Chapter 1: Challenges of Building Al-Enabled Systems
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Chapter 2: The Case for Architecture
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Chapter 3: Software Engineering and Architecture
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Chapter 4: Conceptual Design
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High

Quick Wins
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Chapter 5: Require

ments and Architecture for Al Pipelines

Production Pipeline

Shared / Similar Data

Dev Data Store

A

Data Cleansing

A

Model B

uild Test

A

New Model Versions

- -

Prod Data Store

4

Data Cleansing

A

/

Model Execution

A

Model Registry

\

Dev Results

>E=roduction Model Store]

4

Operations Store ’

Data Sampling
Representative Subsets

No

—]

Feature
Engineering

T
-

-
+° lterative Refinement
,

e,

Iterative Model Development Cycle

Performance Metrics }

Data Quality Hyperparameter
Validation Checks Tuning
Initial Model Performance
—_—— T e
Training Evaluation

+ Accuracy/Precision/Recall
= Confusion Matrix
« Computational Performance

Documentation Metadata

+ Model Architecture
+ Training Data Sources
* Hyperparameters

+» Performance Metrics

Validation with
Unseen Data

Independent Model Commit

Verification Versioning

¥




Production Pipeline
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Chapter 6: Design, Integration, and Testing

s ™
Al Pipeline System

Legend

i Actor O Use Case ——— Association

Data Analyst User of Output

Pipeline Dev Team Security Officer

Executing ~ - Trainjng tigg
R er

e -7 -
‘“\e&\' R (a\\o(\ . , - Trafﬂfn S~
e(‘o - - - 1 Y gcom -~ .
R TR T AN . plete™~|  Learning
Rt v ' . AN
1 1
: :
. " 1 1 . .
Monitoring i . N .
] I . Ay
: : \\ \\ %0’
7 S ' . .. N %
. 1 1 A A
1 [1)] s
: : %: : %‘\‘ \\‘ O%
1 c (0% 2
] 1 0 E : : S,é . *. @,&
2! 'z S ! 9, .
%’L 1 E B : %, \‘
() = | 1 2 N
8. % 2. v N
= 1 E :gjl
o 1
R g Degraded Updati
5 ' 8 S egrade pdating
1 ' 5 o S
1 ' 1
! *
: : 1 1
1
: : 1 i Manual intervention
: : Y\ v Legend
1 v N
AN |:| Normal Operation
AY . .
Shadow |  Configuration [[] Maintenance
|:| Error




ML Development

e
Data Quality transforms Model T o
Model Buildin odel Test and I )
Checks g Tuneing Meodel Verification Code commit Dev Ops
7 .

[ 1

v

Data Cleansing  |—»{ Data Transformation 3 Model Execution

Results store

Pipeline Ops

( Dev Ops / CD Cl ]
Automated pipeline

Without Bulkheads With Bulkheads

Single failure causes system-wide cascade Failures isolated by bulkheads, system continues functioning

Failure contained

Failure contained

Cascading failure

Legend:

@nomal state @) Failure State [_] Bulkhead Boundary - - Failure Propagation —s- Normal Interaction [ component




Top-Down Integration Bottom-Up Integration

= =

Paralled Integration Big Bang Integration

Final
Integration [P ———

_____________




Functional Performance Security Compliance Fairness Integration
Ul / User Interface‘ . @ @ @ @
API/ Integration F @ @ @ @
ool O ©] @ © ©
sl BICIENCINNOINNC ©
aks s BCINNCINNCINNC ©
Infrastructure E @ @ @
Legend
[ F Functional@ Performance @ Security @ Compliance Fairness @ Integration ]
Continuous Continuous
Integration Deployment
Plan Design Build Test Deploy Operate




Chapter 7: Architecting a Generative Al System — A Case Study
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Reduce Resolution
Time by 70%

High-Relevance
Retrieval (85%)

Average Response
Time (seconds)

LangChain Agent

Business Objectives

Increase Customer Preserve
Satisfaction by 20% Institutional Knowledge

Data Science Objectives
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Key Performance Indicators

User Satisfaction Knowledge Gap
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Technical Implementation
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Reduce Support
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Improvement (1-2%)

Cost Per
Query ($)
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