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Abst ract

Thi s docunent describes CTP/0, the definition |ayer of the Cognitive
Time Protocol (CTP) family. CTP/0 is a conceptual reference
framework for representing, comparing, and referencing tinme-rel ated
clains in Al and agent systens. It defines term nology for cognitive
events, event-density clainms, ordering clains, branching clains, and
decl ared energent tenporal -structure cl ains.

CTP/ 0 does not define a wire protocol, message format, signature
format, hash-chain format, governance process, physical theory of
time, theory of consciousness, or |egal accountability franmework
Were verifiable records are needed, CTP-conpatible clains can be
bound to external event or receipt infrastructure such as JEP, HIS,
JAC, COE, or CEP.

This revision narrows the original CIP/0 draft to an informationa
framework. Metrics such as Cognitive Event Density (CED), Causa
Arrow Entropy (CAE), Verifiable Delay Function (VDF) evidence, and
time-rel ated evidence chains are treated as optional claimor

evi dence profiles, not as universal measures of intelligence,
cognition, truth, safety, or responsibility.
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This Internet-Draft is submtted in full confornmance with the
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Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng docunments as Internet-Drafts. The list of current
Internet-Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents 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."

This Internet-Draft will expire on Cctober 29, 2026
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1. Introduction

1.1. Mot i vati on

Al and agent systens often operate through event streans that do not
map cleanly to wall-clock time. A planning systemnmay perform nany
internal steps in one second. A distributed agent may branch into
specul ative paths. A sinulator or world nodel may advance | ogica
time faster or slower than physical time. An audit system may need
to conpare physical timestanps, |ogical order, causal dependenci es,
and signed recei pt chains.

CTP/ 0 provides terminology for these tinme-related clains. |Its
purpose is to separate different neanings of "tine" that are often
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confl ated: physical tine, logical time, conputation time, event tine,
branch tine, audit tinme, and declared cognitive-event tine.

The framework is deliberately linmted. It is not a theory of Al
consci ousness, subjective experience, psychol ogy, spacetine, noral
agency, or legal responsibility. It is a reference vocabulary and

architectural map for future documents that may define concrete
measur enent profiles, evidence profiles, or bindings to external
event infrastructure.

Scope
CTP/ 0 defi nes:

o0 A conceptual nodel for tinme-related clainms in Al and agent
systens.

o Termnology for cognitive events, event-density clains, ordering
cl aims, branching clains, and declared tenporal -structure cl ains.

o0 A layered reference architecture for the CTP famly.

0 Optional evidence-profile concepts, including VDF evidence,
hash-chai n evi dence, hardware-attestati on evidence, and
event/recei pt bindings.

0 Security and privacy boundaries for interpreting CTP-conpatible
cl ai ns.

CTP/ 0 explicitly does not define:

0o A wre protocol, nmessage syntax, mnedia type, port nunber, AP, or
i nteroperabl e data fornmat.

0 A signature, hash, canonicalization, identity, trust, or receipt
mechani sm

o A global metric of intelligence, reasoning quality, consciousness,
safety, alignnment, noral status, or nodel capability.

0 A governance franework, nonitoring duty, |legal accountability
framework, fairness system appeal system explanation-rights
framewor k, or conpliance authority.

0 A physical theory of time, subjective-tine theory,
psychol ogi cal -ti ne nodel, or proof that any Al system experiences

time.
Rel ati onship to Event and Receipt Infrastructure
CTP/ 0 is a conceptual franmework. |t does not replace event or

receipt infrastructure. Wen a deploynent requires verifiable
records, CTP-conpatible clains can be bound to externa
i nfrastructures.

The follow ng rel ationships are informative:

0 JEP can bind tine-related clains to signed events and event
hashes.

o0 HIJS can package Al-agent behavior records and recei pt bundl es that
ref erence CTP-conpatible tinme-related clains.

0 JAC can express decl ared dependency |inks between time-rel ated
events or receipt el enents.

0 CCE can bind observation records and shared-state clains that
include time-rel ated descriptors.

0 CEP can bind evol ution-change records that reference decl ared
tenmporal structures or time-rel ated evi dence.

CTP does not define the semantics, validation rules, or registries of

those infrastructures. A deploynent that uses CTP term nology with

one of those systens follows the corresponding JEP, HJS, JAC, CCE, or

CEP profile.

I nfrastructure Positioning



CTP/0 is infrastructure for nam ng and conparing tine-related cl ai ns.
It provides a vocabulary and a reference architecture. |t does not
deci de what happened, who is responsible, whether an observation is
sufficient, whether a process is fair, or whether an Al systemis
safe, aligned, conscious, or legally conpliant.

The CTP core is intentionally minimal. It defines concepts; it does
not prescribe inplenentations. Evidence nechani sns, neasurenent
procedures, hardware support, receipt bindings, and external policies
are optional profiles or depl oynment choices.

.5.  Requirenents Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMVENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in BCP
14 [ RFC2119] [ RFC8174] when, and only when, they appear in al
capitals, as shown here

Because this docunment is an informational framework and not a wire
protocol, capitalized requirement words are used nmainly to state
interpretation boundaries and profile requirenments. Concrete
interoperability requirenments belong to future CIP-famly
specifications or to external event/receipt profiles.

.6. Term nol ogy

CTP/ O:
The definition | ayer of the Cognitive Tinme Protocol famly. It
defines the term nol ogy and reference architecture described in
this docunent.

Cognitive event:
A decl ared or observed unit of processing in an Al or agent system
under a neasurenent profile. The definition of a cognitive event
is profile-defined and i npl enent ati on-dependent.

Tine-related claim
A cl ai m about event order, event density, branch structure,
sequenti al conputation, tenporal evidence, or declared tenpora
structure. A tinme-related claimmy be neasured, asserted,
inferred, or externally referenced.

Cogni tive Event Density (CED):
A decl ared or neasured event-density indicator expressing
cognitive events per unit of physical tine under a shared event
definition and neasurenent profile.

Causal Arrow Entropy (CAE)
A heuristic or profile-defined nmeasure of uncertainty in an event
sequence, often witten as conditional entropy of a |later event
given earlier events.

Decl ared tenporal structure:
A depl oynent - defi ned cl ai m about a branch, synchroni zati on
pattern, abstraction, recurrence, or emergent structure in a
cognitive-event stream CTP does not determ ne whether such a
structure is physically real, conscious, novel, or norally
rel evant.

Measur ement profil e:
A depl oynent or specification-defined procedure for counting
events, measuring time, recording uncertainty, or collecting



evi dence.

Evi dence profile:
A profile that defines how optional evidence, such as VDF proofs,
hardware attestations, event hashes, or receipt references,
supports a time-related claim

2. CTP/ 0 Mode

2.1. Conceptual Franework, Not a Wre Protoco

CTP/ 0 does not define packets, nessages, headers, fields, APls, or
canoni cal encodi ngs. |Inplenentations cannot be "CTP/ 0
wire-conpatible" because CTP/0 intentionally does not define a wire
format. Future docunents may define concrete CTP-famly formats, but
they are outside this docunent.

A system may be described as CTP-conpatible only in the Iimted sense
that it uses the terms and boundaries in this docunment, or that it
inplements a future profile that references CTP/O.

2.2. Tine-Related C ains

Atinme-related claimis any claimthat uses the CTP vocabulary to
descri be event order, event density, event branching, tenporal
evi dence, or declared tenporal structure. Exanples include:

0o A claimthat an agent processed N profile-defined cognitive events
during a physical interval

o0 A claimthat one event was declared to precede, depend on, or
derive from anot her event.

0o Aclaimthat a branch of an agent process was copied, forked,
repl ayed, nerged, or discarded.

o Aclaimthat a VDF, event hash, receipt bundle, or hardware
attestation supports a sequential conputation or ordering claim

o0 Aclaimthat a new tenporal abstraction or branch structure was
observed under a depl oynent profile.

A time-related claimdoes not by itself establish truth, causality,

responsibility, intent, consciousness, or |egal effect.

2.3. Mniml Core and Optional Profiles

The CTP/ 0 core consists only of term nology, a |ayered reference
architecture, interpretation boundaries, and optiona

evi dence-profile categories. Al neasurenment nethods and evi dence
mechani sns are optional profiles.

A CTP-fam ly profile MAY define concrete procedures for counting
events, measuring el apsed time, using VDF evidence, referencing event
hashes, binding clains to receipts, or integrating hardware
attestations. Such a profile MIST state its event definition,

measur enent procedure, evidence requirenments, and interpretation
boundari es.

2.4. \What CTP Does Not Determ ne

CTP-conpati bl e records and nmetrics MJST NOT be interpreted by the
protocol as proving:

o that an Al systemis conscious or has subjective experience;
o that a cognitive event is equivalent across different systens
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wi t hout a shared measurenent profile;

o that high event density inplies intelligence, correctness, safety,

al i gnnment, or noral status;
o that a VDF proof proves reasoning quality, understanding, intent,
or subjective duration;
o that a hash chain proves factual causality, authorization
responsibility, |egal non-repudiation, or target determ nability;
o that an energent tenporal structure is real, novel, physically
meani ngful, or norally relevant; or
o that a target fact is settled nerely because |ogs, traces,
expl anati ons, neasurenments, or receipts exist.

Layered Reference Architecture

The CTP family is organi zed as a reference architecture with Layer 0
providing definitions and Layers 1 through 4 addressing categories of
time-related clainms. The layers are conceptual. |Inplenentations MAY

use a subset of layers, conbine |layers, or define profiles that
reference only sel ected concepts.

Layer 0: Definition Layer

Layer 0 is this docunment. It defines the CIP vocabul ary, conceptua
boundari es, optional evidence-profile categories, and rel ati onships
to external event and receipt infrastructures.

Layer 1: Perception and Density C ains

Layer 1 concerns cl ains about event density or perceived processing
rate. A Layer 1 profile may define how to count cognitive events,
what physical or logical tine base is used, and how a cl ai ned event
density is supported by evidence.

Layer 1 does not determ ne subjective experience. It only provides a

structure for event-density clains under a decl ared nmeasurenent
profile.

Layer 2: Direction and Ordering d ains

Layer 2 concerns cl ains about ordering, declared dependency, or
directional structure anong events. These clains may use | ogica
cl ocks, JEP event hashes, JAC dependency |inks, causal-edge
descriptors, or other external evidence structures.

Layer 2 does not establish physical causation, |egal causation,
responsibility, or conpleteness of a causal history.

Layer 3: Copy and Branching d ains

Layer 3 concerns cl ai ns about copying, branching, replication,
synchroni zati on, nerging, or abandonment of event streanms. These
clains may apply to specul ati ve execution, distributed agent
branches, sinulations, or parallel planning paths.

Layer 3 does not determi ne whether copied branches are equival ent,
whet her a nmerge is semantically correct, or whether responsibility
follows a branch. Such determ nations require external profiles.

Layer 4: Enmergence and Decl ared Tenporal Structures

Layer 4 concerns decl ared emergent tenporal structures, such as new
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branchi ng patterns, synchronization patterns, abstractions,
recurrence patterns, or evolution patterns observed in
cognitive-event streans.

Layer 4 does not determine whether a structure is truly energent,
novel , conscious, physically nmeaningful, or nmorally relevant. It
only provides term nology for recording and conparing such clains
under depl oynent -defined profiles.

Core Concepts

Cognitive Event

A cognitive event is a declared or observed unit of processing under
a nmeasurenent profile. Exanples may include inference steps, too
calls, retrieval operations, planning steps, verification checks,
simul ation ticks, branch creation, branch nmerge, or receipt
gener ati on.

The definition of a cognitive event is not universal. A profile that
reports cognitive events SHOULD st ate:

o the event boundary condition;

0 the event source or instrunmentation method;

o whether events nmay overlap or run in parallel;

o whether events are wei ghted;

0 how events are deduplicated or nerged; and

o what evidence, if any, supports the event count.
Cognitive Event Density (CED)

Cognitive Event Density (CED) is a declared or neasured
processi ng-density indicator

CED = C total / T_physica
where C total is a count or wei ghted aggregate of profil e-defined
cognitive events and T_physical is el apsed physical time under the
measur enent profile.

CED is not a universal neasure of intelligence, reasoning quality,
consci ousness, safety, alignment, or noral status. Conparisons
across systens are neani ngful only under a shared event definition,
shared nmeasurenent procedure, and shared evidence profile.

A profile that reports CED SHOULD state the event definition, tine
source, counting nethod, weighting nethod if any, and evi dence used
to support the nmeasurenent.

Causal Arrow Entropy (CAE)
Causal Arrow Entropy (CAE) is a heuristic or profile-defined neasure
of uncertainty in an event sequence. It may be witten as:

CAE = H(Event N | Event {N-1}, ..., Event_0)

where H represents conditional entropy under the nodel or profile.
CAE can be used to describe how nmuch information is needed to
characterize a |l ater event given earlier events.

CAE does not prove physical causality, |egal causation, creativity,
intent, responsibility, novelty, or energence. A profile using CAE
SHOULD define the event space, probability nodel, conditioning
context, and interpretation linits.
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Sequenti al Conputation Evidence

Sone depl oynents may wi sh to support a claimthat a m ni mum anmount of
sequential computation occurred. VDFs or other
sequenti al - conput ati on evi dence can support such clai ns under an

evi dence profile.

Sequential conputation evidence proves only what the evidence profile
states. It does not by itself prove cognitive effort, reasoning
quality, intent, understanding, subjective duration, or safety.

Ti me- Rel at ed Evi dence Chai n Ref er ences

CTP/ 0 does not define an independent judgnent hash-chain protocol
When a tine-related cl ai m needs cryptographi ¢ binding,

i mpl ement ati ons SHOULD ref erence external evidence structures such as
JEP event hashes, JAC decl ar ed-dependency |inks, HIS receipt bundles,
CCE observation records, CEP evol ution-change records, or another
depl oynent - defi ned evi dence structure.

A hash chain or signed receipt can provide integrity and ordering
evidence. It does not by itself establish factual causality, |ega
non-repudi ati on, authorization validity, responsibility, target
determnability, or truth.

Optional Evidence Profiles

VDF Evi dence Profile

A VDF evidence profile MAY be used to support clains about mnininmum
sequential conputation. Such a profile SHOULD specify the VDF
construction, security paraneters, input binding, output proof
format, verification procedure, and limtations.

A VDF proof MJST NOT be interpreted by the protocol as proving
cogni tion, understanding, intent, human-like deliberation, or
subj ective duration.

Hash- Chai n Evi dence Profile

A hash-chain evidence profile MAY be used to support ordering and
integrity claims. Such a profile SHOULD specify the hash function,
canoni cal i zati on method, record format, inclusion rule, chain
extension rule, and verification method.

If a deploynment already uses JEP, HIS, JAC, COE, or CEP, a

CTP- conpati bl e hash-chai n evidence profile SHOULD prefer references
to those existing event hashes or receipt bundl es rather than
defining a parallel chain.

Har dwar e- Att est ati on Evi dence Profile

A hardware-attestation evidence profile MAY use trusted execution
environments, secure counters, neasured boot, renote attestation, or
protected storage to support clains about execution environnent or
measurenent integrity.

Hardware attestation can support clains about where or how evi dence
was collected. It does not prove that the event definition is
correct, that an observation is conplete, that the target is



determ nable, or that the resulting systemis safe, fair, lawful, or
al i gned.

5.4. Event and Receipt Binding Profiles

6

6. 1.

6. 2.

6. 3.

A CTP-conpati bl e cl ai m MAY be bound to external event and receipt
infrastructure. For exanple

o0 A JEP event may sign the digest of a CTP-conpatibl e neasurenent
record

0 An HIS receipt bundle may include a CTP evidence descriptor for an
Al - agent behavi or record.

0 A JAC chain extension may reference a declared ordering or branch
dependency described using CTP terns.

0 A COE shared-state claimmay include tinme-related descriptors for
observations and validati ons.

0 A CEP evol ution-change record may include a decl ared
tenporal -structure reference

The binding profile, not CTP/0, defines the concrete data format,

signature input, verification procedure, privacy nodel, and

critical -extension behavi or

Val i dation and Use

ClaimValidation

A verifier of a CTP-conpatible claimshould distinguish structura
validation fromsubstantive interpretation. Structural validation
may check that a record is well fornmed, that referenced evidence
exi sts, that hashes match, that signatures are valid under an
external profile, and that a decl ared neasurenent profile was
fol | owed.

Substantive interpretation asks what the claimmeans for a target
fact, safety conclusion, audit conclusion, governance deci sion,
scientific conclusion, or legal question. Such interpretation is
outside CTP/0 and belongs to external profiles, domain nodels, or
| egal, organi zational, scientific, or governance processes.
Measurement Profiles

A neasurenment profile SHOULD define at |east:

o the event definition;

o the tine source or clock nodel

o whether physical tine, logical tine, conputation tinme, event tine,
or audit tine is being neasured;

0 what instrunentation collects the events;

o what evidence supports the neasurenent;

o how mssing, parallel, duplicated, or redacted events are handl ed;

o whether the measurenent is conparable across systens; and

o what the measurenent nust not be interpreted to prove

Bi nding to JEP/ HIS/ JAC/ COE/ CEP

When CTP-conpatible clains are bound to JEP, HIS, JAC, COE, or CEP
the binding record should use the event, receipt, extension, and
digest-binding rules of that infrastructure. CTP/0 does not change
t hose rul es.

For exanple, a JEP-based binding may place the digest of a CTP
measurenent record in the JEP "what" field. An HIS receipt bundle
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may include the same digest as an evidence descriptor. A JAC
extension may reference the sane digest as a decl ared dependency.
Each bi nding proves only the relationship specified by its own
profile.

4, Non- | nf erence Rul es

The absence of a CTP-conpatible claim MJST NOT be interpreted by the
protocol as agreenent, waiver, adm ssion, |ack of objection, |ack of
harm absence of rel evant context, absence of external rights, or
absence of an external process.

The presence of a CTP-conpatible claimMJST NOT be interpreted by the
protocol as proving truth, fairness, safety, legality,

responsi bility, consciousness, or target determinability. The claim
provides a technical reference; interpretation belongs to externa
profil es and processes.

Security and Privacy Considerations

1. CTP Metrics Are Not Truth

CTP netrics and descriptors are evidence-related constructs. They
may hel p descri be event density, ordering, branching, or tenporal
structures. They do not prove that a systemis correct, intelligent,
safe, aligned, conscious, or legally conpliant.

2. VDF Proofs Are Not Cognitive Proofs

A VDF proof can support a claimthat a nini num anmount of sequenti al
comput ation was perforned under a declared profile. It does not
prove that a cognitive process occurred, that reasoning was sound,
that intent existed, that understanding occurred, or that a

subj ective duration was experienced.

3. Hash Chains Are Not Causality

Hash chai ns, signatures, and receipts can provi de tanper-evident
ordering and integrity. They do not by thensel ves prove causa
conpl et eness, intervention-level causation, |egal causation,

aut hori zation validity, responsibility, fault, or non-repudiation in
the | egal sense.

4. Partial Observation and Target Determnability

CTP-conpati bl e observations are often partial. A record nmay contain
ti mestanps, event counts, branch identifiers, hashes, VDF proofs, and
attestations w thout retaining enough target-rel evant causa
information to settle an external target fact.

In partially observed causal systens, different real histories may
produce the sanme observed event sequence while differing on the
target fact of interest. Therefore, CTP provides terninology and
optional evidence references, not a guarantee of target
determinability. Determ ning whether an observation is sufficient
for a target requires an external nodel of possible histories,
observations, and target facts, as discussed in

[ TARCET- DETERM NABI LI TY] .



7.5. Privacy of Cognitive-Time Metadata

Time-rel ated netadata can be sensitive. Event density, branch
structure, reasoning |atency, tool-call timng, and synchronization
patterns may reveal operational capabilities, workload, user
behavi or, nodel behavior, or proprietary processes. Deploynents
SHOULD mi ni m ze exposed netadata and use privacy-preserving

ref erences, aggregation, redaction, access control, or encryption
wher e appropri ate.

7.6. Har dware Trust Limtations

Har dwar e trust nechani sns nay support measurenent integrity,
protected counters, or attestation of an execution environnment. They
do not prove that a nmeasurenent profile is neaningful, that an event
definition is valid, that observations are conplete, or that a target
fact is determ ned. Conpromni se, msconfiguration, side channels,
suppl y-chai n i ssues, and incorrect neasurenent design remain

depl oynent ri sks.

8. | ANA Consi derati ons
Thi s docunent nakes no requests of | ANA

Future CTP-fanily specifications that define nmedia types, protocol
identifiers, registries, or extension identifiers may request | ANA
actions in their own docunents.
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Appendi x A, Changes from draft-wang-ctp-definition-00

0 Changed the intended status from Experinmental to |Informational

0 Reframed CTP/0 as a conceptual reference framework, not a
depl oyabl e protocol

o0 Renoved | anguage inplying that CTP nani pul ates tinme or defines
subj ecti ve experience.

0 Reframed Layer 4 as declared tenporal structures rather than new
ti me di mensions.

o Cdarified that CED is an event-density indicator, not a universa
intelligence or consciousness netric.

0 Cdarified that CAE is a heuristic or profile-defined uncertainty
measure, not a proof of causality or responsibility.

o Cdarified that VDF evi dence supports sequential -conputation clains

only.

Repl aced the independent Judgnent Hash Chain concept with

references to external event and receipt infrastructure.

Added rel ationship text for JEP, HJS, JAC, CCE, and CEP

Added partial -observation and target-determ nability boundaries.

Moved hardware trust into optional evidence-profile |anguage.

Ret ai ned no | ANA acti ons.
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