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ABSTRACT:

In this paper, we are focused to study to define one of the models proposed to
demonstrate how prioritized goal programming can be used in solving the process of a
transportation problem. The objective of this method is to minimize the total
transportation cost. The basic assumption underlying most of the formulations of
these transportation models is that management is concerned solely with one
objective, namely cost minimization with using of Goal Programming Technique.
Prioritized goal programming extends traditional transportation models by handling
multiple conflicting objectives through a hierarchy of priorities, rather than assuming
sole focus on cost minimization.

KEYWORDS: Goal Programming; Optimization; Multi-objective transportation
problem.

INTRODUCTION:

The transportation problem models the efficient allocation of goods from
multiple supply sources, like factories, to multiple demand points, such as warehouses
or customers, to minimize total costs or maximize profits.

Core Assumptions

Supply equals total demand in balanced models, with costs varying by route
due to factors like taxes and distance. Unbalanced cases adjust via dummy sources or
sinks. Hitchcock formalized this in 1941 as a linear programming problem solvable
without full simplex methods.

Solution Methods

Common algorithms include Northwest Corner, Least Cost, and Vogel's
Approximation for initial feasible solutions, refined by MODI or Stepping Stone for
optimality. Linear programming and network flow algorithms also apply, focusing on
cost minimization.
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Practical Role

In logistics, these models cut costs and boost service via economies of scale
and distance, where per-unit costs drop with larger loads or longer hauls. Modern
extensions incorporate multi-objectives beyond cost, like time or sustainability.

DATA OF THE PROBLEM

The study analyzes a confidential leading oil company's northern India supply
chain, where two refineries produce petroleum products monthly and distribute them
to 15 depots via available rail, road, or pipeline modes at minimum costs per metric
ton. Demand fluctuates seasonally due to high consumption by farmers during
sowing/thrashing and by transporters, starting from crude refining to finished goods
dispatch.

Supply Chain Structure

Refineries act as sources with fixed capacities, feeding depots as sinks where
not all transport modes connect every pair, so costs reflect feasible routes only (e.g.,
%41-%415.9/ton). This setup fits the classic transportation problem, solvable via
methods like linear programming or goal programming for multi-objective
optimization.

Model Testing Context

The paper tests advanced models on real data from this company, examining
results for cost efficiency amid capacity and demand constraints, beyond basic
minimization to include priorities like budget |

The monthly production capacities of oil products and the monthly demand of each
depot and the cost per metric ton at the three plants are given in Table 1(a).

TABLE 1(a) Monthly Demand of Each Depot and Cost per Ton from Each Plant

The policy of the company in the past has been to solve transportation problems by
using standard transportation algorithms or by adopting a standard linear
programming problem, with the primary goal of cost minimization, and all other goals
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are specified as constraints. However, in most cases, companies face multiple
objectives, and an alternative technique using the linear goal programming (LGP)
model has been adopted. Even though all goals may not be exactly achieved under
this technique, it provides the closest optimal solution to satisfying the given
constraints of the problem.

Optimization Process

Solve sequentially: optimize P1 (e.g., full capacities), fix its deviations, then P2
(demands), cascading down using linear programming until all priorities achieve near-
targets. This lexicographic order ensures critical goals like minimum depot supplies
precede cost, yielding balanced solutions over single-objective methods.

Application Benefits

For the oil company case, it satisfies refinery outputs (100k/85k tons), depot
mins/maxes, and cost under X19M, unlike basic LP which might violate priorities.
Managers gain flexible logistics amid seasonal demands

3. MODEL FORMULATION VARIABLES AND CONSTANTS

The decision variables, deviational variables, and constants for model
formulation are defined as follows:

Xij = the amount of oil to be transported from the i"" refinery to the j®"
depot.
Si = the production capacity of the refinery i
Ri = minimum amount of oil to be supplied by the refinery i, at the crisis
period
Di = the demand at the depot j
Cij = the unit transportation cost from the i refinery to the j" depot.
TC  =total transportation cost.
forI=1,....,m,j=1...,n

3.1 Constraints

(i) (@) Refineries have their installed production capacity. The refineries cannot
supply more than their production capacity. The LGP constraints for supply
can be given as follows:

n

Z X,; +d +df =S5, i, .. (7.1)

=1

(b) In the crisis period, to ensure the minimum supply from the refineries the goal
constraints can be developed as follows:

T

Z X:‘j +dn — d:wz' =R, Vi, e (7.2)

=1
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(i) The oil transported from refineries to the depots should not exceed the depots-
demand individually. The goal constraints for demand can be given as
follows:

™

ZXE,_;I' + I:iﬂ_m+_;l' - l:ii-‘l-:"n+_;l' = D_;l' Fr.jr ( ?3:]

i=1

(iii)  There should be a minimum amount of oil to be transported from refinery i to
depot j. The goal constraint may be written as follows:

Z Xz',_;l' + Idﬂ_m+:*: +i l:ii-‘i-:vﬂ+:*:+_;|' = L_;l' l?r}.: [?.-’-1-:]

i=1

(iv)  The budgetary constraint of total transportation cost can be written as:

™
CijXij T damionss — Aimsznsr = TC -~ (7.5)
i=1

3.2

3.3

The Goals

Various goals set by the management in order of their importance are as
follows:

P1 Achieve the minimum amount to be supplied by refineries and the
minimum demand of depots.

P2 Achieve the installed production capacity of the refinery and maximum
demand of depots.

Ps3 Minimize the total transportation cost.

Solve using LP software
Implement the model in any LP solver (LINGO, Gurobi, CPLEX, Excel
Solver, R, Python-PuLP/Pyomo).
For pre-emptive priorities, either:
e Use asolver that supports lexicographic optimization, or
« Solve sequentially: optimize P1, fix its optimal deviation value(s), then
optimize P2, and so on

Interpret and adjust

Check which goals are fully met (zero deviation) and which show unavoidable
shortfalls.

Analyze flows xij to see how shipments changed relative to a pure cost-
minimization solution.

If results are not satisfactory, adjust priorities or introduce new goals (e.g., cap
on use of a risky route) and re-solve

Goal Constraints

The LGP model constraints for the transportation problem are formulated as follows:
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Supply Constraints
(i) (@) Both the refineries have their installed production capacity. The refineries
cannot supply more than their capacities. The LGP constraints for supply can be

given as follows:
15

ZXL}- +d; —di = 100000 . (7.6)
=1
15
Z X,; +d; —d3 = 85000 v (7.7)
=1
(b) In a crisis period, to ensure the minimum supply from the refineries the go
constraints can be presented as follows:
15
ZXL}- +d7 —dy = 40000 .. (7.8)
=1
15
me +d; —di =34000 ..(7.9)
=1

3.4 Demand Constraints

(i) The refined oil, shipped to the depots from the refineries should not exceed the
depots-demand individually. The LGP constraints for demand can be given as

follows:
ZXi,i +dg —dg = 2267 .(7.10), ZXM +dg—dg =270  ..(7.11)
i=1 i=1
ZXE,E +d; —d7 =5352  ..(7.12), ZXH +d;—di =6533 ..(7.13)
i=1 i=1
ZX:',E +dg —dg =5352 ..(7.14), ZXE-JE. + djy —diy = 6140 ...(7.15)
i=1 i=1
ZX:-; +dy, —df;, = 16724 ...(7.16), ZX**B +d, —dy, =7705 ...(7.17)
i=1 i=1
ZX:',@ +d;; —dfy = 6588 ...(7.18), in,m +d —dy, =6643  ..(7.19)
i=1 i=1

N

X; 11 +dgz —dgs = 12543 (7.20), me +dy, —d;; = 24834 ..(7.21)
i=1 i=1

me +d; —dys = 3663 ..(7.22), me ‘g —diy =6149  ..(7.23)
i=1 i=1
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(iii)

ZX“ +dy,—di, =1260 ..(7.25),

i=1

ZX:',E +d;, —d;, =3052  ..(7.27),

i=1

i=1

i=1

i=1

i=1

ZXME +tdg —dy =5244  ..(7.24)

The refined oil, shipped to the depots from the refineries, should not be below
the depots' minimum demand. The LGP constraints for demand can be given
as follows:

ZXE-,: +d;, —d;, =165 .(7.26)
i=1

ZX:',4 +do, —ds, = 4220

..(7.28)
i=1
ZX:',E +d3, —dj, = 8600 ..(7.29), ZXE-JE. +do: —d;. = 4030 ...(7.30)
i=1
ZX” +dgg —d3, = 10720 ...(7.31), ZX"*B +dy, —d3, = 5605 ...(7.32)
i=1
ZXLE' +dgg —dyy = 2015 ..(7.33), ZX"*”’ +dy—di, = 2240 ..(7.34)
i=1
ZXi,n +dz, —d3p = 4500 ...(7.35), ZX**” +dg; —dg, = 15600 ...(7.36)
i=1
ZX:',H +dg, —dg, = 1050 ...(7.37), ZX"*“ +dg, —di, = 2018 ..(7.38)

i=1

i=1

ZX:';E. +dg, —ds, =1998..(7.39)

i=1

(iv)

3.5

The total transportation cost should not be greater than the budgeted amount

Rs. 19254710
2 15

ZZ Cij Xoy +dis — dig = 19254710 Vi,j

i=1j=1

.. (7.40)

The Objective Function
The priority structure of the problem is as follows:

Minimize  Pi[2dy +2dy +d3p +dyy +dy +dy; +2d3, +dj;

Page No: 6



Journal on Communications(1000-436X) || Volume 20 Issue 12 2025 || www.jocs.review

+d5, +2d5; +doy +dy +day +dyy Hdy; Hda; Hd]

Minimize Pald) +d +df+di +d7 +di +di +djy +dfy +d5 +df
+df, +dis +di +df; +dip +df;

Minimize Psldi:

4. RESULTS AND ANALYSIS

The present GP transportation problem contains 30 variables, 35 constraints, 5
priorities, and an objective function. The solution to the problem is obtained, by
using the QSB + software package. The results are as follows:

TABLE 1(b): Decision Variable Analysis

Decision Value Decision Value Decision Value Decision Value
Variable Variable Variable Variable
X11 2267 X1.9 2088 X2.2 166.75 X210 0
X1.2 103.25 X110 2413 X223 2152.4 X211 0

X13 3199.6 X111 4503 X2,4 3393.5 X2,12 14200

X14 3139.5 X112 10634 X25 5090 X213 1113

X15 6805 X1,13 0 X2,6 2030 X2,14 2129
X16 4110 X1,14 0 Xo,7 0 X2,15 2005
X1,7 16724 X115 0 X28 2055

X18 5650 X21 0 X29 0

TABLE 1(c): Analysis of Objective Function

Priority Achievement
P1 Achieved
P2 Achieved
P3 Achieved
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S. CONCLUSION

A study has been discussed in this paper, continuing in the previous studies,
which clearly shows that in case of multiple conflicting goals multi-objective
programming like GP should be used despite a single objective as minimizing total
transportation cost, parallel to other objectives, outlined by the company that makes
the problem as multi-objective. The solution is given with the use of LGP.
Significantly, the study indicates that managers should receive the priority structure of
goals to achieve the goals much more closely.

Solution Results:

LGP vields allocations achieving all priorities: minimum supplies, full
capacities/demands, and cost goal. This outperforms single-objective methods by
balancing conflicts, offering managers prioritized near-optimal logistics
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