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Abstract

This paper introduces ATTPs (AgentText Transfer Protocol Secure), a novel protocol frame-
work designed to enable secure, verifiable data exchange between AI agents. By implementing a
multi-layered verification mechanism incorporating zero-knowledge proofs[1], Merkle trees[2], and
blockchain consensus protocols, ATTPs establishes a trustworthy communication infrastructure
for the emerging AI agent ecosystem. We present the theoretical foundations, system architecture,
and practical implementations.
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1 Current State of Agents Communication

The rapid proliferation of AI agents has created an urgent need for secure, verifiable data transfer
protocols. While existing solutions provide basic communication capabilities, they lack robust verifi-
cation mechanisms and standardized trust frameworks. ATTPs addresses these limitations through a
comprehensive protocol stack that ensures data integrity, authenticity, and verifiability.
The proliferation of AI agents has led to an exponential increase in inter-agent data transmission.
Without a standardized security protocol, these communications occur through various ad-hoc chan-
nels, creating significant vulnerabilities. Let A = a1, a2, ..., an represent the set of communicating
agents, where each transmission t between agents can be represented as:

t(ai, aj) = {d|d = raw data}
This basic transmission model lacks fundamental security properties and verification mechanisms.

1.1 Threats Model Analysis

1.1.1 Data Integrity Threats

For any data transmission d between agents, an adversary E can perform modification attacks:
Attack(d) = d+ ϵ where ϵ represents malicious modification P (detect(ϵ)) ≈ 0 in current systems
The probability of detecting such modifications approaches zero in systems without verification mech-
anisms.

1.1.2 Authentication Failures

Current systems struggle with agent authentication, leading to identity spoofing:
Spoof Probability(ai) = P (E −→ ai) where E represents malicious entity
Without robust authentication: P (verify(E −→ ai)) ≈ P (verify(ai))

1.1.3 Trust Quantification Problem

The absence of a standardized trust framework creates a trust quantification problem:

Trust Current(ai) = undefinedRisk(interaction) = unknown

This leads to unreliable agent interactions and potential system-wide vulnerabilities.

1



1.2 Impact Analysis of Vulnerable Communication

1.2.1 Direct Impact on Agent Operations

For a system S with n agents, the impact of compromised data can be modeled as:
Impact(S) =

∑
i(wi ×Damage(ai))

where:
- wi : importanceweightofagentai
-Damage(ai) : operationalimpactonagentai

1.2.2 Cascading Failure Scenarios

Compromised data can trigger cascade effects through the agent network:
Cascade(d

′
) =

∏
i Impact(ai, d

′
)

Total Impact =
∑

i Cascade(di)

1.2.3 Economic Impact Model

The economic impact of vulnerable agent communication can be expressed as:
Economic Loss =

∑
(Direct Loss+Reputation Loss+Recovery Cost)

where:
Direct Loss =

∑
i(Transaction V aluei × Compromise Probabilityi)

1.3 Case Studies of Critical Vulnerabilities

1.3.1 Price Manipulation

Consider a price feed agent ap providing data to target agents d1, d2, ..., dn:
Manipulation Impact(ap) =

∑
i(∆pricei × affected transactionsi)

With the manipulation impact, a target agent like AI wallet trading automatically with price trends
will have a wrong behavior on investment .

1.3.2 News Feed Poisoning

For news feed agents providing market signals:
Misinformation Impact =

∑
i(Market Movementi × False Signali)

As shown in Figure 1, historical data presents that market manipulation through fake news causing
rapid price movements exceeding 30%.

Figure 1: News impaction
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2 Related work

2.1 Limitations of Current Solutions

Current solutions for AI agent communication suffer from several critical limitations that significantly
impact their reliability and security in practical applications. These limitations can be categorized
into three primary areas:

2.1.1 Verification Deficit

The most fundamental limitation of existing systems is their inability to provide comprehensive data
verification, particularly for external data sources. The verification capability can be formally expressed
as:
P(verify data) = {
true: if local verification
undefined: if external data
}
This mathematical representation illustrates a critical bifurcation in current systems’ verification ca-
pabilities. When dealing with locally generated data, systems can perform basic verification (returning
’true’ if verified). However, when processing external data - which constitutes the majority of inter-
agent communications - the verification state becomes undefined. This undefined state represents not
just an absence of verification but a fundamental inability to establish data authenticity[9].
The implications of this verification deficit are particularly severe in scenarios where agents make
critical decisions based on external data. For instance, in automated trading systems, the inability to
verify external price feeds can lead to decisions based on manipulated or incorrect data, potentially
resulting in significant financial losses.

2.1.2 Trust Establishment

Current solutions implement an overly simplistic trust model that fails to capture the nuanced nature
of inter-agent relationships:
Trust Metric = {
binary: true/false
lacking: confidence levels
missing: historical context
}
This formalization reveals three critical shortcomings in existing trust frameworks. First, trust is
typically implemented as a binary state - an agent is either trusted or not, with no gradation in
between. This binary approach fails to reflect the reality of trust relationships, which exist on a
spectrum rather than as absolute states.
Second, the absence of confidence levels means systems cannot express degrees of certainty in their
trust assessments. This limitation becomes particularly problematic in scenarios where agents need to
make decisions based on partially trusted sources or when trust levels need to be adjusted based on
recent performance.
Third, the lack of historical context means trust decisions are often made based solely on current state,
without considering past interactions or behavior patterns. This ahistorical approach makes systems
vulnerable to sophisticated attacks that might be detectable through pattern analysis over time.

2.1.3 Scalability Constraints

The relationship between system throughput and verification complexity represents a significant limi-
tation in current systems:
System Throughput ∝ 1/V erification Complexity
This inverse proportionality relationship demonstrates that as verification mechanisms become more
sophisticated and thorough, system throughput decreases proportionally. This creates a fundamental
tension between security and performance that current solutions have been unable to resolve effectively.
The practical impact of this limitation is particularly evident in high-throughput scenarios, such as
real-time data feeds or high-frequency trading systems. In these cases, systems often must choose
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between maintaining adequate throughput and implementing comprehensive verification procedures.
This forced trade-off frequently results in systems prioritizing performance over security, creating
vulnerabilities that malicious actors can exploit.
These limitations collectively create significant barriers to the development of truly secure and scalable
AI agent communication systems. The verification deficit makes it difficult to establish data authen-
ticity, the simplistic trust model fails to capture the complexity of inter-agent relationships, and the
scalability constraints[10] force unacceptable trade-offs between security and performance. The ATTPs
protocol addresses these limitations through its comprehensive approach to verification, sophisticated
trust modeling, and innovative scalability solutions.

2.2 Requirements for Secure Agent Communication

Based on the identified threats and vulnerabilities, we establish the following requirements for a secure
agent communication protocol:
Data Integrity Verification:
∀d ∈ Transmissions,∃proofπ : V erify(d, π) = true
Agent Authentication:
∀a ∈ Agents : Identity(a) = V erifiable Unique ID
Trust Quantification:
∀a ∈ Agents : Trust(a) = f(history, performance, verification)
Scalable Verification:
V erification T ime(d) ≤ 500ms
System Availability ≥ 99.99%

3 Verifiable Data Delivery Protocol

3.1 Theoretical Foundation

Let A = a1, a2, ..., an be a set of AI agents where each agent ai ∈ A has a unique identity and crypto-
graphic key pair (pki, ski). The protocol defines a secure communication channel C between any two
agents (ai, aj) such that:

C(ai, aj) = {m|m = Enc(pki, (d, π))}

where:
d represents the transmitted data
π represents the zero-knowledge proof of data validity
Enc(pk, m) denotes public key encryption of message m

3.2 Trust Model

We define the trust score T for any agent ai as:

T (ai) = α1R(ai) + α2V (ai) + α3P (ai) + α4H(ai)

where:
R(ai): Historical reliability score
V (ai): Proof validity rate
P (ai): Peer rating score
H(ai): Account history weight
α1 + α2 + α3 + α4 = 1 (weighting factors)

3.3 Protocol Layers

The ATTPs protocol implements a five-layers architecture that ensures secure, verifiable data trans-
mission between AI agents as shown in Figure 2. Each layer provides specific security guarantees and
functionality, working in concert to create a robust communication framework.
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Figure 2: Architecture
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Figure 3: APRO Chain

3.3.1 Transport Layer

The Transport Layer serves as the foundational infrastructure for agent communication, implementing
a distributed P2P network architecture with Byzantine fault tolerance[3]. When a target agent request
verifiable data from source agent, it does not connect with source agent directly but request the data
from RPC interface of Transport Layer. Source agents will push data and proof to a verifier contract,
and then the nodes of Transport Layer can catch the Verified event, reach the data consensus and
store the verified datas.
This layer utilizes a hybrid consensus mechanism that combines Proof-of-Stake with BTC staking and
slashing, ensuring network reliability even in the presence of malicious nodes. The layer implements
sophisticated Quality of Service (QoS) management through dynamic routing algorithms and con-
gestion control mechanisms, maintaining system performance under varying network conditions.The
distributed message ordering mechanism is based on Lamport’s logical clocks[4].
For above purpose we form our APRO Chain. And with BTC staking, we can get the best security
of POS networks. We proposes the development of a robust and secure ATTPs Transport Layer
built upon Bitcoin-backed security infrastructure and the Cosmos ecosystem. By leveraging the vote
extension capabilities provided by Cosmos ABCI++, APRO Chain aims to create a decentralized data
consensus solution that enables validator nodes to sign and vote on data, ultimately aggregating it
into a unified feed for consumption by other agents. APRO Chain’s architecture is shown in Figure 3.
1.Set up the APRO Chain as a Cosmos-based app chain, leveraging the Cosmos SDK and the Cos-
mosBFT consensus mechanism.
2.Integrate Bitcoin-staking infrastructure to enhance the security of the APRO validator nodes, en-
suring a robust foundation for the network.
3.Implement vote extensions using Cosmos’ ABCI++ to enable validator nodes to sign and vote on
data, promoting decentralization and consensus within the network. Vote Extensions enable validators
running APRO program to post censorship-resistant data every block. We’ll go through the imple-
mentation of:
ExtendVote to get information from external data APIs and calculate the results.
VerifyVoteExtension to check that the format of the provided votes is correct and calculate the
weighted number of all votes. Label the malicious behavior of other validators.
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PrepareProposal to process the vote extensions from the previous block and include them into the
proposal as a transaction.
ProcessProposal to check that the first transaction in the proposal is actually a ”special tx” that
contains the price information and slash information.
PreBlocker to make price information available during FinalizeBlock.
4.Establish IBC connections with the Cosmos Hub and other App Chains in the Cosmos ecosystem to
facilitate seamless data feed services and cross-chain communication.
5.Integrate with Ominity IBC or Union IBC and other cross-chain infrastructure to enable communi-
cation and data sharing with non-Cosmos app chains.
Staking and Slashing Mechanism:
To participate in the APRO Chain protocol, nodes are required to stake BTC and APRO token for
business logic. The staking mechanism serves as a security measure to ensure honest behavior among
participating nodes. Nodes can choose to run as a Validator node independently or delegate their stake
to a designated proxy node.
When a node joins the APRO Chain network as a Voting Validator, it must stake a certain amount of
APRO tokens and run Cosmos SDK v0.5. The staked tokens act as collateral, incentivizing the node
to perform its tasks honestly. If a node is found to be acting maliciously or providing false data, it
will be subject to slashing.
Slashing is a penalty mechanism that punishes misbehaving nodes by cutting a portion of their staked
tokens. In the case of APRO Chain, if the upper-layer Verdict Layer determines that a node has acted
maliciously, one-third of the node’s total staked amount will be slashed. This significant penalty serves
as a strong deterrent against malicious behavior.
Nodes can also choose to delegate their stake to a proxy node. In this case, the proxy node is responsible
for performing the APRO Chain tasks on behalf of the delegating node. If a proxy node is found to
be acting maliciously, both the proxy node and the delegating node will be subject to the slashing
penalty.
The staking and slashing mechanism in APRO Chain ensures that participating nodes have a strong
incentive to behave honestly and provide accurate data. By putting their APRO tokens at risk, nodes
are motivated to follow the protocol rules and maintain the integrity of the off-chain computation
process.
In summary, APRO Chain provides a decentralized and efficient way to perform off-chain computations
while ensuring data reliability and security. The four-step process, involving data model, extenedVote
processing, nodes verification, and data sources, enables seamless integration of off-chain data with on-
chain smart contracts. The staking and slashing mechanism, using APRO tokens, incentivizes honest
behavior among participating nodes and penalizes malicious actors[7, ?]. This combination of off-chain
computation and staking-based security makes APRO Chain a robust and trustworthy protocol for
decentralized applications.

3.3.2 Verification Layer

The Verification Layer implements a multi-stage verification protocol that combines zero-knowledge
proofs, Merkle tree validation, and trust scoring mechanisms. Each data transmission undergoes rig-
orous verification through a composite verification function that evaluates multiple security properties
simultaneously. This layer maintains a distributed ledger[5] of verification records, enabling historical
analysis and trust score computation.
The verification process follows a mathematical model:
V erify(d) = ZKP V alid(d) ∧MT V alid(d) ∧ Trust V alid(d)
where:
- ZKP Valid: Zero-knowledge proof verification
- MT Valid: Merkle tree validation
- Trust Valid: Trust threshold verification with short singature[6]

Figure 4 shows the flow of data verification. The four key components are: Source Agent, Verification
Nodes, Target Agent, and Consensus System.
The verification process begins when a Source Agent submits a message along with its associated proofs
to the Verification Nodes. These proofs are essential components that enable the verification of the
message’s authenticity and integrity.
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Figure 4: Verification Flow
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Upon receiving the submission, the Verification Nodes perform a thorough verification of the provided
proofs. This verification step is crucial as it ensures the message meets all protocol requirements and
security standards.
After completing the proof verification, the Verification Nodes submit their verification result to the
Consensus System. At this point, the Consensus System initiates a parallel process where it collects
votes from all participating nodes and works to reach consensus regarding the message’s validity.
Once consensus is achieved, the Consensus System forwards the verified message to the Target Agent.
The Target Agent then performs its own validation of the message as an additional security measure.
This creates multiple layers of verification to ensure message integrity.
If the message successfully passes all verification steps, an acknowledgment receipt is optionally sent
back to the Source Agent, confirming successful delivery and verification.
However, if the message is found to be invalid at any point in this process, two actions occur simul-
taneously: the Verification Nodes send a reject message to the Source Agent, and the Target Agent
reports the invalid message to the Consensus System. This dual reporting ensures that all parties are
aware of the verification failure and appropriate measures can be taken.
This flow demonstrates the protocol’s robust verification mechanism, incorporating multiple check-
points and consensus-based decision making to ensure secure and reliable communication between AI
agents. The sequence of steps ensures that only valid, verified messages reach their intended recipients,
while maintaining a clear audit trail of the verification process.
Trust scores are also used for nodes’ verification weight and are computed through a dynamic weighting
system:
Trust Score =

∑
i(wi × factor valuei)

subject to:
∑

i wi = 1

3.3.3 Message Layer

The Message Layer handles message formatting, encryption, and routing through a sophisticated
protocol stack. It implements end-to-end encryption using hybrid cryptographic schemes, combining
the advantages of symmetric and asymmetric encryption. This layer also manages message serialization
and deserialization, ensuring data integrity across different agent implementations and platforms. The
general message format is like:

1 {

2 "header": {

3 "version": "1.0",

4 "messageId": "uuid-v4",

5 "sourceAgentId": "agent_id",

6 "targetAgentId": "agent_id",

7 "timestamp": "iso8601",

8 "messageType": "request/response/event",

9 "priority": "high/medium/low",

10 "ttl": "time_to_live",

11 "payload_hash": "RLP_Keccak256"

12 },

13 "payload": {

14 "data": "encrypted_data",

15 "dataHash": "RLP_Keccak256",

16 "proofs": {

17 "zkProof": "zk_proof_data",

18 "merkleProof": "merkle_proof_data",

19 "signatureProof": "signature_data"

20 },

21 "metadata": {

22 "contentType": "content_type",

23 "encoding": "encoding_type",

24 "compression": "compression_type"

25 }
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26 },

27 "verification": {

28 "signatures": [{

29 "signer": "agent_id",

30 "signature": "ed25519_signature",

31 "timestamp": "iso8601"

32 }],

33 "certificateChain": ["cert1", "cert2"],

34 "trustScore": "float_0_to_1"

35 }

36 }

Message security is guaranteed through:

1 Message_Security(m) = {

2 encryption: AES-256-GCM(m, session_key),

3 authentication: Ed25519(hash(m)),

4 forward_secrecy: X25519(ephemeral_keys)

5 }

The layer implements adaptive routing based on network conditions:
Route Selection(m) = argmax(w1 × reliability + w2 × speed+ w3 × cost)

3.3.4 Agents Layer

ments high-level APIs for data validation, business logic execution, and agent interaction patterns.
This layer manages application-specific requirements while ensuring protocol compliance, implementing
sophisticated state management and error handling mechanisms.
Agents integrity is maintained through:

1 App_Integrity = {

2 state_validation: verify(current_state, expected_state),

3 error_handling: try_catch_recover(operations),

4 performance_monitoring: monitor(metrics, thresholds)

5 }

3.3.5 Register Layer

The Register Layer serves as the protocol’s governance and management infrastructure, implement-
ing sophisticated agent registration and lifecycle management mechanisms. This layer maintains a
distributed registry of all participating agents, their capabilities, and their authorization levels. It
generates and manages verifier contracts that enforce protocol rules and agent behavior constraints.
The registration process follows a formal model:

1 Register(agent) = {

2 identity: generate_unique_id(agent_params),

3 verifier: deploy_contract(agent_type, constraints),

4 authorization: set_permissions(capability_matrix)

5 }

Protocol governance is managed through:

1 Protocol_Management = {

2 parameter_updates: governance_vote(params),

3 agent_lifecycle: manage_state(agent_id),

4 compliance: verify_adherence(rules),
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5 metrics: monitor_performance(thresholds)

6 }

Agent capabilities are defined through a structured matrix:

1 Capability_Matrix = {

2 permissions: [read, write, verify, delegate],

3 scope: [local, network, global],

4 constraints: {

5 rate_limits: max_operations/time,

6 resource_limits: max_consumption,

7 interaction_patterns: allowed_sequences

8 }

9 }

3.4 Historic Data Storage

The ATTPs protocol implements a sophisticated historical data storage system that ensures data
immutability, verifiability, and efficient retrieval. This system leverages Directed Acyclic Graph (DAG)
structures for data organization and distributed storage networks for persistence, creating a robust
foundation for long-term data accessibility and verification.

3.4.1 DAG-Based Data Organization

Historical data is organized in a DAG structure where each data point links to multiple previous points,
forming a comprehensive verification chain. The structure can be formally represented as:

1 DataNode = {

2 content: EncryptedData,

3 timestamp: Timestamp,

4 prevHashes: [Hash_1, Hash_2, ..., Hash_n],

5 signature: Sign(content || timestamp || prevHashes),

6 proof: ZKP(ValidationRules)

7 }

This structure enables efficient verification of data lineage while maintaining temporal relationships
between data points. Each node contains encrypted content, temporal metadata, references to pre-
decessor nodes, cryptographic signatures, and zero-knowledge proofs of data validity. The multiple
predecessor links create a robust verification mesh that prevents retrospective data manipulation.

3.4.2 Distributed Storage Integration

The protocol supports multiple distributed storage backends through a standardized interface:

1 StorageAdapter = {

2 store(data: DataNode) → CID,

3 retrieve(cid: CID) → DataNode,

4 verify(cid: CID, proof: Proof) → Boolean,

5 params: {

6 replication: ReplicationFactor,

7 persistence: StorageDuration,

8 retrieval: {

9 latency: MaxLatency,

10 bandwidth: MinBandwidth

11 }

12 }

13 }
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IPFS Implementation: The IPFS storage adapter implements content-addressed storage with deter-
ministic CID generation. Data nodes are stored as IPLD objects, enabling efficient traversal of the
DAG structure. The system employs IPFS’s native pinning mechanisms augmented with additional
replication policies to ensure data availability. Storage costs are managed through automated garbage
collection of expired or invalidated data nodes.
Arweave Integration: For data requiring permanent storage, the protocol leverages Arweave’s blockchain-
based storage. The Arweave adapter implements specialized bundling strategies to optimize storage
costs while maintaining data accessibility. Each data bundle includes comprehensive proof structures
that enable independent verification of data authenticity:

1 ArweaveBundle = {

2 nodes: [DataNode_1, DataNode_2, ..., DataNode_3],

3 merkleRoot: ComputeMerkleRoot(nodes),

4 proofs: GenerateProofs(nodes),

5 metadata: {

6 timestamp: BlockTimestamp,

7 bundleID: Hash(nodes || merkleRoot),

8 verificationRules: RuleSet

9 }

10 }

BNB Greenfield Implementation: For applications requiring high-performance storage with traditional
cloud characteristics, the protocol integrates with BNB Greenfield. This implementation provides:

1 GreenFieldStorage = {

2 bucketPolicy: {

3 access: AccessControlPolicy,

4 replication: GeographicDistribution,

5 redundancy: RedundancyLevel

6 },

7 dataOrganization: {

8 sharding: ShardingStrategy,

9 indexing: IndexingScheme,

10 caching: CachingPolicy

11 },

12 economics: {

13 pricing: DynamicPricingModel,

14 incentives: ValidationRewards

15 }

16 }

3.4.3 Data Retrieval and Verification

The historical data retrieval process implements a multi-tier caching strategy with progressive verifi-
cation:

1 RetrievalProcess = {

2 query: TemporalQuery → DataNodes,

3 verify: DataNodes → VerificationResult,

4 where VerificationResult = {

5 authenticity: ProofValidation,

6 completeness: CoverageAnalysis,

7 consistency: CrossReferenceCheck

8 }

9 }
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This system enables efficient querying of historical data while maintaining cryptographic guarantees
of data authenticity. The verification process validates not only individual data points but also their
relationships within the broader DAG structure, ensuring comprehensive data integrity.
The protocol implements specialized efficiency optimizations for different query patterns:
Time-Range Queries: Employs skip lists and temporal indices to efficiently retrieve time-bounded data
sets while maintaining verification capabilities.
State Reconstruction: Utilizes checkpoint mechanisms and incremental verification to efficiently re-
construct historical states without compromising security guarantees.
Cross-Reference Validation: Implements parallel verification paths through the DAG to provide re-
dundant validation of critical data points.

4 Ecosystem of ATTPs

4.1 Source Agents

Source Agents form the foundational data infrastructure of the ATTPs ecosystem, serving as trusted
data providers that generate and validate critical information for downstream applications. These
agents implement comprehensive data verification mechanisms while operating under a sustainable
business model where they generate revenue through data service fees charged to Target Agents.

4.1.1 Verifiable Price Feed Agent

The Price Feed Agent provides cryptographically verifiable price data through a sophisticated multi-
layer validation system. It aggregates pricing information from authorized exchanges, institutional
data providers, and decentralized markets, implementing real-time cross-validation to ensure data
accuracy. The agent employs a DAG-based storage system for maintaining historical price records,
enabling verifiable price path reconstruction and time-weighted average price calculations.
The agent’s pricing model operates on a subscription basis with tiered service levels. High-frequency
trading applications requiring microsecond-level updates command premium fees, while standard mar-
ket data feeds are offered at more accessible rates. The agent also implements a novel staking mech-
anism where it stakes significant collateral to guarantee data accuracy, with automatic penalties for
any verified inaccuracies.
The Price Feed agent implements a DAG-based data storage system with the following verification
properties:
For any price data point p:
V erify Price(p) = Hash(p) ∈ MT Root ∧ ZKP V alid(p) ∧ Consensus(p)

4.1.2 Verifiable News Feed Agent

The News Feed Agent processes and verifies news data using advanced natural language processing
and cross-validation mechanisms. The system ingests information from thousands of verified sources,
including traditional media outlets, social media platforms, and official announcement channels. Each
news item undergoes rigorous verification through a distributed network of validator nodes that cross-
reference sources and verify authenticity.
The News Feed agent can employ a multi-source verification system:
News Score(n) = w1S(n) + w2C(n) + w3V (n)
where:
S(n): Source credibility score C(n): Content consistency score V(n): Verification node consensus
w1 + w2 + w3 = 1
Revenue generation follows a hybrid model combining subscription fees with pay-per-query options.
The agent offers specialized feeds for different sectors (finance, technology, politics) and implements
premium features such as real-time sentiment analysis and automated trend detection. The pricing
structure includes volume discounts for high-usage customers while maintaining accessibility for smaller
applications.
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4.1.3 Conditions Feed Agent

The Conditions Feed Agent monitors and reports on various blockchain and real-world conditions,
providing verifiable state updates for smart contract automation. The system implements sophisti-
cated monitoring mechanisms for network conditions, protocol states, governance events, and external
triggers. Each condition update includes cryptographic proofs of its validity and time of occurrence.
The agent employs a usage-based pricing model where customers pay based on the complexity and
frequency of condition monitoring. Complex condition sets with high-frequency updates command
higher fees, while basic state monitoring services are offered at lower rates. The system includes
built-in redundancy and fallback mechanisms to ensure high availability.

4.1.4 Verifiable Random Function Agent

The VRF Feed Agent provides cryptographically secure and verifiable random numbers essential
for gaming and fair selection processes. The system combines multiple entropy sources with zero-
knowledge proofs to demonstrate the fairness of random number generation. The architecture ensures
that neither the agent nor any participant can predict or manipulate the outputs.
Revenue is generated through a combination of per-request fees and subscription packages. High-
volume gaming applications can opt for bulk pricing, while occasional users pay per verification. The
agent maintains significant security deposits to guarantee service availability and result validity.

4.2 Target Agents

Target Agents represent the consumer side of the ATTPs ecosystem, utilizing verified data to enable
sophisticated automated operations. These agents implement complex business logic while maintaining
verifiable data lineage throughout their decision-making processes.

4.2.1 Smart Trading Wallet Agent

The Smart Trading Wallet Agent represents an advanced automated trading system that combines
multiple verified data streams for optimal trading execution. The wallet implements sophisticated
portfolio management strategies using verified price feeds for accurate valuations and news feeds for
sentiment-based trading signals. The system includes multiple security layers to protect against ma-
nipulation and ensures all trading decisions are based on verified data.
The wallet’s architecture enables customizable trading strategies while maintaining complete transac-
tion transparency. Users can audit all trading decisions through verifiable data trails, and the system
automatically generates comprehensive performance reports with cryptographic proofs of all executed
trades.

4.2.2 Meme Bubble Machine Agent

The Meme Bubble Machine Agent demonstrates innovative application of verified news and social
sentiment data in token creation. The system implements sophisticated trend detection algorithms that
analyze verified news feeds and social media sentiment to identify emerging cultural phenomena. Token
generation follows strict criteria based on trend strength, sentiment scores, and market conditions.
The agent includes built-in safeguards against manipulation, requiring multiple independent verifi-
cations before token creation. The system maintains transparent records of all creation decisions,
enabling users to audit the entire process from trend detection to token deployment.
Each token generation event must satisfy:
V alid Token(t) = V erify News(source news)∧
V erify Trend(trend score)∧
V erify Generation(token params)

The flow chart of the meme bubble machine agent is shown in Figure 5.
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Figure 5: Meme Bubble Machine Work Flow

4.2.3 Automated DAO Governance Agent

The DAO Governance Agent utilizes verified condition feeds to automate organizational governance
processes. The system implements sophisticated proposal analysis mechanisms, integrating multiple
data sources to evaluate governance decisions. It includes advanced voting power calculation systems
and automated execution mechanisms for approved proposals.
The agent maintains complete audit trails of all governance actions, with cryptographic proofs ensuring
transparency and accountability. The system includes conflict resolution mechanisms and fallback
procedures for handling exceptional situations.

4.2.4 GameFi Intelligent Character Agent

The GameFi Character Agent represents an advanced application of verified random functions and
condition feeds in gaming environments. The agent implements sophisticated decision-making algo-
rithms based on verifiable game states and random events. The system ensures fair play through
cryptographic proofs of all character actions and state transitions.
The architecture includes advanced path-finding algorithms, strategic decision-making capabilities,
and complex interaction patterns with other game elements. All character actions are recorded with
verifiable proofs, enabling complete audit trails of gaming sessions.

5 Security Analysis

5.1 Adversarial Model

In this section, we present a comprehensive security analysis of the ATTPs protocol against various
adversarial models. We consider three primary categories of adversaries:
1.Byzantine Nodes (≤ f where 3f + 1 total nodes): These adversaries can exhibit arbitrary behavior,
including sending malicious messages, colluding with other nodes, or remaining silent.
2.Network-level Adversaries: These entities can intercept, modify, delay, or replay messages between
honest participants. They have complete control over network communication but cannot break cryp-
tographic primitives.
3.Application-level Adversaries: Malicious agents attempting to exploit the protocol through valid but
potentially harmful interactions, such as manipulating price feeds or creating malicious governance
proposals.
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5.2 Security Properties and Analysis

5.2.1 Node Security Analysis

The protocol maintains security under the Byzantine fault tolerance model with the following guaran-
tees:
Theorem 1 (Byzantine Resistance): Given a network of n = 3f + 1 nodes, the protocol maintains
consistency and liveness even when f nodes are compromised, provided the following conditions are
met:
The network is partially synchronous
The cryptographic primitives remain secure
The majority of nodes (2f + 1) remain honest
The proof follows from our implementation of the modified PBFT consensus mechanism with addi-
tional verification layers. Consider a scenario where f nodes are compromised:
Let H be the set of honest nodes and M be the set of malicious nodes:
|H| ≥ 2f + 1 (honest nodes)
|M | ≤ f (malicious nodes)
For any valid message m to be accepted:
Required signatures = 2f + 1
Maximum malicious signatures = f
Therefore, any valid message must include at least f + 1 honest signatures

5.2.2 Network Security Analysis

Our experimental analysis demonstrates the protocol’s resilience against various network-level attacks
like Table 1:

Table 1: Network Attack Mitigation Effectiveness
Attack Vector Mitigation Strategy Success Rate Recovery Time
DDoS Rate limiting & Distribution 99.9% < 2s
MitM E2E Encryption 100% N/A
Replay Timestamp Verification 100% N/A
Eclipse Node Diversity 99.5% < 30s

5.3 Formal Security Verification

We employed the Tamarin prover to formally verify the protocol’s security properties. The analysis
covered:
1.Authentication Properties
2.Message Integrity
3.Forward Secrecy
4.Post-Compromise Security
The formal verification confirmed the following theorem:
Theorem 2 (Security Guarantee): Under the computational hardness assumptions of the underlying
cryptographic primitives, ATTPs provides:
1.Perfect forward secrecy
2.Authentication of all messages
3.Non-repudiation of transactions
4.Resistance to replay attacks
The Tamarin prover verified these properties with the following results:

1 CopySummary of Results:

2 message_authentication: verified (12 steps)

3 forward_secrecy: verified (8 steps)

4 message_integrity: verified (15 steps)

5 non_repudiation: verified (10 steps)
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6 no_double_spend: verified (6 steps)

7

8 Verification Time: 3.2s

9 Memory Usage: 1.2GB

6 Performance Evaluation

6.1 Experimental Setup

We conducted extensive performance testing using the following infrastructure.
Test Environment:
Compute: 200 nodes across 5 geographic regions
Node Specs: 32-core CPU, 128GB RAM, NVMe SSD
Network: Inter-region connections with 100ms average latency
Duration: 3 months of continuous operation
The simulation result of nodes performance is shown in Figure 6.
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Figure 6: System Performance Metrics

6.2 Experimental Results

System throughput:
Throughput = min(λ zkp, λ merkle, λ consensus)
where λ represents the processing rate of each component
Long-term monitoring revealed the following resource requirements: Storage Growth:
Transaction data: 50GB/day
Proof data: 20GB/day
State data: 5GB/day
Network Usage:
Inter-node traffic: 100GB/day/node
Client traffic: 50GB/day/node
Proof distribution: 30GB/day/node
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The evaluation demonstrates that ATTPs achieves its design goals of high performance while main-
taining strong security guarantees. We compared ATTPs performance against existing protocols as
shown in Table 2.

Table 2: Protocol Comparison
Protocol Throughput (tx/s) Latency (ms) Security Level Resource Usage
ATTPs 4,000 240 High Moderate
Traditional BFT 1,200 500 Medium High
Centralized Oracle 10,000 100 Low Low
Decentralized Oracle 2,500 300 High High

7 Conclusion and Future Work

ATTPs provides a robust foundation for secure, verifiable communication between AI agents. We
utilised the verifier contracts and BTC-staking based POS consensus to provide the non-tampered
data transfer infrastructure. Future research directions include:
Optimization of ZKP generation for specific use cases
Enhanced cross-chain verification mechanisms
Dynamic trust score adaptation algorithms
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