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ABSTRACT

Transportation Problem (TP) plays the role in cpknning for distributing the
commodities from the sources to thestinations. Initial Basic Feasible Solution (IBFS
the first step to the way of obtaining an optimaluson. There are various algorithms to
find IBFS. The best solution method gives optinadtavith the least iteratioin this paper,

a new solution procedure namely Zero next to Z&rZf method has been proposed to
determine the IBFS for THhe aim is to obtain a total transportation coat th similar or
close to the optimal solution with the least itenat The performance of the proposed
algorithm is evaluated using two characteristias @mpared with the existing algorithms
available in the literature. The comparison resirtiicate that the proposed approach
yields better results blaking comparatively very less effort and compotati
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1. Introduction

The transportation problem is one of the oldestrandt important applications of linear
programming problems. It deals with shipping a Erfgmmogeneous product from several
sources to numerous terminuses. The objectivei®ptioblem is to decide the amount of
product transported from sources to terminusesfgatg supply and demand constraints
to diminish total transportation cost. Gaspard Moffitj published the first publication
about the Transportation Model in the ‘Memoired'deademie des Sciences de I'Institut
de France’ in 1781.

In the 1930s, Tolsio[2] was one of the first to study the transpodatproblem
mathematically. The standard form of the problens \iest formulated, along with a
constructive solution, by Hitchcock [3] in 1941.sHvork entitled ‘The Distribution of a
Product from several sources to Numerous Locdlitip®es the origin for the Hitchcock
Transportation Problem analogous to Monge's fortimta

In 1947, Koopmans [4] also presented his histdxiclys based on his World War I
time experience called ‘Optimum Utilization of theansportation System’. Because of
this and the work done earlier by Hitchcock, thessical case is often referred to as the
Hitchcock-Koopmans Transportation Problem. Effitierethods of solution derived from
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the simplex algorithm were developed, primarily Dgntzig [5] and then by Charnes,
Cooper, and Henderson [6].

IBFS plays an important role to find the way oubistaining an optimal solution. A
good number of methods are available in the liteeato find an IBFS of TP. But the
previous methods related to it did not always pevhe satisfying result all the time. It
varies for different solution procedures and also different examples. Some of them
require a little more time to find an IBFS, but #wutions are good in terms of minimizing
total transportation costs. Some of them produseragood IBFS and most often directly
the optimal solution but it takes comparatively eeffort and computation. Still, there is
no unique method that will calculate the optimdugon of all TP. So it is necessary to
develop an algorithm that will provide better résul

Considering this in this research, we have propds2dmethod that will compute the
optimal solution for the transportation problemeTgroposed algorithm will be illustrated
with a numerical example to make the proposed naethoy clear and well understandable.
We also calculate the Average Relative DeviatiorRID) to determine the average
performance of various techniques and Percenta@gtirihal Solution (POS) with respect
to the optimal solution over several numbers oficamly selected problems from some
reputed journals.

2. Literaturereview

Transportation Problem has been the subject ofriedisdesearch papers since the year of
its development. We have gone through a numbereskarch papers related to
transportation problem. Out of them some of themeevorks cited below are the source
of inspiration to do the research work. Charnes@nalper [7] presented a straightforward
method for obtaining an initial basic feasible $iol of a transportation problem which is
named as North West Corner Method (NWCM) wherebtigic variables are selected from
the North West Corner cell and then the next dgperlomethod is Least Cost Method
(LCM) consists in allocating as much as possiblethe lowest cost cell of the
Transportation Table. Reinfeld and Vogel [8] intnodd Vogel's Approximation Method
(VAM) by defining penalty as the difference of lostend next to lowest cost in each row
and column of a transportation table and allocattaé minimum cost cell corresponding
to highest penalty. Kasana and Kumar [9] proposdceEnum Difference Method (EDM)
where they define the penalty as the differencesthef highest and lowest unit
transportation cost in each row and column anctatlas like as the VAM procedure.

Russell [10] proposed Russel’'s Approximation MetiBé\M) where he determines
the penalty for each cell of the transportatiorgdty subtracting corresponding row and
column maximum element of every cell from the respe element. Then he makes
maximum possible allocation to the cell havingshellest penalty. Khan et al. [11], used
TOCM of Kirca and Satir [12] and define the pointesst as the sum of all entries in the
respective row or column of the TOCM and then asgighe least cost cell corresponding
to the highest pointer cost. Rashid [13] proposeatheer heuristic and term as ‘Average
Cost Method (ACM)’ where he defines the penaltyttes average cost of each row and
column and allocate as like as the VAM procedure.

3. Network representation of TP
We represent each source and destination by a ti@lamount of supply at sourde by

14



Zero Next to Zero (ZnZ) Method: A New Approach fwolving Transportation Problem

S;, the amount of demand at destinatign byd i » the unit transportation cost between
source i and destinationj by c;; and the amount transported from sourceto

destinationj by X; j - The lines joining the source and destination tettte route through

which the product is transported. Then the geriteakportation problem can be signified
by the network as in the following Figure 1.

Source Locality

Availability of Supplies
Requirements of Demands

Figure 1. Network Representation of Transportation Problem

Using the above data, the mathematical form ofoéilanced transportation problem can

be expressed as finding a setxf;’s, i=12,..... ,m;  j=12,..... ,n to
m n
Minimize z=3% 3 C;;X;;-
izl j=1
n
subject to DX =S i=1,2,.... ,m
j=1
m .
Xj;=d; i=1,2,..... ,n
i=1
X2 0; forall i and j.

4. Proposed algorithm
The proposed ZnZ method for determining the IBF$Rtonsists of the following steps:

Step: : Form the Transportation matrix from the given tgorgation problen

Step: : Check whether thtransportation problem is balanced or not, if nuike
it balanced.

Step{ : Select the least costj> 0 of each row and subtract it from each «
member of the corresponding row.

Step:« : Markthe cell containing zero and next to zeroaufterowobtained in Ste
3.

Step! : Compute the sequence of allocations to the celkethin Step 4 so th
all the cells are selected satisfying supply andatel restrictions.

Stept : Assign as many units as possible to the cell adegrth the sequenct

made in Step 5 until all the rows and columns ataested.
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Step *

Finally calculate the total transportation costtfue feasible allocations

sum of the product of original balanced transpmamatrix cost and
corresponding assigned value.

5. Numerical illustration

To justify the efficiency of the proposed approaal to test the performance of the various
techniques for solving transportation problems aose the following twenty five sample
examples, selected at random from some reqeed reviewed journals, which are listed

in the following Table 1.

Table 1. Sample transportation problem with source

Balanced Transportation Problems

Example-1: [Ref No. 14

[Cijlaxa=[13 18 30 8; 55 20 25 40; 30 6 50
10];  [s]aa=[8, 10, 11];

[dj]1x4=[4, 7, 6, 12]

Example-13: [Ref N0.26

[Cilax=[4 98 1012;610323;35632;
24453]; [s]ae=(80, 60, 40, 20];
[d]1xs=[60, 60, 30, 40, 10].

Example-2: [Ref No. 15
[Ci]axa=[4 3 5;654;8107];
[s]3x=[90, 80, 100];
[d]1x=[70, 120, 80].

Example-14: [Ref No. 27
[Cilaxe=[7107478;515533;43791
9;469008]; [s]ax=[5,6,2,9];
[dj]1x6=[4, 4, 6, 2, 4, 2]

Example-3: [Ref No. 16
[Cilaxe=[15 7 25; 8 12 14; 17 19 21 ];
[s]ax=[12, 17, 71;

[d]ixs=[12, 10, 14].

Example-15: [Ref No. 28
[Cilaxe=[91296910,;737755;659 11
3 11; 6 8 11 2 2 10]; [S]ax=[5, 6, 2, 9];
[d]wxe=[4, 4, 6, 2, 4, 2].

Example-4: [Ref No. 17
[Cilaxas[3684;6125;,78309];
[s]ax=[20, 28, 17];

[dj]1x4=[15, 19, 13, 18].

Example-16: [Ref No. 29
[Cilsx=[882102;11 41094;52211
10;106652;811864];

[s]sx=[40, 70, 35, 90, 85];

[d]1x5=[80, 55, 60, 80, 45].

Example-5: [Ref No.18
[Cilaxa[6193;11528; 10124 7];
[s]ax=[70, 55, 90];

[d]1x=[85, 35, 50, 45].

Example-18: [Ref No. 30
[Cilsxe=[537385;5 6125711;28 3
482,96105109;,53738 5]
[s]sx=[3, 4, 2, 8, 3]; [d]we=[3, 4, 6, 2,
1, 4].

Example-6: [Ref No. 19

[Cilaxa[10 2 20 11; 12 7 9 20; 4 14 16
18]; [s]axi=[15, 25, 10];

[d]ixs=[5, 15, 15, 15].

Example-19: [Ref No. 31

[Gilsx=[127 38106 6,697 128 12 4;
101284993,85116793,;7681195
6]; [s]sx=[60, 80, 70, 100, 90];
[d]x=[20, 30, 40, 70, 60, 80, 100].

Example-7: [Ref No. 20
[Cilaxs=[41244,23223;35244];
[s]ax=[60, 35, 40];

[d]xs=[22, 45, 20, 18, 30].

Example-20: [Ref No. 32

[Cilexe=[124131892;916107 1511, 4
9 10897;9312645;71151827;16
845110]; [s]ex=[120, 80, 50, 90, 100
60]; [di]ixe=[75, 85, 140, 40, 95, 65].

Example-8: [Ref No. 21
[Cilax=[274;331;54 7,162];

Example-21: [Ref No. 33
[Ci]axa=[6 58 8;51197,89713];
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[s]x=[5, 8, 7, 14]; [d]wxs=[7, 9, 18. | [s]3x=[30, 40, 50]; [d}]1x4=[35, 28, 32, 2t.
Example-9: [Ref No. 22 Example-22: [Ref N0.34
[Cilaxe[75911;4386;38105;267 | [Cijlaxa=[4 811,63 8;765];

3], [sl]ax=[30, 25, 20, 15]; [s]ax=[12,10, 97; [d]xs=[13, 8, 10].
[d]]1x4=[30, 30, 20, 10].

Example-10: [Ref No. 23 Example-23: [Ref N0.35
[Ci]laxa=[53610;68107;3167;8210 | [Cilaxe=[121452;332143;42596
12];  [s]a:=[30, 10, 20, 10Q] 2;317346]; [s]a=[30,50, 75, 20];
[d]1x4=[20, 25, 15, 10]. [d]xe=[20, 40, 30, 10, 50, 25].
Example-11: [Ref No. 24 Example-24: [Ref No. 12
[Cilax=[76459;85678;68965;57 | [Cilaxa~[1527 13 19; 1821 24 14;21 15 16
786]; [s]a=[40, 30, 20, 1Q] 17];  [s]sx2=[40, 40, 20]

[d]1x4=[30, 30, 15, 20, 5]. [d]x+=[30, 20, 30, 30].

Example-12: [Ref No. 25 Example-25: [Ref N0.26
[Gilaxs=[43126;52345;35632;24 | [Gilax=[2]1 1625 13;17 18 14 23;3227 18
453]; [s]aa=[80, 60, 40, 2Q] 41]; [s]ax=[11, 13, 19]

[d]1x4=[60, 60, 30, 40, 10]. [d]xs=[6, 10, 12, 15].

Example-17: [Ref No. 10

[Ci]sxs=[73 40 9 79 20; 62 93 96 8 13; 96 65 80 50 65; 57 58 29 12 87; 56 23 87 18
12]; [s]sx=[8,7,9,3,5]; [d]1x==[6, 8, 10, 4, 4].

6. lllustrative solution of an example
Solution of Example 1 is illustrated in this section with an aim to make readers
acquainted with the proposed approach.

Table 2: Selection of row minimum of each row

Destinations Row
Source Supply -
D1 D2 D3 D4 minimum
S1 13 18 30 8 8 8
S2 55 20 25 40 10 20
S3 30 6 50 10 11 6
Demand 4 7 6 12 29

The following Table 3 shows the result after suttirgy the row minimum of each row and
the cell containing zero and next to zero of eash r

Table 3:; Selection of zero and next to zero
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Destinations
Source Supply
D1 D2 D3 D4
S1 5 10 22 0 8
S2 35 0 5 20 10
S3 24 0 44 4 11
Demand 4 7 6 12 29

Sequence of allocationiia> as> as>as™> &> @3
The following Table 4 shows the allocation of thelgem.

Table 4: Allocation Table

Destinations
Source Supply
D1 D2 D3 D4
S1 4 4
8
5 10 22 8
S2 4 6
10
35 0 5 10
S3 3 8
11
24 0 44 11
Demand 4 7 6 12

Therefore, total transportation cost =13x4+ 8x4#4B5x6+6x3+ 10x8
=412

7. Comparison table of initial basic feasible solution

Table 5 show the comparison of different solutidtex,centage of Optimum Solution (POS)
and Average Relative Deviation (ARD) [36] obtainy various methods by means of
twenty five sample examples given in Table 1.

Table 5: A Comparative study of different solutions

Ex. | Opt. | NWC TOCM nZ
No. | Sol. M LCM | VAM EDM RAM -Sum ACM Method

412 484 516 476 476 417 4172 412 41p
1390| 1500| 1450 1500 139( 1390 1440 1500 1390
425 545 433 425 439 425 43¢ 439 42
200 273 231 204 218 20( 200 200 20
1160 1265 1165 1220 1165 1165 1280 1280 1160

OT

|

a|lbhjw N
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6 | 435 520 475 475 475 475 52(¢ 460 435
7 | 290 363 295 290 295 295 29¢ 318 290
8 76 102 83 76 80 82 76 76 76

9 | 410 540 435 470 415 42( 455 455 410
10 | 285 425 310 285 295 285 285 285 285
11 | 510 635 510 510 510 51( 51( 515 510
12 | 420 670 420 420 420 42( 42( 420 420
13 | 800 | 1110 950 860 800 840 820 820 800
14 | 68 95 70 68 68 71 79 109 68

15| 112 139 114 112 112 11% 123 1533 11p

16 | 1475 1870 1685 1505  168% 1730 1545 1555 1475
17 | 1102 1994| 1123 1104 1102 1103 1127 1863 1102
18 | 116 129 134 116 121 118 123 118 127
19 | 1900f 3180| 2080 1920 2070 1930 2100 1940 2100
20 | 2170] 4285 2455 2310 2580 2700 2170 2570 2170

21| 770 | 1076 824 770 770 770 770 710 770
22 | 131 131 131 131 131 131 131 131 131
23 | 430 740 470 450 450 46( 43( 430 510

24 | 1480| 1990, 1480 45( 148( 1480 1480 1480 1480
25| 796 | 1095 922 796 796 796 796 796 796
POS 4% 16% | 52% 44% 44% 52% 40% 88%
ARD 0.370 | 0.081 | 0.034| 0.055 | 0.039 | 0.044 | 0.084 | 0.015

8. Graphical presentation

The following Chart 1 shows the percentage ofropth solution and Chart 2 displays
the average relative deviation yielded by diffeésmiution procedure by means of twenty
five sample examples given in Table 1.
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Chart 2: Average Relative Deviation

9. Conclusion

This paper proposed a new effective and computtiomery simple approach named as
ZnZ method to determine the IBFS of TP which isikimor very closer to the optimal
solution. Comparative study given in Table 5 shdle the proposed approach perform
better than NWCM, LCM, VAM, EDM, RAM, TOCM-SUM anfiCM over the Twenty
Five numerical examples, selected at random framespeer-reviewed journals.
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