.F d222 =(15,16,17,0.5,0.F
dass =(15,16,17,0.5,0.F doso =(15,16,17,0.5,0.F
dza1 = (15,16,17,0.5,0§ dzs2 = (15,16,17,0.5,0
st =(15,16,17,0.5,0.F doss = =(15,16,17,0.5,0.F
(.?c)m (0,0,0,9 (§c)112 =(0,0,0,9
(pc),,.=(32,33,34,0.5,0f (pc).., =(32,33,34,0.5,0
(pc),., =(46,47,48,0.5,0§ (pc),., = (46,47,48,0.5,0%
(pc).,. =(55,56,57,0.5,0) (pc),,, = (55,56,57,0.5,0F
(pc),., =(50,51,52,0.5,0F (pc),., =(50,51,52,0.5,0F
(pc),.. = (53,54,55,0.5,0F (pc),., =(53,54,55,0.5,0}

(00]
w




Aishwarya. R and Merline Vinotha. J

n

(174,175,176,0.5,0):

=}

n

~+

(174,175,176,0.5,0)

n

(140,141,142,0.5,0)!

n

(140,141,142,0.5,0)

n

140,141,142,0.5,0)!

=}

140,141,142,0.5,0)!

X

N
=
N

n

!

324,325,326,0.5,0)!

n

324,325,326,0.5,0)!

S

N
N
N

n

=}

212,213,214,0.5,0)

X

N
L
N

n

(pc),,,=(30,31,32,0.5,0.F (|5c)222 =(30,31,32,0.5,0.F
(pc), ., =(0,0,0,0,9 (pc),.,=(0,0,0,0,9
(bjc)m1 (0,0,0,0,9 ( ic)m2 =(0,0,0,0,9
(pc),..=(0,0,0,0,9 (pc),., =(0,0,0,0,9

(npc)... =(0,0,0,0,9 (npc).., =(0,0,0,0,9
(npc). . =(16,17,18,0.5,0 (npc). ., =(16,17,18,0.5,0
(npc)... = (60,61,62,0.5,0} (npc).., =(60,61,62,0.5,0)
(npc).,. = (27, 28,29,0.5,0F (npc)., =(27,28,29,0.5,0F
(npc)... =(20,21,22,0.5,0} (npc).., =(20,21,22,0.5,0
(npc). ., =(28,29,30,0.5,0 (npc).., =(28,29,30,0.5,0}
(npc) ., =(16,17,18,0.5,0 (npc).., = (16,17,18,0.5,0}
(npc)... =(0,0,0,0,9 (npc).. =(0,0,0,0,9
(npc)., =(0,0,0,0,9 (npc),,, =(0,0,0,0,9
(npc)... =(0,0,0,0,9 (npc).., =(0,0,0,0,9

(pt),,, =(86,87,88,0.5,0) (pt),,, =(86,87,88,0.5,0

( ot ., =(200,201,202,0.5,0)! ( ot ., =(200,201,202,0.5,0):
(Et s, =(120,121,122,0.5,0)! ( o 1, =(120,121,122,0.5, 0
( (

( (

( (

( (

( (

( (

©
—
~ N~ >~ &~ &~~~
5
=
I

(
2=
(
(

t

130,131,132,0.5,0)!

e]

n

e
—
N— [ N— N— N— '}./ N— N— N— N—
1
N
I

(
(
(212,213,214,0.5,0):
(

130,131,132,0.5,0)!

S
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pt).., =(14,15,16,0.5,0} 5 ()., = (14,15,16,0.5,0)

npt 43,44,45,0.5,0.F 43,44,45,0.5,0.

111

=
., =(100,101,102,0.5,0):

112

=
npt =(100,101,102,0.5,0)!

12

N

60,61,62,0.5,0.F 60,61,62,0.5,0.F

131

87,88,89,0.5,0.F 87,88,89,0.5,0.F

70,71,72,0.5,0.F

70,71,72,0.5,0F 70,71,72,0.5,0.F

npt 162,163,164,0.5,0);

npt 106,163,164,0.5,0): 106,163,164,0.5,0)!

npt 65,66,67,0.5,0.F 65,66,67,0.5,0.F

(
(pt)
(rpt)
(rpt)
(pt)
(pt).,, =
(pt)
(pt)
(pt)
(pt)
(pt)

=(
=(
(
=(
,,, = (162,163,164,0.5,0)!
(
(
(

npt 7,8,9,0.5,0.5

(
(npt)
(pt)
(mpt).., =
(mpt),,, =
70,71,72,0.5,0.F (npt) =(
(npt), . =(
(npt),.., = (
(npt),.,, =(
(mpt), =
(mpt).., =

7,8,9,0.5,0.5

Using the input value in Table-1.1, the objectivadtions together with crisp constraints
are solved separately using GRG technique (lingf)18
The feasible expected values is obtained undeic@rivalue reduction and the

expected valuesf’ and f'=(i =1,2,3,4 are listed below:

Peak Tim Non-peak Timi
f° =1869546 fl= 174795 f2=1988174 fi= 185334
f2O =24660 f, 2= 24124 f4° =23366 f, = 23093

The membership functions for the objective fundidp f,, f; and f, are
formulated as follows

1, for f,(x)>1869546
f,(x)-1747957
f,(x))=1—=2
(1 (3) 1869546~ 1747957"
0, for f,(x) <1747957

for 174795% f,(x)< 186954 (15)
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1, for f,(x) > 24660

24660~ f,(x)
(1) =4 2 sese a5 07 19758065 £, (x)< 220844 (16)

0, for f,(x)< 24124

Similarly, the membership functions can be folated for the objective

functions f,and f,
The following model is formulated using fuzzy gogatogramming (FGPT)
technigue and the critical value is give as follows
PEAK TIME:
Maximize [ d; +d; |
subject to the constraints:
f,—1747957 +

+d"-d =
1869546~ 1747957 *+ #
f. —24660 .
: +d, —d, =4, (17)

24660~ 24124
d'd =0d"d =0j=12
d"=0,d =20,=12

Similarly the above model can be formulated for -peak time. The above single
objective function is solved using LINGO-18.0 amé toptimum results are reported in

the following table.

Table 1.2: Expected critical values via FGPT (peak time and{deak time)

th Lo y2s Ha fy f fa fa

0.2z | 0.8 0.2 0. 184522! | 2432 | 185723 | 2432:
0.2 | 0.7 0.3 0.7 185307( | 2411, | 185847(| 2411
0.4 | 0.€ 0.4 0.€ 184812 | 2443 | 186538( | 2443:
0. | 0.k 0.t 0.t 181280: | 2456: | 187275 | 2456:

The following model is formulated using weightedzZy goal programming
technique (WFGPT) (for critical value)
PEAK TIME:

Maximize Zzl[Wl (df + di_):|

i=1
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f,—1747957 .-
+d —d; =w,
1869546~ 1747957
_ . f, —24660 rd —d 2w

subject to the constrain 54660- 24124 2 2 2 (18)
d'.d =0d'd =20j=12

d">20,d 20j=12

Similarly the above model can be formulated for -peak time. The above single
objective function is solved using LINGO-18.0 am@ toptimum results are reported in
the following table.

Table 1.3: Expected critical values via WFGPT (peak time aod-peak time)

Wy Wy W3 Wy fl fz f3 f4

0.2 0.8 0.2 0.& 176011! 2508¢ 186682 2358¢
0.3 0.7 0.3 0.7 178443: 2503t 189379 23557
0.4 0.€ 0.4 0.€ 179659. 2498! 1907271 2352¢
0.t 0.t 0.t 0.t 180875:. 2492¢ 192075! 2350z

From the above tables it is observed that the tphofiransportation increases
with respect to increase in credibility measure #raltime required for transportation
decreases with increase in credibility measures.

Tablel.4: Percentage of profit increase in non- peak timaguBiGPT & WFGPT

7 s percentage ¢ W; W, Percentag of
profit via profit via
FGPT WFGPT
0.z 0.€ 0.32 0.z 0.8 2
0.2 0.7 0.14 0.2 0.7 2.9¢
0.4 0.€ 0.4¢€ 0.4 0.€ 2.9¢
0.5 0.5 1.€ 0.5 0.5 3
Table 1.5: Percentage of time reduction in non-peak time uBiG§T & WFGPT
I3 L percentage of tim W; W, percentage ¢
reduction via time reduction
FGPT via WFGPT
0.2 0.6 2.1z 0.2 0.6 3
0.2 0.7 1.7¢ 0.2 0.7 3.04
0.4 0.€ 2.4¢€ 0.4 0.€ 2.9¢
0.5 0.5 2.7¢ 0.5 0.5 2.94
8. Conclusion

This paper mainly investigated multi objective [irafransportation problem with
congestion for multi items under type-2 fuzzy eamiment. Using the numerical
experiment for the proposed model, it is obserhed the profit is increased in non-peak
time than the profit obtained in peak time. Thefipiacrease in percentage is shown in
the table 1.4. Also, the transportation time isimined in non-peak time than peak time.
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The percentage of reduction in time is given in tddde 1.5. The present paper can be
extended to different types of transportation peoid including price discounts,
breakable items and damageable items and alsgaiasshipment problem in complex
environment.
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