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ABSTRACT
In this paper, we present a novel approach for solving transportation problems that involve uncertainly and nonlinear cost structures. The objective 
is formulated as a ration of two quadratic functions, each with interval-valued coefficient. Our approach extends on a classical linear fractional 
programming by incorporating quadratic forms and explicitly modelling parameter uncertainly. Interval data is handled using convex 
combinations and the problem is transformed into a standard quadratic form. The resulting model provides a more realistic and robust solution 
framework compared to traditional linear approaches. Numerical examples illustrate the method's effectiveness and adaptability. This approach is 
particularly well-suited for applications in logistics, supply chain management and resource allocation where data variability is prevalent.
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Example 2: (Medium-Scale QIFTP): A logistics firm needs to 
deliver products from three warehouses to three regional distribution 
centers. The warehouses have supply limits of 120, 100, and 130 units, 
while the regional centers require 110, 120, and 120 units, 
respectively. 

Transportation costs and delivery benefits vary nonlinearly and are 
uncertain due to altering conditions such as fuel prices and delivery 
volume. These variations are known to lie within specific ranges. The 
firm must decide how many units to ship from each warehouse to each 
region to maximize the overall efficiency, defined as the ratio of 
delivery benefit to transportation cost, while meeting all supply and 
demand requirements.

Imagine a network consisting of three supply locations and three 
demand locations. Supply and demand:

α=(120,100,130),b=(110,120,120)

Interval Quadratic Coefficients.

Method Application
Use grid search over λ, β with step size 0.25.

Dinkelbach iterations converge within 10 steps at each grid point. The 
solutions are estimated and the best is selected. Optimal solution 
matrix:

50  40  30
30  40  30
30  40  60

Objective value (ratio) = 1.38

Comparison with Existing Approaches
To evaluate the effectiveness of the proposed QIFTP model, we 
compare it with a classical LIFTP approach as found in existing 
literature.

Table 4: Model Differences

Table 5: Numerical Comparison
Using Example 1 from Section 6:

The proposed QIFTP model provides a higher objective value, 
indicating improved optimization outcomes. By incorporating 
quadratic terms, the model better captures complexities like 
economies of scale or nonlinear cost behaviours. The interval-based 
treatment remains consistent, however its impact on solution stability 
is enhanced due to the richer model structure. While computational 
time is relatively higher, modern QP solvers and efficient iterative 
algorithms make the approach feasible for solving practical problem 
sized problems. Overall, the proposed approach represents a valuable 
extension for more realistic transportation problem modelling under 
uncertainty.
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Aspect Existing LIFTP Approach Proposed QIFTP 
Approach

Objective 
Function

Ratio of two linear 
functions

Ratio of two quadratic 
functions

Treatment of 
Uncertainty

Interval coefficients via 
convex combinations

Same, but extended to 
quadratic terms

Handling 
Nonlinearity

No nonlinear terms Captures nonlinear 
relationships in 
costs/profits

Solution 
Method

Transformation to LP Dinkelbach iterative 
algorithm with QP 
solver

Computational 
Complexity

Lower, due to linearity Higher, due to 
quadratic forms and 
iterative procedure

Metric Existing LIFTP 
Result

Proposed QIFTP 
Result

Objective Value (Ratio) 1.05 1.23
Robustness to Interval 
Widths

Moderate Higher, due to 
quadratic modelling

Solution Sensitivity Sensitive to interval 
bounds

More stable with 
interval changes

Practical Interpretation Linear 
approximation

Better captures real-
world nonlinear 
effects



Table 6: Detailed Numerical Comparison

Sensitivity Analysis Summary
The QIFTP solutions show less variation when interval widths 
increase. Linear models' solutions fluctuate more, making them less 
reliable in uncertain environments. Quadratic terms in QIFTP capture 
nonlinear cost structures, improving solution robustness.

COMPUTATIONAL TIME ANALYSIS
CPU Time vs Problem Size: QIFTP requires more CPU time due to: 
Iterative nature of Dinkelbach's algorithm. Solving quadratic sub 
problems repeatedly. Despite increased time, runtimes remain 
acceptable for moderate problem sizes. Optimization can be sped up 
using parallel processing for interval parameter search.

Figure 1: CPU Time vs Problem Size

Objective Values vs. Interval Width:
The QIFTP model consistently outperforms the LIFTP model by 
achieving higher objective values. Even as interval uncertainty 
increases, the QIFTP's performance remains steady, highlighting its 
robustness. In contrast, the LIFTP model shows greater sensitivity to 
uncertainty. Overall, the QIFTP demonstrates stronger and more stable 
performance under varying levels of interval data, confirming the 
reliability of the proposed approach.

Figure 2: Objective Values vs. Interval Width

Solution Variation vs  Interval Width:
The QIFTP model requires more computation time due to quadratic 
terms and iterative solving. However, CPU time grows at an acceptable 
rate for medium-sized problems. QIFTP requires more computational 
time due to the quadratic terms and iterative solving. Despite this, the 
runtime grows linearly with problem size and remains feasible for 

medium-scale applications.

Figure 3: Solution Variation Vs Interval Width

The solution from the QIFTP model varies less with increasing interval 
width, indicating higher stability under data uncertainty compared to 
the LIFTP model. Solution variation, measured as percentage change, 
increases as interval widths grow. However, the QIFTP model's 
solutions are less sensitive to interval uncertainty, showing more stable 
and reliable results compared to LIFTP.

CONCLUSIONS
This paper introduces a quadratic interval fractional model for 
addressing transportation problems under uncertainty. The proposed 
approach integrates combines interval analysis, convex combinations, 
and Dinkelbach's algorithm to handle nonlinear and uncertain cost 
structures. The effectively show improved solution stability and higher 
objective values in comparison to traditional linear models. The 
approach is both robust and practical for medium-sized problems, with 
acceptable computation time. This work enhances decision-making in 
uncertain transportational systems. Future extensions may explore 
multi-objective formulations and large-scale applications.
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Parameter Exa.1
(LIFTP)

Exa.1
(QIFTP)

Exa.2
(LIFTP)

Exa2
(QIFTP)

Objective Value (Ratio) 1.05 1.23 1.22 1.38
Avg. CPU Time 
(seconds)

0.8 4.2 1.2 8.5

Robustness (Solution 
Stability)

Moderate High Moderate High

Sensitivity to Interval 
Width

Sensitive Less 
Sensitive

Sensitive Less 
Sensitive

Model Complexity Linear 
Fractional

Quadratic 
Fractional

Linear 
Fractional

Quadratic 
Fractional


