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Abstract:

The transportation problem is a special class of problem. Cost is one of the affected factors in
transportation. Determine the value of transportation cost, it is solved by using different methods like
the North-West Corner Method, Least Cost Method,Row (Column) Minima Method, Vogel
Approximation Method, etc. but these methods cannot say about the probability. Our aim is to
analyze probability in various methods of transportation and each movement in transportation is taken
as an event and understand the probability dimension in these methods. Uncertainty comes from a
certainty situation. Because on the other side of certainty, there should be reflected uncertainty. In this
paper, we also discuss the parameter of uncertainty in various methods of transportation problems
using case study. The derived results in the paper is use to establish a concreate transportation system
on basis of minimize the transportation cost and allocation.
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Introduction:

In Operations Research, the Transportation Problem is a fundamental topic that focuses on
optimizing the allocation of resources to minimize transportation costs. Various methods, such as the
North-West Corner Method, Least Cost Method, and Vogel’s Approximation Method, are employed
to solve this problem. Transportation is a vital part of human life and is essential for economic growth
and societal development. As the global population continues to rise, the demand for transportation
services increases, yet the infrastructure may not expand at the same rate. This raises a critical
question for the future: how will we manage the growing demand for transportation over the next 20
years, given limited resources? This challenge highlights the importance of strategic planning and
optimization techniques in ensuring efficient transportation systems for the future.

Transportation costs in India have been influenced by several factors, with road infrastructure
projects playing a critical role. As per the Ministry of Road Transport and Highways, the expansion
of road networks under schemes like BharatmalaPariyojana has been significant. By 2023, over
approximately 1.45 lakh kilometers of state roads were upgraded to national highways. The increase
in road construction, such as expressways and economic corridors, has aimed to improve freight
movement and reduce transportation time, but it has also contributed to rising logistics and
infrastructure costs. Additionally, fuel price fluctuations and toll fees have impacted transportation
expenses. The National Highways Authority of India (NHAI) has also introduced measures like toll
securitization, raising Rs 37,000 crore through this method, which supports further infrastructure
projects but can increase the cost burden for road users.Freight transportation by road remains the
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dominant mode, accounting for approximately 71% of total freight in India, but rising costs,
fluctuating fuel prices, and road maintenance continue to push transportation expenses higher.

The transportation problem is characterized by significant uncertainty, particularly in the
allocation of resources, which plays a key role in minimizing transportation costs. Allocating the right
amount to the appropriate cell in a transportation matrix is critical for cost reduction. Several
methods, such as the North-West Corner Method, Least Cost Method, Row (Column) Minima
Method, and Vogel’s Approximation Method, are commonly used to find a basic feasible solution.
Can probability theory be applied to these methods? Absolutely, since these methods involve events
that can be analyzed probabilistically, making the process more predictable and efficient.

Literature Review:

Dev, Sultana, and Mitra(2011) paper present a fuzzy optimization approach to the
transportation problem, utilizing a fuzzy extension of the simplex method. It addresses uncertainties
in transportation costs through trapezoidal fuzzy numbers, enhancing decision-making for
maximizing distributor benefits under fuzzy constraints.

Hussain, and Qayyum (2019) introduces an innovative approach to solving Linear
Programming Problems (LPP), specifically the Transportation Problem (TP), by applying Probability
Density Functions (PDF). This method enhances accuracy and reduces complexity, using Laplace
Transform and statistical tools to optimize transportation costs and address challenges in random
variables and constraints.

Gupta,Garg, and Chaudhary (2020) present a multi-objective capacitated stochastic
transportation problem model incorporating gamma distribution for uncertain supply and demand
parameters. Using maximum likelihood estimation and chance-constrained programming, it optimizes
transportation decisions. The model is illustrated through a case study, demonstrating its
computational effectiveness in uncertain environments.

Zheng and Yu (2023) propose a novel probability-based method to solve the multi-objective
shortest path problem. By treating each objective as an individual event, they calculate favorable
probabilities for optimization. The approach is tested on a transportation problem, yielding efficient
solutions without linear weighting or constraint issues.

Methodology:
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[Table-1: Transportation Problem]
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Probability approach in North-West Corner Method
Sr. | Events | Description Possible Probability
No. of the Events | Outcome

in N-W

Method
1 E\j |The event of | {d;}or {s,}or P(Ey)

allocatlon ~th {Sl - d]} (1 ,lf El] == {d]} or E1] = {Sl}

among (1, ) 1

cells =y ——< SIifE;j={51—4d;

(G —ay Aol
0 ; Otherwise

2 E;; | The event of | {d,}or {s;} or | P(E;;)

allocatlorll . {d, — s;} {1 Jif By = {dj} or Ey; = {s:}

among (i,1) 1

cells - m ;Lf Ei’j = {dl - Si}

0 ; Otherwise
Result-1: In north-west corner method, if
Ey; is the event of allocation among (1,))th cells and
E;; is the event of allocation among (i, 1)*" cells then,
i=m and
j=n

P (Ey ﬂ E,-l) -1

i=1and
j=1

Proof-1:
Let us consider,

By definition of probability,
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i=m and
j=n

> P(By[)Ea) = PG

i=1and
j=1
Now, in first north-west corner cell of transportation problem table, has definitely require to
allocation either demand or supply.

So, P(E11) =1,
i=rrz and
j=n
z P(EljﬂEil) =1
i=1and
j=1
Proof-2:
i=m and
j=n
L.H.S.= Z P (Elj ﬂEil)
i=} and

. 1]:(11511 ﬂEn) + P (Ex ﬂ Eyy)+ -+ P (Euy ﬂ Epy)+ -+ P (Emn ﬂ Eyy)+ -
+ P (Emz ﬂ Ema) + P (Emz ﬂ Euy) + -+ P (Emn ﬂ Emy)

=P(E;;1)+0 (Because of P (Elj ﬂ Ei1) =0;i #))
=1 (Because of P(E;;) = 1)
=R.H.S.
i=m and
j=n

P (El,- ﬂ E,-l) -1

i=1and
j=1

Result-2: In transportation problem, the probability of allocation of last cell (in the sense of
South-East point) is 1.

i=m and
In mathematical, we can writeas Y./ P(Em]- N Ein) =1

i=1and
j=1
Proof-1: Let us consider
n m
e )N (U)) -5
j=1 i=1
If transportation problem is in square matrix, then E,,,, = E;p o7 Enp
i=mand
j=n
U (Emj ﬂ Ein) = Emn
i=1and
j=1

By definition of probability,
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P(Bms [ | Ein) = PEma)

i=1and
j=1
Now,
1 ;if Emn = {dm} or Eppp = {Sn}
1
0 ; Otherwise

if Epn = {dj} or Epn = {s1}then P(E,,;,) = 1 as per probability table in north-west corner method.
Last cell has at least own demand. So, it is remaining allocation while we are reaching at allocation in
that cell. So, it is definitely that we should allocate some value either totally demand or the value after

subtraction of total allocate
In general, n({d,, — s,}) =1

Probability Approach InLeast Cost Method:

Sr. | Events | Description of | Possible Probability

No. the Events in | Outcome
Least Cost
Method

1 Eyj The event of {dj} or {s;} or P(Ei'j)
allocatlon. . {si—dj} 1 sif By ={d;}or E;; = {s;}
among (i, )t . ij J ij i
cells; i’ = —— —  GifE..={s,—d;
indicates  the n({si’ - dj}) / Y { l ]}
row of first 0 ; Otherwise
least cost’s row
in table and i’
is fixed natural
number in the
problem.

2 E;-j | The event of | {d;}or{s;}or | P(Es)
aHOC@.thl"l . {dj - Si*} (1 lf Ei*j = {d]} or {Si*}
among (%, /)™ or{s-* — d-} 1
cells; i* ' J ——————, if Epj={s;+ — d}
indicates  the = n({si —d;})
row of later 1 .
allocation after n({d s¢1)’ if Eprj = {dj = si-}
first least \ 0 : Otherwise
cost’s row
andi™ is fixed
natural
number.
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Sr. | Events | Description of | Possible Probability
No. the Events in | Outcome
Least Cost
Method

3 Eij* The eyent of {dj*} or {Si} or P(Eij*)

allocat10r_1 . {d]* — Si} (1 ,lf Eij* = {d]*} or {Si}
iglllosl?g “J )j* or{s; — d;-} _r if Eije = {d;- — s}
indicates  the _ ) on({dp-sh) T b
column of later 1 . _
allocation after n({s; — d;-)) if Eije = {si — dp-}
first least
cost’s column
and j* is fixed
natural
number.

\ 0 ; Otherwise

4 E;j The event of {dj,}or{si}or P(Ei'j)

Zi%?;lo?i,j')th {dy =i (1 . Jif By ={djfor Eyj = {si}
cells; J' — FE. = {d —s,
indicates  the n({d}., —5}) fEi { j i}
column of first l 0 - Otherwise
least cost’s
column in table
and j' is fixed
natural

number.

Let C(i,j"),C(i,j),C(i,j) and C(i,j) be the cost associated with cell (i,j"),(i,j),(i,j) and (i, )
respectively in the table where i'and j'are fixed natural numbers representing the row and column
indices of the cell and X represent the total cost of allocation based on these events. Then
We can express X mathematically as:

X=Cc@,j)+c@j)+cd,j)+cd))

Result-3:P((U}‘=1 E,-'j) n (Uﬁ1 Eij')) =1

Let's consider the union of all these events, denoted by U:

n n m m
U = UEi/j U UEi*j U (U Eij*> U (U Eij')
j=1 j=1 i=1 i=1
Thus, each event is subset of U.

So,

n

m
U Egj 0 (U Eu”) = Epj;
i=1

j=1
E;j-j+ is the event of allocation of first least cost cell.
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By definition of probability (or probability measure),

n m
j=1 i=1

Since, P(Ei*j*) is probability of allocation of the first least cost cell. E;+j-represents  intersection
event of union of Ej; and union of E;;. According to least-cost method, we always start with first
least-cost cell in transportation cost table. Therefore, the probability of allocation of the first least-cost
cell in least-cost-method is certain. A Certain event has probability of 1. Thus, P(Ei*j*) = 1.

Now, Equation (1) is,
n m
e (UE) -1
j=1 i=1

Hence the proof.

Illustration:

Imagine a company that needs to distribute goods from three warehouses (W1, W2, W3) to four
stores (S1, S2, S3, S4). Each warehouse has a specific supply, and each store has a certain
demand. That are as below: Warehouse Supplies: W1: 20, W2: 30, W3: 25 and Store Demands:
S1: 15, S2: 25, S3: 20, S4: 15. Using North-West Corner Method, Find the probability of the
event E4; (Allocation from Warehouse 1 to Store j) and event E;; (Allocation from Warehouse i

to Store 1).

Warehouse/ Store | Store 1 | Store 2 | Store 3 | Store 4
Warehouse 1 50 64 87 94
Warehouse 2 55 45 87 75
Warehouse 3 85 98 75 35
Solution:
Event | Description Possible Qutcomes Probability
E;; | Allocation from | 1. Allocate all goods from | P(E;)
Warehouse 1 to Store | W1 to S1 1 Jif {dj} is met.
i 2. Allocate part from W1 to

S1 and remainder to S2
3. Allocate  remaining
supply from W1 after Sl's
demand is met

; if partially allocation

0 ; Otherwise
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E;; | Allocation from | 1. Allocate all goods from | P(E;;)

Warchouse iii  to | Wi to S1 1 ;if {d,} is met.

Store 1 2. Allocate part from Wito | ] ] ]
S1 and remainder to S2| ~ )5 :if partially allocation
3.  Allocate  remaining 0 : Otherwise

supply from Wi after Sl1's
demand is met

Store 1 Store 2 Store 3 Store 4
Warehouse 1 50 64 87 94
15
Warehouse 2 55 s 45 87 75
Warehouse 3 85 98 75 35

At (1,1) cell we need to allocate minimum between 20 and 15, is 15. So, Total demand ‘20’ is divided
into two part ‘15’ and remaining of 15 (i.e. ‘5’). So, Probability of event E;; with respect to the
allocation is, P(E;;) = 1.

Now, Supply of ‘Warehouse 1’ is no one. By North-West Corner Method concept, there is no
probability of allocation in the cell (1,2,), (1,3) and (1,4).

So, P(E1) = 0,P(Ey3) = 0,P(E,) = 0.

Next north-west cornet in table is at (2,1) cell. At (2,1) cell, we need to allocate minimum between 5’
and 25, is 5. It is partially allocated with respect to supply. So, Probability of event E,; with respect

to the allocation is, P(E,;) = %

Now, Demand of ‘Store 1° is no one. By North-West Corner Method concept, there is no probability
of allocation in the cell (3,1). So, P(E3;) = 0.

Hence, the probability of event E;; (Allocation from Warehouse 1 to Store j) and event Ej;
(Allocation from Warehouse i to Store 1) are as below:

1
P(Ey;) = 1P(Eyp) = O;P(E13) =0,P(E14) = 0and P(Ey) = E'P(E31) =0

Application of the Study:

The application of this study lies in improving the reliability and efficiency of transportation logistics
by integrating probability theory into traditional methods like the North-West Corner and Least-Cost
Methods. This approach ensures that allocations are not only cost-efficient but also predictable,
providing more reliable solutions and improving decision-making in solving transportation problems.

Scope of the Study:

The future scope of this study includes extending the probabilistic framework to other transportation
methods and optimization techniques, allowing for more comprehensive analysis and broader
applicability. Further research can explore dynamic and real-time transportation problems, integrating
uncertainty factors like fluctuating costs and demand. Additionally, the approach could be adapted for
more complex logistics networks, enhancing decision-making in larger, real-world transportation
systems.
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Conclusion:

In this research paper, we explored the application of probabilistic approaches in solving the
Transportation Problem, specifically for the North-West Corner (NWC) Method and Least Cost
Method based on allocation. Through this analysis, we derived several key results related to
probability. Especially, we proved that the probability of an allocation occurring at the North-West
corner in the NWC method is always 1. Similarly, we established that the probability of allocation at
the least cost in the first iteration of the Least-Cost Method may also 1. These findings enhance our
understanding of the probabilistic behavior of allocation methods.This study integrates probability
theory into traditional transportation problem-solving methods, providing a probabilistic framework
for understanding and verifying the allocation process. This approach makes sure that allocations are
both cost-efficient and backed by probability, making the solutions stronger and more reliable in
transportation logistics.

References:

1) Zhai, Ziyi. (2023). A study of the application of linear programming to material transportation
problems. Theoretical and Natural Science. 9. 255-261. 10.54254/2753-8818/9/20240769.

2) Kaur, Lakhveer& Singh, Sukhveer & Bhandari, Ashok & Singh, Sandeep & Ram, Mangey.
(2023). An Effective Approach for Solving Multi-objective Transportation Problem. Journal
of Reliability and Statistical Studies. 10.13052/jrss0974-8024.1618.

3) Niluminda, Oshan & Ekanayake, Uthpala. (2023). Modified Vogel's Approximation Method
to Solve Both Balanced and Unbalanced Transportation Problems. 10.5281/zenodo.10206936.

4) Vakaliuk, Tetiana &Chyzhmotria, Oleksii & Semerikov, Serhiy & Mintii, Iryna. (2023).
Mathematical Model of a Two-Factor Transportation Problem With Weighting Coefficients.

1-6. 10.1109/CSIT61576.2023.10324171.

5) Handique, Smitakhee& Kalita, Bapan. (2023). A CASE STUDY ON APPLICATION OF
TRANSPORTATION PROBLEM.

6) Gonsalves, Sheetal &Wangde, Ismail &D’Cunhaa, Shilpa. (2023). The solution to the Profit
maximization transportation problem using new transportation algorithm. E3S Web of
Conferences. 430. 10.1051/e3sconf/202343001267.

7) Niluminda, Oshan & Ekanayake, Uthpala. (2023). The Novel Efficient Method to Solve
Balanced and Unbalanced Profit Maximization in Transportation Problems. American Journal
of Mathematical and Computer Modelling. 8. 17-24. 10.11648/j.ajmcm.20230802.11.

8) Uddin, Md & Rahman, Md & Hakim, M & Uddin, M. (2023). An efficient solution of an
unbalanced transportation problem due to additional supply.

9) Thanoon, Firas. (2022). Proposed Method for Solving Transportation Problems. Wasit Journal
of Pure sciences. 1. 9-14. 10.31185/wjps.62.

10) H. Abdelati, Mohamed & Tawwab, Ali &Ellimony, Elsayed & Rabie, Mohammed. (2023).
Solving a multi-objective solid transportation problem: a comparative study of alternative
methods for decision-making. Journal of Engineering and Applied Science. 70.
10.1186/s44147-023-00247-z.

11) Garajova, Elif & Rada, Miroslav. (2023). Interval transportation problem: feasibility,
optimality and the worst optimal value. Central European Journal of Operations Research. 31.
1-22.10.1007/s10100-023-00841-9.

207



UtilitasMathematica
ISSN 0315-3681 Volume 121, 2024

12) Niluminda, Oshan & Ekanayake, Uthpala. (2023). SOLVING LARGE SCALE MINIMUM
SPANNING TREE PROBLEMS AND TRANSPORTATION PROBLEMS USING A
MODIFIED ANT COLONY ALGORITHM.

13) Dev, U., Sultana, A., & Mitra, N. (2011). The Transportation Problem Under Probability and
Fuzzy Uncertainties. Bangladesh Journal of Scientific and Industrial Research, 46(2), 247—
254. https://doi.org/10.3329/bjsir.v46i2.8193

14) Gupta, S., Garg, H., & Chaudhary, S. (2020). Parameter estimation and optimization of multi-
objective capacitated stochastic transportation problem for gamma distribution. Complex &
Intelligent Systems, 6(3), 651-667.

15)Hussain, M. R., Qayyum, M., & Hussain, M. E. (2019). Transportation problem of LPP
involving probability density function. International Journal of Recent Contributions from
Engineering, Science & IT (iJES), 7(1), 42-51

16) Zheng, M., & Yu, J. (2023). A novel method for solving multi-objective shortest path problem
in respect of probability theory. TehnickiGlasnik, 17(4), 497-500. https://doi.org/10.31803/tg-
20221026174845

208


https://doi.org/10.3329/bjsir.v46i2.8193
https://doi.org/10.31803/tg-20221026174845
https://doi.org/10.31803/tg-20221026174845

