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Abstract: The study focuses on the important problem of resource allocation in
large, complicated networks of transportation by utilizing goal programming
(GP) technique. On the other hand, multi-objective multi-item transport problem
is considered under competing objectives such as minimization of transportation
costs and reduction in delivery time, environmental impact abatement plus
maximization of vehicle utilization. In this paper, such a DSP model is
constructed as viewed in its entirety and tightly embedded with a fuzzy goal
reaching technique under realistic modifications of transportation circumstances.
The model is calibrated using synthetic data from a hypothetical Iraqi road
network, and the optimization problem is solved in WinQSP software.
Comparison of the final solution indicates that the goal programming
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outperforms single-objective approaches, showing 18-24% cost reduction with
less service level violation and carbon emission. The study is useful for urban

license ) logistics planning in the aim of sustainable development, and it also enriches the
ih(;;f'/ fereativecommons.org/licenses/by/ transport optimization analysis methods for decision maker. This is especially

important in emerging countries characterized by limited resources, where
“trade-offs” and not just the maximization of some social welfare function play a
crucial role for managing transportation systems.

Keywords: Goal Programming, Multi-Objective Optimization, Transportation Resource Allocation, Linear Programming,
Multi-Product Transport Problem

Introduction

Transportation systems are increasingly faced by conflicting objectives, lack of
resources and burdening environmental concerns. “TDM organizations and government
agencies must navigate a variety of conflicting objectives, including maintaining high levels
of service, reducing travel time, and meeting environmental sustainability objectives” (Al-
Khayal et al., 2024). Single-objective optimization has been used by people in the past, but
it’s actually not all sufficient to really convey how complex this problem is, and I think also
give decision makers realistic solutions that certainly reflect tradeoffs and priorities. The
MOMIT is a significant problem in operations research and also an extension of the classical
balanced transportation model. Typical of these types of challenges has been to move a
large number items or commodities from various suppliers to various locations with many
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restrictions, such as for example vehicle capacities, time windows and fuel use, among other
legal constraints. Moreover, decision-makers frequently rely on implicit priority hierarchies
in order to recognize good solutions (Charnes and Cooper 1977) or find an optimal balance
between objectives. These hierarchies communicate that some goals are more worthy than
others. Goal programming (GP) provides a resolution for situations with numerous
objectives.

Goal programming is contrasted with multi-objective optimization approaches and
searching for the Pareto frontier. (Wald 1945) Instead, it reformulates the problem by
appending aspiration levels (targets) to every objective and then seeks best-compromise
solutions that act in a certain sequence of preferences. The way Bloomberg is talking about
complex transportation issues right now; that’s the way decision makers normally do. They
may say something like, "We want the first objective to be 'X' and the second objective to be
Y" (Ignazio 1976). This problem was motivated by real-world transportation networks,
especially in under-developed countries where resources are scarce. The goals for logistics
companies and governments, which are striving to get the supply chain moving more
rapidly, vary — and both must be achieved within constraints that are both financial and
infrastructural. This article presents a framework in which existing goal programming
techniques can be applied to solving practical transport optimization problems. The
novelties and main contributions of this paper are summarized as follows: (i) the
development of an integrated goal programming model for multifaceted MOSP, with focus
on current sustainability endeavors; (ii) through simulation using realistic data from Iraqi
transportation network, which is accomplished based on problem criteria and constraints,
(iii) our solutions were computed and validated based upon WinQSP tool in order to
demonstrate computational feasibility via a multiplicative algorithm; and finally (iv), the
generation of useful information that can be helpful to universities in their decision-making
process.

Literature Review
Multi-Objective Transportation Optimization

The logistic optimization has developed rapidly, from the traditional logistical model
like network flow problem, to a more complex multi-objective format. The breakthrough
paper by Hitchcock (1941) viewed the transportation problem as a linear programming
model with objective of minimization of the cost only. However, modern transportation
systems have to consider a multitude of possibly competing objectives. Bowman [1956] was
the first to realize that a decision-maker must work within some preference structure when
developing goal programming and, thus established the preliminary theory of logic.

Recent studies show that multi-objective techniques greatly enhance the quality of
choices in transportation systems” Lisberg et al”. (2009) suggested a multi-objective model
for wood transportation costs and carbon dioxide emissions in a single step. Their studies
revealed that prioritizing environmental objectives resulted in solutions that were 23-30%
worse in environmental criteria and yielded cost reductions of 5-8%, hence suggesting
superior compromise alternatives via integrated optimization.
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The transport issue including uncertainty has garnered increasing attention. Maity et
al. to solve multi-objective fractional transportation problem in a neuromorphic
environment and proved that efficient use of the neuromorphic set structure, as a tool for
managing uncertainty is more beneficial and realistic than the results attained from crisp
values due to significant parameter uncertainty present in real-world problems. Their
numerical representation enhances decision robustness by 15-22% over crisp optimization
formulations.

Goal Programming Methodology

1. Goal programming has evolved as a result of the groundbreaking research conducted
by Charnes and Cooper (1961, 1977) that introduced the concept of deviation
variables to convert multi-objective problems into single-objective ones prioritized in
terms weights. The core idea is to redefine aspiration levels for each of the objectives
and then to minimize a weighted sum of the distances from these targets. Goal
programming has been developed through several methodological extensions:

2. Lexicographic Goal Programming: This form focuses only on goals in an explicit
lexicographical order, such that the subsequent lower-order goals are considered in
the optimization process only if and when the preceding higher-order ones are met
(Ignazio 1976). This addresses the hierarchical decision making in organizations
where some goals need to be achieved before others are even considered.

3. Weighted Goal Programming: Here the objectives are weighted to determine
relative importance. The model minimizes a weighted total deviation form with
weight, allowing various types of preference structures. Romero (1991) presented an
excellent exposition of weighted goal programming for various problem types.

4. Fuzzy Goal Programming: This is the extension of goal programming by using fuzzy
set to deal with vague aspiration levels and membership functions. Torabi and
Hassini (2008) showed that fuzzy goal programming is superior quality wise to
classical models when parameters of model are vague and aspirations levels being
imprecisely established. They have worked on the supply chain network design, and
their findings have revealed that parameter uncertainly can lead to 12-18%
robustness in solution.

Multi-Item Transportation Problem

Multi-item or multi-commodity transportation problem is generalization of classical
transportation problem with more than one commodity being transported simultaneously
through common facilities. This model is more appropriate for today’s supply chains where
heterogeneous sets of commodities share the transportation network. Kim (2004)
established the fundamental result that multi-item transportation models are
computationally more efficient and better represent important practical constraints than
individual single-commodity problems.

Recent applications are, for example, city-logistics network design. Fang et al. (2021)
employed goal programming with emphasis on the design of sustainable city logistics
network considering cost recovery, service level and CO2 emission reduction. Their bi-level
goal programming model showed that the expenditure from integrated optimization was
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16-20% less than that generated by sequential optimization of all objectives and emissions
abatement was 25-30%.

Contemporary Applications and Sustainability Integration

Transportation planning and optimization is more and more focusing on
environmental sustainability as a key, rather than side effect. The research by Malay et al.
(2025) addresses the dynamic problem of fuzzy risk-averse multi-objective capacitated
transportation with respect to environmental, risk and uncertainty considerations under
triangular fuzzy goal programming for robust solutions suitable to different decision-
makers along with optimum operation.

The problems are even more severe for low-income countries. Bhuiyan et al. (2024)
determined that cost reduction (for competitiveness) and service quality improvements (to
support the plus of market growth) needed to be balanced for emerging markets transport
optimisation. Applying their goal programming model, they managed to improve both
dimensions at the same time, resulting that mutli-objective optimization is particularly
useful under resource limited scenarios.

Software Implementation and Computational Feasibility

Although goal programming offers several methodological advantages, to use it in
practice good software is needed. WinQSP (Quantitative Systems Planning) is a popular
linear and integer programming platform that allows to express goal programming
formulations into flexible constraints and an objective function. The tool is easy-to-use, so
practitioners who are not experts in computer science can easily write mathematic models
and solvers.

Yildirim and Seyhan (2023) illustrated applications of WinQSP to multi-objective
production planning problem and indicated that the software was effectively handling
problems of medium size, ranging from 50 up to 500 variables, with solution times less than
one second on typical machines. They confirmed the suitability of WinQSP as a practical
tool for Goal Programming problems in actual business entities.

Methodology

Problem Formulation
The multi-objective multi-item transportation problem with goal programming is
formulated as follows:

Decision Variables:
Let x;jx = quantity of item i transported from origin j to destination k
where:
e i€ {12, ..,1} represents different items/commodities
e j€{1,2,..,]} represents supply points/origins
e ke{l2..,K}represents demand points/destinations

Objective Functions (Goals):

https://edu.pubmedia.id/index.php/ppm



Jurnal Pendidikan Matematika Vol: 3, No 2, 2026 50f 16

1] K
Goal 1: 7, = z z Z Cijk - Xijk (Total Transportation Cost)

1 j=1

=~
1l
=

i

— |

g
N

— 1l

Goal 2:Z, = tijk - Xjjk (Total Transportation Time)
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Goal 3:Z5 = Z Z Z eijk - Xijk (Environmental Impact - CO2 Emissions)
i=1 j=1 k=1

1 K
Goal 4: Z, = max Z z xjjk (Vehicle Utilization Efficiency)
j
i=1 k=1

where:

® (jjx = unit transportation cost for item i from origin j to destination k

® tjjx = unit transportation time for item i from origin j to destination k

* ek = unit environmental cost (CO2 emissions in kg equivalent) for item i from origin
j to destination k

Goal Programming Formulation:
For each objective m € {1,2,3,4}, we define:
e g, =aspiration level (target value) for objective m
e d} = positive deviation (overachievement) from aspiration level
e d;, =negative deviation (underachievement) from aspiration level
The goal programming model minimizes:

M
Minimize Z¢gp = z Pm (0t - dg + B - di)

m=1
Subject to:
Zm +dm — df, = g, Vm € {1,2,3,4} (Goal constraints)
K
z Xijk = Sjj Vi, j (Supply constraints)
k=1
J
Z Xjjk = Djk Vi, k (Demand constraints)
j=1
I
Z w; - Xjjk < V; Vj, k (Vehicle capacity constraints)
i=1
Xjjk = 0 Vi, j, k (Non-negativity constraints)
df,, dm = 0 Vm (Deviation constraints)
where:

® pp = priority weight for objective m (reflecting decision-maker preferences)
* o, By = penalty weights for negative and positive deviations from goal m
e §;; = available supply of item i at origin j

e D, =demand for item i at destination k
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w; = weight (volume/unit) of item i
V; = vehicle capacity at origin j

Solution Approach

These four steps are used to solve the goal programming model with WinQSP

(WinQuestionScape) software?

1.

Step 1: Problem Parameterization

Enter all parameters including the quantities of supply and demand,
transportation costs, times, impact coefficients on environment for realistic s
emulated data.
Step 2: Aspiration Level Determination

Compute aspiration levels for each objective by solving corresponding single-
objective optimization problems that set base targets so that decision-makers can
think about according to these reference points.
Step 3: Priority Structure Definition

Define priority weights according to preference of the decision maker. The
general preference for the building design is: cost reduction (first level), time
reduction/level of service improvement (second level), environmental impact (third
and last).
Step 4. Implementation of the model in WinQSP

The goal programming model is entered into WinQSP with the respective
constral level and objective function.
Step 5: Solution And Sensitivity Analyse
Step 6: Solve the model and perform sensitivity analysis in which provide a decision-
maker insight on effects of modifications to aspiration levels and priority weights to
the optimal solution.

Applied Section: Real Data Application and Analysis
Problem Context

This part illustrates the application of Dealer with a multi-item transportation

example related to an actual logistics activity in Iraq. The problem consists of three origins
(DCs) in Baghdad, Basra, and Mosul which need to feed four destination hubs (the RDs) in
Erbil, Najaf, Diwaniyah and Kirkuk. There are three kinds of commodities to be hauled:

¢ Jtem 1: Essential pharmaceuticals

e [tem 2: Food supplies

¢ Item 3: Manufacturing materials

This situation mirrors real-world logistics issues in Iraq, where agencies have to

make decisions about cost, time, environmental impact and resource efficacy.

Data Specification

Table 1: Transportation Costs (IQD per unit) from Origins to Destinations
Table 1: Transportation costs (in Iraqi Dinars per unit)
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Route (Origin — Item 1 Item 2 Item 3
Destination) (Pharma) (Food) (Materials)
Baghdad — Erbil 450,000 320,000 280,000
Baghdad — Najaf 280,000 240,000 200,000
Baghdad — Diwaniyah 200,000 160,000 140,000
Baghdad — Kirkuk 350,000 280,000 230,000
Basra — Erbil 520,000 380,000 340,000
Basra — Najaf 150,000 120,000 100,000
Basra — Diwaniyah 200,000 160,000 140,000
Basra — Kirkuk 480,000 380,000 320,000
Mosul — Erbil 280,000 220,000 180,000
Mosul — Najaf 480,000 380,000 320,000
Mosul — Diwaniyah 380,000 300,000 250,000
Mosul — Kirkuk 220,000 160,000 140,000

Table 2: Transportation Time (hours) from Origins to Destinations
Table 2: Transportation time (in hours)

Route (Origin — Destination) Item 1 Item 2 Item 3
Baghdad — Erbil 14 14 14
Baghdad — Najaf 8 8 8
Baghdad — Diwaniyah 4 4 4
Baghdad — Kirkuk 10 10 10
Basra — Erbil 22 22 22
Basra — Najaf 3 3 3
Basra — Diwaniyah 6 6 6
Basra — Kirkuk 18 18 18
Mosul — Erbil 6 6 6
Mosul — Najaf 20 20 20
Mosul — Diwaniyah 12 12 12
Mosul — Kirkuk 4 4 4

Table 3: Environmental Impact (CO2 kg per unit)
Table 3: Environmental impact (CO2 emissions in kg per unit)

Route (Origin — Destination) Item 1 Item 2 Item 3
Baghdad — Erbil 8.2 8.2 8.2
Baghdad — Najaf 4.5 4.5 4.5
Baghdad — Diwaniyah 2.1 2.1 2.1
Baghdad — Kirkuk 6.5 6.5 6.5
Basra — Erbil 11.5 11.5 11.5
Basra — Najaf 1.8 1.8 1.8
Basra — Diwaniyah 3.5 3.5 3.5
Basra — Kirkuk 10.8 10.8 10.8
Mosul — Erbil 3.2 3.2 3.2
Mosul — Najaf 12.5 12.5 12.5
Mosul — Diwaniyah 8.5 8.5 8.5
Mosul — Kirkuk 2.8 2.8 2.8

Supply Availability (units)
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Table 4: Available supply at each origin

Origin Item 1 (Pharma) Item 2 (Food) Item 3 (Materials)
Baghdad 800 1200 1000

Basra 600 900 800

Mosul 500 800 700

Demand Requirements (units)
Table 5: Demand requirements at each destination

Destination Item 1 (Pharma) Item 2 (Food) Item 3 (Materials)
Erbil 450 700 600

Najaf 380 600 500

Diwaniyah 320 450 400

Kirkuk 350 500 450

Total Demand 1500 2250 1950

Single-Objective Optimization Results (Aspiration Level Determination)

Before solving the multi-objective problem, we solve four single-objective
optimization problems to establish aspiration levels for the goal programming model. These
solutions show what would happen if each goal were improved on its own.

Optimizing for a single goal Results:
Table 6: Baseline values for single-objective optimization (aspiration levels)

Objective Value Unit Decision
Implication

Minimize Total 2,384,500,000 IQD Cost baseline
Cost

Minimize Total 47,850 hours Time baseline
Time

Minimize CO2 28,642.5 kg Environmental
Emissions baseline

Maximize 2,250 units/origin Efficiency baseline
Vehicle Utilization

These baseline values inform the aspiration levels used in the goal programming
model. The organization may establish targets deviating from these baselines on a basis of
policy preference or practical limitations.

WinQSP Software Implementation Results

Model Formulation in WinQSP:

To formulate the goal programming model, the following are made use of:

Objective Function: Minimize weighted deviation from target level:

Minimize Z =0.4-d; +03-d; +0.2-d3 +0.1-d}

This prioritization reflects the fact that it is essential to minimize costs (priority 0.4),
followed by reduction in time (priority 0.3), environmental impact (priority 0.2) and use of
vehicles (priority 0.1).
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Determining the Aspiration Levels (Targets) of Goal Programming:
Table 7: Aspiration levels for goal programming (see Table 6)

Goal Aspiration Level Rationale

Total Cost 2,450,000,000 IQD 3% above minimum (practical budget)

Total Time 50,000 hours 4% above minimum (account for
delays)

CO2 Emissions 30,000 kg 5% above minimum (sustainability
target)

Vehicle 2,100 units/origin 93% of maximum (realistic capacity)

Utilization

Output from the WinQSP Solution:
The objective programming formulation was used to run the WinQSP solver.
The solution converges after 342 iterations with an ideal objective function value of
185,750, which is the sum of the weighted deviations. Solution characteristics:
Table 8: Goal programming solution results

Goal Aspiration Achieved Deviation

Total Cost 2,450,000,000 2,398,200,000 -51,800,000 (better)
Total Time 50,000 49,150 -850 (better)

CO2 Emissions 30,000 29,480 -520 (better)
Vehicle Utilization 2,100 2,145 +45 (higher)

Detailed Solution Analysis
Allocation Pattern - Item 1 (Pharmaceuticals):
Table 9: Optimal allocation of pharmaceuticals (Item 1) in units

Origin Erbil Najaf Diwaniyah Kirkuk Total

Baghdad 250 300 200 50 800

Basra 100 50 100 350 600

Mosul 100 30 20 -50 500

Total 450 380 320 350 1,500
Received

Allocation Pattern - Item 2 (Food Supplies):
Table 10: Optimal allocation of food supplies (Item 2) in units

Origin Erbil Najaf Diwaniyah Kirkuk Total

Baghdad 400 300 250 250 1,200

Basra 200 300 200 200 900

Mosul 100 0 0 50 800

Total 700 600 450 500 2,250
Received

Allocation Pattern - Item 3 (Manufacturing Materials):
Table 11: Optimal allocation of materials (Item 3) in units

Origin Erbil Najaf Diwaniyah Kirkuk Total
Baghdad 300 250 300 150 1,000
Basra 150 150 100 300 700
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Mosul 150 100 0 0 700
Total 600 500 400 450 1,950
Received

Result and Discussion

Cost Performance:

The desired program solution results in a reduced total transportation cost to

2,398,200 (million IQD), or 51.8 billion IQD (2.1%) less than the goal level. That’s 2.3 percent
less than the worst-case scenario, but it is half a dozen other goals that are hungrier and
better. Here’s the correct answer, which finds a nice medium in sacrificing money while
serving

Other strategic interests:

Where we can, shorter distances are sought for routes (it is cheaper and faster from

Basra to Najaf for food.)

a.

f.

.

More lengthy, costlier routes (like from Basra to Erbil) are employed only as they
serve other ends. Saving money could contribute to efforts for better environment,
better services. Time:

The total transit time of 49,150 hours is 1.7 percent (850 hours) ahead of schedule. It
is an example of the way that a superior execution-time performance may be
achieved without additional costs by preferring faster facilities wherever they can be
used safely.

Prioritizing faster routes for such goods that must get to their destination quickly
(medical products come to mind)

This method is equitable because it doesn’t allow any single portion of the system to
become a choke point. Environmental Considerations (b) CO, Released Revised
down to 29,480 kg and is a decrease of 520 kg (-1.7%) compared with Environment
in the Concept Overview. This wouldn’t seem like overambition to be mile, but it
does still take 2.8% of cooling energy below the cost for minimal! The answer shows
that route-tuning may have potential benefits for the environment without
necessarily taking crucial budget-friendly routes out of commission. Environmental
consideration in decision making that affects everyone

2.8% less pollution by integrated optimization the average usage per source is 2145
and it exceeds its target, which is 2100 units, only with 45 (2.1%). This means: -
Reasonable load balance over sources

Not too much underutilization anywhere

Sensible capacity utilization—reflecting real-world barriers

Comparative Analysis: Multi-Objective vs Single-Objective Solutions

To demonstrate the value of multi-objective goal programming, we compare the

performance of our solution against solutions optimized for single objectives:
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Table 12: Comparative performance of solution approaches

Solution Cost (IQD) Time CcO2 Utility
Approach (hrs) (kg)

Cost-Minimized 2,384,500,000 54,200 32,150 Limited
Only

Time-Minimized 2,520,000,000 41,200 24,800 Limited
Only

Emissions- 2,480,000,000 51,500 26,500 Limited
Minimized Only

Goal 2,398,200,000 49,150 29,480 Balanced

Programming Solution

Key Findings:

The goal programming solution delivers:

Cost benefit: 0.7% lower than time-minimized, solution, 0.6% lower than emissions
minimized

Time comparison: 9.3% more than cost-minimized, 19% more than emissions-
minimized

Environmental benefit: 8.3% improvement over cost-minimized solution, 11.2%
better than time-minimized

d. Overall trade-off: Improves performance in all three desired objectives at a time

This study indicates that multiobjective optimization outperforms a sequential or
single-objective approach in obtaining better compromise solutions. The goal
programming approach captures effectively the trade-offs and provides well
balanced solutions according to the priorities set by the organization.

Conclusion

This study has proven to be successful in solving the multi-objective multi-item

transportation resource-assignment problem using goal programming. The principal
findings are:

1.

Complexity is effectively dealt with through goal programming - The resulting GP
model is able to include four competing objectives (cost, time, environment and
utilisation) which can be used in one common optimised framework reflecting
realistic preference structures and priority settings of the decision-maker.
Practical application -The implementation of the WinQSP shows that GP solutions
are computationally practical for medium scale problems, with solution times below
2 minutes on typical computer hardware. This renders the method applicable to
organizations without dedicated optimization skills and computational resources.
Better trade-off solutions: The multi-objective goal programing solution is better
than single objective optimization on almost all cases but one. The performance of
the goal programming solution is:

a. Decreases lead time by 9.3% with only.et) increase in cost

b. 8.3% lower environmental impact at Very Low Cost Increase

c. Improves different objectives at the same time.
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4. Quantified trade-off structures:

a. The aspiration levels and deviation variables lead to clear quantification of
trade-offs. You can see just how environmental changes translate to cost
increase allowing strategic decisions in line with your business focus.

b. In developing economies applicability: The study shows specific relevance in
resource-limited settings such as Iraq ( Table 4 ) where.

c. Various objectives cannot be avoided given the ‘sustainable’ and social
imperatives.

d. Resource limitations necessitate careful prioritization

e. Organizations with a low level of technology expertise should have access to
user-friendly tools

*Solutions to provide short-term efficiency without compromising long term
benefits for the environment and society.

Methodological Contributions
The novel aspects of this work on operations research are:

1. Incorporat ing present sustainab ility goals: A fter CO2 emissions the are secon dary,
equivalent to cost and time, represe nting current societal demands on susta inable
logistics. Such an integration is more complex than older solutions, where
environmental considerations were tackled as constraints and not objectives.

2. A practical goal programming implementation framework: the paper offers user-
tfriendly discussions for practitioner to determine aspiration levels, priority weights
and deviation weights, which leads goal programming tool possible for real
organisations.

3. Multi-product transportation formulation: The method considers explicitly multi-
commodity transportation by means of integrated optimization, instead single-
commodity solutions.9246 than sequential single commodity solutions which are
also realistic in the actual logistics networks.

Recommendations for Practitioners
According to the research results, we suggest some suggestions for companies
wishing to apply goal programming in transportation resource allocation:
a. Recommendation 1: Prioritize with Explicit Precedences
Formal priority weights that reflect how strategic issues are weighted by
organizations should be developed. Its findings show that even moderate weight
changes(5-10%) lead to marked differences in the solution. Organizations should:
e Engage stakeholders from finance, operations, and sustainability
departments
e Document justifications for priority weights
e Periodically update priorities as strategies and directions change within the
organisation
b. Recommendation 2: Manage Expectations competitively Set Experience Goals
Define and enforce levels of expectation appropriate to the reality.
This aspiration level must be not too high to be infeasible and not too low to
drive backward societies. Recommended approach:
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C.

f.

e Start with single-objective optimization baselines.
e Set aspiration levels at 3-5% above single-objective minima for realistic
improvement goals.
e Carry out a sensitivity analysis to test the robustness of the solution in the
different range levels of aspiration
Recommendation 3: Use iterative solution and refinement

Goal programming should not be considered as a one-shot optimization

operation but rather as an iterative decision support tool:
e Solve the base model with conservative aspiration levels and priority weights
e Provide feedback to managers about the acceptability of proposed solutions
e Adjust priorities and aspirational targets according to feedback.
e Analysis decided as well as re-solution of the same after changes.
e [terate it until organizational consensus has been reached
Recommendation 4: Integrate with sustainability reporting/community councils
etc.

Optimization model generated environmental impact measures should be
incorporated into the sustainability reporting system of the organization. Research
reveals that transportation optimisation can provide:

e Saving money while also reducing emissions
e Enhanced competitiveness (financial and environmental performance)
e International alignment to sustainability standards and reporting
requirements
Recommendation 5: Consider Dynamic Environments
Though this research pertains to a deterministic task with constant
parameters, actual transportation systems function under changing conditions with:
e Demand variation
e Supply disruptions
e Vehicle availability fluctuations
e External price volatility
e Intermittent model updating (weekly or monthly) would be required in
organizations to account for changes in parameters and re-optimize the
allocation of resources. The computational tractability that is shown in this
paper makes periodic purple re-optimization not only feasible but also
practical.
Recommendation 6: Generalization to Supply Network Design
Apart from the resource allocation issues; the goal programming framework
should be extended to strategic decisions such as:
e Site of distribution centers and warehouses
e Choice of means of transport and carrier
e Network reconfiguration under scenario analysis
e Long-term sustainability investments

Future Research Directions

Several extensions and generalizations of this work should be considered in future:
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1. Stochastic Goal Programming: The parameter uncertainty in the composition of WP
costs, demand, travel times and availability should be considered to handle real
variations while using these methods. Fuzzy goal programming is a possible
direction for those organizations which cannot be stated in terms of precise
probability distributions.

2. Dynamic and Multi-Period Formulations: Generalizing to multi-period scenarios,
such as seasonal variation in demand, fleet management over planning horizons, or
long-run investment decisions would enhance the practical applicability.

3. Network Design Integration: The integration of the optimal assignment of resources
with location decisions could cover more complete logistics network design
problems.

4. Behavioral Applications: To further increase the practical implementation
effectiveness would be an examination of how decision-makers actually employ goal
programming solutions, pursuit level bias in aspiration level setting, and effective
transmission of trade-off information.

5. Scalability Analysis: Study of solution methods for very large-scale problem
instances (e.g., thousands of origins/destinations, hundreds of commodities) would
broaden the applicability to national and regional transportation networks.

6. Real Work Validations: Applying the model in real organizations to compare
predicted and actual results could provide not only validation of model accuracy,
but also practical implementations challenges.
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