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Abstract. In the present work, bi-criteria multi-index bulkahsportation problem
(BCMIBTP) is considered. Multi-index bulk transpation problem (MIBTP) is an
extension of bulk transportation problem (BTP). NIBBexists when more than one type
of products are produced at sources or when theéupts are supplied through various
modes of transportation and the need of a destimatiust be fulfilled from only single
source. In the present paper, cost-time trade-@itions are studied in MIBTP. A
solution procedure is proposed to get the cost-tiame-off pairs in MIBTP. Initially, the
proposed solution procedure determines the leastoddMIBTP and corresponding time
and then the next cost-time trade-off pairs arerdghed. To illustrate the proposed
solution procedure, an example is worked out.

Keywords: Bi-Criteria, Multi-index, Bulk Transportation, Traportation Problem, cost-
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1. Introduction

The transportation problem is a special classngii programming problem related tothe
distribution of number of units of a product fromnee sources to some destinations
Hitchcock [1] was first who developed the conceptransportation problem with the
objective of minimizing thecost of transportatio®ingle objective transportation
problems are discussed by several authors, naalgs [2], Bhatia et al. [3], Garfinkel
and Rao [4], Hammer [5], Seshan and Tikekar [6] 8hdrma and Swarup [7], Hakim
[8], Ahmed et al. [9] and Pramila and Uthra [10jngsdifferent approaches.

Bulk transportation problem(BTP) is another versibtransportation problem in
which a source can supply the number of units lndrmogeneous product to any number
of destinations but the demand of a destinationtrbasfulfilled from a single source.
Maio and Roveda [11] were the first who introdu@3P in literature with the objective
of minimizing the bulk cost of transportation. Aftdnat, Srinivasan and Thompson [12]

479



Sungeeta Singh, Sudhir Kumar Chauhan and Kuldeep

studied the BTP with help of branch and bound netthater on, Bhatia [13] discussed a
note on time minimizing BTP.

Multi-Index Transportation Problem (MITP) is an emsion of transportation
problem having more than two indices. Such typproblems exists when more than one
type of products are produced at sources or whenptbducts are supplied through
various modes of transportation. Schell [14] andleééand Dwyer [15] were the first
who introduced MITP in literature. After that authpHaley [16], Junginer [17], Pandian
and Anuradha [18] and Rautman et al. [19] discuséddP through different approaches.
Purusotham and Murthy [20] presented Lexi-Seargorahm to minimize thecost of
MIBTP.

The transportation problems having both cost ame tas objectives are known
as bi-criteria transportation problems. Bhatia [Z3jckman and Berger [22], Aneja and
Nair [23] and Prakash et al. [24] have studiedriteda transportation problem. Bi-
Criteria BTP has been studied by Prakash and R&P2akash et al. [26]. BCMIBTP is
not studied so far in the literature.

In this paper, an efficient solution procedurerispmsed to study the cost-time trade-
off relations in MIBTP. In Section 2, formulatiori the problem is presented. Section 3,
presents the solution procedure and in Sectioteps®f the proposed solution procedure
are illustrated through a numerical example.

2. Formulation of the problem
Let there are m sources and n destinations andilitiess. The formulation of the
BCMIBTP is as follows:

Min(Z72, 37y Sheea Cijk Yijie: Yijie = L max {tg: yijie = 13) (1)

Subiject to the constraints

Yoy Them1 biyijie < @ (2
Ry Yk=1Yijk =1 3

Yijk = 1or0 4)

Herec; i, is the bulk cost of transportation fraith source tgth destination availing
the facility ‘K’, y; is the decision variable assuming the value 1 de@ending upon
whether the requirement of thiéh destination is met or not met from the source
availing the facility 'K’, t;j; is the bulk time of transportation froith source tojth
destination availing the facility ‘K'q; is the number of units of the product available at
theith source and; is the number of units of the product requirethafjth destination.

Definition 2.1. Let C; be the minimum cost of BCMIBTP arfy be the associated time.
Let Y; be the solution yielding this cost-time paiy [T;]. Let C,(> C;) be another cost
of BCMIBTP andT,(< T;) be the minimum time of BCMIBTP associated withtads
Then, the solutiorY, providing the cost-time pailC,, T,] is said to be the subsequent
efficient solution if there exist no other soluti@nproviding a cost-time paifC, T] s.t.
C;<C<C(Cyand T, <T <Ty. The pair {,,T,] provided by the solutiol, is the next
efficient cost-time pair. In the same way, the sgjoent efficient cost-time pairs may be
determined.

3. Solution procedure
Steps of solution procedure:
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Step 1. Cross-off the cells (i, j) from the tabte fvhich availabilitya; is less than
requiremen;.

Step 2. Determination of minimum cost of bulk tpamgation for each mode of
transportation:
Determine the minimum cost of bulk transportatioalfem R, C;,(say) and let
T;1 is the associated time of bulk transportation rdbe the solution providing
the minimum cost C;; and corresponding tim&,;; for bulk transportation
through facility k=1. Let;, be the solution providing the minimum cd%$ and
corresponding tim&, ,for bulk transportation problem,P

Step 3. Select a minimum of the corresponding casseciated with decision variables
for each destination through facility k = 1 and R=Let VY; be the solution so
obtained and let the associated cost and time dBTWl are G and T
respectively. Then (€ T,) is the first efficient cost-time trade-off paif the
BCMIBTP

Step 4. To obtain next efficient cost-time tradequdirs, remove those cells from the
tables of problems;Pand B which have time more than or equalTto Repeat
steps 2 to 3 for the reduced problem, we obtdfhc@st-time trade-off pair
(CZ'TZ)-

Step 5. Repeat the above steps until the reducdadieon becomes infeasible.

4. Numerical problem

Consider a BCMIBTP which consist of 3 sources aa@&inations. The requirements of
destinations are fulfilled through two modes ofnsportation. The availabilities and
requirements of the sources and destinations é8e¥and 3, 5, 4, 6 and 2 respectively.
Here the main problem comprises two subproblepenB B. Bulk cost and bulk time of
transportation from each source to each destinai@engiven through two modes of
transportation respectively. The first and secamyein each cell denotes bulk cost and
bulk time of transportation respectively. The prege method is applied to the problem
to obtain all efficient cost-time trade-off pair§he tableau representation of the
BCMIBTP is given below.

Table4.1: P,(Representation of costs and times of BCMIBTP throfi* mode of
transportation)
Destinations

D, D, Ds D4 Ds a; |
s | o8| ©7n| az4 @3] @ a 7
Sources|] § | (1.,3)| (10,4)| (14.6) (14.7) (12, 5)
S, ®,5 | 66| (10,9 (10,4 (13 9
b, - 3 5 4 6 7

Table 4.2: P, (Representation of costs and times of BCMIBTP tho@® mode of
transportation)
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Destinations

D, D, D; D4 Ds a;
(12,5 | (10,6 | (14,5 8,4 (7,5

(9.4, | (12,5 | (13,4 | (16,6 | (13,7
(.6, | (5,7, | (10,8 | (12,5 | (11,6

S
Sources 5]
S

b; - 3 5 4 6 2

The cost matrix table associated with problensRBhown in table 4.3.
Table 4.3: (Representation of costs of BCMIBTP throughmode of transportation)

Destinations

D, D, Ds D4 Ds a; |
S 10 9 12 7 8 7
Sources S 11 10 14 14 12 8
S 10 10 13 9
b; - 3 5 4 6 2

On applying any of the cost-minimizing methods9Bpn the problem is shown in table

4.3, we have the solution Y= {ys11, Va21, Y231, Y141, Yos1} and the associated cost and
time of transportation aré€,; = 47 and T;; = 6 respectively. The cost matrix table

associated to problem B shown in table 4.4

Table 4.4: (Representation of Costs of BCMIBTP throudfir@ode of transportation)
Destinations

D, D, Ds D4 Ds a; |
S 12 10 14 8 I 7
Sources S 9 12 13 16 13 8
S 10 12 11 9
b; - 3 5 4 6 2

Similarly, the cost-minimizing solution correspongito the problem shown in table 4.4
IS Y2 = {V212 Va2 Y32 Y142, Yoszb @and associated cost and time of transportatien ar
C,, = 45 andT;, = 8 respectively.

Now, on applying step 3, we have=Y{y,12 Ya22, Y32 Y141, Yos1} IS the first solution
vector of BCMIBTP and the associated cost and tifrteansportation are,G 43 and T
= 8 respectively. Thus, the first efficient costé trade-off pair of BCMIBTP is (43, 8).
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To obtain the next efficient cost-time trade-offrpdelete the cells from both the tables
of problems Pand R for which time is more than or equal to 8. We abthe following
reduced cost matrix tables 4.5 and 4.6.

Table 4.5: (Reduced cost matrix table of BCMIBTP throughmode of transportation)
Destinations

D: D, Ds D, Ds a; |
S 10 9 12 7 8 7
Sources S 11 10 14 14 12 8
S - 10 - 9
b; — 3 5 4 6 2

Table4.6: (Reduced cost matrix table of BCMIBTP throudfir@ode of transportation)
Destinations

D: D, Ds D, Ds a; |
S 12 10 14 8 I 7
Sources S 9 12 13 16 13 8
S - 12 11 9
b; - 3 5 4 6 2

The cost-minimizing solution for the cost reducedipem shown in table 4.5 is given by
Y21 = {Va11 Ya21, Vo3, Yian Yesit and the associated cost and time of transportadie
C,, = 47 and T,; = 6 respectively. Similarly, the cost minimizing saétut for the cost
reduced problem shown in the table 4.6 is giverY By= {Y312, Ya22 V232 Y142 Y252 and
associated cost and time of transportatiorCage= 46 andT,, = 7 respectively.

Now, on applying step 3, we have the sedadfidient solution vector of BCMIBTP
Y2 = {ys12 Ya22 Va2, Y141, Yosi}. The associated cost and time of transportatienGa = 44
and T, = 7. Thus, the second efficient cost-time tradepafir of BCMIBTP is (44,
7).Continuing in the same way, the next and ldfstieht solution vector of BCMIBTP is
Y3 ={Yys11 Yoou, V131, Yaa1 Yisat @nd the associated efficient cost-time tradepaiif is (47,
5). Thus, the all efficient cost-time trade-off igaare (43, 8), (44, 7) and (47, 5).

5. Conclusion

In the present situation, cost and time of transpian have much influence on the profit
in industries. It becomes a huge challenge forilsinesspersons to reduce cost as well
as the time of transportation for maximizing theereue of the industries. In industries,
normally products are supplied to destinationsuptodifferent modes of transportation
subject to availability of vehicles or the chargédransportation. The proposed method
is quite useful in dealing cost-time trade-off telas in such type of problems and the
proposed method provides all efficient cost-tineel&-off pairs of BCMIBTP.
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