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Preface

For most of my career, the hardest part of engineering has not been
writing code. It has been everything around the code: understanding what
a business actually needs, finding the data that answers the question,
getting access to the systems that hold it, convincing a security team that
a design is safe, making something work inside an environment that was
built long before anyone imagined it, and leaving behind a system that
other people can run after the project ends.

For a long time, that work did not have a single name. Some of it was called
architecture, some consulting, some integration, some "just getting things
done." Then the industry started using a term that had been coined years
earlier at Palantir: the Forward Deployed Engineer. An FDE is an engineer
who works directly inside a customer's world — their workflows, their
data, their constraints, their cloud — and turns an ambiguous problem into
a working, adopted, production system.

The role has existed in various forms for more than a decade. What
changed is artificial intelligence. Large language models and Al agents
made it possible to build systems that read documents, answer questions,
and take actions in ways that were not practical a few years ago. But they
also made the gap between a demonstration and a dependable production
system wider than ever. A model can produce an impressive answer in a
meeting. Connecting that model to an enterprise's real data, real identity
system, real network, and real approval processes — safely, measurably,
and at a cost the business accepts — is engineering work of the most
demanding kind. That is why companies building Al platforms, and the
enterprises adopting them, began hiring Forward Deployed Engineers in
large numbers.

Why this book

When I looked for a book that prepared engineers for this work, I found
excellent books on individual topics — cloud architecture, Kubernetes,
data engineering, machine learning, large language models — but none
that connected them the way the job requires. An FDE does not get to
specialize in one layer. On a single engagement, you may need to read a
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customer's AWS account structure, debug a failing network path, design a
retrieval pipeline over messy documents, explain a model's failure modes
to an executive, and write the runbook the customer's operations team will
use at three in the morning.

This book is my attempt to provide that connected view. It is written for
software engineers who want to become Forward Deployed Engineers, for
experienced FDEs who want a structured reference, and for architects,
engineering managers, and technical leaders who work alongside them.

Two volumes

The material is divided into two volumes.

Volume 1 — Foundations: Software, Cloud, Data, and AI builds the base. It
begins with the FDE role itself and a short history of how we arrived at
today's technology landscape. It then covers the software engineering
fundamentals you will rely on in the field, gives extended, practical
coverage of cloud computing — including dedicated chapters on AWS,
Microsoft Azure, and Google Cloud — and ends with the data platforms
and Al foundations on which modern intelligent systems are built.

Volume 2 — Agents, MCP, and Engineering in the Field builds on that
base. It covers Al application architecture, agents, the Model Context
Protocol, enterprise Al security and governance, and — in its final part —
the craft of field engineering itself: discovery, scoping, prototyping,
delivery, leadership, and building a career as an FDE.

Each volume stands on its own, but they are designed to be read together.

How this book was written

The views in this book come from two decades of building data and cloud
systems in large, regulated enterprises. Throughout, you will find "Field
Notes" — prompts that link each chapter to your own work — alongside a
running fictional example: Acme, a company whose Al journey we follow
from first discovery to production.

In keeping with the subject of the book, I used Al tools extensively while
writing it: to explore structures, draft and revise material, check
consistency, and produce diagrams. Every chapter was reviewed, reshaped,
and verified by me, and the judgments in it are my own. I believe this is
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how much engineering work will be done in the coming years — with Al as
a powerful collaborator and humans accountable for the result — and I
have tried to practice what the book recommends.

A note on currency

Cloud and Al services change quickly. Product names change, features are
added, and prices fall. I have tried to focus on durable principles and to
present specific services as examples of those principles. Where specific
facts are given, they were checked at the time of writing. When you rely on
a detail for real work, confirm it in the provider's current documentation —
a habit every good FDE already has.

I hope this book helps you do the work well: to understand problems
before solving them, to respect the systems and people you find in the
field, and to leave every customer with something that works.

Neeraj Bhatyal
New York, 2026
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How to Use This Book

Who this book is for

This book assumes you can program in at least one language and have built
or maintained some software professionally. It does not assume you are an
expert in cloud platforms, data engineering, or artificial intelligence. Each
chapter begins from first principles and builds toward the judgment an
experienced practitioner uses in the field.

Ways to read it

e From start to finish. The chapters build on each other, and the Acme
story runs through them in order. This is the best path if you are
preparing for an FDE role.

e By need. If you are about to work in a customer's Azure environment, go
straight to Chapter 11 and then Chapter 13. If you are about to build a
retrieval system, read Chapters 18 through 21. Cross-references point
you to related material.

e As afield reference. The checklists at the end of each chapter, the
comparison tables in Appendix A, the command reference in Appendix
B, and the templates in Appendix C are designed to be used during real
engagements.

How each chapter is organized

Every chapter follows the same structure so that you always know where

to find things:

1. Opening scenario. A short situation from the Acme engagement that
frames the chapter's problem.

2. Core concepts. The ideas explained in plain language, with diagrams.

3. Cloud mapping. Where it applies, how the concept appears on AWS,
Azure, and Google Cloud.

4. Field Notes. Prompts that connect the chapter to your own work.

5. Hands-on exercise. A practical task you can complete in a personal or
sandbox account.
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6. Checklist and summary. A one-page checklist for real work and a
summary of the chapter's key points.

Acme and Priya

Throughout both volumes, we follow Priya, a Forward Deployed Engineer,
through her engagement with Acme, a fictional company that sells and
services industrial equipment worldwide. Acme has the kind of
environment you will find in many real enterprises: decades-old core
systems alongside modern cloud services, a large customer support
organization, data spread across many platforms, and a leadership team
eager to use Al but cautious about risk. Acme's story gives every concept a
concrete context.

Conventions

Text in monospace indicates commands, code, file names, and identifiers.
Three kinds of boxes appear throughout:

KEY IDEA
A principle worth remembering after you have forgotten the details.

FDE TIP
Practical advice for working in customer environments.

FIELD NOTES

A prompt to connect the chapter to your own work.

Exercises and costs

The hands-on exercises use the free tiers and low-cost services of the
major cloud providers wherever possible. Always use a personal or
sandbox account — never a customer's or employer's production
environment — set a budget alert before you begin, and follow the cleanup
steps at the end of each exercise.
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PART |

The Role and Its Roots

What a Forward Deployed Engineer is, why the role matters
now, and how we arrived at today's software, cloud, and Al
landscape.
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2 A Short History: From Mainframes to Agents






VOLUME 1 - PART | — THE ROLE AND ITS ROOTS

The Forward Deployed
Engineer

What the role is, where it came from, why it matters in the age of
Al, and how this book prepares you for it

IN THIS CHAPTER
» What a Forward Deployed Engineer does — and what makes the role different

» Where the role came from, and why Al made it one of the most sought-after jobs
in technology

» How an FDE differs from product engineers, solutions architects, consultants,
and sales engineers

» The FDE delivery loop and the three kinds of ownership every engagement must
settle

» The skills profile of an effective FDE
» Meet Acme and Priya, whose story runs through both volumes
» A map of the book



The Forward Deployed Engineer - Volume 1

"Can You Just Build Us an Al Agent?"

The request arrives in a short email from Acme's Vice President of
Customer Support:

THE REQUEST

"We want an Al agent that resolves support tickets automatically. Our
competitors are doing it. Can you have something running by the end of the
quarter?"

The request sounds clear. A capable engineer could pick a language model,
connect it to the ticketing system, write a few prompts, and produce an
impressive demonstration within a week. Many teams do exactly that. A
surprising number of those demonstrations never become systems anyone
relies on.

Look more closely, and the request contains almost none of the
information needed to build something useful. What does "resolve" mean —
answer the customer, close the ticket, issue a refund? Which tickets are in
scope: password resets, or warranty disputes involving thousands of
dollars? What happens when the system is unsure? Which systems hold
the truth about an order, a warranty, or a customer's contract? Is the agent
allowed to change anything, or only to suggest? What data may leave
Acme's environment, and which country's laws apply to it? Who approves
putting the system into production? And how will anyone know whether it
worked?

The most important work has not started yet. Answering those questions
— with the customer, inside the customer's real environment — and then
building, validating, and handing over a system that actually works is the

job of a Forward Deployed Engineer.

1.1 What a Forward Deployed Engineer Does

A Forward Deployed Engineer (FDE) is a software engineer who works
directly with a customer to turn an ambiguous business problem into a
working, adopted, production system. "Forward deployed" describes where
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the work happens: not at a distance, building a product for thousands of
users at once, but up close — in the customer's workflows, their data, their
cloud accounts, their security reviews, and their meetings.

That sounds simple. In practice it combines responsibilities that most
organizations split across several roles. On a single engagement, an FDE
may need to:

e understand a business workflow well enough to question the customer's
proposed solution;

» explore an unfamiliar technical environment without treating it as an
obstacle to be replaced;

 translate operational needs into testable system behavior;

 build software that works within the customer's specific constraints —
their identity system, network rules, approved platforms, and data
policies;

 validate the system against real scenarios, including the ugly ones;

» explain technical decisions to executives, security teams, and the people
who will use the system; and

 leave behind a system the customer can own, operate, and change after
the FDE has gone.

The common thread is accountability for the outcome, not just the code. A
product engineer's work is finished when a feature ships and works as
designed. An FDE's work is finished when the customer's problem is
measurably better and someone on the customer's side can keep it that
way.

KEY IDEA
An FDE does not merely implement what a customer asks for. An FDE
discovers the problem behind the request, validates the constraints, builds a
working solution, and transfers an operable system.

1.2 Where the Role Came From

The title "Forward Deployed Engineer" was coined at Palantir in the early
2010s. Palantir built data integration and analysis software for
governments and large companies, and it learned quickly that the software
alone did not solve customers' problems. Every customer's data was
different, every workflow had its own logic, and the hard part of each
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deployment was connecting the product to that reality. Palantir's answer
was to send engineers to work inside customer organizations, writing real
code against real data. Internally the team was called "Delta." For several
years, Palantir employed more of these engineers than traditional product
engineers.

Palantir described the distinction with a memorable phrase. A product
engineer works on one capability for many customers. A forward deployed
engineer works on many capabilities for one customer. The two roles are
complementary: FDEs discover what customers actually need and feed it
back into the product, while product engineers turn repeated patterns into
reusable capabilities.

Product engineer Forward Deployed Engineer
One capability, many customers One customer, many capabilities

Capability [ Data ][ Identity ] [ Workflow Al + tools ]

() (=) (o) (5]

FDEs discover what customers need; product engineers turn repeated patterns into reusable product.

Figure 1.1 — Two complementary orientations. Product engineering builds one capability
for many customers. Forward deployed engineering assembles many capabilities into a
working system for one customer.

For most of the 2010s, the role remained associated mainly with Palantir
and a handful of companies selling complex enterprise software. That
changed in 2025. As companies building AI models and platforms tried to
move their customers from experiments to production, they found the
same problem Palantir had found a decade earlier: the technology was
powerful, but every enterprise deployment required deep, hands-on
engineering in the customer's environment. OpenAl formed a forward
deployed engineering team in early 2025, and Al companies, enterprise
software vendors, and startups followed. Hiring for FDE roles rose sharply,
and the venture capital firm Andreessen Horowitz called it one of the
hottest jobs in technology.
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1.3 Why Al Made the Role Essential

Earlier waves of enterprise technology were largely deterministic. A
database returns the rows you ask for. An API either succeeds or returns
an error. If you configure a system correctly, it behaves the same way
every time. Deploying such systems was hard, but the difficulty was mostly
in integration and scale.

Al systems add a new kind of difficulty. A language model produces fluent,
plausible answers, and its quality depends heavily on the context it is given
— which documents it retrieves, which tools it can call, which instructions
it follows. It can be confidently wrong. Its behavior can change when the
model is upgraded. It can be manipulated by text hidden in the documents
it reads. And it is now often asked not only to answer questions but to act:
to update records, send messages, or trigger workflows.

This creates a large gap between a demonstration and a production
system. A demonstration needs a model and a few good examples. A
production system needs answers to questions such as these:

e Which data is the system allowed to see, and how is that enforced for
each user?

e How do we measure whether its answers are correct, and how often is
"often enough"?

e What may it do on its own, and what requires a human's approval?

e How do we detect, investigate, and recover when it gets something
wrong?

e What does it cost per request, and does that cost make business sense?

e Who is accountable for its behavior once the engineers who built it have
moved on?

None of these questions can be answered from outside the customer's
organization. They depend on the customer's data, policies, regulators, risk
tolerance, and people. That is why Al turned the FDE from a niche role into
a central one: the value of Al in an enterprise is realized — or lost — in
exactly the space where FDEs work.
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Before: most of the effort was writing code

Test H Deploy ]

Now: Al writes much of the code; the effort moves to the edges

Problem
framing

Dark boxes mark the work that depends on understanding the customer — the core of the FDE role.

Validation
and evals

Al-assisted
coding

Policy and
security

Context
and data

Operate and
adapt

Specification

Figure 1.2 — The bottleneck moves. As Al tools make code faster to produce, the scarce
skills become framing the problem, supplying the right context, validating behavior,
enforcing policy, and operating the result.

There is a second reason Al elevates the FDE. Al coding assistants now
generate a large share of routine code. That does not make engineers less
important — but it shifts where their value lies. When code is cheap, the
expensive mistakes are building the wrong thing, building it on the wrong
data, or building it in a way the customer cannot safely operate. Figure 1.2
shows how the bottleneck moves. Every box that grew darker is a box
where an FDE's judgment, not typing speed, determines the outcome.

1.4 The FDE and Neighboring Roles

The FDE role overlaps with several familiar roles, and in some
organizations the titles are used loosely. It helps to understand the typical
center of gravity of each.
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Table 1.1— The FDE and adjacent roles

Role Primary focus Typical output

Product Building and evolving a product Product features and maintainable

engineer for a broad base of users code

Solutions Designing a system that satisfies  Architecture, design decisions,

architect requirements and constraints guidance

Consultant Analyzing a problem and Assessments, recommendations,
recommending a course of action plans

Implementation Configuring and deploying a A configured, integrated product

engineer known product

Sales engineer  Demonstrating technical fit Demos, technical validation,
during a sale customer confidence

Forward Discovering, engineering, A working system, evidence of value,

Deployed validating, and enabling a and an operable handoff

Engineer solution in the customer's real

environment

An FDE regularly does some of each of these jobs. The difference is that
the FDE connects them in one continuous loop and stays accountable from
the first conversation to the measured outcome. Two comparisons come
up often enough to deserve a closer look.

FDE versus solutions architect. Solutions architects typically design,
advise, and sometimes build prototypes, often working outside the
customer's systems. FDEs are more hands-on and work with more
ambiguity: they write production code directly in the customer's
environment, debug the customer's systems, and stay through deployment
and adoption. A good FDE thinks like an architect; a good architect
respects what FDEs learn in the field.

FDE versus consultant. Consultants are usually measured by the quality of
their analysis and recommendations. FDEs are measured by whether
something works. An FDE's recommendation is often a running system.
And while a consulting engagement may end with a report, an FDE
engagement should end with a customer team that can operate what was
built — and, for the FDE's own company, with product insights that make
the next deployment easier.
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1.5 The FDE Delivery Loop

Because the customer's understanding of the problem changes as the work
uncovers real data, real workflows, and real failure cases, FDE work is not a
straight line from requirements to delivery. It is a loop, shown in Figure 1.3.

1. Discover
problem, workflow, stakeholders

N

[ 5. Deploy, adopt, hand off ] [ 2. Map constraints ]

production, owners, runbooks systems, data, security, cost

Customer

outcome

4. Validate in context 3. Build a working slice
real users, real failure cases thin, end-to-end, real data

—

Each pass produces evidence — and often changes what "the problem" is.

Figure 1.3 — The FDE delivery loop. Discovery, constraint mapping, building, validation,
and handoff repeat in short cycles. Each cycle produces evidence that sharpens the next.

1. Discover. Understand the workflow and the outcome the customer
actually needs, separate from the solution they proposed. Identify who
uses, sponsors, approves, and will operate the system.

2. Map constraints. Learn the environment: systems of record, data
quality, identity, network rules, approved platforms and models,
regulations, budget, and timeline. Separate facts from assumptions.

3. Build a working slice. Deliver the smallest piece of real functionality
that runs end to end on real data — not a slide, and not a disconnected
prototype.

4. Validate in context. Put the slice in front of real users with real cases,
including the difficult ones. Measure against the baseline.

5. Deploy, adopt, and hand off. Move what works into production with
monitoring, runbooks, and named owners — and feed what you learned
into the next cycle.

In a good engagement, the loop turns every week or two, and every turn
produces evidence: a demonstration on real data, a measured
improvement, a resolved security question, a decision made. Volume 2's

10
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final part is devoted to running this loop well. For now, notice that only
one of the five steps is primarily about building. The others are about
understanding, proving, and transferring — the parts that make building
worthwhile.

1.6 Three Kinds of Ownership

Customers often bring in FDEs because they lack the time, experience, or
capacity to build something themselves. That creates a quiet trap: the FDE
can become the only person who understands how the system works, why
it behaves as it does, and how to recover it when it fails. When the
engagement ends, the system slowly decays — or the FDE is never really
allowed to leave.

The way to avoid this trap is to make ownership explicit from the start.
Every engagement must settle three distinct kinds of responsibility, which
often belong to different people.

Operational
Build and validate the Monitor, support, secure, Own the workflow, policy,
agreed solution and change the system and the outcome
Usually: the FDE and Usually: the customer's Usually: a business leader
project team platform or ops team on the customer side
Ends at handoff Must be named early Owns success metrics

Figure 1.4 — Three kinds of ownership. An engagement is at risk whenever any of the
three is left implicit — and especially when the FDE quietly holds all three.

Delivery responsibility is building and validating the agreed solution. This
is usually the FDE's. Operational responsibility is monitoring, supporting,
securing, and changing the system once it is live; it must belong to a team
that will still be there next year. Business responsibility is owning the
workflow, the policies the system enforces, and the outcome it is meant to
improve. For Acme's support agent, that is likely the support organization's
leadership — not engineering, and certainly not the FDE.

Naming these owners in the first weeks feels premature to many
customers. It is not. The answers shape the design: a system that will be
operated by a small platform team should be simpler than one operated by

M
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a large SRE organization, and a workflow whose business owner wants to
adjust policies weekly needs those policies to live in configuration, not
code.

1.7 The Skills of an Effective FDE

The strongest FDE is rarely the person who knows the most technologies.
It is the person who can enter an unfamiliar environment, work out what
matters, learn what is necessary, make sound decisions, work well with the
people there, and leave behind a system that survives. That is a different
profile from a specialist's.

A useful way to picture it is the n-shaped engineer: broad knowledge
across the whole system, connected to deep expertise in two or more
areas. Breadth lets you understand how a customer's applications, data,
cloud, security, and Al fit together. Depth lets you solve the hard problems
that inevitably appear in at least one of those areas.

Breadth: working knowledge across the whole system

applications - APIs - databases - networking - cloud - security - observability - data - Al - customer workflows

Connecting skills

* Problem framing

« Systems thinking and failure modes
Depth 1 * Architecture judgment and tradeoffs Depth 2

e.g. cloud and * Clear communication, written and spoken e.g. Al systems
data platforms and agents

* Customer empathy

 Learning fast in unfamiliar systems

* Leading without formal authority

The deep areas differ from person to person. The connecting skills do not.

Figure 1.5 — The n-shaped FDE. Broad system knowledge, two or more areas of real
depth, and a set of connecting skills that turn knowledge into outcomes.

There is no single correct combination of deep areas. One FDE may be
deep in distributed systems and security; another in data engineering and
Al evaluation. What matters is the distinction between strategic depth and
technology accumulation. Knowing the names of twenty tools does not
create judgment. The questions that create judgment are always the same:
When should this technology be used, and when not? What does it cost to

12
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operate? What failure modes does it introduce? Who will own it? What
does the customer already have? What simpler option could work? What
evidence would justify the choice?

The connecting skills in Figure 1.5 are what make an FDE effective rather
than merely knowledgeable. Several of them — communication, empathy,
leadership without authority — are often called "soft skills," which
undersells them. In the field, a well-written one-page summary that gets a
security approval in three days instead of three weeks is an engineering
achievement. So is a demonstration that makes a skeptical operations team
say, "We could run this."

Table 1.2 — Where this book builds each capability

Capability What it looks like in the field Where covered

Software engineering Read and change unfamiliar codebases; Vol. 1, Part Il
build reliable services

Cloud and infrastructure Navigate AWS, Azure, or Google Cloud; Vol. 1, Part llI
deploy, network, and operate

Data Find, assess, and move the data a solution Vol. 1, Ch. 6, 18
depends on

Al systems Choose models, ground them in Vol. 1, Part IV; Vol.
knowledge, evaluate them 2, PartV

Agents and MCP Connect Al to tools and systems safely Vol. 2, Parts V-VI

Security and governance Pass security reviews; design within trust ~ Vol. 1, Ch. 7; Vol.
boundaries and regulation 2, Part VII

Field craft Discovery, scoping, prototyping, delivery,  Vol. 2, Part VII|

leadership, handoff

1.8 What a Week Looks Like

To make the role concrete, here is a realistic week in the middle of an
engagement. It is not glamorous, and that is the point: most of the value
comes from many small, well-judged actions.

e Monday. A working session with three support agents, watching them
handle real tickets. You discover that a third of "warranty" tickets are
actually shipping delays — a category the original plan ignored.

e Tuesday. Your retrieval prototype returns outdated policy documents.
You trace it to two copies of the knowledge base, one of which stopped
syncing eight months ago. You raise it with the knowledge management
owner and point the pipeline at the right source.

13
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e Wednesday. A security review. You bring a one-page data-flow diagram
showing exactly what leaves which network, which model endpoint is
used, and how personal data is masked. The review takes forty minutes
instead of the expected three weeks of back-and-forth.

» Thursday. You build an evaluation set of 150 real tickets with the
support team's help, and run the current version against it. Accuracy on
shipping questions is high; on warranty questions, poor. You narrow the
next release to shipping questions only.

o Friday. A demonstration to the VP of Support using real tickets from
that week, followed by a short written update: what improved, what did
not, what decision you need from her, and what happens next.

Notice how little of that week involved choosing frameworks or tuning
prompts, and how much involved understanding the workflow, finding the
truth in the data, earning trust, and narrowing scope based on evidence.
That balance is typical.

1.9 Meet Acme and Priya

Throughout both volumes, we follow one engagement from beginning to
end. Acme is a fictional company that sells and services industrial
equipment — pumps, compressors, and control systems — to customers in
more than forty countries. It has about eight thousand employees, a
customer support organization of six hundred agents, and a technology
estate that reflects thirty years of growth.

14
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( )
Acme's technology estate (simplified)
People Channels
Customers - 600 support agents - field technicians Web portal (TypeScript) - email - phone - Teams
Applications
Order & billing Case service Knowledge base CRM (SaaS)
30-year-old core system Java, Aurora PostgreSQL 12,000 articles, PDFs accounts, contracts
Data
Data lake on S3 + Databricks Equipment telemetry
Python and Spark data team streaming sensor events
Platforms
AWS Microsoft 365 + Entra ID On-premises data center
most workloads, 40+ accounts identity, email, Teams core system, VPN to AWS
g J

Figure 1.6 — Acme's technology estate. A realistic mix of old and new: a decades-old
core system, Java services, a SaaS CRM, a data lake, AWS as the main cloud, and
Microsoft for identity and collaboration.

Acme's environment, shown in Figure 1.6, is typical of the enterprises FDEs
serve. Its order and billing system runs in its own data center and has been
extended so many times that only a few people understand all of it.
Support cases are handled by a Java service backed by a PostgreSQL
database on AWS. Twelve thousand knowledge articles live in a content
system, many as PDFs of uneven quality. Customer accounts and contracts
are in a SaaS CRM. The data team has built a data lake on Amazon S3 with
Databricks, and equipment in the field streams sensor data back to Acme.
Employees sign in with Microsoft Entra ID and collaborate in Microsoft
Teams.

Acme's leadership wants Al to reduce support costs and response times. Its
security team, having watched peers suffer data leaks, is cautious. Its
support agents are curious but worried about their jobs. Its platform team
is already busy. Every one of those facts will shape the engagement.

Priya is the Forward Deployed Engineer assigned to Acme by the Al
platform company Acme has chosen to work with. She has eight years of
experience as a backend and data engineer and two years as an FDE. She is
strong in cloud infrastructure and data systems, competent in Al, and still
learning how to navigate a large company's politics. Over the course of
both volumes, you will see her make good decisions, a few bad ones, and
recover from them — as every real FDE does.

15
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1.10 How This Book Is Organized

This book is published in two volumes that follow the shape of the FDE's
knowledge, from foundations to field craft.

( N A
Volume 1— Foundations Volume 2 — In the Field

|- The Role and Its Roots V - Building Agents

Ch. 1-2: the FDE; a short history Ch. 23-28: Al apps, agents, frameworks

Il - Engineering Fundamentals VI - MCP and the Connected Enterprise

Ch. 3-8: design, APIs, data, security, field basics Ch. 29-33: protocol, integration, operations
S /

Il - Cloud VII - Enterprise Al Architecture

Ch. 9-17: fundamentals; AWS, Azure, Google Ch. 34-36: platforms, security, governance

Cloud; networking, K8s, laC, SRE, FinOps \ J

VIl - The FDE in the Field
IV - Data and Al Ch. 37-43: discovery, scoping, delivery,
Ch. 18-22: data platforms, LLMs, RAG, doc Al leadership, career, capstone

N J . J

Figure 1.7 — The map of the book. VVolume 1 builds the foundation; Volume 2 applies it to
agents, connected systems, governance, and the craft of field engineering. The
emphasized parts are where the book spends the most time.

Volume 1 builds the foundation. Part I introduces the role and gives a short
history of the technologies an FDE inherits in every customer
environment. Part I covers the software engineering fundamentals you
will use daily, including a chapter on the practical field skills — Linux, the
shell, networking, and debugging — that are rarely taught but constantly
needed. Part I1I is the largest part of this volume: it explains the concepts
all clouds share, gives a dedicated tour of AWS, Microsoft Azure, and
Google Cloud, and covers networking, containers, infrastructure as code,
operations, and cost. Part IV covers the data platforms that feed Al systems
and the foundations of working with Al models, retrieval, and documents.

Volume 2 applies that foundation. It covers Al application architecture and
agents, the Model Context Protocol and connected enterprise systems, Al
security and governance, and finally the craft of field engineering:
discovery, scoping, prototypes, delivery, leadership, and building a career
as an FDE. It ends with a capstone that follows Acme's engagement from
first conversation to production.
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FIELD NOTES — YOUR TURN
i Before you move on, take ten minutes to write down a real moment from your
own work when understanding the actual problem mattered more than the
technology. Prompts to start from:

¢ Arequest that turned out to be a different problem once you watched
the real workflow. 3

¢ A project that technically succeeded but was not adopted — and what
you learned about ownership.

* The moment you realized that most of your value on a project came from
work outside the code.

__________________________________________________________________________________________

Hands-On Exercise: Your FDE Profile and Your First
One-Pager

This exercise has two parts. Neither needs a computer beyond a text
editor, and both produce artifacts you will reuse throughout the book.

Part 1— Map your 1t

Draw your own version of Figure 1.5. List the areas where you have real
depth today — where you could debug a hard problem without help — and
the areas where you have working breadth. Then mark one area you want
to deepen in the next six months. Be honest: the goal is a learning plan, not
arésumé. Keep this page; Chapter 42 returns to it.

Part 2 — Reframe a request

Take the Acme request from the start of this chapter — "an Al agent that
resolves support tickets automatically” — or a real request from your own
work. Write a one-page engagement summary using the template in
Appendix C.1. You will not be able to fill in every section. That is the point:
list the questions you would need answered, who you would ask, and what
you would want to see in the first two weeks. Compare your list with the
questions in Section 1.3.

Checklist: Starting Any FDE Engagement

O I can state the customer's problem as a workflow and an outcome, not
just as the requested solution.
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O

I know who uses, sponsors, approves, and will operate the system.

O

Delivery, operational, and business ownership each have a named
owner.

I have separated what I know from what I am assuming.
I know how success will be measured, and what the baseline is today.

The first working slice is small, end to end, and uses real data.

Oo0Ooo

I have agreed how and when I will show progress — with evidence, not
slides.

O

I know what "done" looks like for my involvement, and how I will hand
over.

Chapter Summary

A Forward Deployed Engineer turns an ambiguous customer problem into
a working, adopted, production system, working directly in the customer's
environment and staying accountable for the outcome. The role was
created at Palantir in the early 2010s and became one of the most sought-
after roles in technology from 2025 onward, as Al companies and
enterprises discovered that the value of Al is realized — or lost — in the gap
between a demonstration and a dependable system.

FDEs overlap with product engineers, solutions architects, consultants,
implementation engineers, and sales engineers, but differ in connecting
discovery, engineering, validation, and handoff in one continuous loop.
Every engagement must settle three kinds of ownership — delivery,
operational, and business — so that the system outlives the FDE's
involvement. The effective FDE is n-shaped: broad across the system, deep
in two or more areas, and strong in the connecting skills of framing,
judgment, communication, and leadership without authority. As Al makes
code cheaper to produce, those connecting skills become the scarce ones.

LOOKING AHEAD
Every customer environment is a museum of decisions made over decades:
a core system from the mainframe era, services from the web era, a data
lake from the big-data era, and Al from this one. Chapter 2 tells the short
story of how those layers came to be — so that when you meet them in the
field, you understand why they exist and what they can and cannot do.
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VOLUME 1 - PART | — THE ROLE AND ITS ROOTS

A Short History: From
Mainframes to Agents

How the layers of technology you meet in every customer
environment came to be — and why each still matters

IN THIS CHAPTER

» Why history is a practical skill for an FDE

» Computing hardware: from calculating machines to GPUs

» Programming languages and why enterprises run several at once

» How software engineering became a discipline: from the software crisis to
DevOps and Al-assisted development

» Software architecture: from mainframes to microservices and agents
» The internet and APIs: from ARPANET to tool calling
» Infrastructure: from data centers to cloud, containers, and Al compute

» A five-question framework for judging any new technology
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Archaeology on Day Three

On her third day at Acme, Priya traces how a single support question is
answered today. A customer asks why a replacement compressor has not
arrived. An agent looks up the case in a Java web application. The
application calls a service that queries the order system — which turns out
to be a program written in COBOL, running on a mainframe in Acme's own
data center, reached through a messaging bridge built in 2009. Shipping
status comes from a logistics partner's REST API. The customer's contract
terms are in a SaaS CRM. The agent then pastes an answer into an email
template stored in a shared drive.

In one workflow, Priya has touched technology from five decades. None of
it is a mistake. Each layer was a reasonable answer to the problems of its
time, and each still works well enough that replacing it has never been the
top priority. The Al assistant she is about to build will not replace these
layers. It will have to work with all of them.

This is why history is a practical skill for an FDE. When you understand
why a technology was created, you understand what it is good at, what it
assumes, how it tends to fail, and what it will take to connect something
new to it. This chapter is deliberately short. It does not try to tell the full
history of computing. It gives you just enough of each story to recognize
the layers when you meet them in the field.

KEY IDEA
Enterprise technology is cumulative. New layers are added on top of old
ones far more often than old ones are removed. An FDE's job is usually to
connect the newest layer to all the others.

2.1 Computing: From Calculation to Intelligence

The idea of a general-purpose computing machine is older than
electronics. In the 1830s, Charles Babbage designed the Analytical Engine,
a mechanical computer that could, in principle, be programmed with
punched cards. Ada Lovelace, writing about it in 1843, recognized that such
a machine could manipulate symbols of any kind, not only numbers — and
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published what is often called the first computer program. In 1936, Alan
Turing described a theoretical machine that could compute anything
computable, laying the mathematical foundation for every computer since.

Electronic computing arrived during and after the Second World War.
Machines such as ENIAC, completed in 1945, used thousands of vacuum
tubes and had to be rewired to change their task. The decisive idea was the
stored-program computer, described in 1945 and first demonstrated in
1948: a machine that keeps its instructions in the same memory as its data,
so that changing its behavior means loading a new program rather than
rewiring hardware. Software, as a separate thing from hardware, begins
here.

Electronic Mainframes Personal Web scale
computers integrated computers virtualization,
stored circuits, client- first public
programs batch work server clouds
—@ @ @ @ @ @ @ @
1940s 1950s 1960s 1970s 1980s 1990s 2000s 2010s-20s
Transistors Micro- The Web Cloud, mobile,
FORTRAN, processors Java, containers
COBOL ARPANET JavaScript, GPUs, LLMs,
grows Python agents

Figure 2.1 — Eight decades of computing in one line. Each era added a layer. Most large
enterprises still run something from almost every one of them.

The rest of the hardware story is one of relentless miniaturization. The
transistor, invented at Bell Labs in 1947, replaced fragile vacuum tubes.
The integrated circuit, developed in the late 1950s, put many transistors
on one chip. The microprocessor, introduced in 1971, put an entire
processor on one chip. Each step made computers smaller, cheaper, and
more reliable by orders of magnitude.

That progress produced the eras you still see in enterprises. Mainframes,
typified by IBM's System /360 from 1964, became the backbone of banks,
insurers, airlines, and governments, running batch jobs and high-volume
transactions with extraordinary reliability. Many still do: if your customer
processes payments, policies, or orders at scale, there is a good chance a
mainframe is involved. The personal computer, popularized by the IBM PC
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in 1981, put computing on every desk and led to client-server systems.
Networks connected those computers, first inside companies and then
globally through the internet.

Two more hardware shifts matter for today's work. Virtualization let one
physical server run many isolated virtual machines, making hardware
flexible and, eventually, rentable by the hour — the foundation of cloud
computing. And graphics processing units (GPUs), originally built to
render video games, turned out to be extremely good at the parallel
arithmetic that neural networks require. When researchers trained a deep
neural network on GPUs to win the ImageNet image recognition
competition in 2012, modern Al's hardware foundation was set. Today,
access to GPUs and similar accelerators shapes what Al systems cost and
where they can run.

2.2 Programming Languages: Why Every Enterprise
Runs Several

The first programs were written in machine language — raw numbers that
the processor executes directly — and then in assembly language, which
gave those numbers readable names. Both are tied to a specific processor
and are slow to write. The breakthrough was the high-level language,
which lets programmers express logic in a form closer to mathematics or
English and relies on a compiler to translate it.

FORTRAN (1957) made scientific and engineering computation practical.
COBOL (1959) was designed for business data processing — records, files,
and arithmetic on money — and was written to be readable by managers as
well as programmers. Billions of lines of COBOL still run core systems in
banking, insurance, and government. When an FDE hears "the mainframe,’
COBOL is usually what is running on it.

Later languages introduced ideas that shape how code is organized today.
Structured programming in the 1960s and 1970s replaced tangled jumps
with clear loops and functions. C (1972) gave programmers efficient,
portable access to hardware and became the language of operating
systems. Object-oriented programming, popularized by C++ and later Java,
organized code around objects that combine data and behavior. Functional
programming ideas — functions without side effects, immutable data —
moved from academic languages into mainstream ones.
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Three languages dominate the environments in this book, and FDEs should
be able to read all three:

e Java (1995) runs on the Java Virtual Machine and became the standard
language for large enterprise back-end systems. Its strong typing,
mature tooling, and frameworks such as Spring make it the language of
many systems of record. Acme's case service is written in Java.

o JavaScript (1995) began as a scripting language for web pages and,
through Node.js, also runs on servers. TypeScript (2012) adds static
types to JavaScript and has become the default for serious web front
ends and many back-end services. Acme's customer portal is
TypeScript.

e Python (1991) became the language of data science, machine learning,
and automation because it is easy to read and has an enormous
ecosystem of libraries. Almost every Al framework is Python-first.
Acme's data team writes Python and Spark.

' N\ N [ A
Java TypeScript Python
Where you meet it Where you meet it Where you meet it
Systems of record, banking, Web front ends, APIs, Data, ML, Al, automation,
enterprise back ends integration services scripts, notebooks
Strengths Strengths Strengths
Types, performance, tooling, Runs everywhere, fast Readable, huge Al and data
long-term stability iteration, typed JavaScript ecosystem
Acme: case service Acme: customer portal Acme: data team, Al work
. J AN J

Figure 2.2 — Three languages, three ecosystems. Most enterprises are polyglot. An FDE
who can read all three can follow a request across the whole system.

The practical lesson is that language choice is an architectural decision,
not a matter of taste. Each language brings its own build tools, libraries,
deployment patterns, and talent pool. When Acme's business rule for
"warranty eligibility" exists in Java in the case service, in TypeScript in the
portal, and in Python in a data pipeline, the three copies can quietly
disagree — a problem known as semantic drift. Many real Al failures begin
here: the assistant retrieves one version of a rule while the system of
record enforces another. Part of an FDE's discovery work is finding where
the authoritative version of each rule lives.

Al coding assistants have changed how code is written, but not this lesson.
They can generate code in any language quickly, which makes it even
easier to add a fourth copy of a business rule in a fourth language. Chapter
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4 returns to how to use these tools well.

2.3 Software Engineering: From Crisis to Discipline

By the late 1960s, software projects were routinely late, over budget, and
unreliable. Programs had grown far larger than the methods used to build
them. At a NATO conference in 1968, participants described this as a
"software crisis" and popularized the term software engineering — the
idea that building software should be a disciplined engineering activity, not
an art.

The first widely adopted response was the waterfall model: gather all
requirements, design everything, build, test, and deploy, in that order.
Waterfall made large projects plannable and auditable, which is why it
suited government contracts and regulated industries. Its weakness is that
it assumes requirements can be known completely in advance and that
problems found late are rare. In practice, the most important things are
often discovered only when real users see working software.

Waterfall Agile ci/cb DevOps SRE and Al-assisted
1970s 2001 2000s 2009 platforms 2020s
2010s
Plan all, Short cycles, Automated You build it, o Specify,
then build working build, test, you run it Reliability as generate,

software release engineering verify

The constant thread: shorten the loop between a change and evidence that it works

Each step reduced the time and cost of learning whether software does what people need.

Figure 2.3 — How software delivery evolved. Each practice built on the last, and each
shortened the time between making a change and knowing whether it works.

Through the 1990s, iterative methods such as Scrum and Extreme
Programming emerged, and in 2001 a group of practitioners published the
Agile Manifesto, which valued working software, collaboration with
customers, and responding to change. Agile changed the unit of progress
from a document to a working increment. Practices such as test-driven
development and continuous integration — merging and testing every
change automatically, many times a day — made those increments reliable.
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The next barrier was the wall between the people who wrote software and
the people who ran it. DevOps, a term that spread from 2009, broke that
wall down: teams took responsibility for operating what they built, and
automated the path to production with continuous delivery. Google's Site
Reliability Engineering (SRE) practice, developed from 2003 and published
in 2016, treated operations as a software problem, with explicit reliability
targets and error budgets. More recently, platform engineering has
packaged these practices into internal platforms so that product teams can
deploy safely without becoming infrastructure experts.

The latest step is Al-assisted and agentic software engineering. Coding
assistants now suggest and write code, generate tests, explain unfamiliar
codebases, and — in agentic forms — carry out multi-step tasks such as
fixing a failing test across several files. This does not remove the need for
engineering discipline; it raises it. When code can be produced faster than
humans can read it, the controls that verify code — tests, reviews,
evaluation, and CI pipelines — become the most important parts of the
process. Chapters 4 and 15 cover these practices in depth.

Each of these eras survives in enterprises today. An FDE may work with a
bank whose core-system changes follow a quarterly waterfall release with
formal sign-offs, while the team next door deploys a web application thirty
times a day. Neither is wrong for its context. The skill is recognizing which
world you are in and designing your delivery to fit it.

2.4 Software Architecture: From Mainframes to Agents

Architecture is the set of decisions that are expensive to change: how a
system is divided, how its parts communicate, where its data lives, and
how it behaves when things fail. Like languages and processes,
architectural styles arrived in waves, and each wave left systems behind.
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Centralized Mainframe runs everything; terminals display results 1960s-
Client-server Desktop applications talk to a shared database server 1980s-
N-tier web Browser - web server - application server - database 1990s-
SOA Shared enterprise services over a service bus (SOAP, XML) 2000s-

r N
Microservices Small, independently deployed services; APIs and events 2010s-
Cloud-native Containers, serverless functions, managed services, events 2010s-

\ y,
Al and agentic Models, retrieval, tools, and agents added to existing systems 2020s-

Figure 2.4 — Architectural waves. Read the dates as "since," not "until." Every one of
these styles is still in production somewhere — often inside the same company.

In the centralized era, one mainframe ran all the logic and stored all the
data; users worked on terminals that simply displayed results. Client-
server systems moved the user interface and some logic onto personal
computers, which talked to a shared database. The web produced n-tier
architectures: a browser, a web server, an application server holding
business logic, and a database, each in its own layer.

As companies accumulated many applications, they tried to share
capabilities between them. Service-oriented architecture (SOA) in the
2000s exposed business functions as enterprise services, typically using
SOAP and XML over a central enterprise service bus. SOA introduced
valuable ideas — contracts, reuse, loose coupling — but often became
heavy and centrally governed.

Microservices, popularized in the 2010s by companies operating at
internet scale, divided applications into small services that could be
developed, deployed, and scaled independently by separate teams,
communicating through lightweight APIs and events. Domain-driven
design supplied the method for deciding where service boundaries should
go. Microservices made large organizations faster, but at a cost: a
distributed system has many more ways to fail than a single program.
Many companies have since moved back toward a modular monolith —
one deployable application with strong internal boundaries — when they
did not need independent scaling.
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Cloud platforms added serverless and event-driven styles, in which small
functions respond to events and managed services replace self-run
infrastructure. And now Al and agentic architectures add models, retrieval
systems, and agents that can call tools. These do not replace earlier
architectures; they sit on top of them and depend on them. An agent that
"updates an order” is only as reliable as the order service it calls — which,
at Acme, means a messaging bridge to a mainframe.

Chapter 3 covers architecture and design in depth. The historical lesson is
this: every architectural style is a set of tradeoffs, not a level of maturity.
A monolith is not primitive and microservices are not advanced. The right
architecture is the one whose tradeoffs fit the customer's problem, team,
and constraints — and the one they can operate after you leave.

2.5 The Internet and APIs: From ARPANET to Tool
Calling

The internet began as ARPANET, a research network funded by the United
States Department of Defense that connected its first computers in 1969.
Its key idea was packet switching: breaking messages into small packets
that travel independently across a network and are reassembled at the
destination, so that the network keeps working even if parts of it fail. On
January 1, 1983, ARPANET switched to the TCP/IP protocols, which still
carry nearly all internet traffic. The Domain Name System (DNS),
introduced shortly after, mapped human-readable names to numeric
addresses.

In 1989, Tim Berners-Lee at CERN proposed the World Wide Web:
documents linked by URLs, retrieved using HTTP, and written in HTML.
The web made the internet usable by everyone, and HTTP — with its
methods such as GET and POST and its status codes such as 200 and 404
— became the universal language of networked software.
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TCP/IP HTTP / Web SOAP REST GraphQL, Events, Al APIs,
1983 1991 ~2000 2000s gRPC webhooks tools, MCP
Packets Documents XML services Resources 201 A0l
between hosts for people for enterprises over HTTP Typed, efficient| | Push, not poll

The consumer changes: from machines, to people, to programs, to Al models
The constant is the contract — what a caller may send and what it can rely on getting back.

Figure 2.5 — The evolution of machine-to-machine communication. Each generation
kept the earlier ones running. Al models are the newest kind of APl consumer.

As businesses moved online, programs began talking to programs. SOAP
web services, built on XML with formal contracts, became the enterprise
standard around 2000 and still run inside many banks and insurers. REST,
described by Roy Fielding in 2000 and widely adopted through the 2000s,
used plain HTTP and URLSs to represent resources, and became the default
style for public APIs. Later, GraphQL let clients request exactly the data
they need, and gRPC provided fast, strongly typed communication
between internal services. Webhooks, WebSockets, and event streams
added the ability to push information instead of repeatedly asking for it.

The newest consumer of APIs is the Al model itself. Model providers
expose their models through APIs. Models, in turn, can now be given
descriptions of other APIs — tools — and decide when to call them, a
capability called tool calling or function calling. In late 2024, Anthropic
introduced the Model Context Protocol (MCP), an open standard for
connecting Al applications to tools and data sources, which was quickly
adopted across the industry. MCP is the subject of Part VI in Volume 2.

Through all of these changes, one idea has remained central: an API is a
contract. It defines what a caller may send, what it will get back, how
errors are reported, and how the interface may change over time.
Contracts are what allow systems built by different teams, in different
decades and different languages, to work together. When an Al agent calls
an API, it inherits every property of that contract — including its quirks.
Chapter 5 covers APIs and integration in depth.
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2.6 Infrastructure: From Data Centers to the Cloud and
Al Compute

For most of computing history, running software meant owning hardware.
Companies bought servers, installed them in data centers with power,
cooling, and network connections, and installed an operating system and
applications on each one. Capacity had to be planned months ahead, and a
server bought for one application often sat mostly idle.

Virtualization changed the economics. A hypervisor lets one physical
server run many isolated virtual machines, each with its own operating
system. Companies such as VMware brought virtualization into enterprise
data centers from the late 1990s onward, and utilization improved
dramatically. Just as important, a virtual machine is software: it can be
created, copied, and moved in minutes.

Amazon Web Services turned that idea into a public service. In 2006, it
launched S3 for storage and EC2 for virtual servers, rented by the hour
through an API. Cloud computing was born: infrastructure as a service
(TaaS), then platform services (PaaS) that managed databases, queues, and
runtimes, and later software as a service (SaaS) for complete applications.
Microsoft Azure and Google Cloud followed. The cloud removed the
months-long wait for hardware and replaced capital expense with
operating expense — but also introduced new disciplines, from identity
design to cost management, that Part III of this book covers in detail.

Al compute: GPUs and accelerators, model APls, inference platforms (2020s)

Containers, Kubernetes, serverless (2013-)
Package once, run anywhere; orchestrate; pay per request

Public cloud (2006-)
Infrastructure and managed services rented by the hour through APIs

\

Virtual machines
Many isolated servers per machine; created in minutes
<
Physical servers in data centers
Buy, rack, install; plan capacity months ahead

Figure 2.6 — Infrastructure layers. Each layer abstracts the one below it. The higher you
build, the less you manage — and the more you depend on the provider's choices.

Two further abstractions followed. Containers, made popular by Docker in
2013, package an application with everything it needs to run, so that it
behaves the same on a laptop, in a test environment, and in production.
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Kubernetes, released by Google as open source in 2014, became the
standard way to run large numbers of containers across clusters of
machines. At about the same time, AWS Lambda introduced serverless
functions that run only when called and are billed by the millisecond.
Infrastructure itself became code, described in files and created by tools
such as Terraform — the practice called infrastructure as code.

The newest infrastructure layer is AI compute. Training large models
requires enormous clusters of GPUs and specialized accelerators; running
them — called inference — requires fast hardware close to users. Most
enterprises do not train large models. Instead, they consume models
through APIs, run smaller models on their own infrastructure, or use
managed Al platforms from the major clouds. Where the model runs, and
where the data goes to reach it, has become one of the first questions in
any enterprise Al security review.

2.7 The Rise of Al

Artificial intelligence has its own long history, which Chapter 19 tells in
more detail. The term was coined for a workshop at Dartmouth College in
1956. Early Al focused on logic and hand-written rules; in the 1980s, rule-
based expert systems enjoyed commercial success before proving brittle
and expensive to maintain. Machine learning took a different approach:
instead of writing rules, let the system learn patterns from examples.
Through the 1990s and 2000s, machine learning quietly powered spam
filters, recommendations, and fraud detection.

Deep learning — large neural networks trained on large datasets using
GPUs — produced dramatic gains from 2012 onward in images, speech, and
translation. In 2017, researchers at Google introduced the Transformer
architecture, which proved remarkably effective at learning from text at
scale. Transformers led to large language models (LLMs), and the public
release of ChatGPT in November 2022 brought them to hundreds of
millions of people within months.

Since then, the pace has been extraordinary. Models have become more
capable, cheaper, and able to work with images, audio, and documents as
well as text. They have gained the ability to call tools and act as agents,
carrying out multi-step tasks. And enterprises have moved from
experimentation toward production — which is exactly where the work of
the Forward Deployed Engineer begins.
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2.8 The Stack Is Cumulative

Put these histories together and a pattern emerges. Each generation of
technology solved real problems and was layered on top of what already
existed. Very little was ever fully retired. Figure 2.7 shows how this looks at
Acme.

2020s - Al layer Support assistant (planned), Bedrock models, retrieval over knowledge base

2010s - Cloud-native AWS accounts, containers, data lake on S3, Databricks, event streams

2010s - SaaS CRM, Microsoft 365, Entra ID

2000s - Web and services Java case service, REST APIs, TypeScript portal
2000s - Integration Messaging bridge, nightly file transfers, SOAP services
1990s - Core system Order and billing on a mainframe, COBOL, batch jobs

Every layer is still in production. A request from the top may travel to the bottom and back.

Figure 2.7 — Acme's technology strata. Like geological layers, each era of technology
sits on the ones before it. The Al assistant at the top depends on every layer below.

For an FDE, this pattern has three practical consequences.

First, legacy is not a dirty word. The oldest systems in an enterprise are
usually its most important, because they hold the records the business
runs on. They have survived precisely because they work. Treat them with
respect, learn their constraints, and connect to them through their
established interfaces. Proposing to replace them in order to make an Al
project easier is almost never the right first move.

Second, every new layer inherits the properties of the layers beneath it.
If the order system updates only in a nightly batch, an Al assistant cannot
report real-time order status, however capable its model. If the knowledge
base contains outdated articles, retrieval will surface outdated answers.
Many apparent Al problems are really data, integration, or process
problems lower in the stack.

Third, people and processes come with each layer. The mainframe has a
team with its own change windows. The data lake has owners with their
own priorities. The security team has controls designed for each era.
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Understanding which team owns which layer — and how each prefers to
work — is as important as understanding the technology.

2.9 A Framework for Judging New Technology

Because new technologies arrive constantly, an FDE needs a quick, reliable
way to evaluate them — both the ones customers are excited about and the
ones vendors are selling. Five questions, drawn from the history in this
chapter, serve well.

What problem does it solve?
Name the specific problem — for this customer, not in general.

What does it replace — or sit on top of?
Most technologies add a layer. What existing layer will it depend on?

What new complexity does it introduce?
New failure modes, skills, costs, security surface, and moving parts.

Who will own and operate it?
After you leave — with what skills, budget, and on-call support?

What happens when it fails?
How is failure detected, contained, and recovered — and who notices first?

Figure 2.8 — Five questions for any new technology. If a proposal cannot answer all five,
it is not ready for a customer's production environment.

Apply these questions to Acme's request for an Al agent that resolves
tickets. It solves a real problem — slow, costly support — but only for some
ticket types. It does not replace the case service, order system, or
knowledge base; it depends on all three. It introduces new complexity:
model behavior, evaluation, prompt injection, and token costs. It needs an
owner on Acme's side who can monitor and adjust it. And when it fails —
gives a wrong answer about a refund, for instance — someone must notice,
correct it, and prevent recurrence. None of these answers makes the
project a bad idea. Together, they turn it into a project that can succeed.
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FIELD NOTES — YOUR TURN |

Before you move on, write down a real moment from your own work about

meeting “old” technology in a modern project. Try one of these:

¢ A mainframe, batch job, or file transfer that turned out to be the real
constraint on a cloud or data project.

¢ A modernization effort that tried to replace a legacy system too early —
and what worked instead.

e How understanding why a legacy design existed changed your approach.

Hands-On Exercise: Draw a Customer's Technology
Strata

Choose a system you know well — at your current employer, a past one, or
a well-documented open-source project. In about an hour:

1.

Trace one request end to end. Pick a common user action (placing an
order, opening a support case, running a report) and list every system it
touches, in order.

. Date each layer. For each system, note roughly when it was built, in

which language, and on what infrastructure.

. Draw the strata. Arrange the systems in layers by era, as in Figure 2.7.

. Mark the constraints. For each layer, note one property an Al system

built on top would inherit — such as data freshness, an interface limit, or
a change window.

. Apply the five questions. Imagine adding an Al assistant at the top.

Answer the five questions in Figure 2.8.

Keep your diagram. You will extend it in later chapters as you learn more
about each layer.

Checklist: Reading the Layers in a Customer
Environment

[ I'have traced at least one important workflow through every system it

touches.

O I know which systems are the authoritative sources for the data my

solution needs.
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O I'’know which layers are batch and which are real-time, and how fresh
each data source is.

O I'’know where key business rules are implemented — and whether they
are implemented more than once.

O I'know which teams own each layer, and their change processes.

O I'have identified the established interfaces for connecting to legacy
systems.

O T have applied the five questions to every new technology in my
proposal.

Chapter Summary

Computing evolved from mechanical designs and room-sized electronic
machines to mainframes, personal computers, networks, virtualization,
cloud, and today's GPU-powered Al. Programming languages evolved from
machine code to COBOL, C, Java, JavaScript, TypeScript, and Python, and
most enterprises now run several at once — which makes language choice
an architectural decision and duplicated business rules a common source
of error. Software engineering evolved from waterfall to agile, continuous
delivery, DevOps, SRE, platform engineering, and now Al-assisted
development, each step shortening the loop between change and evidence.
Architecture moved from centralized systems through client-server, n-
tier, SOA, microservices, and cloud-native styles to Al and agentic systems
— each a set of tradeoffs rather than a level of maturity. Networks and APIs
moved from TCP/IP and HTTP through SOAP, REST, GraphQL, gRPC, and
events to APIs consumed by Al models, with the contract as the constant.

The key lesson is that enterprise technology is cumulative. New layers
inherit the properties of the old ones, and the people and processes that
come with them. An FDE who can read those layers, respect them, and
evaluate new technology with five simple questions is equipped to connect
the newest layer — Al — to everything beneath it.

LOOKING AHEAD
Part Il turns from history to practice. Chapter 3 begins with the decisions that
shape every system you will touch: how software is divided into parts, how
those parts depend on each other, and how to design systems that can
change safely — including the systems you add to a customer's
environment.
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