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2.

Prosecution of scientific research:

2.1.

Formation of study methodology:

Formulation of the aim and objectives of
the dissertation to identify quantitative and
qualitative research methodologies of the
problem

2024 y. IV quarter

2025 v. I quarter

.| Selection and description of methodologies

2024 y. IV gquarter

2025 v. I quarter

Below are the intially identified research methods for this
study. further need to investigatesuitable methods.

. Literature Review:

. Conceptual Framework:

. Research Design:

. Data Collection:

. Agent-Based Modeling:

. Data Analysis Technigues:

. Validation and Verification:

. Ethical Considerations:

.| Theoretical study:

Analysis of scientific (and other) literature
of Competitive Facility Location and Multi-
Agent Base solutions.

2025 v. I quarter

2025 y. III quarter

In this stage need to fulfil

1. Literature Synthesis:

2. Theoretical Framework Development:
3. Conceptual Model Construction:

4, Hypothesis Formulation:

.| Selection and description of implementing

multi-agent systems for facility location
problem

2025 v. I quarter

2025 y. III quarter

.| Creation of optimised algorithms for facility

location using identified parameters over
agent/s of the multi-agent system.

2025 v. I quarter

2025 y. III quarter
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Competitive Facility Location Problems jies
and Customer Behavior Models

« Customer Behavior Models (CBM) play a « Competitive Facility Location
crucial role in facility location problems Problems (CFLPs) focus on the

as they helpin strategic placement of facilities
 understanding how customers behave considering the presence of

« make decisions regarding their choice competitors.

of facilities. N
» These problems analyze how facility

« Main Classifications of CBM for FLP locations can influence market share,
« Binary Model customer capture, and overall
« Partially Binary Model competitive advantage.

 Proportional Model
e Pareto-Huff Model




Agent Models

Binary Agent (All-or-Nothing)

- Concept: Each demand point chooses a
single facility with the highest
attractiveness.

- Formula: Attraction=Quality/Distance+1

demand point’s entire population goes to
the facility with the maximum attraction
(ties split by a predefined fraction).

- Behavior: Captures scenarios where
customers make exclusive choices.
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Proportional Agent (Demand-Splitting)

- Concept: Each demand point distributes
its demand among all facilities in
proportion to their attractiveness.

 Proportional Demand=} (All Attractions)/
Y (Candidate Attraction)

The candidate’s share of demand is the
ratio of its total attraction to the sum of
attractions from both candidate and
existing facilities.

« Behavior: Reflects more nuanced
customer behavior where loyalty is split
among multiple facilities.
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random_search.py Data Loader: Loads demand points and facility site data.
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Scatter Plot of Agent Utility Percentages
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- Model Comparison:

- Sear

Binary Agent: Captures high demand
by selecting a single best facility.

Proportional Agent: Distributes
demand among facilities for a more
balanced approach.

The differences illustrate how varying
customer behavior affects market
capture.

ch Trade-offs:

Exhaustive Search: Guarantees the
global optimum but is
computationally heavy.

Random Search: Offers near-optimal
solutions quickly with lower
computational cost.
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- Parallel Processing Impact:

Batch-level and agent-level
parallelism significantly reduce
evaluation time.

Enables efficient handling of large-
scale problems and real-time
processing.

 Real-World Implications:

The MAS framework provides
decision-makers with a spectrum of
robust facility location options.

Balances aggressive market capture
with balanced service distribution
under diverse customer behaviors.

Offers scalability and adaptability to
dynamic market conditions.
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Conclusion & Future Work

Main Findings & Contributions:

« Developed a robust multi-agent system (MAS) that
integrates distinct customer behavior models (binary and
proportional) for competitive facility location.

Achieved significant computational efficiency using batch-
level and agent-level parallel processing.

Employed iterative Pareto refinement to produce a
spectrum of balanced, non-dominated solutions.

Inteﬂgated realistic distance calculations using OSRM (with
a fallback to Haversine).

Final Remarks:

« The MAS framework demonstrates promising potential
for scalable and adaptive facility location.

We invite questions and feedback to advance this research
further.

Future Directions:

Expand Agent Diversity:

« Introduce additional agents to model other customer
behaviors (e.g., logit, Huff).

Enhance Inter-Agent Communication:

« Develop advanced negotiation protocols and _
communication frameworks to further refine candidate
solutions.

Adopt Advanced Search Algorithms:

« Explore heuristic/metaheuristic approaches (e.g., genetic
algorithms, simulated annealing) to replace or complement
complete enumeration for large-scale problems.

Robust Optimization:

« Integrate methods to handle uncertainty in demand, cost,
and competitor behavior.

Real-World Validation:

o Test the system with real datasets and dynamic market
conditions for broader applicability.
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