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Abstract:

A multi-item multi-objective fixed charged solid transportation
problema with guidelines e.g. unit transportation penalty, amounts,
requirements, and conveyances as type-2 triangular fuzzy variables
with conditions on few items and conveyances is formulated here. A
chance constrained programming model applying generalized cred-
ibility measure for the objective function as well as the constraints is
formed with the critical value based reductions of corresponding
type-2 fuzzy guidelines for this particular problem. The model is then
converted into the equivalent crisp deterministic form. The optimal
compromise solutions are obtained by fuzzy programming technique.
An example is contributed to highlight the model and is then solved by
applying Generalized Reduced Gradient (GRG) technique (applying
LINGO 16). The sensitivity analysis of the model is also given to illus-
trate the model.
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1. Introduction

The Solid Transportation Problem (STP) is an exclusive form of linear
programming model where we deal with condition of sources, stations, and
carriages. The classical Transportation Problem (TP) is an exclusive form
of STP if only one type of carriage is taken under consideration. TP is asso-
ciated with additional costs along with shipping cost. These fixed penalties
might be due to road taxes, toll charges etc. In this case it is called Fixed
Charged Solid Transportation Problem (FCSTP). During the transporta-
tion movement due to complex situation, a few important criterions in the
STP are always treated as uncertain variables to fit the realistic positions.
There are cases to form a transportation plan for the later months; the
amount of quantity at every origin, the requirement at every station, and
the carriage quantity are frequently necessary to be determined by experi-
enced knowledge or probability statistics as a result of no definite data. It
is much better to explore this issue by applying fuzzy or stochastic opti-
mization models. It is difficult to predict the exact transportation cost for a
certain time period. Fuzzy set theory is the one of the popular approaches
to deal with uncertainty. Type-2 fuzzy sets were proposed by Zadeh [20] as
a development of typical fuzzy sets [19]. Type-2 fuzzy sets have member-
ship functions as type-1 fuzzy sets. The advantage of type-2 fuzzy sets is
that they are helpful in some cases where it is uncertain to find the definite
membership functions for fuzzy sets.

The model of shipping multiple components from multiple sources to
multiple destinations over a few carriages is known as multi-item STP. A
situation that may arise while transporting multiple components from the
source where not all brands of components can be shipped over all brands
of carriages because of quality of components (e.g. liquid, breakable, etc.).
Multi-item Fixed Charged Solid Transportation Problem (MIFCSTP) with
condition on carriages is a model of shipping goods to a few destinations
over a particular carriage with additional fixed charge for that particular
route. Multi-item multi-objective solid transportation models are models
that are used to find optimal solutions of multiple objective functions of
shipping multiple components from multiple sources to multiple destina-
tions over a few carriages.

The motivation behind this paper is to study solid transportation ex-
ample with type-2 fuzzy parameters. Pandian et al. [16] found out a new
method to solve the STP. Li et al. [10] discussed a neural network method
to express bi-criteria STP, and Li et al. [11] also studied multi-objective
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STP with fuzzy numbers and used improved genetic algorithm to solve it.
Kundu et al. [8] investigated two models namely fixed charged transporta-
tion problem with type-2 fuzzy cost parameters and the same model with
costs, supplies and demands as type-2 fuzzy variables. Maiti et al. [9]
has solved one model with multi-item STP with restriction on conveyances
with the type-2 fuzzy variables. Kundu et. al. [7] investigated the multi-
objective STP under various uncertain environments. Amrit et al. [2]
investigated multi stage STP under budget with Gaussian type-2 fuzzy pa-
rameters. Anushree et al. [3] discussed STP under type-2 trapezoidal fuzzy
environment. Dhiman et al. [4]-[6] investigated a new method for the solu-
tion of the multi-item multi-objective fixed charged solid shipment model
with type-2 fuzzy variables.

The paper has 5 Sections: Section 2 where some basic preliminaries
relating to the notions of reductions of type-2 fuzzy variables are discussed
and in Section 3 where CV-based reduction methods for type-2 fuzzy vari-
ables are discussed. We have formulated a multi-item multi-objective fixed
charged solid transportation model with conditions on a few items and car-
riages in the sense that a few specific items are restricted to be shipped over
a few particular carriages in Section 4. We have taken transportation vari-
ables e.g. unit transportation penalty, fixed costs, amounts, requirements,
and carriage quantities as type-2 triangular fuzzy variables. The model is
investigated by developing a chance constrained programming model ap-
plying the CV based reduction in Section 5. Finally the model is solved nu-
merically in Section 6 applying fuzzy programming technique and LINGO
16 solver.

2. Preliminaries

Definition 2.1. [1] A triplet (0, p’, Pos) is termed as a possibility space,
where 1/ is non-empty set of points, p' is power set of ' and Pos : f +— [0, 1]
is a mapping, called possibility measure explained as

1. Pos()) =0 and Pos(n’) = 1.

2. For any {A;|j € J} C 1/, Pos({JUA;) = sup Pos(A;).
J

Definition 2.2. [15] The possibility measure (Pos) of a fuzzy event {7’ €

C'}, C" C R is explained as Pos{7’ € C'}=sup pw(y), where puz(y) is
yeC’

explained as a possibility distribution of 7'.
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Definition 2.3. [12] The necessity (Nec) and credibility measure (Cr) of
a normalized fuzzy variable (sup uz(y') = 1) is explained as follows:
yeR

1. Nec{7" € C'} =1 — Pos{7' € C"*} =1 — sup p=(y).
y'eC’e

2. Cr{7 € C'"} = (Pos{7' € C"} + Nec{7' € C'})/2.

Definition 2.4. [12] The generalised credibility measure of a fuzzy variable
is explained as Cr{7' € C'} = (sup pz(y')+ sup pz(y')— sup uz(y'))/2.

yeR yeC yecre
Definition 2.5. [13] For a possibility space (1,p’, Pos), a Regular Fuzzy
Variable (RF'V) 7' is explained as a mapping from 1’ to [0, 1] in the sense
that for every s’ € [0,1], {¢' € /| p#=(8") < '} € p'.

Definition 2.6. [13] If (1), p’, Pos) is a fuzzy possibility space then a Type-
2 Fuzzy Variable (T2 FV) 7 is expressed as )’ — R such that for any t € R
the set {6' € 0| p=(8') < s’} € p'.

Definition 2.7. [20] A type-2 fuzzy set B explained on the universe of
discourse Y is described by a membership function iz : Y — F([0,1]) and

is expressed by the following set notation : B = {(y, ﬁg(g;)) cy €Y}

Example 2.1. [13] A type-2 triangular fuzzy variable 7' is expressed by
(ry, 75,7507, 0.), where 1,75, r5 € R and 07,0, are two criterion defining
the grade of ambiguity that 7/ takes a value x’ and the secondary possibility
distribution function fiz(z') of 7/ is defined as

!/ ! ! / ! / ! / / / /
(f%_:}/ll - egfé_:i, f] _:;, f] _:; + 071,.?/ _:i)7lfl‘, 6 [7"'1’ rl;"?];
! /
R L= S E: ) B o St
/L;—/(LE)— (rg— Y _elx—r; ri—z]' ri— ) +0,x—r}2l) fo € ( ’ 7‘2'-1—7"3]
o R T A o o T o S
(Bl gL Lo Tt L g L e e (T ]
Th—T) rh—rh ) rh—rh? rh—rl rrl—rh/? 2 '3

Example 2.2. The secondary possibility distribution of 7/ = (1,2, 3;0.5,1)
is given by

0.52' — 0.5), (¢ — 1), (1.52" — 1.5)), ifz’ € [1,1.5];

(Lba' —2), (2" —1),0.52"), ifz" € (1.5,2];

(4 — 1.52"), (3 — '), (2 — 0.52")), ifz’ € (2,2.5];

(

(
fiz (') = E
(4.5 — 0.52"), (3 — '), (4.5 — 1.5)), ifz’ € (2.5, 3].
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2.1. Critical Values for RFVs

The different kinds of Critical Values (CVs) [17] of a RFV 7' is defined
below.
(i) the optimistic CV of 7, denoted by CV*[7'], is defined as
CV*[7] = sup [0/ A Pos{7' > ¢'}]
6" €0,1]
(ii) the pessimistic CV of 7/, denoted by CV,[7'], is defined as
CVi[7'] = sup [0’ A Nec{7 > §'}]
6 €10,1]
(iii) the CV of 7/, denoted by CV[7'], is defined as
CVI[7'] = sup [0 ACr{7 >d'}].
6’ €0,1]

3. CV-based reduction method for T2 FVs

CV-based reduction approach was introduced by Qin et al. [17] which
reduces a T2 FV to a type-1 fuzzy variable. Let 7/ be a type-2 fuzzy variable
with secondary membership function 7z (y). The method is to propose the
CVs as a defining value for RFV 0#(y), i.e. CV*[03(y)], CVi[Dz(y)] or
CV[vz(y)]. Then these are accordingly called optimistic CV reduction,
pessimistic CV reduction and CV reduction method.

Theorem 3.1. [17] Suppose that 7' = (s}, s}, sk;n],n.) be a type-2 trian-
15525 835115 Ty

gular fuzzy variable. The following results are given below:

(a) The reduction of 7' to 11 applying the optimistic CV reduction method

has the following possibility distribution

(A4n)(2'=s])  =p g 1 S1tshy.
gy 17 €[5, ;
(I—np )z +my.55—5]
sy—sy+n.(s5—a')

. /+ !
g @) i € (S )

& =\ Climpa’—mpshtsh sh+s3.

1 T ey e’ € (s, 2

A4n)(sz—=2") - s shtsh
sty 7 € (P s3]

(b) The reduction of 7' to 14 applying the pessimistic C'V reduction method
has the following possibility distribution

(z'—s) . ;S Hshy.
=@ =) ifz' € [s1, 252);
x'—s] ) s1+sy, 1.
(o) = | Ty T € (G sk

/ =
MT2 (5/3—1‘/) lf.'L', c (S, S/2+S/3]_
sh S%Jlrnl'(als)’—sgy l27 ,2 )
S3—& p ! Syts3
Ty 7 € (G s

(¢) The reduction of 7' to 14 applying the CV reduction method has the


rvidal
Cuadro de texto
625


626 Dhiman Dutta, Mausumi Sen and Biplab Singha

following possibility distribution
(1+77T)(5L"'*S'1) e 1 s1+syy.
A it €[5, 445
(1 n)z’'+n;s5—s] = (S,1+3,2 l].
()= Eoet2nls-an) ’
Hrg - (=1+n))z' —n]sh+sh
R
+n,.) (85— cp sh+s /
_ A \Symx) Sa153
sh—sh+2n..(sh—a’)’ ifz’ € ( )8 ]

Theorem 3.2. [17] Let &; be the reduction of the type-2 fuzzy variable & =
(r4,r4,7%4:0,,4,0,.;) obtained by the CV reduction method for i = 1,2,...,n
Let &1, &9, ...., &, are freely independent, and k; > 0 fori=1,2,....n

(i) Assumed the generalized credibility level o € (0,0.5], if a € (0,0.25],

T )
then Cr{ Z ki& <t} > « is identical to Z (1 2a+(11+1t?)04;))9;7;1+2ak”2 <t,

and if o € (0.25,0.5], then Cr{ Z ki& <t} > « is identical to
i=1

2 (1-20)kiri+(2a+(4a—1)6,:)
Z 1+(4a—1)0;;

(11) Assumed the generalized credibility level o € (0.5, 1], if a € (0.5,0.75],

then Cr{ Z ki& <t} > aisidentical to Z (2o Lk; T3+1(i(é 1)1)9(13 d0)0ri)kiry <
=1 ‘
t,

~ n
and if o € (0.75,1], then Cr{}" k;{ <t} > « is identical to
i=1

kiry < ¢,

(2a—1+(4a—3)0, ) kiri+2(1—a)
1+(4Ozf3)9,r71‘

L=

[

~ n
Corollary 3.1. The identical expression of Cr{ " k;&; >t} > « are easily
i=1

obtamed from the above theorem because

OT{Zk§Z>t}>a:>CT{Z —ki& < —t} > «

= CT{Z kg <t'} > a
=

where & = —&; is the CV reduction of —& = (—r4, —r}, —14:0,.4,0,;) and
t' = —t.

Assumed the generalized cred1b1111:y level o € (0,0.5], if o € (O 0.25] from (1)
of the above theorem, then Cr{ Z ki€ >t} > a ie. Cr{ Z k& <t} >a

is identical to
% (1—20+(1—4a)8y ;) ki (—ri)+2ak; (—

r5) ’_
1+(1—40)0; =t =-t

=1
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N i (1—20+(1—4a)8y ;) kiri+20k;r} > ¢

1+(1 401)91 i

and if o € (0.25,0.5], then Cr{ Z ki& >t} > « is identical to

" (1—2a) ks (— 7“) (20+(4a— 1)9T1)k( r)
; I da=1)9; Lt

o (1—20)k; r3+(2o¢+(4a—1)0M)kir§
= Z 1+ (da—1)7,; >t

T he other values of « are similarly derived from other identical expressions.

4. Model: Multi-item multi-objective fixed charged solid trans-
portation problem with condition on conveyances

Suppose that &k (k = 1,2, ..., K) different modes of carriages are necessary
to transport [ components from m sources O; (i = 1,2, ...,m) to n stations
D;(j=1,2,..,n) and also (t = 1,2, ...., R) objectives are to be minimized.
In addition to that there are a few conditions on a few particular compo-
nents and carriages so that a few components can not be shipped over a few
carriages. Suppose that I, be the set of components which can be shipped
over carriages k (k = 1,2,.., K). We use character p (= 1,2,...,1) to stand
for the items.

The fixed charged solid transportation problem is linked with two cat-
egories of penalties, unit transportation penalty for shipping unit amount
from origin ¢ to station j and a fixed cost for the direction (7,j). We de-
velop a multi-item multi-objective fixed charged solid transportation model
with m sources, n stations, k carriages, direct penalty and fixed penalty
criterion as T2 FVs as follows:

m n K
Mant Z Z Z Z 7,jk'< Z]k‘ajl_]k}) +el]ky7,jk‘7 = 1,2,3, ...... R
p=1i=1j=1k=1
n

K
subject to Jz_:l kzl dfjkxfjk <d,i=1,2,...,mp=12 .1,

m K
Zl k-zl df]k,‘xf]k 2 b?;;j = 1727 ...7n;p = 172’ ”',l7
i=1k=
I m n
(4‘1) Z Z dzgkmz]k < fr,k=12,.. K,
p=1i=1j=1

ij>0 V'L .77kpa
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where d} i 15 defined as
”k 0, otherwise,
and

P 1,efx > 0;
Yijk 0, otherwise.

Here, m le the decision variable representlng the measure of p-th compo-

nent shipped from source i to station j, eijk is the type-2 fuzzy fixed cost
linked with direction (7,j) for the objective Z;. The unit transportation
cost czjk(from i-th origin to j-th station by k-th carrlage for p-th thing)
for the objective Z, full supply of p-th component a at i-th source, full
demand of p-th component b? at j-th station and full quantity f; of k-th
carriage are all type-2 fuzzy variables.

5. Solution Procedure (Chance Constrained programming us-
ing generalized credibility)

Let cff,;, eZ’,;, Z , bp and f}, be the reduced fuzzy variables from type-2 fuzzy
variables cw 10 € ” L a Z,b}? and fi respctively based on CV-based reduction
method. We develop a chance—constrained programming with these reduced
fuzzy variables to solve the above problem. The uncertain constraints are
granted to be opposed such that constraints must be fulfilled at a few
chance level in chance-constrained programming. Yang et al. [18], Liu et
al. [14], Kundu et al. [9] advanced chance-constrained programming with
fuzzy guidelines using credibility measure. The natural credibility measure
can not be used if the reduced fuzzy guidelines cg’ 1 € f?,;, ' bp and fy, are
not normalized. The succeeding chance-constrained programmlng example
is developed for the raised model (4.1) using generalized credibility.

Min, (Minf;)
subject to
cr(y 3" db PP <fl>a,t=1,2,.,R
T{pi_:hzljzl kX—: Z]kcljkajk+eZ]kyzjk ft} = Ot,t— 5 Ly ey
n K
Cr{ z > Ay < ap P>l i=1,2,.,mp=1,2 .1,
=1k=1
m K »
cr{> > dzgk%k } > B7,7=1,2,. =1,2,.,1,

i=1k=1
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(5.1) CT{ZZZ%MW < fuy >k =1,2,., K,
p=1i=1j=1

>0, d 1,ifp € Ig Vi, j, k,p; P = 1,ifa:fjk>0;

ik = ik~ 0, otherwise, » Zigk 0, otherwise.

where Min ft expresses the lowest likely crisp form that the objective func-
tion attains with generalized credibility slightly « (0 < a < 1). Especially,
« specifies that we are working to reduce the « critical value of the ob-
jective function. o ,5? and v, (0 < of ,Bf , vk < 1) are fixed generalized
credibility levels of fulfilment of the particular constraints.

5.1. Crisp Equivalence

Let ¢! bt and f}, are all jointly independent type-2 triangular fuzzy

zgk’ zjk’ z’ 7

_ (.tpl  tp2 tp3 tp _ / tpl _tp2 _tp3, pltp Itp
variables defined by ka - (cz]k7 Cz]k’ ijk? 9l ik Hr zjk)7 ijk (eijk7 eijk’ eijk’ 9l,ijk’ er,ijk:)7
P — (Pl qP2 oP3- P 1 3p2 3p3, 1 2 r3.
a; *(az y @y 5 Ay 76ll7677;) bp <bp7b§)7bp 91]7 )7andfk*(fk;afk;afk79l,k797“,k)'

The chance constrained model formulation (5.1) is passed into the next crisp
identical parametric programming models from Theorem 3.2 and its corol-
lary 3.1:

Event A:0 < a < 0.25 : The identical parametric programming for example

(5.1) is
(1—2a+(1— 404)9:1’1 )Cipl P +2o¢c2p2 r
S e

p—l =1 ] 1k=1 15k
1tp tpl P tp2 p
(1—20&-&-(1—40&)9“7;]19) zgkyzgk+2aemkyzgk
/tp
1+(1— 404)977W,C

subject to

Z Z dwk%k <Fp,i=12...mp=12 .1

T o .
‘Zlkzl diikTije = Fb;?,j =1,2,...np=1,2,...,1,
1= =
I m n
(5.2) DY At < Fpok=1,2,. K,
p=11i=1j=1

W2, > 0,d _{ Lifp e Ix Vi, j k,p;  » :{ Lifafy > 0;

ik ) 0, otherwise, * Jigk 0, otherwise.
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where Fp, Fyp, Fy, is defined by (5.6)-(5.8) appropriately.

i f
Event B : 0.25 < o < 0.5 : The identical parametric programming for ex-
ample (5.1) is

Lo K (1-20)c'PLaP 4 (20+(4a—1)07 )clP2 2P,
Min dP. ijkijhk Ligk!CijkTijk
p;i; J; k; ”k[ 14+(4a=1)0)% ]
1 2
(1—2a)e§§kyfjk+(2a+(4a—1)0ﬁfjk)eZ]’?kyipjk
[3
L+(da—1)0;"7

n K
subject to > > dfjkwp <Fp,i=12..mp=12 .1

! ijk
j=1k=1
m K v .
izlk:ld?jkefz‘jk ZFb;;_v,j =1,2,...,n:p=1,2,...,1,
l m n
(5.3) NN S Ayt < Fp k=12, K,
p=1i=1j=1

P » ) LifpelgVi g kp, , 1,ifxfjk>0;
xk_ Z O7dk} — . s Yiik — .
tJ &Y 0, otherwise, tJ 0, otherwise.

Event C: 0.5 < a < 0.75 : The identical parametric problem for the exam-
ple (5.1) is

l tp3,.p t tp2
Min 3" g i § P (2a—1)cPial . +(2(1—a)+(3—4a)0)" . )eP2al
L e

p=1i=1j=1k=1 " 1+(3—40)0; 35,
(2a—1)ePly?, +(2—2a4(3—40)0,7, )elP2yP

1,ijk’CiikYijk
14+(3—4a)0, 7,

n K
subject to > > dfjkmp <Fpr,i=12..mp=12 ..,1

j=1k=1 ik
m K
Zlk ldfjkxfjk > beaj =1,2,...,mp=1,2,...,1,
1= =
m
(5.4) DY Aty < Fpok=1,2,. K,
p=1i=1j=1

Pos o - ) LiftpeIkVi gk, ] Lt > 0;
ijk = Y5 Qi 0, otherwise, » Jigh 0, otherwise.

Event D: 0.75 < a < 1 : The identical parametric problem for the example
(5.1) is
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tp3_p tp2 p
(2a—1+(4a—3)0 MJk)c”ka:”k—‘,-Q(l a)c”ka:”k]

Min Z Z Z Z Z]k,‘[ 1+(4a— 3)6'P

p=1li=1j=1k=1
3 2
(2a—1+(4a—3)0""? . e Z’kyfjk+2(l a)effkyf]k

rijk

r,ijk
14+(4a=3)0/7
subjet to
Z Z dzgk%k <Fp,i=12,...mp=12 .1,
=1 k=1 %
jm K )
Z Z ’L]kxl_]k‘ ZFbP?] :1’25"‘7n;p:1527"'7l7
i=1k=1 J
I m n
(5.5) DY dlaly < Fpok=1,2,. K,
p=1i=1j=1
Lifpe I Vi, jk,p; L,ifz?., > 0;
> 9 sy Jy vy Yy p_ 1)
”’f O’dwk { 0, otherwise, Yijk 0, otherwise.
where,
1-20P+(1-4a?)0P )a?* +2a" a??
( ““H(l“ja ))9‘; R, if 0 < o <0.25;
(172af)af3+(2af+(4af71)0fyi)af2 »
(56) F T (el 107 B2 <ars
' a =\ (@2af-1)a? 4201 3—4a?)0",
(207 —1)a; +1(+((3 Za)-;-e(p a)ob yal 0.5 < alp < 0.75:
(2ap71+(4aP73)9p )ap1+2(1 of )ap2 . »
1+(4ap_3)0pﬂ , 075 <o <1
1-287+(1-457)6F bP1+25PbP2 .
2 (1+(1 4)517)9)? il if 0 < 87 <0.25;
(1—280)p8" + (2BP+(4B” 167 )br . b
1) i a7 ,  if.25< B <5
: 5T @-nirea-pr Yla—apryr 2
J sJ
(287 —1+(4B7—3)0P )bP° +2(1— 7 )b . »
g 0T < <1
(1= +(1—491) 00 1) f 227 7 . .
i ra— if 0 < v, < 0.25;
(1=291) £2+ 2+ (49— D)0, )f . .
5.8) Fy = G L, 025 <y <05
) kT =) f + A —vk)+(B—47%)0r k) [ . .
29k =14+ (47 —3)01.1) L +2(1 =) /7 :
1+(4Vr3)6’1;,k Lo if 0.75 <y < 1.

631
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5.2. Fuzzy programming technique

Zimmerman [21] presented that fuzzy linear programming technique con-
stantly provides powerful solutions and a best possible optimal solution for
multiple objective problems. The stages to solve the multi-objective prob-
lems by means of fuzzy programming method are given below:

Stage 1: The multi-objective model is solved as a one objective problem
applying, every time, single objective Z;(t = 1,2, ..., R) to obtain the best
possible solution X = J:Z-k of R distinct single objective model.

Stage 2: The values of all the R objective functions at all these R best

possible solutions X*(t = 1,2, ...... , R) are calculated and the upper and
lower bound for individual objective is specified by

Ut == MaX{Z_t(Xl*), Z_t(X2*), ....... y Z_t(Xt*)} and Lt == Z_t(Xt*), t= ]., 2, .....
appropriately.

Stage 3: An introductory fuzzy example is assumed as

Find x
subject to Zy(z) < L, t =1,2,...... ,R
and the constraints of (4.1).

where o = 2y, i =1,2,....,m; j = 1,2,..,nk = 1,2, ..., K;
p=12,..,1.

Stage 4: The linear membership function ps(Z;) identical to " objective
is calculated as _

LifZ, < Ly
m(Ze) = g7k, i Ly < Zy < Uy;

L

0,if Z, > Uy, Vt.

Stage 5: The fuzzy linear programming model is formulated applying max-
min operator as

Max §
such that
- Uy — Z
5.9 0 < ) = Vit
(59) < mlZi) = =1

and the constraints of (4.1)
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§ >0 and 6 = ming{u(Zy)}.

Stage 6: The reduced model is worked out by a linear optimization method
and the best possible optimal solutions are achieved.

6. Numerical Model

The projected problem is illustrated numerically in this section. The pro-
posed methodology is solved numerically by taking one example of the
model. Consider the model with objective functions (t = 1,2), sources
(i =1,2,3), destinations (j = 1,2, 3), conveyance (k = 1,2,3,4) and items
(p = 1,2,3). Suppose that I = {1,2}, Ir = {1,2,3}, Is = {3}, I+ =
{1,2,3}. The transportation penalties and fixed penalties for this model
are given in Tables 2-13 (Appendix). The amounts, requirements and con-
veyance capacities are the consecutive type-2 fuzzy data:
a%:(21242705 )a1:(2628300509)a1:(242629'0 1),
a2 = (26,28,32;0.6 09) a% = (20,24,27;0.6 09) a3 = (22,24,26;0.5,1),
ay = (27, 28,29,0.7,1), = (32,35,36;0.8,1),a3 = (23,25,29;0.5, 1), b% =
(9,12,14;0.8,0.9), b3 = (15, 16,17;0.5,0.6),b3 = (15,18,20;0.5,0.6), b3 =
(11,13,15;0.5,0.7),b3 = (12,13,15;0.9,0.5),b3 = (11,14,16;0.7,1), b{’
(10,12,15;0.4,0.6), b3 = (9,11,12;0.3,0.5),b3 = (11,15,17;0.4,0.5), €1
(34,36,37;0.5,0.7),e2 = (46,49,50;0.6,1),e3 = (28,30,33;0.7,1), es =
(40,43, 45;0.5,0.7).

The chance constrained programming model for this model as (5.1) is for-
mulated here. The fixed general credibility levels for objective function
and constraints are reserved as a = 0.7, of = 0.7, Bf =07, %=071t=
1,2, p=1,2,3,1=1,2,3,5 =1,2,3, k = 1,2, 3,4. The corresponding de-
terministic form of the model using (5.4) is given below:

L m n 0.4cP2aP. 4(0.640.20/7  )c!P2 P

Min Z Z Z Z dp ijk”ijk lijk Uk: mk:
jk tp
p=li=1j=1k=1 " 140.20, 5

tp3 p /tp tp2 P
+ 0. 461]kyzjk+(0 6-+0. 201 'ij) I]ky’bjk

140.20,"7,

n K
(6.1)  subject to» dejk%k < Fppoi=1,2,,mip=1,2,.,1,
j=1k=1
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m K
YOS Aty > Fyp,j=1,2,...mp=1,2 .1,
i=1 k=1

I m n
ZZZ% z]k<ka;k3—12 , K

p=1i=1j=1
» 1,ifp € Ix Vi, j, k,p; p l,ifxfjk>0;
Ty 2 0, dz ik = : y Yiike = .
J J 0, otherwise, J 0, otherwise.

where Fip, Fbp,F ¥, are calculated from (5.6), (5.7) and (5.8) as follows:
Fo = 23 F2 = 2132, F3 = 25.33, Fiy = 27.32, Fz = 22.64, Fj;3 =
34 EFa _2767 Fop —2333 Fus =24.33, Fbl = 12.69, sz = 16.36, Fba =
18.73, Fb1 =13.72, sz = 13.67, Fbs = 14.70, Fbl =13.11, Fbg = 11.38, Fbs =
15.74, Ffl = 35.30, Ff2 =48, Fy, = 29.33, Fy, = 41.94.

The optimal solution of the first objective function (6.1) are as follows:
ri = 4.27, 21y = 18.73, 2y, = 8.42, xdy, = 3.88, wlyy = 1248, 23y, =
8.4, 131, = 13.72, 225, = 5.2, 2394 = 5.27, 135, = 9.5, 2355 = 15.74, 235 =
11.38, 23,5 = 4.86, x3,, = 8.25, and the minimum first transportation cost
(first objective value) is 505.8202.

The running time and full solver repetitions concerning this solution are
0.05 sec and 14 appropriately.

The optimal solution of the second objective function (6.1) are as follows:
7l = 4.27, w14 = 18.73, 2l = 8.42, 2}y = 16.36, 125, = 13.67, 23, =
13.65, x31, = 0.07, 235, = 14.7, 235, = 15.74, 23,5 = 10.97, 23,, = 2.14, 235, =
11.38, and the minimum second transportation cost (second objective value)
is 617.2989.

The running time and full solver repetitions concerning this solution are
0.05 sec and 14 appropriately.

Here, L1 = 505.8202, Uy = 525.2601, and Lo = 617.2989, Uz = 656.6142
and then applying fuzzy linear programming technique the compromise op-
timal solution of both the objective functions (5.9) are as follows:

Tl = 4.27, 21y = 18.73, 2, = 8.42, 2, = 3.88, iy, = 12.48, 235, =
13.67, 22, = 13.65, 231, = 0.07, 235, = 14.7, 233, = 12.00588, 235, =
6.11, 2345 = 3.734125, 315 = 4.86, x3,, = 8.25, 135, = 5.27, § = 0.3203944
and the minimum first and second transportation cost (first and second ob-
jective value) is 519.0317 and 644.0178.

The running time and full solver repetitions concerning this solution are
0.05 sec and 22 appropriately.
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7. Sensitivity Analysis

A sensitivity analysis of the model is given to view the effectiveness and rea-
sonably accuracy of the crisp equivalent form and solution methods of the
given problem. The changes of the transportation amount and transporta-
tion cost for different generalized credibility levels for the origin, station
and carriage constraints of the problem are given in table 7.1.

Table 7.1: Sensitivity Analysis

0.7 0 0.7 0.9 130.100098 522.0067,Z,

It is viewed from the table 7.1 that for fixed a, af, v and different 57,
the transportation cost, transportation amount increases/decreases with
the increased/decreased value of the crisp amount of the demands. The
cause of the increase of transportation cost is due to the increase/decrease
of the defuzzified amount of the demands. The transportation amount
almost remains same for different a, o, ), and fixed /6’57 .

Conclusion

A multi-item multi-objective fixed charged solid transportation problem
with type-2 triangular fuzzy variables have been developed and worked out
for the first time ever here. A chance constrained programming is formed
for the model and solved using fuzzy programming technique. The method
can be used in other decision-making problem in distinct fields with type-2
fuzzy guidelines. The price discounts, transportation time constraints etc.
can be used in different types of transportation problems to extend the
presented model.
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