The Deterministic Control Layer
Architecture

An executive framework for capping Synthetic COGS through structured Al cost containment. Three
interlocking control layers — Triage, Guardrail, and Narrow Generation — intercept, validate, and
constrain every inference request before it reaches an expensive frontier model. This is not a latency
optimization. This is a cost discipline architecture.
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The Cost Problem: Why Synthetic COGS

Spirals

Unconstrained LLM inference is the fastest-growing
line item in Al-native product stacks. Every token
routed to a frontier model — GPT-4, Claude Opus,
Gemini Ultra — carries a marginal cost that compounds
at request volume. Without architectural controls,
synthetic COGS scales linearly with usage, then super-
linearly as context windows grow and retry logic kicks
in.

The root cause is architectural permissiveness:
systems designed to route all traffic to the most
capable model available. This maximizes quality at the
expense of unit economics. The result is a product that
works beautifully at low scale and becomes
economically unviable at production volume.

The Deterministic Control Layer (DCL) framework
inverts this assumption. The default path is the
cheapest viable path. Expensive computation is the
exception, gated by explicit escalation logic. Three
layers enforce this discipline: routing, validation, and
generation scope.

The Compounding COGS

73%

Token Waste

Avg. share of tokens in unconstrained
systems that carry no decision value
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Cost Delta

Price gap between frontier LLM and a
tuned 7B SLM at equivalent task quality




Architecture Overview: The Three
Control Layers

Each layer operates as an independent cost gate. A request must pass through all three before reaching
a frontier model. Most requests are terminated or resolved at an earlier layer — that is the design intent.
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The architecture enforces a cost-descending default: every request starts at the cheapest resolution
path and escalates only when explicit criteria are met. No request reaches a frontier model without
passing deterministic validation at Layer 2. Context window scope is always capped at Layer 3 before
generation begins.



Layer 1: The Triage Gate
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The Triage Gate is the first and highest-leverage cost control in the stack. Its function is simple: classify

every incoming request before any generation occurs and route it to the cheapest resolution mechanism

capable of satisfying it. The gate operates as a lightweight NLP classifier — typically a fine-tuned BERT-

class model or a rules-augmented intent classifier — running at sub-10ms latency with negligible token

cost.

Routing categories are defined along two axes: resolution type (deterministic, retrieval, generative) and

complexity tier (template-resolvable, context-required, multi-hop reasoning). Requests that map to

deterministic or retrieval resolutions never reach a generative model. Template-resolvable intents are

resolved inline. This single gate typically intercepts 40-65% of total request volume in a mature

implementation.

Deterministic Route

Rule-matched intents resolved via lookup,
template fill, or hard-coded logic. Zero LLM
cost. Target: 35-50% of traffic.

SLM Route

Localized small language model for bounded
generative tasks. 7B-13B parameter range.
Target: 15-20% of traffic.

Retrieval Route

Semantic search + ranked passage return.
RAG without generation. Embedding model
cost only. Target: 15-25% of traffic.

Frontier Escalation

Multi-hop, ambiguous, or high-stakes
requests only. Full LLM cost authorized.
Target: <15% of traffic.



Triage Gate: Implementation Economics

Classifier Architecture

The gate classifier is a purpose-built, task-
specific model — not a general-purpose LLM.
Recommended stack: a fine-tuned DistilBERT or
TinyBERT variant trained on production traffic
logs, served via ONNX runtime for deterministic
latency. Input: request text + session context
vector. Output: route enum + confidence score.
Escalation threshold is a tunable parameter, not a

fixed constant.

Training data sourcing is critical. The classifier
must be retrained quarterly on production traffic
to capture intent drift. Cold-start deployments
should use a conservative threshold (high
escalation rate, low misclassification risk) and
tighten as the training corpus grows.
Misclassification cost is asymmetric: false
escalations waste money; false containments
damage quality. Tune accordingly.

Routing Cost Model

Classifier
Inference

~$0.00001 per
request at
ONNX-served
DistilBERT.
Negligible at any
scale.

SLM
Generation

~$0.0002-$0.001
per request on
self-hosted 7B.
20-40x savings
vs. frontier at
equivalent task.

Retrieval
Resolution

~$0.0001 per
request.
Embedding +
vector search.
100x cheaper
than GPT-4
equivalent.

Frontier LLM

~$0.01-$0.06 per
request (GPT-4
class). Reserved
for explicitly
escalated traffic
only.



Layer 2: The Guardrail Layer

DETERMINISTIC RULES ENGINE [ PYTHON / TYPESCRIPT }

The Guardrail Layer is a deterministic rules engine that executes before every generation call, regardless
of which model tier was selected by the Triage Gate. Its mandate is strict: validate that the system state
is coherent, the request is within authorized scope, and all inputs conform to defined schemas before
spending a single token on generation. If validation fails, generation is blocked and a structured error is
returned — no tokens consumed, no model invoked.

Implementation is deliberately un-magical. The engine is pure Python or TypeScript — no ML, no
probabilities, no embeddings. It is a function that takes a state object and returns pass/fail with a
structured reason code. This makes it auditable, testable, and version-controlled like any other business
logic. Rule sets are stored as configuration, not code, enabling non-engineer stakeholders to own and

modify cost policies without deployment cycles.
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State Validation

Verify that all required context fields are
populated, non-null, and within expected
type boundaries before generation is
authorized. Reject malformed requests at
zero cost.

Input Sanitization

Strip redundant context, normalize
whitespace, remove duplicate passages,
and enforce maximum input token

budgets before the prompt is constructed.

Reduce billable tokens at the source.

6 Scope Authorization

Assert that the requested generation task
falls within the tenant's authorized
capability tier. Block out-of-scope
requests without escalating to model layer.
Enforce entitlement boundaries
deterministically.

Circuit Breaker

Monitor per-tenant and per-endpoint
generation budgets in real time. Hard-
block generation when budget thresholds
are exceeded. No soft limits — this is a
hard gate tied to billing state.



Guardrail Layer: Rules Engine Design

Engine Architecture Principles

The rules engine must be stateless and
idempotent. The same input must always
produce the same output. This is non-
negotiable for auditability and debugging.
Side effects — budget decrements, audit
log writes — are executed after the pass/fail
decision is emitted, not during evaluation.

Rule evaluation is ordered by cost of failure,
not by logical sequence. Cheap checks
(schema validation, null checks) run first.
Expensive checks (semantic similarity
against a policy corpus) run last and only if
earlier checks pass. This ordering discipline
reduces the average cost of a blocked
request to near-zero.

Rule sets are versioned alongside model
deployment manifests. A model upgrade
that changes output schema triggers a
mandatory rule set review. This coupling
ensures that the guardrail layer evolves with
the generation stack rather than lagging
behind it.

Rule Execution Order

Schema & Type Validation

Null checks, type assertions, required field
presence. Cost: microseconds.

o) Entitlement Verification

(e

Tenant tier, feature flag, rate limit state.
Cost: single Redis lookup.

Budget Gate

Real-time budget state check. Hard
block if exceeded. Cost: single counter
read.

Policy Compliance

Semantic policy checks, content
scope validation. Cost: lightweight
embedding compare.



Layer 3: Narrow Generation

CONTEXT WINDOW CONSTRAINT [ LOCALIZED SLMS }

Narrow Generation is the final cost lever and the most technically nuanced layer of the DCL framework.
By the time a request reaches Layer 3, it has been classified, routed, and validated. The only remaining
cost variable is the generation itself — specifically, how many tokens are consumed in prompt
construction and how capable (and expensive) the generating model needs to be. Layer 3 disciplines
both dimensions simultaneously.

Context window constraint is the primary mechanism. The default behavior of most LLM integrations is
to maximize context richness — load all available history, all retrieved passages, all system instructions
into the prompt. This is expensive and largely wasteful. Narrow Generation enforces a maximum context
budget per request class, with a priority-ranked context assembly algorithm that fills the budget from
highest-signal to lowest-signal until the cap is reached. Excess context is dropped, not summarized.
Summarization is itself a generation call and defeats the purpose.

Localized SLMs are the secondary mechanism. For bounded generative tasks — structured data
extraction, classification with generation, constrained summarization within a known schema — a locally
hosted 7B-13B parameter model running on dedicated compute outperforms a frontier API call on both
latency and cost. The key discipline is task boundary definition: SLMs are scoped to tasks where the
output space is narrow and evaluable, not deployed as general-purpose replacements.

Context Budget Output Schema SLM Task Boundaries
Enforcement Constraints Explicit capability mapping for
Hard token cap per request Structured output mode each SLM deployment. Task
class. Priority-ranked enforced wherever supported. types with out-of-distribution
assembly. No dynamic JSON schema validation post- risk are automatically
expansion. Cap violations are generation. Retry on schema escalated, not attempted
truncated, not escalated. violation counts against locally.

budget.



Narrow Generation: SLM Deployment

Economics

Self-Hosted SLM Cost Model

The economics of SLM self-hosting are
compelling at sustained request volume. A single
A10G GPU instance (~$1.50/hr on major cloud)
serves a quantized 7B model at 80-120
requests/minute with sub-200ms generation
latency. At 100 req/min, 24/7 operation, and
$0.0004 effective cost-per-request, break-even
against GPT-4-mini pricing occurs at
approximately 900,000 monthly requests — a
threshold most production Al features cross
within 6-12 months of launch.

Quantization is mandatory for production SLM
deployments. INT4 or INT8 quantized models via
GGUF/GPTQ formats reduce memory footprint by
50-75% with less than 3% quality degradation on
bounded tasks. This enables higher model
parameter counts on equivalent hardware,
improving quality-per-dollar at the margin. Do not
deploy full-precision SLMs in cost-sensitive
architectures.

SLM vs. Frontier API: Break-Even
Analysis

— Self-Hosted SLM Cost ($) — GPT-4 API Cost ($)
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At scale, self-hosted SLMs deliver 80-90% cost
reduction vs. frontier APIs for bounded
generative tasks. Fixed infrastructure cost
dominates; marginal cost per request approaches
zero.



DCL Framework: Aggregate COGS
Impact & Implementation Sequence

Deployed in sequence, the three DCL layers produce compounding COGS reduction. The Triage Gate
eliminates the highest-volume, lowest-complexity requests from reaching generative models entirely.
The Guardrail Layer prevents malformed, out-of-scope, and over-budget requests from consuming
tokens. Narrow Generation minimizes the cost of every request that does reach the model tier. The
combined effect is a step-change reduction in synthetic COGS — not a marginal optimization.

Week 1-2: Triage Gate

Week 5-8: Narrow

Generation

Deploy intent classifier. Instrument
routing decisions. Establish
baseline traffic distribution. Target:
40%+ of traffic deflected from
generation on day one.

Enforce context budgets on all
existing generation calls. Identify
top 3 generative task types by
volume and evaluate SLM

feasibility. Deploy first SLM
workload on pilot traffic.

Week 3-4: Guardrail Layer

Implement rules engine with
schema validation and budget

gates. Wire to existing billing state.

Establish audit log pipeline. No ML
dependencies required at this
stage.

Week 9-12: SLM Expansion

Scale SLM coverage to all bounded
task types. Retrain Triage Gate
classifier on post-DCL traffic logs.
Establish quarterly review cadence
for rule sets and routing thresholds.

© Target State: <15% of requests reach a frontier LLM. >50% resolved at Layer 1 (Triage Gate).

Synthetic COGS per request reduced 60-80% vs. unconstrained baseline. These are
engineering targets — not aspirations. They are the output of correctly implementing this
architecture.



