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Abst r act

Thi s docunent describes the Cognitive Tine Protocol (CTP) famly, a
conceptual framework for representing and mani pulating time in Al
systens. The CTP famly is organized into four |ayers: perception,
direction, copy, and energence. This docunment describes the
term nol ogy, the layer structure, and the rel ationshi ps between

| ayers. It does not specify wire protocols or nessage formats; it
provi des a conceptual foundation for future protocol designs and

i mpl ement ati ons.

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 docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may al so 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 docunents valid for a maxi num of six
mont hs and nmay be updated, replaced, or obsol eted by other docunents
at any tine. 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 Septenber 22, 2026
Copyright Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunment authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’s Lega
Provisions Relating to | ETF Docunents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunments carefully, as they describe your
rights and restrictions with respect to this docunent. Code
Conponents extracted fromthis document rmust include Sinplified BSD
Li cense text as described in Section 4.e of the Trust Lega

Provi sions and are provided without warranty as described in the
Sinplified BSD License.
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1. Introduction

As artificial intelligence systens beconme nore sophisticated,
considerations around tine representation in Al systens present
new consi derations. Al systens night experience tine differently
than physi cal clocks neasure it: they could conpress or expand
cognitive processes, engage in parallel speculative execution, or
operate across distributed conmponents with conpl ex causa

rel ati onshi ps.

Thi s docunent describes the Cognitive Tine Protocol (CTP) famly, a
conceptual franmework for representing tine in Al systens. The CTP
fam |y proposes a vocabul ary and structural reference for work on
time-rel ated considerations in Al.

The framework is organized into four |ayers, each addressing a
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proposed aspect of how tine can be experienced, directed, copied,
and evol ved:

0 Layer 1 (Perception): Addresses the density of tinme perception
o Layer 2 (Direction): Addresses the flow and ordering of tine

o Layer 3 (Copy): Addresses the distribution and replication of
time across agents

o Layer 4 (Emergence): Addresses the creation of new tenporal
structures

Thi s docunent (CTP/0) describes the foundational termnology, the

| ayer structure, and the rel ationshi ps between |layers. It does not
define wire formats, nmessage syntax, or interoperability requirenents.
Its purpose is to provide a proposed foundation for future work.

2. Conventions and Definitions

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

Thi s docunent describes the follow ng terns:

Cognitive Tine Protocol (CTP)
A famly of conceptual franeworks for time representation in Al
systens, consisting of four |layers as described in Section 4.

Cognitive Event:
A discrete unit of cognitive processing within an Al system
Cognitive events mght correspond to operations such as inference,
deci si on-maki ng, planning, or |earning. The definition of what
constitutes a cognitive event is inplenentation-dependent.

Time (Cognitive Definition):
In the context of this framework, tine is considered as the
organi zation of cognitive events in a directed sequence. This
definition enphasizes the experiential and directional nature of
time in cognitive systens, as distinct from physical tinme which is
uni form and | i near.

CTP Famly:

Al'l frameworks, specifications, and inplenentations that reference
the four-layer structure described in this docunent.
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CTP/ n:
A reference to a specific layer in the CIP fanily, where nis a
number fromO to 4.

3. Design Considerations
The CTP architecture is inforned by the foll owi ng considerations:

Nar r ow Wai st
The protocol focuses on the relationship between cognitive and
physical tinme. It does not attenpt to define intelligence,
consci ousness, or noral concepts. This narrow focus is intended
to support applicability across diverse Al architectures and
appl i cati on donai ns.

Verifiability:
Where verification is required, nechani sns MAY provi de neans to
confirmthat clained cognitive tinme corresponds to actua
comput ati onal expenditure. Verification nechani sns MAY be
sel ectively applied based on application requirenents.

Auditability:
The framework MAY support tracing and auditing of cognitive
processes. Audit nmechani snms MAY be inplemented at varying |evels
of granularity.

Conposability:
Layers NMAY be inplenmented i ndependently or in conbination,
dependi ng on the needs of specific applications. |nplenentations
are not required to use all layers.

Mnimlity:
The four |ayers represent a proposed set for capturing di mensions
of time in cognitive systens. Additional |ayers or sub-layers MAY
be defi ned.

I mpl ement ati on | ndependence:
The framework does not prescribe how | ayers nmust be inpl emented;
it describes what each | ayer addresses. |nplenentations MAY choose
appropriate technol ogies and architectures for their specific
cont exts.
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4. Four-Layer Architecture
The CTP architecture consists of four layers, with Layer 0 providing
the foundational definitions. The |ayers may be consi dered
conceptual Iy hierarchical, though inplenentations MAY conbine or omt
| ayers as needed.

4.1. Layer 0: Tinme Definition Layer
Layer O describes the core concepts of tine and the structure of the
CTP famly. This docunent constitutes the specification for Layer O.
It provides the foundational definitions upon which other |ayers
depend.
Layer 0O descri bes:
o The term nol ogy used throughout the CTP famly
o The four-layer architectural structure

o Core concepts including cognitive events, CED, CAE, and hash
chai ns

0 Relationships between | ayers

o Protocol identification conventions

O her CTP layers reference Layer 0 for foundational definitions.
4.2. Layer 1. Tinme Perception Layer

Layer 1 addresses the density of time perception—how time can be

experienced as moving slower or faster. This layer is concerned with

mechani sns for nodulating the rate at which cognitive events are

processed.

Key concerns of Layer 1 include:

o Measurenment of cognitive event density

0 Relationship between physical tine and cognitive tine

o0 Mechanisns for verifying clained cognitive duration

0 Reference nodels for time perception in Al systens

The specification for Layer 1 is a separate docunent (CTP/1).

Wang Expi res Septenber 22, 2026 [ Page 5]



I nternet-Draft CTP/ 0: Cognitive Tinme Protocol March 2026

4.3. Layer 2: Tine Direction Layer
Layer 2 addresses the direction of time fl ow—how causal relationships
are established and maintained. This layer is concerned with ordering,
sequenci ng, and causal integrity.
Key concerns of Layer 2 include:
o Causal ordering of cognitive events
o Prevention of causal violations (effects precedi ng causes)
0 Mechanisns for establishing irreversible causal chains
0 Coordination of time direction in distributed systens
The specification for Layer 2 is a separate docunent (CTP/2).
4. 4. Layer 3: Tinme Copy Layer
Layer 3 addresses the copying of time across multiple agents—how
deci sion-naking tinme can be replicated while preserving
accountability. This layer is concerned with del egation,
di stribution, and responsibility.
Key concerns of Layer 3 include:
o Parallel cognitive branches and their coordination
0 State synchronization across distributed cognitive processes
0 Accountability tracing for decisions made in branched contexts
o0 Mechanisns for consolidating parallel cognitive paths
The specification for Layer 3 is a separate docunent (CTP/3).
4.5. Layer 4: Tine Emergence Layer
Layer 4 addresses the energence of new tine dinmensions from existing
ones—how sufficiently dense, directed, and copied tine m ght give
rise to novel temporal structures. This layer is concerned with
creativity, evolution, and novelty in cognitive systens.
Key concerns of Layer 4 include:

0 Detection and description of emergent tenporal structures

o Interfaces for observing and interacting with energent phenonena
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0 Exchange rates between different tine domains

0 Auditability of emergent cognitive processes

The specification for Layer 4 is a separate docunent (CTP/4).
5. Core Concepts

This section describes the core concepts that formthe foundation of
the CTP franework. These concepts are referenced across all |ayers.

5.1. Cognitive Event

A cognitive event is considered an atomic unit of cognitive
processing within the CTP framework. Cognitive events MAY be defined
at various levels of granularity depending on inplenmentation needs.

A cognitive event MAY be represented as

Cognitive Event = {
identifier: unique event identifier,
ti mestanp: reference tinme (physical or logical),
content: event-specific data,
context: references to related events,
proof: optional verification data

}
I npl enent ati ons MAY define additional fields as needed.
5.2. Cognitive Event Density (CED)

Cognitive Event Density (CED) is proposed as a measure of cognitive
events per unit of physical tine:

CED = C total / T_physica

where C total is the count of cognitive events (or their weighted
aggregate) and T_physical is the el apsed physical tinme.

CED provides a reference for conparing cognitive processing rates
across different systens or configurations. Hi gher CED indicates nore
cognitive events per unit physical tine.

| mpl enent ati ons MAY choose how to count or weight cognitive events.

For applications requiring verification, inplenmentations MAY require
proof of the conputational expenditure underlying CED clains.
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5.3. Causal Arrow Entropy (CAE)

Causal Arrow Entropy (CAE) is proposed as a measure of uncertainty
in the causal relationship between events:

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

where H represents conditional entropy, neasuring the information
needed to describe Event N given know edge of previous events.

CAE provides a reference for understandi ng causal structure:

0 Low CAE: The event is highly predictable from previ ous events,
i ndi cating strong causal continuity

o0 Hi gh CAE. The event introduces significant new information,
potentially indicating a causal branch or novel input

I mpl ement ati ons MAY use CAE as a heuristic for detecting causa
anomal i es or for auditing decision processes.

5.4. Verifiable Delay Function (VDF) Reference
A Verifiable Delay Function (VDF) is a function that requires a
m ni mum nunber of sequential steps to evaluate, yet produces a proof
that can be verified efficiently. VDFs provide a mechani smfor

demonstrating that a mni num anount of sequential computation has
occurred.

In the CTP framework, VDFs MAY be used to provide verifiable evidence
of conputational expenditure:

o0 When an Al systemclains a certain cognitive duration (high CED
VDF proofs can support that claim

o0 VDF proofs can be verified without re-executing the conmputation

o VDFs provide a cryptographic |link between clainmed cognitive time
and actual sequential conputation

VDFs are OPTIONAL in CTP inplenmentations. Wen used, they SHOULD
foll ow established VDF specifications [VDF].

5.5. Judgnent Hash Chain

A judgnent hash chain is a cryptographic structure |inking cognitive
events in an ordered sequence:
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Event _N = {
content: event data,
prev_hash: Hash(Event {N-1}),
ti mestanp: reference tineg,
met adat a: additional information

}

The hash chai n provi des:
0 Integrity: Any nodification to a previous event breaks the chain
0 Odering: The chain establishes an unambi guous sequence

0 Non-repudiation: Events cannot be inserted or renpved w thout
detection

| npl enent ati ons MAY use hash chains to establish causal ordering,
particularly for applications requiring auditability (e.g., regulatory
compl i ance, |egal proceedings).

6. Layer Rel ationshi ps

The | ayers may be consi dered conceptually hierarchical, with each
hi gher |ayer building upon concepts introduced in | ower |ayers:

1. Layer 1 (Perception) builds on the definition of tinme from
Layer O

2. Layer 2 (Direction) builds on the ability to perceive tine
3. Layer 3 (Copy) builds on the ability to direct tine
4. Layer 4 (Energence) builds on the ability to copy tine

However, these are conceptual dependencies, not inplenmentation
requirenents. |Inplenentations are free to:

o Inplement a subset of |ayers

0 Conbine layers in different ways

0 Add custom ext ensi ons beyond the defined | ayers

o Interpret layer concepts according to their specific needs

The | ayered architecture can be visualized as follows:
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| Layer 4: Tine Emergence (CTP/4) |
| Emergence of new tenporal structures |

| Layer 3: Time Copy (CTP/3) |
| Distribution and replication of cognitive tine |

| Layer 2: Tine Direction (CTP/2) |
| Causal ordering and directional flow |

| Layer 1: Tine Perception (CTP/1)
| Density nodulation (cognitive vs. physical tine) |

| Layer O: Tine Definition (CTP/0) (this document) |
| Core concepts and architecture |
7. Protocol ldentification
7.1. Domain

I nformati on about the CTP fam |y, including related docunents and
resources, is available at:

https://tinme-protocol.org
7.2. Protocol Prefix

Al CTP family docunents use the prefix "CTP" followed by a | ayer
nunber (e.g., CTP/0, CTP/1, CTP/ 2, CTP/3, CTP/4). This nam ng
convention is intended to facilitate identification and cross-
r ef er enci ng.

8. Hardware Trust Considerations
The CTP franmework recogni zes that hardware-I|evel trust mechani sns can
enhance the verifiability of cognitive tine clainms. This section
provi des reference considerations for hardware support.

Trust ed Execution Environnents (TEEs) (for exanple, Intel SGX, AMD
SEV, or ARM Trust Zone) MAY be used to provide:

0 Protected counters that cannot be easily tanmpered with by software
0 Secure generation of VDF proofs
0 Isolated execution for critical verification functions

0 Tanper-evident storage of audit |ogs
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Ref erence Instruction Set: Inplenentations MAY consider the follow ng
instruction types for hardware support:

0 SYNC COGNITIVE _CLOCK: Retrieve certified time and counter val ues
o VDF_I TERATE: Perform VDF iterations within protected environnment
0 EXTEND HASH CHAI N: Securely extend cryptographic chains
0 ANCHOR BRANCH: Record branch state in protected storage

These instructions are reference suggestions, not requirenents.
Har dwar e support is OPTIONAL and i npl ement ati on- dependent .

9. Security Considerations

Thi s docunent describes a conceptual architectural franework
Security considerations for specific inplenmentations or protocols
based on this framework SHOULD be addressed in their respective
docunent s.

General security considerations for CTP inplenentations include:

Verification Integrity:
If verification nechanisns (such as VDFs or hash chains) are used,
they SHOULD be inplenmented correctly to maintain their security
properties. Wak inplenentations m ght allow circunvention of
verification.

Audit Protection
Systens that maintain audit | ogs SHOULD protect those |ogs from
unaut hori zed nodi fication or del etion. Hardware trust nechani sns
MAY be used for this purpose.

Privacy:
Cognitive tine information mght reveal patterns of system
behavi or. | npl enentati ons SHOULD consi der privacy inplications and
provi de appropriate access control s.

Deni al of Service
Verification nechani sns SHOULD be designed to resist denial-of-
service attacks. Lightweight verification procedures might help
mai ntain system avail ability.

Key Management :
I f cryptographic signatures are used, proper key managenent
practices SHOULD be foll owed. Keys used for event signing SHOULD
be protected from unauthorized access.
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10. | ANA Consi der ati ons

Thi s docunent has no | ANA actions. Future specifications in the CIP
famly MAY request | ANA registrations as needed (e.g., for protoco
identifiers, port nunbers, or nedia types).
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