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Abst r act

Thi s docunent specifies the Qpen Internet Tinme Protocol (OTP), a
network tinme synchronization protocol for decinmal time systens that
divide the civil day (86400 SI seconds) into 1000 primary units

call ed beats, each exactly 86.4 SI seconds. O TP enables clients to
synchroni ze decimal tinme clocks over packet-switched networks with
sub- beat precision, using techniques derived fromexisting network
time protocols adapted for the decimal tinme donain.

The reference tinescal e uses UTC+1l as its reference neridian, wth
m dni ght at UTC+1 corresponding to beat zero.

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 also distribute

wor ki ng documents 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 mum 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 16 Septenber 2026.
Copyright Notice

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

Thi s docunent is subject to BCP 78 and the | ETF Trust’s Legal
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 docunents carefully, as they describe your rights
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and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunent nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded wi thout warranty as described in the Revised BSD License.
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dating back to French Revol utionary Time (1793).
whi ch re-

popul ari zed this concept for the internet era, proposing a universal
time notation without tinme zones, where all |ocations share the sane

nuneric time value referenced to UTC+1 (BMI, Biel
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Despite decades of software inplenentations in nunmerous programnmr ng
| anguages and operating systems, no network protocol has been
specified for synchronizing decimal tinme clocks between hosts.

Exi sting inplenentations derive their tinme locally fromsystem

cl ocks, inheriting whatever accuracy and precision the underlying
operating system provides, but with no nmechanismfor direct decinal-
time synchronization.

1.2. Mot i vati on

O TP provi des a purpose-built synchronizati on nechani smfor deci nal
time, offering:

* Native decimal time wire format (clients never need to parse or
convert UTC ti nestanps)

Conpact wire fornmat optimized for the decimal tinme domain
Synchroni zati on precision down to the nanobeat |evel (~86.4 ns)
Conpatibility with existing decimal tine displays and applications
A mnimal, self-contained protocol inplenentable in around 1500
lines of code in nost | anguages

* Ok X *

A server running O TP perforns the UTC-to-deci nal conversion once,
distributing the result directly. dients receive native deci nal
time with no conversion step, which reduces code size for constrained
devices. The protocol also defines a shared synchronization | ayer
for conmunities where decimal tine is the primary timekeeping system
-- sonmething a | ocal NTP-to-deci mal conversion on each client cannot
provi de.

1.3. Relationship to NTP

An alternative approach would be to distribute decimal time as an NTP
extension field, piggybacking on NTP's existing infrastructure and
security nechani sns (NTS [ RFC8915]). O TP is a separate protocol for
several reasons

* NTP extension fields are processed by the client after UTCtinme is
al ready received; the decimal conversion still occurs on every
client. QO TP noves the conversion to the server

* Decimal tinme requires a different notion of "accuracy": a
1-mllibeat error (~86ns) is often acceptable where NTP targets
m croseconds. A dedicated protocol can have a sinpler algorithm
tuned to this precision target.

* OTP s wire format is native decimal: timestanps, poll intervals,
and delay fields are all expressed in beats and mllibeats. An
NTP extension field would carry decinmal tinme enbedded inside a
UTC- based protocol, creating a conceptual nismatch and
conplicating inplenentations.
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* A self-contained protocol is easier to inplenment on constrained
devices that may not need a full NTP stack

O TP does not replace NTP. Deploynments are expected to use NIP to
synchroni ze the UTC reference clocks that O TP servers derive their
time from this requirement is normatively stated in Section 9.1

1.4. Scope

O TP is designed for decimal time synchronization over |P networks.
It is not intended to replace NTP [ RFC5905] or PTP [I| EEE1588] for
applications requiring UTC or TAl synchronization. O TP servers
derive their reference time fromexisting UTC sources (typically NTP-
synchroni zed system cl ocks or GPS/ PPS receivers) and serve it in the
deci mal tinme domain.

1.5. Docunent Organization

Section 2 defines termnology. Section 3 describes the decimal tine
system and notation. Section 4 specifies the 64-bit tinmestanp
format. Section 5 provides protocol overview and transport.

Section 6 defines the wire packet format. Sections 7 and 8 specify
the synchroni zation al gorithmand clock discipline. Sections 9 and
10 define server and client behavior. Section 11 describes the
stratum hierarchy. Section 12 addresses security considerations.
Section 13 covers | ANA consi derati ons.

2. Term nol ogy
The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in BCP
14 [RFC2119] [RFC8174] when, and only when, they appear in
capitalized form as shown here
The followi ng terns are used throughout this specification
*pbeat*: The primary unit of decimal time, equal to exactly 86.4 S
seconds, dividing the civil day (86400 SI seconds) into 1000 equa
parts.
*mllibeat*: 1/1000 of a beat, equal to 86.4 milliseconds.

*m crobeat*: 1/1, 000,000 of a beat, equal to 86.4 nicroseconds.

*nanobeat *: 1/1, 000, 000, 000 of a beat, equal to 86.4 nanoseconds.
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*day epoch*: The start of beat 0 for a given day, defined as m dnight
at the reference neridian (UTC+1l), which corresponds to 23:00: 00 UTC
of the precedi ng cal endar day.

*syst em epoch*: The reference point for absolute day nunbering in

O TP, defined as 1998-10-23T00: 00: 00+01: 00 (m dni ght UTC+1 on 23

Cct ober 1998), day number 0. This date corresponds to the public

| aunch of Swatch Internet Tine, ensuring that O TP day nunbers align
with existing .beat inplenentations.

*|inearization*: The process of converting an O TP 64-bit tinestanp
to a uniforminteger representation for arithnetic operations.
Because the beat field uses only values 0-999 (not the full 10-bit
range 0-1023), raw timestanp subtraction is incorrect. See

Section 7. 1.

*Ki ss-0' -Death (KoD)*: A server response with stratum 3 and a non-
zero Reference I D containing a diagnostic code (Section 9.4),
signaling that the server is refusing or restricting service.

*preci sion*: The inherent accuracy of a server’s time source,
expressed as a signed integer representing floor(log2(E)) where Eis
the maxi mum error in beats.

3. Decinmal Tine System

3.1. Time Division
The civil day (86400 SI seconds) is divided into exactly 1000 beats,

each exactly 86.4 SI seconds. Each beat is subdivided according to
Sl -style decimal prefixes:

B oo sy s el
| Unit | Beats | SI Seconds | Notation |
B ety Sl p——p——_— sl —p—p——(———————— b p—p——_———
| 1 beat | 1 | 86.4 | @XX |
I i I i i I R +
| 1 millibeat | 0.001 | 0.0864 | @XX. XXX |
F-- - - - - - F-- - - - - - I i T F--- - - +
| 1 microbeat | 0.000001 | 0.0000864 | - |
L i L i I I +
| 1 nanobeat | 0.000000001 | 0.0000000864 | - |
I i I i i I R +
Table 1
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3.2. Reference Meridian

The deci mal day begins (beat 0) at m dnight at the UTC+1 meridi an
This corresponds to 23:00: 00 UTC of the preceding civil day.

The decimal tine value is globally uniform at any given instant, the
beat value is the same for all observers regardl ess of geographic
|l ocation. There are no time zones or daylight saving adjustments in
deci mal tine.

3.3. Conversion fromUTC

Gven a UTC time expressed as hours (h), mnutes (m, and seconds (S)
with fractional part, the current beat value is:

beat = ((h + 1) * 3600 + m* 60 +s) / 86.4

This formula is illustrative. The divisor 86.4 is not exactly
representable in | EEE 754 binary fl oating-point, which may introduce
roundi ng errors. |nplenentations SHOULD use the integer-safe
equi val ent :

mllibeats = ((h + 1) * 3600 + m* 60 + s) * 1000 / 86400

or derive decimal time fromcontinuous integer timescales (e.g., Unix
nanoseconds) to avoid floating-point precision issues entirely.

If the result is >= 1000, subtract 1000 (the UTC+1 of fset causes a
day boundary crossing at 23:00 UTC).

Note: This formula assunes exactly 86400 SI seconds per day and does
not account for UTC | eap seconds. During a positive |leap second
(23:59: 60 UTC), the formul a produces val ues beyond 1000 before
wraparound, resulting in a brief discontinuity. |Inplenentations
SHOULD derive decimal tinme fromcontinuous tinmescales (e.qg.,
CLOCK_REALTI ME on POSI X systens where the kernel handles | eap seconds
via smearing or stepping) rather than applying this fornmula directly
to sexagesimal time components.

During UTC | eap second events, the conversion formula may produce
beat val ues outside 0-999. Servers SHOULD use a continuous timescale
that snears | eap seconds (distributing the adjustnment over a w ndow),
preserving decimal time continuity. Servers SHOULD NOT freeze or

cl anp beat values at 999, as this creates a period of stopped tine
that may trigger false drift detection in clients. The Leap
Indicator flag (Section 6.2) signals pending | eap seconds; clients
SHOULD i ncrease their tolerance for server disagreenent when this
flag is set.

Maxi ne Expires 16 Septenber 2026 [ Page 7]



Internet-Draft aTpP March 2026

3.4. Display Notation

The RECOMMENDED di spl ay notation for decimal tinme uses the "@ prefix
followed by three digits for the integer beat, optionally foll owed by
a decimal point and fractional digits:

@~O00 m dni ght (UTC+1)
@00 m dday (UTC+1)
@99 just before m dnight

@48. 573 beat 248, m|libeat 573

I mpl enent ati ons SHOULD di splay at least three digits for the integer
beat (zero-padded). The nunber of fractional digits is
i mpl ement ati on-defi ned based on avail abl e preci sion.

3.5. Conbined Date-Tine Notation
O TP defines two conbi ned date-tine notations. Both place the "@
character immediately after the date conmponent with no intervening
space, serving as the date-tinme separator.

3.5.1. Calendar Form

The cal endar formuses the cal endar date at UTC+1 with dot
separators. |Its ABNF [ RFC5234] grammar is:

calendar-form= year "." nonth "." day "@ beat "." mllibeat
year =4DIGAT

nmont h =2DAT ; 01-12

day =2DIAT ; 01-31

beat =3DIAT ; 000-999

m | |ibeat =3DIAT ; 000-999

DAT = %30-39 ; 0-9

Exanpl es:

2026. 03. 09@38. 760 9 March 2026, beat 438, mllibeat 760
1998. 10. 23@00. 000 system epoch

The date conponent uses dots (.) as separators rather than hyphens to
visual ly distinguish OTP date-tinme notation from|SO 8601. The year
MUST be four digits; the nonth and day MJUST be zero-padded to two
digits. The date portion MJST be the cal endar date at the reference
meridian (UTC+1).

The cal endar formis RECOVMENDED for hunman-facing displays, shared
timestanps, log entries, and data interchange.
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3.

3.

4.

4.

5.2. Day Form

The day formuses the O TP day nunber (Section 4.1) instead of a
cal endar date. |Its ABNF [ RFC5234] granmar is:

day-form = day-nunber "@ beat "." mllibeat
day-nunber = "0" / (NZDIAT *DIGAT) ; no leading zeros except "0"
NZDIG T = 9%31-39 ; 1-9

’

wher e day-nunber is a decimal integer with no | eading zeros (except
for day O itself). The 24-bit protocol field supports values up to
16, 777, 215.

Exanpl es:

0@00. 000 system epoch (1998-10-23)
9999@138. 760 day 9999, beat 438, nillibeat 760
10000@00. 000 day 10000, beat 500

16777215@99. 999 naxi mum repr esent abl e day

The day formis RECOMVENDED for protocol-level representations,
conpact | oggi ng, and contexts where the O TP day nunber is nore
meani ngful than a cal endar date. It is also the nbst conpact
unanbi guous representation of an O TP instant.

5.3. Usage

When displaying only the tinme conponent (w thout date), the "@
prefix notation (Section 3.4) SHOULD be used. Wen a full date-tine
representation is needed, inplenmentations SHOULD support at |east the
cal endar form The day form MAY be offered as an alternative.

Ti mest anp Representation
1. O TP Tinmestanp For mat

O TP uses a 64-bit unsigned integer tinestanp with the follow ng
structure:

0 1 2 3
01234567890123456789012345678901
T T S S e T o S U S SUp S SEp S SR S i

| Day Number (24 bits) | Beat Int |
B I i st ST S I S S S S S S S S e S S S S ik o S N S S S
| Beat Int cont.| Beat Fraction (30 bits) |

i S S T i S S e T A AT S A S S S R S
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*Day Number (24 bits)*: Unsigned integer counting days el apsed since
the system epoch (1998-10-23). Range 0 to 16, 777,215, covering
approxi mately 45,929 years.

*Beat Integer (10 bits)*: The integer part of the current beat, range
0 to 999. Beat integer values outside the range 0-999 are invalid;
recei vers MJST di scard packets containing out-of-range beat integers.
The remai ni ng val ues 1000-1023 representable in 10 bits are reserved
and MJUST NOT be transmitted.

*Beat Fraction (30 bits)*: The fractional part of the current beat as
a 30-bit unsigned fixed-point nunber. The value represents the
fraction N 27230 of one beat. This provides a resolution of
appr oxi mat el y 0. 00000000093 beats, or roughly 0.93 nanobeats,
exceedi ng the nanobeat precision target.

4.2. Design Rationale

The 10-bit beat integer field uses only 1000 of 1024 possibl e val ues,
maki ng the raw 64-bit timestanp non-linear. An alternative design
could use a single 40-bit fractional day field (linear), but the
current format allows direct inspection of the day nunber and beat
value in a hex dunp or packet capture w thout conputation. This
human-readable wire format follows the sane design phil osophy as
NTP's split seconds/fraction fields. The linearization cost

(Section 7.1) is a single multiply-add per tinmestanmp, which is
negligi bl e.

4.3. Resolution and Range
The 30-bit fractional field provides:
Resol ution: 1/1,073, 741,824 of a beat = ~0.93 nanobeats = ~80.5 ns
* This is conparable to NTP's 32-bit fractional second field, which
provi des ~233 pi cosecond resol ution
The 24-bit day field provides:
Range: 16,777,216 days = ~45,929 years from epoch

* The epoch (1998-10-23) places the end of range at approximately
year 47960, which is considered sufficient
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4.4. Special Values

5

5.

5.

5.

A timestanmp of all zeros (day 0, beat 0, fraction 0) represents the
system epoch itself (1998-10-23T00: 00: 00+01:00). A tinmestanp of al
ones (OxFFFFFFFFFFFFFFFF) is reserved and MJUST NOT be used in
protocol nessages; it indicates an invalid or uninitialized

ti mestanp.

In protocol fields where zero indicates "not set"” or "not applicable"
(e.g., the Origin and Receive Tinmestanp fields of a client request),
this usage takes precedence: the value zero in those fields neans the
field is absent, not that the tinestanp equal s the epoch. Receivers
MUST NOT interpret a zero in a "not set" field as a valid epoch

ti mest anp.

Pr ot ocol Overvi ew
1. Transport

O TP operates over UDP [ RFC768] for tine synchronization. The
RECOMVENDED port number is 8640 (see Section 13 for | ANA
regi stration).

I mpl enent ati ons MAY additionally expose an HTTP interface for

I'i ghtwei ght, human-readable tine queries (see Appendix D). The HITP
interface is not part of the synchronization protocol and does not
provi de of fset or delay cal cul ation.

2. Operating Mdes

O TP defines two operating nodes:

*Basi ¢ node*: A client sends a request and receives a response
containing the server’s current decimal tinme. This node provides
time transfer without round-trip delay conpensation. Suitable for
appl i cations where beat-level accuracy is sufficient.

*Full node*: The default node. A client and server exchange

ti mestanps allow ng conmputation of clock offset and network del ay,
simlar to NTP's client-server node. This node provides sub-

m | libeat precision on typical networks.
3. Protocol Exchange

In full node, a single request-response exchange proceeds as foll ows:
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4.

At time T1, the client records its | ocal decinmal tinmestanmp and
sends a request packet containing Tl in the Transnmit Ti nmestanp
field.

At time T2, the server receives the request and records T2.

At time T3, the server sends a response packet containing T1
(copied fromthe request), T2, and T3.

At time T4, the client receives the response and records T4.

The client then conputes the clock offset and round-trip delay using
the four tinestanps.

6. Packet For mat

6. 1.

Al l

Header

multi-octet fields in O TP packets MJST be transmitted i n network

byte order (big-endian). Bit 0O of each field is the nost significant

bit (MSB-first), followi ng the | ETF convention established in
[ RFC791] .
Al O TP packets share a conmon fornmat:
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0 1 2 3
01234567890123456789012345678901

B e e S S e i T eI i S S e e s Tk ok STt S S S e e S TR
VN | M|L|St | Precision | Pol |l Interval |
e b T S i i S S S S e e s S i T T i S S

Root Delay (32 bits) |
s s i i e e e e e T e T Tk R e i i i

Root Di spersion (32 bits) |
B e e S S e i T eI i S S e e s Tk ok STt S S S e e S TR

Reference ID (32 hits) |

R s et S T it e I R S S e ol St (R B S e 5
Ref erence Tinmestanp (64 bits)

s o S i i oI R R S S S S e s S T S S S S S e o
Oigin Tinestanp (64 bits)

R i I T S i ol S e i ol SR R R S R R S
Recei ve Tinestanp (64 bits)

i i i i i i S S S i e Hp S

+
I
+
I
+
I
+
I
+
I
I
I
+
I
I
I
+
I
I
I
+
| o .
| Transmit Tinestanp (64 bits)
I

+

I
I
I
+
I
I
I
+
I
|
I
+
I
I
I
+

i S i S S ity SR P S S S

Total packet size: 48 octets (sane as NTP for ease of inplenmentation
on shared infrastructure).

6.2. Field Descriptions
*Versi on Nunmber (VN, 3 bits)*: The protocol version nunber. This
specification defines version 1. |Inplenentations MJST set this field
to 1.

*Mode (M 2 bits)*: The operating node of the sender:
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[ el s oo e
| Value | Mde |
+o————m—4 o=+
| O | Reserved |
+------- I +
| 1 | Basic dient |
+----- - i I +
| 2 | Full dient |
+------- I i T +
| 3 | Server |
+------- I +
Table 2

*Leap Indicator (L, 1 bit)*: Set to 1 if the server’s UTC source

i ndi cates a pending | eap second within the current UTC day (i.e., a

| eap second is schedul ed at 23:59:60 UTC of the current day). The
flag SHOULD be asserted no earlier than beat 0 of the affected day
and SHOULD be cl eared once the | eap second has passed. Since decinal
ti me does not observe | eap seconds, this serves as an advisory flag
only. Clients MAY use this to flag reduced accuracy during the |eap
second adj ust nent peri od.

*Stratum (St, 2 bits)*: The distance fromthe reference source:

| Value | Meaning |
[} ettty e p—p—p—p—p—(—(——(————(——(————————————————
| O | Reference clock (GPS/ PPS-disciplined) |
Fomm o - o m e e e e e e e e e e e e aao o +
| 1 | NTP-synchroni zed or UTC reference |
B S, e +
| 2 | Synchronized to stratumO or 1 server |
E o m e e e e e e e e e e e oo oo +
| 3 | Unsynchronized / Kiss-o' -Death (9.4) |
Fomm o - o m e e e e e e e e e e e e aao o +
Table 3

*Precision (8 bits)*: Signed integer (two's conpl enent) representing
the precision of the server’'s clock, expressed as floor(log2(E))
where E is the maxi num error expressed in beats. For exanple:
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[ bl ool ool
| Value | Precision | Approximate Error |
[ gl s fumes b s pel
| -10 | ~0.001 beats | ~1 mllibeat |
S I - +
| -20 | ~0.000001 beats | ~1 m crobeat |
I I TR +
| -30 | ~1 nanobeat | ~86.4 nanoseconds

R o o +

Tabl e 4

A typi cal NTP-backed server woul d advertise precision of
approximately -13 to -16 (sub-nillibeat).

*Pol|l Interval (16 bits)*: Unsigned integer indicating the
RECOMVENDED mi ni mum i nterval between client requests, expressed in
beats. A value of O indicates no recommendati on. Servers under |oad
SHOULD set this field to request reduced query rates. Cients SHOULD
set this field to O in requests (the field carries server-to-client
gui dance; clients have no poll interval to communicate in a single
request).

*Root Delay (32 bits)*: Total round-trip delay to the primary

ref erence source, expressed as a 16.16 fixed-point number in beats.
The integer part occupies bits 31-16 and the fractional part occupies
bits 15-0; a value of 0x00010000 represents exactly 1 beat (86.4
seconds). Cdients SHOULD use this field for server selection
(Section 11.2) when nultiple servers are avail able; single-server
clients MAY ignore it.

*Root Dispersion (32 bits)*: Total dispersion to the primary

ref erence source, expressed as a 16.16 fixed-point nunber in beats,
usi ng the sane encoding as Root Delay. dients SHOULD use this field
for server selection (Section 11.2); single-server clients MAY ignore
it.

*Reference ID (32 bits)*: Identifies the particul ar reference source.

For stratum O and stratum 1, this is a four-character ASCI| string
(left-justified, zero-padded) identifying the reference source type:
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| ID | Source |
[ gttt e p—p—p—p—p—p—(—(——(—(—————(———————————————
| GPS\O | GPS or GNSS hardware reference clock |
e +
| PPS\0 | Pul se-per-second hardware reference

Fommma - e +
| NTP\O | Time derived froman NTP source |
R, o e e e e e e e e e e e e e e me oo +

Table 5

For stratum 2, this field contains the | Pv4 address of the upstream
O TP server, or the first 32 bits of the SHA-256 [ RFC6234] hash of
the upstream server’s | Pv6 address (16-byte binary representation per
[ RFC8200]). For |Pv4-mapped | Pv6 addresses (::ffff:0:0/96),

i npl ementati ons MJST use the enbedded | Pv4 address (the final 4
octets) directly rather than hashing the full 16-byte |IPv6
representation, to ensure consistent Reference |IDs across dual -stack
depl oynents. This serves only as a non-cryptographic identifier for
| oop detection; collision resistance is not a security requirenent.

For stratum 3, this field contains an ASCI| diagnostic code

(Section 9.4) for a Kiss-o' -Death response, or zero for
unsynchroni zed clocks. Cients MJST treat a non-zero Reference ID in
a stratum 3 response as a KoD code and handle it per Section 9.4; a
stratum 3 response with a zero Reference ID indicates an
unsynchroni zed server and MJST NOT be used for synchroni zation

*Reference Tinmestanp (64 bits)*: The time at which the server’s clock
was | ast set or corrected, in OTP tinestanp format (Section 4).
Servers SHOULD update this field after each successful clock

di sci pli ne operation

*Origin Tinmestanp (64 bits)*: In a server response, this field
contains the client’s transmt tinmestanp copied fromthe request
(Section 9.2). In aclient request, this field SHOULD be set to
zero. The client’s local time is carried in the Transnmt Ti nmestanp
field instead (Section 10.2).

*Receive Tinestanp (64 bits)*: The decinmal tine at which the request
was received by the server. Set to zero in client requests.

*Transnit Timestanmp (64 bits)*: The decimal time at which the packet
was sent. In Full node (Section 10.3), both clients and servers MJST
set this field to their local decimal tinme at the nonment of
transmssion. A Full node request with a zero Transmt Tinestanp is
invalid; servers SHOULD discard such requests silently. 1In Basic
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Client node (Section 10.2), the value zero is a valid transm't
ti mestanp; the server echoes it back in the origin field wthout
interpretation, and no offset or delay calculation is perforned.

7. Synchronization Al gorithm

7.1. O fset and Delay Cal cul ation
G ven the four tinestanps froma full node exchange (T1, T2, T3, T4
all in OTP 64-bit format), the clock offset theta and round-trip

del ay delta are conputed as:

theta
delta

((T2 - T1) + (T3 - T4)) /| 2
(T4 - T1) - (T3 - T2)

I mpl enent ati ons MJST di scard sanpl es where the conputed round-trip
delay (delta) is negative, as this indicates inconsistent tinestanps
caused by path asymmetry changes, packet reordering, or nalicious
nmodi fi cati on.

Because the 10-bit beat integer field uses only values 0-999 (not the
full 0-1023 range), the raw 64-bit tinestanp is not a uniformlinear
representation. Inplenentations MJST |inearize tinestanps before
arithnmetic by converting to: day * 1000 * 2730 + beat * 2730 +
fraction. The results are in beat-fraction units where one beat
equal s 2730 units. The maxi mum|linearized val ue (day=16, 777, 215,

beat =999, frac=2730-1) is approximately 1.80 * 10719, which exceeds
the range of a signed 64-bit integer (maxinum 9.22 * 10718).

| npl enent ati ons MJST t herefore use w der-than-64-bit arithnetic
(128-bit integers or arbitrary precision) for linearized tinestanp
val ues. However, tinmestanp *differences* for practica
synchroni zati on (exchanges spanning fewer than approxi mately 8, 500
days) fit in a signed 64-bit integer; inplenentations that restrict
their operational w ndow accordingly MAY use 64-bit arithnetic for
differences only. On platfornms where the default integer width is 32
bits, internmedi ate products MJST be explicitly cast to a w der type
before nultiplication to avoid silent overflow. Packets that woul d
produce an out-of-range beat integer after linearization MJST be

di scarded per Section 4.1

The offset theta represents the estinmated correcti on needed to bring
the client’s clock into alignnent with the server. A positive val ue
indicates the client is behind; a negative value indicates the client
i s ahead.
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Al four tinestanp differences (T2-T1, T3-T4, T4-T1l, T3-T2) MIST be
comput ed as signed 64-bit integers. Although linearized tinmestanps
are non-negative, their differences can be negative, and

i npl ement ati ons using unsigned 64-bit types will produce incorrect
results due to wrap-around.

To apply a conmputed offset to a local tinestanp, the inverse of the
linearization formula is:

| i near day * 1000 * 2730 + beat * 2730 + frac
day floor(linear / (1000 * 2730))

remai nder = |linear nod (1000 * 2730) ; hon-negative
beat fl oor(remai nder / 2730)

frac remai nder nod 2730

where nod denotes the non-negative (floored) nodul o operation.

I mpl enent ati ons MJST use floor division (toward negative infinity)

rather than truncation division (toward zero) to ensure correct de-
linearization for negative internmedi ate val ues on signed pl atforns.

7.2. Filtering

| mpl enent ati ons SHOULD nmai ntain a wi ndow of the nost recent N
exchange results (RECOVWENDED N=8) and apply a selection algorithmto
reject outliers. The sanple with the minimumdelay in the wi ndowis
RECOMVENDED as the best estimate, as | ower delay generally correl ates
with more symmetric paths and therefore nore accurate of fset
estimates. Wen two sanpl es have equal delay, either may be

sel ected; inplenmentations SHOULD prefer the nore recent sanple as it
reflects current network conditions.

7.3. Day Boundary Handling

Speci al care MJST be taken when tinestanps in a single exchange span
a day boundary (beat rolling from999. xxx to 000. xxx).

| mpl enent ati ons MJST conpare day nunbers in the tinestanps and adj ust
cal cul ations accordingly. An exchange spanning a day boundary is
still valid provided the total round-trip delay is I ess than 500
beats (12 hours).

7.4. Precision Limts

The achi evabl e synchroni zati on preci sion depends on the server’s
stratum and the network characteristics:
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ot o o e oo +

| WAN, stratum O server | ~0.1-1 mllibeats |

oo Fom oo +

| WAN, stratum 1 server | ~1-10 mllibeats |

o e e e e o e e e e e e oo +
Table 6

These figures assune typical network jitter and are provided for
gui dance only.

8. Cock Discipline
8.1. Initial Synchronization

VWen an O TP client starts with no prior state, it SHOULD send a
burst of 4 requests at short intervals (RECOMENDED 2 seconds apart)
to rapidly acquire an initial tine estimate. The best sanple

(m nimum delay) fromthis burst SHOULD be used for the initial clock
step. If all burst queries fail to elicit a valid response (e.g.,
due to network unreachability), the client SHOULD retry the burst
after a backoff interval (RECOWENDED starting at 16 beats, doubling
on each consecutive failure) rather than proceeding with an
unsynchroni zed cl ock.

8.2. State Persistence

I mpl enent ati ons on devices with non-vol atile storage SHOULD persi st
the | ast known good cl ock state (day number, approximte beat, and
the estimated drift rate if tracked) across restarts. On restart, a
persisted state MAY be used to skip the initial burst if the el apsed
time since the last save is short and the confidence interval is
acceptabl e, subject to inplementation-defined bounds. This is
particularly valuable for battery-powered or constrai ned devices
where network operations are expensive.

8.3. Steady-State Operation

After initial synchronization, the client SHOULD poll the server at
regul ar intervals. The RECOWENDED default poll interval is 64 beats
(approxi mately 92 mnutes). |Inplementations MAY adjust the poll
interval dynam cally based on observed clock drift and network
conditions, within the range of 16 beats (~23 mnutes) to 1000 beats
(~24 hours).
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8.

8.

9

9

4. O ock Adjustnent

For offsets smaller than 1 beat, inplenentations SHOULD sl ew t he
clock gradually rather than stepping it, to avoid discontinuities in
the local decimal tinme. A slewrate of 0.5 millibeats per beat
(approxi mately 43.2 ns/86.4s, or 500 ppn) is RECOWENDED. When a new
of fset correction is conmputed while a previous slewis still in
progress, the new correction SHOULD repl ace the remai ning slew rather
than accumulate with it. This is correct because the new
measurenent’s tinmestanps (T1, T4) already reflect any partial slew
appl i ed since the previous correction.

For offsets larger than 1 beat, inplenentations SHOULD step the cl ock
i medi ately, as slew ng would take an inpractical amunt of tine.
Applications that read the clock continuously (e.g., for display)
SHOULD be designed to tol erate sudden junps at step events;

i npl ementations MAY enit a local notification (e.g., a |og nessage or
signal) when a step correction is applied, to all ow dependent
subsystenms to react.

5. Pani ¢ Threshol d

If the offset exceeds 50 beats (approximately 72 minutes), the client
SHOULD assune a severe error condition and refuse to adjust the clock
automatically. Operator intervention or a full re-initialization is

RECOMVENDED.

I mpl enent ati ons MAY track the clock frequency error (drift rate)
bet ween successive of fset corrections and apply predictive
corrections between polls to reduce inter-poll drift. Frequency

di scipline algorithms are beyond the scope of this docunment and are
expected to be addressed in a future revision of this specification

Server Operations
1. Reference C ock Derivation

An O TP server derives its decimal tine froma UTC reference source
The server MJST maintain an accurate UTC-to-decimal-tinme conversion,
applying the formula in Section 3.3 with the hi ghest precision
available fromits UTC source. Wen the server operates with its own
clock discipline loop (e.g., synchronizing to an upstream O TP or NTP
server), tinmestanps in responses MIST reflect the clock-corrected
time rather than the raw system cl ock, so that accumul at ed
corrections benefit clients i mediately.
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O TP servers MJST derive their time froma traceable UTC source
(e.g., a GPS/PPS receiver, or an NTP-synchroni zed systemclock). A
server MJST NOT advertise stratumO or 1 unless it is in fact
synchroni zed to such a source

Servers with direct access to GPS or PPS reference cl ocks SHOULD
operate at stratum 0. Servers deriving time from NTP-synchroni zed
system cl ocks SHOULD operate at stratum 1.

9.2. Request Processing

Upon receiving a packet, the server MIST silently discard packets
wher e:

* The version field is not 1
* The node field is not 1 (Basic Cient) or 2 (Full dient)
* The packet length is |l ess than 48 octets

In particular, servers receiving node 3 (Server) packets MJST discard
themsilently to prevent reflection attacks. The server MJST NOT
send an error response to discarded packets; silent discard prevents
i nformati on di scl osure and avoids anplification of malfornmed traffic.

Upon receiving a valid client request, the server

1. Records the receive tinestanp T2

2. Sets the nmode field to 3 (Server) in the response, regardl ess of
the client’s node field (Basic or Full)

3. Copies the client’s transmt tinestanp to the origin tinestanp
field

4. Sets the receive tinmestanp field to T2

5. Sets all server netadata fields (stratum precision, reference
I D, root delay, root dispersion)

6. Records the transmt tinmestanp T3 as |ate as possible before
sendi ng

7. Sends the response

The server SHOULD mininize processing tine between recording T2 and
T3 to reduce uncertainty.

9.3. Rate Limting

Servers SHOULD inmplenment rate linmiting to prevent abuse. A
reasonabl e default is to allow no nore than one request per beat
(86.4 seconds) per source |P address during steady-state operation.
To accommpdate initial synchronization bursts (Section 8.1), servers
SHOULD al l ow a short burst of up to 8 requests froma previously
unseen source | P before enforcing the per-beat rate Iinmt. Servers
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MAY use the poll interval field to conmmunicate desired polling rates
to clients.

4. Kiss-0' -Death

If a server wishes to deny service to a client, it MJST respond with
stratum 3 and a Reference ID containing an ASCI| diagnostic code:

[§ bbb = omsfomsfumsbemsoefesespsfsespsfsespemsfespeesfespeespu
| Code | Meaning |
ety ety
| DENY | Access denied |
Fomemm - e +
| RATE | Rate linmit exceeded |
R o e e e e +
| RSTR | Access restricted |
S - e +
| STEP | Server stepping clock |
Fomemm - e +
Table 7

Clients receiving a DENY or RSTR response SHOULD cease querying that
server. Cients receiving a STEP response SHOULD wait one full poll
interval before retrying, as the server is in the process of
adjusting its own clock. dients receiving a RATE response SHOULD

double their poll interval and retry after the increased interval; if
RATE is received again, the client SHOULD continue doubling up to the
maxi mum pol | interval before ceasing queries. Because this version

of O TP |l acks authentication, clients SHOULD NOT pernmanently

bl acklist a server based on a single KoD response; inplenentations

SHOULD require consistent KoD responses across multiple poll cycles
bef ore ceasing queries permanently, to mtigate spoofed KoD denial -
of -service attacks (Section 12.2).

Client Operations
1. Server Selection

Clients SHOULD be configured with at |east one O TP server address.
Server addresses MAY be specified as hostnanes or as | P address
literals (1Pv4 dotted-decimal or |Pv6 bracketed notation);

constrai ned devices without access to a DNS resol ver SHOULD use | P
address literals directly to avoid the dependency on DNS resol ution.
VWhen multiple servers are available, clients SHOULD query all of them
and use standard intersection and clustering algorithns to select the
best source and reject fal setickers.
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10.

2. Basic Mde Cient Behavior
In basic node, the client:

1. Sets node to 1 (basic client)

2. Sets stratumto 3 (unsynchronized)

3 Sets the transmit tinestanp field to zero (or any val ue; the
server copies it to the origin field but it is not used for
of fset cal cul ati on)

4. Sets all other fields to zero

5. Sends the request to the server on port 8640

Upon receiving a response, the client MJST verify that the version
field is 1 and the node field is 3 (Server) before using the
response. The client then reads the server’s transmt tinestanp (T3)
as the current decimal tine. No offset or delay conpensation is
applied. This node provides beat-|evel accuracy suitable for display
pur poses where sub-beat precision is not required. Basic node is
particularly appropriate for battery-powered or highly constrained
devi ces where mnimzing conputation and state is nore inportant than
sub- beat precision.

Basi ¢ node clients MJST NOT interpret stratum 3 responses as Ki ss-o0’ -
Death. Basic node clients SHOULD silently discard any response with
stratum 3. Since basic node uses a zero or predictable transmt
timestanp, the origin tinestanp match provides no protection agai nst
spoof ed KoD responses.

3. Full Mde Cient Behavior

In full node, the client:

1. Records its current |ocal decimal time as T1

2. Sets the transmt tinestanp field to T1

3. Sets nobde to 2 (full)

4. Sets stratumto 3 (unsynchronized) if the client has not yet
synchroni zed, or to the client’s current stratum otherw se

5. Sets the remaining fields as foll ows:

* Precision: the client’s estimated clock precision if
synchroni zed, or 0 if unsynchronized

Poll Interval: O

Root Del ay: 0x00000000

Root Di spersion: 0x00000000

Ref erence | D: 0x00000000

Ref erence Ti mestanp: 0x0000000000000000

6. Sends the request to the server on port 8640

E R
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10.

11.

11.

4. Response Validation
Upon receiving a response, the client MJST verify:

1. The source address of the response nmatches the destination
address of the correspondi ng request

2. The version nunber is recognized (clients MJIST discard responses
wi th an unrecogni zed versi on nunber)

3. The node field is 3 (server)

4. The origin tinestanp nmatches the Tl sent in the request

5. The stratumis not 3 with a kiss-o’'-death reference ID

6. The transmt tinmestanp i s non-zero

7. Al tinmestanp fields in the response (receive tinestanp and

transmt tinestanp) MJST have beat integer values in the range
0-999. Packets with out-of-range beat integers MIST be
di scar ded

If any check fails, the response MJUST be di scarded.
5. Display

Clients providing user-facing tinme display SHOULD format the current
decinmal tinme according to Section 3.4. The nunber of fractiona
digits displayed SHOULD refl ect the actual synchroni zation precision
achi eved, not the protocol’s theoretical maxi mum

Preci si on Hi erarchy
1. Stratum Levels
O TP uses a sinplified stratum hi erarchy conpared to NTP

*Stratum 0*: The server has a direct hardware reference clock (GPS
receiver with PPS output) and perforns the UTC-to-deci nal conversion
| ocally. Expected precision: mcrobeats to nanobeats.

*Stratum 1*: The server derives its time from NTP (or another UTC
source) and converts to decimal time. The precision is bounded by
the NTP synchronization quality, typically sub-mllibeat on well-

connect ed hosts.

*Stratum 2*: The server synchronizes to a stratumO or stratuml1l O TP
server. Each additional hop adds uncertainty fromthe O TP
synchroni zati on process. This is the maxi mum operational stratum
further cascading is not supported by the 2-bit field. A stratum 2
server MJST NOT synchronize to another stratum 2 server. Allow ng
stratum 2 chains woul d create unbounded hierarchy depth invisible to
clients.
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12.

12.

Version 1 of O TP targets small-to-nmedi um depl oynments where one or
two hops of O TP-native hierarchy is sufficient. A typica

depl oynent consists of one or nore stratum O servers (GPS/ PPS-
disciplined) with clients and stratum 1/2 servers synchronizing to
them The 2-bit stratumfield is a deliberate sinplicity trade-off
for this scope.

Shoul d future depl oynents require deeper native O TP hierarchies
(e.g., large-scale networks of independent reference clocks), a
subsequent version of this protocol could extend the stratumfield.
The 3-bit version nunber field (Section 6.2) and the extension
mechani sm (Section 12.8) provide the necessary upgrade path.

*Stratum 3*: Reserved for unsynchroni zed cl ocks and Kiss-0'-Death
(KoD) responses. A stratum 3 packet with a non-zero Reference IDis
a KoD; clients MJUST handle it per Section 9.4 regardl ess of whether
the specific code is recogni zed (unknown codes SHOULD be treated as
DENY). A stratum 3 packet with a zero Reference ID indicates an
unsynchroni zed server. Cients MJST NOT synchronize to stratum 3
servers. Servers MJST NOT advertise stratum 3 during nor mal
operation. A server transitioning to stratum3 (e.g., upon |oss of
its reference source) MJIST set the Reference IDto zero unless it is
intentionally sending a Kiss-o0'-Death response. Failure to clear a
stal e Reference I D would cause clients to misinterpret the response
as KoD.

2. Stratum Sel ection

Clients SHOULD prefer |ower-stratum servers. Wen nultiple servers
of the sane stratumare avail able, the server with the | owest root
del ay and root di spersion SHOULD be preferred.

Security Considerations
1. Rate Limiter Hash Collisions

Server inplenentations that use hash-based per-1P rate liniting
(e.g., a direct-mapped hash table i ndexed by a hash of the source
address) are subject to hash collisions: two distinct client
addresses that hash to the sane slot will share a rate |limt bucket,
potentially causing one client to be rate-linted due to the other’s
traffic. This is an inplementation artifact and not a protoco

vul nerability. Inplenentations with stringent fairness requirenents
SHOULD use larger tables or collision-resistant data structures.
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12.

2. Spoofing

O TP, like NTP, is vulnerable to spoofed responses from off-path
attackers when running over plain UDP. Source address validation is
normatively required by Section 10.4. The origin timestanp matching
(Section 10.4) provides a weak form of authentication against blind
spoofing. In particular, an attacker can spoof Kiss-o0'-Death
responses (Section 9.4) to cause clients to cease querying legitimate
servers. Section 9.4 mtigates this by requiring multiple consistent
KoD responses bhefore permanent cessation

The stratum root delay, root dispersion, and precision fields are
self-reported and unauthenticated. A nalicious server can advertise
optimal values (e.g., stratumO with mnimal root delay) to be
preferentially selected by clients. Milti-server deploynents
mtigate this through cross-validation of server clains.

3. On-Path Attacks

An on-path attacker who can intercept and nodify O TP packets in
transit can mani pul ate any or all of the four timestanps (T1-T4) to
shift the client’s clock by an arbitrary anmount. This is a
fundanental limtation of unauthenticated tine synchronization
protocol s; NTP [ RFC5905] has the sane vul nerability.

Applications MIUST NOT rely on O TP for security-sensitive tinekeeping
(e.g., certificate validity checking, session token expiry, audit |og
correlation) unless an authenticated node is used. A future

aut henti cation extension (Section 12.7) would mtigate this attack.
Until such an extension is standardized, deploynents requiring
tanmper-resistant tine synchroni zati on SHOULD use NTS-protected NTP

[ RFC8915] .

An on-path attacker or conprom sed server can gradually shift a
client’s clock by applying small offsets (less than the step
threshold of 1 beat) at each poll cycle. The clock discipline
algorithmwi |l slew these adjustnments wi thout triggering any al arm
Over successive polls, the client’s clock can drift arbitrarily far
fromtrue time. Deploynments using a single server have no defense
against this attack. |Inplenentations SHOULD query nultiple

i ndependent servers and apply intersection algorithns (Section 10.1)
to detect and reject sources providing inconsistent tine.
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4. Amplification

The O TP UDP packet format is symretric (48 bytes request, 48 bytes
response), providing no anplification factor. This nmakes O TP
unsuitabl e as a DDoS anplification vector via UDP. The optional HITP
interface (Appendi x D) operates over TCP, which requires a three-way
handshake that prevents source address spoofing; HITP responses
cannot be reflected to a forged source address.

5. Privacy

O TP requests do not inherently contain identifying information
beyond the source I P address. However, the transnit tinmestanp
reveals the client’s current |ocal decimal time estimate, which could
theoretically be used to fingerprint client inplenmentations or infer
clock quality.

Since the transnmit timestanp is essential for offset cal culation
(Section 7.1), it cannot be randoni zed wi thout degrading

synchroni zation precision. Cients concerned with privacy SHOULD
rely on network-1ayer protections (e.g., source address

anonym zation) rather than tinmestanp manipul ation

6. Replay Attacks

An attacker who captures a valid O TP response can replay it to a
client at a later time. The origin tinestanp check (Section 10.4)
mtigates this: the replayed response nust carry the correct origin
timestanp for the client’s current request, which changes with every
query. A replayed response will be rejected unless the attacker can
al so observe and match the client’s current transmit timestanp.

7. Future Authentication

Thi s specification does not define an authenticati on nechanism A
future extension could define authentication extension fields
appended after the base 48-byte packet, similar to NTS (Network Tine
Security, [RFC8915]) for NTP. Such an extension could use nodern
symretric or asymetric cryptographic primtives. Future

aut henti cation extensions could take inspiration fromprotocols such
as Roughtine [I-D.ietf-ntp-roughtinme], which provides cryptographic
time authentication with accountability.
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8. Extension Mechani sm

I mpl enent ati ons MUST send packets of exactly 48 octets for version 1
of this protocol. Inplenentations MJUST accept and process packets of
at least 48 octets. |Inplenentations MJST silently discard packets
shorter than 48 octets. |Inplenentations MJST i gnore any bytes beyond
the 48-byte base packet. Future versions of O TP could define
extension fields appended after the base header. The version field
(Section 6.2) will be incremented for inconpatible changes.
Conpati bl e extensi ons MJIST be desi gned such that inplenentations
unawar e of them can safely discard the extra bytes. Because Version
1 inplenentations silently ignore bytes beyond the 48-octet base
packet, an on-path attacker could strip a future authentication
extension by truncating the packet. Any future authentication
mechani sm MJUST use a new protocol version nunber or a mandatory-to-
process signaling mechanismthat cannot be silently renoved, to
prevent downgrade attacks

Not e: Version negotiation (allowing a client to discover and prefer
the hi ghest mutually-supported version) is not defined in this
specification and is deferred to a future document. Version 1

i npl ementations MJUST silently discard requests and responses carrying
an unrecogni zed versi on nunber.

| ANA Consi der ati ons
1. Port Nunber

Thi s docunent requests the assignnent of port nunber 8640 (UDP and
TCP) for the Open Internet Tine Protocol. The port nunber 8640

ref erences the fundanental constant of the decimal time system 86400
seconds per day divided into 1000 beats of 86.4 seconds each. The
port falls within the User Port range (1024-49151) and is currently
unassigned in the 1 ANA Service Nane and Transport Protocol Port
Nunber Regi stry.
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| Field | Val ue |
[ g —————————— s —p—_———(————r
| Service Nane | oitp |
S +
| Port Number | 8640 |
I T T re e +
| Transport Protocol | UDP, TCP |
o e e e o e e e e e e e e m o +
| Description | Open Internet Tinme Protocol |
e +
| Reference | This docunent |
I T T re e +
Tabl e 8

TCP registration is requested because the OPTIONAL HTTP tine
interface (Appendi x D) operates on TCP using the sane port nunber.
Regi stering both transports prevents future port conflicts and
follows the recomrendati on of [RFC6335] Section 7.2 to register both
UDP and TCP when either is used.

13.2. Reference ID Registry

Thi s docunent requests | ANA create an "O TP Reference ldentifier"
registry. Registry entries consist of:

* *Value*: a 4-octet ASCI| string (right-padded with NUL bytes
(0x00) if shorter), encoded as a 32-bit big-endian integer

* *Stratunt: the stratumvalue(s) for which this entry applies
*Meani ng*: description of the reference source or condition
*Ref erence*: the docunent defining this entry

The registration policy is Specification Required [RFC8126]. |ANA is
requested to designate one or nore experts for this registry.

Initial entries:
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| Value | Stratum | Meaning |
[ gttty p—p—py e pp—p—p—p—p—(—(—_—————————————————(————(———r
| NTRAO | 1 | Tinme derived froman NTP source |
S D S TRy . +
| GPS\0 | O | GPS or GNSS hardware reference clock |
Fommma - T T +
| PPS\O | O | Pul se-per-second hardware reference |
R, S R o e e e e e e e e e e e e e e me oo +
| RATE | 3 | KoD: rate limt exceeded |
S D S TRy . +
| DENY | 3 | KoD: access denied |
Fommma - T T +
| RSTR | 3 | KoD: access restricted |
R, S R o e e e e e e e e e e e e e e me oo +
| STEP | 3 | KoD: server stepping clock |
S D S TRy . +
Table 9
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Appendi x A, Acknow edgnents

O TP s design borrows fromthe Network Tine Protocol, originally
devel oped by David L. MIls. The four-timestanp exchange, stratum
hi erarchy, and Kiss-0’-Death nechanismall derive from NTP s
architecture.

Appendi x B. Reference |nplenentation Notes

The reference inplenentation, naned Beatnik, is nmaintained at:
https://oitp. net/downl oad. htm (https://oitp.net/downl oad. htm)

Beat ni k provi des:

* beatnik serve: Run an O TP server (stratum O with GPS/ PPS, or
stratum 1 with NTP derivation)

* beatni k query <server>: Single query with offset/delay display

* beatni k sync <server>: Daenpon node with cl ock discipline

* beatnik now Display current decinmal tine

Beatnik targets a single static binary with zero external
dependenci es beyond the Zig standard library.

Appendi x C. Exanpl e Exchange

Client (192.0.2.1) queries server (198.51.100.1) at approximtely
@48. 500:

Client Request:
Version: 1, Mode: 2 (Full dient), Leap: 0, Stratum 3
Precision: -10, Poll: O
Root Del ay: 0, Root Dispersion: O
Ref erence |1 D: 0x00000000
Ref erence Ti mestanp: 0x0000000000000000
Origin Tinestanp: 0x0000000000000000
Recei ve Ti nest anp: 0x0000000000000000
Transmt Ti nmestanp: 0x0027103E20000000
(Day 10000, Beat 248, Fraction 0.500)
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Ti mest anp encodi ng br eakdown:

Day 10000 = 0x002710 -> bits 63-40
Beat 248 = OxOF8  -> bits 39-30

(10 bits: 00_1111_1000)
Frac 0.500 = 0x20000000 -> bits 29-0

(0.5 * 2730 = 536870912)
Raw. (0x002710 << 40) | (Ox0F8 << 30)
| 0x20000000
= 0x0027103E20000000

Server Response
Version: 1, Mdde: 3 (Server), Leap: 0, Stratum 1
Precision: -14, Poll: 64
Root Del ay: 0x00000083
Root Di spersion: 0x00000041
Ref erence | D: "NTP\O"
Ref erence Tinmestanp: 0x0027103E00000000
(Day 10000, Beat 248.000)

Oigin Tinmestanp: 0x0027103E20000000
(copied fromrequest)
Recei ve Ti nest anp: 0x0027103E20040000

(Beat 248.500244)
Transmt Ti nmestanp: 0x0027103E20048000
(Beat 248.500275)

Client receives response, records T4:
T4 (local clock): 0x0027103E20088000
(Beat 248.500519)

Tl = 0x0027103E20000000 (client transnit)
T2 = 0x0027103E20040000 (server receive)
T3 = 0x0027103E20048000 (server transnit)
T4 = 0x0027103E20088000 (client receive)

Li neari zation (Section 7.1):

Al'l four tinestanps share Day 10000 and Beat 248, so
linearization is a no-op in this exanple. In general,
toLi near(ts) = day*1000*2730 + beat*2"30 + frac.

T2 - T1 = 0x40000 = 262144 raw units
T3 - T4 = -0x40000 = -262144 raw units

of f set (262144 + (-262144)) | 2
0 (symmetric path, clocks agree)
del ay (T4-T1) - (T3-T2)

0x88000 - 0x8000
524288 raw units
524288 | 1073741.824

Maxi ne Expires 16 Septenber 2026 [ Page 33]



Internet-Draft aTpP March 2026

~ 0.488 nillibeats (~42 nms round-trip)
Appendix D. HITP Tinme Interface

This appendi x is informative. |t describes a convention for HTTP-
based tinme queries and is not part of the nornmative protoco
speci fication.

O TP servers may expose an HITP [ RFC9110] interface al ongside the UDP
protocol to provide lowfriction access to the current decinmal tine.
This interface is optional and informational; it does not participate
in the synchronization protocol

D.1. Endpoints

*GET /time* (or the root path): Returns the current beat tine as
plain text in the format @HH. SSS\n where HHH i s the zero-padded
three-digit integer beat (000-999) and SSS is the zero-padded three-
digit mllibeat (000-999), truncated (not rounded) fromthe interna
30-bit fraction. The trailing newine is required (Content-Type:
text/plain).

*GET /json*: Returns a JSON [ RFC8259] object with the follow ng
fields (Content-Type: application/json):

{
"timestanmp": "2026.03.10@48. 573",
"time": "@48.573",
"day": 10000,
"beat": 248,
"mllibeat": 573,
"date": "2026.03.10"
}
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| Field | Type | Description |
[ gttty C——————— s —p—_——————————————(——(——(—(————
| tinmestamp | string | Conbined date-tine (Section 3.5) |
S S TRy e +
| time | string | Formatted beat tine (@HHH. SSS) |
S IR T e Y +
| day | integer | O TP day nunber since epoch |
R S R T +
| beat | integer | Integer beat (0-999) |
S S TP e +
| millibeat | integer | Fractional nmillibeats (0-999) |
S IR T e Y +
| date | string | Calendar date at UTC+1 |
R S R T +
Tabl e 10

D.2. Operational Notes

* The HITP interface should include Access-Control-AllowOrigin: *
to enabl e browser-based clients.

* The HTTP interface runs on TCP port 8640, sharing the sane port
nunber as the UDP protocol. Since UDP and TCP are distinct
transport protocols, no conflict arises.

* Responses reflect the server’s current time at the noment of
response generation, wthout any offset or delay conpensation.

* Rate limting should be applied independently fromthe UDP rate
limter.

Aut hor’ s Addr ess

Maxi ne
Enmai | : max@i ght gl ow. one
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