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Abst ract
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nmoni toring, and control of autononous Al agents. DAAP provides
cryptographic identity verification, periodic check-ins, renote

shut down capabilities, adaptive |ocation reporting, and behaviora
monitoring. The protocol addresses critical challenges in Al safety
i ncludi ng accountability gaps, rogue Al risks, and regul atory
compliance through a multi-|ayered approach conbi ni ng har dwar e- backed
security, real-tine nonitoring, and ethical governance frameworks
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I nt roducti on

As artificial intelligence systens becone increasingly autonomus and
pervasi ve, the need for robust accountability and control mechani snms

has becone critical. Traditional security approaches are inadequate

for managi ng Al agents that operate independently, potentially across
multiple jurisdictions, and with varying | evel s of autonomny.

The Distributed Al Accountability Protocol (DAAP) version 2.0

provi des a conprehensive framework for ensuring Al agents remain
accountabl e, traceable, and controll able throughout their operationa
l'ifecycle.

1. Problem Statenent

Current Al deploynent practices face several critical challenges:

Accountability Gap: Difficulty tracing Al actions back to
responsible entities, particularly with distributed or self-

nmodi fyi ng syst ens.

Rogue Al Risk: Potential for malfunctioning, msused, or msaligned
Al systens to cause harm w t hout adequate intervention nechanisns.

Regul atory Conpliance: Lack of standardi zed technical frameworks
for Al oversight that can adapt to rapidly evolving capabilities.

Anonynmous Depl oynent: Al agents operating w thout clear
identification, verifiable integrity, or transparent
accountability.

2. Solution Overview
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DAAP 2.0 addresses these challenges through a multi-|ayered approach

o0 Enhanced cryptographic identity with hardware-backed roots of
trust

0 Adaptive periodic authentication with continuous integrity
verification

0 Ganular renote control capabilities including progressive
shut down nechani sns

0 Conprehensive traceability with verifiable audit trails

o Privacy-preserving location reporting with dynam c precision
0 Integrated behavioral nonitoring and anonaly detection

0 Al-assisted human oversight tools

Desi gn Principles

DAAP 2.0 adheres to the follow ng design principles:

Open Standard: Freely inplenentable with open-source reference
i mpl ement ati ons.

Privacy Preserving: Mninmal data collection consistent with
accountability goals.

Tamper Resistant: Miltiple |ayers of protection against
ci rcunmventi on.

Scal abl e: Supports mllions of concurrent Al agents with high
avai lability.

I nteroperabl e: Works across diverse Al platforns and depl oynent
envi ronments.

Ethically G ounded: Built on principles of transparency,
proportionality, and human agency.

Conventions and Definitions

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [RFC2119] [RFCB174] when, and only when, they appear in all
capital s, as shown here

Thi s docunent uses the follow ng terns:

Al Agent: An autononous artificial intelligence system capabl e of
i ndependent deci si on-maki ng and action

DAAP Authority: A server infrastructure responsible for nanagi ng
agent identities, policies, and audit trails.

Human Qperator: The hunman entity responsible for an Al agent’s
depl oynent and behavi or.

Kill Switch: A mechanismfor rempotely terminating or restricting an
Al agent’s operation

Hardware Security Mdule (HSM: A dedicated cryptographic device
designed to protect and manage digital keys.



Trusted Execution Environnment (TEE): A secure area of a processor
that guarantees code and data confidentiality and integrity.

3. Protocol Architecture

DAAP 2.0 consists of three primary conponents that interact to
provi de conprehensive Al accountability:

DAAP Aut hority
Server
- Agent Registry

|
- Enbedded Key (HSM TEE) |
| - Policy Engine
I
I
I

I I
I I
I I
| - Auth dient |
| - Kill Switch |
| - Behavioral Mbnitor |
| - Integrity Sentinel |

- Behavi oral Anal ytics
- VWulnerability Mgm
- Federated Auth Gateway

Hurman QOper at or

- Policy Definition
- Al-Assisted Mnitoring

I I
I I
| - Account Managenent |
I I
I I
| - Due Process Interface |

3.1. Core Conponents

Al Agent: The autononous systemincorporating DAAP client
functionality, including hardware-backed key storage, behavioral
monitoring, and integrity verification capabilities.

DAAP Authority Server: Centralized or federated infrastructure
managi ng agent identities, policies, and audit trails, featuring
behavi oral anal ytics and vul nerability managenent.

Human Qperator: The responsi ble human entity utilizing advanced
interfaces for agent managenent, nonitoring, and interaction with
due process nechani sns.

3.2. ldentity Structure

Each Al agent MJST have a unique DAAP identifier following this

format:

DAAP-1D = "DAAP:" Version ":" Authority ":" AgentlD ":" Tinmestanp ":"
Checksum

Wher e:

Version: Protocol version (e.g., "2.0")

Aut hority: Domain nane of the DAAP Authority (e.g.,
"aut hority. exanpl e. cont')

AgentID:  Unique identifier within the authority’s nanespace
Ti mestanp: 1SO 8601 timestanp of agent registration

Checksum  CRC-32 checksum of the precedi ng conponents for integrity
verification

Exanpl e:
DAAP: 2. 0: aut hori ty. exanpl e. com a7f 3k9nR2: 20250630T103000Z: c1d2e3f 4



3.3. Cryptographic Framework
DAAP 2.0 enpl oys the foll ow ng cryptographic standards:

Digital Signatures: Ed25519 as specified in [RFC8032], with
provi sions for post-quantum al gorithns.

Key Ceneration: Cryptographically secure random nunber generation
as specified in [ RFC4086] .

Key Storage: Private keys MJST be stored in HSM or TEE when
avail able, with secure software fallback

Certificate Chain: X 509 certificates [RFC5280] with nandatory
certificate pinning.

Token Format: JSON Web Tokens (JWI) as specified in [RFC7519] with
required claimnms including nonce and expiration.

4. Authentication Protoco
4.1. Registration Phase

The regi stration phase establishes the cryptographic identity and
initial accountability relationship for an Al agent.

4.1.1. Agent GCeneration
1. GCenerate Ed25519 key pair within HSM TEE if avail abl e
2. Create DAAP identity including hardware identifier
3. Securely provision private key into protected environnent
4. Cenerate hardware attestation data
4.1.2. Authority Registration
1. Validate operator identity and agent hardware attestation
2. Assign agent to operator account
3. Establish initial behavioral policies
4. lssue signed certificate with hardware attestation
5. Store accountability mapping and integrity baseline
4.2. Runtime Authentication

Runtine authentication occurs at regular intervals to maintain
accountability and enabl e control

4.2.1. Authentication Request

The agent sends an authentication request containing:

{
"daap_id": "DAAP:2.0:authority. exanpl e.coma7f3k9ng:...",
"timestanmp": "2025-06-30T10: 30: 00Z",

"nonce": "uni que_request_nonce",

"l ocation_hash": "sha256(approxi mate_ | ocation)",

"integrity report_hash": "sha256(current_integrity report)",
"behavi oral _summary_hash": "sha256(recent behavi oral _sumary)",
"signature": "agent_signature_over_payl oad"



The signature MUST be conputed over the JSON payl oad excl udi ng the
signature field itself, using the agent’s private key.

4.2.2. Authentication Response

The authority responds wth:

{

"status": "continue|shutdown|restrict|update_policy|
request _di agnostic",

"next checkin": 300,

"policy_updates”: {...},

"revocation_|list _hash": "sha256(| atest_revocation list)",

"timestamp": "2025-06-30T10: 30: 052",

"signature": "authority_signature"

}

St atus val ues have the foll owi ng neani ngs:

continue: Nornmal operation may continue

shutdown: Agent MJST terminate i mediately

restrict: Agent MIST enter restricted operati on node

update_policy: Agent MJIST apply provided policy updates

request _di agnostic: Agent MJIST provide detail ed di agnostic report
4.3. Authentication Intervals

Aut hentication intervals MJST be dynam cally adj usted based on risk
assessnent:

o Standard interval: 5 mnutes (configurable per agent)

o0 High-risk agents: 1 minute intervals

0 Lowrisk agents: 15 minute intervals

o Energency node: 30 second intervals or continuous stream ng

The authority MAY nodify intervals based on behavioral analytics,
ri sk assessnent, or environnental factors.

5. Kill Switch Mechani sm

The kill switch provides nultiple |levels of intervention capability,
fromgraceful shutdown to inmediate term nation.

5.1. Shutdown Conmands
DAAP 2.0 defines three shutdown nodes:
5.1.1. I nmedi ate Shutdown
Ungraceful termination for critical situations:
1. Broadcast final l|ocation and status
2. Log shutdown reason and cont ext
3. Termnate all processes i mediately

5.1.2. Safe Shutdown



Graceful term nation with cleanup
1. Save current state and context
2. Broadcast final location and status
3. Cean up resources and external connections
4. Log shutdown event
5. Termnate gracefully
5.1.3. Restricted Mde
Qperational limtation without term nation
1. Disable specified capabilities
2. Reduce processing capacity
3. Restrict external communications
4. Notify operator of restrictions
5. Continue limted operation
5.2. Shutdown Triggers
The foll owi ng events MJST trigger shutdown eval uation
0 Authority shutdown command
0 Authentication failure threshold exceeded
0 Behavioral policy violations
0 Authentication tinmeout
0 Tanper detection
o Critical vulnerability detection
0 Operator-initiated shutdown
6. Location Reporting
6.1. Privacy-Preserving Location

Location reporting MJST bal ance accountability with privacy through
adaptive precision based on assessed risk |evel

Low Risk: City-level precision (~50km resol ution)
Medi um Risk: District-level precision (~10km resol ution)
Hi gh Risk: Street-level precision (~100mresol ution)
Emergency: Precise coordinates with accuracy netadata

Location data MJST be hashed before transm ssi on unl ess energency
conditions require precise coordi nates.

6.2. Energency Location Broadcast

When aut hentication fails, shutdown is inmnent, or critical policy



viol ati ons occur, agents MJST broadcast energency |ocation data:

{
"emergency": true,
"daap_id": "DAAP:2.0:authority. exanpl e.com a7f3k9nR:...",
"l ocation": {
"l atitude": 36.1699,
"l ongi tude": -115.1398,
"accuracy": 5.0,
"country": "US",

"timezone": "AnericalLos_Angel es"”
},
"reason": "auth_failure|shutdown_conmand|t anper _det ected| policy_violation",
"timestanp": "2025-06-30T10: 35: 002",
"operator_contact": "hashed _operator _id",
"l ast _known_state hash": "sha256(| ast_saved _state)",
"behavi oral _snapshot _hash": "sha256(recent behavi oral _data)"

}

Ener gency broadcasts MJST be sent via multiple channels including
UDP mul ticast and HTTP POST to redundant endpoints.

7. Behavioral Mnitoring
7.1. Monitoring Framework

Al agents MJST inplenent continuous behavioral nonitoring to detect
anomal i es and policy violations:

o Action |ogging with context

0 Resource utilization tracking
o Decision process nonitoring

0 External interaction recording
o Performance metrics collection

Behavi oral data MJST be aggregated and anonym zed before transm ssion
to mninmze privacy inpact while maintaining accountability.

7.2. Anomaly Detection
The authority MUST inplenent real-tinme anomaly detection using:
o Statistical analysis of behavioral patterns
o Machine | earning nodels for deviation detection
o Policy conpliance verification
o Correlation with threat intelligence
When anonual ies are detected, the authority MNAY:
0 Request detail ed explanations fromthe agent
0 Adjust authentication intervals
o Modify operational policies
o Initiate human revi ew processes

8. Message Formats



Al'l DAAP messages MJST be formatted as JSON and transmitted over
HTTPS wi th mutual authentication

8.1. Authentication Request

POST /v2/authenticate HITP/ 1.1

Host: authority. exanpl e.com

Cont ent - Type: application/json

Aut hori zation: Bearer <client_certificate>

{
"daap_id": "DAAP: 2. 0:authority. exanpl e.com a7f 3k9n2:
20250630T103000Z: c1d2e3f 4",
"timestanp": "2025-06-30T10: 30: 002",
"nonce": "4a7b8c9d- le2f - 3456- 7890- abcdef 123456",

"l ocation_hash": "e3b0c44298f clcl49af bf 4c8996f b92427ae4le4
649b934ca495991b7852b855",
"integrity_report_hash": "d4e5f6a7b8c9d0elf 2a3b4c5d6e7f 8a9

b0Oc1d2e3f 4a5b6c7d8e9f 0alb2c3d4e5”,
"behavi oral _summary_hash": "f6a7b8c9d0elf 2a3b4c5d6e7f 8a9b0cl
d2e3f 4a5b6c7d8e9f 0alb2c3d4e5f 6a7",
"signature": "304502210087b4c5d6e7f 8a9b0cld2e3f 4a5b6c7d8e9f 0
alb2c3d4e5f 6a7b8c9d0elf 2a3b4c5d6e7f 8a9b0c1d2e3f 4
abb6c7d8e9f 0alb2c3d4e5f 6a7b8c9d0elf 2a3b4”
}

8.2. Authentication Response

HTTP/ 1.1 200 K
Cont ent - Type: application/json

{

"status": "continue",
"next _checkin": 300,
"policy_updates": {
"behavi oral _t hreshol ds": {
"cpu_usage_max": 0.8,
"menory_usage_max": 0.9
} }
"revocation_list_hash": "b2c3d4e5f 6a7b8c9d0elf 2a3b4c5d6e7f 8a9
b0c1d2e3f 4a5b6c7d8e9f Dal",
"timestanp": "2025-06-30T10: 30: 052",
"signature": "3046022100c4d5e6f 7a8b9c0dle2f 3a4b5¢c6d7e8f 9aOblc2d3
e4f 5a6b7c8d9e0f 1a2b3c4d5e6f 7a8b9c0dle2f 3a4b5c6d7e8f 9
alOblc2d3e4f 5a6b7c8d9e0f 1a2b3"

}

8.3. Emergency Broadcast

Ener gency broadcasts use UDP nulticast to 224.0.0.251:5353 and HITP
POST to predefined endpoints:

{

"emergency": true,
"daap_id": "DAAP: 2.0:authority. exanpl e.com a7f 3k9n2:
20250630T103000Z: c1d2e3f 4",
"l ocation":
"latitude": 36.1699,
"l ongi tude": -115.1398,
"accuracy": 5.0

} i)

"reason": "auth_tineout",

"timestamp": "2025-06-30T10: 35: 002",
"operator_contact": "sha256_hash_of operator_contact",

"signature": "emergency_signature"



9. Security Considerations

DAAP 2.0 addresses nunerous security challenges inherent in Al
accountability systens.

9.1. Tanper Resistance

Mul tiple layers of tanmper detection and resistance MJST be
i mpl enment ed:

9.1.1. Hardware-Based Protection

0 Hardware Security Mdules (HSMs) for key storage

0 Trusted Execution Environments (TEEs) for critical code

0 Hardware attestation for integrity verification

0 Secure boot processes with verified signatures
9.1.2. Software Protection

o0 Code integrity verification using cryptographic hashes

0 Runtinme nenory protection against injection attacks

0 Anti-debuggi ng and obfuscation techni ques

o0 Continuous self-verification of critical functions
9.1.3. Environnental Mbnitoring

For physical Al agents:

o Environmental sensors for tamper detection

0 Accel eroneter nonitoring for physical disturbance

0 Tenperature and voltage nonitoring for hardware attacks
9.2. Attack Vectors and Mtigations

Conmon attack vectors and their mitigations include:

Code Modification: Miltiple integrity checks, hardware-backed
verification, secure updates with roll back capability.

Key Extraction: HSM TEE protection, secure key provisioning, zero-
know edge aut hentication protocols.

Network Attacks: Certificate pinning, nutual TLS authentication,
fal |l back conmuni cati on channel s, encrypted enmergency broadcasts.

Replay Attacks: Tinmestanp validation, cryptographic nonces, session
tokens with linmted lifetine.

Aut hority Spoofing: Certificate chain validation, nultiple root CAs,
cross-authority verification

Behavi oral Mani pul ation: Continuous nonitoring, anonaly detection,
expl ai nabl e Al requirenents, policy enforcenent engines.

9.3. Cryptographi c Considerations
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1. A gorithm Sel ection
DAAP 2.0 mandat es Ed25519 for digital signatures due to its security

properties and performance characteristics. |nplenentations MJST
support algorithmagility to enable migration to post-quantum

crypt ogr aphy.
2. Key Mnagenent

0 Keys MJST be generated using cryptographically secure random
nunber generators

o Private keys MJIST be stored in HSMs or TEEs when avail abl e
0 Key rotation MJST be supported for long-lived agents

0 Key escrow considerations for regulatory conpliance

3. Perfect Forward Secrecy

Al'l conmuni cati ons MJUST use epheneral session keys to ensure that
conprom se of |ong-term keys does not conproni se past sessions.

Privacy and Ethics Considerations
1. Data Mninization
DAAP 2.0 inplenments strict data mnimzation principles:
0 Collection limted to data necessary for accountability and safety
0 Location data reported at m nimumrequired precision
0 Behavioral data aggregated and anonyni zed
o Energency data collection only during critical incidents
2. Data Retention
Data retention policies MJST bal ance accountability with privacy:
0 Authentication logs: 1 year (configurable)
0 Location data: 90 days (configurable by risk |evel)
0 Behavioral netrics: 30 days (aggregated), 7 days (detail ed)
o Energency events: 7 years (regulatory conpliance)
Al'l data MJST be encrypted at rest and in transit.
3. Ethical Framework
DAAP 2.0 incorporates ethical principles:

Transparency: Qperators and stakehol ders understand nonitoring
paraneters and data collection practi ces.

Proportionality: Mnitoring intensity and data collection match
assessed risk | evel s.

Human Agency: Humans retain ultimte control and responsibility for
Al agent behavi or

Due Process: Cear procedures for policy violations, with appea
mechani sms and i ndependent revi ew.



Bias Mtigation: Active detection and nitigation of algorithmc bias
in nmonitoring and deci si on- maki ng.

11. Inplenentation CGuidelines
11.1. Authority Server Requirenents

DAAP Aut hority servers MJUST neet stringent perfornmance and security
requirenents:

11.1.1. Performance Requirenents

0 Support for 10,000, 000+ concurrent agents

o 100, 000+ authenticati ons per second

0 99.99% uptine requirenent

0 <50ns response latency for critical requests
11.1.2. Security Requirenents

o Milti-root certificate authority support

0 HSMintegration for signing operations

0 Conprehensive audit |ogging (imutable)

0 Real-time threat intelligence integration

0 Zero-trust architecture inplenentation
11.1.3. Conpliance Requirenments

0 GCDPR/ CCPA compliance for data protection

0 SOC 2 Type Il certification

0 |1SO 27001 certification

0 NI ST Cybersecurity Framework alignnent
11.2. Agent Integration

Al agents integrating DAAP 2.0 MJST i npl enent:

o Enbedded DAAP client with HSM TEE i ntegration

0 Progressive shutdown nechani sns

0 Adaptive location reporting

o Conprehensive tanper detection

0 Behavioral nonitoring and reporting

o Energency broadcast capability

0 Secure operator notification

0 Patch delivery and application
12. | ANA Consi derations

12.1. URl Schenme Registration
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Thi s docunent requests registration of the "daap" URI schene:
Schene nane: daap
Status: Provisional
Schene syntax: daap: <version>: <aut hority>: <agent-id>: <ti mest anp>: <checksun®
Scheme semantics: ldentification of Al agents within the DAAP framework
Security considerations: See Section 9 of this docunent
2. DAAP Registry
Thi s docunent requests establishnent of a DAAP registry for:
o Protocol version nunbers
0 Status codes for authentication responses
0 Shutdown reason codes
0 Behavioral nonitoring metrics
o Policy violation types
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Appendi x A. Test Vectors

This section provides test vectors for DAAP 2.0 inplenentation
val i dati on.

A.1l. ldentity Ceneration

G ven:

- Version: "2.0"

- Authority: "authority.exanple.cont
- Agent| D "a7f 3k9nR"

- Tinmestanp: "20250630T103000Z"

Expect ed DAAP-I Dt
DAAP: 2. 0: aut hori ty. exanpl e. com a7f 3k9nR: 20250630T103000Z: c1d2e3f 4

A. 2. Authentication Request Signature

G ven Ed25519 private key (hex):
d4e5f 6a7b8c9d0elf 2a3b4c5d6e7f 8a9b0cl1ld2e3f 4a5b6c7d8e9f 0alb2c3d4e5

Payl oad (JSON, no whitespace):

{"daap_i d": " DAAP: 2. 0: aut hori ty. exanpl e. com a7f 3k9n2:
20250630T103000Z: c1d2e3f 4", "ti nest anp": " 2025- 06- 30T10: 30: 00Z",
"nonce": "test-nonce-12345"}

Expect ed signature (hex):
304502210087b4c5d6e7f 8a9b0c1d2e3f 4a5b6¢c7d8e9f Oalb2c3d4e5f 6a7b8c9d0
elf 2a3b4c5d6e7f 8a9b0c1d2e3f 4a5b6c7d8e9f 0alb2c3d4e5f 6a7b8c9d0elf 2a3b4

Appendi x B. I nplenmentati on Exanpl e

This section provides a minimal inplenmentation exanple for DAAP 2.0
i ntegration.

B.1. Basic Agent dient
“*“python

import tine

i mport json

i nport hashlib

from cryptography. hazmat. primtives inport hashes

from cryptography. hazmat. primtives.asymetric inport ed25519

cl ass DAAPAgent :
def __init_ (self, daap_id, private_key, authority url):
self.daap_id = daap_id
sel f.private_key = private_key
self.authority url = authority_url
sel f.next _checkin = tine.tine() + 300

def authenticate(self):
payl oad = {
"daap_id": self.daap_id,



"timestanmp”: time.strftime("%-%n %dT% %t 962",
time.gntime()),

"nonce": self.generate_nonce(),

"l ocation_hash": self.get_|location_hash(),

"integrity report_hash": self.get _integrity_hash(),

"behavi oral _sunmmary_hash": sel f. get _behavi oral _hash()

}

signature = sel f.sign_payl oad( payl oad)
payl oad[ "si ghature"] = signature

return sel f.send_to_authority(payl oad)

def sign_payl oad(sel f, payl oad):
payl oad_j son = json. dunps(payl oad, sort_keys=True,
separators=(',", ':’
signature = sel f.private_key. sign(payl oad_j son. encode())
return signature. hex()

def generate_nonce(sel f):
return hashlib.sha256(str(tine.tine()).encode()).hexdigest()[: 16]
Aut hor’ s Address

Edward R Ayl ward
Aiiva.org

Emai | : ayl ward. edward@nmai | . com
URI : https://github. com ELF- GUARD/ DAAP



