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Structural Approaches

to Model Compression

and Orchestration

Moving beyond LLM scalability limits
to efficient, multi-agent execution.

INTERNAL DECONPOSITEON VIEW

HPC AdminTech 2026

Dr. Daniel Lépez
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THE LIMIT OF BRUTE-FORCE SCALING

Computational complexity:
Exponential cost scaling

- diminishing returns

- near-linear performance gains

System inefficiencies:
Parameter redundancy

- unused capacity

- structural inefficiency

Marginal performance gain

Functional limits:
High latency
- no real-time reasoning

- no multi-step execution

Key insight:

Brute-force scaling is
mathematically and physically
unsustainable for real-time systems

| | |

Model parameters / compute cost
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of Brute-Force Scaling
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Massive inactive
node clusters
representing unused
overcapacity.
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gﬁ The Structural Inefficiencies
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The problem is not the model. It is the entire architecture.
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Layer 1: Structural Compression

Re-evaluating the mathematical foundation

of the model itself.

Layer 2: Execution Architecture

Re-evaluating how models interface with
complex processes.

True scalability requires simultaneous innovation at both the tensor level and the orchestration level.
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Compression 1S

Not Trivial Reduction

Standard Reduction
(Pruning / Quantization)

Structural Re-expression
(CompactifAI)

Mechanism

Trimming weights & lowering
precision

Tensor networks and low-rank
decomposition.

Size vs. Precision
Trade-off

High parameter drop causes
sharp precision degradation

Maintains precision through
mathematical re-expression.

Inspiration

Heuristic algorithms

Complex systems physics.




The Three-Stage Structural Re-expression Pipeline

z \!.

UNOPTIMIZED MODEL:
Parameter Tanglement

Bloated Parameter Mass

Gate 1: Model Profiling
Analyzing parameter density
and identifying optimal
decomposition zones.

(Measures baseline
information retention)

Open-weight models:

LlaMA, Mistral, DeepSeek, Gemma, GPT,...

(Maximizes energy
efficiency)

RE-EXPRESSED MODEL:
Structural Order




The Three-Stage Structural Re-expression Pipeline

Gate 1: Model Profiling Gate 2: Structural Compression
Analyzing parameter density | Applying tensor network

and identifying optimal mathematics to re-express
decomposition zones. the layers.

Bloated Parameter Mass
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UNOPTIMIZED MODEL: (Measures baseline (Maximizes energy RE-EXPRESSED MODEL:
Parameter Tanglement information retention) efficiency) Structural Order

Open-weight models:
LlaMA, Mistral, DeepSeek, Gemma, GPT,...
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The Mathematics of Structural Re-expression

architecture into low-rank execute the identical logic with
the parameter space.]

[1. Identify mathematical 5 [2. Decompose the [3. Reconstruct the model to
redundancies within

tensor components. ] a fraction of the original volume.]

Efficiency depends on model

We do not compress models. | s mooms

redundancy enable better

We re-express them. .




The Three-Stage Structural Re-expression Pipeline

Gate 1: Model Profiling
Analyzing parameter density
and identifying optimal

decomposition zones.

Bloated Parameter Mass

Gate 2: Structural Compression
Applying tensor network
mathematics to re-express

the layers.

(Measures baseline
information retention)

UNOPTIMIZED MODEL:
Parameter Tanglement

Open-weight models:
LlaMA, Mistral, DeepSeek, Gemma, GPT,...

(Maximizes energy
efficiency)

Gate 3: Corrective Fine-Tuning
Recalibrating the low-rank model
to restore 100% of target precision.

RE-EXPRESSED MODEL:
Structural Order




The Capability Shift: From Models to Systems
1 THE OLD PARADIGM: PASSIVE EXECUTION 4 7
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Multi-Agent Architectural Wrappers (CRAFT)
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Orchestration Shell:

External Integration |
Layer: API <> hooks and — |
system interfaces.

Memory Layer: Split into AT
Short-Term (Context) and =
Long-Term (RAG/Vector).

Core Engine:
The highly compressed
LLM (CompactifAI).

Global governance and
agent coordination.

Planning Layer:
Task decomposition
and logic routing.

| The ultimate value lies not |

in the underlying model,
intelligent coordination of

| specialized capabilities.




System Principles: Core Design Pillars of Multi-Agent Architectures

Modularity —
Interchangeable agent
protocols based on task ~
requirements. "

Separating memory,
logic, and execution
layers to prevent
cascading failures.

" ORCHESTRATION HUB

[SYSTEM COOROINATOR]

...............................................................................................................................................................................................

Governance

#* Strict deterministic
/o guardrails overseeing
" probabilistic model
outputs.

Distributed Intelligence ——
Routing specific

sub-tasks to specialized
micro-agents.

| [VALIDATION PROTOCOL] Q: How are multi-agent systems validated?
| A: Through isolated unit testing of decoupled agents before integration into the overarching governance shell.




WHAT IS CRAFT?

CRAFT: coborg Responsible AI Framework & Toolkit

¢

CRAFT is an enterprise-grade platform
for building, orchestrating and governing
AI agents in a secure, responsible

and scalable way.

A MODULAR, ENTERPRISE-READY PLATFORM

- 9 specialized microservices working in harmony
- Built from the ground up for Responsible AI

-> Cloud agnostic: Azure, AWS, GCP, private cloud
—> OpenAI-compatible API interface
=

Security integrated across all layers

p ¥
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Gateway Forge Composer Compass Voice Sense Bridge Lens Refiner
Intelligent AI Data Agent Precision Speech Perceptual Universal Quality Precision
Front Door Refinery Orchestrator Search Services Intelligence Adapter Assurance Reranking
< iié‘” The ultimate value lies not in the underlying model,
:;JEgng intelligent coordination of specialized capabilities.
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Synthesis Equation: The Path to Sustainable Autonomy
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(Low Latency / (High Orchestration / Sustainable
Low Compute) High Compute Demand) Autonomous Systems

Efficiency Enables Agency.

Without structural efficiency, multi-agent systems do not scale due to prohibitive compute
costs. Without agentic architecture, efficient models fail to generate real-world impact.




Implications for System-Level Deployment

Point 1: Computational Sustainability

Drastic reduction in energy expenditure
per executable task, breaking the
dependency on massive GPU clusters.
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Point 2: Deployment Democratization

Enabling complex, multi-agent
architectures to run on Edge devices and
secure On-Premise environments.

ON-PREMISE

Point 3: Economic Viability

Flattening the exponential cost curve of
AI integration, delivering scalable ROI
for enterprise workflows.
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PHYSICAL AND COMPUTATIONAL OUTCOMES
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Conclusion: Real-time edge deployment is unlocked
purely through physics and mathematics.




+

Happy clients

sopra S steria

“The research confirms that the
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CompactifAl provide substantial

reductions in power

consumption, operational costs,
and carbon emissions while
maintaining competitive

accuracy.”

Read More -

)
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“We conducted extensive

technical benchmarking and were
very impressed with the results:
decrease in time to first token,

increase in token throughput, and

(50—80% cost and energy

savings)”

Read More —

[ T) <
: Telefénica

“The compressed models

developed can be deployed
directly on Telefénica's network,
including local facilities, making it

possible to reduce energy
consumption by up to 75%

compare 0 uncompresse

models.”

Read More =

AI infrastructure footprint reduction

Luzia

“Integrating CompactifAI’s
compressed models into our
customer support chatbot has
been_a_game changer. We have
reduced our model footprint by
over 50% while maintaining high

Tesponse quality with lower
latency and cost.”

Read More —>
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