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Abst r act

Thi s docunent specifies SayWere, an open-source system for encodi ng
geographi c coordi nates (latitude, |ongitude, and optional altitude)

i nt o human- menor abl e word phrases and decodi ng them back to

coordi nates. The system provides determnistic, reversible encoding
with two-layer error detection (per-word parity and optional termn na
wor d- phrase checksun) and supports three-di nmensional positioning for
multi-level structures. SayWere introduces hierarchical variable-

I ength phrases with true prefix relationships, enabling precision
scaling fromregional (1 word) to nmeter-|level accuracy (6 words).
The system uses the Bitcoin |Inprovenent Proposal 39 (BIP-39) mmenonic
wordlist for nultilingual support and geohash spatial indexing for
efficient |ocation encoding.
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1.

I nt roducti on

Geogr aphi c coordinates (latitude, |ongitude) are precise but
difficult to comrunicate verbally or nmenorize. A typical coordinate
pair such as (40.7128, -74.0060) requires exact decimal precision and
is prone to transcription errors. SayWere addresses this by
encodi ng coordinates into nenorable word phrases whil e maintaining
precision, determnism and providing error detection capabilities.

Thi s chal | enge becones critical in natural disasters and energency
response scenarios, where conmunication infrastructure nmay be
conprom sed and rapid verbal |ocation sharing essential for

coordi nating rescue operations. Wrd-based |ocation phrases can be
communi cated over radio, witten on paper, or relayed through human
chains w thout requiring functional GPS devices or internet
connectivity.

Traditional postal addresses do not always provide the |evel of

preci sion desired, assune a built environnent, and often require sone
tacit know edge of that built environnent. Existing proprietary
systens use closed algorithns, |ack transparency and require a
centralized service to resolve word phrases creating a single point
of failure which is unaceptable in critical environnents. Plus Codes
use al phanuneric strings that are harder to commruni cate verbally.
Traditi onal geohash uses Base32 strings that are not human- nmenorabl e.
SayWhere provi des an open, transparent alternative wi th hierarchica
structure, optional altitude, nulti-Ilingual support, and error

det ecti on.

The design goals for SayWere are:

1. *Determnistic*: Sane coordinates al ways produce identical word
phr ases

2. *Reversible*: Wrd phrases can be decoded back to origina
coordi nat es

3. *Human-Friendly*: Wrds are common, easy to spell, and
phonetical ly distinct

4. *Error Detection*: Two-layer validation with per-word parity and
optional terminal checksumtp validate a word phrase

5. *3D Support*: Optional altitude conponent for vertica
posi ti oni ng

6. *QOpen Standard*: Public domain al gorithm based on established
prior art with no proprietary restrictions
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7. *H erarchical*: Variable-length phrases (1-6 words) with true
prefix rel ationships

Conpared to existing systens:

* *Proprietary word-based systens*: C osed algorithnms, fixed-1ength
(typically 3 words), no error detection, no altitude support

* *Plus Codes*: Al phanuneric (not word-based), harder to comunicate
verbal |y

*  *Geohash*: Base32 strings, not human-nenorabl e

* *SayWhere*: Open source, hierarchical word phrases, 3D support,
two-1ayer error detection (LSB parity + optional term na
checksum), true prefix relationships, hand-verifiable checksuns

SayWiere is built upon established open technol ogies as prior art:

* *Geohash* (N emeyer, 2008): Spatial indexing system using base-32
strings

* *BlP-39* (Palatinus et al., 2013): Mienpnic wordlist standard with
2,048 words

SayWher e conbi nes geohash spatial indexing with Bl P-39 word encodi ng
to create hierarchical variable-length phrases. This differs from
fixed-length proprietary systens that use cell-based integer
deconpositi on approaches. The use of geohash as the internediate
representation (rather than proprietary integer encoding) and the

hi erarchical prefix relationships are key distinguishing features.

2. Term nol ogy

2.1. Requirenents Language
The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in
BCP 14 [ RFC2119] [RFCB174] when, and only when, they appear in all
capitals, as shown here

2.2. Core Concepts

Hi erarchical Wrd Phrase: Variable-length sequence of words (1-N
words) representing |location with increasing precision

Prefix Relationship: Shorter phrases represent a bounded area that
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contain all I|onger phrases with the same prefix

Location Wrds: Wrds encoding the position of cell within a base32
cell grid (excluding checksum and altitude)

Checksum Wrd: Optional terninal validation word froma distinct
32-word vocabul ary for phrase-level error detection

Al titude Units: Optional numeric conponent for vertical position

Wordlist: An ordered array of words used for encodi ng/ decodi ng
(BI P-39 standard)

Precision Level: Spatial resolution determ ned by phrase |ength

Geohash: A geocodi ng system using base32 strings for spatia
i ndexi ng

2.3. Phrase Types

Hi erarchical Phrase: Pure spatial encoding without term nal checksum
(mai ntains prefix rel ationshi ps)

Val i dated Phrase: |ncludes terminal checksumword for phrase-|eve
error detection

3D Phrase: Includes altitude conponent for vertical positioning
3. System Architecture
3.1. Encoding Pipeline

The encodi ng process transfornms geographic coordinates into word
phrases through the foll ow ng pipeline:

1. Input validation: Verify latitude [-90, 90], |ongitude [-180,
180], altitude [-30000, 30000]

2. CGeohash generation: Convert coordinates to base32 geohash string

3. Chunk processing: Split geohash into 2-character chunks (10 bits
each)

4. Parity calculation: Add 1-bit LSB parity to each chunk

5. Word mapping: Map 11-bit values (10 data + 1 parity) to BIP-39
wor dl i st
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3. 2.

Phrase assenbly: Join |l ocation words with dots for hierarchica
structure

Optional : Conpute and append CRC-8 term nal checksum word from
32-word vocabul ary

Decodi ng Pi peline

The decodi ng process reverses the encoding to recover coordinates:

1.

2

3. 3.

3. 3.

Phrase parsing: Split on dots, validate word fornmat

Checksum detection: Identify and separate terminal checksum word
(if present)

Word | ookup: Find each location word in BIP-39 wordlist to get
11-bit index

LSB parity validation: Verify 1-bit parity for each l[ocation word

Term nal checksumvalidation: If present, validate phrase-|eve
checksum

Chunk extraction: Extract 10-bit chunk value from each | ocation
wor d

Geohash reconstruction: Concatenate chunks to form geohash string

Coor di nat e decodi ng: Decode geohash to | atitude/longitude with
bounds

Format Specifications

Hi er archi cal For mat

Hi erarchical phrases naintain true prefix rel ationships:

gr ape # Regi on (~900km

gr ape. col um # Cty (~28km

gr ape. col umm. hi p # Nei ghbor hood (~900m)
gr ape. col umm. hi p. t hought # Street (~27m

gr ape. col umm. hi p. t hought . pul | # Door (~90cm

gr ape. col umm. hi p. t hought . pul | . wave # Sub-neter (~2.7cm

*Key Property:* Each shorter phrase represents an area containing all
| onger phrases with the same prefix.
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*Error Detection:* Two independent |ayers: 1. Each |location word
contains a built-in LSB parity bit for single-word error detection 2
Optional term nal checksumword validates the entire phrase (with ~3%
Fal se Negative)

*Wth Term nal Checksum* ~~~~ grape.colum. hip.seal # Validated
3-word phrase ~~~~ \Were "seal" is fromthe 32-word checksum
vocabul ary and val i dates "grape. col um. hi p".

3.3.2. Precision vs. Length Table

Precision is constrained by geohash spatial indexing:

[ oo oo oo e sl el el ]
| Words | Geohash Chars | Gid D nensions | Avg | Use Case |
I I I | Size I I
N ettty bttty e ety et ey ety
| 1 | 2 | 1,252km x 624km | ~900km | Country/

| | | | | Large Region |
+------- i I I I R i I +
| 2 | 4 | 39.1km x 19.5km| ~28km | City |
+------- B il I i F--- - - F-- - - - - - +
| 3 | 6 | 1.2km x 609m | ~900m | Nei ghbor hood
+------- I I I I I +
| 4 | 8 | 38.2m x 19m | ~27m | Building |
+------- i I I I R i I +
| 5 | 10 | 1.2m x 59.5cm | ~90cm | Rooml Precise

| | | | | Position |
+------- L i Fom e m - - - I I I +
| 6 | 12 | 3.7cmx 1.9cm | ~2.7cm | Sub-Meter |
| | | | | Precision |
+------- i I I I R i I +
| 7 | 14 | 2.2nm x O0.6nm | ~0.85mm | MIlineter

| | | | | Precision |
+------- L i Fom e m - - - I I I +
| 8 | 16 | 37umx 19u m | ~27u m | Mcron-Level
| | | | | Precision |
+------- i I I I R I +

Table 1. Precision Mapping for Hi erarchical Phrases

*Key I nsight:* The 2,048-word Bl P-39 vocabul ary provides sufficient
combi nations for encodi ng geohash data. Each word encodes 2 geohash
characters (10 bits) plus 1 parity bit, utilizing the full 11-bit
addr ess space.
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4.

4.

4.

*Extensibility:* The hierarchical encoding pattern can be extended
beyond 6 words as neasurenent devices and positioning technol ogies
i nprove. The al gorithm supports phrases of any length, with each
addi ti onal word addi ng approxi mately 2 geohash characters of
precision. Future applications with centineter or mllineter-
accurate positioning systens can use 7, 8, or nore words while

mai ntai ning full backward compatibility with shorter phrases
Wordli st Specification

1. BIP-39 Wrdlist (REQU RED)

SayWhere uses the BIP-39 menonic wordlist [BIP39] as its standard
wordlist. This provides significant advantages:

* *Sjze:* Exactly 2,048 words (11 bits) - perfect for encoding 2
geohash characters (10 bits) + 1 parity bit

* *Battle-tested:* Used by nmillions in cryptocurrency wallets since
2013

* *Multilingual:* Oficial wordlists in 9 | anguages
* *Wdely distributed:* BIP-39 wordlists are enbedded in countless
appl i cations and hardware devices worl dwi de, ensuring availability
and consi stency
* *(Open source:* No licensing restrictions
* *Existing ecosystem™* Libraries available in all major |anguages
2. Requirements
A conpliant wordlist MJST satisfy these criteria:
1. *Size:* Exactly 2,048 words (index O to 2, 047)
2. *Character Set:* Lowercase ASCII| letters [a-z] only
3. *Length:* Each word 3-8 characters (BIP-39 standard)
4. *Uni queness:* No duplicate words

5. *Ordering:* Stable ordering (indices never change within a
ver si on)

6. *Phonetic Distinctness:* First 4 letters nmust be uni que (BIP-39
property)
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7. *Famly-Friendly:* No profanity or offensive terns
4.3. File Format

Wordlists MUST be stored in JSON fornat:

{
"version": "1.0.0",
"l anguage": "en",
"description": "BIP-39 English wordlist for SayWere",
"created": "2025-10-10",
"word_count": 2048,
"source": "https://github. con bitcoin/bips/blob/naster/bip-0039/english.txt",
"l'icense": "MT",
"words": [
"abandon",
"ability",
"abl e",
"zo0o"
]
}

4.4, Available Wrdlists

Bl P-39 provides wordlists in the follow ng | anguages:

* English
*  Spani sh
* French

* Italian

* Japanese

*  Kor ean

* Chinese (Sinplified)
* Chinese (Traditional)
* Czech

* Portuguese
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4.5. \Versioning

Wordli st versions MIST foll ow semantic versioning
(MAJOR. M NOR. PATCH) :

* *MAJOR * I nconpatible changes (words renoved/reordered)

*  *M NOR * Backwar d- conpati bl e addi tions

*  *PATCH. * Bug fixes (typo corrections)

*Critical:* Encoding and decodi ng MJST use the sanme wordlist version
5. Encoding Al gorithm

5.1. Hierarchical Encoding

5.1.1. Input Paraneters
| atitude: float # -90.0 to 90.0 (degrees)
| ongi t ude: float # -180.0 to 180.0 (degrees)
al titude: float # OPTIONAL, in nmeters (planned)
max_preci sion: int # 1-6 words (default: 3)
wordl i st: array # Array of 2,048 words (Bl P-39)

5.1.2. Al gorithm Steps
*Step 1. Validate |nput*

IF latitude < -90.0 OR latitude > 90.0:
RAI SE ERROR "I nvalid | atitude"

IF longitude < -180.0 OR | ongitude > 180.0:
RAI SE ERROR "I nvalid | ongitude"

I F max_precision < 1 OR nax_precision > 6:
RAI SE ERROR "nmax_preci sion must be 1-6"

I F length(wordlist) !'= 2048:
RAI SE ERROR "I nvalid wordlist size"

*Step 2. Generate Full Geohash*

# Each word encodes 2 geohash characters

geohash_chars = max_precision * 2

geohash = geohash_encode(l atitude, |ongitude, geohash_chars)

# Exanple: (40.7128, -74.0060, 3 words) — 6 chars — "dr5reg"
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*Step 3: Chunk-Based Wbrd Cenerati on*

FUNCTI ON geohash_t o_word_i ndi ces_hi erarchi cal (geohash, word_count):

Convert geohash to word indices using chunk-based encodi ng.

KEY PROPERTI ES

1. Each word encodes 2 geohash characters (10 bits)

2. BIP-39 wordlist (2048 words = 11 bits) provides 1 extra bit for checksum
3. Fully reversible: words — geohash is determnistic Q(1) operation

4. Prefix-preserving: shorter phrases are prefixes of |onger ones

base32_al phabet = "0123456789bcdef ghj knmpqr st uvwxyz"

wordl i st _size = 2048 # BIP-39 standard

word_indices = []

# Each word encodes a 2-character geohash chunk
FOR position FROM O TO word_count - 1
# Extract 2-character chunk at this position
chunk_start = position * 2
chunk_end = chunk_start + 2
chunk = geohash[chunk_start : chunk_end]

# Convert 2-char chunk to 10-bit val ue (0-1023)

char1l = chunk[ 0]

char2 = chunk] 1]

charl _index = index_of(charl in base32_al phabet) # 0-31 (5 bits)

char2_index = index_of (char2 in base32_al phabet) # 0-31 (5 hits)

chunk_value = (charl_index * 32) + char2_index # 0-1023 (10 bits)

# Calculate sinple parity checksum (1 bit)
checksum bit = popcount (chunk_value) MOD 2 # Count of 1-bits nod 2

# Conbi ne: (10-bit data << 1) | 1-bit checksum = 11-bit word i ndex
word_i ndex = (chunk_value << 1) | checksumbit # 0-2047

wor d_i ndi ces. append(wor d_i ndex)

RETURN wor d_i ndi ces
END FUNCTI ON

*Step 4: Build Hierarchical Phrases*
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phrases = []

FOR word_count FROM 1 TO max_preci sion
# CGeohash prefix for this precision (2 chars per word)
geohash_prefix = geohash[0 : word _count * 2]

# Generate word indices for this precision |evel
wor d_i ndi ces = geohash_to_word_i ndi ces_hi erarchi cal (geohash_prefix, word_count)

# Map indices to words
words = [wordlist[idx] for idx in word_indices]

# Join with dots
phrase = join(words, ".")
phr ases. append( phr ase)
RETURN phr ases
5.1.3. Exanple Execution

Input: New York City (40.7128, -74.0060), max_precision = 3
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6

6

1.

Geohash (6 chars): "dr5reg"

# Word 1: Encodes "dr" (chars 0-1)

chunk_1 = "dr"

charl index = 12 (d), char2_index = 23 (r)
chunk_value_1 = 12 * 32 + 23 = 407
checksum 1 = popcount (407) %2 =6 %2 =0
word_index_1 = (407 << 1) | 0 = 814

— wordlist[814] = "grape"

Phrase 1: "grape" # ~900km region

# Word 2: Encodes "5r" (chars 2-3)

chunk 2 = "5r"

charl index =5 (5), char2_index = 23 (r)
chunk _value 2 =5 * 32 + 23 = 183
checksum 2 = popcount (183) %2 =6 %2 =0
word index 2 = (183 << 1) | 0 = 366

— wordlist[366] = "colum"

Phrase 2: "grape.colum" # ~28kmcity

# Word 3: Encodes "eg" (chars 4-5)

chunk_3 = "eg"

charl index = 13 (e), char2_index = 15 (Q)
chunk value 3 = 13 * 32 + 15 = 431
checksum 3 = popcount (431) %2 =7 %2 =1
word_index_3 = (431 << 1) | 1 = 863

— wordlist[863] = "hip"

Phrase 3: "grape.colum. hi p" # ~900m nei ghbor hood

CQut put :

[
"grape",
"grape. col um",
"grape. col um. hi p"

~900km r egi on
~28kmcity
~900m nei ghbor hood

H*HH

*Prefix Quarantee:* Each phrase is a proper prefix of all

Cct ober 2025

subsequent

phrases. This ensures true spatial hierarchy where shorter phrases
represent areas that contain all locations with | onger matching

prefixes.
Decodi ng Al gorithm

Hi erarchi cal Decodi ng ( RECOMVENDED)
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6.1.1. Input Paraneters

phr ase: string # "wordl.word2.word3..." (variable |ength)
wordlist: array # BI P-39 wordlist (2,048 words)

6.1.2. Algorithm Steps
*Step 1: Parse Phrase*

words = split(phrase, ".")
word_count = | engt h(wor ds)

IF word_count < 1 OR word_count > 6:
RAI SE ERROR "I nvalid hierarchical phrase length (nust be 1-6 words)"”

FOR each word | N words:
I'F NOT is_| owercase_al phabeti c(word):
RAI SE ERROR "I nvalid word format"
IF length(word) < 3 OR Il ength(word) > 8:
RAI SE ERROR "Word | ength out of BIP-39 range”

*Step 2: Decode Each Word with Checksum Val i dati on*
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FUNCTI ON decode_word_wi t h_checksum{word, wordlist):
Decode a single word and validate its built-in checksum
Returns the 2-character geohash chunk

base32_al phabet = "0123456789bcdef ghj kmmpqgr st uvwxyz"

# Find word in wordli st
word_i ndex = index_of (word in wordlist)
I F word_index == -1:
RAI SE ERROR "Wrd not found in wordlist”

# Extract checksumbit (LSB)
checksum bit = word_i ndex AND 1

# Extract chunk value (10 bits)
chunk_value = word_index >> 1 # 0-1023

# Val i date checksum
expect ed_checksum = popcount (chunk_val ue) MOD 2
I F checksum bit != expected_checksum
RAlI SE ERROR "Checksum validation failed for word: " + word

# Convert chunk val ue back to 2 geohash characters
char 1_i ndex chunk_value / 32 # Integer division
char 2_i ndex chunk_val ue MOD 32

chunk = base32_al phabet[char1l i ndex] + base32_ al phabet[char2_i ndex]

RETURN chunk
END FUNCTI ON

*Step 3: Reconstruct CGeohash*
geohash = ""
FOR each word I N words

chunk = decode_word_wi t h_checksun{word, wordlist)

geohash = geohash + chunk
# Exanple: ["grape", "colum", "hip"] — "dr" + "5r" + "eg" — "drb5reg"
*Step 4: Decode Geohash to Coordinat es*
(latitude, longitude, lat_error, lon_error) = geohash_decode(geohash)

# Standard geohash decodi ng al gorithm
# Returns center point and error bounds
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*Step 5: Return Result*

RETURN {
"coordinates": {
"latitude": latitude,
"l ongi tude": |ongitude
}1
"bounds": {
"latitude": {"mn": latitude - lat_error, "max": latitude + lat_error},
"longitude": {"mn": longitude - lon_error, "max": longitude + lon_error}
}1
"precision_|level": word _count,

"geohash": geohash

7. Hierarchical Properties
7.1. Prefix Relationships

SayWher e hierarchical phrases exhibit true spatial prefix
rel ati onshi ps:

gr ape # Contains all locations starting with "grape.*"

grape. col umm # Contains all locations starting with "grape.colum.*"
grape. col um. hip # Contains all locations starting with "grape.colum. hi p.
*n

gr ape. col um. hi p. t hought # Contains all locations starting with "grape.col um. hip.
t hought . **"

*Mat hematical Property:* If phrase Ais a prefix of phrase B, then
the spatial area of A contains the spatial area of B

7.2. Spatial Containnent
*Cont ai nment Quarantee:* Any | ocation encoded as
"grape. colum. hi p.thought.pull" will always be contained within the
spatial bounds of:
* "grape.colum. hi p. thought" (nore precise)
* "grape.colum. hip" (|l ess precise)
* "grape.colum" (even |ess precise)
* "grape" (least precise)
7.3. Use Cases

7.3.1. Progressive Disclosure
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"Meet ne in tokyo" # City-1level
"Meet ne in shibuya.tokyo" # District-leve
"Meet ne at station.shibuya.tokyo" # Bui |l di ng-1 eve

7.3.2. Search and Filtering

-- Find all locations in a nei ghborhood
SELECT * FROM | ocati ons WHERE phrase LIKE ' downt own. seattle. %

-- Find all locations in a city
SELECT * FROM | ocations WHERE phrase LIKE 'seattle. %

8. Checksum Conput ati on
8.1. Design Phil osophy
SayWiere uses per-word parity checksuns for error detection. Each
word contains a built-in 1-bit parity checksumin its LSB. This
provi des error detection while maintaining hierarchical prefix
rel ati onshi ps.
8.2. Per-Wrd Parity Checksum
8.2.1. Purpose
Built-in per-word validation that:
1. Detects single-bit errors in each word i ndependently
2. Mintains hierarchical prefix relationships
3. Requires no additional checksum words
4. Works for phrases of any length (1-6 words)
8.2.2. A gorithm
Each word in the BIP-39 wordlist (2,048 words = 11 bits) encodes:

* *10 bits:* Geohash chunk data (2 base32 characters)

* *1 bit:* Parity checksum (LSB)
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FUNCTI ON conmpute_word_wi th_parity(chunk_val ue):

Encode a 10-bit geohash chunk into an 11-bit word index with parity.

Ar gs:
chunk_val ue: Integer 0-1023 (10 bits of geohash data)

Ret ur ns:
word_i ndex: |nteger 0-2047 (11 bits: 10 data + 1 parity)

# Cal cul ate even parity bit
parity bit = popcount (chunk val ue) MID 2

# Combine: shift data left 1 bit, ORwith parity in LSB
word_i ndex = (chunk_value << 1) | parity_bit

RETURN wor d_i ndex
END FUNCTI ON

FUNCTI ON val i date_word_parity(word_i ndex):

Validate the parity checksum of a word

Args:
word_i ndex: | nteger 0-2047 from wordlist |ookup

Ret ur ns:
Bool ean: True if parity is valid, False otherw se

# Extract parity bit (LSB)
stored_parity = word_i ndex AND 1

# Extract data bits
chunk_val ue = word_index >> 1

# Recal cul ate expected parity
expected_parity = popcount (chunk_val ue) MDD 2

RETURN stored_parity == expected parity
END FUNCTI ON

8.2.3. Properties

* *Error Detection:* Detects any odd nunmber of bit flips in the
10-bit chunk

* *Probability:* 50% chance of detecting even nunber of bit flips
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* *No Fal se Positives:* Valid words al ways pass parity check
* *Zero Overhead:* No additional words required
* *Prefix Preserving:* Shorter phrases remain valid prefixes

8.3. Optional Term nal Checksum

8.3.1. Purpose
An optional term nal checksum word MAY be appended to any phrase to
provi de phrase-level error detection for transm ssion errors. The
ternmi nal checksum

1. Uses a distinct 32-word vocabul ary (auto-detectabl e)

2. Validates the entire phrase (word substitution, om ssion,
transposition)

3. Provides near-uniformdistribution for optimal error detection
4. Conplenents per-word LSB parity for two-1layer error detection
8.3.2. Checksum Wrdli st

The term nal checksum uses a 32-word vocabul ary distinct fromthe
Bl P-39 | ocation wordlist:

# Col ors (indices 0-15)
red, blue, green, yellow, orange, purple, pink, brown,
bl ack, white, gray, silver, gold, bronze, cyan, magenta

# Animals (indices 16-31)

cat, dog, fox, bear, lion, wolf, eagle, hawk,
deer, fish, frog, snake, ow, crow, seal, whale

These words are: - *Distinct*: Never overlap with BIP-39 | ocation

words - *Menorabl e*: Colors and animals are universally understood -

*Phonetically clear*: Easy to conmuni cate verbally over radi o/ phone
8.3.3. CRC-8 Algorithm

For systens with computational capability (phones, conputers,
cal culators), use CRC-8 for optimal error detection
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FUNCTI ON comput e_term nal _checksum crc8(1 ocati on_words, wordlist):
Conput e CRC-8 based term nal checksum
Provides uniformdistribution across all 32 checksum words.

Uses CRC-8-CCI TT: pol ynom al 0x07, initial val ue OxFF.

Conmput es CRC over 11-bit word indices for optimal uniformty.

# Step 1: Get word indices fromwordli st

indices =[]

FOR word I N | ocation_words:
index = FIND_| NDEX(word I N wordlist) # 0-2047 (11 bits)
i ndi ces. APPEND( i ndex)

END FOR

# Step 2: Pack 11-bit indices into byte array
num bits = LENGTH(i ndi ces) * 11

num bytes = CEILING humbits / 8)

byt es = ALLOCATE BYTES(num byt es)

bit_position =0
FOR index | N indices:
# Wite 11 bits of index into byte array
FOR bit FROM 0 TO 10
bit_value = (index >> (10 - bit)) AND 1
byte index = bit_position / 8 # Integer division
bit_in_byte = bit_position MOD 8
bytes[byte_index] |= (bit_value << (7 - bit_in_byte))
bit position = bit_position + 1
END FOR
END FOR

# Step 3: Compute CRC-8 using | ookup table
crc = OxFF # Initial value
FOR byte I N bytes:
index = crc XOR byte
crc = CRC8_TABLE[ i ndex]
END FOR

# Step 4: Map to checksum word
checksum.index = crc MOD 32

RETURN CHECKSUM 32[ checksum i ndex]
END FUNCTI ON

The CRC-8 | ookup table (256 bytes) is provided in the reference
i mpl ement ati on.
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*Properties:* - *Distribution:* Chi-square = 18.85 (essentially
perfect uniformdistribution) - *Error Detection:* 96.9% (theoretical
maxi murm) - *Conputation:* Fast with | ookup table (~10 operations per
byte) - *Inplenentation:* Available in all programm ng | anguages
*Key Insight:* Computing CRC over word indices rather than strings
elimnates structural biases fromdots and letter frequencies,
achi eving near-perfect uniformty (chi-square of 18.85 vs target of
44.3 for uniformdistribution).
8.3.4. Exanples
*Exanpl e 1. New York G ty* ~~~~ Location: "grape.colum. hip"
CRC-8 Cal culation: Wrd indices: [814, 366, 863] Packed bytes: [O0xCC,
0xDB, Ox6F] CRC-8 (polynom al 0x07, init OxFF): Ox1E Checksum i ndex:
OX1E % 32 = 30 Checksum CHECKSUM 32[30] = "seal"
Resul t: "grape.colum. hip.seal" ~~~~
*Exanpl e 2: London* ~~~~ Location: "kit.puzzle"
CRC-8 Cal culation: Word indices: [1004, 1434] Packed bytes: [OxFA,
0xD5, 0x00] CRC-8 (polynom al 0x07, init OxFF): OxA4 Checksum i ndex:
OxA4 % 32 = 4 Checksum CHECKSUM 32[4] = "orange"
Result: "kit.puzzle.orange" ~~~~
8.3.5. Encoding with Term nal Checksum

To create a validated phrase:
FUNCTI ON encode_wi t h_checksun{ | atitude, |ongitude, num words):

# Standard hi erarchical encoding

| ocati on_words = encode_| ocation(latitude, |ongitude, num words)

# Conmpute term nal checksum
checksum word = conpute_term nal _checksun{!| ocati on_wor ds)

# Append checksum
RETURN | ocati on_words + [checksum word]
END FUNCTI ON
8.3.6. Decoding with Checksum Detection

Decoders MJST automatically detect and validate term nal checksuns:
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FUNCTI ON decode_wi t h_checksum det ecti on( phrase):
words = SPLI T(phrase, ".")

| F LENGTH(wor ds) < 2:

# No checksum possi bl e

RETURN decode_| ocati on(words), checksum val i d=FALSE
END I F

| ast _word = words[ LENGTH(words) - 1]

# Check if last word is from checksum vocabul ary
IF last_word I N CHECKSUM 32
# Treat as checksum
| ocati on_words = words[0 : LENGTH(words) - 1]
provi ded_checksum = | ast _word

# Conput e expected checksum
expect ed_checksum = conput e_t erni nal _checksun(l ocati on_words)

# Val i dat e
I F provi ded_checksum == expect ed_checksum
coordi nates = decode_| ocation(l ocati on_words)
RETURN coor di nates, checksum val i d=TRUE
ELSE:
RAI SE ERROR "Termni nal checksum validation fail ed"
END | F
ELSE:
# All words are |ocation words
coordi nates = decode_| ocati on(words)
RETURN coor di nates, checksum val i d=FALSE
END I F
END FUNCTI ON

8.3.7. FError Detection Capabilities
The terminal checksum detects:
*  *Word substitution*: "grape" nisheard as "grace"
*  *Word omi ssion*: "grape.colum. hip" — "grape.hip"
* *Word transposition*: "grape.colum" — "col umm. grape"
*  *Word addition*: Unintended extra words

*Detection Rate*: 5-bit checksum provi des ~97% det ecti on of
transmi ssion errors (1/32 fal se negative rate).
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8.3.8. Two-Layer Error Detection

Term nal checksum and per-word LSB parity work together

[ ety ety g —p———(———(——— Lp——p———(——————(———
| Layer | Scope | Detects | When Checked |
[ oo b sy oo sl e
| LSB Parity | Per-word | Bit corruption in | During word
| | individual words | decode |
R TS o e e e e oo S +
| Term nal | Whol e | Wong word, | After all |
| Checksum | phrase | order, om ssions | words decoded
S S Fom e oo +
Table 2

*Exanpl e: Error caught by term nal checksunmf ~~~~ Sent:

"grape. colum. hi p. seal" Received: "grape.color.hip.seal" (colum —

col or)

9. LSB parity passes (both valid BIP-39 words)
# Term nal checksumfails: expected =
conmput e_term nal _checksun(["grape", "color", "hip"]) — "whale"

received = "seal" # Error detected! ~~~~
9.1. Field Verification (BACKUP)

The followi ng sinplified checksum MAY be cal cul ated and verified in
energency situations using printed reference cards:
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STEP 1: First Letter Val ues \
a=1 b=2 c¢=3 d=4 e=5 f=6 =7 \
h=8 i=9 =10 k=11 |=12 n¥13 n=14 |
0=15 p=16 q=17 r=18 s=19 t=20 u=21 |
v=22 w=23 x=24 y=25 z=26

STEP 2: Count letters in each word
STEP 3: Count nunber of words

STEP 4: Add all three sums

STEP 5: Divide by 32, use renainder

CHECKSUM LOOKUP TABLE

O=red 8=bl ack 16=cat 24=deer
1=bl ue 9=white 17=dog 25=fi sh
2=green 10=qgray 18=f ox 26=frog
3=yell ow 11=sil ver 19=bear 27=snake
4=or ange 12=gold 20=lion 28=0ow
5=purpl e 13=bronze 21=wolf 29=crow
6=pi nk l4=cyan 22=eagl e 30=sea
7=brown 15=nmmgenta 23=hawk 31=whal e

9.1.1. Use Cases
*Emer gency Response* ~~~~ Hiker (over radio): "My location is grape
columm hip seal" Dispatcher: _validates checksum System Checksum
valid - location confirmed Dispatcher: "Coordinates confirned,
di spatchi ng rescue teanl' ~~~~

*Error Detection* ~~~~ Sent: "grape.colum. hip.seal"” Received:
"grape. hip.seal" (word dropped)

System cal cul ates: Expected: conpute_term nal _checksun(["grape",
"hip"]) — "yellow' Received: "seal" Msmatch - transnission error
det ected
Response: "Pl ease repeat |ocation, checksumerror detected" ~~~~
10. Altitude Support
10.1. Design Phil osophy
SayWiere altitude conponents are expressed as unitless integers

representing quantized steps. The step size is a configuration
paraneter, not part of the phrase itself.
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*Rationale:* Unitl ess val ues nmaintain:

*

10. 2.

*Phrase brevity:* ".20" vs ".60m or ".20neters”
*Sinplicity:* Consistent with horizontal coordinate abstraction

*Flexibility:* Applications can choose appropriate step sizes
wi t hout breaking conpatibility

*Voi ce-friendly:* Easier to conmunicate "twenty" than "twenty
met ers”

Quanti zati on

Al titude MJIST be quantized to fixed-step increments:

altitude step = 3.0 # neters (configuration paranmeter, not in phrase)
altitude units = ROUND(altitude neters / altitude_step)

St andard step configurations:

10. 3.

M N_ALTI TUDE_UNI TS
MAX_ALTI TUDE_UNI TS

[ gt Che oo pu g pu gty Cjefpuj gty s fu gt © e o po e pu s po e pj——_——
Use Case | Step Size | Exanple | Encoded | Notes |

| | I'nput | Units | |

[ ool oo ooy oo s e s e
Buil dings | 3.0m | 60.0m | .20 | Typical floor |

| | | | height |
----------- e T T RSy
Dr ones | 1.0m | 60.0m | .60 | Precise vertical |

| | | | control |
----------- T T T T
Aircraft | 100.0m | 6000.0m | .60 | Flight levels |

| | | | (FLO60) |
----------- e T T RSy
M ni ng/ | 5.0m | -50.0m | .-10 | Under ground |
Caves | | | | operations |
----------- T T T T

Table 3: Altitude Step Configurations
Range Linits

-1000 # Lowest representabl e val ue
10000 # Hi ghest representabl e val ue
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11. URN For nmat
11.1. Specification
SayWere defines a canonical URN format ([ RFC8141] conpliant):
ur n: saywher e: {1 anguage}: {word1}. {word2}.{word3}.{wordN}.{checksum[:{altitude}]
11.2. Conponents
* urn:saywhere - Nanespace identifier (fixed)
* {language} - 1SO 639-1 | anguage code (2 | owercase letters)
*  {wordl}.{word2?2}.{word3}. {checksun}t - Wbrd phrase
* {altitude} - OPTIONAL signed integer altitude units (unitless)
The terminal checksumis MJST be froma distinct wordlist to the
| ocati on words to enable the parser to deternmine if the final word in
the word phrase is a |location word or the term nal checksum

11.3. Exanples

# Wthout term nal checksum
ur n: saywher e: en: grape. col um. hi p

# Wth term nal checksum
ur n: saywher e: en: grape. col umm. hi p. sea

# Wth altitude: 20 units (= 60mw th 3.0m steps)
ur n: saywher e: en: grape. col um. hi p. seal : 20

# Underground: -5 units (= -15mw th 3. 0m steps)
ur n: saywher e: en: grape. col um. hi p. seal : -5

# Spani sh wordlist with checksum
ur n: saywher e: es: manzana. nont ana. at ar decer.roj o

# French wordlist with checksum and altitude
ur n: saywher e: fr: pomre. nont agne. coucher. r ouge: 15

11. 4. Parsing G anmar (ABNF)
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saywhere-urn = "urn:saywhere:" language ":" words [":" altitude]
| anguage = 2ALPHA

wor ds = wrd "." word "." word "." word

wor d = 3*15ALPHA

altitude =["-"] 1*4DIGT ; Unitless integer

ALPHA = %61-7A ; |lowercase a-z

DAT = %30-39 ; 0-9

12. Security Considerations

This section follows the guidelines in [ RFC3552] for security
consi derations in protocol specifications.

SayWher e phrases encode precise geographic |ocations and can revea
sensitive information about individuals whereabouts. Privacy
consi derations include:

* *Data M nimzation*: |Inplenentations SHOULD NOT | og or store
phrases w thout explicit user consent

*  *User Awareness*: Users SHOULD be warned that phrases revea
preci se physical |ocations that persist over tine

* *Sharing Control s*: Applications SHOULD i npl ement access controls
before transmtting or displaying |ocation phrases

* *Hierarchical D sclosure*: Applications can |everage hierarchica
phrases to enabl e progressive disclosure, sharing only the
precision | evel necessary for the use case

* *Pervasive Mnitoring*: Per [RFC7258], inplenentations should
consider that |ocation data transm ssion may be subject to
pervasi ve nonitoring attacks

Locati on phrases shared in public forums, radio comrunications, or
ot her non-confidential channels should be considered public
i nformati on accessible to any party.

SayWhere provides two |layers of error detection (per-word LSB parity
and optional term nal checksum, but neither provides security:

*  *No Authentication*: Checksuns do NOT provide cryptographic
aut hentication or integrity protection

* *Accidental Errors Only*: Checksuns ONLY detect accidenta
transm ssion/transcription errors, not deliberate tanpering
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* *Not Security Critical*: Do not rely on checksuns for security-
critical applications requiring authenticated | ocation data

* *Malicious Mdification*: An attacker can easily generate valid
phrases with correct checksuns for arbitrary |ocations

* *limted Entropy*: Termi nal checksumuses only 5 bits (32 val ues),
providing ~3%fal se negative rate

The term nal checksumis designed for *error detection*
(communi cation integrity), not *security* (adversarial protection).

Applications requiring authenticated l|ocation assertions should
i mpl ement addi tional cryptographic signhatures or nessage
aut henti cati on codes.

| mpl enent ati ons depend on wordlist consistency for correct operation
* *Verification Required*: Inplenentations MJST verify wordli st
integrity using cryptographi c checksuns (SHA-256 or better
r ecomrended)
* *Corruption Inpact*: Corrupted or nodified wordlists produce
i ncorrect encodings that nmay place users in unintended or
dangerous | ocations

* *Supply Chain Security*: Consider signing wordlist files for
di stribution and verifying signatures before use

* *Version Control*: Inplementations should verify the wordli st
version matches the expected version for the encodi ng/ decodi ng
operati on

A conprom sed wordlist could enable man-in-the-mddl e attacks where
| ocations are systematically m stransl ated.

I mpl enent ati ons shoul d protect agai nst resource exhaustion

* *Rate Limting*: Inplementations SHOULD rate-limt encodi ng/
decodi ng operations, particularly in network-facing services

* *Batch Size Linmts*: Batch operati ons SHOULD enforce nmaxi mum si ze
limts to prevent nmenory exhaustion

* *Early Validation*: Invalid input SHOULD be rejected early in
processing to avoi d expensive conputation
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12.

12.

12.

1. Intellectual Property Considerations

The authors are aware that proprietary word-based geocodi ng systens
exi st, including systens covered by patents held by Wat 3Wrds
Limted (e.g., CA2909524A1, (GB2540897B, and related patents in
multiple jurisdictions). These patents claimspecific technica
approaches to converting geographic coordinates into word phrases.

SayWhere uses fundanentally different technical mechani snms that
distinguish it fromthese proprietary systens:

1.1. Technical Distinctions

1. *Prior Art Foundation*: SayWere conbines two established public
domai n t echnol ogi es:

* (CGeohash spatial indexing (N eneyer, 2008) for coordinate
encodi ng

*  BIP-39 menonic wordlist (Palatinus et al., 2013) for word
mappi ng

2. *Hi erarchical Variable-Length Encodi ng*: SayWere uses 1-6+ word
phrases with true prefix relationships, where shorter phrases
represent spatial areas containing all |onger phrases with the
same prefix. This hierarchical property is fundamentally
inconpatible with fixed-length systens.

3. *Direct Geohash Mappi ng*: SayWhere uses deterministic chunk-based
mappi ng (2 geohash characters — 1 word) without shuffling
al gorithms, attractiveness ratings, or cell-deconposition
transfornmations.

4. *Error Detection vs. Error Magnification*: SayWere provides two-
| ayer error detection (per-word parity + optional term na
checksum) rather than error magnification through shuffling.

5. *QOpen Internedi ate Representation*: The geohash internediate
representation is directly observable and reversible, unlike
proprietary integer-based cell deconposition schenes.

1.2. Mathematical Inconpatibility

The hierarchical prefix relationship (where "grape" contains

"grape. colum" which contains "grape.colum. hip") is mathematically
i nconpatible with shuffling-based approaches that intentionally

di sperse simlar inputs to distant outputs. This fundanental design
choi ce ensures SayWere operates in a different technical space.
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12.1.3. Patent Landscape

The authors believe SayWiere' s use of published prior art (geohash +
Bl P-39) conbined with hierarchical variable-length encoding
represents a distinct technical approach not covered by known third-
party patents. However, the authors nmake no | egal determ nation
regardi ng patent validity, enforceability, or scope.

I mpl enentors are encouraged to:

1. Consult legal counsel regarding patent inplications in their
jurisdiction

2. Review the technical differences docunented in this specification

3. Note that geohash (2008) and BI P-39 (2013) predate many word-
based geocodi ng patents

4. Consider that the hierarchical variable-length approach differs
fundamentally from fixed-1ength cell-deconposition methods

12.1.4. Defensive Publication

Thi s specification serves as a defensive publication docunenting the
conbi nati on of geohash spatial indexing with Bl P-39 word encoding for
hi erarchi cal variable-length | ocation phrases. The reference

impl ementation is rel eased under GNU GPL v3, ensuring perpetua
public availability.

Per RFC 8179, the | ETF nakes no determ nation about the validity or
applicability of any clainmed intellectual property rights. This
di sclosure is provided for informational purposes to assi st
i mpl ementors in making inforned decisions.
13. | ANA Consi derations

This section follows the guidelines in [ RFC8126] for | ANA
consi derati ons secti ons.

Thi s docunent requests the registration of the "saywhere" URN
nanespace in the "Uniform Resource Nanes (URN) Nanespaces" registry,
in accordance with the procedures defined in [ RFC8141].

Per [RFCB141] Section 6, the following registration tenplate is
provi ded:

Nanespace | D: saywhere
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Regi stration Information: Version 1, 2025-10-12
Decl ared registrant: SayWhere Contributors
Anuna Research Pty Ltd
Emai | : contact @aywhere. org
URI: https://codeberg. org/ anuna/ saywhere
Decl aration of syntactic structure: See Section 9 of this docunent

Rel evant ancillary documentation: This docunent serves as the
specification for the saywhere URN nanespace

Identifier uniqueness considerations: Uniqueness is guaranteed by
the determ nistic encoding algorithmspecified in this docunent.
Each uni que geographic coordinate (latitude, |ongitude, altitude)
and wordlist |anguage conbi nati on produces a uni que URN.

Identifier persistence considerations: SayWere URNs rermain valid
and decodabl e as long as the corresponding wordlist version is
available. Wordlists foll ow semantic versioning and are
mai ntained in public repositories for long-termavailability.

Process of identifier assignnent: SayWere URNs are not centrally
assigned. Any party can generate a valid SayWhere URN by appl yi ng
the determnistic encoding algorithmspecified in this docunent to
geogr aphi ¢ coordi nat es.

Process for identifier resolution: SayWere URNs are decoded to
geogr aphi ¢ coordi nates using the deterninistic decoding al gorithm
specified in Section 7 of this docunent. Resolution requires
access to the appropriate wordlist version.

Rul es for Lexical Equival ence: Two SayWiere URNs are lexically
equivalent if and only if they are identical after Unicode
normal i zati on (NFC) and case nornalization (|l owercase). The
comparison is case-insensitive and perfornmed on Uni code-nornalized
strings.

Conformance with URN Syntax: SayWere URNs conformto the URN syntax
specified in [RFC8141]. The syntax is formally defined using ABNF
in Section 9 of this docunent.

Val i dati on nechanism Validation consists of: (1) syntax validation
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per the ABNF grammar, (2) verification that each | ocation word
exists in the specified | anguage wordlist, (3) validation of per-
word LSB parity checksums, and (4) if present, validation of the

term nal checksum word as specified in Section 10.

Scope: d oba
14. I nplenentati on Gui dance
14.1. Performance Optim zation
*In-Menory Wordlist:*

# Load wordlist(s) once at startup
wordlist = |oad_wordlist("saywhere-en-v1.0.0.json")

# Create bidirectional |ookup dictionaries
word_to_index {1}
i ndex_to_word {}

FOR i ndex, word IN wordlist:
word to_index[word] = index
i ndex_to_word[index] = word

# Use for (1) | ookups during encoding/ decodi ng
14.2. Testing Requirements
| mpl enent ati ons MJST pass:

1. Al test vectors in Appendix B

2. Roundtrip tests (encode — decode — verify coordi nates match)

3. Per-word LSB parity validation tests

4. Term nal checksum validation tests (detection and vali dation)

5. FError handling tests (both parity and checksum errors)

6. Boundary condition tests (poles, dateline, altitude extrenes)

7. Atitude quantization tests (different step sizes)

8. Checksumerror detection tests (substitution, om ssion,

transposition)
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14.3. Reference |nplenentation
A reference inplementation in Schene (Guile) is available for testing
and validation purposes. This inplenentation is provided as an
exanple and is not required for confornance:

* Repository: https://codeberg. org/anuna/ saywhere
(https://codeberg. org/ anuna/ saywher e)

* License: GNU GPL v3

I mpl enentations in other |anguages that pass the test vectors in
Appendi x B are consi dered confornant.

14. 4. Wb Application Denp

An interactive web application is available for exploring SayWere
encodi ng and decodi ng:

* Denmo: https://saywhere. org/grape/colum/hip
(https://saywhere. org/ grape/ col um/ hi p)

The denop all ows users to:

* Visualize hierarchical phrase resolution on an interactive mp
* Encode coordinates to word phrases

* Decode word phrases to geographic |ocations

* Explore the spatial containment relationships between different
preci sion | evels

* Test error detection capabilities
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Appendi x A.  CGeohash Algorithm Details

A.1. Encodi ng Pseudocode
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FUNCTI ON geohash_encode(l atitude, |ongitude, precision):

lat_mn =-90.0
lat_max = 90.0
lon_mn = -180.0
|l on_max = 180.0
bits =[]

is_longitude = true

# Cenerate precision * 5 hits (base32 = 5 bits per char)
WHI LE | ength(bits) < (precision * 5):
I F is_longitude:
md=(lon_mn + lon_max) / 2
I F longitude > md:
bits. append(1)
lonmn =md
ELSE:
bi ts. append(0)
lon_max = md
ELSE:
md = (lat_mn + lat_max) / 2
IF latitude > md:
bits.append(1)
lat_mn =md
ELSE:
bi ts. append(0)
lat_max = md

is_longitude = NOT is_longitude
# Convert bits to base32 string
base32_chars = "0123456789bcdef ghj krmpqr st uvwxyz"
geohash = ""
FORi =0 TO length(bits) STEP 5:
chunk = bits[i:i+5]
val ue = binary_to_deci mal (chunk)
geohash += base32_char s[val ue]

RETURN geohash
END FUNCTI ON

Appendi x B. Test Vectors
B.1. Hierarchical Encoding Test Cases

B.1.1. Test Case 1. New York City
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I nput :
| atitude: 40.7128
| ongi tude: -74.0060
max_preci sion: 3
wordlist_version: "1.0.0"

Expected Qut put (Hierarchical):
geohash: "dr5reg”
phrases: [
"grape",
"grape. col um",
"grape. col um. hi p"

Verification
- Each phrase is a prefix of the next phrase

Cct ober 2025

- Decodi ng "grape.colum" returns coordinates within NYC netro area

- Decodi ng "grape.columm. hi p" returns precise |ocation

B.1.2. Test Case 2: London

I nput :
| atitude: 51.5074
| ongi tude: -0.1278
max_preci sion: 4
wordlist_version: "1.0.0"

Expect ed Qut put:
geohash: "gcpvj 0du"
phrases: |
"kit",
"Kkit.puzzle",
"Kkit.puzzle.mrine",
"kit.puzzle.marine.grit"

]

Prefi x Tests:

"kit" contains all locations starting with "kit.*"

"kit.puzzle" c "kit"
"kit.puzzle.marine" c "kit.puzzle"

B.1.3. Test Case 3: Equator Crossing
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I nput :
latitude: 0.0
| ongi tude: 0.0
max_preci sion: 3
wordlist_version: "1.0.0"

Expect ed Qut put:
geohash: "7zzzzz"
phrases: [

"divert",
"divert.zone",
"divert.zone. zone"

]
Not e: Tests edge case at equator and prinme neridian
B.1.4. Test Case 4: Wth Term nal Checksum

I nput :
| atitude: 40.7128
| ongi tude: -74.0060
num words: 3
i ncl ude_checksum true

Expect ed Qut put:
| ocati on_phrase: "grape.col um. hi p"

Checksum cal cul ati on
Word indices: [814, 366, 863]
Packed bytes: [OxCC, 0xDB, Ox6F]
CRC-8 (polynomi al 0x07, init OxFF): Ox1E
Checksum i ndex: Ox1E % 32 = 30
Checksum "seal"

Ful | phrase: "grape.colum. hip.seal"

Val i dati on:
- Decoding detects "seal" is from checksum vocabul ary
- Conput es checksum for ["grape", "colum", "hip"] — "seal"
- Checksumvalidates, returns coordinates with checksum valid=true

Error Detection Test:
Corrupted: "grape.color.hip.seal" (colum—color)
Expect ed checksum for ["grape", "color", "hip"] — "whale" # "seal"
Validation fails, error detected
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