N
N

N

HAL

open science

Fully Interval Integer Transhipment Problem- A
Solution Approach
G. Sudha, G. Ramesh, D. Datta, K. Ganesan

» To cite this version:

G. Sudha, G. Ramesh, D. Datta, K. Ganesan.

India. pp.196-206, 10.1007/978-3-030-74826-5 17 . hal-03741707

HAL Id: hal-03741707
https://inria.hal.science/hal-03741707

Submitted on 1 Aug 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Fully Interval Integer Transhipment Problem- A
Solution Approach. 4th International Conference on Intelligence Science (ICIS), Feb 2021, Durgapur,


https://inria.hal.science/hal-03741707
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

Fully interval integer transhipment problem- A
solution approach

G. Sudha!,G.Ramesh?, D.Datta’, K. Ganesan*
L.24Department of Mathematics, SRM Institute of science and Technology,

Kattankulathur, Tamil Nadu, India.
SAdjunct faculty, Department of Mathematics, SRM Institute of science and
Technology, (former) Health Physics Division, Bhabha Atomic Research Centre,
Trombay, Mumbai-400085, India

E-Mail: sudhag@srmist.edu.in;
rameshapg@gmail.com;dbbrt_datta@yahoo.com; ganesank@srmist.edu.in

Abstract—

We present an improved interval VVogel's approximation algorithm for
the initial feasible solution of a transhipment problem involving fully
interval integer numbers in this paper. The interval variant of MODI
algorithm is used to measure the optimality of the interval feasible solu-
tion. In a transportation problem, shipments are only permitted between
source-sink pairs, while in a transhipment problem, shipments can be
permitted both between sources and sinks. Furthermore, there may be
points where units of a substance may be transferred from a source to a
sink. To demonstrate the effectiveness of the proposed algorithm, a
numerical example is given.

Keywords— Interval Numbers, New interval arithmetic, Ranking, In-
terval initial feasible solution, Improved interval Vogel’s approxima-
tion algorithm.

1. INTRODUCTION

Goods are transported from specific sources to specific destinations in
classic transportation problems (TP). However, in some situations,
products can be delivered to a specific location either directly or
through one or more intermediary nodes. Either of these nodes has the
ability to function as an origin or a destination. Transhipment issues are
models with these additional features. Thus, transhipment issues are a
type of transportation problem in which merchandise are elated from a
source to a destination via various intermediary nodes
(sources/destinations), with the possibility of changing modes of trans-
portation or consolidating or de-consolidating shipments. A tranship-
ment problem's main goal is to find the lowest transportation cost while
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satisfying supply and demand at each node. These issues have found a
lot of use in the e-commerce era, when the online shopping business is
thriving thanks to its customers' convenience. To solve the tranship-
ment problem, translate it to an equivalent TP first, and then use exist-
ing techniques to find an initial simple feasible solution. Furthermore,
an optimal solution of equivalent TP can be obtained using the modi-
fied distribution (MODI) process. Orden [17] introduced the concept of
transhipment problem in the year 1956. When the decision parameters
are known vaguely, the classical mathematical techniques are success-
fully applied to model and solve the transhipment problems. But actual-
ly there are problems that the charge coefficients and the supply and
demand quantities may be uncertain due to many reasons. Hence we
must deal with vague in order in formulating and solving real earth
troubles. Hurt et.al [5] have developed an alternative formulations of
the transhipment problem.

Ganesan et.al [3] discussed on arithmetic operations of interval num-
bers and some properties of interval matrices. Pandian et.al [11] studied
a new method for finding an optimal solution of fully interval integer
transportation problems. NagoorGani et.al [8] developed a tranship-
ment problem in fuzzy environment. Rajendran et.al [12] discussed
fully interval transhipment problems. Akilbasha et.al [1] formulated an
innovative exact method for solving fully interval integer transportation
problems.

Sophia Porchelvi et.al [14] studied a comparative study of optimum
solution between interval transportation and interval transhipment prob-
lem. In this paper, we propose a new interval arithmetic and an im-
proved interval Vogel's approximation algorithm to solve the problem
of interval transhipment without translating into crisp form.

The structure of this article is given as follows: Section 2 deals with
the basic definitions. Section 3 deals with the mathematical formulation
of fully interval transhipment problem. Section 4 introduces improved
interval Vogel’s approximation algorithm under generalized interval
arithmetic. Section 5 provides an example to illustrate the theory devel-
oped in this paper. Section 6 concludes this manuscript.



2. PRELIMINARIES

The purpose of this segment is to provide some observations, ideas
and results which are useful in our further consideration .
2.1. Interval numbers

Let a=[a,,8,]={xeR:a <x<a, and a,,a, eR}be an interval on the real
line R. If d=a,=a,=a, then d=[a a]=a is a real number (or a degen-
erate interval). The terms interval and interval number are used inter-
changeably. The mid-point and width (or half-width) of an interval

number d=[a,, a,] are defined as m(é):[alJrTazj and w(d) :(azéalj'

The interval number @ can also be expressed in terms of its midpoint
and width as a=[a;,a,]=(m(d),w(a)). We use IR to denote the set of all
interval numbers definedon the real line R.

2.2. Ranking of Interval Numbers

Sengupta and Pal [13] suggested a easy and powerful index to com-
pare any two intervals on IR through the satisfaction of decision-
makers .

Definition 2.2.1. Let < be an extended order relation between the
interval numbers a=[a,, a,], b=[b,, b,]in IR, then for m@<m(@), we
construct a premise (& < b) which implies that 4 is inferiorto b (orb
is superior toa ).

An acceptability function A : IRx IR —[0,) is defined as:

m(b) - m(d)

Wby s w(@) TereE)+w(@) #0.

A.(3,b)=A@E < b) =
A_ may be interpreted as the grade of acceptability of the first interval
number to be inferior to the second interval number. For any two inter-
val numbers a and b in IR either A@<b)>0 (or) AbG =4 > 0 (or)
A@=<Db)=0 (or) Ab >4 =0 (or) A@=<Db)+Ab <4 =0
If A(A<b)=0and A(b<4&) =0, then we say that the interval numbers &
and bare equivalent (non-inferior to each other) and we denote it by
d~Db. Also if A@<b)>0, then a<b and if A(b<4)>0,then b=<4a



2.3. A New Interval Arithmetic

Ming Ma et al. [7] suggested a new fuzzy arithmetic based on the in-
dex of locations and the index function of fuzziness. The location index
number follows the usual arithmetic where as the fuzziness index func-
tions are assumed to obey the lattice law which is the least upper bound
and the greatest lower bound. That is for abeL we define

avb=max{a b} and aAb=min{a,b}.
For any two intervals d=[a,, a,], b=[b,, b,JeIRand for *e{+-2?} the
arithmetic operations on a and b are defined as :
a*b=[a, a,]*[b,, b,]= (M(@),w(@))*(m(b), w(b))
= <m(é)*m(6), max{w(é),w(f))}>.

In particular, here we should use following interval arithmetic opera-
tions like addition, subtraction, multiplication and division.

3. MAIN RESULTS

3.1. Mathematical formulation for using fully interval tranship-
ment problem

In the transshipment table O,,0,,0,,....0.....0,, are sources form where
goods are to be transported to destinations D,,D,,Ds,....D;.....D,. Any of

the sources can transport to any of the destinations. ¢; is per unit

transporting cost of goods from i" source O, to j" destination D i
foralli=1,2,...mand j=1,2,....n. X; isthe amount of goods trans-

porting from i source O, to j" destination D;. & be the amount of
goods available at the origins O; and b, the demand at the destination

D ;. The mathematical model of fully interval transportation problem is
as follows

¥4 ~3 b, where i=12,3,..,m; j=1,2,3,..,n and

%, =0 foralliand j



Table:1 Interval transhipment table

1 2 i | om m+l | m+2 || mEj | m+n
0, o, [...| 0, || O, D, D, .| D, | D, supply
! 0 " A T e T e e T Nimes Fimin @
2 O, | ¥ S R T R M e T O A R T Il M P A I e T @,
i 0_, Xy ¥ Xy Xy, X st Ximsz || Fomeg || Xemen a,
" O | xm Nr |l N | ] Y | Ymmet | Vmamsz || Ymmay | | Yo Ay
Al | Dy | Xy | Yz || T | | st | Tmetmer | etz | o Cmstmeg| 0 | Swsimen
m+2 D, Nms2a | Fme22 | 0| Fws2a | ot | Nwszgm| Cmezamat| Xwszms2| oo | Xoms2me ] Kons2,m
m+ jy Dj Tt | Xmej2 | 0| Fwegi | 0| Xmejan| Smejomet| Xmajmed| | Cmajames] 0| Ymejmen
mAn | Do Ny | X Kaeng | 0| Foengn| Sonenmer| Yoangma2| 00| Xmenprs LI—
b b, b, b,
Demand

Since any source or destination may ship to any other source or des-
tination in a transshipment problem, it would be convenient to num-
ber the origins and destinations sequentially, with the origins num-
bered 1 to m and the destinations numbered m + 1 to m + n.

Figure 1



The unit cost of transport from a point chosen as a shipper to the
same location designated as a receiver is set to zero.

Xig +Xiy + o + %K 00 = &H(Xy + Xy + X))
Xi +£§2 +2.. +£§,i-1---xi,i+1 +?“Xi,m+n = 8+ (X + Xy X +X|+1| v X i )
m+n A
., 1=123,...,m

Y% =4 i=123..m
J#i
Similarly the total amount received at a destination D must be

equal to its demand plus what it transships
~1 m+j +% m+j + "'ﬁ(m+j—1,m+j +d:§1+j+l,m+j + "'}%a(mm,mﬂ
X j +5{m+j,m+n)

r . . ~
2}:“7‘?1“ +7Xm+j,1 + Xm+j,2 +"'Xm+j,m+]—l + Xm+J mejer T
1,m+j +@,m+j + "'%mﬂ—l.mﬂ +i§1+j+1,m+j + ""q%%(m+n,m+j
X j j +)~(m+j‘m+n)

_FH + Xm+j1 +Xm+j2 +"'Xm+j,m +Xm+] m+j +

m+n ~ m+n )
i:zl Kimej X0t .:21 Xpejiv =12,
1#] I#]

m+n~ m+n~ ~

i:z1 Ximej— El Xisii =Pmejr 1=12,00n

1#) 1#)

m+n m+n

> K- XX —bJ,J_m+1m+2 ....... m+n.

| 1 i=1

i#]j

~ m m+n~ o
Minimize Z~ ¥ ¥, €;X;
i=1 =1
J#i
. m+n m+n o R
subject to 21 X + Zl Xi~q, 1=123..,m
= =

J#i J#i
m+n
m+n

minx + 2 X; ~bJ, j=m+1lm+2,..
i=1

i=1

i) i)
m+n~ - ~ .

Za ~ > b xij50,|=1,2, ..... m+n,j#i
j=m+1

The beyond formulation is a linear indoctrination trouble, which is
similar to but not identical to a transportation problem since xij's coef-



fi-cients are -1. The problem, on the other hand, can be easily trans-

formed into a normal transportation problem.

t='% Ky i=123..m t+%= % K, i=123..,m
= =
i

where tj represents the total amount of transshipment through the i"
origin and t; represents the total amount shipped put from the j destina-
tion as transshipment. Let T>0 be sufficiently large number so that t,<

T, foralliandt;<T for all j. We now write t;+x; =Tthen the non
negative slack variable %, represents the difference between T and the
actual amount of transshipment through the i origin. Similarly, if we

let t;+X; =T then the non negative slack variable x; represents the
difference between T and the actual amount of transshipment through

the j™ destination. It is self-evident that the total volume of products
transshipped at any given time cannot exceed the total amount generat-

ed or obtained .and hence T = %éi.

The transshipment problem then reduces to
Minimize Z ~ m%n milneijxij
=
J#i
subject to mil"f(ij —a3,+T, i=123..,m
pe

2 X =T, i=m+lm+2,m+3,..,m+n,
j=1

m+n .

> X;=T, j=12,....m

i=1

mmf(ij =b;+T, j=m+Lm+2,m+3,.. m+n

ar11d %, = 0,i=12..m+n,j=12,..m+n.

where C, =0,i =1,2,...m+n.
A typical transportation problem with (m+n) roots and (m+n) destina-
tions is described by the mathematical model above. The problem's so-
lution includes 2m+2n-1 basic variables. However, the remaining buff-



er stock is represented by m+n of these variables appearing in the diag-
onal cells if they are omitted. Our interest has m+n-1 basic variables.

4. Improved Interval Vogel’s Approximation algorithm

Row opportunity interval cost matrix

Each element of the same row is subtracted from the row's smallest
interval expense.

Column opportunity interval cost matrix

The smallest cost of each column in the original interval transhipment
cost matrix is subtracted from each segment of the same column. (Note:
the diagonal zero is ignored when determining the smallest interval
cost.) On the TOC matrix, the proposed algorithm is used. The follow-
ing are the steps in detail:

Step 1: If either (full amount supply > full amount demand) or (total
supply total demand), balance the given interval transhipment problem.
Step 2: Convert the interval transhipment problem in to interval trans-
portation problem.

Step 3: state the all interval parameters supply, demand and unit trans-
portation cost in terms of midpoint and half width form.

Step 4: Obtain the ROC, COC and then TOC matrix

Step 5:1dentify the boxes in each row with the lowest and next-lowest
interval transportation costs, and write the difference (penalty) along
the table's side against the corresponding row.

Step 6: In each column, find the boxes with the lowest and next-lowest
interval transportation costs, and write the difference (penalty) against
the corresponding column.

Step 7: Determine the most severe penalty possible. If it's on the table's
side, give the most space to the box with the lowest transportation in-
terval cost in that row. If the box with the lowest interval cost of trans-
portation in that column is below the table, give it the most money.
Step 8: Select the topmost row and the farthest left column if the penal-
ties for two or more rows or columns are equal.

Step 9: The satisfied row or column does not need any further thought.
If both the row and column are fulfilled at the same time, delete only
one of them, and assign zero supply to the remaining row or column (or
demand).

Step 10: Continue until all of the rows and columns are satisfied.

Step 11: Using the original balanced interval transhipment cost matrix,
calculate the cumulative interval carrying cost for the possible alloca-
tions.



Convert the given interval
transhipment problem into a
interval transportation
problem.

Find the Total
s Opportunity Cost
W matrix (TOC)

{

Find the initial basic Solve the problem
feasible solution and test using improved VAM.
for optimality.

Figure 2

5. NUMERICAL EXAMPLE

To solve the following fully interval integer transhipment problem
with 2 source and 2 destinations. The supply values of the source S1
and S2 are [4,6], [5,7] units respectively. The demand values of desti-
nation D1 and D2 are [3,5], [6,8] units respectively. Transportation cost
per unit between various defined source and destination are given in the
following table [12].

Table 2. Interval transhipment problem

Convert the interval
parameters in terms of
midpoint and width form.

S1 S2 D1 D2 | Supply

s1 - I3 1691 (12411 [4.6]
s2 |31 - [[810] | [24] | [57]
DI | (01|79 - |35 -

D2 [1,3] | [0,2] | [1,3] - -

Demand - - [3,5] | [6,8]




transhipment problem

Table 3. Equivalent interval transportation problem of the interval

S1 S2 D1 D2 Supply
S1 [0,0] [[13] |69 |[24] |[13,19]
S2 [1,3] |[00] |[8,10] |[24] |[14.20]
D1 01 |79 110,01 |35 |[9.13]
D2 [1,3] 1021 |[L3] |[0.0] |[9.13]
Demand | [9,13] | [9,13] | [12,18] | [15,21] | [45,65]

Table 4.Initial basic feasible solution

By applying the proposed algorithm, the initial basic feasible solution is

S1 S2 D1 D2 Supply
<0,0> <1,1>
S1 <1,1> <11,1.5> <16,3>
<11,2> <5,3>
<0,0> <1,1>
S2 <1.51> <14,1> <17,3>
<11,2> <6,3>
<0,0>
D1 <0,0.5> | <14.5,1> <4.5,1> | <11,2>
<11,2>
<1,1> <0,0>
D2 <2.51> | <0,1> <11,2>
<4,3> <7,3>
Demand | <11,2> | <11,2> |<153> |<18,3> | <b5,3>

The route from source to desination is given as S1 to D2 = <5,3>, S2 to
D2 =<6,3>, D2 to D1 =<4,3>

Then the initial solution of the given interval transshipment problem is
Min z = <3,1><5,3> + <3,1><6,3> + <2,1><4,3> = <41,3> = [38,44]



Figure 3

Table 5. Comparison of solutions

Solution by Solution by

S.No | the proposed | P-Rajendran and
method P.Pandian [12]

Solution by
R.Sophiaporchelvi and
M.Anitha[14]

1 [38,44] [20,67] [1,126]

Comparision of Solutions

B mid value ® width value

Proposed P Raiend TT—
.Rajendran
method ! M.Anitha
Figure 4

6. CONCLUSION

To discover the primary interval possible explanation to the interval
shipment problem, we proposed an improved interval VVogel's approxi-
mation algorithm. The interval possible solution's optimality has been
checked. A mathematical model is solved to demonstrate the suggested
technique, and the outcome is compared to the results of other obtaina-

ble methods.
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