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Abst r act

Thi s docunent defines a franework for enabling seanm ess cross-donain
interoperability anmong Al agents operating across different networks,
adm ni strative domai ns, and heterogeneous platfornms. The franmework
addresses the challenges of identity federation, trust establishnment,
pol i cy harnoni zati on, and secure comunication that arise when Al
agents fromdistinct adm nistrative realns need to collaborate on
shared tasks. It specifies mechanisns for agent discovery,
capability negotiation, trust del egation, and federated policy
enforcement, enabling scal abl e and secure multi-domain Al

col l aboration wi thout requiring centralized control

About Thi s Docunent
This note is to be renoved before publishing as an RFC

Status information for this docunment may be found at
https://datatracker.ietf.org/doc/draft-cui-dnsc-agent-cdi/.

Di scussion of this docunent takes place on the W5 Wrki ng G oup
mailing list (nmailto: Wa@xanpl e.con), which is archived at
https://exanpl e. com WG

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunments of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."
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1.

I nt roducti on

The proliferation of Al agents across different organizationa
boundari es has created a need for mechani sns that enable these agents
to collaborate effectively across domains. Traditional agent systens
are typically designed to operate within a single admnistrative
domai n, where trust rel ationships, identity managenent, and policy
enforcement are centrally controlled. However, real-world
applications increasingly require Al agents to work together across
organi zati onal boundaries, such as in supply chain optimzation,
cross-enterprise workfl ow autonation, smart city coordination, and
distributed scientific research

Cross-domain interoperability for Al agents presents several unique
chal | enges

1. *Trust Establishnment*: How to establish and verify trust between
agents fromdifferent adm nistrative donmains without a centra
aut hority.

2. *ldentity Federation*: How to manage agent identities and
credentials across domai ns while preserving privacy and
sovereignty.

3. *Policy Harmnonization*: How to reconcile potentially conflicting
policies fromdifferent domains to enabl e collaborative
oper ati ons.

4. *Capability Discovery*: How agents can di scover and understand
the capabilities of foreign agents while respecting domain
boundari es.

5. *Secure Commrunication*: How to establish secure comrunication
channel s that cross donain boundaries with appropriate security
guar ant ees.

6. *Accountability and Auditing*: How to maintain accountability for
actions taken by federated agents while respecting domain
aut onony.

Thi s docunent proposes a framework that addresses these chall enges
t hrough a conbi nati on of federated trust nechani sns, standardized
capability descriptions, policy negotiation protocols, and secure
communi cation patterns. The franmework is designed to be
incremental |y depl oyabl e and conpatible with existing single-domain
agent architectures.
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2

Conventions and Definitions

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [ RFC2119]

Ter mi nol ogy
The following terns are defined in this draft

* *MCP (Mbdel Context Protocol)*: A protocol that standardizes too
i nvocation and data interaction between Al agents and externa
hosts usi ng JSON- RPC over stdio or HTTP

* *Host*: The process or service that provides tools or resources to
the agent via MCP, typically running as a backend process or

pl ugi n.

* *Agent*: An Al entity that uses MCP to invoke external tools to
acconpl i sh tasks.

* *Security Enhancenment Layer (SEL)*: An external security |ayer
that provides transparent security controls for MCP comunication
wi t hout protocol nodification.

* *Client Shield*: The security component deployed on the MCP client
(Host) side, responsible for protecting user interests.

* *Server Shield*: The security conponent deployed on the MCP server
(tool provider) side, responsible for protecting service provider
i nterests.

* *Data Backflow: The transm ssion of sensitive data fromthe agent
environnment to external tools beyond authorized scope or wthout
proper saf eguards.

*  *pual Authorization*: An authorization nmodel requiring both
pl atform policy validation and explicit user consent for sensitive
oper ati ons.

* *Trace ID*: A globally unique identifier used to correlate events
across the MCP comunication chain for auditing and
troubl eshoot i ng.

The foll owi ng abbreviations are used in this docunent:

* *CDI*: Cross-Domain Interoperability
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4.

4. 1.

*CDA*: Cross-Domai n Agent

*FI M: Federated ldentity Managenent
*ABAC*: Attribute-Based Access Contro
*REST*: Representational State Transfer
*JWr*: JSON Web Token

*QO DC*: Openl D Connect

*SAML*: Security Assertion Markup Language
*DID*: Decentralized Identifier

*VC*: Verifiable Credenti al

Cross-Domai n | nteroperability Framework

Overvi ew

The Cross-Domain Interoperability Framework for Al Agents is designed
as a federated architecture that enables secure and scal abl e

col I aborati on between agents fromdifferent adm nistrative donmains.
The framework operates on several key principles:

1.

4. 2.

*Domai n Aut onony*: Each admi nistrative domain maintains control
over its own agents, policies, and resources.

*M ni mal Trust Assunptions*: Domai ns establish trust
rel ati onshi ps only as needed for specific collaborations.

*Graduated Interoperability*: Domains can choose different |evels
of integration based on trust and requirenents.

*Audi tability*: Al cross-domain interactions are | ogged and
audi table by all participating domains.

*Fai |l - Safe Design*: Systemfailures or malicious actions in one
domai n shoul d not conprom se ot her donmains.

*Architecture Conponent s*

The framework consists of the foll owi ng core conponents:
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. + . + . +
| Dormain A | | Interoperability | | Dormain B |
| Administration |<----- >| Gat eway | <----- >| Administration |
| & Control | | Federati on | | & Control |
. + + . +

I I I

| (Home Dormai n) | (Gat eway- nedi at ed) | (Hone Domai n)

% % %
o e + o e e e e oo oo + o e +
| Agent Registry | | Trust Broker | | Agent Registry
| & Directory | | & Policy Engine| | & Directory
. + - + . +

I I I

| (Local Agents) | (Cross-Domain Agents) | (Local Agents)

% v v
S + o e e e e oo oo + S +
| Al Agent Al | <----- >| Al Agent A2 | <----- > Al Agent Bl |
| (Domain A) | | (Domai n A, | | (Donmain B) |
| | | operating in | | |
| Al Agent A3 | | Domai n B) | | Al Agent B2 |
| (Domain A) | R T + | (Domain B) |
S + S +

4.2.1. Interoperability Gateway

The Interoperability Gateway serves as the primary interface between
domai ns, providing:

* *Trust Brokerage*: Mediates trust establishnment between donains
using verifiable credentials and reputati on systens.

* *Policy Mediation*: Translates and reconciles policies between
domai ns to enabl e col | aborative operati ons.

* *Agent Discovery*: Facilitates discovery of agents and their
capabilities across donmai n boundari es.

* *Conmuni cati on Routing*: Routes nessages between agents in
different domains with appropriate security.

* *Audit Collection*: Collects and correlates audit trails from
cross-donmi n i nteractions.

4.2.2. Agent Registry and Directory

Each domai n mai ntains an Agent Registry that provides:
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* *Local Agent Directory*: Catalog of agents within the domain with
their capabilities and status.

* *Foreign Agent Cache*: Cached information about agents from ot her
domai ns that have been authorized to operate locally.

* *Capability Repository*: Structured descriptions of agent
capabilities using standardi zed schenas.

* *Policy Repository*: Storage for domain-specific policies
gover ni ng agent behavi or.

4.2.3. Cross-Domai n Agent Runtinme

Agents operating in foreign domains require enhanced runtine
conmponent s:

* *Policy Conpliance Engi ne*: Ensures agent behavior conplies with
both hone and foreign domain policies.

* *Context Adaptation Mdul e*: Adapts agent behavior based on the
operating context and dommi n-specific requirenents.

* *Secure Comuni cation Mdul e*: |nplenents cross-donain
conmuni cation protocols with end-to-end security.

* *Audit Loggi ng Modul e*: Maintains detailed |logs of all cross-
dommi n operations for accountability.

5. Trust Establishnment Franework
5.1. Trust Model
The framework enploys a nulti-layered trust nodel:

1. *Donmin-to-Domain Trust*: Established through bilatera
agreenments, verifiable credentials, or reputation systens.

2. *Agent-to-Agent Trust*: Derived fromdomain trust but enhanced
with agent-specific credentials and behavioral attestations.

3. *Task-Specific Trust*: Limted trust established for specific
col l aborative tasks with clearly defined boundaries.

4. *Revocable Trust*: Al trust relationships are tine-bound and
revocabl e by any participating domain.
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5.2. Trust Establishment Protocols

5.2.1. Donmin Federation Protocol
Domai ns establish trust rel ationships through a nmulti-phase protocol:
Phase 1: Discovery and Introduction

| Domain A | | Discovery | | Domain B |
| | Service | | |

2. Return list of
potential partners

3. Request introduction|
to Domain B |

I

| 4. Forward introduction|
| request |
I
I

profile and policy

|
5. Send capability |
I

assertions |

6. Eval uate conpatibility]|
and ri sk

N
[
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Phase 3: Trust Agreenent

I
| 7. Propose trust | |
| agreenment with terns|
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5.2

6

2

and conditions | |

8. Negotiate and |
finalize agreenent |

I

| 9. Exchange signed |
| trust certificates |
I
I

Agent Del egation Protoco

Once donmi ns establish trust, agents can be del egated to operate in
forei gn domai ns

1.

6. 1.

*Del egation Request*: Hone domain requests del egation for
specific agents with defined capabilities and constraints.

*Policy Alignnent*: Foreign domain evaluates the request against
its policies and may negotiate constraints.

*Credential |ssuance*: Hone domain issues verifiable credentials
to agents for use in the foreign domain

*Local Registration*: Agents register with the foreign domain’s
Agent Registry using their credentials.

*Periodi c Revalidation*: Delegated credentials are periodically
reval i dated and can be revoked at any tine.

ldentity and Access Managenent

Federated Identity Model

The framework enploys a federated identity nodel with the follow ng
conmponent s:

6. 1.

1.

Agent ldentifiers

Each agent has nultiple identifiers for different contexts:

*

*Honme Domain ldentifier*: Unique identifier within the home domain
(e.g., WD, emil-style address).

*Federated Identifier*: dobally unique identifier for cross-
domain recognition (e.g., DD URN
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6. 1.

6. 2.

6. 2.

2.

1.

*Session ldentifiers*: Tenporary identifiers for specific
col | aborative sessions.

Credential Types
*Domain ldentity Credentials*: Verifiable credentials issued by
the hone donain attesting to the agent’s identity and basic

attri butes.

*Capability Credential s*: Credentials attesting to specific agent
capabilities and skill |evels.

*Del egation Credential s*: Credentials authorizing an agent to
operate in a foreign domain with specific perm ssions.

*Task Credentials*: Limted-scope credentials for specific
col | aborative tasks.

Access Control Franmework

Mul ti-Domain Policy Mdel

Access control decisions consider policies fromnmnultiple donains:

Access Decision = f(Home Domain Policy, Foreign Domain Policy,
Col | aborative Task Policy, Dynanic Context Factors)

6. 2.

2.

Pol i cy Negotiation Protocol

When policies conflict, domains negotiate to find acceptable
conprom ses:

1.

*Pol i cy Disclosure*: Domains share rel evant policy fragnents (not
necessarily conpl ete policies).

*Conflict Detection*: Identify conflicts between policies from
di fferent domains.

*Resol uti on Proposal *: Propose policy nodifications or exceptions
to resolve conflicts.

*Agreenent Finalization*: Domains agree on a nerged policy for
the specific collaboration.

*Pol i cy Enforcenment*: The agreed policy is enforced by all
partici pating donmi ns.
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6.2.3. Attribute-Based Access Control (ABAC)

7.

7.1.

The framework uses ABAC with attributes fromnultiple sources:

* *Agent Attributes*: ldentity, capabilities, reputation score, hone
domai n.

* *Resource Attributes*: Sensitivity, ownership, |ocation,
cl assification.

* *Environnental Attributes*: Tine, network |ocation, threat |evel.

* *Collaboration Attributes*: Task type, participating donains,
trust |evel.

Capabi lity Discovery and Negoti ation
Capabi lity Description Language

Agents describe their capabilities using a structured | anguage based
on JSON Schenma:
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{
"agent _capability_profile": {
"version": "1.0",
"agent _id": "did: exanpl e: agent 123",
"honme_domai n": "exanpl e. cont',
"capabilities": |
{
"capability_id": "natural _| anguage_processi ng",
"category": "ai_processing",
"subcat egories": ["text _anal ysis", "sentinment_anal ysis"],
"performance_netrics": {
"accuracy": 0.92,
"l atency_ns": 150,
"t hroughput _rps": 100
}

input_formats": ["text/plain", "application/json"],
"output _formats": ["application/json"],
"privacy_attributes": {

"data_retention": "epheneral",

"data_sharing": "none"

}

esource_requirenments": {

"conpute_units": 2,

"menmory_nmb": 512

"net wor k_bandwi dt h_nbps": 10
}

}

onstraints": {
"max_concurrent tasks": 5,
"supported_domai ns": ["exanple.cont, "partner.org"],
"geographic_restrictions": ["US", "EU'],
"conpliance_frameworks": ["GDPR', "H PAA"]

}
}

]

}

7.2. Discovery Mechani snms
7.2.1. Directory-Based Di scovery

Donmai ns publish authorized agent capabilities in federated
directories:

1. *Local Directory Registration*: Agents register capabilities with
their hone domain directory.
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7.3.

*Federated Directory Sync*: Dommin directories synchronize
aut hori zed capability informtion

*Query Interface*: Agents query directories to discover
capabilities across donains.

*Privacy-Preserving Queries*: Support for capability discovery
wi t hout revealing specific agent identities when not needed.

Peer -t o- Peer Di scovery
dynani ¢ or ad-hoc col |l aborati ons:

*Capability Advertisenent*: Agents broadcast capability summaries
within trusted networks

*Mat chmaki ng Services*: Third-party services match agents with
conpl enentary capabilities.

*Reput ati on- Based Di scovery*: Discover agents based on reputation
scores from previous col |l aborations.

Capabi lity Negotiation Protoco

When agents with conplenmentary capabilities are identified:
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| Agent A | | Gat eway | | Agent B |
| (Domain X)| | | | (Domain V)|

I
| 1. Initiate collaboration
| request

I
I
I
|
2. Forward to suitable
partner (Agent B) |
I
I
I
|

|

I

I

I [=-mmmmmm e >

| | 3. Return capability

| | requi renents and

| | constraints

I | <-mmmmmmmm e I

I I I

| 4. Check conpatibility and | |

| policy conpliance | |

S I I

| | |

| 5. Negotiate specific | |

| paraneters (quality, | |

| cost, timng) | |

[=-mmmmm e >| I

-------------------------- >|

|
I

7. Finalize coll aboration
contract

8. Communi cation Protocols
8.1. Cross-Donmain Message Format

Al'l cross-donmmi n messages use a standardi zed envel ope fornmat:
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}
}

8. 2.

8. 2.

1.

For

message_envel ope": {

"version": "1.0",

"message_i d": "urn:uuid: 550e8400- e29b- 41d4- a716- 446655440000",
"timestamp": "2024-01-15T10: 30: 00Z",

"sender": {
"agent _id": "did: exanpl e: sender 123",
"domai n": "exanpl e. cont',

"credential s": ["vc:exanpl e:credential 456" ]

}

",ecipient": {
"agent _id": "did:exanpl e:recipient789",

"domai n": "partner.org"
} i)
"routing": {
"pat h": ["gateway. exanple.cont, "gateway.partner.org"],
"hops": 2,
"ttl": 3600
}

"1ecurity": {
"encryption": "A256GCM',
"signature": "ES256",

"integrity protection": true

},
"payl oad": {
"type": "task_request”,
"content": "Base64-encoded encrypted payl oad",
"content _type": "application/json"
}
"met adata": {
"priority": "normal",
"response_required": true,
"audit_trail _id": "audit:exanple:trail 123"
}

Communi cation Patterns
Direct Agent-to-Agent Comruni cation
hi gh-trust, high-perfornmance scenarios

*Tunnel Establishment*: Establish secure tunnels through domain
gat eways.

*Peer Authentication*: Mitual authentication using donmain-issued
credenti al s.
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8.

8.

2. 3.

For

3.

*End-t o- End Encryption*: Application-layer encryption i ndependent
of transport security.

*Heart beat Mbnitoring*: Continuous nonitoring of connection
heal th and security.

Gat eway- Medi at ed Communi cati on
enhanced security and policy enforcenent:

*Message | nspection*: Gateways inspect nessages for policy
conpl i ance.

*Content Transformation*: Gateways may transform content to neet
domai n requirenents.

*Quality of Service*: Gateways provide QS guarantees for cross-
domai n conmuni cati on.

*Load Bal anci ng*: Gateways distribute traffic across nultiple
agent instances.

St or e- and- Forward Conmuni cati on
di sconnected or asynchronous operations:

*Message Queui ng*: Gateways queue nessages when recipients are
unavai | abl e.

*Del i very Guarantees*: Configurable delivery guarantees (at-nost-
once, at-|east-once, exactly-once).

*Priority Handling*: Priority-based nessage schedul i ng and
del i very.

*Dead Letter Handling*: Processing of undeliverabl e nessages.

Prot ocol Layering

The communi cation protocol stack for cross-domain agent interaction
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Appl i cation-Specific Protocols |
| (Task coordi nation, data exchange, collaboration) |

Cross- Donmai n Agent Messagi ng Prot ocol
| (Envel ope format, routing, reliability, QoS) |

Security Layer Protocol
| (Aut hentication, encryption, integrity, nonce) |

Trust Layer Protocol
| (Credential verification, policy enforcenent) |

e +
| Transport Layer Protocol |
| (HTTP/ 2, WebSocket, MJIT, AMQP) |

o m ot o o e e e e e e e e e e e e e e e e e e e e e e e e m e mm oo oo +

9. Security Considerations
9.1. Threat Model
The framework addresses the follow ng threat vectors:

1. *Inpersonation Attacks*: Malicious agents pretending to be
legitimate agents fromtrusted donains.

2. *Policy Bypass Attacks*: Attenpts to circunvent domain policies
t hrough technical or procedural neans.

3. *Data Exfiltration*: Unauthorized transfer of sensitive data
across domai n boundari es.

4. *Denial of Service*: Attacks targeting the availability of cross-
domai n col | aboration services.

5. *Trust Exploitation*: Abuse of trust relationships to gain
unaut hori zed access or privileges.

6. *Audit Tampering*: Attenpts to nodify or delete audit logs to
conceal nmalicious activities.

9.2. Security Controls
9.2.1. Authentication and Aut hori zation

* *Multi-Factor Authentication*: Require multiple credentials for
sensitive operations.
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9. 2.

9. 2.

9. 3.

9.3.

2.

3.

1.

*Conti nuous Aut hentication*: Re-authenticate agents periodically
during | ong sessions.

*Cont ext - Anar e Aut horization*: Adjust perm ssions based on dynamc
ri sk assessnents.

*Least Privilege Enforcenment*: Grant m ni nal necessary pernmnissions
for each task.

Data Protection

*End-to- End Encryption*: Encrypt sensitive data throughout its
l'ifecycle.

*Data M nimzation*: Transfer only necessary data for each
col | abor ati on.

*Privacy-Preserving Conputation*: Use techniques |ike federated
| earning and secure nulti-party conputation.

*Data Sovereignty*: Respect data sovereignty requirenents of each
domai n.

Moni tori ng and Det ection

*Behavi oral Anal ytics*: Mnitor agent behavior for anomalies
i ndi cative of conproni se.

*Cross-Donain Correlation*: Correlate security events across
mul ti pl e domai ns.

*Real -Tinme Threat Intelligence*: Integrate threat intelligence
feeds fromall participating domains.

*Aut onmat ed Response*: Automated contai nment and nitigation of
detected threats.

Security Assurance
Trust Verification

*Credential Chain Validation*: Verify the conplete chain of
credentials fromroot authorities.

*Revocati on Checking*: Continuously check credential revocation
status.
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9. 3.

10.

10.

10.

10.

2

*Reput ation Scoring*: Use reputation systens to assess agent
t rust wort hi ness.

*Behavi oral Attestation*: Use renpte attestation to verify agent
integrity.

Audit and Accountability

*Imut abl e Audit Logs*: Store audit |ogs in tanper-evident
st or age.

*Cross-Domain Audit Correlation*: Enable correlation of audit
trails across domains.

*Non- Repudi ati on*: Ensure agents cannot deny actions they have
t aken.

*Forensi ¢ Readi ness*: Mintain evidence for potential [egal or
i nvestigative proceedi ngs.

Perf ormance and Scal ability

The

2. 1.

Per f or mance Metrics
framework defines the follow ng performance netrics

*Di scovery Latency*: Tinme to discover suitable collaboration
partners (target: < 5 seconds for 95% of queries).

*Trust Establishnment Tinme*: Tinme to establish trust between
previ ously unknown domains (target: < 30 seconds).

*Message Delivery Latency*: End-to-end | atency for cross-domain
messages (target: < 100ns for 95% of nessages within sane
region).

*Policy Evaluation Tine*: Time to evaluate access contro
policies (target: < 10nms per decision).

*Agent Registration Tine*: Tinme for an agent to register in a
foreign domain (target: < 2 seconds).

Scal ability Considerations
Hori zontal Scaling

*St at el ess Desi gn*: Design conmponents to be statel ess where
possi bl e for easy scaling.
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10.

10.

10.

10.

3.

3.

*Load Distribution*: Distribute | oad across multiple instances of
each component.

*Geographic Distribution*: Deploy conponents in nultiple
geogr aphi ¢ regions.

*Caching Strategy*: Inplement multi-level caching to reduce
backend | oad.

.2. Federation Scaling

*Hi erarchical Federation*: Organize domains into hierarchies to
reduce pairw se trust rel ationships.

*Transitive Trust*: Support transitive trust with appropriate
saf eguar ds

*Partial Mesh Networks*: Optimize trust relationships based on
col l aborati on patterns.

*Domain Clustering*: Goup domains with frequent collaborations to
reduce overhead.

Resour ce Managenent

.1. Conputational Resources

*El astic Scaling*: Autommtically scal e resources based on denand.

*Resource Quotas*: Enforce resource quotas per dommin and per
agent .

*Efficient Algorithnms*: Use computationally efficient algorithns
for cryptographi c operations.

*Har dwar e Accel eration*: Leverage hardware acceleration for
performance-critical operations.

2. Net wor k Resour ces

*Bandwi dt h Managenent*: Prioritize cross-donain traffic based on
i mport ance.

*Connecti on Pooling*: Reuse connections to reduce connection
establ i shment over head.

*Conpr essi on*: Conpress nessages to reduce bandw dth usage.
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* *Adaptive Protocols*: Use protocols that adapt to network
condi tions.
11. Depl oynment Consi derations
11.1. Depl oynent Model s
11.1.1. Centralized Gateway Mode

* *Description*: Al cross-domain traffic flows through centralized
interoperability gateways.

* *Advantages*: Sinplified managenent, consistent policy
enf orcenment, conprehensive auditing.

* *Disadvantages*: Single point of failure, potential perfornmance
bottl| eneck, higher |atency.

* *Use Cases*: Hi ghly regulated environnents, initial deploynents,
domains with limted technical resources.

11.1.2. Distributed Gateway Mdel

* *Description*: Each donmain operates its own gateway, w th gateways
form ng a peer-to-peer network.

* *Advant ages*: No single point of failure, better performance,
preserves donmai n autonony.

* *Di sadvant ages*: More conpl ex to manage, requires inter-gateway
trust establishnent.

* *Use Cases*: Large-scal e deploynents, domains with technica
expertise, perfornmance-sensitive applications.

11.1.3. Hybrid Model

* *Description*: Conbination of centralized and distributed el ements
based on requiremnents.

*  *Advantages*: Flexibility to optimze for different use cases,
i ncrenmental depl oynent.

* *Dj sadvant ages*: |ncreased conplexity, potential consistency
chal | enges

* *Use Cases*: Evol ving depl oynents, heterogeneous donmain
environments, transitional architectures.
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11.

2

Integration with Existing Systens

11.2.1. Legacy Agent Systens

11.

11.

11.

*

*W apper Conponents*: Devel op wrappers that enabl e | egacy agents
to participate in cross-domain collaborations.

*Protocol Translation*: Transl ate between | egacy protocols and the
cross-domain interoperability protocols.

*Pol i cy Mapping*: Map | egacy policy nmechanisns to the framework’s
policy nodel .

*&Gadual Mgration*: Support gradual mgration fromlegacy systens
to native inplenmentations.

2. Coud and Edge Depl oynents

*Cl oud- Nati ve Design*: Design conponents as cloud-native
m croservi ces.

*Edge Optim zation*: Optinmize for edge deploynents with [imted
resour ces

*Hybrid C oud Support*: Support deployments spanning nultiple
cloud providers and on-prem ses infrastructure.

*Cont ai neri zati on*: Package conponents as containers for easy
depl oynent .

Oper ational Considerations
1. DMonitoring and Managenent

*Uni fi ed Dashboard*: Provide a unified dashboard for nonitoring
cross-domai n col | aborati ons.

*Heal th Checks*: |nplement conprehensive health checks for al
components.

*Alerting Systent: Configurable alerting for security events and
performance i ssues.

*Capacity Pl anning*: Tools for capacit | anni ng and resource
p y g p y p g
al | ocati on.
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11.

12.

12.

3.2. Update and Mai ntenance

* *Rolling Updates*: Support rolling updates w thout disrupting
ongoi ng col | aborati ons.

* *Version Conpatibility*: Maintain conmpatibility between different
versions of the framework

* *Backward Conpatibility*: Ensure new versions don’t break existing
depl oynent s.

* *Mgration Tools*: Provide tools for mgrating between franework
versi ons.

Use Cases and Exanpl es
1. Cross-Enterprise Supply Chain Optimzation
*Scenario*: Miltiple conmpanies in a supply chain need to coll aborate
using Al agents to optimize inventory, logistics, and production
schedul i ng.

*Chal | enges*:

* Each conpany has its own systens, policies, and data sovereignty
requirenents

* Sensitive business information nmust not be exposed to conpetitors.
* Real -tinme coordination is needed across organi zational boundari es.
*Sol ution using CDI Framewor k*:

1. Each conpany depl oys an interoperability gateway.

2. Supply chain partners establish limted trust relationships for
specific coll aboration areas.

3. Agents are delegated with carefully constrained capabilities for
supply chain optim zation

4. Privacy-preserving techniques (like federated |earning) are used
to train optimzation nodels wi thout sharing raw data.

5. Audit trails are maintained for conpliance and dispute
resol ution.
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2. Smart City Federation

*Scenario*: Miultiple nunicipalities want to coll aborate on smart city
initiatives while maintaining control over their own infrastructure
and dat a.

*Chal | enges*:

* Different nunicipalities have different regul ati ons and poli cies.

* (Citizens' privacy nmust be protected across jurisdictiona
boundari es.

* Emergency situations require rapid coordination

*Sol ution using CD Framewor k*:

1. Each municipality operates as an independent donai n.

2. A federation agreenent establishes baseline trust and policies.

3. Specialized agents for traffic nanagenment, energency response,
and utility optimzation can operate across nunicipalities.

4. Data sharing follows strict privacy-preserving protocols.

5. During energencies, trust |levels can be tenporarily elevated to
enabl e faster coordination

3. Cross-Border Financial Services Collaboration

*Scenari o*: Financial institutions across different regul atory
jurisdictions need Al agents to collaborate on fraud detection, risk
assessnent, and conpliance nonitoring while adhering to strict

regul atory requirenents.

*Chal | enges*:

* Different countries have different financial regul ations and
conpl i ance requirenents.

* Sensitive custoner financial data cannot be freely shared across
borders.

* Real-time fraud detection requires rapid information exchange
whi | e mai ntai ning data privacy.
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12.

* Audit trails nust be comprehensive and legally adnmissible in
mul tiple jurisdictions.

*Sol ution using CD Framework*:

1. Each financial institution operates within its regulatory domain
with institution-specific policies.

2. Cross-border trust agreenents are established with | egal and
regul atory conpliance baked into the trust paraneters.

3. Specialized agents for fraud pattern recognition can operate
across institutions using privacy-preserving techniques |ike
f ederat ed | earni ng.

4. Regulatory conpliance agents ensure all cross-border operations
adhere to applicable laws (e.g., GDPR, CCPA, Basel 111).

5. Al transactions are |ogged with cryptographic proofs that can be
verified by regulators in any jurisdiction

*Key Techni cal Features*:

* *Regul atory Policy Engines*: Each domain includes policy engines
that encode jurisdictional regulations.

*  *Prjvacy-Preserving Analytics*: Use of hononorphic encryption for
cross-institution fraud pattern anal ysis w t hout exposing raw
transacti on dat a.

* *Multi-Jurisdictional Audit*: Audit |ogs structured to neet
requirenments of multiple regul atory bodies simultaneously.

* *Enmergency Override Protocols*: Controlled nmechanisns for
tenmporary policy relaxation during financial crises or systemc
ri sk events.

4. Cross-Domain Emergency Response System

*Scenari o*: During natural disasters, public health energencies, or

cybersecurity incidents, Al agents fromdifferent organi zati ons need

to coordinate rapid response while nmaintaining security boundaries
and respecting organi zati onal autonomny.

*Chal | enges*:

* Time-critical operations requiring collaboration establishnent
wi thi n m nutes.
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Di fferent organi zati ons have varyi ng conmand hi erarchi es and
deci si on- maki ng processes.

Sensitive information nmust be shared only w thin necessary scope.

Resource constraints during enmergencies nmay affect comunication
reliability.

Post - emer gency accountability and after-action anal ysis
requirenents.

*Sol ution using CD Framewor k*:

1.

*Pre- Establi shed Trust Frameworks*: Organizations establish
baseline trust rel ationships and policies during peacetine.

*Emergency Trust Elevation*: During declared energencies, trust
| evel s can be tenporarily elevated with appropri ate saf eguards
and post-event review requirenments.

*Dynam ¢ Policy Adaptation*: Emergency-specific policies override
nornmal operating policies tenporarily.

*Resource Pooling Coordination*: Al agents coordi nate resource
al | ocati on across organi zati onal boundaries while maintaining
owner shi p tracki ng.

*Si tuati onal Awareness Sharing*: Secure sharing of situationa
data with granul ar access controls based on role and need-to-
know.

*] pl enent ati on Conponent s*:

*

*Enmer gency Decl aration Protocol *: Standardi zed nechani sm for
organi zations to declare energencies and activate enhanced
col | aborati on nodes.

*Priority Communi cation Channel s*: Dedi cated, high-priority
communi cati on paths for energency coordi nation

*Resource Discovery and Allocation*: Dynam c discovery of
avai | abl e resources (personnel, equipnent, facilities) across
participating organi zati ons.

*Common Operational Picture*: Federated data aggregation to create

unified situational awareness without centralizing sensitive
i nformation.
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*Exanpl e Flow - Natural D saster Response*:
1. Earthquake occurs affecting multiple jurisdictions.

2. Emergency services fromaffected areas decl are energenci es
through their interoperability gateways.

3. Trust levels are automatically el evated based on pre-configured
enmer gency protocols.

4. Al agents fromdifferent energency services di scover each other’s
capabilities through federated directories.

5. Resource coordination agents negotiate allocation of search-and-
rescue teans, nedical supplies, and evacuation routes.

6. Privacy-preserving techniques allow sharing of victimlocation
data while protecting personally identifiable infornmation.

7. Post-event, all actions are audited, trust levels revert to
normal , and after-action reports are generated fromthe
conpr ehensi ve audit | ogs.
5. Milti-Cdoud Al Wrkload O chestration
*Scenari o*: Enterprises running Al workl oads across multiple cloud
provi ders need agents to nanage resources, optim ze costs, and ensure
conpliance whil e avoi di ng vendor | ock-in.
*Chal | enges*:

* Different cloud providers have proprietary APls and nanagenent
i nterfaces.

* Data sovereignty requirenents may restrict where workl oads can
run.

* Cost optimzation requires dynam c workl oad m gration across
provi ders.

* Security policies nmust be consistently enforced across
het er ogeneous environnents.

*Sol ution using CDI Framewor k*:

1. Each cloud environnent operates as a separate domain with cloud-
specific policies and capabilities.
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2. Enterprise governance domai n defines overarching policies that
apply across all cloud domains.

3. Ovchestration agents operate across cloud domains to optim ze
wor kl oad pl acenent based on cost, perfornmance, and conpliance
requirenents.

4. Data novenent agents manage secure data transfer between cloud
environments with appropriate encryption and access control s.

5. Conpliance nonitoring agents ensure consistent policy enforcenent
regardl ess of where workl oads execute.

*Techni cal | npl enent ati on*:

* *Cloud Abstraction Layer*: Standardized interface that abstracts
cloud provider differences.

* *Cost Optim zation Engine*: Al agents that analyze pricing nodels
and performance nmetrics to recommend opti mal workl oad pl acenent.

* *Data Gravity Managenent*: Intelligent agents that mnimze data
nmovenent costs by col ocating conputation with data.

* *Conpl i ance Mappi ng*: Autonmated mappi ng of cloud provider
compliance certifications to enterprise regulatory requirenments

6. International Research Data Conmons

*Scenari o*: G obal research collaborations need to share and anal yze
sensitive research data (e.g., genonm c data, clinmate data,

epi dem ol ogi cal data) while protecting participant privacy and
respecting national data sovereignty |aws.

*Chal | enges*:

* Research data often contains sensitive personal information with
strict privacy requirenents

* Different countries have different data protection | aws and
ethical review requirenents.

* Researchers need to collaborate on anal ysis while maintaining
control over their contributed data.

* Fundi ng agencies require accountability for data usage and
research outputs.

Expi res 15 August 2026 [ Page 29]



I nternet-Draft CDI - Agent February 2026

12.

*Sol ution using CDI Framewor k*:

1. Each research institution operates as an i ndependent domain wth
institutional review board (I RB) approved poli cies.

2. Research consortia establish collaboration domains with
consortiumspecific policies that respect all nenber
institutions’ requirements.

3. Data analysis agents operate on federated data w thout needing to
centralize sensitive information.

4. Publication agents coordinate nulti-institution authorship and
ensure proper attribution.

5. Data usage tracking agents nonitor conpliance with data use
agreenents across all participating institutions.

*Key Feat ures*:

* *Ethical Conpliance Engine*: Automated checks for conpliance with
ethical research standards across jurisdictions.

* *Differential Privacy Integration*: Built-in differential privacy
mechani sms for aggregate anal ysis.

* *Data Provenance Tracking*: Conplete |ineage tracking for research
data fromcollection through analysis to publication

* *Automated Institutional Reviews: Streamined process for cross-
institutional research approval

7. Smart Manufacturing Supply Chain

*Scenari o*: Manufacturers, suppliers, and logistics providers in a
smart manufacturing ecosystem need to coordinate production,
inventory, and delivery using Al agents while protecting intellectua
property and conpetitive information.

*Chal | enges*:

* Conpetitors may be part of the same supply chain, requiring
i nformati on boundari es.

* Real -tinme coordination needed for just-in-tinme manufacturing and
i nvent ory nmanagenent.

Expi res 15 August 2026 [ Page 30]



I nternet-Draft CDI - Agent February 2026

12.

* Quality control data needs to flow upstreamto suppliers without
reveal ing proprietary manufacturing processes.

* Cybersecurity threats targeting interconnected industrial contro
syst ens.

*Sol ution using CDI Framewor k*:

1. Each company in the supply chain operates as an i ndependent
domain with conpetitive boundary policies.

2. Supply chain collaboration donmains establish limted infornmation
sharing agreements for specific coordination tasks.

3. Production planning agents coordi nate across organi zations while
preserving conpetitive intelligence.

4. Quality nonitoring agents share defect information with suppliers
wi t hout revealing manufacturing process details.

5. Cybersecurity nmonitoring agents coll aborate on threat detection
whil e protecting each conpany’s security posture infornmation

*| npl enent ati on Approach*:

*  *Need-to-Know I nformati on Sharing*: G anular controls on what
information is shared with which partners.

* *Conpetitive Boundary Managenent*: C ear policies defining what
constitutes conpetitive information that should not be shared.

* *Real -Time Coordination Protocol s*: Low | atency conmuni cation for
ti me-sensitive manufacturing coordi nation

* *|ndustrial 10T Security*: Specialized security protocols for
i ndustrial control systemintegration

8. Cross-Jurisdictional Law Enforcenment Col | aboration
*Scenari o*: Law enforcenent agencies fromdifferent jurisdictions
need to collaborate on investigations while respecting |ega
boundaries, privacy |aws, and chain of evidence requirenents.

*Chal | enges*:

* Different |legal systens have different requirements for evidence
col l ection and sharing.
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* Privacy laws restrict sharing of personal infornmation across
bor ders.

* Chain of custody nmust be nmmintained for digital evidence.

* Need for rapid information sharing in time-sensitive
i nvestigations (e.g., kidnapping, terrorism

*Sol ution using CDI Framewor k*:

1. Each law enforcenent agency operates within its jurisdictiona
domain with legally conpliant policies.

2. Mitual l|egal assistance treaty (MAT) frameworks are encoded into
trust agreenents between domains.

3. Investigation coordination agents facilitate information sharing
within | egal boundari es.

4. EBEvidence handling agents maintain chain of custody across
jurisdictional transfers.

5. Legal conpliance agents ensure all cross-jurisdictiona
operations adhere to applicable | ans.

*Techni cal Consi derations*:

* *lLegal Authority Verification*: Automated verification of |ega
authority for specific investigative actions.

* *Prjvacy-Preserving Mtching*: Techni ques for matchi ng persons of
interest without sharing full identity information

* *Digital Evidence Chain of Custody*: Cryptographic proof of
evi dence integrity and custody chain.

* *Automat ed Legal Docunentation*: CGeneration of legally required
docunent ati on for cross-jurisdictional operations.

9. dobal Energy Gid Coordination

*Scenari o*: Energy providers, grid operators, and renewabl e energy
producers across regions need to coordinate energy production,

di stribution, and consunption while maintaining grid stability and
respecting commercial interests.

*Chal | enges*:
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13.

14.

Different grid operators have proprietary control systens and
pr ot ocol s.

Renewabl e energy sources introduce variability requiring real-tine
coor di nati on.

Conmer ci al energy trading requires secure transacti on nechani sns.

Gid cybersecurity requires coll aborative threat detection w thout
revealing vulnerability information

*Sol ution using CD Framewor k*:

1.

Each energy provider and grid operator operates as an i ndependent
domai n.

Regi onal coordi nati on domai ns establish protocols for grid
stability nanagenent.

Energy trading agents facilitate secure transacti ons across
organi zati onal boundari es.

Gid optim zation agents coordi nate production and consunption
across regions.

Cybersecurity agents collaborate on threat detection while
protecting proprietary systeminformation

*Key Component s*:

*

*@id Stability Protocol s*: Standardi zed protocols for naintaining
grid stability across interconnected systens.

*Renewabl e | ntegration Managenent*: Coordination of variable
renewabl e energy sources across the grid.

*Secure Energy Trading*: Privacy-preserving mechani snms for energy
mar ket transacti ons.

*&id Resilience Coordination*: Collaborative response to grid
di sturbances and fail ures.

| ANA Consi der ati ons

Thi s docunent has no | ANA acti ons.
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