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An Approach for Solving Transportation Problem
Using Modified Kruskal’s Algorithm
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Abstract: This paper presents a new approach for finding a minimum feasible solution for transportation problem with different
types (balanced and unbalanced). The approach is based mainly on using graph theory in general and Kruskal’s algorithm for finding
Minimum Spanning Tree(MST) in finding out the first minimum cost between sources and demands. All the edges between sources and
demands are sorted in an ascending order according to the weights(costs of unit delivery between sources and demands) in an array.
Starting from the first element of the array which represents the absolute minimum cost, then delete either the source vertex with all its
outgoing edges if this source is satisfied or deleting the targeted demand with all its incoming edges if this demand is satisfied or even
both. Different examples are considered in this paper to study the correctness and the scalability of the proposed approach. The
examples cover both balanced and unbalanced transportation models. As Kruskal’s algorithm works with O(E log V) time complexity,
where E represents the number of edges and V is the number of vertices, however, the proposed approach tends to reduce the number of
vertices and the edges after each iteration and hence it will converge faster.
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1. Introduction and it can be represented by table 1.

The Transportation Problem was one of the original  Table 1: Sources and Demands of the Typical Transportation
applications of linear programming models. The story goes Problem

like this. A firm produces goods at m different supply To Supply
centers, labeled as S, S,, ...Sm. The demand for the good is Dl Dof | Ps

spread out at n different demand centers labeled Dy,D.,...D,. From 4;

The problem of the firm is to get goods from supply centers 5y R R R e

to demand centers at minimum cost[1]-[4]. Assume that the =z &

cost of shipping one unit from supply centeri to demand Ss . Cat . Ca| = | Can| 42

center j is C;j and that shipping cost is linear. 2 =

Suppose that there are m sources and n destinations. S, C,, C,, - C.| 4,

Let (a;) be the number of supply units available at source Xt |

i.(i = L2,3,....m). R v b
Let (b) be the number of demand units required at B B, B, |- | B, ;a’ ; /
destination j.{j = 1.2, 3.....n). —

Let (cj) represents the unit transportation cost for  Minimize Z :Z zcijxij (D)
transporting the units from source i to destination ;. i1

Let (x;) is the number of units shipped from source i to . n i= 123

destination . Subject to inj —a,! s, 3, m 2

-1

. R . . . m
The objective is to dete_rmlne the n_umbgr of units to be 4 in_ —b.,j=123...n ?)
transported from source i to destination j so that the total - ) J
transportation cost is minimum. Figure 1 represents a typical >0
transportation problem with m supplies and n demands Where Xj; = )
[41,[6] The two sets of constraints will be consistent i.e.; the system

will be in balance if :

Source Destination 4 4
Ya-> b, ©)
a; —p @ Ciyidqy L@ — d; i i
=1 j=1

i .
>—< The resulting formulation in equations 1-5 is called a
a —s @ balanced transportation model. In case where total supply is

different from total demand, this type of transportation model
is called unbalanced. [1],[2],[5].[6].
For unbalanced a;; < bj; or a;; > bj;

Different methods and techniques were used to solve the
transportation problem which can be specified as two-phase

Figure 1: Network Representation of the Transportation
Problem
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solution. The first solution is used to find the minimum
feasible solution, where different techniques and algorithms
are used such as North-West Corner, Lowest Cost Entry
Method and Vogel Approximation Method. In addition there
are two more methods to find out the optimum solution, these
include Modified Distribution (MODI) and Stepping Stone
Method [3]-[12]. The proposed method depends on graph
theory and Kruskal’s algorithm for finding MST.

1.1 Kruskal’s Algorithm

Kruskal’s algorithm is used to find out the minimum
Spanning Tree in a network model [1],[3].

KRUSKAL(G) :
1aA=20

2 foreach v € G.V:
3 MAKE-SET (V)

4 foreach (u, v) ordered by
weight (u, ¥), increasing:
if FIND-SET (u) # FIND-SET (V) :
A=aU {{a, v}

retorn A
R Y )

o =1 0y Ln

Where E is the number of edges in the graph and ¥ is the
number of vertices.

2. Proposed Algorithm

The proposed algorithm consists of the following steps:
Stepl: Convert the problem into graph and corresponding
table.

Step2:Create a sorted array in ascending order containing the
unit costs as the edges between the sources and demands.
Step3:Pick the first element in the array(minimum cost) and
the related source and demand vertices.

Step 4:Delete all the rows in the array that are related to the
source or the demand depending on which one is satisfied
first and rearrange the array.

Step 5: Repeat from step 3 until the array is empty.

2.1 Proposed Algorithm Pseudo Code

The proposed algorithm represents a modification of
Kruskal’s algorithm for finding Minimum Spanning Tree
(MST). The Algorithm Pseudo code

KRUSEAL (G)
1a=20
2 foreach (u, ) ordered by
Weight (u, v), increasing:
3 L=AaAU {(ua, ¥)}
4 If Vecapacity is covered
o Delete all rows
corresponding to WV
& Endif
7 If Ddemand i=s covered
8 Delete all rows
corresponding to D
g Endif
10 UHNION (u, )

11 retuorn 2

In all cases, the output of the algorithm will be either a tree or
unconnected graph depending on the verification of the term
(m+n-1).

3. Testing Examples

Four different examples were taken to study the correctness
and effectiveness of the proposed algorithm, these include
both balanced and unbalanced transportation models.

Example 1: Balanced model with number of sources is
greater than the demands.

Destinations

D, D; | Supply
Source
Sy 4 3 l 60
s | 7| °*| 40
s | | | 70
Demand X 105 i 65

(0)

40 | 40
5

10
70 @ (d)
«©)

Destinations l
1

D; | supply

Source

S 4 2| 60

70 0
Demandilcsl 65 |

(¢)

Figure 2: Graph Representation for example 1.
(b)-(f) Solution Steps

And the results can be shown in Table 2.

Table 2: Table Representation of the Proposed
Algorithm for Example 1

N | Edge | cost | Kruskal step1 | Kruskal step? Kruskal step3 Kruskal stepd
Cost=2*60 | Cost=2*60+3*70 | Cost=2*60+3*70 | Cost=2*60+3*70+
15%2|5%247*35
1[50, |2 X X X X
2 S;Dl (3 5301 ] X X X
3|50, (4 X X X X
4150,15 |50, |5 |SD |5 X X
5160 |7 |SD [7 S0y |7 S0y |7 X
650, [10 |S:D; [10 | x X X

Example 2: A balanced transportation model with number of
demands is greater than the sources.
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Table 4: Table Representation of the Proposed

D RTINS s.eev Algorithm for Example 3
e W e con Kty Kot Kty [Kostlsepd | Kusaltgd
st Cost=0'200 | Cost=0+68"1200 | Cost=81500480°1000 | Cost=161600+100°110 | Cost = 2786004108200
= 30 39 160 151600 271600 = 28300
il K] W e 50 | X X X X X
@ 250,/0 | X X X X X
35.0,[68 [SD, [68 [ X X X
45 4s0,[% [SD, [80 |5, [80 | X X X
g/s,0,[100[5,0, [100[50, [100 (5D, [100 [ X X
650, [ 102[5,D, [102 X X X
(D10 75,0, 18[5,0, (10850, [108[sD, [108 [5,D, [108 X
85,0, (5 (5,0, [215[$p, (15| X X X
D; | D, | Ds |Supply
Source ) i
5, 5[ %| 2| 5o Example 4: Unbalanced model with number of sources is
5|15 _[10 less than the number of demand.
S 0 " 30‘0 0 "2
Destinations Oestinations.
Dy | Dy | Dy | D |suppty 0| 0| B | 0| Dy sy
Demand | 25 | 45 | 10 o el o))
) 30016 9 240 S 38 9 2 0 40
© 5 T EEEEEEEEE
Figure 3: Graph Representation for Example 2. mrannalEEEEREEE
(b)-(f) Solution Steps deaod | 25125/ 2] 8| 10

Table 3: Table Representation of the Proposed
Algorithm for Example 2

N| Edge | cost | Kruskal stepl | Kruskal step2 | Kruskalstep3 | Kruskal stepd
Cost=15*25 | Cost=375+20*10 | Cost = 575+30*15 | Cost = 1025+40*30
=315 =575 =1025 =2225
1(5D:]15 | X X X X
2|5D;(20 |54D; |20 X X X
3|5:D2/30 S0, |30 [Si0; |30 X X
415:D:(30 | X X X X
5/5:D3/35 |S:D; |35 X X X
6502/40 |S;D; |40 |S;D; |40 |S;D; |40 X

Example 3: Unbalanced model with number of sources is
greater than the number of demand.

S 117 o0 |8 110 |
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Demand | 2512542 | 8 | 10
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Figure 5: Graph Representation for Example 4.
Figure 4: Graph Representation for Example 3. (b)-(j) Solution Steps
(b)-(g) Solution Steps
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Table 5: Table Representation of the Proposed Algorithm for

Example 4.
N [€dge | cost | Kruskalstep! | Kruskal step2 | Kruskal step3 | Kruskal stepd | Kruskal step$ | Kruskalstep6 | Kruskal step 7
Cost=0"10 | Cost=0+1"20 | Cost=20+2"8 | Cost= 36+2°42 | Cost = 120+3"5 | Cost = 135+5°8 | Cost = 175+16*17
0 | = =3% =120 =135 =175 44
11505 |0 X X X i X X
2 S;Dg 0 X
3[s:Ds [0 | X
450 [1 {50 |1
[STs0s [2 [S0s [2 [5iDe 2 | X
6 (S0 |2 |50 |2 [S05 |2 [S0; |2 X X X |
750y |3 (S0 |3 |S0; |3 |50 |3 (S0 |3 [
850; |3 |SDs |3 X X X X
95Dy |4 |SD; |4 (S |4 S0y |4 |50 |4 X
10/S0: |5 [S0: |5 S0 |5 |S0: |S |02 [5 [0 |5 X
1150 |5 |S0s |5 [S0 |5 X X X
12/50: |8 [S:0: |8 s )
13505 |9 |SDs |9 [S0s |9 |SD5 |9
1450, {9 [S0 |9 | ¥ X Y X X |
1550, |16 [SiD; |16 |50, |16 |S0; |16 |50, [16 S0, [16 5D, 16

4. Conclusion

The proposed algorithm for finding the minimum feasible
solution for the transportation problem is based mainly on
using Kruskal’s algorithm for finding out the MST with some
modification. Four different examples representing different
transportation problem cases were taken into account to
study the correctness and expandability of the proposed
algorithm. From the results given in figures 2-5 and tables 2-
5,it is clear that the proposed algorithm can be used in
different transportation models and gives faster convergence
criteria since it is based mainly on the reduction of the
number of vertices and edges after each iteration since the
time complexity of such algorithms is highly related to
E(number of edges) and V (number of vertices)

5. References

[1] Hamdy A. Taha, Operations Research: An Introduction
,9th Edition,2013, ISBN-13: 978 0132555937.

[2] Douglas B. West, Introduction to Graph Theory, 2™
Edition, PHI NewDEIhi,20009.

[3] S.Kumaraguru, B. Satheesh Kumar, M. Revathy,
Comparitive Study of Various Methods for Solving
Transportation Problem, 1JSR —I INTERNATIONAL
JOURNAL OF SCIENTIFIC RESEARCH Volume : 3,
Issue : 9 September 2014, ISSN No 2277 — 8179.

[4] Tlija NIKOLIC, TOTAL TIME MINIMIZING
TRANSPORTATION PROBLEM, Yugoslav Journal of
Operations Research,17 (2007), Number 1, 125-133,
DOI: 10.2298/YUJOR0701125N.

[5] Zrinka L. , Dubravko H., Luka N., SOLVING THE
PRODUCTION-TRANSPORTATION PROBLEM IN THE
PETROLEUM INDUSTRY, REVISTA INVESTIGACION
OPERACIONAL Vol., 29 No 1, 63-70, 2008.

[6] Mohammad Kamrul Hasan, Direct Methods for Finding
Optimal Solution of a Transportation Problem are not
Always Reliable. International Refereed Journal of
Engineering and Science (IRJES) ISSN (Online) 2319-
183X, (Print) 2319-1821 Volume 1, Issue 2 (October
2012), PP.46-52.

[7] Nabendu S., Tanmoy S. , Banashri S., A study of
Transportation Problem for an Essential Item of

Southern Part of North Eastern Region of India
as an OR Model and Use of Object Oriented
Programming, [IJCSNS International Journal of
Computer Science and Network Security, VOL.10 No.4,
April 2010.

[8] Gaurav Sharma, S. H. Abbas, Vijay Kumar Gupt,
SOLVING TRANSPORTATION PROBLEM WITH
THE  VARIOUS METHOD OF  LINEAR
PROGRAMMING PROBLEM, Asian Journal of
Current Engineering and Maths1: 3 May — June (2012)
81 - 83.

[91 M. A. Hakim, An Alternative Method to Find Initial
Basic Feasible Solution of a Transportation Problem,
Annals of Pure and Applied Mathematics, Vol. 1, No. 2,
2012, 203-209, |ISSN: 2279-087X (P), 2279-
0888(online), Published on 16 November 2012.

[10] Hlayel Abdallah Ahmad, The Best Candidates Method
for Solving Optimization Problems, Journal of Computer
Science 8 (5): 711-715, 2012,ISSN 1549-3636© 2012
Science Publications.

[11] Abdallah A. Hlayel, Mohammad A. Alia, SOLVING
TRANSPORTATION PROBLEMSUSING THE BEST
CANDIDATES METHOD, Computer Science &
Engineering: An International Journal (CSELJ), Vol.2,
No.5, October 2012, DOI :10.5121/cseij.2012.2503 23.

[12] Abdul Sattar S., Gurudeo A. T., Ghulam M., A
comparative study of initial basic feasible solution
methods for transportation problems, Mathematical
Theory and Modeling ISSN 2224-5804 (Paper) ISSN
2225-0522 (Online) Vol.4, No.1, 2014.

Volume 4 Issue 7, July 2015
WWW.ijsr.net

Paper ID: SUB157010

Licensed Under Creative Commons Attribution CC BY

2429






