ARCHITECTURE OVERVIEW

The Modern Al Stack — At a Glance

®

Ao
~o-
ey

Model Stack
Foundation & fine-tuned LLMs powering
intelligence

Orchestration

Coordinating workflows, tools, and agents

Evaluation

Quality, accuracy, and safety measurement

Semantic Layer

Shared meaning, structured language,
metadata

Memory

Short-term context + long-term persistent
state

UX Layer
Human-facing interfaces & interaction
patterns

SEMANTIC - RAG - AGENTS - ORCHESTRATION -

11 interconnected layers — every enterprise Al system is built on this foundation.

Ontology Layer

Domain knowledge graphs & taxonomies

Agents

Autonomous actors completing multi-step
tasks

O}

RAG
Real-time retrieval grounding model
responses

Governance

Policy, compliance, and access control

= Infrastructure GPU - TPU
= Compute, storage, and platform services — the scalable foundation everything else Ve 0D
runs on
MLOps
GOVERNANCE




LAYER ©1 - INTELLIGENCE ENGINE
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Stack

The Al brain — from broad foundation
models to precision fine-tunes and

specialized architectures.

Foundation
Fine-Tuned
Embedding
Specialized

Registry

&} Model Stack

Foundation Models
Large pre-trained models (GPT-4, Claude, Gemini, Llama 3) providing broad reasoning GPT-4 Claude ) | Llama 3
capability across all domains

Fine-Tuned Models
Domain-adapted variants trained on proprietary data for precision tasks — legal, medical, financial, or enterprise-
specific use cases

Embedding Models

Convert text, images, and code into high-dimensional vector representations powering semantic
search and retrieval

Specialized Models
Vision, speech, tabular, and code models enabling multi-modal Al across diverse input Vision Speech Code
types and task categories

Model Registry
Versioned catalog for tracking, deploying, and rolling back models — ensuring reproducibility and ~ ® v2.4.1 - deployed
controlled releases




MEANING & KNOWLEDGE

Semantic Layer vs. Ontology Layer

Two layers that give Al systems shared understanding

@ Semantic Layer

Establishes shared meaning across the system

ELEMENTS ) D
Metadata schemas Taxonomies Synonym dictionaries

Concept normalization

-> Output: Consistent language understanding across models and services

EXAMPLE
"Customer" ="client" = "account holder"
- All resolved to one canonical entity

«  Ontology Layer

Formal domain knowledge representation

ELEMENTS » . ) )
Entities Relationships Class hierarchies Inference rules

OWL / RDF

= Output: Reasoning-capable knowledge graph the Al can traverse
Vs
EXAMPLE — TRAVERSABLE GRAPH
Drug treats) Disease hassymptom> Symptom

—> Al traverses graph to infer causal chains & relationships

Clj Together they transform raw text into structured, reasoned knowledge.




QURAG | LAYER4OF11

Retrieval-Augmented Generation

Grounding Al responses in real, current knowledge

v r r
Query Retrieval Re-ranking Augmentation Generation
Understandin
g Vector search across knowledge Retrieved results are scored, filtered, Retrieved context is injected into the The LLM generates a grounded,
User query is parsed, expanded, and base, documents, and databases and ranked by relevance and recency model prompt alongside the original cited, and factual response anchored
embedded into a high-dimensional returns top-k relevant chunks for precision user query in retrieved knowledge

vector representation

EMBED TOP-K SCORE INJECT OUTPUT

A 10xLess o Real-Time o Source-Cited

Hallucination vs. closed-book LLM Knowledge — no retraining required Answers with traceable provenance
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The System Conductor

Coordinating tools, agents, models, and workflows into coherent action

one ORCHESTRATION FRAMEWORKS
Task Decomposition

Breaks complex user goals into discrete, sequenced sub-tasks that can be independently planned and executed

LangChain

@ ° < Tool Routing Llamalndex
Selects the right model, API, or service for each task type — matching capability to requirement with precision

AutoGen

Parallel Execution

Runs independent sub-tasks simultaneously, cutting total latency and maximizing throughput across the pipeline

Semantic Kernel

Tracks what has been completed, what failed, and what needs retry — ensuring no step is lost or duplicated

brain stem

Result Synthesis

CrewAl
@ ° = State Management

Merges outputs from multiple steps and agents into a single coherent, de-duplicated, and ranked response




Memory Systems

Enabling Al to learn, adapt, and remember

WORKING MEMORY

= In-Context Window O

The active conversation window; holds current task state and all live context.
Finite and ephemeral — cleared when the session ends.

4 8K - 200K tokens

SEMANTIC MEMORY

Factual Knowledge Store &

Factual knowledge encoded as embeddings in vector databases. Retrieved on
demand via RAG — giving the Al access to vast, structured world knowledge.

@ Vector DB - RAG-powered

33 without memory, every conversation starts from zero. With it, Al becomes a true long-term collaborator.

EPISODIC MEMORY
Past Interaction Logs

Logs of prior sessions retrieved by similarity search. Powers personalization and
continuity — the Al "remembers" you across conversations.

®, Retrieved by similarity

PROCEDURAL MEMORY

Workflows & Tool Patterns

Stored instructions, multi-step workflows, and tool-use patterns. Defines how the
agent acts — its learned "muscle memory" for repeatable tasks.

& Agent behavior blueprints




Agents — Autonomous Al Actors

Al that plans, acts, observes, and adapts autonomously

', ReAct Loop
Agents cycle through Reason - Act - Observe until the goal is achieved

» Tool Use
Agents call APIs, run code, query databases, browse the web, and write files

o Multi-Agent Systems

[am)} T Py
Specialized agents (researcher, coder, critic) collaborate on complex tasks

@ Human-in-the-Loop
Checkpoints for human approval on consequential or ambiguous decisions

(D Agent Memory
Each agent maintains its own short-term context and reads from shared long-term
memory

THE REACT LOOP

Plan
Reason
@ - a

Observe
Results

10—50 step workflows

Agents can complete multi-step workflows without human intervention

FRAMEWORKS: LANGCHAIN - AUTOGEN - CREWAI - SEMANTIC KERNEL - LLAMAINDEX
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Governance — Trust, Safety & Control

The policy layer that keeps Al trustworthy and compliant

& Access Control RBAC / ABAC
Policies governing who can query which data sources and

invoke which models — enforced at every APl boundary.

role_policy - attribute_rules - least_privilege

@ Audit Logging IMMUTABLE

Tamper-proof logs of every model call, decision point, and data
access event — providing a full compliance audit trail.

immutable_log - trace_id - compliance_trail

& DataPrivacy Pll / RESIDENCY
Automatic PIl detection, anonymization pipelines, and data

residency enforcement across all model inputs and outputs.

pii_scan - anonymize . gdpr - data_residency

<>  Prompt Governance VERSION CONTROL
Version-controlled, peer-reviewed prompt templates with
structured approval workflows before promotion to

production.

prompt_registry - review_gate - semver

/\  Content Safety GUARDRAILS
Input/output guardrails blocking harmful, biased, or off-policy

content before it reaches the user or downstream systems.

input_filter . output_guard - bias_detect

EU AI ACT - NIST

[~ Model Risk

Bias testing, fairness metrics, and regulatory alignment
mapped to EU Al Act risk tiers and NIST Al RMF controls.

bias_eval - fairness_score - nist_rmf - eu_ai_act

O Governance is not optional — it is the difference between a PoC and a production-ready Al system. O




Evaluation & Observability

8]

a ACCURACY & FAITHFULNESS

Is the response factually correct and grounded in
retrieved context?

ract (N
cie (N
ernd (N

(©)Target: >90% faithfulness

Automated o
—

Human Eval Panels

‘0' RELEVANCE

Does the response address the user's actual intent
and question?

o
e T
e

@Ta rget:  >85% relevance@k

J\I‘ A/B Testing

‘. SAFETY & TOXICITY

Does output pass content safety filters across all
categories?

@Target: <0.1% harmful rate

LATENCY & COST

P50/P95 response time and cost-per-query at
production scale.

0.9 1.7s $0.008
P50 Latency P95 Latency Per Query
pso (N
vor (I

@Target: <2s P95 <$0.01/query

DeepEval LangSmith Promptfoo
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UX Layer — Where Humans Meet Al

o)) 3 q 5
v L . . . . Human-Facing Interface & Interaction Design
Designing interactions that are intuitive, trustworthy, and delightful ™ E g

Chat Interface Copilot Sidebars Voice & Multimodal

O 1B 9
Conversational Ul with streaming responses, inline Al embedded inline in existing tools — docs, Speech input, image understanding, and mixed-media
citations, and intelligent follow-up suggestions after spreadsheets, CRM, IDE — without breaking workflow responses — meeting users in any interaction modality
each reply context

® Confidence Signals & Feedback Loops # Agentic UX
Uncertainty indicators, source citations, and graceful "I Thumbs up/down and correction flows that feed ’ Step-by-step progress visibility, human approval gates,
don't know" fallbacks that preserve user trust under directly into fine-tuning pipelines and RLHF reward and action undo — making autonomous Al legible and
ambiguity signals controllable

9 UX Principle: Al should feel like a capable collaborator, not a black box — every interaction must build clarity, trust, and genuine utility.




S Infrastructure

Scalable, secure, observable platform services

’ lb Compute

> GPU/TPU clusters for training &

inference
> Auto-scaling inference endpoints

> Serverless for lightweight tasks

GPUs TPUs Serverless

’ @ MLOps ’ O Security

. P > Network isolation & secrets
@ Data Platform > Model training pipelines & CI/CD management
> Experiment tracking with MLflow ’ @ Observability + Encryption at QR n transi
> Vector DBs: Pin*one, Weaviate, > Feature stores\@reusable signals > SIEM integration & threat detection
pgvector o . X
MLflow c1/cp > Distributed tracing & log aggregation
> Object storage for docs & Encryption SIEM
! . € > Model performance dashboards

embeddings

. - . > Cost attribution & spend analytics
> Streaming pipelines for real-time

ingestion Tracing Dashboards

Vectors Streaming

ire - GCP - Hybrid on-prem deployment




KEY TAKEAWAYS

Building Al That Scales

From experiment to enterprise-grade production

01 s No single layer is optional THE 11-LAYER ARCHITECTURE
Each of the 11 components plays a specific, irreplaceable role in a robust Al system

[ ] Model Stack —
® Semantic Layer c———
02 .+-  RAG + Agents + Orchestration is the new application pattern
-0t ® Ontology Layer R
Replacing monolithic model calls with dynamic, grounded, multi-step workflows
® RAG ——
® Orchestration e
03 O Governance must be designed in, not bolted on ® \Memory D —
Safety, compliance, and auditability are architectural requirements — not afterthoughts ® Agents P —
04 A Evaluation is the forcing function ® Evaluation R
You cannot improve what you don't measure — continuously, across quality, safety, and cost ® UX Layer ———
® |nfrastructure —

05 oy UXis the multiplier
M
The best underlying architecture fails if the human experience is confusing or untrustworthy

DESIGN PRINCIPLE
"Every great Al system is an engineering decision —
not just a model choice."

»  Start with the model stack. Layer in RAG and memory. Add governance from day one. Scale with agents. Model Stack >~ RAG+Memory >  Governance >  Agents
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