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Abstract. Fixed charge solid transportation problems amnfdated under a budget
constraint at each destination. Unit transportatiosts, fixed charges, sources at origins,
demands at destinations, conveyances capacitiessuened to be crisp or fuzzy. Budget
constraints at destinations are imposed. It is atspmed that transported units are crisp.
So the problem is formulated as constraint optitiopaprogramming problem in crisp
and fuzzy environments. As optimization of fuzzyemtive as well as consideration of
fuzzy constraint is not well defined, credibility fafzzy event are used to transform the
problem into equivalent crisp problem. The reducgdp problem is solved following
Generalized Reduced Gradient (GRG) method usirgp lisoftware. The models are
illustrated with numerical examples.
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1. Introduction

The solid transportation problem (STP) is a gefwmatibn of the well-known
transportation problem (TP) in which three kindscofistraint sets exist instead of two
(source and destination) as in TP [4]. This erwastraint is mainly due to modes of
transportation (conveyances). The STP was state8h@fl [7]. Haley [2] showed a
comparison of the STP with the classical TP andieggypodi-method to solve the STP.
In a TP when fixed charge is considered againsspatation of units from a source to a
destination, the problem is transformed to fixedrghalP (FCTP). The FCTP was
initialized by Hirsch and Dantzig [3]. Up to nowseveral approaches are followed to
solve FCTP [1]. In STP, fixed charge is also congideand solved by several researchers
in crisp as well as uncertain environments. Yand hiu [8] developed fuzzy fixed
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charge STP and developed algorithms to solve thielggm using credibility measures on

fuzzy sets.

From above discussions there are some lacunagiexisting STP models, which are

summarized below.

» Transportation problems-TP or STP are normatlymiulated and solved as cost
minimization problems, very few might have formelkthese as fuzzy fixed charge cost
minimization problems.

* In the literature, there are several researchksvamn transportation with uncertain

sources, demands, conveyances capacities, etc. Namenvestigated FCSTP under
destination budget constraints with transportatiosts, fixed charges, etc.

Overcoming the above mentioned shortcomidgse we have considered cost
minimization FCSTP under destination budget coimgsawith crisp and fuzzy data. In
this paper, crisp and fuzzy FCSTPs are formulagedoat minimization problems under
fuzzy resource (budget) constraints. The fuzzy abje and constraints are transformed
to equivalent crisp forms using credibility measur€he above transportation problems
are solved by generalized reduced gradient (GRGhade The methods are illustrated
with numerical examples.

2. Preliminaries

2.1. Credibility measure

Credibility measure was presented by Liu and Ljuf@r a fuzzy variabld with
membership functiopz(x) and then for any setdR of real numbers, credibility
measure of fuzzy even#l{e B} is defined as C{€ B} =( 1 /2)(PosA € B}+Nec{4 €
B}), where possibility and necessity measure§ A B} are respectively defined as
Pos{A € B} =} wa(x) ) and

Nes{A€e B} =1- &, ni(x)

2. 2. Optimistic and pessimistic value (Liu[5])
Let A be a fuzzy variable arfRE [0,1]. Thenp-optimistic value ofd is denoted by

Aguppy and is defined as
Asup gy =sup{r: Cr{d =1} = p}
and SimilarlyB- pessimistic value of is denoted byl;,r) and is defined as
Aingy = inf{r : cr{d <r}=p}
Lemmal. Let A" =(a,, a,, as3) be a triangular fuzzy number. Thesoptimistic value is

Asuppy = 2B az + (1 —2B)az if B<0.5

Asuppy = @B —Day +2(1—Ba, if p>05
Lemma 2. Let 4 =(ay, a,, as) be a triangular fuzzy number. Thgnpessimistic value is

Ainppy = (1 —2p)a; + 2B a, if B<05
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Aimppy =2(1—Bay + (2B—1)az if B>0.5

3. Proposed FCSTPswith budget constraints

3.1. Assumptions and notations

In order to construct the mathematical model foe ttnbalanced FCSTPs under
destination budget constraints, the following riotat are introduced:

() M : number of origins/sources of the transportagpwablem. (i) N : number of
destinations/demands of the transportation prob{@n.K: number of conveyances i.e.
different modes of transporting units from sourcesdstidations. (iv)A;: amount of
homogeneous product available at the i-th origihB; : demand at the j-th destination.
(vi) Ex: amount of the product which can be carried by kdnveyance. (viiCij: per
unit transportation cost from i-th origin to j-tlestination by k-th conveyance. (vifi:
fixed transportation charge for transporting unitef i-th origin to j-th destination by k-
th conveyance. (iX¥;x: the amount transported from i-th origin to j-téstination by k-
th conveyance.

Symbol " is used with the above notations to represorresponding fuzzy parameters. If
the transportation activity is assigned from souitcedestination j by conveyance k, then
the fixed charge will be costed. This implies ttiat;i, > 0 we must add the fixed charge
to the total transportation cost. Thus for the @mence of modelling, the following
notation is introducedy;;, =1 for x;, = 0, 0, otherwise.

3.2. Mathematical model formulation
Model-I (Crisp Mod€): In this model, fixed charge and unit transportatiost are
crisp. Sources, destinations, conveyances capmdifigransportation problem are also
taken as crisp. So the problem mathematically tdike$ollowing form
Minimize Z = M, %N I {Che ik + fijk Vijic)
Subject to XL, MK xijj < A (i=12,...,M)
Y Y X =B (=12,..,N)
Zil\i1 Z]N=1 Xijk < Ek (k = 1,2, ey K)
Y, 2 {Clhk Xij + fijyiji} < Bud;
Xijk =0
Model-11 (Fuzzy Modd): In this model, fixed charge and unit transportatiost are
fuzzy. Sources, destinations, conveyances capaoitigansportation problem are also
taken as fuzzy. So the above problem mathematitallys the following form:
Minimize Z = 211\11 Z]N=1 ZE:l{Ciljk Xijk + ?ijkYijk}
1, 22,Z3)
Subject to Z]Nﬂ K. Xijk < A (i=12,..,M)
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T Y =B (=12,..,N)

Zil\i1 Z]N=1 Xijk < Ek (k = 1,2, ey K)

i, 2 {Chxiji + fij Yiji } < Bud,

Xijk >0
4. Deterministic equivalent of imprecise model
Till date, for the best of our knowledge, optimiaat of fuzzy objectives with fuzzy
constraints are not well defined. As a result Mddean not be solved in the present
form. Deterministic equivalent of model-lIl can berided in the following approach.

Here credibility measure is used, which is discdgsedow.
Model-11A

Minimize f
Subject to Cr((Zy,Z,,Z3) <f) =B
Cr(ZN, ko xi < A;) =B (i=1.2,..,M)
Cr( XM Yk xix=Bj) =B (G=12,..,N)
Cr(TE, S x <Ex ) 2B (k=12,..,K)
Cr( Z; < Bud;) = B
Xjjk = 0
Model-11A-1: When DM is optimistic, then he/she assumes vafye<00.5 i.e. (0< B <
0.5) and hence using lemma-1,-2 , khedel-I1 A reduces to
Minimize 0,=(1-2B) Z, +2BZ,
Subject to YN, MK X < 2BA;; + (1 —2B)A;; (i=12,..,M)
T Tk xie = (1 - 2p)Bj; +2BB, (= 12,..,N)
Y, 2 Xij < 2PE, + (1 = 2B)Eys  (k=12,...,K)
(1-2B)Zj; +2BZ; < Bud;
Xjjk = 0
Model-11A-2: When DM is pessimistic, then he/she assumes wlfie 0.5 i.e. (0.5
< 1) and hence using lemmas-1,-2 , thede-11 A reduces to
Minimize0,=2(1) Z,+(2B-1) Z5
Subject to XL, MK Xijjk < 2B — DA +2(1 - PAz (i=12,..,M)
Y Tl X 2 2(1 - BB + (2B~ DB (=12,...,N)
T2 Xk < (2B — DE, +2(1 = PExs  (k=1,2,...,K)
2(1-P)Zj; + 2 — 1Zj; < Bud,
Xjjk = 0

5. Numerical experiment
For illustration of the models, flowing two transfadion problems are considered.
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5.1. Input data
For both models, no of origins=2 (i.e. M=2), no adstination=2 (i.e. N=2), no of
conveyance=2 (i.e. K=2) are considered. Crisp arzdyf unit transportation costs and
fixed charges for Models-I and -Il are given in Tl Parametric values for models are
presented in Table-2. Credibility measure of caists and objective, values ffare
taken as 0.4 and 0.6 respectively.

Table 1: Unit transportation cost and fixed charge for models-| and -11

k 1 2 1 2
Mo ilj |1 2 1 2 1 2 1 1
dels
[ Cjx |1 ]3 6 2 5 fir | 10 9 8 7
2|5 10 4 9 11 12 9 10
I Cyr |1 ]234] 567 123 4568 f; | 81011 | 79,10 789 67,9
2 | 45,7| 8,10,12 34,5 7,910 10,1112 11,12,13 18,9,9,10,11
Table2: Parametric values for models
Models Sourct Demant Capacities o Budjet
(41,4,) (B1,B5) Conveyances Bud,, Bud,
(Ell EZ)
[ (25,24 (14,21 (25,22
Il {(24,25,26 {(12,14,16) {(23,25,27) (105,115
,(23,24,25)} (19,21,23)} (20,22,24)}

5.2. Optimum results
Table 3: Marketing decisions of Models-I and -I1 (using GRG)

Budget Bk |1 2 Min z Utilized
Models | constraint cost Z1,Z5,Z3 budget
(01' 02)
i |1 2 1 2
With 132 00| 06| 21 209.
2 |9¢]0C |03 |ocC
I Without 1] 17| 57| 23| 153/ 220.
2 | 56| 00| 43| 00
l1A-1 411(39| 00| 07| 206/ 196.9 164.8, 205.,253. 9027
With 2 |79/ 00] 11| 0.0
I1A-2 611 [43]0C |07 [19.7 | 215. 164.9, 105., 110.
2 193/ 00| 03] 00 205.1, 254.5
l1A-1 411 ]19| 48| 26| 157 2056 171.8,214.,260.2
Without 2 |50] 00] 39] 0.0
I1A-2 611 | 17| 124 17| 89 223.0 172.2,215,,
2 /00| 00 ] 1100 0.0 256.8

With the above input data, transportation Model$A;1,1lA-2 are solved by
GRG(LINGO 11.0 software ).
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6. Discussion

This paper presents fuzzy cost minimization FCSTiRger budget constraints at
destinations with credibility measure. Several epl@® are used for the illustration.
Table-3 furnish the results of crisp (Model-1) afuzzy (Model-Il) cost minimization
FCSTP respectively following credibility approacthese results are without and with
budget constraints. In all cases, it is observedhfiTable-3 that minimum cost for the
models without budget constraint are more than ehasth budget constraints. To
mention one case, in Table-3, say the minimum witsiout budget constraint is 220. $
which is more than the minimum cost (209. $ ) viitldget constraint. This is as per the
usual expectation.

In Tables-3, lowest cost of all the model#-1 and -2 models, give the lowest and
highest minimum cost respectively. This is becaosth fuzzy objective function and
transportation constraints have been changed byctbeibility measures (average of
possibility and necessity measures) in the ran@€sQ.5) and (0.5-1.0)for IIA-1 and lIA-
2 respectively.
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