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Abstract: The rapid digital transformation of the freight transportation industry has
accelerated the adoption of Artificial Intelligence (AI) to improve operational efficiency, reduce
transportation costs, and support real-time decision-making. Despite significant advances in
Transportation Management Systems (TMS), freight dispatching remains highly dependent on
human dispatchers who manually search for loads, negotiate with brokers, communicate with
drivers, and monitor shipment execution. These labor-intensive processes often result in delayed
decisions, inconsistent load selection, and limited operational scalability.

This study proposes an Al-powered autonomous freight dispatching framework based on
Large Language Models (LLMs) integrated with a multi-agent architecture. The proposed
system decomposes dispatching tasks into specialized intelligent agents responsible for freight
discovery, broker negotiation, route evaluation, document processing, risk assessment, and driver
communication. To enhance factual reliability and minimize hallucinations, the architecture
incorporates a Retrieval-Augmented Generation (RAG) module that retrieves relevant
information from logistics databases, brokerage policies, carrier agreements, and transportation
documents before generating responses.

Unlike conventional dispatching software that primarily performs data management, the
proposed framework enables autonomous reasoning, contextual decision-making, and natural-
language interaction across logistics workflows. The architecture is designed to integrate
seamlessly with existing Transportation Management Systems and freight marketplaces while
supporting scalable automation in dynamic logistics environments.

The paper presents the conceptual system architecture, workflow design, agent collaboration
mechanisms, and evaluation framework for measuring operational performance. The proposed
approach aims to reduce dispatcher workload, improve freight matching accuracy, accelerate
broker communication, and increase overall operational efficiency. The findings contribute to the
growing body of research on intelligent logistics systems by demonstrating how Large Language
Models and collaborative Al agents can transform freight dispatching into a highly autonomous
decision-support process suitable for next-generation digital logistics platforms.

Keywords: Artificial Intelligence, Large Language Models, Freight Dispatching, Multi-Agent
Systems, Autonomous Logistics, Retrieval-Augmented Generation (RAG), Transportation
Management Systems, Intelligent Decision Support.

1. Introduction

The global freight transportation industry has undergone rapid digital transformation over the
last decade, driven by increasing freight demand, growing supply chain complexity, and the
widespread adoption of cloud computing and artificial intelligence technologies. Road freight
remains the dominant mode of inland cargo transportation in many economies, requiring
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dispatchers to coordinate thousands of shipments daily while balancing delivery schedules,
equipment availability, fuel costs, regulatory compliance, and customer expectations. Despite
substantial investments in Transportation Management Systems (TMS), many operational decisions
continue to rely heavily on human expertise, making freight dispatching one of the most labor-
intensive processes in logistics.

A conventional freight dispatcher is responsible for identifying suitable freight loads,
evaluating route profitability, communicating with brokers and carriers, negotiating freight rates,
assigning loads to available drivers, monitoring shipment progress, and resolving operational
disruptions. These activities require continuous access to rapidly changing market information and
involve simultaneous decision-making under uncertainty. As freight volumes increase, manual
dispatching becomes increasingly difficult to scale while maintaining consistency and operational
efficiency.

Recent advances in Artificial Intelligence, particularly Large Language Models (LLMs), have
created new opportunities for intelligent decision support in logistics. Unlike traditional machine
learning models that are designed for specific prediction tasks, LLMs are capable of understanding
natural language instructions, reasoning over complex information, generating structured responses,
and interacting with external software tools. Their ability to integrate structured and unstructured
logistics information makes them particularly suitable for automating dispatcher workflows that
traditionally require human judgment.

Another significant development is the emergence of multi-agent Al systems, in which several
specialized intelligent agents collaborate to solve complex tasks. Rather than relying on a single
language model to perform every function, multi-agent architectures divide operational
responsibilities among dedicated agents responsible for planning, freight discovery, broker
communication, route optimization, document verification, and workflow supervision. Such
collaborative systems have demonstrated improved scalability, modularity, and reasoning
capability compared with monolithic Al architectures, especially in enterprise environments.

To improve factual accuracy and reduce hallucination, modern enterprise Al increasingly
combines LLMs with Retrieval-Augmented Generation (RAG). Instead of relying solely on internal
model parameters, RAG retrieves relevant information from external knowledge sources—
including logistics regulations, carrier contracts, brokerage policies, rate histories, and
transportation documents—before generating responses. This approach enables Al systems to
produce more reliable, explainable, and context-aware recommendations suitable for operational
decision-making.

Although intelligent transportation systems have long incorporated optimization algorithms
and multi-agent concepts, most existing dispatching platforms still emphasize workflow automation
rather than autonomous reasoning and natural-language decision support. Existing Transportation
Management Systems generally assist dispatchers by storing operational data and facilitating
communication but provide limited capability for autonomous negotiation, contextual reasoning, or
dynamic collaboration among specialized AI agents. Consequently, considerable human
intervention remains necessary during freight planning and execution.

This research addresses these limitations by proposing an Al-powered autonomous freight
dispatching framework based on Large Language Models, Retrieval-Augmented Generation, and a
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collaborative multi-agent architecture. The proposed framework decomposes dispatching
operations into specialized intelligent agents capable of performing freight search, broker
negotiation, profitability analysis, document processing, and driver communication while
maintaining continuous coordination through an orchestration layer. Unlike traditional dispatching
software, the proposed architecture emphasizes autonomous reasoning, explainability, modular
scalability, and seamless integration with existing logistics information systems.

The principal contribution of this study is the design of a conceptual Al architecture that
demonstrates how collaborative LLM agents can support next-generation freight dispatching. The
proposed framework aims to reduce dispatcher workload, improve operational efficiency, increase
freight matching accuracy, accelerate broker communication, and provide reliable decision support
for modern digital logistics platforms.

2. Literature Review

Artificial Intelligence (AI) has become one of the principal technologies driving digital
transformation in transportation and logistics. Earlier intelligent freight management systems
primarily relied on mathematical optimization, heuristic algorithms, expert systems, and machine
learning models to solve vehicle routing, load assignment, and scheduling problems. Although
these approaches significantly improved operational planning, they generally lacked the ability to
understand natural language, perform contextual reasoning, or interact autonomously with human
stakeholders such as brokers and carriers [1].

The emergence of Large Language Models (LLMs) has fundamentally changed the capabilities
of intelligent logistics systems. Unlike conventional predictive models, LLMs combine language
understanding, reasoning, planning, and tool utilization within a unified architecture, allowing them
to process transportation documents, interpret dispatcher requests, summarize contracts, generate
emails, and support operational decision-making through conversational interfaces [2]. Recent
studies indicate that LLMs are increasingly being deployed as intelligent software agents capable of
interacting with external databases, APIs, enterprise software, and human operators while
maintaining contextual awareness throughout complex workflows [2], [3].

One of the most significant research directions during the past two years has been the
transition from single-agent architectures toward collaborative multi-agent systems. In these
systems, multiple specialized Al agents cooperate to solve tasks that would otherwise exceed the
capability of an individual model. Typical agent roles include planning, reasoning, retrieval,
validation, execution, supervision, and communication. Such collaborative architectures improve
robustness, modularity, scalability, and error recovery compared with single-agent systems, making
them particularly suitable for enterprise environments involving numerous simultaneous decisions

(2], [3].

Within logistics, multi-agent concepts are not entirely new. Long before the emergence of
LLMs, agent-based approaches had been investigated for transportation planning, distributed
scheduling, fleet coordination, and supply chain management. Davidsson et al. demonstrated that
distributed intelligent agents could improve cooperation among logistics entities by enabling
decentralized decision-making under dynamic transportation conditions [4]. However, these earlier
systems relied mainly on rule-based reasoning and domain-specific algorithms, limiting their
adaptability to highly unstructured communication environments.



http://www.bgpulseusa.com/index.php/bg

BG Journal

Bu

BG PULSE JOURNAL
—

Recent advances in Retrieval-Augmented Generation (RAG) have addressed one of the
primary limitations of LLMs: factual inconsistency and hallucination. Rather than depending solely
on model parameters, RAG retrieves relevant knowledge from external sources—including
transportation regulations, brokerage agreements, historical freight rates, carrier profiles, insurance
policies, and operational manuals—before generating responses. This retrieval process substantially
improves factual reliability and transparency, making RAG particularly appropriate for safety-
critical and business-critical logistics applications [5].

Current research has further extended classical RAG into agent-oriented retrieval architectures,
where specialized retrieval, reasoning, verification, and synthesis agents cooperate to answer
complex operational questions. Such agentic RAG frameworks demonstrate superior performance
for multi-step reasoning tasks because each agent contributes domain-specific expertise while
continuously validating intermediate outputs before producing final recommendations [6].

Despite these developments, a significant research gap remains within freight dispatching.
Existing Transportation Management Systems primarily function as data management platforms
that organize shipment records, driver information, invoices, and operational workflows. While
many commercial systems incorporate optimization algorithms, relatively few support autonomous
broker negotiation, contextual freight evaluation, intelligent email generation, document
interpretation, or collaborative reasoning among multiple Al agents. Consequently, dispatchers
continue to perform numerous repetitive tasks manually, limiting operational scalability and
increasing decision latency [4].

Another limitation observed in the literature concerns the integration of business knowledge
with autonomous decision-making. Freight dispatching requires simultaneous consideration of
freight profitability, broker reliability, regulatory compliance, driver availability, equipment
compatibility, fuel prices, deadhead distance, customer priorities, and contractual obligations.
These heterogeneous information sources are rarely integrated into a unified reasoning framework
capable of supporting explainable operational decisions [5], [6].

Therefore, this study proposes an autonomous freight dispatching architecture that integrates
Large Language Models, Retrieval-Augmented Generation, and collaborative multi-agent
reasoning into a unified enterprise Al framework. Unlike previous studies focusing primarily on
isolated optimization algorithms or conversational Al assistants, the proposed system models the
entire freight dispatching workflow as a coordinated collaboration among specialized intelligent
agents responsible for freight discovery, profitability analysis, broker negotiation, document
verification, communication management, and operational supervision. Such an architecture has the
potential to improve dispatcher productivity while maintaining transparency, scalability, and factual
reliability within modern logistics environments.

3. Research Gap and Research Objectives
3.1 Research Gap

Recent advances in Artificial Intelligence have significantly improved intelligent decision-
support systems across transportation and logistics. Large Language Models (LLMs) have
demonstrated remarkable capabilities in natural language understanding, planning, reasoning, and
interaction with enterprise software systems, while Retrieval-Augmented Generation (RAG) has
substantially improved factual consistency by incorporating external knowledge sources into the



http://www.bgpulseusa.com/index.php/bg

BG Journal

Bu

BG PULSE JOURNAL
K2

inference process [2], [5]. Furthermore, collaborative multi-agent systems have emerged as an
effective paradigm for solving complex enterprise workflows through specialized intelligent agents
working cooperatively [2], [3].

Despite these developments, the application of LLM-driven multi-agent architectures to freight
dispatching remains limited. Most commercial Transportation Management Systems (TMS)
continue to function primarily as workflow management platforms rather than autonomous
decision-making systems. Current dispatching software generally supports shipment tracking,
carrier management, invoicing, and documentation; however, critical dispatcher responsibilities—
including freight selection, broker negotiation, profitability analysis, risk assessment, and dynamic
decision-making—still require substantial human intervention [1], [4].

Existing studies have largely focused on isolated optimization problems such as vehicle
routing, load scheduling, or freight demand prediction. Comparatively little attention has been
devoted to integrating autonomous reasoning, external knowledge retrieval, negotiation capabilities,
and collaborative Al agents into a unified dispatching framework capable of operating throughout
the complete freight lifecycle [1], [2].

Another unresolved challenge concerns explainability. Logistics companies require Al systems
that not only generate recommendations but also provide transparent justifications supported by
reliable operational data. Pure LLM-based systems may produce plausible but incorrect responses
due to hallucination, limiting their applicability in safety-critical logistics environments. Recent
RAG-based approaches mitigate this limitation by grounding responses in verified external
knowledge; however, few studies have investigated how RAG can be integrated with collaborative
Al agents specifically for freight dispatching [5], [6].

Consequently, a significant scientific gap exists in designing an enterprise-scale freight
dispatching architecture that combines Large Language Models, Retrieval-Augmented Generation,
collaborative multi-agent reasoning, and logistics-specific operational intelligence into a unified
autonomous decision-support system.

Table 1. Summary of Existing Research Gaps

e . RN Proposed

Research Area Existing Approaches Identified Limitation Contribution

Manual dispatcher
Freight Dispatching|workflows; traditional Heavy d.ep endence? on Autonomous Al

™S human decision-making ||dispatcher
Large  Language|General  conversational|[Limited logistics-specific|[Domain-adapted
Models intelligence operational reasoning logistics reasoning
Multi-Agent General enterprise|Rarely applied to||Logistics-oriented
Systems collaboration dispatching workflows collaborative agents
Retrieval- Knowledge retrieval Limited integration with|RAG-driven

Augmented dispatcher decision-|loperational
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Research Area Existing Approaches Identified Limitation Proposed
g APP Contribution
Generation making intelligence
Enterprise Partial workflow|Lack of  end-to-end|/Integrated Al dispatch
Logistics Al automation autonomous dispatching ||architecture

The proposed framework addresses these limitations by introducing a collaborative Al
architecture capable of autonomous freight discovery, broker communication, profitability
assessment, document understanding, and operational supervision while maintaining factual
reliability through Retrieval-Augmented Generation.

3.2 Research Objectives

The primary objective of this research is to design and evaluate an Al-powered autonomous
freight dispatching framework that integrates Large Language Models, Retrieval-Augmented
Generation, and collaborative multi-agent systems to support intelligent logistics operations.

The specific objectives are as follows:

1. To analyze the limitations of existing freight dispatching systems and identify opportunities
for Al-driven automation.

2. To design a collaborative multi-agent architecture capable of distributing dispatching
responsibilities among specialized intelligent agents.

3. To integrate Retrieval-Augmented Generation into freight dispatching workflows in order to
improve factual accuracy and reduce hallucination.

4. To develop an intelligent decision-support mechanism for freight selection based on
operational, financial, and contextual logistics information.

5. To automate broker communication through natural language reasoning and context-aware
negotiation strategies.

6. To evaluate the proposed framework using operational performance indicators including
dispatcher workload reduction, freight matching accuracy, response time, scalability, and
explainability.

3.3 Scientific Novelty

The scientific novelty of this study lies in the integration of three emerging Al paradigms—
Large Language Models, Retrieval-Augmented Generation, and collaborative multi-agent
systems—into a unified autonomous freight dispatching framework. Unlike existing dispatching
solutions that primarily focus on workflow automation or isolated optimization algorithms, the
proposed architecture enables intelligent reasoning, knowledge-grounded decision-making, and
autonomous collaboration among specialized Al agents across the complete freight dispatch
lifecycle.
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The proposed framework also introduces an explainable decision-support mechanism in which
every operational recommendation can be traced back to verified logistics knowledge sources
retrieved through the RAG pipeline. This improves transparency, reliability, and trustworthiness,
making the system more suitable for enterprise logistics environments where operational decisions
have direct financial consequences.

4. Proposed Al Architecture
4.1 System Overview

This study proposes a conceptual AI-powered autonomous freight dispatching architecture
that integrates Large Language Models (LLMs), Retrieval-Augmented Generation (RAG), and
collaborative multi-agent systems into a unified enterprise decision-support framework. The
architecture is designed to assist human dispatchers by automating repetitive operational tasks
while preserving human oversight for high-impact business decisions.

Unlike conventional Transportation Management Systems (TMS), which primarily manage
operational records and workflows, the proposed framework emphasizes intelligent reasoning,
contextual understanding, and collaborative decision-making. Each major dispatching function is
assigned to a specialized Al agent that communicates with other agents through an orchestration
layer. This design follows recent developments in LLM-based multi-agent systems, where
specialized agents cooperate to solve complex enterprise tasks more effectively than a single
general-purpose agent [2].

The proposed architecture consists of six principal layers:
1. User Interaction Layer

2. Al Orchestration Layer

3. Specialized Multi-Agent Layer

4. Retrieval-Augmented Knowledge Layer

5. Enterprise Integration Layer

6. Data Infrastructure Layer

Together, these layers provide an end-to-end workflow that supports freight discovery,
operational analysis, broker communication, document understanding, and shipment monitoring.

4.2 User Interaction Layer

The User Interaction Layer serves as the primary communication interface between dispatchers
and the AI system. Dispatchers interact with the system using natural language rather than
predefined commands. For example, a dispatcher may request:

"Find the most profitable refrigerated loads departing from Dallas within the next four hours."

The LLM interprets the request, identifies the operational intent, extracts relevant constraints
(equipment type, location, and time window), and forwards the task to the orchestration module.
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The natural-language capabilities of modern LLMs make such conversational workflows feasible
for enterprise applications requiring complex reasoning and tool use [2].

4.3 Al Orchestration Layer

The orchestration layer coordinates collaboration among specialized agents. Instead of solving
every task using one language model, the orchestrator decomposes a dispatcher request into smaller
operational subtasks and assigns them to the appropriate agents.

For example, when a dispatcher requests available freight, the orchestration process proceeds
as follows:

o Freight Search Agent identifies candidate loads.

o Profit Analysis Agent evaluates expected profitability.

o Broker Intelligence Agent assesses broker reliability.

e Document Agent verifies operational requirements.

o Negotiation Agent prepares communication strategies.

o Supervisor Agent validates the final recommendation before presenting it to the dispatcher.

This modular architecture improves scalability, fault isolation, and explainability compared
with monolithic Al systems [2], [3].

4.4 Specialized Multi-Agent Layer

The proposed framework includes several domain-specific intelligent agents, each responsible
for a well-defined operational function.

Freight Search Agent

This agent retrieves available freight opportunities from connected logistics platforms or
enterprise databases. It filters candidate shipments according to dispatcher-defined constraints such
as trailer type, pickup location, delivery deadline, mileage, and equipment compatibility.

Profit Analysis Agent

After freight candidates are identified, this agent estimates operational profitability using
available business data such as loaded distance, estimated empty mileage, fuel consumption
assumptions, and offered freight rates. The objective is to rank candidate loads according to
business value rather than merely selecting the highest advertised rate.

Broker Intelligence Agent

Broker selection is an important component of freight dispatching because operational risk
depends not only on freight value but also on broker reliability. This agent aggregates verified
organizational knowledge—such as internal performance records or approved broker policies
available to the company—to support dispatcher decision-making. The proposed framework does
not assume unrestricted access to proprietary broker databases; instead, it relies on authorized
enterprise knowledge sources integrated through the RAG layer.
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Document Understanding Agent

Logistics operations involve large volumes of semi-structured documents, including rate
confirmations, contracts, insurance -certificates, and shipment instructions. The Document
Understanding Agent uses LLM-based language understanding to extract operationally relevant
information from these documents and convert it into structured representations suitable for
downstream reasoning.

Communication Agent

The Communication Agent assists with drafting professional email responses, shipment
updates, and operational summaries for human review. Depending on organizational policy,
generated communications may require dispatcher approval before transmission.

4.5 Retrieval-Augmented Knowledge Layer

A major limitation of standalone LLMs is that their responses may rely solely on learned
model parameters, increasing the risk of outdated or unsupported statements. Retrieval-Augmented
Generation addresses this limitation by retrieving relevant information from external knowledge
repositories before generating responses. Recent surveys identify RAG as an effective approach for
improving factual grounding, reducing hallucinations, and incorporating up-to-date organizational
knowledge into LLM workflows [4].

Within the proposed architecture, the RAG layer may retrieve information from:
« internal dispatcher operating procedures;

» company-approved broker policies;

e transportation regulations;

 standard operating procedures (SOPs);

e shipment documentation;

« historical operational records.

The retrieved information is incorporated into the model context before response generation,
improving transparency and supporting evidence-based recommendations.

4.6 Enterprise Integration Layer

The proposed framework is designed as a conceptual architecture that can integrate with
enterprise systems through secure APIs. Depending on organizational requirements, these
integrations may include Transportation Management Systems (TMS), document repositories,
customer relationship management platforms, and approved operational databases.

The architecture intentionally avoids dependence on any specific commercial vendor, thereby
improving portability and facilitating adoption across different logistics organizations.

4.7 Expected Advantages
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Compared with conventional dispatching workflows, the proposed architecture is expected to
provide several operational benefits:

» reduced dispatcher workload through task automation;

» improved consistency of operational recommendations;

« faster access to enterprise knowledge;

 enhanced explainability through RAG-supported evidence;
 scalable collaboration among specialized Al agents;

o more efficient human—AlI interaction using natural language.

These anticipated benefits are consistent with recent research trends in LLM-based multi-agent
systems and retrieval-augmented enterprise Al, although empirical validation remains future work
and is outside the scope of this conceptual study [2], [4].

5. Multi-Agent System Design
5.1 Design Principles

The proposed autonomous freight dispatching framework is designed according to the
principle of functional specialization, whereby each intelligent agent is responsible for a single
operational objective while collaborating with other agents to accomplish complex dispatching
tasks. This modular design improves scalability, maintainability, and transparency compared with
monolithic Al systems. Recent surveys emphasize that role specialization and structured
collaboration are among the primary factors contributing to the effectiveness of LLM-based multi-
agent systems [2], [3].

Unlike traditional dispatcher software, where business logic is embedded within a centralized
workflow, the proposed architecture decomposes dispatching operations into autonomous yet
coordinated agents. Each agent possesses its own task description, operational memory, tool access
permissions, and communication protocol.

Figure 2 (to be developed in the next section) illustrates the interaction among the proposed
intelligent agents.

5.2 Agent Roles
Dispatcher Supervisor Agent

The Dispatcher Supervisor Agent functions as the central coordinator of the system. Rather
than directly performing every operational task, it interprets dispatcher requests, decomposes them
into subtasks, assigns responsibilities to specialized agents, validates intermediate outputs, and
synthesizes the final recommendation.

The supervisor agent also maintains workflow consistency by ensuring that information
exchanged among agents remains contextually coherent throughout the decision-making process.
This orchestration strategy is consistent with recent LLM-based multi-agent frameworks reported
in the literature [2].
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Freight Discovery Agent

The Freight Discovery Agent is responsible for identifying candidate freight opportunities
from enterprise-approved logistics data sources.

Its principal functions include:

filtering loads according to dispatcher requirements;
evaluating equipment compatibility;
checking pickup and delivery constraints;

identifying operationally feasible freight options.

Rather than selecting freight solely on advertised freight rates, the agent produces a ranked
candidate list for subsequent financial evaluation.

Profitability Analysis Agent

Selecting freight based exclusively on gross revenue often leads to suboptimal operational
performance. Consequently, the proposed framework introduces a dedicated Profitability Analysis
Agent responsible for estimating the expected business value of each candidate shipment.

The agent considers multiple operational variables, including:

freight rate;

loaded mileage;

estimated empty mileage (deadhead);
estimated travel distance;

equipment utilization;

operational constraints.

The output is a profitability score that supports dispatcher decision-making.

Importantly, the present study does not prescribe a fixed profitability equation because cost
models vary substantially among logistics companies. Instead, the framework allows organizations
to incorporate their own business rules and financial parameters.

Broker Intelligence Agent

Broker selection represents one of the most critical decisions in freight dispatching.

The Broker Intelligence Agent retrieves organizational knowledge concerning approved
brokerage partners, historical business relationships, internal performance evaluations, and
operational policies through the Retrieval-Augmented Generation layer.

The purpose of this agent is decision support, not autonomous approval or rejection of
brokers.
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This distinction improves explainability while ensuring that final operational responsibility
remains under organizational control.

Document Intelligence Agent

Freight dispatching requires continuous interpretation of semi-structured logistics documents,
including:

e Rate Confirmations;

« Bills of Lading;

o Carrier Agreements;

o Insurance Certificates;
o Operating Procedures.

Recent advances in LLMs have substantially improved document understanding through
contextual language reasoning and structured information extraction [2].

The Document Intelligence Agent extracts operational entities such as:
e pickup location;

e delivery location;

e appointment times;

e payment terms;

e equipment requirements;

« special handling instructions.

These structured outputs become available to the remaining agents through the orchestration
layer.

Communication Agent
Communication consumes a significant proportion of dispatcher working time.

Accordingly, the Communication Agent assists human dispatchers by generating context-
aware communication drafts based on operational information supplied by other agents.

Examples include:

e Dbroker email responses;
 shipment status updates;
e driver instructions;

 appointment confirmations;

e customer notifications.
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Depending on organizational policy, generated messages may require dispatcher approval
before transmission.

5.3 Agent Collaboration Workflow
The proposed framework follows a sequential collaborative workflow.

Step 1.
The dispatcher submits a natural-language request.

l
Step 2.

The Supervisor Agent interprets the operational objective.
l
Step 3.

Relevant subtasks are distributed among specialized agents.
!

Step 4.
Each agent performs domain-specific reasoning using enterprise knowledge and external tools
where authorized.

l
Step S.
Intermediate outputs are returned to the Supervisor Agent.
l
Step 6.
The Supervisor Agent validates consistency among recommendations.
!

Step 7.
The dispatcher receives a unified operational recommendation supported by explainable evidence
retrieved through the RAG framework.

This collaborative workflow reflects recent developments in role-based LLM multi-agent
architectures, where distributed reasoning reduces task complexity and improves overall system
robustness [2], [3].

5.4 Advantages of the Proposed Design

Compared with conventional dispatcher software, the proposed architecture offers several
conceptual advantages:

o modular system design;

 specialization of intelligent agents;
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o improved explainability through RAG;

 scalable enterprise deployment;

e reduced dispatcher cognitive workload;

 casier maintenance and future expansion;

o compatibility with existing enterprise information systems.

These characteristics are consistent with current research trends in enterprise Al and
collaborative LLM systems, which increasingly emphasize orchestration, retrieval grounding, and
role-based reasoning over single-model solutions [2], [3].

6. Retrieval-Augmented Generation (RAG) Framework for Autonomous Freight
Dispatching

6.1 Motivation for Retrieval-Augmented Generation

Large Language Models (LLMs) have demonstrated remarkable capabilities in language
understanding, reasoning, and decision support. However, one of their fundamental limitations is
that they generate responses primarily from parameters learned during pre-training. Consequently,
an LLM may produce outdated or unsupported information when asked about rapidly changing
operational environments such as freight logistics. This phenomenon, commonly referred to as
hallucination, poses a significant challenge for enterprise applications where operational decisions
have financial and legal implications [4].

Retrieval-Augmented Generation (RAG) has emerged as one of the most effective approaches
to mitigate this limitation. Instead of relying solely on the internal knowledge of an LLM, RAG
retrieves relevant information from trusted external knowledge repositories before response
generation. The retrieved information is incorporated into the model context, allowing the LLM to
generate answers grounded in verifiable organizational knowledge rather than relying exclusively
on pre-trained parameters [4]. This architecture improves factual consistency, transparency, and
adaptability, making it particularly suitable for enterprise logistics environments.

For freight dispatching, this capability is especially valuable because dispatchers routinely
work with dynamic information, including carrier policies, broker agreements, shipment documents,
operating procedures, and transportation regulations. A retrieval-based architecture enables Al
agents to access the latest approved organizational knowledge during each decision-making process
rather than depending on static model knowledge.

6.2 Proposed RAG Architecture

The proposed framework incorporates Retrieval-Augmented Generation as the knowledge
layer supporting all intelligent agents.

The workflow consists of the following stages:

Step 1 — User Query Processing

The dispatcher submits a natural-language request, for example:
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"Find the safest refrigerated load departing from Chicago with the highest expected
operational profitability.”

The Supervisor Agent interprets the operational objective and transforms the request into a
structured retrieval query.

Step 2 — Knowledge Retrieval

Instead of immediately generating a response, the Retrieval Module searches enterprise-
approved knowledge repositories, including:

Transportation Management System (TMS);
Standard Operating Procedures (SOPs);
Rate Confirmation documents;

Bills of Lading;

Internal broker policies;

Historical dispatch records;

Equipment specifications;

Company operational manuals.

Only authorized enterprise knowledge sources are queried.

Step 3 — Context Construction

Relevant documents retrieved during the previous stage are converted into contextual evidence.

The retrieved passages are ranked according to semantic relevance before being incorporated
into the prompt supplied to the LLM.

Recent surveys identify semantic retrieval as a critical component of modern Retrieval-
Augmented Generation architectures because it significantly improves answer relevance compared
with keyword-based retrieval methods [4].

Step 4 - LLM Reasoning

The LLM receives two complementary inputs:

dispatcher instruction;

retrieved enterprise knowledge.

The model performs contextual reasoning while remaining grounded in the retrieved
documents.

This substantially reduces unsupported statements and improves explainability.

Step 5 — Response Verification

Before the recommendation is presented to the dispatcher, the Supervisor Agent verifies:
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 consistency among collaborating agents;

e completeness of retrieved evidence;

e operational constraints;

e reasoning trace.

Only validated recommendations are forwarded to the dispatcher.

This verification stage follows recent developments in collaborative LLM-based multi-agent
systems, where multiple specialized agents jointly improve reasoning reliability [2], [3].

6.3 Knowledge Sources

Unlike public conversational Al systems, enterprise logistics Al depends on organization-
specific knowledge.

The proposed framework therefore assumes retrieval from verified organizational repositories
rather than unrestricted Internet sources.

Typical knowledge repositories include:

Knowledge Repository Operational Purpose
Transportation Management Shipment information
System
Dispatcher SOPs Standard workflows
Rate Confirmations Freight pricing
Bills of Lading Shipment details
Broker Agreements . Con.tractual
information

Internal Carrier Database Carrier eligibility
Historical Dispatch Records Operational experience
Regulatory Documentation Compliance

g vy verification

This design ensures that recommendations remain aligned with organizational policies and
current operational procedures.

6.4 Advantages of RAG in Freight Dispatching

The integration of Retrieval-Augmented Generation offers several advantages for enterprise
freight dispatching.
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First, factual consistency is improved because responses are grounded in retrieved
organizational knowledge instead of relying solely on model memory [4].

Second, operational transparency increases because every recommendation can be linked to
supporting documents, facilitating human review and regulatory compliance.

Third, the architecture enables continuous knowledge updates without retraining the
underlying language model. Changes to dispatcher procedures, broker policies, or operational
manuals become immediately available after updating the enterprise knowledge repository.

Finally, RAG complements collaborative multi-agent reasoning by providing all participating
agents with access to the same verified contextual information, thereby reducing inconsistencies
during distributed decision-making [2], [3].

6.5 Research Contribution

The principal contribution of the proposed RAG framework is not the introduction of
Retrieval-Augmented Generation itself—which is already well established in the literature—but its
adaptation to the freight dispatching domain through a collaborative multi-agent architecture.

Within the proposed system, Retrieval-Augmented Generation functions as a shared
organizational memory that continuously supports Freight Discovery, Broker Intelligence,
Document Understanding, Profitability Analysis, and Communication Agents using verified
enterprise knowledge.

This architecture provides a conceptual foundation for trustworthy Al-assisted freight
dispatching while maintaining explainability, modularity, and compatibility with existing enterprise
information systems.

7. Al Agent Decision-Making and Optimization Algorithm
7.1 Problem Formulation

Freight dispatching can be formulated as a multi-objective decision-making problem under
uncertainty. Given a set of available freight loads(L=/},,,...,/,), the system must select an optimal

subset (L* SL ) that maximizes operational utility while satisfying constraints such as time
windows, equipment compatibility, broker reliability, and cost efficiency.

Let each load(/;) be defined as:
[[=(ridismiti,bi)]
where:
o (r;))— freight rate
(d;))— distance

(m;)— equipment type match score

(#;) — time constraint feasibility

(b;)— broker reliability score
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The objective is to maximize a utility function:
[UW)=aRU)+BPU)+yS(1)—6C()]
where:

(R(l;))— revenue component

(P())— profitability estimate

(S(1))— safety/reliability score

(C(li))— operational cost

(a,B,y,0)— tunable parameters

This formulation aligns with classical logistics optimization models combined with Al-based
decision scoring approaches used in intelligent transportation systems [1].

7.2 Multi-Agent Decision Workflow

The decision-making process is distributed across multiple Al agents rather than a single
monolithic model. Each agent contributes partial reasoning:

—_—

. Freight Discovery Agent generates candidate set(L)
2. Profitability Agent computes (P(1;))

3. Broker Agent estimates (b;)

4. Constraint Agent evaluates (z;)

5. Supervisor Agent aggregates final utility scores

This structure follows modern LLM-based multi-agent paradigms where complex reasoning
tasks are decomposed into specialized roles to improve robustness and interpretability [2], [3].

7.3 Decision Algorithm (Pseudocode)
Input: Freight list L, constraints C

Output: Optimal load /*

For each load /;inL:

Retrieve contextual data D,from RAG system
Compute revenue scoreR(/;)

Compute profitability score P(/;,D;)
Compute safety/reliability scoreS(/;,D;)

Compute cost score C(/;)
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U(l)=oR+pP+yS—5C
Filter loads satisfying constraints C
Rank loads byU(!;)

Return top-k loads to Supervisor Agent
Supervisor validates and selects final recommendation

This structured decomposition allows LLM agents to combine symbolic reasoning with
retrieved factual knowledge, improving consistency and explainability [4].

7.4 Broker Negotiation Strategy (Conceptual Model)

Broker negotiation is modeled as a context-aware decision process rather than a fixed rule
system.

Let:
e (p,)= offered price
e (p,) = target price
e (rp) = broker reliability score
o (s,)= market sensitivity factor
Negotiation decision function:
(A=D1 155 m)]
Where:
o If(p,>p,), accept immediately
o Ifip,<p,) but within tolerance, initiate negotiation
o Otherwise, reject or escalate to supervisor

The Communication Agent generates negotiation messages using LLM-based natural language
generation conditioned on this decision function.

7.5 Role of RAG in Decision-Making

The decision function is enhanced by Retrieval-Augmented Generation (RAG), which
provides:

« historical freight pricing patterns

 broker reliability records
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e carrier performance history
e operational constraints from SOPs

This ensures that decisions are context-grounded rather than purely statistical, aligning
with enterprise Al requirements for explainability and traceability [4].

7.6 Discussion

Unlike traditional optimization-only systems, the proposed decision-making framework
integrates:

o symbolic utility modeling

o LLM-based reasoning

o retrieval-based factual grounding

e distributed multi-agent collaboration

This hybrid structure reflects current trends in enterprise Al systems, where pure machine
learning is insufficient for complex operational environments requiring interpretability and human
oversight [2], [3].

8. Experimental Setup and Evaluation Framework
8.1 Experimental Design Overview

Since the proposed autonomous freight dispatching system is a conceptual Al architecture,
the experimental evaluation is designed as a simulation-based framework rather than deployment
on real-world logistics infrastructure.

The purpose of this setup is to evaluate the theoretical effectiveness of the proposed multi-
agent and RAG-enhanced decision-making system under controlled conditions that emulate real
freight dispatching environments.

This approach is consistent with prior research in intelligent transportation systems, where
simulation environments are widely used to evaluate routing, scheduling, and decision-support
algorithms before industrial deployment [1].

8.2 Simulation Environment

The simulation environment is designed to replicate key characteristics of a freight dispatching
platform:

o Dynamic freight availability (randomized load generation)
o Variable broker reliability profiles
 Stochastic pricing model

e Time-window constraints

o Equipment compatibility constraints



http://www.bgpulseusa.com/index.php/bg

BG Journal

B

BG PULSE JOURNAL

E
8=

o Varying fuel and distance cost assumptions

Each simulated dispatching cycle consists of:

1. Incoming freight pool generation

2. Agent-based evaluation of each freight option

3. Utility computation using the model defined in Section 7
4. Ranking and selection of optimal loads

5. Logging of decision trace for explainability analysis

The environment does not represent any specific commercial system and is purely designed for
evaluation of algorithmic behavior.

8.3 Evaluation Metrics
To assess the performance of the proposed system, the following metrics are defined:
1. Decision Efficiency (DE)

Measures how quickly the system processes a set of freight options.

1
lDE= - l where(T avg)

avg

is the average decision time per load batch.

2. Profitability Score (PS)

Evaluates the average utility of selected loads:
¥

PS=— U(;
v U@

where(U (l,-))isdeﬁnedinSection7.

3. Matching Accuracy (MA)

Measures how well selected loads satisfy constraints:

[ B Valid selected loads]
" Total selected loads

4. System Explainability Index (SEI)
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A qualitative metric based on traceability of decisions:

o High: full RAG-based explanation available

e Medium: partial explanation

o Low: no explanation trace

This metric reflects increasing importance of explainability in enterprise Al systems [2], [3].
S. Dispatcher Workload Reduction (DWR)

Estimates how much human intervention is reduced:

Human decisions required

[D WR=1— .
Baseline manual system

8.4 Baseline Comparison Models

To evaluate the conceptual contribution of the proposed system, three baseline models are
defined:

Baseline A: Manual Dispatcher Model
o Human-only decision-making

o No Al assistance

Baseline B: Rule-Based TMS Model

o Static filtering rules

e No learning or reasoning capability
Baseline C: Single LLM Agent Model

e One LLM handles all dispatching tasks
e No multi-agent decomposition

The proposed model is compared against these baselines to demonstrate the added value of:
» multi-agent specialization

e RAG-based knowledge grounding

o structured utility optimization

8.5 Expected Evaluation Procedure

The evaluation process is defined as follows:
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1. Generate synthetic freight dataset

2. Run baseline models (A, B, C)

3. Run proposed multi-agent system

4. Collect performance metrics

5. Compare results across models

6. Analyze decision traces for explainability

All results are expected to be presented in comparative tables and visualization charts in the
next section (Section 9).

8.6 Limitations of Experimental Setup

This study explicitly acknowledges the following limitations:
e No deployment in real freight brokerage systems

e No access to proprietary logistics datasets

o Results are based on simulation assumptions

o Economic impact is not empirically validated

These limitations are consistent with early-stage Al system design research, where architecture
validation precedes real-world deployment [1].

8.7 Summary

The proposed experimental framework provides a structured method for evaluating
autonomous freight dispatching systems using multi-agent Al and RAG-based reasoning. While not
a real-world deployment, it enables controlled comparison between traditional dispatching
approaches and the proposed Al-driven architecture.

The next section will present the system architecture visualization and conceptual diagrams of
the multi-agent workflow.

9. Conclusion

This study presented a conceptual Al-powered autonomous freight dispatching framework that
integrates Large Language Models (LLMs), Retrieval-Augmented Generation (RAG), and a
collaborative multi-agent architecture to support intelligent decision-making in logistics operations.

Unlike traditional Transportation Management Systems (TMS), which primarily focus on
workflow digitization and data storage, the proposed system introduces an architecture capable of
context-aware reasoning, autonomous task decomposition, and knowledge-grounded decision
support. The system distributes dispatching responsibilities across specialized agents, including
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freight discovery, profitability analysis, broker intelligence, document understanding, and
communication agents, all coordinated through a central orchestration layer.

The incorporation of RAG ensures that all agent decisions are grounded in verified enterprise
knowledge, reducing hallucination risks and improving explainability. Meanwhile, the multi-agent
design enhances modularity, scalability, and robustness, enabling the system to handle complex,
dynamic logistics environments more effectively than single-model approaches.

A simulation-based evaluation framework was also proposed to assess system performance in
terms of decision efficiency, profitability estimation, matching accuracy, explainability, and
dispatcher workload reduction. Although no real-world deployment was conducted, the framework
provides a structured foundation for future empirical validation.

Overall, the proposed architecture demonstrates how modern Al paradigms can be combined
to transform freight dispatching from a human-intensive process into a semi-autonomous intelligent
system. This work contributes to the growing body of research in Al-driven logistics, multi-agent
systems, and enterprise-level Retrieval-Augmented Generation applications.
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