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Abstract 3. Token Manager as Intelligence Broker: A Rust-based
resource allocator providing cost-quality Pareto opti-
We present GENESIS, a production multi-agent mization with quota management and risk assessment.
platform implementing Harmonic Coordination . . . o
Theory (HCT). GENESIS introduces: (1) SVRL 4. DNA Evolution Engine: Git-based prompt optimiza-

Meta-Agents, a 4-agent verification loop (Generator%Veriﬁer%MgféQ \yhere agents literally evolve through auditable
Verifier—Refiner) achieving +84% coherence im- mutations.

provement through calibrated inter-rater relia-
bility; (2) an Orchestrator that configures HCT
layers to construct dynamic DAGs, where MAS
patterns emerge from layer settings rather than
explicit selection; (3) a Token Manager pro-

viding cost-quality Pareto optimization as an In- ) ] ] )
telligence Broker; and (4) a DNA Evolution Section 2] summarizes the HCT theoretical foundation. Sec-

tion[3|presents the core platform components. Section[dcov-
ers implementation details including Score Notation. Sec-

Additionally, we introduce HCT Score Notation, a lightweight,
framework-agnostic notation for documenting multi-agent
coordination—the “UML for Multi-Agent Systems.”

1.1 Paper Organization

Engine enabling Glass Box prompt optimiza-
tion with Git-auditable mutations. We intro-

duce HCT Score Notation, a lightweight nota- tion E] provides empirical evaluati.on.. Section 6 disct.]sses
tion for documenting multi-agent coordination. applications. Section [7]addresses limitations, and Section [§]
Empirical evaluation demonstrates measurable concludes.

improvements across coordination-intensive tasks

with 6x latency as the cost of multi-agent refine- 2 Background: Harmonic Coordination The-
ment. ory

GENESIS is built on Harmonic Coordination Theory (HCT)
Wiest [2025]], a formal framework that maps musical ensem-
ble coordination to multi-agent systems. We briefly summa-
1 Introduction rize the key concepts; for formal definitions and theoretical

The emergence of Large Language Model (LLM) agents foundations, see[Wiest| [2023].

has created a need for principled coordination frameworks. 2.1 The Six Layers
While theoretical foundations exist Wiest| [2025], produc- ) o ]
tion platforms require additional engineering: verification HCT proposes a six-layer coordination hierarchy:

loops, resource management, and evolutionary optimization.
We present GENESIS, a production multi-agent platform

. ) . . Table 1: HCT Layer Summary
that implements Harmonic Coordination Theory (HCT) with

four key contributions: Layer Musical Analogue Agent Function
0: Reference Frame  Tuning, Key Shared ontology
1. SVRL Meta-Agents: A 4-agent verification loop that 1: Score Musical Score Strategic plan
achieves +84% coherence improvement through cali- 2: Orchestration Parts, Voices Agent roles
brated inter-rater reliability without mathematical ground 3: Performance Tempo, Dynamics  Execution params
truth. 4: Coordination Cues, Fermatas Real-time signals
5: Listening Ear, Adjustment Feedback

2. Orchestrator as Layer Configurator: An agent that
configures HCT layers (LL1-L5) rather than selecting
patterns directly; patterns like Tree-of-Thought and
ReAct emerge from layer configuration.



2.2 Coordination Signals

Layer 4 defines seven coordination signals: Cue (trigger),
Fermata (hold), Attacca (immediate transition), Vamp (re-
peat until ready), Caesura (full stop), Tacet (silent), and
Downbeat (sync point).

2.3 Pattern Emergence

A key HCT insight is that existing MAS patterns (ReAct,
Tree-of-Thought, Plan-and-Solve) are not competing archi-
tectures but emerge from specific layer configurations. GEN-
ESIS operationalizes this insight through its Orchestrator (Sec-

tion [3.2)).
3 Platform Architecture

GENESIS implements four core components that operational-
ize HCT for production use.

3.1 SVRL Meta-Agents

The SVRL (Solution-Verification-Refinement Loop) im-
plements HCT Layer 5 (Listening) as a 4-agent loop: Gen-
erator (proposes variants), Verifier (scores via DeepEval
Al [2024]), Meta-Verifier (audits verifier consistency), and
Refiner (selects best mutation).

The key insight: without formal ground truth, we substi-
tute inter-rater reliability. The Meta-Verifier catches hallu-
cinated criticisms—a Verifier fabricating non-existent prob-
lems. This trades formal correctness for calibrated confi-
dence, appropriate for open-ended agentic tasks. See com-
panion blogpost for full methodology details.

3.2 Orchestrator: Layer Configurator

The GENESIS Orchestrator does not select patterns (ReAct,
Tree-of-Thought). Instead, it configures HCT layers from
which patterns emerge:

Table 2: Layer Configuration — Pattern Emergence
HCT Layer

L1: Score

L2: Orchestration
L3: Performance
L5: Listening

Configuration Emergent Pattern

Plan-and-Solve
MetaGPT, AutoGen
ReAct, ToolFormer
Reflexion, Guardrails

Multi-phase plan
Parallel agents
Tool-augmented
SVRL enabled

At runtime: (1) analyze intent, (2) scan Agent Catalog,
(3) configure L1-L5 parameters, (4) construct DAG, (5) as-
sign roles with performance parameters.

3.3 Token Manager: Intelligence Broker

The Token Manager serves as an Intelligence Broker, op-
timizing the cost-quality Pareto frontier. Core responsibili-
ties: budget allocation (per-agent/per-task), model selection
(match task — model), quota management, and risk assess-

ment.
Integration with Orchestrator:

task_profile = {"complexity": "high", "quality": "publication
allocation = {"model": "gemmaZ2:9b", "budget": 6000, "svrl": T

3.4 DNA Evolution Engine

The Evolution Engine implements Kaizen for system prompts—
agents evolve through auditable mutations. GENESIS en-
sures transparency via the Glass Box philosophy: files as

truth (YAML/Markdown), Git as ledger (every mutation is a
commit), and optional human review (PR gates).

Mutation strategies include simplify_persona,add_skill,
adjust_temperature, and compress_instructions.
Mutations are only persisted if they improve baseline scores—
improvement-only persistence ensures monotonic quality gains.

4 Implementation
4.1 AgentCard: Agent DNA

Agents are defined as structured Pydantic schemas:

class AgentCard (BaseModel) :
persona: Persona
budget: TokenBudget
inference: ModelConfig
skills: List([str]

LO: Reference Frame
L3: Performance
L3: Tempo/Dynamics

#
#
i
# L2: Orchestration

The AgentCard is DNA—it defines potential rather than
state. Like a seed containing instructions for a tree, the card
contains instructions for behavior when conditions are right.
4.2 Protocol Integration

GENESIS integrates with established protocols:
* MCP: Skills and governance served as MCP resources

¢ A2A: Coordination signals mapped to A2A message
types

¢ LangGraph: State management and DAG execution

For coordination notation, see HCT Score Notation in
the companion paper Wiest| [2025].

4.3 Scaffold Architecture

Recent work on HAL [Kapoor et al.|[2025]] demonstrates that
scaffolds can improve model performance by 86%. GENE-

SIS maps scaffold components to HCT layers: system prompts

— AgentCard.persona, tools — MCP skills, memory

— MemoryManager, and context compaction — TokenBudget.

5 Empirical Evaluation

We evaluate GENESIS through benchmarks measuring co-
herence improvement and component contributions.



5.1 Setup

e Hardware: Consumer GPU (RTX 4090, local Ol-
lama)

¢ Inference: gemma2:9b/1lama3.1:8b-instruct

¢ Metrics: DeepEval AnswerRelevancy Al|[2024]]

All code available at https://github.com/skew202/genesis-

benchmarks.

5.2 Results

Table 3: SVRL vs Baseline (Coherence Score)
Scenario Baseline SVRL A

Sequential 0.50 0.92 +84%
Parallel 0.50 091 +83%
Handoff 0.50 0.91 +83%
Adaptation 0.50 0.93 +86%
Average 0.50 0.92 +84%

SVRL tasks averaged 92s vs 15s baseline (6x latency). This
is the cost of 4-agent coordination, justified by quality im-
provement.

5.3 Ablation

Table 4: Platform Ablation

Configuration Coherence A
Full GENESIS 0.92 -
Without Meta- Verifier 0.78 -15%
Without Token Manager 0.89 -3%
Single-agent baseline 0.50 -46%

The Meta-Verifier contributes 15% of coherence—dialectical
audit is essential.

5.4 Robustness

Under chaos injection (temperature=0.7): baseline variance
o = 0.3, GENESIS variance o = 0.05. The Score acts as a
“low-pass filter” for LLM hallucinations.

6 Applications and Future Directions

While GENESIS is currently a research platform, we identify
several promising application domains:

6.1 Virtual Enterprise Pattern

GENESIS enables “virtual organizations” where agent em-
ployees are organized into virtual teams with automated gov-
ernance processes. The Glass Box philosophy ensures au-
ditability, and MCP integration enables dynamic skill acqui-
sition.

6.2 Platform Opportunities

* Genesis-as-a-Service: Multi-agent orchestration API

¢ Enterprise Edition: Full SVRL stack with advanced
observability

¢ OSS Core with Premium Features: Token Manager
optimization, Evolution Engine

6.3 Domain Applications

* Business Process Automation: Governance genera-
tors for strategy, product, legal documents

* Game Al Coordination: Domain-specific agent en-
sembles for complex game scenarios

¢ Research Platform: Controlled environment for MAS
experiments with reproducible benchmarks

7 Limitations

We acknowledge platform-specific limitations:

e Latency Overhead: The SVRL loop introduces 6x
latency (92s vs 15s). For latency-sensitive applica-
tions, a reduced 2-agent loop may be appropriate.

¢ Memory Backend Requirements: Production deploy-
ment requires Redis (session state), PostgreSQL (episodic
memory), and pgvector (semantic search). Current
implementation provides in-memory fallbacks for de-
velopment.

* Model-Dependent Variability: Results depend on the
specific LLM used. We validated on gemma2 : 9b;
other models may show different improvement pat-
terns.

* Sequential SVRL: Current implementation runs SVRL
phases sequentially. Parallel verification branches (mul-
tiple verifiers) are future work.

* Token Manager Heuristics: Budget allocation uses
heuristics rather than learned policies. Reinforcement
learning for budget optimization is future work.

* Western Musical Bias: The underlying HCT frame-
work draws from Western classical music. Cross-cultural
musical models may reveal additional coordination pat-
terns.

8 Conclusion

We have presented GENESIS, a production multi-agent plat-
form implementing Harmonic Coordination Theory. The
platform provides:

1. SVRL Meta-Agents: A 4-agent verification loop achiev-
ing +84% coherence improvement through calibrated
inter-rater reliability.


https://github.com/skew202/genesis-benchmarks
https://github.com/skew202/genesis-benchmarks

2. Orchestrator as Layer Configurator: Dynamic DAG
construction where MAS patterns emerge from HCT
layer configuration.

3. Token Manager: Cost-quality Pareto optimization as
an Intelligence Broker.

4. DNA Evolution Engine: Git-auditable prompt opti-
mization.

5. HCT Score Notation: A lightweight notation for doc-
umenting multi-agent coordination.

GENESIS demonstrates that the theoretical framework of
HCT can be operationalized into a practical platform with
measurable quality improvements. The 6x latency cost is
the price of multi-agent refinement—appropriate for quality-
sensitive applications requiring high coherence.

The platform is available as open source at https://github.
com/skew202/genesis, with enterprise features in develop-
ment.
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A Memory Architecture

This appendix provides implementation details for the GEN-
ESIS memory management system.

A.1 Memory Types and HCT Layer Mapping

Table 5: Memory Types Mapped to HCT Layers

Memory Type HCT Layer Timescale Backend
Constitutional ~ LO (Reference) Permanent Git/YAML
Strategic L1 (Score) Months Git/YAML
Procedural L2 (Orchestration) Days-Weeks  card.yaml
Working L3-L4 (Performance) Minutes Redis
Episodic L5 (Listening) Hours-Days ~ PostgreSQL
Semantic L5 (Listening) Weeks pgvector

A.2 Backend Selection Guidelines

Table 6: Memory Backend Selection

Backend Use Case Latency
Redis Session state, tempo overrides ilms
SQLite Local episodic, navigation history ~ jSms
PostgreSQL  Distributed episodic, audit logs i20ms
pgvector Semantic search, RAG context i50ms

A.3 Session State TTL

Session memory uses time-to-live (TTL) values:

e Tempo overrides: 1 hour TTL
* Handoff state: 5 minute TTL

¢ Dynamics settings: 1 hour TTL


https://github.com/skew202/genesis
https://github.com/skew202/genesis
https://docs.confident-ai.com/
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