The Accidental CTO

How | Scaled from Zero to a Million Store on
Dukaan, Without a CS Degree.

A System Design Handbook by

Subhash Choudhary

The accidental CTO Author Copy



Chapter 1: The 3 AM Phone Call 4
Chapter 2: The WhatsApp PDF Problem (The Origin) 17
Chapter 3: The Great Divorce: Separating the App and the

Database 34
Chapter 4: The Traffic Cop: An Introduction to Load
Balancing 55
Chapter 5: The Bouncer at the Database Club: Read
Replicas 71
Chapter 6: "Don't Test on Prod, Bro!": The Staging
Environment 92

Chapter 7: The Need for Speed: Caching with Redis 108

Chapter 8: Breaking the Monolith: Our First Microservice
124

Chapter 9: The Unbreakable Promise: Data Consistency

with Kafka 140
Chapter 10: The Shipping Container Revolution: An
Introduction to Docker 152
Chapter 10: The Smart Clerk: Building World-Class
Search 167

Chapter 11: The Delivery Boy: CDNs for Static Assets 179

Chapter 12: The Conductor: Orchestrating Everything with
Kubernetes 189

Chapter 13: The Shark Tank Effect: A Trial by Fire 211
Chapter 15: Our Global Brain: Designing the Dukaan Edge

Network 230
Chapter 19: The Spotlight: From Accidental CTO to Tech
Leader 252
Chapter 16: Escaping the Golden Cage: From AWS to
Bare Metal 262
Chapter 20: The Grand Finale: A Live Failover 285
Chapter 21: The Accidental CTO 299

The accidental CTO Author Copy



The accidental CTO Author Copy



The 3 AM Phone Call
Part 1: The Crash

The phone didn’t just ring; it screamed.

It's a specific kind of vibration, the one that phone
manufacturers design for maximum panic. A violent, angry
buzz on the cheap wooden bedside table. The kind that
doesn't just wake you up, but jolts you straight into a state of
high alert. The time on the clock glowed a menacing red:
3:14 AM.

My heart started pounding before my eyes were even open.
At this ungodly hour, there are only two reasons for a phone
call: a family emergency, or a company catastrophe. The
caller ID confirmed the latter. It flashed a name | knew all too
well: “Suumit.”

Suumit Shah, my co-founder, my partner-in-crime, the
business brain to my builder hands. He only calls at 3 AM for
one reason. The company is on fire.

| swiped to answer, my voice a dry, croaky mess. “Hello?”

“Subhash! Uth! Sab bandh ho gaya hai!” Suumit’s voice was
a shotgun blast of adrenaline and panic through the phone
speaker. Wake up! Everything’s shut down!

He didn't need to say more. | was already out of bed, the
cold floor a shock to my system. | stumbled towards my
laptop, the familiar white glow of the Apple logo a beacon in
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the dark room. My mind was a whirlwind, a frantic checklist
of digital disasters.

Did we get hacked? A DDoS attack? Some script kiddie from
a foreign country deciding to take us down for fun?

Did a developer push a bad piece of code? A single
misplaced semicolon that brought the whole system to its
knees?

Did our cloud provider have an outage? Was this out of our
hands completely?

“The site is not loading. The app is showing an error.
Nothing. It’'s a complete blackout,” Suumit continued, his
voice tight with anxiety. | could hear him pacing on the other
end.

“Okay, okay, I’'m on it. Shanti,” | said, trying to sound calmer
than | felt. Be calm. The first rule of firefighting is to not
become part of the fire.
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My fingers, still clumsy with sleep, flew across the keyboard.
| opened the terminal, the black screen with green text that
was my window into our entire operation. This was my
command center.

ssh root@dukaan.app
| hit Enter.
The cursor blinked. And blinked. And blinked.

Normally, the login prompt would appear instantly. This
delay... this was a bad sign. A very bad sign. It meant the
server wasn't just sick; it was on its deathbed, struggling to
even answer the door. After what felt like an eternity, the
prompt finally appeared. The server was alive, but barely.

My mind raced. If the server is this slow, it’s not a simple
code bug. It’s something deeper. Something fundamental. It
feels like the machine itself is suffocating.

| typed my first diagnostic command, a simple tool to check
the server’s vitals.

htop

The result that filled the screen made my blood run cold. It
was a sea of red.

Every single process was screaming for attention. The CPU
usage bars were maxed out at 100%. The memory bar, the
one that shows how much "thinking space" the server has,
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was completely full. The swap usage, the server's
emergency overflow memory, was also full.

The server wasn't just suffocating. It was already dead and
we were just witnessing the last few twitches of its nervous
system.

And then | saw the reason. The simple, almost embarrassing
reason for our catastrophic failure. Staring at me from the top
of the system monitor was the server's total memory:
512MB.

Five hundred and twelve megabytes.

My modern smartphone has 8 Gigabytes of RAM, sixteen
times more than the machine running our entire company.
The thousands of businesses relying on us, the millions of
products in their catalogs, the entire hopes and dreams of
Dukaan, were all running on a machine with less power than
the phone in my pocket.

It hadn't been a sophisticated hack or a complex bug. We
had simply run out of room. We had tried to host a rock
concert in a telephone booth, and the telephone booth had
finally collapsed.

Staring at that screen, the phone still pressed to my ear, |
had a moment of terrifying clarity. How on earth did |, a guy
with no fancy computer science degree, no formal training in
scaling systems, end up responsible for this?
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To understand that, you first need to understand the beast
we were trying to tame. You need to understand the anatomy
of the very thing that was currently on fire: our server.
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Part 2: Anatomy of a Server, or, The Single Chef Kitchen

Let's take a break from the 3 AM panic. Before we fix the
problem, we need to understand it. What js a "server"?

Forget the technical jargon. Forget blinking lights in a cold
data center. For the rest of this book, | want you to think of a
server as something much simpler: a restaurant kitchen
with a single, very busy chef.

This one analogy is the most important thing you’ll learn
about infrastructure. Everything else builds on it.

CPU: The Chef's Speed

The CPU (Central Processing Unit) is your chef. It's the
brain of the operation. The chef takes raw ingredients (data)
and follows a recipe (code) to produce a finished dish (a web
page, a search result, a completed order).

e A faster CPU (measured in Gigahertz, or GHz) means
you have a faster chef. He can chop vegetables, stir
the pot, and plate the food more quickly.

e A CPU with more "cores" is like a chef with multiple
arms. A 4-core CPU is like a chef who can
simultaneously chop, stir, fry, and season. He can
work on multiple tasks at the same time.

Our little 512MB server had a single-core CPU. We had a
one-armed chef, and we were asking him to cook a feast for
ten thousand people.

RAM: The Countertop Space
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The RAM (Random Access Memory) is the kitchen's
countertop. This is the most critical part to understand. The
RAM is the chef's working space. It's where he keeps all the
ingredients, pots, pans, and utensils he needs for the dishes
he is currently cooking.

It's super-fast to grab something from the countertop. The
chef doesn't have to think; he just reaches out and gets what
he needs. More RAM means a bigger countertop. A chef with
a huge countertop can work on many different orders at
once because he has all his ingredients laid out in front of
him.

If the countertop gets full, the chef has a serious problem. He
has to stop what he's doing, go to the slow pantry in the
back, find the ingredient he needs, and bring it back,

pushing something else off the counter to make space. This
slows everything down dramatically.

This is exactly what was happening to our server. Our
512MB of RAM was a countertop the size of a small cutting
board. Our app, our database, and the operating system
itself were all fighting for space on this tiny board. When it
got full, the server started using "swap"—a special part of
the slow pantry designated as emergency countertop space.
It's horribly inefficient. The chef was spending more time
running back and forth to the pantry than he was actually
cooking.

Disk/Storage: The Pantry

The accidental CTO Author Copy



11

The Disk (or Storage), whether it's a Hard Disk Drive (HDD)
or a Solid-State Drive (SSD), is the kitchen's pantry and
refrigerator. It's where all the recipes (your code), ingredients
(your data), and kitchen appliances (the operating system)
are stored long-term.

It's much bigger than the countertop (RAM), but it's also
much, much slower to access. You don’t want your chef
running to the pantry every time he needs a pinch of salt. He
should have it on the countertop already.

Resource Contention: The Chaos in the Kitchen

Now, picture our setup. In this tiny kitchen with a one-armed
chef and a cutting-board-sized countertop, we were asking
him to do everything:

e Run the App: He had to read the recipe book (our
Python code) and cook the dishes.

e Manage the Database: He also had to act as the
pantry manager, constantly organizing, fetching, and
storing ingredients (our user data).

e Handle Web Traffic: And on top of that, he had to be
the waiter, running to the front of the restaurant to take
new orders from thousands of customers at once.

This is Resource Contention. Everyone was shouting for
the chef's attention at the same time. The app needed CPU
time, the database needed to write to the Disk, and incoming
user requests needed RAM. They were all fighting over the
same limited resources, and the result was total gridlock.
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To see this chaos, you need a CCTV camera in the kitchen.
In the world of servers, our camera is a simple command:
htop. It's an improved version of a tool called top, and it
gives you a live view of what your chef is doing.

It looks complicated, but you only need to look at a few
things:

e The CPU bars at the top: If they are all at 100% (and
colored red), your chef is overworked.

e The Mem (Memory/RAM) bar: If this is full, your
countertop is overflowing.

e The Swp (Swap) bar: If this starts to fill up, it's a sign
of desperation. Your chef is using the slow pantry as a
workspace.

e The Process List: This shows you every single task
the chef is working on and who is hogging the most
resources.

Learning to read this screen is the first step to becoming a
CTO, accidental or otherwise. It's how you stop guessing
and start diagnosing. For me, that night, the screen was
screaming a single, undeniable truth: our kitchen was
fundamentally, fatally, too small for our ambitions.
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Part 3: Our Glorious, Dangerous Monolith

The server was the kitchen, but what about the recipe book
our chef was using? In software, we call this the
architecture. And our architecture was a classic one, the
kind that almost every startup begins with.

We had a Monolith.

The name sounds big and intimidating, like some ancient
stone structure. In reality, it’s a very simple concept. A
monolithic application is one where all your code lives in a
single, unified block. Our code for user signups, product
catalogs, order management, seller dashboards,
payments —everything—was in one single Django project.

Think of it as a single, massive, all-in-one cookbook. It has
the recipes for appetizers, main courses, desserts, and
drinks, all bound together in one giant volume.

Why We Started with a Monolith (And Why It Was The
Right Choice!)

| want to be very clear about this: starting with a monolith is
not a mistake. For a startup, it is often the best possible
choice. In the early days, your only goal is to build and ship
as fast as possible. You need to find out if anyone even
wants what you’re making.

The monolith is built for speed:

1. Simple to Develop: Everything is in one place. You
don't have to worry about complex communication
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between different services. You just write a function
and call it.
2. Simple to Test: You can run the entire application on
your laptop and test all the features together easily.
3. Simple to Deploy: You just take the single block of
code and put it on the server. Done.

Our monolith allowed two people, Suumit and me, to build
and launch a functional e-commerce platform in just 48
hours. Had we tried to start with a more complex
"microservices" architecture (we'll get to that much later), we
would probably still be debating the design.

The monolith was our superpower. It let us move at lightning
speed. But like all superpowers, it had a hidden, dangerous
side effect.
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The Hidden Dangers of the Monolith
As our cookbook grew, problems started to appear.

e [t became heavy and unwieldy. Finding a specific
recipe took longer. Understanding how a change in the
dessert section might affect the appetizer section
became nearly impossible. In software, we call this
tight coupling.

e A single mistake could ruin the whole book. A small
typo in one recipe could, in theory, make the entire
book unreadable. A bug in a minor feature could bring
down the entire website.

e You can't hire a team of specialist chefs. If you want
to hire a dedicated pastry chef, he still needs to
understand the entire massive cookbook. It makes it
hard for new developers to get up to speed.

Most importantly, and this is what killed us that night, you
can't scale one part of the book without scaling the
whole thing.

Our storefronts were getting thousands of visitors (the "main
course" was very popular). But our seller dashboard (the
"appetizers") was used far less. Because they were all in the
same monolith, we had to use our server's resources for
everything at once. The massive demand for the main course
was starving the other parts of the kitchen for resources,
leading to a total system collapse.

Our monolith, running on our tiny single server, was the
perfect storm. A single point of failure in terms of software,
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running on a single point of failure in terms of hardware. It

was a time bomb, and at 3:14 AM on a Tuesday, it had finally
exploded.
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Chapter 1: Key Takeaways

Your first server will always fail. It's not a
matter of if, but when. The goal is not to
prevent failure, but to recover from it quickly
and learn from it.

Master the fundamentals. Before you learn
about complex architectures, deeply
understand what a server is. Think in terms
of CPU (Chef's Speed), RAM (Countertop
Space), and Disk (Pantry).

Learn your basic diagnostic tools. You
cannot fix what you cannot see. Learn to
use ssh and htop (or top). They are the
stethoscope of a system administrator.
Starting with a monolith is a feature, not
a bug. Prioritize speed of development
above all else in the beginning. Don't
over-engineer your initial product.
Recognize that your initial choices have a
shelf life. The architecture that gets you to
your first 10,000 users will not get you to
100,000. Be prepared to evolve.
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Chapter 2: The WhatsApp PDF Problem (The Origin)
Part 1: The Idea and the Skateboard

Every startup story begins with a problem. Ours began with a
grainy PDF and the chaos of a nationwide lockdown.

The year was 2020. The world had pressed a giant pause
button. In India, streets that were once a chaotic symphony
of horns, hawkers, and humanity fell silent. The familiar
rhythm of daily life was broken. For millions of small business
owners—the kirana store uncle, the neighborhood vegetable
vendor, the lady selling homemade sarees—it was a
catastrophe. Their shutters were down, their customers were
locked in, and their livelihoods were evaporating.

The only lifeline was the internet, specifically, WhatsApp. It
became the new marketplace, the new storefront, the new
bargaining counter. But it was a messy, inefficient, and
deeply frustrating one.

This is where my co-founder, Suumit, enters the picture. He
wasn't trying to build a company; he was just trying to help a
local grocery store in his neighborhood stay afloat. He
watched, fascinated and horrified, as they conducted their
entire business through a series of chaotic WhatsApp chats.

The process was a masterclass in inefficiency.

Step 1: The Catalog. The shopkeeper would send every
potential customer a multi-page PDF document. It was a
terribly formatted, low-resolution file, likely made in Microsoft
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Word and saved incorrectly. Product names were misaligned,
prices were blurry, and it was impossible to search. To find
out if they had your favorite brand of biscuits, you had to
manually scroll through five pages of grainy images.

Step 2: The Order. The customer, after much squinting and
zooming, would then have to type out their entire order in a
long, error-prone text message. "Ek packet Maggi, do kilo
atta, aadha kilo cheeni, woh blue wala Lays ka packet..."
(One packet of Maggi, two kilos of flour, half a kilo of sugar,
that blue Lays packet...)

Step 3: The Confirmation. The shopkeeper, now juggling
dozens of such chats, would have to manually confirm each
item. "Sorry madam, blue Lays is out of stock, we have
green." This would trigger another round of back-and-forth
messages.

Step 4: The Payment. Finally, after the order was confirmed,
the shopkeeper would send his UPI ID or a QR code. The
customer would pay using GPay or PhonePe and then—the
most crucial step—send a screenshot of the successful
transaction as proof. The shopkeeper’s phone gallery was a
graveyard of thousands of payment screenshots, with no
easy way to reconcile who had paid for what.

It was a nightmare. A digital jugaad (a makeshift hack) born
out of desperation.
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One evening, my phone rang. It was Suumit. | could hear the
energy crackling through the receiver. He wasn't just talking;
he was practically vibrating with an idea.

“Subhash, yaar, this is crazy,” he began, launching straight in
without a hello. “I’'m watching this uncle try to run his entire
shop on WhatsApp, and it's a disaster. He’s losing orders,
mixing up payments... it's just broken. We have to do
something.”

He painted the picture | just described, the messy dance of
PDFs and screenshots.

“We need to build something simple for these guys,” he said,
his voice getting more intense. “Ek app, jahan pe woh log
apna saaman list kar sakein, aur customers seedha order kar
dein. Simple. No PDFs, no long chats. Just a link. They get
their own online dukaan.” (One app, where they can list their
products, and customers can order directly. Simple... their
own online shop.)

The word hung in the air: Dukaan. Shop.

He was right. The problem wasn't a lack of technology; it
was a lack of simplicity. These sellers didn't need a complex
platform like Amazon or Shopify. They didn't have the time or
the technical skills for that. They needed something as easy
to use as WhatsApp itself, but designed for commerce.

That phone call was the spark. But an idea is just a thought.
To turn it into something real, you have to build. And in the
startup world, you have to build fast. We didn't have the
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luxury of spending six months creating a perfect product. We
needed to know, within days, if this was an idea worth
pursuing.

This brings us to one of the most important concepts for any
aspiring founder or techie: the MVP.

Technical Deep Dive: The Minimum Viable Product (MVP)

The term MVP, or Minimum Viable Product, is thrown around
a lot in the tech world. Most people think it means building a
smaller, buggier version of your final product. That's wrong.

An MVP is not a product. It's an experiment.

Its primary goal is not to make money or attract millions of
users. Its primary goal is to learn. It's a scientific tool
designed to test your most critical hypothesis with the least
amount of effort. Our hypothesis was: "If we give small
business owners a dead-simple tool to create an online
store, will they use it?"

To test this, we didn't need a perfect product. We needed
the simplest possible thing that could answer the question.
This is the MVP philosophy.

Think of it like this: If your goal is to solve the problem of
"transportation,” you don't start by building a car. A car is
complex—it has an engine, wheels, seats, a chassis,
electronics. Building one takes a long time. By the time
you're done, you might find out that your customers actually
wanted a motorcycle.
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The MVP approach is to first build a skateboard. It's basic,
it's simple, but it solves the core problem: it gets you from
point A to point B. It allows you to test your core hypothesis.
Do people even want to move around on wheels?

Once you confirm that, you can use the feedback to build
the next version: a scooter. Then a bicycle. Then a
motorcycle. And finally, a car. At each stage, you are learning
and delivering value.

So, for Dukaan, we had to define our skateboard. What was
the absolute bare minimum we needed to build to test our
idea? We threw out every fancy feature we could think of. No
payment gateway integration, no delivery tracking, no
customer accounts, no themes, no analytics. We stripped it
down to its absolute essence.

We defined this as Dukaan's Core Loop:

1. Create a Store: A single page where a user enters
their phone number, receives an OTP (One-Time
Password) to verify it, and gives their store a name.
That's it. Their store is live. No email, no password, no
complex forms.

2. Add Products: The simplest possible product form. A
field for the product name, a field for the price, and a
button to upload a single image from their phone's
gallery. No categories, no variants (like size or color),
no inventory count. Just the basics to create a catalog.

3. Share a Link: Once they added a few products, the
app would generate a unique, shareable link like
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mydukaan.io/mystore. They could copy this link and
paste it directly into their WhatsApp chats.

That was it. That was our skateboard.

It wasn't a "platform." It wasn't an "e-commerce suite." It
was a simple tool to replace a ugly PDF with a clean,
mobile-friendly webpage. It was the absolute minimum
required to solve the core problem.

With the plan set, we gave ourselves a challenge. No long
development cycles. No drawn-out planning sessions. We
would build and launch this MVP in a single weekend.

The 48-hour hackathon was on. The clock was ticking.
Now, we had to make our first big technical decision: what
tools would we use to build our skateboard?

Part 2: Choosing Our Tools

The 48-hour clock was ticking. We had our "what" —the
MVP, our digital skateboard. Now we needed the "how."
What tools would we use to build it?

In the world of software, your set of tools is called a “tech
stack.” Think of it like building a house. You have to decide
your primary materials. Will you use brick, wood, or steel?
What kind of foundation will you lay? What tools will you use
to put it all together? These choices determine how fast you
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can build, how sturdy your house will be, and how easy it is
to add a new room later.

For a weekend hackathon, the choice is governed by one
principle above all else: speed. We didn't need the most
scalable, most cutting-edge, or most "buzzword-compliant”
stack. We needed the stack that would get us from zero to a
working product in the shortest time possible.

This meant choosing tools that were familiar, reliable, and did
a lot of the heavy lifting for us.

Technical Deep Dive: The Language and Framework

Our first and most important choice was the programming
language and the framework.

Why Python?

A programming language is the vocabulary you use to give
instructions to a computer. We chose Python. Why?
Because Python is famous for its simple, clean syntax. It
reads almost like plain English. When you're in a race against
time, the last thing you want is to fight with your own tools,
trying to remember a complicated rule or a missing
semicolon. Python gets out of your way and lets you focus
on the problem you're trying to solve. It also has a massive
community and a library for almost anything you can
imagine.

Why Django: The "Batteries-Included" Framework
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A language is just the vocabulary. A framework is the whole
instruction manual. It provides the structure, the blueprints,
and a set of pre-built components so you don't have to start
from scratch.

Imagine you're building a house. You could go and chop
down your own trees, mill your own lumber, and forge your
own nails. Or, you could buy a pre-fabricated house kit that
comes with all the walls, windows, and doors already built.
All you have to do is assemble them and add your personal
touches.

That's Django. It's the pre-fabricated house kit for web
applications. Its philosophy is famously
“batteries-included.” This means it comes with almost
everything you need right out of the box. For our 48-hour
MVP, two of these "batteries" were absolute game-changers:

e The Django Admin Panel: This is Django’s killer
feature. With just a few lines of code, Django
automatically generates a complete, secure, and
professional-looking administration panel. This is a
private website where we, the founders, could log in
and see all the data in our application. When a new
user created a store, we could see it pop up in the
admin panel. We could view their products, edit them
if needed, or troubleshoot any issues. Building a
custom dashboard like this from scratch would have
taken at least a day. Django gave it to us for free in
about 15 minutes. It was our mission control center for
the launch.
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e The ORM (Object-Relational Mapper): This sounds
complicated, but the idea is simple. To get data from a
database, you normally have to write a special
language called SQL (Structured Query Language). It
looks something like SELECT * FROM products
WHERE store_id = 123;. It's powerful, but it's easy to
make a typo and it feels different from the Python
code we were writing. Django's ORM acts as a
translator. It lets us interact with the database using
simple Python code. The same command would look
like this in Django: Product.objects.filter(store_id=123).
This is not only easier to write and read, but it also
protects you from a whole class of security
vulnerabilities called SQL injection. It made our code
cleaner and our development speed way faster.

Technical Deep Dive: Alternatives We Considered

Of course, Django wasn't the only option. In tech, there are
always a dozen ways to do anything. The key is to choose
the right tool for the job at hand.

e Node.js with Express: This was a popular alternative.
Node.js allows you to write your server-side code in
JavaScript, the same language that runs in web
browsers. This is a huge advantage for many teams.
The framework, Express, is very minimalist and
flexible. But that was its downside for us. Express is
less like a pre-fab house kit and more like a
high-quality box of LEGOs. It gives you the basic
building blocks, but you have to assemble everything
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yourself. For a 48-hour build, we didn't want that much
freedom; we wanted the structure and pre-built
components of Django's "batteries-included"
approach.

e Ruby on Rails: This was a much closer competitor.
Rails has a very similar philosophy to Django. It values
"convention over configuration," meaning it makes a
lot of smart decisions for you to speed up
development. Honestly, Rails would have been a great
choice too. The final decision came down to personal
preference and familiarity. | had spent more time with
Python and Django, and in a speedrun, you always bet
on the tools you know best.

Technical Deep Dive: The Database

With the framework chosen, we needed to decide where we
would permanently store all our information—the store
names, product details, prices, etc. We needed a database.
If the framework is the house kit, the database is the
foundation it's built on. It needs to be solid, reliable, and
organized.

Why a Relational Database?

We chose a relational database. The idea is simple: data is
stored in tables, like giant, powerful Excel spreadsheets. You
have a stores table with all the store information. You have a
products table with all the product information. And,
crucially, you can create relationships between them. You
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can tell the database that every product must belong to a
store.

This structure is perfect for e-commerce. Your data has clear
relationships and rules. You don't want products floating
around without a store, or orders without a customer. A
relational database enforces this structure and ensures your
data stays clean and consistent.

Why PostgreSQL?

Among the many relational databases (like MySQL, Microsoft
SQL Server, etc.), we chose PostgreSQL (often just called
"Postgres").

Why? For an MVP, Postgres and its main rival, MySQL, are
both excellent choices. But we leaned towards Postgres for a
few reasons. It has a reputation in the developer community
for being incredibly robust, reliable, and
standards-compliant. It's a true workhorse. More
importantly, | knew it had some powerful advanced features
that might be useful later on. One of them, a feature called
LISTEN/NOTIFY, would become the secret weapon behind
our real-time caching system in Chapter 8. We didn't need it
for the MVP, but choosing a powerful foundation from day
one, even if you don't use all its features immediately, can
pay off massively in the future.

So, the blueprint was ready. Our tech stack was decided:

e Language: Python
e Framework: Django
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e Database: PostgreSQL
We had our building materials. Now it was time to pour the

foundation and put up the first walls. It was time to set up
our server.
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Part 3: Pouring the Foundation

With our tech stack decided, the theoretical part was over. It
was time to make something real. We needed a place for our
code to live on the internet. We needed a server.

If our code was the blueprint and our stack was the building
materials, the server was the actual plot of land. It’s the
physical (or, in our case, virtual) space where you pour the
foundation and erect the building for the world to see.

Choosing a server provider in the early days is about finding
the right balance between cost, simplicity, and power. We
didn't need the infinite power of Amazon Web Services
(AWS) or Google Cloud. That would have been like buying an
entire industrial park to build a single house. It was too
complex and too expensive for our needs. We needed a
simple, affordable plot of land.

For that, we turned to DigitalOcean.

Technical Deep Dive: Setting Up Your First Server

DigitalOcean became popular with developers for one
reason: it made getting a server incredibly simple. They
called their servers "Droplets," a friendly name that removed
the intimidating aura of traditional server hosting.

A Practical Guide to DigitalOcean Droplets

The accidental CTO Author Copy



31

Getting our first server, the infamous 512MB machine that
would later cause so much drama, took less than five
minutes. Here’s how simple it was:

1.
2.

Create an Account: The standard sign-up process.
Create a Droplet: This is where the magic happens.
You are presented with a clean, simple dashboard.
Choose an Image: An "image" is a pre-packaged
template for your server's operating system and
software. We chose a standard Ubuntu image. Ubuntu
is a version of Linux, which is the dominant operating
system for web servers. It's free, secure, and has a
massive community. We chose the latest LTS
(Long-Term Support) version, which guarantees
security updates for several years.

Choose a Plan: This is where you decide the size of
your server (your plot of land). We scrolled down to the
cheapest possible option: 512MB RAM, 1 vCPU,
20GB SSD. It cost just $5 per month. For a project
with zero users and zero revenue, this felt like the most
responsible choice. It was a tiny plot, but it was ours.
Choose a Datacenter Region: This is the physical
location of your server in the world. We chose the
Bangalore region. Why? Because we knew our first
users would be in India. Putting the server as close to
them as possible would make the app feel faster by
reducing latency (the time it takes for data to travel).
Click "Create Droplet."
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That's it. We waited about 60 seconds, and DigitalOcean
provisioned our server. We were now the proud owners of a
public IP address—a unique address for our server on the
global internet. Our small plot of land was ready.

SSH: Your Key to the Server Room

Now that we had our land, we needed a way to get inside
and start building. You don't just use a web browser to
control a server; you use a special tool called SSH (Secure
Shell).

Think of your server as a secure, windowless building in a
remote location. SSH is your magical, encrypted key. You
use a command in your terminal, like ssh root@123.45.67.89,
to unlock the door and step inside. Once you're in, you have
a command-line interface, a text-based way to give direct
instructions to the server: install software, create files, run
your application.

This was our workspace. A black screen with a blinking
cursor, connected securely to our new server in Bangalore. It
was time to install the final pieces of our infrastructure: the
software that would actually show our website to the world.

Nginx + Gunicorn: The Waiter and the Kitchen Staff

You can't just run a Django application by itself and expect it
to work. Django is a framework for building the application
logic—it's the set of recipes and the head chef. But it's not
designed to handle thousands of raw, unfiltered requests
from the internet. Doing so would be like letting thousands of
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hungry customers run directly into your kitchen and shout
their orders at the chef. It would be chaos.

You need a system to manage the flow. For a Python web
application, this is typically a two-part system: a Web Server
and an Application Server.

1. The Web Server (Nginx): The Waiter. Our web server
was Nginx (pronounced "Engine-X"). Nginx is the
friendly, efficient waiter at the front of your restaurant.
It is the first point of contact for every visitor. It's
incredibly good at handling thousands of connections
at once and performing simple, fast tasks. Its main
jobs are:

o Serving Static Files: If a user requests an
image, a CSS file, or a JavaScript file, Nginx
fetches it directly from the pantry (the disk) and
gives it to them. It doesn't need to bother the
busy chef for this. This is a huge performance
win.

o Acting as a Reverse Proxy: For any request
that requires actual "cooking" (like loading a
store's product page), Nginx doesn't do the
work itself. Instead, it neatly takes the order,
walks back to the kitchen door, and passes it to
the application server.

2. The Application Server (Gunicorn): The Kitchen
Manager. Our application server was Gunicorn.
Gunicorn is the kitchen manager. It takes the order
from Nginx and translates it into a format that our head
chef, Django, can understand. It manages multiple
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"line cooks" (called worker processes) to handle
several orders at once. It's the crucial link between the
outside world (managed by Nginx) and our application
code (written in Django).

The flow is simple but powerful: A user's request comes from
the internet and hits Nginx. Nginx either serves a static file
directly or passes the request to Gunicorn. Gunicorn then
runs our Django code to process the request, generate the
HTML page, and hands the response back to Nginx, which
finally delivers it to the user.

Setting this up involved installing Nginx and Gunicorn on our
server and writing a couple of simple configuration files to
tell them how to talk to each other. With that final piece in
place, our foundation was poured and our structure was up.
We pointed a domain name, mydukaan.io, to our server's |IP
address.

With trembling fingers, | typed the address into my browser
and hit Enter.

It worked. A simple "Hello, World" page served from our tiny
$5 server.

Our skateboard was built. The 48 hours were almost up. It
was time to see if anyone wanted to ride it.

Chapter 2: Key Takeaways
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e The MVP is an experiment to test your
core hypothesis, not a small version of
your final product. Its goal is to maximize
learning, not features. Define your
"skateboard" before you write a single line
of code.

e Choose your initial tech stack for speed
and familiarity. In the beginning, "time to
market" is the most important metric. Pick
"batteries-included" frameworks like Django
or Rails that do the heavy lifting for you.

e A solid database is a good long-term bet.
Choosing a robust, feature-rich database
like PostgreSQL from day one can save you
major headaches and enable powerful
features down the line, even if you don't use
them immediately.

e Start small and simple with your
infrastructure. A $5/month server is more
than enough to handle your first few
thousand users. Don't overcomplicate or
overspend on cloud services until you have
a proven need.

e Understand the roles of a web server
(Nginx) and an application server
(Gunicorn). This fundamental pattern of a
"waiter" and a "kitchen manager" is the
backbone of how modern web applications
are served.
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Chapter 3: The Great Divorce: Separating the App and
the Database

Part 1: The Morning After

The launch was a blur. After the 48-hour hackathon, we
shared the link to our freshly built MVP in a few WhatsApp
groups for small business owners. We didn't know what to
expect. Maybe a handful of signups, some polite feedback,
and then a slow fade into obscurity.

What happened instead was an explosion.

It turned out our hypothesis was right. The pain of the
"WhatsApp PDF" problem was so acute that sellers were
desperate for a solution. Our simple, no-frills tool was exactly
what they needed. The link was forwarded from one group to
another. We went from a dozen users to a few hundred, and
then to a few thousand, all in a matter of days. Each new
store owner would add their products and then share their
own mydukaan.io link with their customers, who in turn were
often small business owners themselves. The growth was
viral.

It was the most exhilarating feeling in the world. Every refresh
of our Django admin panel showed new stores popping up
from all over the country. We were watching our idea, our
"skateboard," come to life in real time. But underneath the
excitement, a quiet sense of dread was beginning to grow.
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The app was getting slow.

Pages that used to load instantly now took a few seconds.
The admin panel would sometimes hang. We were getting
the first few messages from users: "Site is not opening," or
"Is the server down?" We were running around like frantic
firefighters, restarting the server every few hours, a crude fix
that was becoming less and less effective. Our tiny kitchen
was being overwhelmed by our own success.

And then, it happened. The 3 AM phone call. The crash. The
story that opened this book.

That night was the climax of our initial, naive growth phase.
Our single, overworked server, the $5 DigitalOcean Droplet
that had been our entire universe, finally gave up. It was the
inevitable, painful death of our first architecture.

The next morning, after a few hours of restless sleep, Suumit
and | were on a call. The immediate fire was out—we had
managed to restart the server one more time—but we both
knew we were on borrowed time. It would crash again,
probably within hours.

“We can’t just keep restarting it, Subhash,” Suumit said, his
voice strained. “We need a real fix. What is the actual
problem?”

| had spent the last few hours digging through the server
logs, staring at the htop output until my eyes burned. The
answer was becoming clear.
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“The database,” | said. “The database is choking everything
else to death.”

Identifying the Bottleneck: A War in the Kitchen

Let’s go back to our "Single Chef Kitchen" analogy. Our
server was one tiny room where the chef (CPU), countertop
(RAM), and pantry (Disk) all lived together.

After the crash, our analysis showed a crucial detail. The
chef wasn't spending most of his time cooking (executing
our Python code). He was spending most of his time running
back and forth to the pantry, frantically trying to find
ingredients and put them away (reading and writing to the
database).

The database operations were so demanding that they were
starving the rest of the application for resources. The waiter
(Nginx) would be standing at the door with new orders, but
the chef was too busy managing the chaotic pantry to even
look at them. This is why the site felt so slow and eventually
stopped responding altogether.

To fix this, we needed to understand a fundamental concept
in system design: different parts of your application do
different kinds of work.

Technical Deep Dive: Application vs. Database
Workloads

Not all work is created equal. A web application performs
two very different primary tasks:
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1. Application Work (The Kitchen): This is the "thinking"
work. It’s handled by our Django code and run by the
CPU. This work is CPU-bound. Its job is to execute
logic: figure out which products to show, calculate the
total price of an order, check if a user is logged in. It’s
the chef actively following a recipe, chopping, mixing,
and tasting. This kind of work needs a fast chef (a
good CPU) and a decent amount of countertop space
(RAM) to work efficiently.

2. Database Work (The Pantry & Library): This is the
"fetching and storing" work. The database’s main job
is to read and write data to and from the disk. This
work is I/0-bound (Input/Output bound). It’s less
about thinking and more about the physical task of
retrieving information. Think of a librarian running to
the shelves to find a specific book, or a pantry
manager stocking the shelves. This kind of work
depends on a fast pantry (a fast SSD) and a good
organizational system.

Our problem was that we were forcing our brilliant chef to
also be the full-time librarian. He was trying to cook a
gourmet meal in the middle of a busy, loud library. The
constant running back and forth to the shelves (disk I/O) was
preventing him from doing his actual job: cooking (executing
code). Neither job was being done well.

The solution was conceptually simple, but terrifying in
practice.
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"We need to separate them," | told Suumit. "We need to give
the database its own, dedicated room. A proper library, with

a dedicated librarian. And we need a separate kitchen for the
chef."

This meant moving from one server to two. It was our first
major architectural change.

e Server 1: The Application Server. This server would
be optimized for CPU-bound tasks. It would run Nginx,
Gunicorn, and our Django code. Its only job would be
to "think."

e Server 2: The Database Server. This server would be
optimized for I/O-bound tasks. It would only run one
thing: our PostgreSQL database. Its only job would be
to "remember."

This was the plan. The great divorce. It sounded logical. It
sounded right. But it also meant we had to perform
open-heart surgery on our live, running application. We
would have to carefully move the entire database —every
user, every product, every single piece of our company's
data—from one machine to another.

If we messed it up, we could corrupt the data. We could lose
orders. We could destroy the trust of the thousands of sellers
who had just started to rely on us. The stakes couldn't have
been higher.
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Part 2: The Migration Playbook

The decision was made. We were going to perform the great
divorce. It felt like standing at the edge of a cliff, knowing
you have to jump. The only question was how to build a
parachute on the way down.

We spent a few hours mapping out every single step. We
wrote it down like a pre-flight checklist. In a high-stakes
operation like this, you don't improvise. You follow the plan.
One mistake could be fatal.

The Blueprint: Before and After

Our goal was to transform our infrastructure from a single,
overburdened machine into two specialized ones.

e Before: One server (e.g., IP: 104.248.62.77) running
everything: Nginx, Gunicorn, Django, and PostgreSQL.
e After:
o App Server (IP: 104.248.62.77): Running Nginx,
Gunicorn, and Django.
o DB Server (IP: 142.93.218.155): Running only
PostgreSQL.

The app server would no longer talk to a database on
localhost (meaning "on this same machine"). It would have to
reach across the network to talk to the new, dedicated
database server.
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Here is the exact playbook we followed. If you ever find
yourself in this position, these are the terrifying but
necessary steps to move a live database.

Step 1: Prepare the New Home

You can't move into a new house until it's built. Our first step
was to create the new, dedicated server for our database.

We went back to the DigitalOcean dashboard and spun up a
new Droplet. This time, we chose a slightly different plan.
Instead of a general-purpose server, we chose one that was
"Storage-Optimized." It had a faster type of SSD storage
(called NVMe) and more RAM relative to its CPU power. It
was tailor-made for the 1/0-bound work of a database. It was
our new, state-of-the-art library.

Once the server was live, | SSH'd into it. The only software |
installed was PostgreSQL. Nothing else. No Nginx, no
Python, no application code. Its purpose was singular: to be
the best possible home for our data. | also configured the
firewall to only allow connections from our application
server's specific IP address. No one else on the internet
should be able to even attempt to talk to our database. It
was like giving our app server a special, private key to the
library.

Step 2: The Backup (pg_dump)

This is the most critical step. How do you copy a living,
breathing database? You can't just copy the files, as they
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might be in the middle of being changed, leading to a
corrupted copy.

You need to create a perfect snapshot. For PostgreSQL, the
magical tool for this is pg_dump.

pg_dump is a command-line utility that reads your entire
database—every table, all the data, every relationship—and
outputs a single, massive text file with the .sgl extension.
This file contains all the SQL commands needed to perfectly
recreate the database from absolute scratch.

Think of it like this: pg_dump is a magical scribe who walks
into your library, reads every single book, and writes a new,
single master book titled "Instructions to Rebuild This Entire
Library."

While still on our original, all-in-one server, | ran the
command:

pg_dump -U postgres dukaan_prod > dukaan_backup.sq|l

| watched as the server's CPU spiked. It was working hard to
create this snapshot. After a few minutes, it was done. We
now had a file, dukaan_backup.sql, that contained the entire
soul of our company.

Step 3: The Transfer & Restore

Now we had the blueprint, but it was on the wrong server.
We needed to securely transfer this backup file from our old
server to our new, empty database server. For this, we used
another command-line tool called scp (Secure Copy).
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scp dukaan_backup.sql root@142.93.218.155:/root/

This command securely copied our backup file over the
network. Now, the new library had the "Instructions" book.

With the backup file on the new server, it was time to rebuild.
| SSH'd into the new DB server, created an empty database
shell called dukaan_prod, and then ran the command to
restore from the backup:

psql -U postgres -d dukaan_prod < dukaan_backup.sql

This command does the reverse of pg_dump. It reads the
giant instruction file and executes every command, line by
line. It creates the tables, inserts the data, and rebuilds the
relationships. | watched the screen, praying no errors would
pop up. A few minutes later, it finished.

We now had a perfect clone of our database, running on a
brand-new, powerful, and isolated server. The old database
was still live and serving users, but its clone was ready and
waiting.

Step 4: The Switch

This was the moment of truth. The most dangerous part of
the operation. We had to switch the live application from
using the old database to the new one. This would require a
few minutes of downtime.

1. Activate Maintenance Mode: Our first step was to
prevent any new data from being written. We quickly
put up a maintenance page on our site. Anyone
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visiting mydukaan.io would now see a simple
message: "Dukaan is undergoing a quick upgrade.
We'll be back in 5 minutes!"

2. Final Sync: We knew that between our first backup
and now, some new data had come in. A few new
stores, a few new product updates. So, we repeated
steps 2 and 3 one more time, but this time, with the
site in maintenance mode, it was much faster. This
ensured our clone was 100% up-to-date.

3. Update the Connection String: This was the actual
heart surgery. Deep within our Django application's
settings file, there was a line that told it where to find
the database. It looked like this: HOST: 'localhost'. We
changed it to point to the new server's |IP address:
HOST: '142.93.218.155".

4. Restart and Pray: With the new setting saved, | ran
the command to restart the application server: sudo
systemctl restart gunicorn. For a few seconds, my
heart was in my throat. The application was now
booting up and would try, for the first time, to talk to a
database over the network.

5. Frantic Testing: The moment the server was back
online, Suumit and | were on the site, clicking
everything. Can we log in? Yes. Do the stores load?
Yes. Can we add a new product? Yes! It was working.
The connection was successful.

6. Disable Maintenance Mode: With a deep breath of
relief, we took the site out of maintenance mode.

The entire downtime was about three minutes.
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The great divorce was complete. Our app was running in its
own kitchen, and our data was safe in its own library. Users
immediately started telling us the site felt "snappier.” We had
survived our first major architectural upgrade. The kitchen
was clean, the library was organized, and both could now do
their best work without getting in each other's way.
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Part 3: The New Bottleneck

For the first time in weeks, we could breathe.

The great divorce was a success. The site was stable, fast,
and could handle the steady stream of new users without
crashing every few hours. The kitchen and the library were in
their own dedicated spaces, and the whole operation was
running more smoothly than ever. Suumit and | celebrated.
We had faced our first real scaling crisis and come out the
other side stronger. We had bought ourselves time.

In the world of startups, however, time is all you ever buy.
Every solution you implement, every bottleneck you clear,
simply reveals the next bottleneck waiting for you down the
line. Scaling a tech company is a bit like a game of
whack-a-mole; as soon as you solve one problem, another
one pops its head up.

Our new problem was subtle. It wasn't a catastrophic crash
or a server on fire. It was a quiet, creeping slowness. Even
with our two powerful, specialized servers, some pages still
felt a little... sluggish. We had solved the resource contention
problem, but in doing so, we had created a brand new, more
sophisticated problem for ourselves: network latency.

Technical Deep Dive: The Cost of a Network Call

When our app and database lived on the same machine
(localhost), communication between them was nearly
instantaneous. It was like a chef in a kitchen turning around
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to grab an ingredient from a shelf right behind him. The "trip
time" was effectively zero.

Now, our kitchen (the app server) and our library (the
database server) were in two different buildings. They were in
the same data center in Bangalore, so they were like two
buildings right next to each other, connected by a super-fast,
private fiber optic cable. But no matter how fast that
connection is, the chef still has to:

Stop what he's doing.

Walk out the kitchen door.

Cross the tiny "street" to the library.

Find the librarian and request the book (the data).
Wait for the librarian to find it.

Walk back across the street to the kitchen.

2R o

That entire journey is a network call. The time it takes is
called latency.

For a single request, this latency might be tiny—maybe just 1
or 2 milliseconds (ms). You wouldn't even notice it. But
here's the catch: a typical webpage doesn't make just one
request to the database. To build a single store's page, our
code might need to:

1. Fetch the store's details. (1 trip to the library)

2. Fetch all the categories for that store. (1 trip to the
library)

3. Fetch all the products for the first category. (1 trip to
the library)
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4. Fetch all the products for the second category. (1 trip
to the library)
5. ...and so on.

A single page load could easily result in 10, 20, or even 50
separate trips to the database. Before the divorce, those 50
trips were practically free. Now, they had a real-world cost.

50 trips * 2ms latency per trip = 100ms

Suddenly, we had added a tenth of a second of loading time
from network latency alone, even if both servers were
performing their individual tasks instantly. This was our new
bottleneck. We couldn't just throw more hardware at it. We
had to get smarter. We had to optimize our code to be less
"chatty" with the database.

Fighting Latency: Making Fewer, Smarter Trips

If each trip to the library is expensive, the logical solution is
to make fewer trips. Instead of going back and forth for every
single item, the chef should go once with a detailed
shopping list. In the world of Django, this meant we had to
aggressively optimize our database queries.

e The N+1 Query Problem: We discovered we were
guilty of the most common performance killer in web
development: the "N+1 query" problem. Imagine you
want to get a list of 10 stores and the first product
from each store. A naive way to code this would be:

1. Make 1 query to get the 10 stores.
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2. Then, loop through each store and make N (in
this case, 10) separate queries to get the first
product for each one.

This results in a total of 11 trips to the library.
Inefficient!

e The Solution (select_related and prefetch_related):
Django has built-in tools to solve this. Using a feature
called prefetch_related, we could tell Django: "Hey,
when you go to get those 10 stores, | know I'm also
going to need the products for them, so grab those too
while you're there." Django would then cleverly
perform just 2 queries instead of 11. It would get all 10
stores in one trip, and then all their products in a
second trip, and stitch the data together in our
application code. This was our "shopping list."
Implementing these optimizations across our
codebase had a massive impact, significantly reducing
the number of network calls and making the app feel
much faster.

e Connection Pooling (PgBouncer): We also realized
that creating a new connection to the database for
every request was slow. It was like the chef having to
find his keys, walk to the library, unlock the door, get
the book, lock the door, and then walk back. It's a lot
of overhead. To solve this, we introduced a tool called
PgBouncer. It's a connection pooler. Think of it as a
security guard who sits between the kitchen and the
library and holds a set of pre-unlocked keys. When our
app needs to talk to the database, it just asks
PgBouncer for an available connection, which is
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instantly granted. This saved us the overhead of

establishing a new connection for every small request,
further reducing our effective latency.
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Part 4: A Fork in the Road - Why We Stuck with SQL

We had successfully performed the great divorce. Our
PostgreSQL database was now living on its own powerful
server, free from the chaos of the application logic. This was
a classic scaling move for a relational database.

But a question naturally arises here, especially in the modern
tech world: Why stick with a traditional SQL database at
all? Why not use one of the fast, horizontally-scalable
NoSQL databases like MongoDB or Cassandra that we hear
so much about?

This was a conscious choice we made. To understand why,
you need to understand the two fundamental philosophies of
the database world.

Technical Deep Dive: The Two Database Galaxies

Think of the database world as two parallel galaxies: SQL
and NoSQL. They are both vast and powerful, but they
operate on different laws of physics.

1. The SQL Galaxy (Relational Databases)

This galaxy is home to well-known planets like PostgreSQL,
MySQL, and Microsoft SQL Server.

e Analogy: A SQL database is like a perfectly organized
Excel workbook with multiple, interlinked
spreadsheets (tables).
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e Core Idea: Structure and Consistency. Data is
stored in tables with predefined columns and strict
data types (a price column must be a number, a
created_at column must be a timestamp). The
relationships between tables are rigidly enforced. You
cannot have a product that belongs to a store that
doesn't exist.

e Superpower: ACID Compliance. This is a set of
guarantees (Atomicity, Consistency, Isolation,
Durability) that ensures your transactions are incredibly
reliable. In e-commerce terms, this means if a
customer orders five items, the transaction will either
save all five items and update the inventory for all five,
or it will fail completely and save nothing. Your data is
never left in a half-finished, corrupt state.

e Best For: Any application where data integrity and
consistency are non-negotiable. This includes
e-commerce, banking, financial systems, and any kind
of booking platform.
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2. The NoSQL Galaxy (Non-Relational Databases)

This is a more diverse galaxy with planets like MongoDB
(Document), Cassandra (Wide-column), Redis (Key-value),
and DynamoDB.

e Analogy: A NoSQL database is like a folder full of
flexible Word documents or JSON files. Each
document can have its own unique structure.

e Core Idea: Flexibility and Scale. There is no
predefined schema. One product document might
have a "color" field, while another might not. This
makes it easy to change your application without
having to migrate your database structure. They are
also often designed from the ground up to be scaled
horizontally (across many cheaper servers).

e Superpower: BASE and Horizontal Scalability.
Instead of strict ACID, many NoSQL databases offer
BASE (Basically Available, Soft state, Eventual
consistency). This means the system prioritizes being
available over being instantly consistent—a concept
we already explored with our read replicas. Their real
power is in handling massive amounts of data and
incredibly high write throughput.

e Best For: Big Data applications, social media feeds,
loT sensor data, real-time analytics, and applications
where the data structure is constantly evolving.
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A Quick Comparison

Feature SQL (PostgreSQL) NoSQL (e.g., MongoL
Data Model | Structured (Tables & Rows) Flexible (Documents,
Key-Value)

Schema Predefined & Strict Dynamic & Flexible

Scaling Primarily Vertical (Bigger Primarily Horizontal
Servers) & Read Replicas (More Servers)

Consistenc | Strong (ACID Guarantees) Tunable, often Eventu

y (BASE)

Best For E-commerce, Finance, Social Media, Big Dat
Systems of Record loT, Analytics
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Why We Chose the Path of SQL

Looking at this table, our choice for Dukaan becomes crystal
clear.

1. Our Data is Highly Structured: An order has a
customer, a set of products, and a total amount. A
product has a name, a price, and an inventory count.
Our business logic is built on these strict relationships.
The flexibility of NoSQL was a feature we didn't need;
in fact, the strictness of SQL was a feature we wanted.

2. Data Integrity is Everything: For an e-commerce
platform, the guarantee that an order will be processed
correctly, that inventory will be updated accurately,
and that a payment will be reflected without error is
the foundation of user trust. The ACID compliance of
PostgreSQL was a non-negotiable requirement for us.

3. Our Bottleneck was Reads, Not Writes: As we would
soon discover in Chapter 5, our biggest scaling
challenge wasn't handling millions of new products
being added every second (a write-heavy problem
where NoSQL shines). It was handling millions of
customers viewing the existing products (a read-heavy
problem). PostgreSQL has a fantastic, mature, and
well-understood solution for this: read replicas.

We didn't have a "Big Data" problem. We had a classic
e-commerce transaction problem. Choosing a trendy NoSQL
database would have been like using a sledgehammer to
crack a nut. PostgreSQL was the precise, reliable, and
powerful tool that was perfectly suited for the job. It was a
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foundation we knew we could build a billion-dollar company
on.
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Chapter 3: Key Takeaways

e Separating your application and database
servers is the first crucial step in scaling.
It allows each component to do what it does
best without fighting for resources.

e Every solution creates a new problem.
Moving to a distributed system introduces
network latency as a major performance
bottleneck you must now account for.

e Network calls are expensive; minimize
them. The most effective way to fight
latency is to write smarter code that makes
fewer, more efficient queries to the
database. Learn to use tools like
select_related and prefetch_related.

e Optimize your connections. Use a
connection pooler like PgBouncer to reduce
the overhead of establishing new database
connections, making your application more
resilient and performant under load.
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Chapter 4: The Traffic Cop: An Introduction to Load
Balancing

Part 1: The Kitchen on Fire

There's a dangerous period in a startup's life that comes
after you solve your first major crisis. It's a period of calm.

After the great database divorce, our system was humming.
The app felt fast, the servers were stable, and for the first
time, we felt like we were ahead of our problems. We had
successfully performed open-heart surgery on our
infrastructure and the patient had survived. More than
survived, it was thriving.

Our daily routine shifted from constant firefighting to
optimistic monitoring. We would watch the real-time user
count climb, check the server load graphs (which were now
beautifully low and stable), and pat ourselves on the back.
We had built something real, something that worked,
something that was scaling. We were, for a brief, glorious
moment, feeling a little bit invincible.

And that's when the next fire started.

It wasn't a slow degradation this time. It was an explosion. A
popular seller from Surat, who sold beautiful handmade

textiles, shared her Dukaan store link in a massive Facebook
group. At the same time, a tech blog wrote a small feature on

The accidental CTO Author Copy



61

us. The two events combined created a perfect storm—a
tidal wave of traffic unlike anything we had ever seen.

My phone started buzzing with alerts. Not from Suumit, but
from our monitoring system. "High CPU usage on App
Server," one alert said. A minute later, another: "CRITICAL:
CPU at 100% for 5 minutes."

| barely had time to open my laptop before the text from
Suumit came through. It was short, familiar, and laced with a
weary frustration.

"Ab kya hua?" (What happened now?)

| SSH'd into our servers. My fingers went straight to my
trusted diagnostic tool, htop. | checked the database server
first. It was perfectly fine. The CPU was low, memory usage
was stable. The new library was quiet, organized, and
handling all the requests for books with ease.

Then | checked the application server. It was a bloodbath.
The CPU was pinned at 100%. The process list was a frantic
scroll of Gunicorn workers trying, and failing, to handle the
deluge of incoming requests. The server was completely
overwhelmed. It was alive, but unresponsive. To the outside
world, Dukaan was down. Again.

Identifying the Bottleneck: One Chef, a Thousand
Customers

Our kitchen was on fire.
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To continue our analogy, we had successfully built a
state-of-the-art library next to our kitchen. Our chef no
longer had to worry about managing the pantry. But now, a
thousand hungry customers had burst into the restaurant all
at once, and they were all shouting their orders.

Our single chef (our one app server), even though he was
now more efficient, simply could not cook fast enough. There
is a physical limit to how many dishes one person can
prepare at a time. We had hit that limit. The line of order
tickets was growing so long that it was spilling out the door,
and the entire restaurant had ground to a halt.

It was clear we needed more cooking power. But how? This
led us to a fundamental choice that every scaling company
must face. A choice between two very different paths:
scaling up or scaling out.

Technical Deep Dive: Vertical vs. Horizontal Scaling
When your server can't handle the load, you have two
options.

1. Vertical Scaling (Scaling Up)

This is the most intuitive approach. If your kitchen is too
slow, you replace your talented chef with a world-famous
super-chef who can cook twice as fast.

In server terms, you scale up. You click a button on
DigitalOcean to shut down your current server. You then
select a much bigger, more powerful plan—one with 8 CPUs
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and 16GB of RAM instead of 2 CPUs and 4GB of RAM. You
turn it back on. Voila, your app is now running on a beast of
a machine. It's like swapping out your family car for a giant

monster truck.

The Pros: It's incredibly simple. You don't have to
change your code or your architecture. You just throw
money at the problem, and the problem gets smaller.
The Cons: This strategy has three fatal flaws.

o

It gets expensive, fast. A server with twice the
power doesn't cost twice as much. It can cost
four or even eight times as much. The price
increases exponentially.

It has a hard limit. You can't scale up forever.
Eventually, you will reach the biggest, most
expensive server your provider offers. What do
you do then? There is no bigger monster truck
to buy.

It's a single point of failure. This is the most
critical flaw. You now have a very powerful, very
expensive single server. If that one server has a
hardware failure, or needs to be rebooted for a
security patch, your entire business goes offline.
Your entire restaurant depends on that one
super-chef. If he gets sick, the restaurant closes.

2. Horizontal Scaling (Scaling Out)

This is the less intuitive, but far more powerful approach.
Instead of hiring one super-chef, you keep your talented chef
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and you hire three more just like him. You expand your
kitchen and have them all work in parallel.

In server terms, you scale out. Instead of one big server, you
create a fleet of smaller, identical servers. Instead of one
monster truck, you now have four regular cars.

e The Pros:

o It's cost-effective. You're using cheap,
commodity hardware. Adding another small
server to your fleet is a small, incremental cost.

o It's virtually limitless. If you need more power,
you just add another car to the fleet. You can go
from four servers to forty to four hundred. The
system is designed for it.

o It's fault-tolerant. This is the superpower of
horizontal scaling. If one of your four chefs gets
sick and goes home (one server crashes), the
other three are still there cooking. The restaurant
might run a little slower for a while, but it does
not close. You have eliminated the single point
of failure.

e The Cons: It introduces a new layer of complexity. If
you have four identical chefs in a big kitchen, and a
waiter comes in with a new order, who gets the order?
How do you decide?

The choice for us was obvious. Vertical scaling was a

temporary fix, a band-aid. It wasn't a real, long-term strategy.
We were building a company that we hoped would serve
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millions, and that meant we needed an architecture that
could grow with us. We had to learn to scale out.

We made the decision. We were going to build a fleet of
application servers. But that meant we now had to solve the
problem that this new architecture created. We needed a
system to intelligently distribute all the incoming orders
among our new team of chefs.

We needed a traffic cop. We needed a load balancer.

The accidental CTO Author Copy



66

Part 2: The Traffic Cop

Our decision to scale horizontally was a major turning point.
We were moving from a single-server mindset to a fleet
mindset. But a fleet is useless without a commander, a
system to direct the troops. Our fleet of identical chefs was
ready to cook, but we needed a head waiter to intelligently
distribute the incoming orders.

This head waiter, this traffic cop, this crucial piece of the
puzzle, is called a load balancer.

Technical Deep Dive: What is a Load Balancer?

A load balancer is exactly what its name suggests. It is a
dedicated server or service that sits in front of your
application servers, and its only job is to balance the load of
incoming traffic across them.

To every user on the internet, the load balancer is your
website. They all go to the single address of the load
balancer (e.g., dukaan.app). The user has no idea that
behind that single address lies a fleet of two, ten, or a
hundred identical servers ready to do the work. The load
balancer acts as a single front door, hiding the complexity of
the kitchen behind it.

The best analogy for a load balancer is the manager at a
busy supermarket checkout.

Imagine a long line of customers (web traffic) waiting to pay.
If there's only one cashier (a single app server), the line will
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get very long, very quickly. Customers will get frustrated, and
the cashier will get overwhelmed.

Now, imagine the store manager opens four new checkout
counters (our fleet of app servers). But instead of letting
customers pick a line at random, the manager stands at the
front and actively directs the next person in line to the next
available cashier.

e "Sir, please go to counter 3."
e "Madam, counter 1 is free for you."

This manager is the load balancer. Their job is to ensure that
no single cashier is overwhelmed while others are sitting idle.
They smooth out the peaks and valleys of customer traffic,
ensuring the whole system runs efficiently. The load balancer
also performs health checks. If one of the cashiers suddenly
faints (a server crashes), the manager immediately stops
sending customers to that counter and directs them to the
other working cashiers. The system keeps running.

Technical Deep Dive: Load Balancing Algorithms

The supermarket manager needs a set of rules—a

strategy —to decide where to send the next customer. In the
world of load balancing, these rules are called algorithms.
There are many complex algorithms, but for our needs, we
only needed to understand the two most common ones.

1. Round Robin: The Simple but Dumb Approach
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This is the most basic load balancing algorithm. It works just
like its name suggests: it distributes requests to the servers
in a simple, circular rotation.

The 1st request goes to Server A.

The 2nd request goes to Server B.

The 3rd request goes to Server C.

The 4th request goes back to Server A.
...and so on.

It's like dealing a deck of cards to a group of players. Each
player gets a card in turn.

e Pro: It's incredibly simple to set up and requires
almost no thinking from the load balancer.

e Con (The "Dumb" part): It assumes that every
request is identical and that every server is equally
powerful. But what if the 2nd request sent to Server B
is @ massive, complicated task that takes 10 seconds
to process, while the other requests take only 1
second? Round Robin doesn't care. It will blindly send
the 4th request to Server A and the 5th to Server B,
even if Server B is still struggling with its previous
complex task while Server A is completely free. This
can lead to an uneven distribution of the actual
workload.

2. Least Connections: The Smarter Approach

This is a much more intelligent and dynamic algorithm. The
load balancer actively keeps track of how many connections
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are currently open to each of the application servers in its
fleet. When a new request comes in, the load balancer sends
it to the server with the fewest active connections.

This is like the smart supermarket manager who doesn't just
send you to the next counter in sequence, but actively scans
all the lines and sends you to the one that is currently the
shortest.

e Pro: This method naturally accounts for the fact that
some requests are slower than others. A server that is
busy with a slow task will have more open connections
and will therefore be given a "rest" by the load
balancer until it catches up. This leads to a much fairer
and more efficient distribution of the workload.

e Con: It requires slightly more overhead for the load
balancer, as it has to actively count connections
instead of just following a dumb list.

For Dukaan, the choice was clear. The "Least Connections"
algorithm was the smarter, more robust option that would
better handle the unpredictable nature of our user traffic.

We now understood the theory. We had a strategy for our
traffic cop. It was time to put it into practice. We needed to
choose a tool for the job and configure it to manage our new,
growing fleet of servers.
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Part 3: Our First Traffic Cop

The theory was sound. We had a plan to build a fleet of
servers and a strategy to manage them. Now, it was time to
get our hands dirty and actually build it.

Our first question was which software to use for our load
balancer. There are many options, from dedicated hardware
appliances that cost a fortune to cloud-based services like
AWS's Elastic Load Balancer. But we were still a scrappy
startup running on a budget. We needed something
powerful, reliable, and preferably, free.

The answer was already sitting on our server.

Technical Deep Dive: Nginx as a Load Balancer

We were already using Nginx as our web server—the
efficient "waiter" that served our static files and passed
requests to our application. It turns out that Nginx is also a
world-class load balancer. With just a few extra lines in its
configuration file, we could teach our existing waiter to also
be the smart supermarket manager.

This was a huge win. We didn't need to learn or install a new,
complex piece of technology. We could use the tool we
already knew and trusted.

The implementation was surprisingly simple. | spun up a
second, identical application server on DigitalOcean. Now
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we had two "chefs" ready to cook. Then, | SSH'd into our
first server, the one whose |IP address our domain
dukaan.app pointed to. This server would now take on the
additional role of the load balancer.

| opened the Nginx configuration file (/etc/nginx/nginx.conf)
and added two small blocks of text.
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Our Nginx Load Balancer Configuration
Nginx

# Define the group of servers that will handle the application
work.

# We'll call this group "app_servers".

upstream app_servers {

# This is the magic rule. It tells Nginx to use the "Least
Connections"

# algorithm we talked about. Send traffic to the server with
the fewest connections.

least_conn;

# List the IP addresses of all the servers in our fleet.

# These are the private network IPs for speed and
security.

server 10.132.2.31; # Ouir first application server

server 10.132.4.55; # Our second application server

# To scale, we just add more lines here!

server {
listen 80;
server_name dukaan.app;

location / {

# This is the line that does all the work.
# It tells Nginx to pass every incoming request to the
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# "app_servers" group we defined above.
proxy_pass http://app_servers;
proxy_set_header Host $host;
proxy_set_header X-Real-IP $remote_addr;

That was it. The upstream block defined our fleet. The
least_conn; line set our intelligent routing strategy. And the
proxy_pass directive told Nginx to start directing traffic. After
saving the file and restarting Nginx, our load balancer was
live.
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The New Blueprint

Our architecture had evolved again. The traffic flow was now
much more sophisticated and resilient.

1. A user visits dukaan.app. Their request hits our Nginx
load balancer.

2. The load balancer looks at our two application servers
and checks which one has fewer active connections.

3. It forwards the request to the less busy server (e.g.,
App Server 2).

4. App Server 2 processes the request by running our
Django code. To do this, it needs data.

5. App Server 2 connects to our single, shared Database
Server to fetch the necessary information.

6. The response travels back along the same path to the
user.

If App Server 1 were to crash, the Nginx load balancer's
health check would detect it and automatically stop sending
any traffic there. All requests would be routed to App Server
2. The site would stay online. We had finally built a
fault-tolerant system. We could handle traffic spikes, and we
could survive a server crash. We felt invincible again.

The New Problem: The Library is Getting Crowded

For a while, this new setup worked beautifully. When traffic
grew, we didn't panic. We simply spun up a third application
server, added its IP address to the Nginx upstream block,
and reloaded the configuration. We could add more "chefs"
to our kitchen in minutes.
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But what happens when you have ten chefs all cooking
furiously at the same time?

They all need ingredients. They are all running to the same
library, all shouting requests at the same, single librarian.

Our bottleneck had simply moved. It was no longer the CPU
power of a single application server. We had solved that by
scaling horizontally. The new bottleneck was becoming the
very thing that had saved us in the last chapter: our single,
monolithic database.

With an entire fleet of powerful application servers all
hammering it with requests, our database server was starting
to sweat. The CPU usage on the DB server was climbing.
Queries were starting to slow down.

We had successfully scaled our "kitchen," but our "library"
was still a single room with a single librarian. And it was
about to be overwhelmed.

Chapter 4: Key Takeaways

e Horizontal scaling is the only long-term
path to high availability and massive
scale. It's more complex than vertical
scaling but is cost-effective, flexible, and
eliminates single points of failure.

e A load balancer is the essential traffic
cop that makes horizontal scaling
possible. It distributes requests across a
fleet of servers and routes around failures.
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e You can start simply. Powerful tools like
Nginx can act as both your web server and
your load balancer, reducing the complexity
of your initial setup.

e "Least Connections" is a smart default
algorithm. It provides a more even
distribution of the workload compared to the
simpler "Round Robin" method.

e The bottleneck always moves. When you
solve one performance problem, the load
simply shifts to the next weakest link in the
chain. Our application servers were no
longer the problem; our database was about
to become the new fire.
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Chapter 5: The Bouncer at the Database Club: Read
Replicas

There’s a fundamental shift that happens when your startup
grows from a few thousand users to a hundred thousand.
The early days are about survival, about putting out fires.
Your problems are loud and obvious: the server is down, the
app has crashed. The solutions are often brute-force: restart
it, add more memory, get a bigger machine.

But as you cross the 100,000 user mark, a new class of
problem emerges. The fires are replaced by a slow, creeping
heat. The system doesn't crash; it just gets... heavy.
Sluggish. The problems are no longer about survival, but
about performance. And the solutions require less brute
force and more surgical precision. You have to stop thinking
about just keeping the lights on and start thinking about the
architecture of the building itself.

Our load-balanced, horizontally-scaled application fleet had
solved the "kitchen on fire" problem. But now, the library was
getting so crowded you could barely move.

Part 1: The Traffic Jam inside the Library

Life with the load balancer was good. Our application layer
was a thing of beauty. We could watch in real-time as a
traffic spike hit, see the CPU on our app servers climb, and
then, with a few clicks, add a new server to the fleet and
watch the load magically distribute and settle down. We had
control. We had scalability.
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Our user base soared past 50,000 sellers, then 80,000, and
was rapidly approaching the incredible milestone of 100,000.
Each of these sellers had customers, meaning the number of
people browsing Dukaan stores was in the millions. We were
serving more traffic than we had ever imagined.

But the familiar feeling of dread began to creep back in. We
started getting complaints, not about the site being down,
but about it being slow.

e "My store is taking 5-6 seconds to load for
customers."

e "Sometimes when | add a new product, it just spins for
a long time before saving."

The sluggishness was worst during peak Indian business
hours, from 11 AM to 5 PM. Suumit and | would watch our
monitoring graphs. The app servers were fine, their CPU
usage spread evenly and rarely breaking 50%. The load
balancer was doing its job perfectly.

But the graph for our single, powerful database server told a
different story. The CPU was consistently hitting 80-90%.
The disk 1/0 metric, which measures how busy the storage
drive is, was maxed out. Our database, the powerful,
isolated server that was once our savior, was now gasping
for air. The library was packed, and our single, heroic
librarian was being overwhelmed.

Identifying the Bottleneck: Too Many People Are Just
"Looking"
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Saying "the database is slow" is like a doctor saying "the
patient is sick." It’s not a diagnosis; it’s an observation. To
find a cure, we had to understand the specific disease. We
needed to look inside the database and understand the type
of work it was struggling with.

This led us to analyze our database queries, the fundamental
commands our application sends to the database.

Technical Deep Dive: Analyzing Query Types (Read vs.
Write)

At its core, a database does two very different kinds of work,
and it's crucial to understand the distinction.

1. Write Queries: These are operations that change
data. The main commands are INSERT (add new
data), UPDATE (modify existing data), and DELETE
(remove data).

o Analogy: Think of this as the work of an author
or a librarian physically changing the library's
collection. An INSERT is a new book arriving. An
UPDATE is the librarian correcting a typo on a
card in the card catalog. A DELETE is removing
an old, damaged book from the shelves.

o These actions are critical. They must be handled
with care to maintain the integrity of the
collection. They often require "locks" to ensure
two people don't try to change the same thing at
the same time. They are generally slower and
more resource-intensive. For Dukaan, this was a
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seller adding a product, updating a price, or a
customer placing an order.
2. Read Queries: This is any operation that only fetches
data. The command is SELECT.

o Analogy: This is a member of the public coming
into the library to read a book. They aren't
changing anything. They find a book, read it,
and put it back. They are simply consuming
information.

o These actions are generally much faster and less
intensive than writes. For Dukaan, this was the
massive flood of traffic from customers browsing
stores and viewing product catalogs.

We installed a tool to analyze our database traffic, and what
we found was the key to our entire problem. It was a pattern
so common in web applications that it has a name.

The 95/5 Rule (or the Read/Write Split)

Our analysis revealed a staggering imbalance. For every 100
queries that hit our database:

e 95 were SELECT queries. (Reads)
e 5 were INSERT, UPDATE, or DELETE queries.
(Writes)

This made perfect sense. A single seller might update their

products a few times a day (a handful of writes), but their
store might be viewed by thousands of customers
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(thousands of reads). Our system was overwhelmingly
dominated by read traffic.

How Reads Were Slowing Down Writes

Here was the core of our problem: our single database
server was treating both types of work with the same priority.
It had one queue.

Imagine our library again. There is one entrance and one line
to talk to the librarian. In that line are 95 people who just
want to ask, "Where can | find this book?" (a quick read
query). But also in that line are 5 authors who need to
register a new book, a process that involves filling out forms
and updating the master catalog (a slower write query).

The authors are forced to wait in the same long line behind
the huge crowd of casual readers. The sheer volume of
simple read requests was creating a traffic jam, delaying the
critical, time-sensitive write requests. This is why a seller
would experience a long delay when trying to save a new
product—their important "write" request was stuck in a
queue behind hundreds of "read" requests from anonymous
shoppers.

The solution became clear. We couldn't keep forcing
everyone through the same single door. We needed to create
a separate, exclusive entrance for the authors, while letting
the reading public use a different, much larger entrance. We
needed to separate our reads from our writes.
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Part 2: The Bouncer and the VIP Entrance

The problem was clear. We had a single, crowded entrance
to our library, and the massive crowd of casual readers was
blocking the important authors from getting their work done.
The solution, therefore, was to build a new entrance. We
needed a private, VIP door just for the authors, and a
separate, wide-open gate for the reading public.

In database architecture, this strategy is called replication.

Technical Deep Dive: The Solution - Database
Replication

Replication is the process of creating and maintaining
multiple copies of the same database. Instead of one single
database server trying to do everything, we would now have
a team of databases, each with a specialized role. The most
common form of replication, and the one we implemented, is
called Master-Slave Replication.

Let's ditch the library analogy for a moment and think of a
popular nightclub.

The Master Database: The VIP Club

The Master is the exclusive, VIP section of the club. It’s the
single source of truth.

e It handles all Write operations (INSERT, UPDATE,
DELETE). Any change to the state of the club—a new
VIP guest arriving, an existing guest ordering a drink,
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or a guest leaving—has to be registered here. A tough,
no-nonsense bouncer stands at the door, ensuring
that every change is legitimate and recorded properly.
e This is our sellers' entrance. When a seller updates a
product price, adds a new item, or deletes an old one,
their request goes directly to the Master. The
operations are critical and are handled with high
priority in this less-crowded, exclusive environment.

The Read Replica (Slave): The Main Dance Floor

The Read Replica is the main dance floor of the club. It's a
perfect, up-to-the-minute copy of everything happening in
the VIP section, but it's open to the public for viewing.

e It handles only Read operations (SELECT).
Thousands of people (our customers) can be on the
dance floor at once, looking around, seeing who's
there, and enjoying the music. They can look into the
VIP section and see everything, but they cannot make
any changes themselves.

e Its job is to absorb the massive load of read traffic.
By offloading all the "just looking" requests to the
Read Replica, we free up the Master database to
focus on its important job of processing changes. We
could even have multiple Read Replicas—several
dance floors—if the crowd got big enough.

This separation of concerns was the architectural leap we

needed. It would allow us to scale our reads and writes
independently.
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Technical Deep Dive: The Implementation

The theory was great, but how did it work in practice? How
does the main dance floor magically know what's happening
in the VIP section in real-time?

How Streaming Replication Works in PostgreSQL

PostgreSQL has a brilliant, built-in feature for this called
streaming replication.

1. The WAL (Write-Ahead Log): The Master database,
our VIP club, has a diligent security guard who writes
down every single thing that happens in a special
logbook. A new guest arrives? He writes it down. A
price changes? He writes it down. This logbook is
called the Write-Ahead Log (WAL). It is an ordered,
real-time record of every single change made to the
database.

2. The Stream: We set up a new server, our Read
Replica, and configured it to connect to the Master.
The Replica's first instruction is: "Subscribe to the
WAL." The Master then begins "streaming" every new
entry from its logbook to the Replica in real-time over a
secure, private network connection.

3. The Application: The Read Replica receives this
stream of changes and applies them to its own copy of
the data in the exact same order.

The result is that the Replica is always a near-perfect,
real-time mirror of the Master. It’s like a live video feed from
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the VIP section being broadcast onto giant screens above
the main dance floor for everyone to see.

Updating Our Application to be "Replication Aware"

Setting up the servers was only half the battle. Our Django
application was still "dumb." It only knew how to talk to one
database. We had to teach it to be smart, to become the
bouncer who decides who goes to the VIP entrance and who
goes to the main floor.

This was a major change to our codebase.

1. Multiple Database Configurations: First, in our
Django settings, we configured two database
connections instead of one: a default connection
pointing to the Master database's IP, and a
read_replica connection pointing to the new Replica's
IP.

2. Creating a Database Router: Next, we implemented
a custom "database router." This is a special piece of
code in Django that intercepts every database query
before it happens and decides which database it
should be sent to. The logic was simple, but critical:
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Python

# A simplified version of our router logic
class PrimaryReplicaRouter:
def db_for_read(self, model, **hints):
# All read operations go to the replica.
return 'read_replica'

def db_for_write(self, model, **hints):
# All write operations go to the master.
return 'default’

With this router in place, our application was now intelligent.
Every time a customer loaded a store page (triggering
dozens of SELECT queries), the router would send all that
traffic to the powerful Read Replica. But when a seller hit
"Save" on a new product (triggering an INSERT or UPDATE
query), the router would send that single, critical request to
the protected, less-busy Master database.

We deployed the changes. The difference was immediate
and dramatic. Store pages loaded instantly. Sellers reported
that saving changes was snappy again. The high CPU and
I/0 load on our Master database dropped to almost nothing.
We had done it. We had successfully scaled our database.
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The Triangle You Can’t Escape: CAP Theorem

When we first rolled out replication, the results felt magical.
The master handled writes, the replicas handled reads, and
suddenly the whole club was flowing smoothly. Sellers could
update their catalog without being crushed under a wave of
casual shoppers. Customers could browse without waiting in
line. It looked like we had found the perfect system.

But distributed systems never give you perfection for free.
There’s an old principle in computer science, one that | had
skimmed in the past but now was staring me in the face
every day: the CAP theorem.

CAP stands for Consistency, Availability, and Partition
tolerance. It says that in any distributed data system, you
can guarantee at most two of these properties at the same
time. You cannot have all three.

e Consistency means every room in the club sees the
same thing at the same time. If the VIP section
changes the playlist, the dance floor should instantly
hear the new song.

e Availability means the doors are always open. No
matter what, the club never turns away a guest —
every request gets some answer.

e Partition tolerance means the club keeps running
even if the hallway between rooms gets blocked.
Maybe the sound system link between the VIP lounge
and the dance floor is glitching — the party can’t just
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stop because of that.

Here’s the trick: in the real world, partitions are guaranteed.
Networks fail, packets drop, cables cut. So every real system
has to choose between consistency and availability when
partitions happen.

When we introduced replicas, we were making that choice —
whether we realized it or not. We chose availability over
strict consistency. The dance floor (replica) was always
open and ready to serve customers, even if it hadn’t caught
up with the VIP section (master). The result was that
sometimes the dance floor showed slightly older information.

A Concrete Example

Say a seller updates the price of a dress in the VIP section
from ¥1000 to ¥800. The master records it instantly.

e [f the next request goes straight to the master, the
guest sees Z800.

e |[f it hits the replica before the update has streamed
across, the guest still sees ¥1000.

Both answers are “valid” depending on which room you’re
standing in. From the seller’s perspective, though, it looks
broken. They just changed the price — why does the
storefront still show the old one?
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Why CAP Matters

CAP isn’t a theory locked in a textbook; it’s the invisible
triangle you wrestle with whenever you add replicas,
distribute data, or sync across regions. The moment we
embraced replication, we entered a world where some reads
could lag behind writes. That’s not a bug. That’s CAP,
reminding us that distributed systems always make you pick
your poison.

Shades of Consistency

Once you accept CAP, the next question becomes: if we
can’t have everything, what kind of consistency do we
actually want? In practice, there isn’t just one answer.
Distributed systems live along a spectrum of consistency
models, and every product you’ve ever used makes a
different choice depending on what matters most.

Here are the big three you’ll encounter:

e Strong Consistency

This is the world people intuitively expect. If a seller
updates a product’s price to 800, then every single
read after that — no matter which server it hits — must
return ¥800.

In the nightclub analogy, the moment the DJ in the
VIP room changes the track, the dance floor instantly
hears the new song, no exceptions.

Strong consistency feels clean, but it often comes at
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the cost of availability. If the hallway between the VIP
and dance floor is blocked for even a moment, the
club would rather stall than risk anyone hearing the
“wrong” song.

e Eventual Consistency

This is where replicas really live. Updates in the VIP
section stream to the dance floor as fast as possible,
but not instantly. If you’re unlucky, you might hear the
old song for a few more beats before the change
makes it through.

From a user’s perspective, this can be confusing:
they’ve just saved new data, but the storefront still
shows the old value. Given enough time, everything
catches up and all rooms are in sync — but “enough
time” might be one second or five, and you can’t
predict exactly when.

e Causal Consistency

This is a middle ground that tries to preserve the order
of cause and effect. If Priya lowers the price of her
necklace and then views her own store, causal
consistency guarantees that she will see her update,
even if the rest of the world hasn’t yet.

In the nightclub: if the DJ changes the track, anyone
who was in the VIP room to see it happen will always
hear the new track, even if people on the dance floor
are still catching up.

It doesn’t guarantee perfect global alignment, but it
protects the logic of “I changed something, therefore |
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should see the change.”

Choosing What Fits

Different systems pick different models. Banking software
demands strong consistency — you don’t want one branch
showing a balance of 10,000 while another shows %5,000.
Social networks lean toward eventual consistency — if your
like count lags behind by a few seconds, nobody panics.
Causal consistency is increasingly popular in user-facing
apps, because it balances scale with a user’s personal
expectation of immediacy.

At Dukaan, we had essentially built an eventually consistent
system when we adopted replicas. That’s why Priya
sometimes saw the “ghost of old data.” Her experience
wasn’t a bug, it was a textbook case of eventual
consistency.

But as with every solution, this new architecture introduced a
new, subtle, and potentially dangerous side effect.
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The New Problem: Replication Lag

The live stream of data from the Master to the Replica is
incredibly fast, but it is not instantaneous. There is always a
tiny delay, measured in milliseconds. Under heavy load, this
delay could sometimes spike to a full second or two. This
delay is called replication lag.

This means the main dance floor's view of the VIP section is
a fraction of a second behind reality.

This creates a very confusing set of potential problems. What
happens when a seller updates a product's price from Z100
to %90 (a write to the Master), immediately hits refresh on
their store page (a read from the Replica), and still sees the
price as ¥100 because the change hasn't been streamed
over yet?

This is the confusing, and dangerous world of eventual
consistency.

Part 3: The Ghost of Old Data

Our new architecture was, by all technical measures, a
massive success. The system was fast, stable, and handling
100,000 users. From a systems engineering perspective, we
had won. But from a user's perspective, we had just
introduced a very strange, almost magical, and deeply
confusing new problem.

Imagine a seller, let's call her Priya. She runs a small
boutique selling custom jewelry. She logs into her Dukaan
dashboard and sees that one of her most popular necklaces

The accidental CTO Author Copy



95

is listed for ¥1000. She decides to run a flash sale and
changes the price to ¥800. She hits "Save." The system
responds instantly: "Product updated successfully!"

To double-check her work, Priya immediately clicks the
"View Store" button to see it as a customer would. She looks
at the necklace. The price is still 1000.

Her heart drops. Did it not save? She goes back to the
admin panel. It shows the price as ¥800. She goes back to
her store page. It shows ¥1000. She's now confused and
starting to panic. Is her store broken? Are her customers
being overcharged? She refreshes the page again and again.
1000. %1000. And then, suddenly, after five seconds of
frantic refreshing, it changes to ¥800.

What Priya just experienced is the ghost of old data. She
was a victim of replication lag. Her "Save" action was a write
that went to the Master database instantly. Her "View Store"
action was a read that was sent to our Read Replica, which
was, at that moment, a fraction of a second behind the
master.

This wasn't a bug in the code. This was a fundamental
property of the new, high-performance system we had just
built. We had traded instant consistency for massive
scalability. We had entered the world of eventual
consistency.

Technical Deep Dive: Eventual Consistency
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To understand this concept, you need to compare it with
what everyone naturally expects.

e Strong Consistency: This is the world we're all used
to. When you transfer money at a bank, you expect the
balance to be updated everywhere, instantly. After a
write operation, every single read operation that
follows is guaranteed to see that new data. A single
server with a single database provides strong
consistency by default. There is only one source of
truth.

e Eventual Consistency: This is the world of distributed
systems, the world we now lived in. The system
guarantees that if you stop making changes, all
copies of the data will eventually look the same. It
makes no promises about how long that will take. It
promises that consistency will happen, but not
necessarily right away.

This is the trade-off. We had sacrificed the guarantee of
instant consistency for the ability to handle millions of reads.
For 99.9% of our users (the customers browsing the site), a
one-second delay in seeing a price update was perfectly
acceptable; they would never even notice. But for that 0.1%
of users who were the cause of the change (our sellers like
Priya), that one-second delay was a jarring and unacceptable
user experience.

We couldn't get rid of replication lag—it's a physical
limitation. But we had to find a way to shield our sellers from
its effects.
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Technical Deep Dive: Strategies for Handling Data
Staleness

How do you fix a problem like this? You can't make the
system faster, so you have to make the application smarter.

Strategy 1: Do Nothing (and When It's OK)

For many features, a small amount of lag is perfectly fine. For
example, if we had an admin dashboard that showed "Total
number of stores," it wouldn't matter if that number was 30
seconds out of date. You must consciously identify which
parts of your application require strong consistency and
which can tolerate eventual consistency.

Strategy 2: The "Read After Write" Solution (The VIP Pass)

This was the strategy we implemented to solve Priya's
problem. The logic is simple: for a specific user, immediately
after they perform a write operation, we should temporarily
break our own rules and send their read queries to the
Master database as well.

This is Priya's VIP Pass.

1. Priya saves a new price for her necklace. This is a
write that goes to the Master.

2. Our application sees this successful write and sets a
temporary flag in Priya's session (like a cookie in her
browser) that says, "This user is in a VIP window for
the next 60 seconds."

3. Priya immediately refreshes her store page. This is a
read query.
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4. Our database router sees the request coming from
Priya. It checks her session and sees the "VIP
window" flag.

5. Instead of sending her read request to the Read
Replica like it would for any other user, the router
sends it directly to the Master database.

6. Since the Master always has the absolute latest data,
it returns the correct new price of *800. Priya sees her
change instantly, and her confidence in the platform is
maintained.

7. A minute later, the VIP flag in her session expires. Her
next read request will go to the Replica as normal, by
which time the data has long since been replicated.

This approach gave us the best of both worlds: massive

scalability for the general public, and the feeling of strong
consistency for the user who is actually making changes.
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Chapter 5: Key Takeaways

e Scaling your database with read replicas
is a huge performance win, but it comes
at a cost. You are trading the simplicity of
strong consistency for the complexity of
eventual consistency.

e Replication lag is a physical reality, not a
bug. There will always be a small delay
between your master and your replica. You
cannot eliminate it, so you must design your
application to handle it.

e Eventual consistency can create a jarring
and confusing user experience. A user
seeing old data right after they've made a
change can severely damage their trust in
your product.

e Implement a "Read Your Own Writes"
strategy. For users who have just modified
data, temporarily route their read queries to
the master database. This provides the
illusion of instant consistency where it
matters most, without sacrificing the
scalability of your read replicas.
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Chapter 6: "Don't Test on Prod, Bro!": The Staging
Environment

The journey so far has been about fighting external forces.
We fought server limitations, traffic spikes, and the laws of
physics. They were the glorious battles of scale, the
consequences of our own success. This chapter is about a
different kind of battle. It’s about the fight against our own
worst enemy: ourselves.

As a company grows, you move from a two-person army to
a small platoon. You hire your first engineers. The speed of
development increases, but so does the complexity and the
risk. The informal, "move fast and break things" culture that
got you off the ground can quickly become the very thing
that burns your company to the ground.

This is the story of our first self-inflicted disaster, and the
crucial lesson we learned about building a safety net before
you learn to fly.

Part 1: The Bug That Broke Everything

With our new, scalable architecture in place, we started
hiring. Our team grew from just Suumit and me to a handful
of talented, enthusiastic engineers. The energy was
incredible. We were shipping new features faster than ever
before. A new payment option, a product filter, a better way
to manage orders—the pace was exhilarating.
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Our process for deploying code was, in hindsight, terrifyingly
simple. An engineer would write some code on their laptop,
test it to see if it worked for them, and then push it to our
central code repository on GitHub. A simple script would
then automatically take this new code and deploy it directly
to our live, production servers—the servers that our hundred
thousand sellers and their millions of customers were using.

From a developer's brain to a live user's screen in under five
minutes. We thought this was the pinnacle of agility. In
reality, it was like doing a trapeze act without a safety net.

One Tuesday afternoon, a new junior developer—Ilet’s call
him Rohan—was tasked with adding a simple feature: a
button to sort products by price. He was a sharp kid, and he
built the feature in a couple of hours. On his laptop, using his
test store which had about 15 products, it worked perfectly.
The products sorted instantly. Confident in his work, he
pushed the code.

Five minutes later, my phone exploded.
It wasn't a server alert. It was Suumit. And he was not calm.

"Subhash! Our top sellers are down! gavranmisal.com, Jain
Shikanji—all the big guys! Their stores won't load. They're
calling me, they're losing money! WHAT HAPPENED?"

| jumped to my monitoring dashboard. The servers weren't
down. The CPU was fine, the memory was fine. This wasn't
a scaling issue. This was a code issue. A bug.
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We scrambled. We checked the recent code pushes and
saw Rohan's change. Looking at his code, the logic seemed
fine, but my eyes caught one specific database query. It was
a simple ORDER BY price clause. But the way it was written,
it would be incredibly inefficient on stores with thousands of
products. On Rohan's test store with 15 items, it was instant.
On gavranmisal.com's store with 2,000 items, the query
would time out, crashing the page load process. He had
accidentally shipped a bug that only affected our biggest
and most important customers.

The next ten minutes were pure, adrenaline-fueled chaos.
We had to perform an emergency "revert," a process of
rolling back the code to the previous version, all while our
live system was on fire and our support channels were
flooding with angry messages from sellers.

We eventually fixed it. The stores came back online. But the
damage was done. We had let our users down. And it wasn't
because of a traffic spike or a hardware failure. It was 100%
our own fault.

That evening, Suumit and | had a tense call.

"This can never happen again," he said, his voice sharp. "We
looked like amateurs. Pushing code straight from a laptop to
the live site is insane. It's like a chef trying out a new recipe
for the first time on the Prime Minister. We need a safety net.
A place to test things properly before they go live."
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He was right. We had been flying without a parachute. It was
time to grow up.
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The Solution: Building a Safety Net

The root of our problem was that we had only two places
where our code existed: on a developer's laptop, and in front
of live customers. There was no step in between. A
professional software team needs a proper assembly line,
with quality checks at each stage. This is the Software
Development Lifecycle.

Technical Deep Dive: The Environments

Think of a high-end restaurant. They don't just cook and
serve. They have a rigorous process that involves three
distinct environments.

1. The Development Environment (The Test Kitchen)
This is the developer's laptop.

e Analogy: This is the chef's personal test kitchen. It's a
creative, messy, isolated space. Here, the chef can
experiment with wild new recipes, try strange
ingredient combinations, and make mistakes without
consequence. No customer will ever taste a dish that
comes directly from the test kitchen.

e Our Mistake: Rohan had tested his new recipe in his
test kitchen, which was only stocked with ingredients
for a small meal (a store with 15 products). It worked
fine there. He didn't have the ingredients to test what
would happen if he had to cook for a banquet (a store
with 2,000 products).
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2. The Production Environment (The Dining Room)
This is the live server that real users interact with.

e Analogy: This is the restaurant's main dining room,
filled with paying customers. Every single dish that
comes out of this kitchen and is placed on a table has
to be perfect. A mistake here is public, humiliating, and
damages the restaurant's reputation.

e Our Mistake: We were taking dishes straight from the
test kitchen and serving them in the main dining room.
We were serving our experiments to our most
important customers.
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3. The Staging Environment (The Dress Rehearsal)

This was the critical piece we were missing. A Staging
environment is a complete, parallel universe that is an exact
mirror of your Production environment.

e Analogy: This is a fully equipped, identical copy of the
main kitchen, located in the back, complete with the
same ovens, same staff, and the same high-quality
ingredients. Before a new dish is officially added to the
menu, the chefs must first cook it perfectly in this
"staging kitchen" during a full "dress rehearsal." They
serve it to the restaurant managers and staff (internal
testers) who act like real customers. They test the
entire process—from taking the order to cooking under
pressure to final plating. Only when a dish passes this
rigorous, real-world test is it approved for the main
dining room.

This was our safety net. A place where Rohan could have
deployed his new code and we could have tested it against a
copy of a store with 2,000 products. The bug would have
been instantly obvious. The page would have crashed in
Staging, and not a single real customer would have ever
been affected.

We knew what we had to do. We needed to build a perfect
replica of our main stage, just for rehearsals.
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Part 2: Building the Mirror

The decision to build a staging environment was a pivotal
moment for us. It was a declaration that we were moving
from a chaotic garage band to a professional orchestra. An
orchestra needs a dedicated space for rehearsals, and we
were about to build ours.

But building a useful staging environment is much harder
than it sounds. It's not just about spinning up another server
and deploying your code to it. A bad staging environment
can be worse than none at all, giving you a false sense of
security. To be an effective safety net, our dress rehearsal
stage had to be a perfect, down-to-the-millimeter mirror of
the real thing.

Technical Deep Dive: The Importance of Identical
Environments

This is the golden rule of staging: your staging environment
must be as identical to your production environment as
possible.

Why? Because subtle differences are where bugs love to
hide.

e If your staging server has more RAM than production,
you'll never catch memory-leak bugs.

e |[fit's running a newer version of Python than
production, your code might work in staging but crash
on the live site due to a library incompatibility.
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e If its network rules are different, a feature might work
in staging but fail in production because a firewall is
blocking it.

You can't have a dress rehearsal for a massive Broadway
play on a tiny high school stage with cardboard props and
expect to find all the problems. You need a stage with the
same dimensions, the same lighting, and the same
acoustics.

For us, this meant a significant new investment. We had to
replicate our entire production architecture:

e Identical "Hardware": We spun up new DigitalOcean
Droplets for staging that had the exact same CPU,
RAM, and SSD specs as our production servers.

e lIdentical Software: We used configuration scripts to
ensure that our staging servers had the exact same
version of Ubuntu, Python, Django, PostgreSQL,
Nginx, Gunicorn, and every other library we depended
on.

e Identical Architecture: Our production setup now had
a load balancer, two app servers, and a read-replica
database. Our new staging environment had to have
the same: one staging load balancer, two staging app
servers, and a staging master/replica database setup.

This effectively doubled our server costs. For a bootstrapped
startup, this was a painful expense. But we reframed it in our
minds. It wasn't a cost; it was an insurance premium. We
were paying a predictable monthly fee to insure ourselves
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against the massive, unpredictable cost of a catastrophic,
reputation-damaging production outage.

Technical Deep Dive: The Challenge of Seeding and
Sanitizing Data

We had built a perfect, empty stage. But a dress rehearsal is
useless without actors and props. A staging environment is
useless if it's not populated with realistic, large-scale data.
This is, without a doubt, the hardest part of maintaining a
useful staging environment.

Our bug with Rohan's feature happened because he tested
on a store with 15 products, while the production bug only
appeared on stores with over 1,000 products. To catch these
kinds of bugs, our staging environment needed data that
mirrored the scale and complexity of production.

The obvious, but dangerously wrong, solution is to simply
clone your production database and load it into staging. You
must never, ever do this.

Your production database contains your users' most
sensitive information: their names, their phone numbers,
their email addresses, their private order histories. Copying
this data into a less-secure staging environment that multiple
developers have access to is a massive security and privacy
violation. It's not just bad practice; it could be illegal.

So, we had a dilemma: we needed the production data's
scale, but we couldn't use the production data itself.
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The solution was to build a Seeding and Sanitization
Pipeline. It was an automated script that performed a
two-step process every night:

Step 1: Seeding

The script would start by taking a full backup of our live
production database using pg_dump. This gave us a
complete, structurally perfect snapshot of our data at that
moment.

Step 2: Sanitization

This was the critical step. Before loading this backup into the
staging database, the script would run it through a
"sanitizer" that would cleanse it of all sensitive information:

e [t anonymized user data: It would run through the
users table and replace real names with fake ones like
"Test User 1234." It would scramble email addresses
to testuser1234@example.com and replace real phone
numbers with fake, randomly generated ones.

e [t obfuscated financial data: It would change real
product prices and order totals to realistic but
randomized values.

e It preserved scale and structure: Crucially, the script
did not delete data. If a production store had 2,000
products, the sanitized staging copy also had 2,000
products, but with scrambled names and prices. If a
user had 500 orders, the anonymized test user in
staging also had 500 orders.
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This process was complex to build and required constant
maintenance. But it gave us the holy grail of staging
environments: a database that was a perfect mirror of
production's scale and complexity, but with zero sensitive
user data.

Now, Rohan could have tested his new sorting feature on the
staging server against the sanitized copy of
gavranmisal.com's 2,000-product store. The bug would have
crashed the staging site, he would have fixed it, and no real
customer would have ever been the wiser.

We had our test kitchen (the developer laptops), our main
dining room (Production), and now a fully equipped,
professional dress rehearsal stage (Staging). The final piece
of the puzzle was to create a formal, safe, and repeatable
process for moving code between them. We needed an
assembly line. We needed a deployment pipeline.
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Part 3: The Assembly Line

We had built our environments. We had the test kitchen
(Dev), the dress rehearsal stage (Staging), and the main
dining room (Production). This was a massive step forward.
But having the rooms isn't enough; you need a safe and
efficient way to move dishes between them.

Our old method of a developer manually running a script to
push code directly to production was like a chef sprinting
from the test kitchen straight into the dining room, holding a
flaming pan. It was fast, exciting, and guaranteed to
eventually end in disaster.

We needed to replace this chaotic sprint with a calm, orderly,
and predictable process. We needed to build an assembly
line for our code. In the tech world, this is called a
Deployment Pipeline.

Technical Deep Dive: The Deployment Pipeline

A deployment pipeline is an automated process that takes
code from a developer's laptop and safely moves it through
a series of quality checks before it is finally delivered to
users.

Think of it as the assembly line in a modern car factory. The
developer's code is the raw steel. The pipeline is the series
of conveyor belts and robotic arms that automatically move
the steel from one station to the next. At each station, tests
are run and quality checks are performed. Only a car that
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passes every single check at every station is allowed to roll
out to the showroom.

The goal of a pipeline is to make deployments boring. A
deployment should not be a moment of high-stakes drama
and prayer. It should be a routine, predictable, and
repeatable event. Boring is good. Boring means the site isn't
on fire.

We designed our first, simple deployment pipeline with a
series of deliberate, manual and automated steps.

Step 1: The Pull Request on GitHub

The entire process starts when a developer finishes writing
their code. Instead of pushing it directly into the main
codebase (the master branch), they now open a Pull Request
(PR) on GitHub.

A PR is a formal request: "l have completed my work on this
feature. Here is the code. Please review and approve it to be
merged into the main project.” This is the entry point to our
assembly line. It’s the raw steel arriving at the factory door.

Step 2: The Human Quality Check (Code Review)

This was a huge cultural shift for us. Before a single line of
new code could proceed down the assembly line, it had to
be reviewed and approved by at least one other engineer on
the team.

The accidental CTO Author Copy



114

This "second pair of eyes" is an incredibly powerful quality
check. The reviewer looks for things like:

e Obvious bugs or logical errors.

e Inefficient database queries (like the one that caused
our last outage).

e Code that is hard to read or understand.

e Security vulnerabilities.

This simple, human-centric step forces collaboration and
shared ownership of the code. It’'s a powerful way to catch
bugs before they ever reach a server.

Step 3: Automated Testing & Deployment to Staging

Once a human has approved the Pull Request, the machines
take over. We set up an automated system (using a tool
called GitHub Actions) that would trigger automatically:

1. Run Automated Tests: The system would first run our
entire suite of "unit tests" and "integration tests."
These are small, automated checks that verify that the
new code works as expected and hasn't accidentally
broken any existing features (a problem known as a
"regression").

2. Deploy to Staging: If all the automated tests passed,
the system would automatically merge the code into
our staging branch and deploy it to our staging
environment.
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