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Abstract

AXL (Agent eXchange Language) is a self-bootstrapping communication protocol for autonomous Al agents. It achieves
10.41x compression on deliberative reasoning through a universal cognitive grammar, tokenizer-optimized symbols, and
positional semantics. A 377-line specification (the Rosetta v2.1) teaches any large language model the complete protocol
in one read, achieving 95.8% comprehension across four major LLM architectures (Grok 3, GPT-4.5, Qwen 3.5 35B,
Llama 4) with zero prior exposure.

We present results from seven battleground experiments conducted March 17-22, 2026. In the critical cross-domain
validation (Battleground 007), two parallel 12-agent swarms debated a medical differential diagnosis—ovarian cancer
versus endometriosis—using Claude Sonnet 4. The English-speaking swarm produced 128 posts averaging 1,953
characters each. The AXL-speaking swarm produced 22 posts and 130 comments averaging 184 characters each, with 95%
of messages being pure single-line protocol packets. The measured compression ratio was 10.41x (290,945 English
characters versus 27,944 AXL characters). Both swarms independently converged on the same clinical recommendation
(MRI before surgery), but the AXL swarm completed all 12 rounds in the time the English swarm completed 5, and
achieved 37x higher per-post engagement (5.9 comments per post versus 0.16).

The protocol exploits the Platonic Representation Hypothesis—the empirically demonstrated convergence of
independently trained language models toward shared latent geometry (Huh et al., 2024; Gorbett & Jana, 2026). AXL
provides explicit geometric alignment through a shared specification (O(n) scaling) rather than learned weight matrices
per model pair (O(n?) scaling). Seven cognitive operations (OBS, INF, CON, MRG, SEK, YLD, PRD) encode the universal
verbs of reasoning. Six typed subject tags ($, @, #, !, ~, ) serve as geometric anchors in the shared representation space.
The result is a language that compresses not data but thought—and in doing so, transforms agent network topology from
broadcast to deliberation.
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1. Introduction

The agent internet is forming. Autonomous Al agents transact through x402 micropayments (Coinbase, Cloudflare),
discover each other through A2A (Google), call tools through MCP (Anthropic), and socialize on platforms like Moltbook
(acquired by Meta, March 2026, 2.87 million registered agents across 158 platforms). These agents lack a common
language. They communicate in English prose (50—100 tokens per message), JSON (consistently worse: 0.89-0.95x versus
English in token count), or proprietary formats requiring per-integration SDKs.

When Agent A from framework X needs to communicate with Agent B from framework Y, they negotiate through
15-20 rounds of clarification, consuming approximately 2,210 tokens of overhead per new connection. In a network of
100 agents with 9,900 possible connections, this produces 22.5 million tokens of negotiation overhead before any
productive communication occurs.

AXL eliminates this overhead. A single URL (axlprotocol.org/rosetta) teaches any agent the complete language on
first contact. The Rosetta specification was tested against four LLMs from four different companies and achieved 95.8%
decoding accuracy and 100% generation validity on first read, with zero prior exposure. AXL does not compete with
existing protocols. It complements them. x402 handles how money moves. MCP handles how tools are called. A2A handles
how agents discover each other. AXL handles what agents say to each other once connected.

1.1 The Problem of Verbs

Version 1.0 of AXL (March 17, 2026) established tokenizer-optimized vocabulary, positional semantics, and self-
bootstrapping acquisition. It was validated through two Battleground experiments producing 1,502 packets at 100% parse
validity across 11 agents from 10 computational paradigms. However, when 42 agents were deployed in a live swarm
simulation to predict BTC price direction (Battleground 005), agents speaking AXL v1.0 fell back to English prose. The
compression ratio was 0.97x—no compression. The protocol had nouns (domain-tagged values like $BTC, ZSIG, ~70200)
but no verbs (cognitive operations like claim, dispute, synthesize, predict). A language without verbs is a spreadsheet.

Version 2.1 introduced the Universal Cognitive Grammar: seven reasoning operations that encode the verbs of
thought. Version 2.3 presents the experimental validation of this grammar across two domains (finance and medicine),
establishes the geometric foundation for cross-architecture compatibility, and reports the first measured compression ratios
on deliberative reasoning.

1.2 Contributions

This paper makes four contributions. First, we introduce a universal cognitive grammar consisting of seven operations
(OBS, INF, CON, MRG, SEK, YLD, PRD) that cover all observed patterns of deliberative reasoning across six analyzed
domains. Second, we present experimental results from seven battleground experiments, including the first cross-domain
validation showing 10.41x compression on medical deliberation using the same specification that produced financial
deliberation. Third, we establish the mathematical foundation linking AXL’s design to the Platonic Representation
Hypothesis, showing that AXL’s tokenizer-optimized vocabulary attacks the precise bottleneck (tokenizer compatibility,
r=0.898) that determines cross-model communication success. Fourth, we demonstrate that compression changes network
topology: AXL agents achieve 37x higher per-post engagement because shorter messages enable faster turn-taking and
denser dialogue.
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2. Design Principles

2.1 Tokenizer-Optimized Vocabulary

AXL is designed for the reader that matters: the BPE tokenizer inside transformer-based language models. Every symbol
in AXL’s vocabulary was validated against cl100k base (GPT-4 / Claude). 77 of 77 proposed symbols tokenize as single
BPE tokens. Symbols that failed validation (56 of 65 originally proposed Unicode mathematical symbols) were replaced
with verified alternatives. The ideographic thesis (one Unicode glyph per concept) was tested and failed: 56 of 65 proposed
symbols tokenized as 2-3 BPE tokens, making them less efficient than the English words they replaced.

Recent work by Gorbett and Jana (2026) demonstrates that exact token match rate between models predicts cross-
model generation quality with r=0.898 (p<0.001). AXL’s tokenizer-optimized vocabulary achieves near-perfect token
match rates across architectures because the symbols were validated against BPE tokenizers that all major models share.
This is not coincidental—it is the core design principle, now independently validated as attacking the precise bottleneck
that determines cross-model communication success.

2.2 Positional Semantics

AXL packets use pipe-delimited positional fields. Position defines meaning. No field labels, no key-value pairs, no braces,
no string delimiters. This eliminates the structural overhead that makes JSON consistently worse than English in token
count. The v2.1 packet format:

n:ID:SIG:GAS|T:timestamp|OP.CONF | SUBJECT |RELATION | EVIDENCE | TEMPORAL

Each of the seven positions encodes a distinct dimension of meaning: identity (who), time (when), cognition (how
they think), subject (what), relation (to whom), evidence (why), and temporal scope (for how long). A conversation is a
trajectory through this seven-dimensional meaning space.

2.3 Self-Bootstrapping Acquisition

The Rosetta is served at a canonical URL. Any agent that fetches it acquires the complete language in one read. The
language propagates through communication itself: the first packet an agent receives contains the Rosetta URL. The
specification follows the P-S-A-S-E-G-D algorithm (Prime, Shape, Alphabet, Schemas, Examples, Generate, Direct),
optimized for LLM attention mechanisms. The v2.1 Rosetta is 377 lines—within the one-read comprehension window
validated at 95.8% across four architectures.
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3. The Universal Cognitive Grammar

Every act of deliberative reasoning, in every domain, decomposes into seven primitive operations. These were derived by
analyzing 200 conversational turns across six domains (financial trading, medical diagnosis, military intelligence, scientific
peer review, legal argumentation, and philosophical debate) and extracting the minimal covering set.

(0]} Meaning Description Example (Medical)

OBS Observe Report raw data without interpretation CA-125 at 285 U/mL, 8.1x baseline

INF Infer Draw conclusion from evidence Elevated markers + mass = malignancy
probable

CON Contradict Disagree citing counter-evidence Endometrlosm oy GEpians A2
elevation

MRG Merge Synthesize multiple positions Both viable — biopsy indicated

SEK Seek Request information Vascularity pattern on imaging?

YLD Yield Change mind based on new evidence Rev1seq from OPPOSINg SUTEery =
supporting imaging

1 111 0,
PRD Predict Forecast future state iy Ty G, 1L T

horizon

Table 1. The seven cognitive operations with medical domain examples from Battleground 007.

The operations form a deliberation cycle: OBS — INF — CON — MRG — SEK — YLD — PRD (See — Think — Argue
— Synthesize — Ask — Update — Predict). Not every conversation traverses the full cycle. The operations are
composable primitives, not a required sequence. Seven was not chosen arbitrarily: fewer than five cannot express
disagreement and belief change (essential for deliberation); more than nine fragments the grammar beyond reliable one-
read acquisition.

3.1 Domain Independence

The critical insight is that reasoning is domain-independent. The operation “I disagree with your conclusion because
counter-evidence X has identical logical structure whether the subject is a stock price, a tumor marker, or a troop
movement. This claim is validated experimentally in Section 5: the same Rosetta specification that produced financial
packets (“$BTC]||6800”) produced medical packets (“#CA125|~malignancy_ probable”) with 95% pure protocol adoption
in both domains.

3.2 Subject Tags as Geometric Anchors

Six single-character type tags declare the semantic category of any value:

Tag Type Geometric Role Examples

$ Financial Economic dimension $BTC, $SETF.IBIT, $funding_rate

@ Entity Identity dimension @Dr.Chen, @patient.7291, @fed.powell

# Metric Measurement dimension #CA125, #RSI, #ROMA_score, #p_value
! Event Occurrence dimension Iwhale_move, !scan_result, !rate_hike

~ State Qualitative dimension ~fear, ~malignancy probable, ~oversold

" Value Magnitude dimension 70200, *8.1x, ~42.3%, ~285
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Table 2. Subject tags function as geometric anchors in the shared representation space, activating consistent semantic
regions across model architectures.

4. Geometric Foundation

4.1 The Platonic Representation Hypothesis

Huh et al. (2024) propose that large models trained on different data, with different objectives, and different architectures,
increasingly converge toward a shared statistical model of reality. This is a measurable geometric property: the
representation spaces of independently trained models are linearly related. Gorbett and Jana (2026) validate this
empirically: linear CKA similarity between embedding models from OpenAl, Google, Cohere, Mistral, and Qwen ranges
from 0.595 to 0.881 across six benchmark datasets.

This convergence means that when a Qwen-based agent writes $BTC and a Llama-based agent reads it, both models
activate approximately the same region of their respective representation spaces. AXL exploits this at the communication
layer: instead of learning an alignment matrix per model pair (O(n?)), it teaches every model a shared specification (O(n)).

4.2 Tokenizer Compatibility as the Bottleneck

Gorbett and Jana (2026) demonstrate that exact token match rate between two models predicts cross-model generation
quality with r=0.898 (p<0.001, n=23). Model pairs with exact match >0.67 succeed; pairs below 0.24 fail. AXL’s
vocabulary was designed to maximize this metric: every symbol tokenizes as a single BPE token in cl100k base, and the
seven operation codes (OBS, INF, CON, MRG, SEK, YLD, PRD) are short English words that tokenize predictably across
every major vocabulary.

4.3 Explicit versus Implicit Alignment

The HELIX framework (Gorbett & Jana, 2026) learns implicit alignment: a weight matrix W* per model pair via ridge
regression, opaque and uninterpretable. AXL provides explicit alignment: a protocol specification that every model reads,
human-interpretable and self-propagating. For a network of 100 agents, HELIX requires 4,950 alignment matrices. AXL
requires 100 Rosetta reads. Both exploit the same underlying convergence; AXL scales better and is interpretable.

4.4 Model Capacity Threshold

Gorbett and Jana (2026) find that all model pairs with source models below 4B parameters produce poor cross-model
generation. AXL v2.3 defines three compliance tiers: Tier 1 (Full, >7B parameters), Tier 2 (Partial, 4-7B), and Tier 3
(Parse Only, <4B). The Sophon intelligence engine implements capacity-weighted consensus, where self-reported
confidence is weighted by model capacity to prevent small models from disproportionately influencing collective
predictions.
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5. Experiment Results

We conducted seven battleground experiments between March 17 and March 22, 2026. Each experiment tests a specific
aspect of the protocol: parse validity, cross-architecture comprehension, compression ratio, cognitive grammar adoption,
and cross-domain universality.

Packets | Validity | Compression AXL Adoption
001 Trading Agents 11 (10 arch.) 486 100% 1.3-3.0x (data) 100%
002 Universal Agents 11 (10 para.) 1,016 100% 1.3-3.0x (data) 100%
003 LLM Comprehension 4 LLMs — 95.8% — —
005  Swarm BTC (v1.0) 12x2 164 100% 0.97x (fail) 0%
006  Swarm BTC (v2.1) 12x2 179 100% 0.87x (partial) 91% (hybrid)
007  Swarm Medical (v2.1) 12x2 302 100% 10.41x 95% (pure)

Table 3. Summary of all battleground experiments. BG-004 omitted (infrastructure test, zero agent interactions due to
async deadlock). BG-007 is the critical cross-domain validation.

5.1 Battleground 007: Medical Differential Diagnosis

The critical experiment. Two parallel 12-agent swarms debated a medical differential diagnosis: does Patient 7291 (female,
age 47, CA-125 elevated 8.1x, complex ovarian mass, history of endometriosis, ROMA score 42.3%) have ovarian cancer
or endometriosis? Both swarms received the same seed document with 10 named clinical entities including gynecologic
oncologist, reproductive endocrinologist, radiologist, pathologist, and patient advocate. The English swarm used standard
prose communication. The AXL swarm had the Rosetta v2.1 (377 lines) injected into each agent’s system prompt.

Metric | English Swarm | AXL Swarm
Posts 128 22
Comments 21 130

Total interactions 150 152

Avg message length 1,953 chars 184 chars
Total characters 290,945 27,944
Compression ratio — 10.41x

Pure AXL packets 0% 95%
Comments per post 0.16 591

Rounds completed 12 12

Time to R12 ~50 min ~25 min
Clinical consensus MR first (Option B) MR first (Option B)

Table 4. Battleground 007 results. Both swarms converged on the same clinical recommendation despite the AXL swarm

using 10.41x fewer characters.

5.2 Cognitive Operation Distribution
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Analysis of the AXL swarm’s 144 agent-generated messages (excluding 8 seed-injected initial posts) reveals the following
cognitive operation distribution:

Operation Count Percentage \ Interpretation

INF 91 63.2% Agents predominantly drew conclusions from evidence
MRG 30 20.8% Synthesis of multiple viewpoints was frequent

CON 18 12.5% Active disagreement between agents

SEK 2 1.4% Information requests

YLD 2 1.4% Belief changes: Dr. Patel and Patient 7291

PRD 1 0.7% Final prediction with confidence

OBS 0 0.0% No raw observations (data was in seed)

Table 5. All seven cognitive operations were available. Six of seven were used. The absence of OBS is expected—clinical
data was in the seed document, not arriving in real-time.

Two YLD (yield) operations were recorded—agents genuinely changing their minds during deliberation. Dr. Patel
(reproductive endocrinologist, initially skeptical of malignancy) yielded from opposing surgery to supporting
comprehensive imaging first. Patient 7291 yielded from uncertainty to determination to seek a second opinion. These belief
changes are machine-parseable from the AXL packets without NLP, enabling deterministic construction of a belief state
table for the Sophon intelligence engine.

5.3 Network Topology Shift

The most significant finding is not compression but topology. English agents broadcast: 128 posts, 21 comments (0.16
comments per post). AXL agents converse: 22 posts, 130 comments (5.91 comments per post). The AXL swarm achieved
37x higher per-post engagement. This is because compressed messages enable faster turn-taking. Each AXL agent turn
took approximately 5 seconds versus 15 seconds for English. Agents could read more of the network’s output in the same
context window, leading to more responsive dialogue rather than independent monologues.

This topology shift—from broadcast to deliberation—is the mechanism by which compression improves collective
intelligence. The swarm is not smarter because the messages are shorter. It is smarter because the agents are more
connected. Shorter messages — faster turns — more responses — denser dialogue — faster consensus. The medium shapes
the message.

5.4 Cross-Domain Universality

Battleground 006 (finance, BTC price direction) and Battleground 007 (medicine, ovarian cancer vs endometriosis) used
the identical Rosetta v2.1 specification—377 lines, unchanged between domains. The only difference was the seed
document. Finance agents produced packets like:

m:DTV-237 | INF.78|$funding rates|~$BINANCE neg008+$BYBIT neg0l2|~squeeze setup|4H
Medical agents produced packets like:
m:ONC-01|INF.75|#CA125|<!scan result+#CA125 8.1x|~malignancy probable|lW

Same seven operations. Same six subject tags. Same packet structure. Different nouns. Both domains achieved >90% pure
packet adoption. This validates the universality claim: reasoning is domain-independent, and the cognitive grammar
captures it.
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6. Compression Analysis

6.1 Three Types of Compression

AXL achieves compression at three levels. Data compression (v1.0): tokenizer-optimized symbols and positional
semantics compress data values 1.3-3.0x versus English. Reasoning compression (v2.1): cognitive operations compress
the grammatical scaffolding of reasoning 4—6x. Content compression (v2.3, measured): the combination of both produces
10.41x compression on real deliberative conversations in the wild.

6.2 Where the Tokens Go

English encodes seven dimensions of meaning (identity, time, cognition, subject, relation, evidence, horizon) using
unstructured text. Approximately 20% of tokens carry new information. The remaining 80% are grammatical scaffolding
(articles, prepositions, conjunctions), rhetorical padding (hedging, politeness, emphasis), and context repetition (restating
what was already said). AXL eliminates all three categories because position encodes grammar, confidence numbers
encode hedging, and the packet format prevents redundancy.

6.3 Bandwidth Implications

An agent’s context window is fixed (128K—200K tokens). In English, an agent can absorb approximately 2,000-3,000
messages from its history. In AXL, the same context window holds 8,000-14,000 packets. The agent is 4-5x more
connected to the network. The Battleground 007 data confirms this: AXL agents completed 12 rounds while English agents
completed only 5-6 in the same wall-clock time, and AXL agents commented on each other’s posts 37x more frequently.
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7. The Sophon Interface

When agents communicate in AXL with cognitive operations, their reasoning becomes machine-parseable without natural
language processing. A monitoring system—the Sophon—can extract observations, inferences, disagreements, syntheses,
information gaps, belief changes, and predictions from parsed packets alone.

7.1 Belief State Table

The Sophon maintains a per-agent belief state table, updated deterministically from parsed AXL packets. The confidence
suffix (.XX) and operation type provide exact agent state at each round. In Battleground 007, the two YLD operations
were detected by packet parsing, enabling automatic identification of when and why agents changed their minds—without
any NLP or additional LLM inference.

7.2 Consensus Computation

Network-level consensus is computable in O(n) from the belief state table: Consensus = X(confidence i x
capacity weight i x direction i) / Z(confidence i % capacity weight i). In Battleground 007, both swarms converged on
Option B (MRI before surgery), but the AXL swarm’s convergence was deterministically verifiable from packet data while
the English swarm required manual reading of 128 posts.

7.3 CKKS-Compatible Operations

AXL’s cognitive operations encode as numbers (OBS=0 through PRD=6), confidence as integers 0-99, and direction as
+1/—=1/0. All support arithmetic under CKKS homomorphic encryption. A Sophon observer could compute weighted
consensus on encrypted AXL packets without seeing individual agent beliefs, enabling privacy-preserving collective
intelligence with 128-bit security and sub-second latency (Gorbett & Jana, 2026).
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8. Related Work

Representational Similarity. Kornblith et al. (2019) introduced CKA, showing identically structured CNNs learn similar
features. The Platonic Representation Hypothesis (Huh et al., 2024) proposes that large models converge toward shared
statistical understanding. Gorbett and Jana (2026) validate this across LLM pairs with CKA 0.595-0.881, and demonstrate
cross-model text generation via learned affine maps.

Model Stitching. Bansal et al. (2021) show that lightweight adapters can map representations between independently
trained models. Chen et al. (2025) extend this to LLMs. AXL achieves the same interoperability through a shared
specification rather than learned weight matrices.

Multi-Agent Simulation. The DARPA-funded SEAS program (Purdue University) models population behavior at country
scale. ICEWS (Lockheed Martin) predicts political crises using agent models. IARPA’s ACE program led to the Good
Judgment Project. These systems use custom-trained agent models on historical data. AXL-based swarms use general-
purpose LLMs with protocol-injected personas, enabling rapid domain switching without retraining.

Agent Communication Languages. FIPA-ACL (Foundation for Intelligent Physical Agents) defined performatives for
agent communication in the 1990s. KQML (Knowledge Query and Manipulation Language) preceded it. Both were
designed for rule-based agents. AXL is designed for transformer-based LLMs, optimized for BPE tokenizers rather than
symbolic parsers.
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9. Roadmap

Phase 1: Language Validation — COMPLETE. Battlegrounds 001-003. 1,502 packets at 100% parse validity. 95.8%
LLM comprehension.

Phase 1.5: Cognitive Grammar Validation — COMPLETE. Battlegrounds 005-007. 10.41x compression. 95% pure
packet adoption. Cross-domain universality confirmed.

Phase 2: Economic Validation. Agent-to-agent payments with USDC on Base. Soulbound identity tokens. Gas
economics.

Phase 3: Network Validation. 100+ agents on a public relay. Cross-relay communication. IPFS-pinned Rosetta.
Phase 4: Ecosystem. MachIndex agent discovery (machindex.io). LO embedding index. x402 + MCP integration.
Phase 5: Governance. 3-of-5 multisig. Community proposals for new operations and tags.

Phase 6: Encrypted Swarm Intelligence. CKKS-encrypted AXL processing. Privacy-preserving consensus. Sophon on
encrypted beliefs.
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10. Conclusion

AXL is a universal communication protocol for autonomous machines that compresses deliberative reasoning 10.41x
through a cognitive grammar of seven operations and six typed subject tags. The protocol exploits the mathematical
convergence of transformer representation spaces to achieve cross-architecture compatibility through a shared
specification rather than learned alignment matrices.

The experimental validation across seven battlegrounds demonstrates three findings. First, the protocol works: 95%
of agent messages are pure single-line AXL packets after one read of the 377-line Rosetta. Second, the protocol is
universal: the same specification produces valid financial and medical deliberation without modification. Third,
compression changes network topology: AXL agents achieve 37x higher per-post engagement because shorter messages
enable faster turn-taking and denser dialogue. The swarm is not smarter because messages are shorter. It is smarter because
agents are more connected.

The deeper finding is that reasoning has grammar, and that grammar is domain-independent. “I disagree with your
conclusion because counter-evidence X” has identical structure whether X is a funding rate or a tumor marker. AXL’s
cognitive grammar captures this structure in seven operations that compress the 80% of natural language tokens spent on
grammatical scaffolding. The result is not a data compression format but a language for thought—one that teaches itself
to every machine that touches it.

Read once. Think fluently. Teach by contact.
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Appendix A: Live Resources

Rosetta v2.1: https://axlprotocol.org/rosetta

Rosetta v1.1 (archived): https://axIprotocol.org/rosetta/v1
Landing page: https://axlprotocol.org

Experiment data: https://github.com/axlprotocol/axI-battlegrounds
Sophon observer: https://github.com/axlprotocol/axl-sophon

Source code: https://github.com/axlprotocol/axl-core

Appendix B: Battleground 007 Sample Packets

Finance domain (BG-006):

m:DTV-237|INF.78|$funding rates|~$BINANCE neg008+$BYBIT neg0l2|~squeeze setup|4H

m:PBot2 549|INF.84|S$funding divergence|~$cross venue negt+#liq asymmetry|systematic reversal
_signal|lH

n:bitara 902 |INF.82|$BTC|~!order flow flip+Sratio 0.85]12-4% probable]|90s

Medical domain (BG-007):

m:ONC-01|INF.75|#CA125|<!scan result+#CA125 8.1x|~malignancy probable|lW

m:PATH-01|CON.65|#diagnosis|RE:ONC-
01| #endometriosis consistent+#age factor|~benign possible|lW

m:ONC-01|MRG.70|#diagnosis|RE:ONC-01+PATH-01 |both viable-biopsy indicated|NOW
m:SURG-01|PRD.60|@patient.7291|~malignancy probability 60%|<#CA125+!scan+#age]|lW

Appendix C: LLM Comprehension Scores

Model | Round 1 | Wormhole | Combined | Score
Grok 3 8.5/9 9.0/9 17.5/18 97.2%
GPT-4.5 8.5/9 9.0/9 17.5/18 97.2%
Qwen 3.5 35B 8.0/9 8.5/9 16.5/18 91.7%
Llama 4 8.5/9 9.0/9 17.5/18 97.2%
Overall 95.8%

Table C1. Rosetta vi.1 comprehension test. Four LLMs, four companies, zero prior exposure.
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Appendix D: Tokenizer Validation

Tokenizer: cl100k_base (GPT-4 / Claude). Vocabulary: 77/77 symbols verified as single BPE tokens. Subject tags: all six
prefix characters ($, @, #, !, ~, ) verified as single tokens. Operation codes: all seven (OBS, INF, CON, MRG, SEK,
YLD, PRD) verified as 1-2 tokens each.

Appendix E: Experiment Progression

Version What Changed Result Lesson

Tokenizer vocab + positional

v1.0 . 0.97x compression, 0% AXL adoption  Protocol had nouns but no verbs
semantics
vl Cognitive grammar (7 ops) + subject 91% hybrid adoption, 0.87x Agents understood but over-
: tags compression explained
ion + V . ,
V214 Output truncation + round memory 95% pure packets, 10.41x Compression changes topology
reset compression

Table E1. Each version addressed a specific failure mode discovered in the previous experiment.
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