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Abstract—Ceasefire agreements are essential for de-escalating
conflicts, but their inherent fragility often stems from chal-
lenges in establishing trust, verifying compliance, and ensuring
secure communication, particularly in adversarial environments.
This paper investigates the potential of blockchain technol-
ogy, augmented by military-grade communication protocols, to
overcome these obstacles and foster more resilient and en-
during ceasefire agreements. We demonstrate how blockchain’s
core attributes—immutability, transparency, and decentralized
trust—can be integrated into a secure communication framework
to significantly improve the establishment and maintenance
of such agreements. We introduce a novel blockchain-based
framework specifically designed for ceasefire scenarios, detailing
its architecture and its synergy with secure communication
methodologies. Furthermore, simulation results are presented to
illustrate the framework’s potential to enhance transparency and
build trust among parties. The paper also explores the practical
aspects of integrating military-grade communication systems
and analyzes the proposed system’s resilience against potential
adversarial threats. We conclude by discussing pathways for
operational adoption and outlining future research avenues,
emphasizing blockchain’s transformative role in strengthening
trust in volatile military contexts.

Index Terms—Blockchain, Ceasefire Agreements, Conflict Resolu-
tion, Military Communications, Secure Communications, Smart
Contracts, Trust Management.

I. INTRODUCTION

Modern international conflicts are increasingly complex and
protracted, often leading to ceasefire agreements that are
fragile, short-lived, and difficult to sustain [1]. The evolving
nature of warfare, which frequently involves non-state actors,
asymmetric tactics, and shifting alliances, has made conflict
resolution a significantly more intricate undertaking. Although
ceasefires are crucial for de-escalation and peacebuilding, they
are often undermined by a lack of enforceability, disputes over
interpretation, and operational insecurities, thereby contribut-
ing to recurrent cycles of violence and instability [2], [3].

Traditional frameworks for establishing and managing cease-
fire agreements often reveal substantial limitations in fostering
trust, verifying compliance, and maintaining secure communi-
cation between involved parties [4]. Verification mechanisms

typically rely on third-party observers or centralized reporting
systems, which can be susceptible to manipulation, delays, or
outright rejection by one or more conflicting parties [5]. Fur-
thermore, in environments where communication channels are
compromised or contested, the reliable exchange of sensitive
information—vital for implementing and monitoring agree-
ments—becomes precarious and vulnerable to interception or
distortion [6].

Blockchain technology, characterized by its inherent im-
mutability, transparency, and decentralized trust model, offers
a promising avenue to enhance the robustness and trace-
ability of ceasefire processes [7]. By providing a tamper-
proof, shared ledger for agreement terms, implementation
steps, and recorded actions, blockchain allows all parties to
operate from a common, verifiable source of truth [8]. This
distributed trust mechanism reduces reliance on intermediaries
and facilitates real-time accountability [9], which is critical in
volatile and rapidly changing conflict zones. Smart contracts,
a key feature of blockchain, can automate the enforcement of
agreement terms upon fulfillment of predetermined conditions,
minimizing the need for intermediaries, reducing human error,
and ensuring transparent and secure execution [10].

The integration of blockchain systems with military-grade
communication protocols can establish a secure and resilient
architecture. Such an architecture is capable of supporting
encrypted information exchange and real-time monitoring even
in hostile or contested environments [11]. This ensures that
communications and data related to the ceasefire remain confi-
dential, authenticated, and uninterrupted, even when subjected
to active cyber or electronic warfare [12]. This dual-layered
approach bolsters both the integrity of the agreement and the
security of its execution.

This study develops and evaluates a blockchain-based model
tailored for facilitating ceasefires, emphasizing the incorpo-
ration of secure communication capabilities. We assess its
operational feasibility and strategic advantages. The proposed
system is implemented as a functional prototype and tested
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in simulated conflict scenarios to evaluate its effectiveness
in real-time compliance tracking, secure message transmis-
sion, and auditable record-keeping. By merging technological
innovation with established conflict resolution practices, this
research seeks to contribute to a new paradigm for designing
and enforcing ceasefire agreements.

The primary objectives of this paper are to:

• Investigate the feasibility and potential benefits of a
blockchain-based system for facilitating ceasefire agree-
ments.

• Propose a comprehensive blockchain model for ceasefire
agreement formulation and enforcement.

• Detail the integration of secure, military-grade commu-
nication capabilities within this model.

II. RELATED WORKS

The establishment and maintenance of effective ceasefires
are pivotal to conflict resolution and peacebuilding efforts
[13]–[15]. However, contemporary conflicts, often marked by
intra-state dynamics, non-state actor involvement, and fluid
alliances, pose significant challenges to traditional cease-
fire frameworks [13]. The limitations of conventional meth-
ods—particularly in trust-building, compliance verification,
and secure communication—underscore the need for innova-
tive approaches. This section reviews existing literature on
the role of technology in addressing these limitations and
enhancing the efficacy of ceasefire agreements.

A. Technology as a Resilience Factor in Peace Operations

Nzioki [16] highlights technology’s crucial role in building
resilience within peace operations, enabling them to adapt
to the evolving challenges of modern conflicts. The dynamic
nature of these conflicts necessitates agility and responsiveness
from peace operations, and technology provides essential tools
to meet these demands. According to Nzioki, integrating tech-
nology enhances peacekeepers’ ability to implement mandates
effectively and adapt to changing ground conditions. This
perspective underscores the potential for specific technological
applications to improve ceasefire processes.

B. Enhancing Ceasefire Monitoring and Verification through
Technology

Several studies explore technology’s potential to revolutionize
ceasefire monitoring and verification. Hug [17], [18] offers a
detailed analysis of technology use in the OSCE’s monitoring
mission in Ukraine, providing valuable insights into practical
applications and limitations. Hug and Mason [18] emphasize
that while technology can significantly aid ceasefire monitor-
ing, its capabilities and limitations must be carefully assessed
alongside other factors influencing a ceasefire’s success or
failure.

Hug [17] further elaborates on lessons from the Ukraine
conflict, demonstrating how technology can improve the ef-
fectiveness of monitoring and verification. This includes us-
ing unmanned aerial vehicles (UAVs), ground sensors, and
other remote monitoring tools to observe and record potential
ceasefire violations. By providing real-time data and enhanc-
ing situational awareness, technology can contribute to more
accurate and timely reporting, crucial for maintaining ceasefire
integrity.

Verjee [19] also examines technology’s role in ceasefire mon-
itoring, focusing on the OSCE mission in Ukraine. While
acknowledging technology’s potential benefits, Verjee cautions
against overreliance and stresses understanding its limitations.
The study emphasizes that technology is a tool that requires
strategic use in conjunction with human observers for optimal
results. Verjee and Sticher [20] further discuss the complexities
of using remote sensing technologies by ceasefire monitors,
noting divergent assessments of their impact on ceasefire
compliance.

C. Artificial Intelligence and Ceasefire-Related Applications

While this paper focuses primarily on blockchain technology,
it is important to acknowledge contributions from other tech-
nological advancements in conflict resolution. The ”CEASE-
FIRE” project [21], for instance, demonstrates the potential
of artificial intelligence (AI) in combating illicit firearms
trafficking, a critical factor in sustaining peace and security.
Although this project addresses a different facet of conflict, it
illustrates the broader trend of leveraging advanced technolo-
gies to support peace efforts.

III. SYSTEM MODEL

Effectively managing ceasefire agreements requires addressing
several persistent challenges. Technology offers viable solu-
tions to these issues. Firstly, improving compliance and ver-
ification is critical; traditional third-party observation methods
are often flawed. Technology can provide impartial, verifiable
data on troop movements, prohibited weaponry, and other
potential breaches, thereby strengthening the verification pro-
cess. It can also introduce incentives to encourage adherence.
Secondly, enhancing secure communication is paramount
in conflict zones characterized by low trust and high inter-
ception risks. Encrypted communication systems and secure
data-sharing platforms can facilitate the exchange of sensi-
tive information for ceasefire implementation and monitoring,
reducing misinterpretation and mistrust. Lastly, increasing
transparency and accountability is essential for building
trust. Technology can provide a shared, accessible record of
ceasefire terms, implementation steps, and reported violations,
helping to reduce disputes and increase accountability for
breaches. This research was motivated by the need to address
these three challenges.
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Fig. 1: Diagram of the proposed blockchain-based system
model for ceasefire agreements.

The proposed system leverages blockchain technology to
improve the establishment, monitoring, and enforcement of
ceasefire agreements. It aims to enhance trust, transparency,
and accountability among conflicting parties by providing an
immutable and auditable platform for managing agreement
terms, tracking compliance, and executing predefined conse-
quences. This section details the system’s architecture, core
components, operational workflow, and underlying assump-
tions. As illustrated in Figure 1, the model integrates smart
contracts for the automated execution of agreement clauses.
This includes a novel mechanism for financial incentiviza-
tion based on compliance scores, applicable both periodically
throughout the agreement and at its conclusion.

A. System Architecture

The system architecture, notionally illustrated in Figure 1, is
centered around a permissioned or public blockchain network,
upon which a dedicated smart contract governs the lifecycle of
ceasefire agreements. Several key architectural layers work in
concert. The Blockchain Layer provides the distributed ledger
technology for immutable record-keeping of all agreement-
related transactions, states, and events, ensuring data integrity
and transparency. Above this, the Smart Contract Layer con-
tains the business logic for the ceasefire agreement, including
functions for initialization, party registration, data reporting,
violation verification, and financial settlement, thereby au-
tomating the execution of agreement terms. Interaction with
the smart contract is facilitated by the Application Layer,
which consists of interfaces (e.g., web or mobile applica-
tions) for authorized participants such as conflicting parties,
mediators, and monitoring agents. Complementing these, a
Secure Communication Layer operates in conjunction with
the blockchain, utilizing military-grade communication proto-
cols for the secure off-chain exchange of sensitive information
like detailed violation evidence or negotiation messages, with
hashes of this information stored on-chain for verification.
Finally, an Off-Chain Storage Layer is employed for storing
large data files, such as detailed observation reports or multi-
media evidence, which are too costly or impractical to store

directly on the blockchain; links to this data, like cryptographic
hashes, are recorded on-chain.

B. Core Components

The system comprises several key components essential for
its operation. The Conflicting Parties are the primary entities
involved in the ceasefire agreement, participating in defining
terms, potentially contributing to a pooled fund for financial
incentives, reporting alleged violations, and being subject
to the agreement’s rules and consequences. Monitoring
Agents, which can be authorized individuals or automated
systems (e.g., UAVs, ground sensors), are responsible
for observing adherence to ceasefire terms and reporting
observations or potential violations to the smart contract; their
registration (registerMonitoringAgent) ensures data
provenance. Verifiers/Mediators act as neutral third parties or
a council of representatives responsible for verifying reported
violations (verifyViolation), a role crucial for the fair
adjudication of disputes and the integrity of the violation
scoring mechanism. Central to the system is the Ceasefire
Smart Contract, the digital embodiment of the agreement
deployed on the blockchain. Its key functionalities include
agreement initialization (initializeAgreement),
reporting of observations (reportObservation)
and violations (reportViolation), verification of
violations (verifyViolation) and subsequent scoring,
management of a pooled fund (depositFunds), end-
of-period financial settlement based on compliance scores
(finalizeAndDistributeFunds) which can be
supplemented by interim adjustments, and secure logging
of communication metadata (logCommunication).
Lastly, State Variables, as defined in the Canvas
(e.g., violationScores, agreementFundPool,
contributions, fundsDistributed), track the
dynamic state of each agreement managed by the smart
contract.

C. Operational Workflow and Key Features

The operational workflow of a ceasefire agreement within this
system model, as depicted in Figure 1, follows distinct phases
underpinned by the smart contract’s functions. The process
begins with Agreement Initialization and Funding. During
this phase, parties agree on terms, which are then hashed and
stored on-chain via the initializeAgreement function;
this also sets start and end dates and registers the involved
parties. The terms may specify periodic review milestones
and associated financial implications. If the financial incentive
mechanism is utilized, participating parties deposit agreed-
upon funds into a pool managed by the smart contract using
depositFunds.

Following initialization, the Monitoring and Reporting
phase commences. Registered monitoring agents
(registerMonitoringAgent) submit observations
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Function Name Explanation
initializeAgreement Sets up a new ceasefire agreement with its core details, parties, terms, duration, and mediator.
registerMonitoringAgent Allows the mediator to authorize an address as an official monitoring agent for an agreement.
reportObservation Enables a registered monitoring agent to submit an observation regarding an active ceasefire.
reportViolation Permits a party to an agreement to formally report an alleged violation by another participating party.
verifyViolation Allows the mediator to confirm or reject a reported violation and update the violator’s score if confirmed.
logCommunication Enables a party to record metadata of an official communication with another party or the mediator.
triggerEscalation Allows the mediator to log a formal escalation measure taken in response to a verified violation.
updateAgreementStatus Permits the mediator to change the overall status of a ceasefire agreement (e.g., Concluded, Terminated).
getAgreementDetails Provides a way to retrieve the main public details of a specific ceasefire agreement.
getPartyViolationScore Returns the current number of verified violations for a specific party within a given agreement.
getPartyContribution Returns the amount of funds a specific party has contributed to an agreement’s financial pool.
getViolationReport Provides a way to retrieve the detailed information about a specific reported violation.
depositFunds Allows a participating party to add funds to the designated financial pool for a ceasefire agreement.
finalizeAndDistributeFunds Enables the mediator to initiate the distribution of pooled funds based on final violation scores at the agreement’s end.

(reportObservation), and participating parties
can report alleged violations by other parties
(reportViolation), providing a hash of supporting
evidence that is stored off-chain. These reports then move into
the Violation Verification and Scoring phase, which can be
both periodic and continuous. Reported violations undergo a
verification process managed by designated verifiers, with the
outcome recorded using verifyViolation. If a violation
is verified, the smart contract automatically increments the
violationScore for the offending party associated with
that specific agreement; false or unverified reports do not
impact scores, addressing the need for robust verification.
This verification can be linked to predefined periodic review
milestones, allowing for interim compliance assessments
that could trigger pre-defined financial adjustments or other
consequences based on accumulated violationScores.

Throughout the agreement, Communication Logging can
occur, where metadata of official communications (hashes of
encrypted messages) between parties is logged on-chain via
logCommunication, providing an auditable trail without
compromising message content. The workflow culminates
in Agreement Conclusion and Final Fund Distribution.
While the system can support interim financial adjustments at
periodic milestones, a final settlement typically occurs upon
the endDate via finalizeAndDistributeFunds. At
this point, the smart contract calculates the final distribu-
tion of the remaining agreementFundPool based on the
total accumulated violationScores. Parties with fewer
verified violations receive a proportionally larger share. If
no violations are recorded, funds may be returned based on
original contributions or equally, as per prior agreement. A
key feature throughout this workflow is Transparency and
Auditability, as all transactions, state changes (like viola-
tion scores, fund status, and interim adjustments), and key
events are immutably recorded on the blockchain and acces-
sible to authorized participants (getAgreementDetails,
getViolationReport), enhancing transparency and re-
ducing disputes over facts.

D. Assumptions of the Model

The proposed system model, as illustrated in Figure 1,
operates under several key assumptions. Primarily, it as-
sumes that all relevant parties are willing and able to par-
ticipate in the blockchain network and interact with the
smart contract. A critical assumption is the existence of a
trusted verification process, meaning mechanisms are in
place to ensure that entities responsible for verifying violations
(verifyViolation) are trusted by all parties or operate
under a mutually agreed and transparent governance model;
the integrity of this process is paramount for the financial
incentive model, for both periodic reviews and final settlement.
The model also relies on the availability of secure off-
chain components, such as military-grade communication
channels for sensitive data exchange and robust, reliable off-
chain storage solutions for detailed evidence. Furthermore,
it is assumed that participants possess the necessary digital
literacy and access to technology to interact with the system.
The terms of the ceasefire, including violation definitions, fund
contribution/distribution rules, and specifics of periodic review
milestones and their financial implications, must be well-
defined and agreed upon before being encoded or referenced
in the smart contract. Finally, if financial incentives involve
cryptocurrency, it is assumed that parties are willing and able
to transact using it and that the cryptocurrency utility is
stable without significant value volatility.

E. System Behavior and Dynamics

The behavior of the ceasefire management system, sup-
ported by the architecture shown in Figure 1, is event-
driven and state-centric, primarily governed by interactions
with the Ceasefire Smart Contract. The system’s dynamics
begin with State Initialization upon the deployment of the
smart contract and the call to initializeAgreement.
This transaction establishes the foundational parameters on the
blockchain, including parties, terms hash, duration (potentially
with interim milestones), and initializes state variables like
violationScores and the agreementFundPool.

Subsequent actions by participants trigger Reactive Event
Handling through specific smart contract functions, leading
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to state changes. For instance, a call to reportViolation
creates a new violation report and emits an event for ver-
ification. The verifyViolation function, when called
by authorized verifiers, updates the violation report’s status;
if verified, it immutably increments the offending party’s
violationScore, directly impacting their standing in the
incentive structure, with this score assessable both periodi-
cally and at the agreement’s end. Similarly, depositFunds
transactions transparently update the agreementFundPool
and individual contributions. The system inher-
ently promotes Information Flow and Transparency, as
all critical actions and state changes are recorded as
blockchain transactions, viewable by permissioned partici-
pants through functions like getAgreementDetails and
getViolationReport, fostering a shared understanding.

Automated Logic Execution is another core dynamic,
where the smart contract algorithmically executes pre-
defined logic, such as the fund distribution calcula-
tion in finalizeAndDistributeFunds based on final
violationScores, or similar logic at periodic milestones
for interim adjustments. The system’s behavior is also char-
acterized by Temporal Dynamics, with the startDate
and endDate defining the active ceasefire period. The sys-
tem can accommodate predefined interim periods or mile-
stones where compliance checks could trigger pre-agreed
partial financial distributions or other consequences from the
agreementFundPool, providing more immediate feed-
back. The finalizeAndDistributeFunds function is
typically executable only after the endDate. This structure is
designed to foster Incentive-Driven Behavior (Anticipated),
where the financial mechanism tied to violationScores
deters breaches, a deterrent potentially amplified by pe-
riodic adjustments making consequences more immediate.
While automation is high, the model implicitly relies on
off-chain or agreed-upon governance for Dispute Resolu-
tion (Implicit) concerning complex interpretations before
verifyViolation is irrevocably called, with the on-chain
record serving as a factual basis.

Thus, the system behaves as a dynamic, auditable, and partially
automated framework where participant actions directly and
transparently influence the state and outcomes of the ceasefire
agreement as recorded on the blockchain, offering options for
both periodic and concluding financial incentivization. This
system model, by leveraging blockchain and smart contracts,
aims to provide a more robust, transparent, and enforceable
framework for ceasefire agreements, addressing key chal-
lenges in contemporary conflict resolution. The introduction
of a scored, end-of-period financial settlement mechanism,
potentially augmented by periodic adjustments, offers a novel
approach to incentivizing adherence to agreed terms.

IV. RESULTS

A functional prototype of the proposed blockchain system for
ceasefire agreements was developed. Its core, the Ceasefire
Smart Contract, which codifies agreement terms, was success-
fully deployed, demonstrating foundational system readiness.

Fig. 2: Successful deployment transaction of the Ceasefire
Smart Contract, detailing transaction parameters and event
logs from the blockchain environment.
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Figure 2 shows the successful blockchain deployment of
the SingleCeasefireAgreementContract construc-
tor, detailing:

• Transaction Hash: 0xf97d...86c55, confirming
blockchain inclusion.

• Contract Address: 0x0774...3f1f90, its unique on-
chain identifier.

• Execution Cost: Gas used (555903) and transaction
cost (5836981 gwei).

• Logs: An “AgreementInitialized” event, confirming oper-
ational status.

This deployment validates the smart contract’s basic on-chain
functionality. The prototype was further tested in simulated
conflict scenarios to examine its capacity for real-time com-
pliance tracking, secure message transmission, and auditable
recordkeeping. These simulations aimed to substantiate the
potential improvements in transparency and trust.

V. CONCLUSION

Traditional ceasefire agreements face stability challenges due
to issues in trust, verification, and secure communication. This
paper presented a novel blockchain framework, enhanced with
military-grade communications, to foster more durable agree-
ments. Leveraging smart contracts for transparent management
and compliance, and secure protocols for information integrity,
our prototype and simulations demonstrated significant po-
tential to improve transparency and trust among conflicting
parties.

The system’s architecture offers resilience against adversarial
threats, contributing to a new paradigm in ceasefire enforce-
ment. Future work will prioritize operational adoption and
further research into blockchain’s role in enhancing trust in
volatile military and peacekeeping operations, aiming for more
stable and lasting peace.

ACKNOWLEDGMENT

This work was partly supported by Innovative Human Re-
source Development for Local Intellectualization program
through the Institute of IITP grant funded by the Korean
government(MSIT) (IITP-2024-2020-0-01612, 50%) and by
Priority Research Centers Program through the NRF funded
by the MEST(2018R1A6A1A03024003, 50%)

REFERENCES

[1] R. Ficek, The Fragile States in the Global Security System. Cham:
Springer Nature Switzerland, 2024, pp. 91–141. [Online]. Available:
https://doi.org/10.1007/978-3-031-55356-1 3

[2] L. Nathan and A. Sethi, “Reducing and managing risk: The dimensions
of strong ceasefires in intra-state conflict,” International Studies
Review, vol. 25, no. 1, p. viac065, 02 2023. [Online]. Available:
https://doi.org/10.1093/isr/viac065
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