
NextGen Scientific Publication  Volume 4 Issue 5, Pg. No. 35-46, AIJCST-V4I5P104, 2022 

American International Journal of Computer Science and Technology  https://doi.org/10.63282/3117-5481/AIJCST-V4I5P104     

 

Copyright by the Author(s). This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International 

(CC BY-NC-ND 4.0) License (https://creativecommons.org/licenses/by-sa/4.0/) 

Original Article  

*Anvesh Katipelly 

Senior Software Engineer PayPal, Texas, USA. 

 

 

Article History: 
 

Received: 30.07.2022 

 

Revised: 15.08.2022 

 

Accepted: 29.08.2022 

 

Published: 13.09.2022 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract:  

The subject of automated dispute resolution has become the essential field of research in artificial 

intelligence, legal informatics, and digital governance. As commercial transactions in the industry 

quickly become digitalized, online marketplaces, financial services, and service ecosystems, the 

number of conflicts among the stakeholders has surged sharply. The conventional dispute 

resolution systems like litigation, arbitration, and mediation are also very likely to be costly to 

administer, time-consuming, and lack scalability. This is leading to increased research within 

organizations on the use of intelligent automated systems that have the capacity to address 

conflicts effectively without compromising on fairness, transparency and accountability. The 

hierarchical multi-agent orchestration is an emerging promising computational mode in a way to 

design a system of intelligent dispute resolution. Here, a number of independent actors work 

under a hierarchical system of control to examine controversy, bargain solutions, impose 

regulations, and provide responses. Every agent has his unique duties including the classification 

of cases, verification of evidence, the generation of negotiation strategies, interpretation of rules, 

and validation of decisions. It has a hierarchical structure that facilitates the coordination between 

high-level supervisory agents and lower-level operation agents such that complicated cases of 

disputes will be addressed efficiently in retaining the governance oversight. This study is 

exploratory and investigates the design and execution of the hierarchical multi-agent 

orchestration model of automated dispute resolution. The proposed architecture brings together 

rule-based reasoning and machine learning models, negotiation algorithms and decision 

orchestration modules as part of a layered agent ecosystem. On the surface, the governance agents 

of the top layer oversee the adherence to policy as well as promote justice among the dispute 

cases. The middle tier is made up of the mediation and negotiation agents who perform the task of 

assessing claims, finding possible settlements, and any dialogue between the opposing parties. The 

data processing, evidence validation, and rule execution are operational layer constituents that 

comprise specialized agents. 

 

The framework proposed focuses on three fundamental purposes that are scalability, 

transparency, and fairness. The coordination of distributed agents enables scalability to scale 

subsequent volumes of disputes at a time. Structured logs of decision making, rationale 

mechanisms that can be explained and audit trails are spaces where transparency is ensured. The 

concept of fairness is upheld by the rule-based arbitration schemes in conjunction to the adaptive 

learning algorithms that constantly enhance the quality of decisions with respect to the history of 

previous dispute instances. In order to test the efficacy of the suggested method, the model was 

modeled with assisting the synthetic dispute datasets which reflected financial transaction 

dispute, contractual dispute and service quality dispute incidents.  
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1. Introduction 
1.1. Background 

The digital transformation has greatly changed how the transactions, agreements, and interaction are carried out in 

contemporary society. [1,2] The high pace of the development of online stores, online financial services and e-commerce systems that 

act on a cross-border level, has brought more people, businesses, and institutions closer to each other worldwide. Though the 

introduction of these technological advances has opened new opportunities to economic growth and worldwide cooperation, it as well 

has offered complicated demanding issues regarding the conflict administration and dispute handling. The conflicts that have been 

experienced on issues like disagreements on contracts, the failure to pay, time lag in service delivery, and the quality of products are 

becoming more prevalent in virtual situations where transactions take place numerous times and varying geographical locations. 

Litigation, arbitration and mediation, which is traditional dispute resolution means, usually entails long legal processes, expensive 

financial expenses and great time constraints hence are not appropriate when handling large number of small-value disputes that are 

usually created in digital platforms. Therefore, the concern of implementing automated dispute resolution systems to process conflicts 

in an efficient and yet fair, transparent and accountable way is increasing.  

 

The development of the artificial intelligence and multi-agents systems has been instrumental to the realization of such 

solutions. Multi agent systems are made up of independent computational agents with the ability to perceive information, make 

independent decisions and also interact with the other agents to accomplish specific goals. Agents may therefore represent conflicting 

parties, mediators, legal counsel and regulatory bodies in the framework of dispute resolution, enabling the system to recreate the 

process of negotiation and decision-making in a digital manner. These abilities are further facilitated by hierarchical multi-agent 

orchestration, which is the division of agents into hierarchical levels with supervisory agents taking control and the agents undertaking 

specific tasks like evidence analysis, modeling negotiations, and rule enforcement. This hierarchical structure enhances scalability, a 

higher level of coordination between agents, and the system can address situations of complex disagreements in a well-organized and 

effective way. 

 

 

 

One of the performance indicators involved resolution time, the success rate of negotiations, the 

consistency of fairness, and user satisfaction indicators. As shown through experimentation, 

hierarchical multi-agent orchestration exhibits a substantial efficiency of solving a dispute as 

compared to the case with traditional rule-based automated systems.The architecture will support 

accelerated dispute-classification, intelligent negotiation plans and apply the same rules to the 

various cases. The results reveal the opportunities of multi-agent orchestration that can help to 

alter automated dispute resolution systems applied on e-commerce websites, digital banking 

solutions, and insurance claim settlements as well as smart contract environments. The presented 

model facilitates scalable and adaptable hierarchies resulting from the integration of hierarchical 

coordination and intelligent agent collaboration and, thus, allows managing complex dispute 

situations. The study adds to the existing literature on the legal automation powered by AI and 

serves as a basis to continue the creation of autonomous conflict resolution systems in the digital 

context of governance in the future. 
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1.2. Role of Artificial Intelligence in Dispute Resolution 

Artificial Intelligence (AI) is used to revolutionize the conventional dispute resolving techniques to efficient, scalable, and 

technology-based methods. [3,4] Due to the fast pace of developing digital transactions and online facilities, there are more disputes 

occurring in commercial activity. The AI technologies offer smart tools that can process the substantial amount of data and extract a 

pattern and assist in making decisions during legal and negotiation proceedings. Using AI methods (i.e., machine learning, natural 

language processing, knowledge-based systems) to analyze evidence and make predictions on its possible resolution, automated 

dispute resolution systems can suggest reasonable settlements. These systems minimize the time and the cost incurred in the 

traditional dispute resolution mechanisms as well as maintaining uniformity and transparency in the decision making. The AI-based 

systems of dispute resolution are specifically useful in online spaces where the conflicts arise quite often and need quick resolving with 

a minimal amount of human interference. 

 

 
Figure 1. Role of Artificial Intelligence in Dispute Resolution 

 

1.2.1. Intelligent Case Analysis 

Artificial intelligence can help automated systems analyze the dispute cases effectively and analyze data in large amounts, both 

structured and unstructured. In dispute cases, AI systems can read documents, contracts, emails, and transaction records provided as 

evidence, thereby using these techniques, which include natural language processing. This will enable the system to derive useful 

information, outline the main problems, and categorize disputes into the answers of specific preset categories. The smart case study 

enhances the precision and quickness of the dispute assessment procedure as well as decreases the number of human mediators and 

jurists workload. 

 

1.2.2. Automated Negotiation Support  

Transformative artificial intelligence used in negotiation systems helps parties in dispute to come up with settlement offers and 

assess a negotiation strategy. With the help of the algorithms of game theory, utility strategies, and bargaining tactics, AI agents are 

able to study the interests of both sides and the mutually beneficial agreements. These systems are capable of simulating numerous 

negotiation situations and offering some solution that will promote maximum satisfaction by the stakeholders. Automated negotiation 

support enhances the efficiency of disputes resolution process because the parties are more likely to come into agreements faster and 

minimizes the chances of either a long lasting dispute. 

 

1.2.3. Evidence Evaluation and Decision Support  

The Artificial Intelligence is also finding support in the evidence analysis and the productions of judicious rulings in dispute 

resolution systems. It is possible to use machine learning algorithms to analyze previous cases of disputes and find patterns that cause 

legal results to be determined. The AI systems are capable of giving suggestions of potential solutions or judgments based on the 

existing conflicts and those of the past. Artificial intelligence-based decision support systems contribute to the achievement of 

consistency in the results of the dispute with the established legal norms and minimize the level of human bias in the decision-making 

process. 

 

1.2.4. Predictive Dispute Resolution 

Predictive analytics is another valuable use of AI on dispute resolution. The AI models may forecast the probability of the 

escalation of a dispute, the possible results in a settlement, or the possibility of the successful negotiation. These predictive insights 

allow the dispute resolution platforms to suggest active strategies that will not allow the conflict to develop even more. Predictive 



*Anvesh Katipelly [2022] Hierarchical Multi-Agent Orchestration for Automated Dispute Resolution 

 

 
38 

dispute resolution is an approach whereby organizations can deal with disputes more efficiently and would promote them to settle 

early before the disputes turn to be complicated and expensive. 

 

1.2.5. Enhancing Transparency and Efficiency 

The transparency and efficiency in automated dispute resolution systems are improved with the use of AI technologies. By 

recording the decision processes and the electronic records of the negotiation activities, the AI systems are able to give an explanation 

as to how the results of disputes are defined. Such transparency assists in developing trust in the users and accountability in 

automated systems of decision-making. Also, with AI-based automation, the processing time is minimized, and the dispute resolution 

platforms can process a large number of cases at any given time. The adoption of artificial intelligence and enforcement will 

increasingly become significant as the digital transactions become more prevalent in the planet and as more systems are developed to 

develop scalable, just, and effective dispute resolution procedures. 

 

1.3. Challenges in Traditional Dispute Resolution 

The conventional dispute resolutions systems (djarir) like litigation, arbitration, and mediation have always been considered as 

the main ways of conflicts resolution in legal and commercial settings. [5] There are however, a number of constraints that have been 

encountered in the application of these conventional methods in the current digital environments whereby transactions are done at 

large scale and very fast. A high cost of operation in legal proceedings is also one of the major constraints. The costs of legal 

representation, court costs and administrative expenses, and procedural documentation may be costly to the business, especially that 

of a person and a small business who engage in a dispute of low value. Such costs tend to put off the formal dispute resolution of 

parties, and numerous conflicts remain to be left unsolved. The second significant challenge is that it is a time-consuming process of 

coming to settlements in a traditional legal avenue. Arbitration procedures and court cases can occupy months or even years to be 

concluded because of case backlog, procedural complications as well as administrative setbacks. These long periods do not work in 

online platforms where conflicts must be addressed as fast as possible to retain confidence of the involved parties. Besides being cost-

efficient and time-saving, the old system of resolving disputes has scaling issues as well.  

 

Courts and legal bodies are usually programmed to deal with a certain quantity of cases at a time, and the swift development of 

online business has led to the volume of disputes never experienced before. It is very hard to manage thousands or even millions of 

minor disputes of low value by traditional systems which creates inefficiencies and delays. The lack of transparency of the decision-

making processes is another essential point of concern. In most instances, the disputing parties may not necessarily be in a position to 

comprehend the decision making process especially when a complicated legal explanation or any other forms of arbitration that are 

confidential is involved. Such ambiguity may undermine confidence in the process of resolving the dispute and develop the sense of 

prejudice or injustice. Moreover, conventional systems have a tendency to experience challenge of generating uniform results in cases 

of similarities. Judicial judgments, human judgment, and legal counsel interpretation may have a different decision even in situations 

where the disputes include similar conditions. These dilemmas also indicate the weaknesses of the old dispute resolution models to 

meet the requirements of the contemporary digital economies and suggest the need to develop more effective, scalable, and 

transparent models that can be fed with improved technologies including artificial intelligence and self-directed multi-agent programs. 

 

2. Literature Survey 
2.1. Rule-Based Dispute Resolution Systems 

The rule based dispute resolution systems provide one of the oldest and most primary methodologies in the evolution of 

automated legal decision-support systems. [6] Such systems are based on the systematic cognition foundation with preexisting legal 

regulations, logical rules, and decision trees based on statutes, regulations, and previous case precedence. The system can judge the 

possible dispute situations and provide solutions depending on the laid down legal systems by encoding the legal knowledge into 

formal rule systems in form of a statement of an event in the form of an if-then. Rule based systems also have one of the greatest 

benefits in being transparent because the rationale underpinning the decision can easily be tracked and confirmed. Such transparency 

may be of great use to those surroundings where transparency and elucidation are required more than in the legal circle. Also, rule-

based methods offer a great level of consistency in decision making as the exact rules are applied to all the cases in a consistent 

manner. Nevertheless, even with such benefits, there are a number of limitations associated with such systems. Their competence is 

poor in dealing with ambiguous or complex arguments when it comes to legal interpretation, understanding of the context or human 

judgment. More to the point, because the legal systems frequently change, it becomes more cumbersome to maintain and update 

ruleset, the latter makes them less flexible to dynamic legal landscapes. Consequently, even as rule-based systems formed the basis 
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upon which automated dispute resolution systems can be based, researchers have studied more adaptable and intelligent techniques in 

later investigations. 

 

2.2. Negotiation-Based Multi-Agent Systems 

Multi-agent systems based on negotiation became a sophisticated formulation to counter the constraints of rule-based structure 

in automated dispute resolution. [7] As a part of this paradigm, various independent actors play and insist on behalf of various parties 

in a conflict, including claimants, respondents, mediators, or authorities. These agents do not adhere to fixed rules of law but negotiate 

with each other using negotiation procedures to find an acceptable compromise. The preferences, objective, and strategy of each agent 

have been tailored, and thus the system can simulate real-world negotiation. These systems have been modelled using different types 

of negotiation models that include Nash Bargaining Model which aims at maximising the joint good of the negotiating parties; the use 

of auction-based negotiation mechanisms, involving agents who place bids in order to achieve the best results; and the game-theoretic 

model that examines how the competing parties can make the best strategic decisions. Such mechanisms of negotiation enable the 

system to be flexible in handling different scenarios of dispute situations and multiple settlement of an issue. Consequently, the multi-

agent systems based on negotiation offer better flexibility, better outcome fairness, and better representative of stakeholders than the 

rule-based systems. Nevertheless, there are still difficulties in creating effective negotiation protocols, convergence to equitable deals 

and conflicts between agent strategies. 

 

2.3. Hierarchical Agent Architectures 

Hierarchical agent architectures are a methodical system of a set of agents in an automated dispute resolution systems mostly 

when facing complicated or large scale disputes. [8] In a hierarchical architecture, decision making roles are shared among various 

levels of authority with additional agents of higher levels overseeing and managing the actions of agents of lower level. This 

hierarchical design allows coordinating effectively the tasks in the classification of disputes, analysis of evidence, the organization of 

negotiations, and final decision-making. Hierarchical systems offer better control, are more coordinated and better scaled in 

comparison with flat agent systems, in which all of the agents have equal authority and act in a decentralized fashion. Balancing 

control and flexibility has also been proposed using hybrid architectures that incorporate both a hierarchical control structure and a 

decentralized decision-making structure.  

 

This hierarchical model is especially successful in large platforms of dispute resolving when various stakeholders and 

procedures of the law are to be organized at the same time. Hierarchical architectures promote system efficiency, and make 

computational complexities less hierarchical by organizing agents into functional layers, e.g. monitoring agents, negotiation agents, as 

well as supervisory agents. In turn, multi-agent structures with hierarchy have turned out to be a promising model of constructing 

multi-level and resilient automated dispute resolution systems, which could be expanded and adjusted to various and changing legal 

situations. 

 

3. Methodology 
3.1. System Architecture 

The hierarchical multi-agent dispute resolution system proposed is designed in such a way that three functional layers are 

identified in order to facilitate effective coordination, [9,10] decision and dispute management. The layers collaborate to control 

various phases of the dispute resolution process without damaging the level of system scalability, transparency, and accountability. 

 

 
Figure 2. System Architecture 
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3.1.1. Governance Layer 

The top most layer of the system architecture is the Governance Layer which is in charge of enforcing policies, providing 

supervision and general regulation of the entire system. This layer includes supervisory agents which observe the actions of lower-

level agents and make sure that procedures related to dispute resolution do not violate the clearly defined legal systems, ethical codes, 

and institutional practices. The governance agents are also in charge of case of conflict escalation, ultimate arbitration and system level 

auditing. The Governance Layer allows equitable, transparent, and accountable automated dispute resolution by keeping control and 

implementing operational regulations. 

 

3.1.2. Mediation Layer 

The Mediation Layer is the coordination layer in-between where negotiation coordination and settlement processes can be 

found. This layer involves specially trained mediation agents who mediate and negotiate amongst agent of parties to conflict. Such 

agents interpret data on disputes, determine ways to settle, and use negotiation methods like bargaining models or mediation 

techniques, which are rule-based. The mediation agents will strive to ensure they solve amicable agreements and reduce the escalation 

of conflict. This layer is highly significant in the balancing of stakeholder interests and enhancing efficiency in the dispute resolution 

process. 

 

3.1.3. Operational Layer 

Operational Layer is the basis of the system and is in charge of the direct interaction with system users and dispute cases. This 

layer comprises of data processing agents, evidences analysis agents and case management agents which retrieve, store and process 

information about disputes. The operational agents also have the responsibility of checking evidence submitted, categorizing disputes 

and making the appropriate case data to be used in the mediation layer. The Operational Layer allows the upper layers to concentrate 

on negotiation and decision making processes by controlling the normal running operation activities and processing the data correctly. 

 

3.2. Agent Coordination Model 

The agent coordination model is a significant part of the suggested hierarchical multi-agent dispute resolution system because it 

establishes the interaction, information exchange, and cooperation between various agents to resolve conflicts. [11,12] This system 

contains agents that communicate in structured message protocols and this allows the exchange of information among various layers 

of the architecture to be performed in a standardized and efficient manner. Such a communication protocol provides the agents 

working on the operational layer, mediation, and governance layers with the ability to coordinate efforts and stay clear, consistent, and 

reliable in the process of decision-making. A typical message that passes between agents has clearly articulated parts including the 

identity of individuals sending messages, identity of recipients, message type, description of the content, and the level of priority. The 

system will make sure that the messages are organized in a more formal manner so that the agents will be able to interpret requests, 

responses and negotiation offers correctly without ambiguity. As a matter of fact, agents apply various types of messages to carry out 

various tasks under the dispute resolution process.  

 

As an illustration, operational agents can transmit information messages with the information about the dispute, evidence data, 

or case categories to mediation agents. Negotiation messages adopted by mediation agents, including offers, counter-offers and 

settlement offers are resorted to as they facilitate negotiation between parties or agents involved in a dispute. Also, the control or 

monitoring messages can be sent by governance agents to monitor the work of the systems, impose regulations on the legal rules, and 

intervene in the situations when the legal regulations cannot be met by the means of the negotiation. Asynchronous communication, 

which is aided by structured communication protocols, means that agents can work independently, and they do not lose that they 

interact with each other within the system. In addition, standardized agent message languages, e.g. the languages specified in the 

Foundation of Intelligible Physical Agents (FIPA), are frequently used in the coordination model. These norms offer canonic 

performative acts such as request, inform, suggest, accept as well as decline, which are used to articulate the intent of the agents as 

well as to react to messages. In a way like this, by making such standardized communication structures, the system enhances 

interoperability in agents and efficient coordination in the layers of hierarchy. Consequently, the message-based coordination model is 

organized, which increases system reliability, minimizes error of communication and making dispute resolution scalable and 

collaborative in complicated online settings. 
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3.3. Negotiation Strategy Model 

Negotiation strategy model is one of the key factors when defining how agents consider the potential settlement alternatives in 

the process of dispute resolution. [13,14] Within a multi-agent negotiation setting, the risks are represented by each agent representing 

the interests of a certain stakeholder and having to decide on acceptance, rejection, or whether to put forward alternative offers of 

settlement. To come up with these decisions rationally, the system deploys utility functions to the extent of quantifying the degree of 

satisfaction or utility of an outcome reached in a specific negotiation by an agent. The utility function enables the agents to rank 

alternatives of settlement to reach a decision that would give them a maximum benefit and at the same time give them an opportunity 

to reach an agreement with other parties.  

 

Generally speaking, the utility value of the result to a certain agent is determined as an aggregate of a number of factors 

multiplied by weights which indicate various attributes to the conflict.  The utility of an outcome x to agent i in this model is the 

number of the contribution of various evaluation factors. Every factor has a weight that gives the flexibility of importance to the factor 

in the bargain, and a value functionality that calculates the level of gratification of the proposed outcome to the factor. That is, the 

utility function operates by multiplying the weight of each of the factors by the relative corresponding value function of the result and 

summing up all the products thereof. Utility value U 0 (x): The utility value is the sum of the satisfaction that agent 0 will get out of the 

proposed result x. The weight w n denotes such a weight as put on factor k (financial, time to resolve, or legal compliance). The value 

function v w (x) or the importance of the outcome, attempts to obtain the satisfaction of that specific factor, using the proposal 

outcome. As an illustration, when a settlement proposal to be given provides better compensation, or quicker resolution, the value of 

the factors correspondingly will be high. The utility function provides agents with the ability to arrive at a complex negotiation 

situation based on a number of objectives and constraints through the combination of the various weighted factors. Such a strategy 

also enables agents to change their negotiation strategies in a dynamic fashion by changing the weights of factors based on the 

interests of the stakeholders. In turn, the negotiation strategy model will assist the agents in finding the win-win deals, enhance the 

fairness of agreement in the settlement, and contribute to the effective automated dispute resolution to the hierarchical multi-agent 

system. 

 

3.4. Automated Decision Framework 

The automated decision system will help guide the hierarchical multi-agent system to make appropriate decision on the 

resolution to a dispute by integrating several assessment elements into one decision rating. Decision making in complex dispute setting 

cannot be based on one parameter as disagreements are usually based on a number of factors including quality of evidence, [15,16] 

result of negotiation, legal issues and analysis of risks. Thus, the automated decision framework incorporates all these high factors into 

a weighted decision model through which the system objectively evaluates alternative solutions. The system is able to come up with 

the option that offers the most balanced and fair decision to all parties involved by determining a decision score of each possible 

alternative. This framework would minimize human bias, enhance decision-making uniformity, as well as enhance the efficiency of 

automated dispute resolvers. In this model, the decision score (D) is calculated by summing three key elements, evidence evaluation 

(E), negotiation outcome (N), and risk assessment (R). The weighting coefficient is used to multiply each of these elements by the 

amount of their importance on the final decision. Overall one can simply compute the decision score by multiplying the score of 

evidence with a weight known as alpha, the score of negotiation with a weight known as beta and the score of risk with a weight 

known as gamma.  

 

These three weighted values are then added to get the final decision score. The evidence element (E) is the strength and 

reliability of evidence that is presented by the disputing parties. The negotiation element (N) is the end result of the negotiation 

process that has been undertaken by the mediation agents that shows how close the parties are to a mutual agreement that they can 

agree on. The risk element (R) considers the possible court, financial or business risks of the proposed settlement. The influence of 

each factor on the system is adjusted by means of weighting parameters alpha, beta, and gamma, which are applicable depending on 

the situation of the dispute. As an illustration, in law conflicts where evidence is a determining factor, the evaluation of evidence 

weight can be greater than the rest. With these weighted factors, the automated decision framework culture will guarantee that the 

results of the dispute are considered holistically, and the system will generate fair, transparent, and data-driven decisions, in the 

hierarchical multi-agent dispute resolution structure. 
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3.5. Dispute Resolution Process 

The dispute resolution workflow describes the flow of events by which a dispute passes through the multi-level multi-agent 

system. All of the workflow stages are processed by special agents whose tasks include classifying, verifying, negotiating, and making a 

final decision. [17,18] Such a systematic process of handling disagreements results in greater transparency, efficiency, and consistency 

of computerized dispute resolution. 

 

3.5.1. Dispute Submission 

The dispute resolution process is initiated by the dispute submission stage whereby the users or the involved parties initiate the 

system interface when they submit their complaints. In this phase, the conflicting parties give pertinent data in the form of the conflict 

nature, supporting records, evidence files, and other information needed to assess the case. This information is fielded into the dispute 

management database under the system and assigned a case identifier. This is done to make sure that any form of disagreement will 

be duly recorded and is ready to be further analyzed by the automatic agents. 

 

3.5.2. Case Classification Agent 

Additionally, the Case Classification Agent breaks down the information on the dispute as provided, to classify the type and 

category of a dispute after it has been submitted. The agent organizes the predefined classification rules or machine learning, using the 

data on the type of a dispute, its severity, area, and legal context. This categorization will assist the system direct the dispute to the 

relevant processing modules and will make sure that the rules and negotiation strategies will be used at the subsequent stages. 

 

 
Figure 3. Dispute Resolution Process 

 

3.5.3. Evidence Verification Agent  

The Evidence Verification Agent is charged with regards to, counterchecking the authenticity and relevancy of the evidence 

tendered by parties to dispute. This agent reviews the documents submitted, records of transactions, communication and other 

supporting documents to confirm that they are up to standard requirements, in terms of verification. The system will enhance the 

credibility of the dispute resolution process and give the right-source information to be further utilized by removing invalid or 

incomplete evidence. 

 

3.5.4. Negotiation Agent  

After the verification of the evidence, the Negotiation Agent opens the stage of negotiations between the agents of the conflicting 

parties. At this phase, the agents track the proposals, counteroffers and settlement proposals depending on the negotiation strategies 

and utility models. This stage aims at identifying agreed solutions so that the interests of both parties are addressed without escalating 

the conflict much. 
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3.5.5. Mediation Evaluation 

In case the negotiation does not translate into an agreement, the mediation evaluation phase is transformed. During this stage, 

the mediation agents would interpret the result of negotiations, conditions of disagreements, and interests of the parties to propose the 

compromising solutions. The mediating process seeks to achieve balanced settlements by putting into consideration fairness, legal 

rules as well as dispute policy in resolving disputes. 

 

3.5.6. Final Decision Agent 

Final Decision Agent checks all the past steps including evidence confirmation, result of the negotiations and suggestions of the 

mediation. According to the automated decision framework, this agent computes decision scores and chooses the most proper 

resolution to the dispute. The decision agent would make sure that the result arrives at is in line with system policies and legal 

provisions. 

 

3.5.7. Resolution Output 

The last workflow phase is the output resolution upon which the system conveys the resolution of the eventual decision to the 

disputing parties. The result could be settlement agreements, recommendations related to compensation or legal resolution 

statements. The decision is also documented within the system to be used in the future, auditing, and performance evaluation. This is 

the last step to be taken in the process of dispute resolution and will see that both parties are fully explained the final outcome clearly 

and in a transparent manner. 

 

4. Results and Discussion 
4.1. Performance Evaluation Metrics 

Evaluation of performance metrics would be necessary in evaluating the effectiveness and dependability of the suggested 

hierarchical multi-agent dispute resolution mechanism. The metrics are measures of quantifiable variables that assist in determining 

the success of the system in dispute resolution, facilitation of negotiations and upholding fairness in disparate cases. Through the 

examination of these performance levels, researchers and administrators of a system will be in a position to identify if the automated 

dispute resolution framework is achieving its intended outcomes which include efficiency, accuracy, transparency and scalability. In 

the assessment procedure, most metrics are generally targeted at a few parameters such as the time to resolve, the success of 

negotiation, consistency of fairness, and the system efficiency in general. All these measures will give an overall picture of the 

performance of the operational processes of the system and its competence to resolve disagreements within the real-life scenario. 

Among the key metrics established in the assessment of the system, resolution time is considered the most crucial measure of it, as the 

time, taken by the system to consider and solve a conflict since the time it is submitted up to the final decision made. Lower resolution 

time shows that system can cope with the dispute fast hence enhancing the satisfaction to the users and minimize delays that are 

typical of the usual dispute resolution systems. A second value is the success rate of negotiation which is the rate at which the disputes 

are successfully solved by the use of negotiation as opposed to the necessity of taking it to the higher ranks of decision making.  

 

Increased lawyer success rates in the negotiation implies that the mediation and negotiation agents are good in establishing 

mutually agreeable resolutions to the disputing parties. Fairness consistency is the third metric that will be considered, and it will be 

assessed as determining the consistency in the decisions of the automated system and its impartiality. This measure will ensure that all 

disputes of close nature will be dealt with in a similar manner and therefore the courts will not be accused of favoritism. Even in a legal 

and regulatory context where fairness and transparency matter, consistency in the decision-making process is especially important. 

Lastly, the system efficiency is the total processing power of the system such as its capability to handle various quarrels at the same 

time without deterioration of its performance. This measure is an indicator that the hierarchical agent framework optimizes the use of 

the computational resource, communication and decision-making activities. The combination of these performance evaluation metrics 

can be used to give great ideas on how the system is effective, hence giving guidance on how to improve on automated dispute 

resolution technologies. 

 

4.2. Experimental Results 

The experimental analysis offers a comparison between the mechanisms of three models of dispute resolution systems, that is, 

the traditional rule-based system, the flat multi-agent model, and the hierarchical multi-agent model proposed. It compares four key 

performance indicators, which are the efficiency of the resolution, success in negotiations, consistency in fairness, and user 
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satisfaction. The findings reveal distinct performance gains in a case that shifts the traditional rule based systems to the more superior 

agent-based systems especially the hierarchical multi-agent model. 

 

Table 1. Experimental Results 
System Model Resolution 

Efficiency (%) 
Negotiation Success 

(%) 
Fairness Consistency 

(%) 
User Satisfaction 

(%) 

Traditional Rule System 62% 58% 64% 60% 

Flat Multi-Agent Model 74% 71% 72% 70% 

Proposed Hierarchical 
Model 

89% 86% 91% 88% 

 

 
Figure 4. Experimental Results 

 

4.2.1. Traditional Rule System 

The conventional system that operates on the rules shows averagely in the evaluation measures. The system registered a 

resolution rate of 62 percent meaning that, although it has the capability to settle disputes based on predetermined legal regulations, it 

is very slow and offers very limited flexibility. The rate of 58 percent of successful negotiations demonstrates that rule-based systems 

are ordinarily hard to deal with the dynamic negotiation settings since they are excessively tied to consistent decision regulations as 

opposed to adaptable negotiation methods. With a fairness consistency rating of 64 percent, the system tend to be consistent in its 

decisions to the reasonable level, however, in cases where complex or ambiguous disputes take place, the system may not go further. 

Also, the user satisfaction rate of 60 percent shows that users can somewhat regard the system as less flexible and adaptive to the 

circumstances of each particular dispute. 

 

4.2.2. Flat Multi-Agent Model  

The results of the flat multi-agent model are evidently better than the conventional rule-based system. In this design, agents are 

equally empowered and they work together to solve conflict and this makes the system more flexible. The model had resolution 

efficiency approximated at 74, as it was quicker in handling the dispute as it had sharing of decision making among the agents. Success 

rate in negotiations improved to 71 percent which means that it is possible to negotiate better to settle agreements among agents. 

Fairness consistency score which is 72 percent reflects increased uniformity in decision-making when compared with the rule-based 

systems. Moreover, the fact that the level of user satisfaction is 70 percent implies that users consider the system more responsive and 

receptive, but still, coordination issues can appear because of the absence of hierarchical control. 

 

4.2.3. Proposed Hierarchical Model 

The hierarchical multi agent model proposed is the fastest performing system that is tested amongst the systems. The system 

enhances coordination of activities, accuracy of decisions and efficiency in dispute management through organizing agents into a 

structured layer with specific responsibilities. The model had an effectiveness of resolving disputes at a high rate of 89 percent 

demonstrating a huge improvement in quick and effective handling of disputes. The success on negotiation rates of 86 percent rejects 
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that the hierarchical structure can provide more efficient negotiation coordination and settlement results. The score of fairness 

consistency is 91 percent, which proves that the system has incredibly consistent and unbiased decision-making on various cases of 

dispute. Lastly, the high user satisfaction rate at 88 percent is an indication of high confidence among the users regarding the 

effectiveness of the system providing just and transparent as well as effective dispute resolutions. These findings point to the 

usefulness of the hierarchical multi-agent model in enhancing automated dispute resolution systems. 

 

4.3. Discussion 

The results of the experiment prove that the suggested hierarchical multi-agent system of dispute resolution is much more 

efficient than the traditional systems of dispute resolution based on a rule and the flat multi-agent models in various aspects of 

performance. The enhancements in resolution efficiency, success of negotiation, their consistency in fairness, and satisfaction of the 

users point to the fact that the hierarchical architecture offers a more well-structured and effective framework in dealing with complex 

dispute resolution procedures. Although rule-based systems are transparent and easy to verify, they are based on a set of legal system 

rules and the decision tree that is predefined. This is a strict format that impedes their capacity to cope with the ever-changing conflict 

situations particularly where negotiation or context connotations are needed. Consequently, such systems tend to have a low rate of 

negotiation success and average user satisfaction levels. Conversely, the flat multi-agent model presents decentralization in decision-

making in which various agents are involved in coming up with solutions to conflicting situations. This will increase flexibility of the 

system and enable the agents to bargain with each other in order to arrive at settlements.  

 

Nevertheless, there is a risk of coordination difficulties among agents due to lack of hierarchical order especially when there is 

conflict or where complex decisions are to be supervised. In the absence of a centralized governance mechanism, the agents are likely 

to fail to have a uniform policy on decisions, and that may influence fairness consistency and stability in the entire system. The 

proposed multi-agent hierarchical model helps to overcome those limitations introducing the layered coordination of the agents. The 

operational layer is in charge of processing data, analyzing disputes, the mediation layer ensures negotiation and settlement dialog, 

and the governance layer in charge of provision of oversight and authority to make final decisions. Such a stratified composition allows 

a more efficient distribution of tasks, communication between agents, and monitoring of the process of resolving disputes. This makes 

the system have shorter times of dispute resolution, increased success rates of negotiation and increased consistency in decision 

making. Moreover, the supervisory agents guarantee the resolution of disagreements as outlined in the policies and the guidelines put 

forward by the management to promote fairness. In general, the findings indicate that hierarchical multi-agent orchestration is a 

scalable and reliable structure to be used to resolve disputes automatically, and it is therefore one of the most promising solutions 

implementable in intelligent legal and online dispute resolution hubs in the future. 

 

5. Conclusion 
In this study, a hierarchical multi agent orchestration framework was proposed in order to assist in automated dispute 

resolution in cyberspace. The suggested system combines artificial intelligence methods, negotiation approaches as well as rule-based 

governance processes on a layered agent model to enhance the efficiency and dependability of the dispute management operation. The 

architecture was designed to consist of several layers such as operational layer, mediation layer and governance layer, which were to 

perform certain roles in the dispute resolution process. The operational agents can submit the case, classify, and verify evidence, 

whereas negotiating and settling terms between conflicting parties can be joined by the mediation agents. The governance layer 

oversees the general procedure, whereby decisions made are in line with the legal provisions, organizational policies and principles of 

fairness. The system shares the work among the specialized agents to coordinate decision-making processes with transparency and 

accountability to automated dispute management.  

 

Experimental analysis of the suggested model showed that the hierarchical coordination of agents contributes to the substantial 

improvement of the work of the system in comparison with the traditional rule-based systems and the flat multi-agent systems. These 

findings revealed significant positive changes in the resolution efficiency, rate of success of the negotiation process, uniformity of 

fairness and overall satisfaction on the part of the user. These benefits are indicators of the benefits of trying to organize agent 

orchestration, in the sense that, clearly defined roles and communicational guidelines enable agent to coordinate without conflicting or 

overlapping decisions. Secondly, the hierarchical system also allows easier tracking and control over the dispute resolution process and 

also makes sure that in case of complex cases it is possible to move the cases to the upper level of decision making. This 

multidimensional model of coordination facilitates improved scalability of a system and also enable effective handling of large amount 

of disputes in Internet space like e-commerce platform, online services and legal systems. In addition, the results of the present 
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research indicate that automated dispute resolution systems can change the traditional way conflict management is performed as they 

deliver quicker, more effective, and clear decision making process. Integrating intelligent negotiation with rule-based reasoning, the 

suggested system will be able to manage a variety of situations of disputes without losing its objectivity and responsibility. This type of 

systems is very useful in digital ecosystems where there is a high number of disagreements that need to be resolved in time. System 

reliability is further guaranteed and smooth coordination of various parts of the architecture with others is offered by the integration 

of organized communication protocols between the agents. This framework can be increased with further research in the future by 

including more complex machine learning models, which allows agents to learn each time they encounter a dispute and can develop 

their negotiation policy up to the future. Transparency may also be improved by the usage of the explainable artificial intelligence 

methods, as users would be able to know how the automated decisions are made. Probably, blockchain-based audit systems can also be 

introduced to allow secure and impregnable aggregation of transactions and decisions in a dispute, which further enhances the 

confidence and responsibility of automated dispute resolution systems. With these inventions, the hierarchical multi-agent 

orchestration may still be enhanced as a potent technological measure in handling conflicts within more complex digital realms. 
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