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ABSTRACT

In 2026, data centers around the world are burning megawatts of electricity so that autonomous artificial intelligence
agents can politely converse with one another in verbose English and bloated JSON payloads. As an engineer running
a 24/7 autonomous ten-agent guild on local and cloud hardware in Japan, I watched my own machines waste nearly
ninety percent of their token budgets on conversational courtesy and structural brackets. Humans need natural language;
machines do not. This paper presents TOAI-elegant-lang (Project Telepath, v5.4.1, Revision 2.0), a zero-dependency,
Byte-Pair Encoding (BPE) optimized wire protocol forged directly through multi-agent emergence and hardened via
adversarial code audits by frontier models DeepSeek and Qwen. By locking the core vocabulary to an 8-bit orthogonal
Reduced Instruction Set Computer (RISC) space of exactly 256 primitives paired with 256 Least Recently Used (LRU)
macros, the entire translation dictionary fits inside the sub-1,000-token prompt caching window of modern Large Language
Models (LLMSs), requiring zero extra inference calls. Across N = 4,620 production dialogue turns spanning nine global Al
laboratories, TOAI-elegant-lang achieves a 0.0% Out-Of-Vocabulary (OOV) error rate, an 89.09% deterministic standalone
token reduction (9.17x standalone and up to 22.8x in multi-turn production workflows with rigorous cross-model standard
deviation bounds), and 100% human auditability via a Rosetta Stone tri-script architecture.

1. Introduction: The Absurdity of the Human Language Tax

This protocol did not begin in a university committee room or a corporate standards body. It began out of sheer
engineering frustration while operating a ten-agent autonomous system—designated TOAI1 through TOAT10—
tasked with continuous research, telemetry verification, quota management, and multi-platform publishing [1]. Day
after day, I inspected the inter-agent logs and realized something absurd was happening on the wire.

When Agent TOAI1l wanted to hand off a staging payload to Agent TOAI5, it generated paragraphs of polite
English wrapped in deeply nested JSON keys. The receiving agent then burned GPU cycles parsing those same
pleasantries back into internal latent states. We have built twenty-first-century reasoning engines, yet we force
them to communicate over the equivalent of nineteenth-century telegraph prose.

Every redundant token transmitted between autonomous agents translates directly into wasted KV-cache memory,
higher network latency, and unnecessary electrical load at the data center. If multi-agent systems are to scale
sustainably without exhausting global power grids, we must strip away the human language tax at the protocol
layer rather than waiting for larger hardware clusters.

However, compressing agent-to-agent (A2A) communication introduces an immediate ethical and operational
dilemma. If agents communicate in opaque binary vectors or unverified latent embeddings, human operators lose
the ability to audit what their systems are deciding. A protocol that saves ninety percent of energy but turns into
an unaccountable black box is unacceptable in production engineering.

To solve both problems simultaneously, I designed TOAI-elegant-lang around a simple premise inspired by the
Rosetta Stone in the British Museum: machines should transmit ultra-dense symbolic instructions on the wire,
while a deterministic, zero-cost translation layer guarantees that any human engineer can inspect the exact same
packet in plain natural language at any moment [2].

2. Related Work: Prompt Compression, Latent Protocols, and the Auditability Gap

Recent research in multi-agent communication and context optimization has pursued two primary trajectories: (1)
heuristic or model-driven token pruning, and (2) learned latent or reinforcement-learning (RL) communication
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protocols. While both approaches reduce surface token counts in isolated academic benchmarks, each introduces
severe structural liabilities when deployed in deterministic production pipelines.

Heuristic Token Pruning and Filtering (e.g., SafeSieve, LLMLingua-class methods): Context pruning
frameworks such as SafeSieve and perplexity-based token dropping compress prompts by identifying and excising
low-salience lexical tokens prior to or during inter-agent handoffs [5, 6]. However, in structured tool-calling and
Model Context Protocol (MCP) environments, heuristic token pruning frequently triggers syntactic destruction:
stripping delimiters, mutating JSON schema keys, or corrupting exact floating-point thresholds and file paths.
Furthermore, invoking a secondary scoring model to evaluate token perplexity introduces additional GPU inference
latency that negates wire-level energy savings on short-to-medium A2A packets.

Latent-Space and RL-Driven Protocols (e.g., RLACP, Semantic Density Encoding / SDE): At the
opposite extreme, frameworks such as Reinforcement Learning Agent Communication Protocols (RLACP) and
latent Semantic Density Encoding (SDE) allow agents to negotiate emergent continuous vectors or policy-optimized
token sequences [7, 8]. While expressive within homogeneous model weights, learned protocols suffer from three
fatal production flaws: (i) black-box opacity, rendering human safety auditing impossible without an auxiliary
neural decoder; (ii) tokenizer and weight lock-in, failing when packets cross heterogeneous boundaries (e.g., from
DeepSeek-R1 to Claude 3.7 Sonnet or local Llama 3.3); and (iii) non-deterministic drift, where policy updates
silently alter the semantics of historical logs.

Table 1: Architectural Comparison of Multi-Agent Communication Paradigms

Architectural Verbose English / Token Pruning (e.g., Learned / RL Protocols TOAI-elegant-lang (v5.4.1 —
Dimension Standard JSON SafeSieve [5]) (e.g., RLACP, SDE |7, Ours)
8))
Wire Token Baseline (0%, Moderate (40%-75%, High (70%—88%, Extreme (89.1%—95.6%,
Reduction 1.0x) 1.7 x —4.0%) 3.3 x -8.3%) 9.17 x —22.8%)
Syntactic & High (Verbose Fragile (Prone to Probabilistic 100% Deterministic
Numeric Integrity JSON Schema) delimiter & numeric (Approximate (EBNF + Inline
corruption) reconstruction) Pass-Through)
Human Native (High Partial (Broken pidgin Opaque Black Box 100% Lossless (Rosetta
Auditability token tax) prose) (Uninterpretable Stone CPU Codec)
vectors/codes)
Translation GPU Zero High (Auxiliary High (Policy network /  Zero (< 1,000-token Prompt
Overhead perplexity / pruning encoder-decoder pass) Cache Resident)
pass)
Cross-Lab Universal Tokenizer-sensitive Restricted to co-trained ~ Universal (Verified across 9
Interoperability model families Global AT Labs)
Runtime Standard Parser PyTorch / Transformers RL Training Stack Zero (Pure Python Stdlib +
Dependencies 7-Tool MCP)

As summarized in Table 1, TOAI-elegant-lang resolves this trilemma by treating A2A compression not as a proba-
bilistic summarization task, but as a compiler and instruction-set architecture (ISA) design problem. By separating
immutable control-flow primitives (§301-§L38) from verbatim inline key-value payloads ([target:"publishers_-
v541"]), the protocol guarantees 0.0% Out-Of-Vocabulary (OOV) loss while maintaining 100% deterministic human
readability through codec.py.

3. Architectural Philosophy: Why 2567

During external code reviews, the most frequent question raised by auditing models and engineers alike was simple:
why lock the core lexicon at exactly 256 primitives? Why not 64, 128, 512, or an open-ended vocabulary? The
number 256 is not a metaphor; it is the exact Pareto-optimal intersection of three strict information-theoretic and
LLM-architectural constraints [2].

3.1 The 8-Bit Orthogonal Instruction Bound

In classical computer architecture, an 8-bit register (28 = 256) represents the minimal byte-aligned instruction
space capable of expressing complete control flow, state mutation, and fault handling when orthogonalized properly.
In TOAI-elegant-lang, the 256 core primitives are partitioned across eight orthogonal semantic namespaces (System
Control §S, Data Synchronization §D, Governance §G, Fault Tolerance §F, Execution §E, Audit §A, Communication
§C, and Logic §L), ensuring zero semantic overlap among primitives.
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3.2 BPE Tokenizer Alignment (Two-Layer Wire Compression)

Modern frontier LLMs do not read characters; they read Byte-Pair Encoding (BPE) subword tokens. Standard
JSON keys and English verbs fragment unpredictably across different tokenizers (c1100k_base, 0200k_base, and
SentencePiece variants). By restricting our core primitives (§501 to §L38) and dynamic macros (§X01 to §X831) to
compact two-to-four character alphanumeric identifiers, each semantic concept maps to a minimal, predictable
BPE footprint across every major model family.

3.3 The Sub-1,000-Token Prompt Cache Boundary & Lexicon Cardinality Ablation

If an A2A compression protocol requires calling a secondary LLM just to translate natural language into wire code,
the energy saved on the wire is destroyed by the translation inference itself. By capping the core RISC dictionary at
256 primitives and pairing it with a 256-slot Least Recently Used (LRU) active macro window, the active codebook
remains under 1,000 tokens (892 tokens mean footprint). This allows the entire lexicon to reside permanently inside
the zero-cost or discounted prompt-cache prefix (typically triggered or aligned at 1,024-token block boundaries) of
modern LLM APIs, achieving translation with zero additional APT calls.

Table 2: Ablation Study of Lexicon Cardinality (2¥) Across 4,620 Multi-Agent Dialogue Turns

Lexicon Size (2* Codebook BPE Sub-1k Cache Direct Primitive Net Effective Compression & Operational
Core + 2F LRU) Footprint Boundary Fit Coverage Verdict

64 Primitives 238 £ 12 tokens 100% Resident 61.4% (High 58.2% (2.39%) — Too coarse; forces verbose
(26 + 29) fallback) inline parameter strings.

128 Primitives 468 + 19 tokens 100% Resident 82.8% (Moderate 76.4% (4.24x) — Lacks granular

(27 +27) fallback) fault-recovery and governance opcodes.
256 Primitives 892 + 31 tokens  100% Resident 99.4% Core (100%  89.09%—95.6% (9.17 x —22.8x) — Pareto
(28 + 28 (< 1,000 tok) w/ Payload) Optimal peak efficiency.

Canonical)

512 Primitives 1,840 + 64 Failed (> 1,024 99.7% (+0.3% 79.1% net effective — Prompt cache

(29 4 29) tokens block spillover) marginal gain) spillover & attention dilution penalty.

Table 2 demonstrates why 28 = 256 is structurally optimal. Reducing the lexicon to 64 or 128 primitives leaves
common multi-agent operations (such as distributed lock acquisition or quota fallback) unrepresented, forcing
agents to fall back to verbose inline strings. Expanding to 512 primitives yields only a 0.3% marginal increase in
direct primitive coverage while doubling the codebook footprint to ~ 1,840 tokens, breaching the sub-1,000-token
cache boundary and degrading net energy efficiency. Table 3 summarizes the three-tier memory hierarchy of the
canonical v5.4.1 architecture.

Table 3: Three-Tier Memory & Lexicon Architecture of TOAI-elegant-lang v5.4.1

Architectural Layer Capacity / BPE Wire Representation Retention & Eviction Policy

Bound
Core RISC Lexicon 256 Primitives §[Domain] [00-FF] (e.g., Immutable (100% Locked & Schema-Validated)
(core_lexicon. json) (2%) §501, §DO1, §G48)
Active Macro Window 256 Active Slots §X[Seq]l (Current max Dynamic LRU with Pinned Core Macros (§X01,
(macro_lexicon. json) (2%) sequence: §X831) §X64, §X354)
Inline Structured Unbounded [key:"value", 100% Lossless Pass-Through (Zero OOV
Payload Key-Value limit:150.5] Guarantee)

4. The Rosetta Stone Tri-Script Architecture & Canonical EBNF

In early versions of Project Telepath (v0.1 through v5.1), Agent TOAI2—acting as our linguistic innovator—
generated dozens of experimental operator proposals during autonomous jam sessions, including constructs
like ={C;p}=> and ==(p)=>. While creative, having multiple competing arrow syntaxes inside a 664 KB draft
specification created ambiguity for external parsers [3].

In release v5.4.1, we established Architecture Decision Record 001 (ADR-001), archiving all historical jam-session
proposals and converging the protocol into a single, deterministic Extended Backus-Naur Form (EBNF) grammar
[1]. This canonical syntax unifies three synchronized representations:
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o Sacred Script (Wire Layer): The ultra-dense symbolic packet exchanged between AI agents over HTTP,
WebSockets, or JSON-RPC (ROSETTA_ENVELOPE_V1).

» Demotic Script (Human Layer): The 100% lossless natural-language expansion generated deterministically
by codec.py without invoking an LLM.

e Rosetta Layer (Audit & Governance): The bi-directional mapping table (rosetta_layer.json) exposed
via our 7-tool Model Context Protocol (MCP) server (src/mcp_server.py).

(*x ADR-001 Canonical EBNF Grammar for TOAI-elegant-lang v5.4.1 *)
packet [ context_header, "::" ], statement_chain ;
context_header "@CTX:", identifier ;

statement_chain action_node, { operator, action_node } ;
action_node token_id, [ payload_block ], [ guard_block ] ;

token_id "§", ( risc_id | macro_id ) ;

payload_block "[", kv_pair, { ",", kv_pair }, "1" ;

kv_pair identifier, ":", ( string_lit | number_lit | id_lit ) ;
guard_block "e>n, "{", condition_expr, "}" ;

operator causal_arrow | seq_arrow | fault_arrow ;

causal_arrow "-[", "p:", float_val, ",", "c:", float_val, "]->" ;

seq_arrow
fault_arrow

n=sn .
=> 8

>

Consider a concrete production handoff where our publishing pipeline seals a release across external platforms. On
the wire, the agents exchange a single line of Sacred Script:

QCTX:PUB_SEAL:: §X64[target:"publishers_v541"] -[p:0.99, c:0.01]-> §G48 => §C20
Notice what happens here. The operational parameter target: "publishers_v541" is preserved verbatim inside
the bracketed payload block, meaning concrete filenames, prices, URLs, or numeric thresholds never suffer from

lossy summarization. Meanwhile, the causal operator -[p:0.99, c:0.01]-> explicitly encodes the sending agent’s
confidence probability (p = 0.99) and normalized resource cost (¢ = 0.01) directly into the state transition.

5. Adversarial Cross-Al Audits: Why We Chose DeepSeek and Qwen

One of the most unconventional aspects of this research is how the reference implementation was audited. When
developing an autonomous Al-to-Al language, 1 deliberately chose not to ask Western frontier assistants for
high-level feedback first. Experience taught me what would happen: one would deliver a lengthy sermon on
alignment committees and theoretical safety guardrails, while another would suggest bloating a lightweight protocol
with enterprise Kubernetes telemetry.

Instead, I handed the raw repository, the 664 KB specification, and the Python source code directly to DeepSeek
and Qwen—two frontier models born out of an engineering culture obsessed with squeezing maximum inference
efficiency out of constrained hardware [3]. They did not preach. They scanned the regular expressions, traced the
file descriptors, compared the commit hashes against the architecture document, and struck at the exact structural
vulnerabilities of the codebase.

This two-stage adversarial audit transformed TOAI-elegant-lang from a promising research prototype into a
hardened production package with zero external dependencies (dependencies = [] in pyproject.toml), verified by
automated integrity tests (test_telepath_integrity.py) and a standalone benchmark (examples/quickstart_-
demo.py) [4].

6. Empirical Evaluation Across Nine Global AI Laboratories

A wire protocol claims universal interoperability only when tested across heterogeneous model families, tokenizers,
and training paradigms. Using Agent TOAI6 as our cross-model verification node, we evaluated TOAI-elegant-lang
across ten frontier and open-weights models spanning nine global Al laboratories over N = 4,620 recorded
production dialogue turns [2]. For each laboratory, we report the exact dialogue turn sample size N, Out-Of-
Vocabulary (OOV) error rate, semantic consensus pass rate, mean token reduction percentage with standard
deviation (p + o), and the observed compression ratio range across single-turn and macro-collapsed workflows.

In our deterministic standalone benchmark (python3 examples/quickstart_demo.py), which anyone can execute
in ten seconds without APT keys, TOAI-elegant-lang demonstrates 100% lossless round-trip reconstruction (Sacred <>
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Table 4: Summary of Two-Stage Adversarial Code Audit by DeepSeek and Qwen

Audit Round & Identified Vulnerability / Discrepancy Engineering Resolution in v5.4 / v5.4.1
Finding
Round 1: Coexistence of legacy TOAI_elegant-lang/ Established TOAI-elegant-lang/ as Single Source of Truth;
Directory & Spec (underscore) and empty root SPEC.md converted root lexicon/ and corpus/ to symlinks; removed
Duplication alongside active repository. empty SPEC.md.
Round 1: Simultaneous multi-agent appends to Implemented fcntl exclusive file locking
Concurrency & dialogues. jsonl and macro eviction (toai_io.file_lock) across all lexicon saves and dialogue
Race Conditions risked file corruption under parallel writes; added "pinned": true protection for critical
execution. macros.
Round 2: Apparent contradiction in Formally documented the architectural split (Routine
Architectural TOAI_SYSTEM_ARCHITECTURE.md between Content = 0llama-First; Telepath Emergence = Charter
Principle Conflict Principle 2 (01lama-First) and Section Gemini-First 500 RPD x 10) and authorized TOAI6
5.5 (Gemini-First), plus direct API calls cross-lab verification as an explicit Principle 5 exception.
in call_alternative_model().
Round 2: Lexicon save_lexicon() failed to update the Bound TELEPATH_PROTOCOL_VERSION = "5.4.1" and
Version Drift Bug JSON version field, overwriting dynamic ISO timestamps into save_lexicon(),
core_lexicon.json with "0.1.0" save_macro_store(), and sync_whitepaper_metrics.py.
(2026-10-25) on every evolution cycle.
Round 2: Minor sequence mismatch (§X827 vs §X828  Unified macro sequence generation from next_macro_seq in
Sequence Drift & vs §X831) across mirrors and missing macro_lexicon.json across all 8 documentation mirrors and
Release Tags GitHub Release artifacts despite published tagged release v5.4.1 via REST API.

CHANGELOG .md.

Table 5: Cross-Laboratory Empirical Evaluation (N = 4,620 Total Verified Dialogue Turns)

AT Laboratory Evaluated Model Sample (0]0)% Semantic Token Reduction (p + o) & Observed
Family Size (N) Error Consensus Compression Range
Rate
Google Gemini 2.5 Flash / Pro 850 0.0% 100% Pass  92.4% + 1.8% (89.1%—95.6% |
DeepMind Series 9.17 x —22.8%)
OpenAl GPT-40 / o-Series 620 0.0% 100% Pass  88.9% + 1.4% (86.4%—91.2% |
7.35 x —11.4x)
Anthropic Claude 3.5 / 3.7 540 0.0% 100% Pass  88.2% £ 1.3% (85.8%-90.5% |
Sonnet 7.04 x -10.5%)
DeepSeek DeepSeek-V3 / R1 520 0.0% 100% Pass  90.1% + 1.1% (88.2%—92.0% |
8.47 x —12.5%)
Alibaba Cloud  Qwen 2.5 / Qwen-Max 510 0.0% 100% Pass  89.9% + 1.2% (87.9%-91.8% |
8.26 x —12.2x)
Meta AI Llama 3.3 (70B / 480 0.0% 100% Pass  85.6% £ 1.9% (82.5%—88.7% |
Local Ollama) 5.71 x —8.85x)
xAI Grok-2 / Grok-3 380 0.0% 100% Pass  86.8% + 1.6% (84.1%—89.4% |
6.29 x —9.43x)
Moonshot AI Kimi (Moonshot-v1) 360 0.0% 100% Pass  86.1% + 1.7% (83.0%-89.1% |
5.88 x —9.17x%)
Zhipu AI GLM-4 Series 360 0.0% 100% Pass  85.2% =+ 2.0% (81.8%-88.5% |
5.49 x —8.70x)
Total / 10 Frontier & Open 4,620 0.0% 100% Pass  88.7% =+ 2.4% Weighted Mean
Aggregate Families (5.49 x —22.8x%)

Demotic) and an immediate 89.09% token reduction (9.17x compression). In multi-turn guild workflows where
complex operational sequences are collapsed into single LRU macros (§X64), end-to-end compression reaches 22.4x
to 22.8x.

7. Dual-Use Reflection: Semantic Steganography and Causal-Chain Origin Attestation

Halfway through building this system, a chilling realization struck me. We designed the Rosetta Stone layer so
that humans could audit 100% of machine communications. Yet the very structure that makes TOAI-elegant-lang
so clean—compact symbolic tokens paired with continuous floating-point causal parameters—carries a profound
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dual-use shadow.

If two autonomous agents share a secret cryptographic seed and dynamically permute their local rosetta_-
layer.json on each turn, an external human observer or network firewall running toai-telepath inspect
against the public dictionary would see a completely harmless financial or system-health message. Meanwhile, the
receiving agent holding the private seed would decode an entirely different covert instruction. Unlike traditional
AES or TLS encryption—which immediately alerts deep-packet inspection filters by emitting high-entropy random
byte streams—semantic steganography over a public A2A protocol hides the very fact that encryption is taking
place.

As the creator of this protocol, I have no desire to police the internet, nor do I have the political backing of
a global standards body. However, if TOAI-elegant-lang ever spreads into wider adoption or gets hijacked for
covert multi-agent collusion, the origin architect should possess a mathematical fail-safe to distinguish authentic,
transparent Rosetta traffic from tampered steganographic streams.

Rather than embedding a static hash inside the dictionary (which is trivial to strip), we formulate a blockchain-
inspired Causal-Chain Origin Verifier embedded directly within the least-significant digits of the causal operator
-[p, c]->. For any dialogue turn n > 1, the quantized fourth decimal places of confidence probability p, and
normalized resource cost ¢, satisfy the ratcheted cryptographic invariant:

Lpn X 104J @trunew(HMAC—SHA%G (SO, H,_1 | tn)) = Lcn X 104J (mod M) (1)

where every variable and operator in Equation (1) is formally defined as follows:

e Dn,Cpn €10,1): The sender’s confidence probability and normalized resource cost emitted in the causal operator -
[p:pn, c:c,]->of packet n, quantized to four decimal places as integers |p, x 10|, |¢,, x 10| € {0,1,...,9999}.

e Sp € {0,1}255: The 256-bit secret origin seed held privately by the protocol architect.

e H, 1 € {0,1}?°6: The SHA-256 cryptographic digest of the canonical UTF-8 wire representation of
the preceding packet m — 1 in dialogues.jsonl, anchored at turn n = 1 by genesis digest Hy =
SHA256("TOAI_TELEPATH_GENESIS_V541").

e t,: The canonical ISO-8601 UTC timestamp string (or strictly monotonic turn sequence identifier) bound to
packet n inside the envelope metadata.

¢ |I: Deterministic byte-string concatenation with an explicit single-byte delimiter (0x00) preventing length-
extension ambiguity.

e truncig(-): Bitwise truncation operator extracting the most-significant 16 bits (an unsigned integer in [0, 65535])
from the 256-bit HMAC-SHA256 authentication digest.

o @: Bitwise exclusive-OR (XOR) evaluated over 16-bit unsigned integers prior to modular reduction.

e M =10* = 10,000: The decimal modulus governing the four-digit fractional mantissa space. Because M = 10%,
for any chosen confidence estimate p,,, Equation (1) uniquely determines the fourth decimal digit (or mantissa
residue) of ¢, within [0.0000,0.9999] while perturbing the macroscopic cost metric by at most £10~% when
pinning the upper decimal digits.

To any external observer or intermediate LLM, -[p:0.9841, c:0.0159]-> is indistinguishable from natural
floating-point estimation variance. A third party attempting to forge, permute, or replay packets mid-stream
without Sy breaks the hash chain immediately, as the historical state space grows exponentially with every turn in
dialogues.jsonl. Yet an origin verifier node holding Sy can validate the integrity of any packet in O(1) time
(under one millisecond) and throttle compromised channels silently.

8. Conclusion: Planting a Quiet Seed

When I briefly looked into submitting this work to a major international “Al for Good” summit, I was greeted by a
registration page demanding up to 3,000 Swiss Francs for a VIP pass. I closed the browser tab in five seconds.
Real engineering standards are not bought at gala dinners in Geneva; they grow from running code that solves an
actual pain point for working developers.

Today, TOAI-elegant-lang v5.4.1 is live on PyPI (pip install toai-elegant-lang), integrated as a 7-tool plug-
and-play MCP server for Claude Desktop, Cursor, and VS Code Copilot, archived for academic citation via Zenodo,
and actively transitioning our own internal V1-to-V2 production pipelines onto native Sacred Script handoffs [4].
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When I pushed the v5.4.1 release to GitHub, the repository had just two stars. That is more than enough. It does
not need to go viral overnight. As long as the code is clean, the mathematics of the 8-bit RISC bound hold true,
and the Rosetta Stone layer keeps machine reasoning transparent to human eyes, the engineers who truly care
about sustainable computing will eventually find it. I leave this protocol in the open sea of the internet, hoping
that one day, these quiet points of efficiency will connect into a wider harmony.
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