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Abstract

Thi s docunment defines the "locus" UR schene, a hierarchica

i nterplanetary addressing systemthat encodes both astrononica

| ocation and network routing information within a fixed 256-bit
structure. The schenme enables determnistic resolution of naned
endpoints into | Pv6-conpatibl e network addresses and supports future
interplanetary networking without reliance on centralized | ookup
syst ens.

The Locus schene introduces a unified address format spanning five
tiers: star system orbital position, planetary body, network domain,
and host identifier. The upper 128 bits encode astronom ca

| ocation; the lower 128 bits encode | Pv6-conpatible network identity.
For present Earth-based depl oynents, the schenme resolves to standard
HTTPS URLs via DNS. Future extensions accomvpdate del ay-tol erant
net wor ki ng across Lunar, Martian, and interstellar distances.
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This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working documents of the Internet Engineering
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I nt roduction
Mot i vati on

The Internet’s current addressing nodel was designed for a single-
pl anet depl oynent environnment. |Pv4 and | Pv6 address network

i nterfaces; DNS maps human-readabl e nanes to those addresses.
Nei t her schene incorporates the concept of physical location in the
astronom cal sense, nor do they provide a nmechani smfor addressing
endpoi nts whose network identity is inseparable fromtheir physica
position in the solar system

Several forces nake a | ocation-aware addressing schene necessary:

0 Autononpus agency networks. Distributed artificial intelligence
systens, autononpus robotic networks, and nmulti-agent cognitive
architectures increasingly require persistent, stable endpoint
identifiers that survive across depl oynents spanning planetary
di stances. An Al agency operating on Earth, the Moon, and Mars
si mul t aneously needs a unified address space that encodes not
just "where on the network" but "where in the solar system"”

0 Speed-of-light latency. Conmunication between Earth and the
Moon carries a one-way |atency of approximtely 1.3 seconds.
Conmuni cati on between Earth and Mars carries a one-way | atency
of 3 to 22 mnutes depending on orbital positions. Addressing
schenes that assune | ow | atency DNS resolution are
architecturally unsuitable for interplanetary depl oynents. A
schene that encodes | ocation determnistically -- without
requiring a round-trip to a central registry -- is a
prerequisite for practical interplanetary networKking.
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0 Determnistic resolution. Existing URI schenes rely on DNS for
nane resol ution, which requires connectivity to a functioning

DNS infrastructure. 1In disconnected or high-Iatency

i nterplanetary environments, a deterninistic mapping from
human-r eadabl e names to binary addresses -- requiring no
external |ookup -- is essential

o0 Unified address space. Future infrastructure deploynments on
the Moon, Mars, and beyond will require a coherent addressing
schenme that unifies Earth-based network identities with
astronom cal location. Bolt-on extensions to existing schenes
are insufficient; a first-principles design is needed.

Gap in Existing Standards

No existing | ETF standard addresses the problem of interplanetary
endpoi nt addressing. The follow ng rel ated standards are rel evant
but insufficient:

0 RFC 3986 [ RFC3986] (URI Generic Syntax) defines the genera
structure of URIs but provides no nechani smfor encoding
physi cal |ocation or astronom cal context.

0 RFC 8200 [ RFC8200] (1Pv6) provides a 128-bit address space
adequate for Earth-scal e networking but contains no provisions
for astrononmical |ocation tiers above the network | ayer

0 RFC 4838 [ RFC4838] (Del ay-Tol erant Networking Architecture)
addr esses communi cati on protocols for high-Iatency and
di sconnect ed networks, including deep space, but does not
define a URI schene or address format for interplanetary
endpoi nt identification

o The Bundl e Protocol (RFC 9171) [RFC9171] provides a transport
mechani sm for del ay-tol erant networki ng but defines endpoint
identifiers (EIDs) at a protocol |evel rather than providing a
general - purpose URI schene suitable for application-I|ayer
addr essi ng.

0 Existing custom URI schenes (tel:, urn:, geo:, etc.) each
address a narrow domain. The geo: URI schene (RFC 5870)
[ RFC5870] encodes geographi c coordinates on Earth but does not
extend to astrononical bodies or network identity.

The Locus URI schene fills this gap by providing a unified,

hi erarchical, 256-bit address structure that encodes both
astronom cal |ocation and | Pv6-conpati ble network identity in a
singl e, human-readable URI form wth determ nistic binary
encoding requiring no external registry.

Ter mi nol ogy

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL
NOT", "SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMVENDED',
"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 capitals, as shown here.

Locus: A 256-bit structured address identifying an agency
endpoint in both astronom cal and network space.

Agency: A networked conmputational entity -- a service, device,
aut ononous agent, or distributed system-- addressable
via the Locus scherne.



Syndi cate: A cluster of agencies sharing a common Locus donai n.

Tier: A nanmed segnent of the Locus address representing one
hi erarchi cal di nension of location or identity.

Aut hority: The five-tier hierarchical identifier appearing in a
Locus URI between the schene delimter and the path.

O b: The planet or prinmary body at a given orbital position
Body code 0 al ways denotes the orb itself; higher body
codes denote noons or satellites in order of proximty.

Star: A stellar body serving as the gravitational center of
an orbital system Sol (our Sun) is Star code 1.

Locus Address Structure

A Locus is a 256-bit val ue conposed of five tiers arranged in
descendi ng order of astronom cal scal e:

Bits 255-192 St ar 64 bits Star systemidentifier

Bits 191-160 Obit 32 bits Obital index fromstar
Bits 159-128 Body 32 bhits Pl anetary body or satellite
Bits 127-64 Domai n 64 bhits I Pv6 network prefix

Bits 63-0 Host 64 bits I Pv6 interface identifier

The upper 128 bits (Star + Orbit + Body) encode astronom ca
| ocation: where in the universe the endpoint resides.

The lower 128 bits (Domain + Host) encode network identity: where
on the network the endpoint is reachable. Together, Domain and
Host forma conplete 128-bit |Pv6-conpatibl e address.

.1. Tier Definitions
Star (64 bits, bits 255-192)

Identifies the star system Star codes are assignhed by a
registry in order of distance fromSol. Sol is assigned Star
code 1. Proxima Centauri is assigned Star code 2. Star codes
for unnaned or unregistered systens MAY be derived by applying
a 64-bit FNV-1a hash to the systenis canonical name string.

Obit (32 bits, bits 191-160)

ldentifies the orbital position around the star, assigned by
di stance fromthe star in ascending order. Wthin the So
system Mercury=1, Venus=2, Earth=3, Mars=4, Jupiter =5,

Sat urn=6, Uranus=7, Neptune=8.

Body (32 bits, bits 159-128)

Identifies the specific body at the orbital position. Body
code 0 (Ob) always identifies the planet itself. Mons and
satellites are assigned codes in ascending order of proximty
to the Ob. For Earth orbit: Ob=0, Luna=1. For Mars orbit:
O b=0, Phobos=1, Dei nos=2.

Domain (64 bits, bits 127-64)

Encodes the | Pv6 network prefix (global routing prefix and
subnet ID). In named URI form Dormain is a human-readabl e
string (e.g., "cont, "net", "ai") that resolves via standard
DNS. In binary form Domain is the 64-bit FNV-1la hash of



the | owercase Domain string.
Host (64 bits, bits 63-0)

Encodes the I Pv6 interface identifier. 1In named URI form Host
is a human-readable string (e.g., "exanple") that resolves via
standard DNS. In binary form Host is the 64-bit FNV-1la hash
of the | owercase Host string.

3.2. Astronomi cal Mapping

O bit and Body codes are derived from physical distance, ensuring
codes are stable and independently conputable w thout a registry
for known bodies. The follow ng table docunments the Sol system

mappi ng for well-known bodi es:

D stance(AU) Obit Body Nane

Mer cury
Venus

Earth (Ob)
Luna

Mars (Orb)
Phobos

Dei nos
Jupiter (Ob)
lo

Eur opa
Ganynede
Callisto
Saturn (Orb)
M mas

Encel adus
Tet hys

Di one

Rhea

Titan

| apet us
Uranus (O b)
M r anda

Ari el

Unbri el
Titani a

Cber on

Nept une (Orb)
Triton

Ner ei d

LCoovovovoouunadRERERERROO

19.
19.2
19.
19.
19.
19.
30.
30.
30.

VOO NNN~NNNOOODODODOOOoOOUIUTONOTO AR DMWOWWNE
NFRPOURARWNRFRPONOORARWNRFRPORAAWNPFPONRFRPRORLROOO

RPFRPENNNN

The ten nearest star systens to Sol, assigned Star codes in order
of di stance:

Star Code Star System Di stance (ly)
1 Sol 0. 00
2 Proxi ma Centauri 4. 24
3 Al pha Centauri AB 4.37
4 Barnard’ s Star 5.96
5 Wl f 359 7.79
6 Lal ande 21185 8.29
7 Sirius AB 8. 58
8 Luyten 726-8 AB 8.73
9 Ross 154 9. 68
10 Ross 248 10. 32

4, Locus URI Schene
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3.

Synt ax

A Locus URI conforms to the generic URI syntax defined in RFC 3986

[ RFC3986]. The schene-specific syntax is:

|l ocus-URI = "locus://" authority path-abenpty
authority = star "." orbit "." body "." domain "." host
star = segnment

orbit = segnent

body = segnent

domai n = segnent

host = segnent

segnent = 1*( unreserved / pct-encoded )

The authority MUST contain exactly five dot-separated conponents.
A Locus URI with fewer or nore than five authority conponents is
mal f ormed and MJUST be rej ect ed.

Aut hority Conponents

Conmponent  Descri ption

star Star system nanme (e.g., "sol")

orbit O bital body nane (e.g., "earth", "mars")

body Speci fic body nane (e.g., "orb", "luna")

domai n Net work domain string (e.g., "conl, "net")

host Host identifier string (e.g., "exanple")

Al'l conponents are case-insensitive. |nplementations MJST

normal i ze conponents to | owercase before processing.
Exanpl es

In the foll ow ng exanples, "exanple" and "exanpl e.cont are used
as pl acehol der host and domai n val ues per RFC 2606 [ RFC2606] .

St andard Eart h-based endpoi nt:
| ocus://sol.earth.orb. com exanpl e/ conci erge
Resol ves to:
htt ps://exanpl e. conl conci erge
Local host special case (devel oprment):
| ocus://sol.earth.orb.local.host/concierge
Resol ves to:
https://1 ocal host/conci erge
Future Mars depl oynent (currently unresol vabl e):
| ocus://sol.mars. orb. com exanpl e/ conci er ge
Future Luna depl oynent (currently unresol vable):
| ocus://sol.earth.luna.com exanpl e/ conci erge
Mul ti-agency within sane syndicate:
| ocus://sol.earth.orb. com exanpl e/ conci erge

| ocus://sol.earth. orb. com exanpl e/ envoy
| ocus://sol.earth.orb.comexanpl e/liaison



| ocus://sol.earth.orb. com exanpl e/ messenger

5.  Encodi ng and Deternini sm
5.1. Named to Binary Mapping
Locus URIs exist in tw forns: naned (hunman-readabl e) and binary
(machi ne-conpact). The mappi ng between forns is deterninistic and
requires no external registry for well-known bodies.
Star, Orbit, Body:
For wel |l -known bodi es, codes are assigned by the registry
defined in Section 3.2. For unknown bodi es, inplenentations
MAY derive codes by applying FNV-1la 64-bit hashing to the
| ower case conponent string, truncated to the field width:
Star code (64-bit): FNV-1la hash of star nane string
O bit code (32-bit): FNV-1la hash of orbit name, low 32 hits
Body code (32-bit): FNV-1la hash of body nane, low 32 bits
Domai n, Host:

Bi nary encodi ng applies 64-bit FNv-1a hashing to the | owercase
conponent string:

Domai n code (64-bit): FNV-1la hash of domain string
Host code (64-bit): FNV-1la hash of host string

FNV-1a 64-bit hash paraneters:

Prinme: 1099511628211
O fset: 14695981039346656037

Thi s encodi ng ensures:
0 Determnistic binary representation fromnaned form
0 No dependency on external registries for well-known bodies
0 G aceful extension to unknown bodi es via hash fallback

5.2. 1 Pve Conmpatibility

The Domain and Host fields together forma conplete 128-bit
| Pv6- conpati bl e address [ RFC8200]:

| Pv6 Address = Domain (bits 127-64) || Host (bits 63-0)
VWhen Domai n and Host encode | Pv6 network prefix and interface
identifier respectively, the binary Locus address maps directly
to a full IPv6 address for the endpoint.

For nanmed URI forms, Domain and Host are resolved via standard
DNS usi ng the convention

DNS host nane = host + + donmmi n

Exanpl e: domai n="con', host ="exanpl e" resolves to "exanple.cont
vi a standard DNS.

6. Resolution Mdel

6.1. Earth-based Resol ution

For Locus URI's where star="sol", orbit="earth", body="orb",
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resol ution proceeds via standard DNS

| ocus://sol.earth. orb. <domai n>. <host >/ <pat h>
--> https://<host>. <domai n>/ <pat h>

Exanpl e:

| ocus://sol.earth.orb. com exanpl e/ conci erge
--> https://exanpl e.confconcierge

| mpl enent ati ons MJST support this resolution path. Al other
resol ution paths are OPTI ONAL and subject to future extension

Local host Special Case

The domain "local" conbined with host "host" is a reserved
speci al case denoting the |ocal nachine:

| ocus://sol.earth.orb.local.host/<pat h>
--> https://1ocal host/ <pat h>

Thi s special case MJST be recogni zed and resol ved wi t hout DNS
| ookup. It is intended for devel opment and | ocal testing
envi ronment s.

Non- Eart h Addr esses

Locus URIs where star != "sol", orbit !'= "earth", or body '= "orb

(excluding the | ocal host special case defined in Section 6.2)
cannot be resol ved using current infrastructure.

I npl enent ati ons encountering such addresses:

MUST NOT attenpt DNS resol ution
MJUST raise a resolution failure condition

O O0OO0Oo

regi stry support

Error Handling
I nvalid For mat
A Locus URI is nalforned if:

0 The scheme is not "locus" (case-insensitive)

o The authority does not contain exactly five dot-separated

conponent s
0 Any authority conponent is enpty

I mpl ement ati ons MUST reject nmal formed Locus URI's and MUST NOT
attenpt resolution of a malforned URI.

2.  Unknown Endpoi nt

A Locus URI is well-formed but unresol vable if:

o star is not "sol"
0 orbit is not "earth" (when star is "sol")

0 body is not "orb" and the URI is not the |ocal host specia

case (Section 6.2)

I mpl enent ati ons encountering an unresol vabl e Locus URI SHOULD
produce a di agnostic message identifying which tier failed
resol uti on and why.

MAY | og the unresol vabl e address for diagnhostic purposes
MAY defer resolution pending future interplanetary routing
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I nterpl anetary Extension Mde

The Locus schene is designed for forward compatibility with
i nterplanetary deployment. Future extensions MAY include

o Distributed interplanetary routing registries, anal ogous to
DNS root servers, operated at planetary facilities and
synchroni zed vi a del ay-tol erant protocols.

0 Integration with the Bundle Protocol [RFC9171] and Del ay-
Tol erant Networking [ RFC4838] for store-and-forward routing
across di sconnected interplanetary |inks.

0 Non-DNS resol ution nechani sns for environments where DNS
infrastructure is unavailable, such as early Martian
depl oynent s.

0 Standardi zed star registry governance, defining the process
by whi ch new star systens receive assigned Star codes.

o Obital conmputation formalization, providing a mathematica
basis for deriving Orbit and Body codes from physica
epheneri s data.

Antici pated future depl oynent targets:

sol . earth.luna --  Lunar surface or orbital installations
sol.mars.orb -- Martian surface install ations
sol . mars. phobos -- Phobos orbital installations
sol .mars.deinbs -- Deinobs orbital installations

Security Considerations

Hash- based encodi ng (Section 5.1) avoi ds dependency on a
centralized registry for well-known bodies, reducing the attack
surface associated with registry conpromi se or spoofing.

Eart h-based resolution (Section 6.1) inherits the security
properties of HTTPS and the DNS infrastructure. |nplenentations
SHOULD use HTTPS excl usively for resol ved endpoi nts and SHOULD
apply standard certificate validation.

Future interplanetary routing MJST consider

o High latency. Round-trip times of minutes to hours make
interactive authentication protocols inpractical
Pre-establ i shed cryptographic credentials and offline
certificate validation are RECOMVENDED for interplanetary
depl oynent s.

o Partition tolerance. Interplanetary |links may be interrupted
for extended periods. |Inplenmentations MJST NOT assumne
conti nuous connectivity for non-Earth endpoints.

0 Authentication across disconnected networks. Standard online
certificate revocation nmechani sms (OCSP, CRL) are unsuitable
for high-latency interplanetary links. Future specifications
SHOULD define offline-capable revocati on nechani sns appropriate
for interplanetary depl oynents.

0 Hash collision resistance. The FNV-1la hash used for binary
encoding is not cryptographically secure. Binary Locus
addresses MJUST NOT be used as security identifiers. Nanmed UR



formis the authoritative representation for security purposes.

10. | ANA Consi derations
10.1. URI Schenme Registration
Thi s docunent requests registration of the following URI schene

in the "Uniform Resource Identifier (URI) Schenes" registry
mai nt ai ned by | ANA:

Schenme nane: | ocus

St at us: Provi si ona

URI synt ax: Defined in Section 4.1 of this docunent

Senanti cs: Hi erarchical interplanetary addressi ng encodi ng

astronom cal |ocation and | Pv6-conpati bl e network
identity in a 256-bit structure
Encodi ng: Defined in Section 5 of this docunent
Applications: Distributed agency networks, autononous robotic
systens, interplanetary conputing infrastructure

Cont act : SubThought Corp. <subthought @otrmail . conp,
M chael MIler <3Sim 38@muail.cone
Ref er ences: Thi s docunent

11. I nplenentation Notes

A reference inplenentation of the Locus URI schene has been

devel oped as part of the Prenise Abstract Mchine (PAM v3.3,

publ i shed by SubThought Cor poration

Ref erence i npl enent ati on behavi or

o Nanmed URI parsing splits the authority on dot separators and
validates the five-tier structure before any resolution is
att enpt ed.

0 Binary encoding applies FNvV-1a 64-bit hashing to Domain and
Host strings. Star, Obit, and Body codes use the registry
table (Section 3.2) with hash fallback for unregistered bodies.

0 Resolution failure is exception-based. A well-forned but
unresol vabl e URI raises a typed exception identifying the
failing tier, rather than returning a null or error string.

o The | ocal host special case (Section 6.2) is recognized before
DNS resolution is attenpted, requiring no network access for
devel opnment envi ronnents.

0 Binary serialization produces a 64-character hexadeci nal
string in the format:

hex(Star:64) || hex(Obit:32) || hex(Body: 32) |
hex( Domai n: 64) || hex(Host: 64)

yielding a 256-bit address serialized as 64 hexadeci nal
characters.

The reference inplementation is avail able at:

https://gi thub. com subt hought/ prem se

12. Exanpl e Use Cases

Di stributed Al agency networKks:
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A cognitive architecture depl oyi ng agenci es across Earth,

Luna, and Mars uses Locus URIs as stable endpoint identifiers.
The Earth-based directory agency (Concierge) registers al
agency loci. Agencies comruni cate using Locus URIs in nessage
headers, allowi ng routing to foll ow physical depl oynment w thout
reconfiguration of application-Ilayer addressing.

Aut ononpus robotic networks:

Robotic systens on the Martian surface use Locus URIs to
identify control endpoints on Earth. The addressing schene
encodes the physical distance inplicitly in the tier structure,
enabling routing infrastructure to select appropriate del ay-
tol erant transport nechani sns based on the body tier

Hybrid DNS and interplanetary systens:

Systens operating across Earth and lunar installations use
Locus URIs uniformly. Earth endpoints resolve via DNS. Lunar
endpoi nts queue via delay-tol erant routing. The sane URI
format and resolution interface is used throughout, with the
resol uti on nechani sm sel ected by the body tier

Depl oyed satellite constell ations:

1.

Low Earth orbit and geostationary satellite networks present a
cl ass of endpoint whose physical |ocation changes conti nuously
but whose Locus address remains stable. A satellite identified
as locus://sol.earth.sat-a87zq. com exanpl e/tel emretry retains
its address regardless of orbital position. Gound stations
resol ve the Locus URI to the current contact w ndow endpoi nt
via an orbital routing registry, which maps satellite body
identifiers to reachable ground station HTTPS endpoi nts based
on real -time epheneris data. This decouples application-I|ayer
addressi ng fromthe physical dynam cs of orbital mechanics,

all owi ng software systenms to reference a satellite by stable
Locus URI without know edge of its current ground contact
geometry
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Appendi x A, Binary Encodi ng Exanpl e

The Locus URI:
| ocus://sol.earth.orb. com exanpl e/ conci erge

encodes to the following binary tiers:

StarCode (64-bit): 0x0000000000000001 (Sol = 1)
O bitCode (32-bit): 0x00000003 (Earth = 3)
BodyCode (32-bit): 0x00000000 (Ob =0
Domai nCode (64-bit): FNV-1la("cont)

Host Code (64-bit): FNV-1la("exanple")

Serialized as a 64-character hexadeci mal string:
hex(Star) || hex(Orbit) || hex(Body) || hex(Domain) || hex(Host)

The resulting 256-bit address uniquely identifies the endpoint

operating on Earth’'s surface in the Sol system

Appendi x B. Future Work

The following itens are deferred to future docunents:

0 Standardi zed star registry: a formal governance process for
assigning Star codes to stellar systens beyond the ten nearest
currently registered.

0 Obital conputation fornalization: a mathematical specification
for deriving Orbit and Body codes from | AU epheneris data,

ensuring interoperability across independent inplenentations.

0 Cross-planet DNS equival ents: protocol specifications for name



resol ution services operating on Martian and Lunar
installations, analogous to terrestrial DNS

0 Integration with Delay-Tol erant Networking: a specification
for using Locus URIs as Bundl e Protocol endpoint identifiers,
enabling store-and-forward routing across interplanetary |inks.

0 Locus URI schene for non-Sol star systens: extensions to
support addressi ng of endpoints beyond the Sol system
i ncludi ng governance of star registry expansion
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