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1. Introduction

The Internet of Agents (l10A) envisions |arge-scale collaboration
anong het er ogeneous agents across dommi ns, vendors, and execution
environments. Current agent ecosystens often fail to interoperate
because capability descriptions, task intents, and context semantics
are expressed using inconpatible vocabularies. This semantic

m smat ch bl ocks cross-domai n di scovery, reliable task deconposition,
and predictabl e coordination.

Thi s docunent defines an ontol ogy-based semantic | ayer for agent
interaction. The |ayer provides:

- A nmnimal ontol ogy nodel for capabilities, intents, tasks, and
cont ext .

- A JSON-LD serialization profile (RECOWENDED) for exchange over
existing interaction protocols, with allowance for other RDF
serializations.

- A negotiation and alignnment procedure for heterogeneous ontol ogies.

The semantic |ayer conpl enents existing interaction and di scovery
protocols. It does not define transport, session, or security
protocols, and it does not nandate a specific discovery system It
provi des determnistic semantics that those protocols can carry.

2. Conventions and Term nol ogy
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOWMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [RFC2119] and
[ RFC8174] .
The following terns are used in this docunent:
Internet of Agents (l10A): An ecosystem and architecture enabling
i nt eroperabl e col |l aborati on anmong het er ogeneous agents across domai ns
and environnents.

Senmantic Layer: A logical |ayer that standardi zes neaning
representation for agent interaction, independent of transport.

Ontol ogy: A formal vocabul ary of concepts and rel ations that can be
used to describe capabilities, intents, tasks, and context.

Semantic Profile: A mninmal, structured set of fields used to express
i nteraction semantics
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Capability: A well-defined function or service that an agent can
provi de, described semantically.

Intent: A goal-oriented statenment describing the desired outcone of
an interaction.

Task: A unit of work with a lifecycle and status, linked to intent
and capability.

Context: Constraints, assunptions, and environnental conditions
relevant to a task or interaction

Al'i gnnent: A nmapping procedure between ontol ogies to reconcile
equi val ent or rel ated concepts.

3. Scope and Non-Goal s
Thi s docunent specifies:
- A normative semantic ontol ogy nodel

- A JSON-LD serialization profile (RECOWENDED) for interaction and
di scovery semantics, with all owance for other RDF serializations.

- A negotiation procedure for semantic conpatibility.
- Alignment artifacts and conflict resolution rules.
Thi s docunent does not specify:
- Transport, session, or security protocols.
- A specific discovery or registration protocol
- Afull ontology library for a specific industry donain.

4. Semantic Layer Architecture
The semantic |ayer sits above interaction protocols and bel ow
application logic. It provides a structured neani ng representation
that can be exchanged, validated, and mapped across heterogeneous
agents. The semantic |ayer is protocol-agnostic and can be carried
by existing agent-to-agent interaction nmechanisns.

The | ayer enabl es:

- Capability alignnment across different vocabul ari es.
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- Intent clarity for task deconposition and coordination
- Context sharing for constraints and assunptions.
For cross-domai n depl oynents, a shared semantic know edge base (e.g.,

ontol ogy and concept registries with version history) MAY be used as
a common reference to inprove semantic consi stency.

The semantic layer is illustrated in Figure 1.
o e e e e e e eee e +
| Application Logic |
o m e e e e e i e +
| Semantic Layer (this doc) |
o e e e e e e e e e o +
| Interaction Protocols |
o e e e e e e eee e +
| Transport / Security |
o m e e e e e i e +

Figure 1

Figure 1. Semantic Layer Position

This layer positioning is consistent with the unified | ayered
architecture shown in Figure 5 of [MACP-01].

5. Ontol ogy Model (Nornative)
The ontol ogy nodel defines the minimal classes and properties that
MUST be supported for interoperable interaction. This nodel is
RECOMVENDED t o be expressed using RDF/ OAL concepts [ RDF11- CONCEPTS]
[ ONL2- OVERVI EW .
RDF provides a graph-based, globally identifiable data nbodel that is
wel | -suited to cross-dormain integration, increnmental extension, and
ontology alignnent. It enables explicit semantics, constraint
val idation, and reasoning using mature tooling, which inproves
interoperability, verifiability, and |ong-term reuse.

5.1. Core O asses
The foll owi ng cl asses are REQU RED:
- ioa:Agent An entity that can performtasks and exchange nessages.

- ioa:Capability A function or service an agent can provide.
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ioa:lntent A goal-oriented description of desired outcone.

i oa: Task A unit of work with status and |ifecycle.
- ioa: Context Constraints and environnental conditions.

- ioa:SemanticProfile A container for semantic references used in
interaction.

Optional classes MAY include

- ioa:Skill Reusable expertise or conpetency that refines a
Capability.

- ioa:Resource Data, tools, or assets required to performa Task
- ioa:Constraint Policy, rule, or limt that bounds Task execution

Optional classes provi de donai n-specific extensions and are not
required for baseline interoperability.

5.2. Core Properties
The foll owing properties are REQU RED:

- ioa:hasCapability (Agent -> Capability) Links an agent to its
provi ded capabilities.

- ioa:hasintent (Task -> Intent) Associates a task with its intended
goal .

- ioa:hasContext (Task -> Context) Binds a task to its contextua
constraints.

- ioa:requiresCapability (Task -> Capability) Declares capabilities
required to fulfill a task.

- ioa:providedBy (Capability -> Agent) ldentifies the agent that
provi des a capability.

- ioa:hasProfile (Message -> SemanticProfile) Attaches the senantic
profile to a nmessage

- ioa:ontologyld (SemanticProfile -> IRl) Identifier of the ontol ogy
used for interpretation

- ioa:ontol ogyVersion (SemanticProfile -> literal) Version of the
ref erenced ont ol ogy.
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The foll owing properties are RECOMVENDED:

- ioa:profileVersion (SemanticProfile -> literal) Version of the
semantic profile instance.

- ioa:alignmentRef (SemanticProfile -> IRl) Reference to alignnent
artifacts used for mapping.

- ioa:profileContext (SemanticProfile -> Context) Contextua
constraints used for interpretation.

These properties link core classes into a mninmal graph that enables
capability discovery, intent interpretation, and semantic alignnent.

5.3. Profil es and Versions

A SemanticProfile is an instance-1evel declaration of the ontol ogy
concepts and context used in a specific interaction

A SemanticProfile SHOULD i ncl ude:
- ioa:ontologyld Identifier of the ontology used for interpretation
- i oa:ontol ogyVersion Version of the referenced ontol ogy.

- ioa:capabilityRefs One or nmore Capability IRIs referenced by this
i nteraction.

- ioa:intentRef The Intent IRl that declares the interaction goal

Semanti cProfile versioning SHOULD be explicit and SHOULD be

comparabl e using a version string or nunmeric identifier. Agents

SHOULD support backwards conpatibility within the same major version
5.4. Constraints and Consi stency Rul es

Ont ol ogi es used with this specification SHOULD define constraints

that enable semantic validation. Constraints MAY be expressed using

RDF/ OAL axi oms or constraint | anguages such as SHACL

At minimum the followi ng consistency rules are RECOMVENDED:

- Capability domain/range constraints: ioa:hasCapability MJST rel ate
an Agent to a Capability.

- Intent applicability: ioa:intentRef MJUST reference an Intent that
is conpatible with the referenced capabilities.
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- Context consistency: if profil eContext.domain is present,
ternBi ndi ngs MUST resol ve to concepts within that domain.

- Disall owed sense mappi ng: a ternBinding MAY be rejected if the
sense conflicts with the decl ared donai n.

Agents SHOULD val i date semantic profiles against these rules before
task execution and reject or renegotiate when violations are
det ect ed.

5.5. Exanpl e Ontol ogy Fragnent

The following sinplified fragments illustrate a base ontol ogy and two
domai n extensions. Donmain ontol ogi es extend the base by inmporting or
referencing it.

Base ontol ogy (ioa core):
@refix ioa: <https://ex.org/ioalsemantic#>
@refix rdfs: <http://ww. w3. org/ 2000/ 01/ rdf - schema#>

i oa: Dormai n a rdfs: d ass

i oa: Concept a rdfs: d ass

i oa:inbDomain a rdfs: Property .

i oa: abbr a rdfs: Property .

i oa: preferredAbbr a rdfs: Property .
i oa:profileContext a rdfs: Property .

Fi gure 2
Conput er - sci ence ext ensi on:

@refix ioa: <https://ex.org/ioalsemantic#>
@refix cs: <https://ex.org/onto/cs#>

cs: Conput er Sci ence a i oa: Domain

cs: LargeLanguageMbdel a ioa: Concept ;
i oa: i nDomai n cs: Conput er Sci ence ;
i oa: abbr "LLM

cs: TechTranslation a ioa:Capability .

cs: Transl ateTechDoc a ioa:lntent ;
i oa:requiresCapability cs: TechTransl ati on
i oa: appl i esToDomai n cs: Conput er Sci ence

Figure 3
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6.

6.

6.

Legal - donai n ext ensi on:

@refix ioa: <https://ex.org/ioalsemantic#> .
@refix law <https://ex.org/onto/l aw#> .

| aw. Law a ioa: Domain .
| aw. Master O Laws a i oa: Concept ;

i oa: i nDomai n | aw Law ;

i oa: abbr "LLM ;

i oa: preferredAbbr "LL.M"

Figure 4
JSON-LD Serialization Profile (Normative)
JSON-LD i s the RECOVMENDED serialization for semantic payl oads
[JSON-LD]. Oher semantically equival ent representati ons MAY be used
if they preserve the required fields and determnistic
interpretation. Oher RDF serializations (Turtle, RDF/ XM.) MAY be
supported for offline exchange.
1. @ontext Requirenents
A JSON- LD payl oad MUST include a @ontext that defines ioa: terns and
any domai n-specific extensions. The base context for this docunent
is:
https://ex.org/ctx
Thi s base context defines the ioa: prefix as https://ex.org/ioal
semanti c# and MAY be extended. Donmain extensions MAY be decl ared
inline by adding prefixes that map to ontology IR's, thereby
inheriting the comon ioa: semantics.
2. Message Semantic Envel ope

A semantic envelope is an object that can be enmbedded in interaction
messages. The envel ope MJST cont ai n:

"@ontext"
- "type": "ioa:SemanticProfile"
- "ontol ogyl d"
- "ontol ogyVersi on"

- "capabilityRefs"
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"intent Ref"
Exanpl e:

{
"@ontext": [
"https://ex.org/ctx",
{ "cs": "https://ex.org/onto/cs#" }
]

ype": "ioa:SemanticProfile",

"ontol ogyld": "https://ex.org/onto/agent-core",
"ont ol ogyVersion": "1.0",
"capabilityRefs": ["cs: TechTransl ation"],
"intentRef": "cs: Transl at eTechDoc",
"profileContext": {
"domai n": "cs: Conput er Sci ence",
"ternBi ndi ngs": |

"term': "LLM,
"sense": "cs: LargelLanguagehbdel "
}
]
}
}

Figure 5
6.3. Capability Registration Payl oad

Capability registration payl oads MJST include ioa: Capability objects
with identifiers and input/output constraints. Exanple:

{
"@ontext": [
"https://ex.org/lctx",
{ "cs": "https://ex.org/onto/cs#" }
1,
"type": "ioa:Capability",
"id": "cs:TechTransl ati on",
"l abel ": "Techni cal Docunment Translation",
"inputs": ["text/plain"],
"out puts": ["text/plain"]
}

Figure 6

7. Semantic Negotiation and Alignnent
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7.1. Compatibility Determination

Agents MJST determ ne semantic conpatibility prior to executing a
task. Conpatibility outcones are:

- Direct match: identical ontologyld and conpati bl e versions.
- Mapped match: alignment artifacts allow translation.
- No match: reject or fall back.

7.2. Aignnent Artifacts

Alignment artifacts MJST be represented as mappi ng tabl es or graphs.
The artifact SHOULD i ncl ude:

- sourceOntol ogyld

t arget Ont ol ogyl d

mappi ngRul es

confi dence
7.3. Conflict Resolution Rules

VWhen mul ti pl e mappi ngs are possi bl e, agents SHOULD apply conflict
resolution rules in this order:

1. Local policy priority

2. Higher confidence mappi ng

3. Explicit user override
7.4. Aignnent AlgorithmDetails

Alignment MAY be performed by conbining | exical, structural, and
behavi oral signals. The follow ng steps are RECOVMENDED:

- Lexical Matching: conpare | abels, synonyns, and aliases.

- Structural Matching: conpare parent/child relationships and
property constraints.

- Behavi oral Matching: conpare expected inputs/outputs of
capabilities and historical success.
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10.

The al i gnnent process SHOULD yield a mappi ng score between 0 and 1.
Mappi ngs bel ow a | ocal threshold SHOULD be rejected or require
explicit user confirmation

Di scovery and Capability Semantics

This semantic | ayer can be used by di scovery systens to match
capability requirements against registered capabilities. Agents
SHOULD advertise capabilities using ioa:Capability objects and

i nclude semantic profiles in discovery responses. The discovery
protocol itself is out of scope; for exanple interactions see

[ 1 0A- Task] .

Interaction Semantics

I nteraction messages SHOULD carry a semantic envel ope. Agents MJST
ensure that semantic profiles associated with a task remain stable
for the lifetime of the task unless renegotiated. |f semantic
renegotiati on occurs, a new profile MJIST be recorded with the task

An i nmpl enentati on may use natural | anguage or other task content as
the primary interaction content, while carrying the semantic envel ope
al ongsi de the task-specific input so that intent, capability, and
context remain explicit to both endpoints. As discussed in

[ DMSC- NLI P- NOTES], this semantic |ayer MAY be carried by an NLIP-
based interaction. In such cases, the semantic requirements defined
by this docunent still apply, while the concrete nessage encodi ng and
transport realization renmain outside the scope of this docunent.

Semantic conpatibility checks, profile updates, and alignnent
renegoti ati on SHOULD be perforned using a control exchange separate
fromordinary task executi on nessages. A control exchange for
semanti c renegotiati on SHOULD carry the proposed ontol ogy identifier,
version, and any candi date alignnent artifacts, and a successful
renegotiation MJST result in a new semantic profile being recorded
for subsequent task nessages.

Mappi hg to ACPs/ ADP/ Al P
This semantic |ayer is intended to conplenment the Agent Col |l aboration
Protocol s (ACPs) architecture [ACPs-ARC] and can be napped as
fol | ows:

- ADP (Agent Discovery Protocol): use SemanticProfile to represent
capability requirements and results for semantic matching.

- AP (Agent Interaction Protocol): attach SemanticProfile to
i nteracti on nessages to nmake task intent and context explicit.
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- ldentity/authentication conmponents: no changes required; senantic
profiles are orthogonal to identity and authentication

- NLIP-based realization: carry the semantic envel ope as a structured
payl oad and use control exchanges for semantic negotiati on and
profile renegotiation.

The NLI P-based mappings in this section and in Section 11.5 are
illustrative depl oynent exanples only. This docunent defines the
semantic | ayer and its payl oad requirenents, but does not nornatively
depend on NLIP or any other transport, session, or security mechani sm
for conformance.

Thi s mapping all ows ACPs depl oynents to adopt senantic
interoperability wi thout nodifying transport or security conponents.

This semantic | ayer al so conplenents the DMSC infrastructure
architecture draft [INF-ARCH by providing semantic descriptions for
capability directories (Section 6.1), discovery natching

(Section 6.2), and semantic routing inputs (Section 6.3). An
illustrative HITP encapsul ati on exanple for the semantic envelope in
an NLIP-style realization is shown in Section 11.5.

11. Exanple Flow and Exanpl es
11.1. Cross-Domain Di scovery Exanpl e

Agent A (domain X) requests a capability "radiol ogy-report-sunmary"”.
Agent B (donmin Y) advertises capability "clinical-note-summarize".
The domains use different ontologies. Alignment produces a mapping
with confidence 0.91, enabling cross-domain discovery.

Exanmpl e di scovery response (sinplified):

{
"@ontext": [

"https://ex.org/ctx",
{ "clinical": "https://y.org/onto/clinical#" }

]

ype": "ioa:SemanticProfile",

"ontol ogyld": "https://y.org/onto/clinical",
"ont ol ogyVersion": "2.1",

"capabilityRefs": ["clinical:note-summarize"],
"intentRef": "clinical:sunmary-intent",
"alignmentRef": "https://ex.org/align/X-Y-2026"

Fi gure 7
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11.2. Interaction Exanple

Agent A sends a task request with a semantic profile that includes a
domai n context and term binding. This hel ps di sanbi guate
abbreviations, e.g., "LLM is bound to "LargeLanguageMdel" in
conputer science, not "MasterOf Laws" in | egal education

Exanpl e task request (sinplified):

"header": {
"task_id": "t-1038",
"message_type": "task_request”
}

"semantic": {
"@ontext": [
"https://ex.org/ctx",
{ "cs": "https://ex.org/onto/cs#" }

]

"type": "ioa:SemanticProfile",
"ontol ogyld": "https://ex.org/onto/agent-core",
"ont ol ogyVersion": "1.0",
"capabilityRefs": ["cs:TechTransl ation"],
"intentRef": "cs: Transl at eTechDoc",
"profileContext": {

"domai n": "cs: Conmput er Sci ence",

"sourcelLang”: "zh",

"targetLang": "en",

"ternBi ndi ngs": |

"term': "LLM,
"sense": "cs: LargelLanguagehbdel "
}
]
}
} i)
"payl oad": {
"input": " "
}

}
Fi gure 8
11.3. Consistency Validation Exanple
In this exanple, the profile declares a conputer-science domai n but

binds "LLM to a | egal -educati on sense. A validator SHOULD reject or
request correction based on the consistency rul es.
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Exanpl e validation failure (sinplified):

"semantic": {
"@ontext": [
"https://ex.org/ctx",
{ "cs": "https://ex.org/onto/ cs#" },

{ "law': "https://ex.org/onto/law#" }
]

"type": "ioa:SemanticProfile",
"ontol ogyld": "https://ex.org/onto/agent-core",
"ont ol ogyVersion": "1.0",
"intentRef": "cs: Transl ateTechDoc",
"profileContext": {

"domai n": "cs: Conput er Sci ence”,

"ternBindi ngs": |

"ternt: "LLM,
"sense": "l aw Master O Laws"
}
]
}

alidation": {
"status": "reject",
"reason": "ternBinding sense conflicts with domain"

}
}

}

Fi gure 9
11.4. Alignment Artifact Exanple

{
"sourceOntol ogyld": "https://x.org/onto/rad",
"targetOntol ogyld": "https://y.org/onto/clinical",
"mappi ngRul es": [
{
"fronm: "rad:report-sunmary",
"to": "clinical:note-sumrarize"
}
1,
"confidence": 0.91
}

Figure 10
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11.5. Illustrative NLIP HTTP Encapsul ati on Exanpl e

This exanple is non-normative and shows how the semantic envel ope can
be carried in an NLIP-style HTTP exchange w t hout changi ng the
semantic requirenments in Section 6.2.

POST /nlip HITP/ 1.1
Host: ex.org
Cont ent - Type: application/json

{

"MessageType": "Request",

"Format": "text",

"Subformat”: "en",

"Content": "Translate the attached note into English.",

"Subnessages": |

{

"Label ": "src-doc",
"Format": "binary"
"Subformat": "application/pdf",
"Content": "<pdf>"

"Label": "semprofile",
"Format": "structured",
"Subformat": "json",
"Content": {
"@ontext": [
"https://ex.orgl/c",
{ "cs": "https://ex.org/cs#" }

1,

"type": "ioa:SemanticProfile",
"ontol ogyld": "https://ex.org/core",
"ont ol ogyVersion": "1.0",
"capabilityRefs": ["cs: TechTrans"],

"intent Ref": "cs: Transl at eDoc",
"alignnmentRef": "https://ex.org/al"

Fi gure 11
12. Conpliance Requirenents

An inplenentation conpliant with this specification MJST:
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- Support the core classes and properties in Section 5.

- Produce and parse senmantic envel opes as specified in Section 6;
JSON- LD support is RECOMVENDED.

- Performsemantic negotiation prior to task execution (Section 7).
An i nmpl enent ati on MAY support extended domai n ontol ogi es.
13. Security Considerations

Semantic profiles may reveal sensitive capability and context
information. |nplenmentations SHOULD consi der

- Mnimzing semantic disclosure (least-information profiles).

Integrity protection of senantic profiles and alignment artifacts.

Access control on ontol ogy registries and mappi ng services.
- Policy-based filtering of sensitive capabilities in discovery.
If a shared semantic know edge base is used, inplenmenters SHOULD
consi der provenance, version control, and trust policies to prevent
poi soni ng or unaut hori zed changes.
Alignment artifacts can be a target for poisoning or downgrade
attacks. Inplenmentations SHOULD validate alignment sources and
require provenance for nmappings used in critical tasks.
14. | ANA Consi derations
Thi s docunent nakes no request for | ANA action.
15. Normative References
[ RFC2119] Bradner, S., "Key words for use in RFCs to Indicate
Requi rement Level s", BCP 14, RFC 2119, 1997,
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