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CHAPTER 01

Introduction to Dolt: Git for
Your Data
Imagine if your database had the superpower of Git. What if every change to your

data, every schema evolution, and every critical update was tracked, diffable,

branchable, and mergeable, just like your application code? This isn't a dream—

it's Dolt.

In the world of software development, Git has become an indispensable tool for

managing code, collaborating with teams, and maintaining a complete history of

changes. But what about data? Traditional relational databases offer some level of

auditing through transaction logs or custom triggers, but they lack the native,

powerful versioning capabilities that Git provides for code. This gap often leads to

complex data management challenges, especially in collaborative environments

or when dealing with critical data transformations.

This chapter introduces you to Dolt, the world's first SQL database that natively

supports Git-like version control. We'll explore the fundamental concept of "Git for

Data," understand why it's a game-changer for modern data workflows, and get

your environment set up. By the end, you'll have initialized your first Dolt

database, made some changes, and seen how Dolt tracks your data's evolution

with familiar Git commands.

Why Version Control for Data Matters

When your data changes, understanding what changed, who changed it, and 

when it changed is crucial. In critical applications, data science projects, or

regulatory environments, a clear, immutable history of your data isn't just nice to

have—it's essential.

The Challenges of Unversioned Data

Without robust data versioning, you often face problems like:

Debugging Data Issues: Pinpointing when an erroneous data point was

introduced or a schema change broke an application becomes a forensic

nightmare. Imagine trying to roll back a specific data entry from weeks ago

without a clear history!

• 
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Collaboration Headaches: Multiple data engineers or analysts working on

the same dataset can inadvertently overwrite each other's changes, leading

to data inconsistencies and wasted effort. How do you merge independent

changes to the same table?

Reproducibility Crisis: Data scientists struggle to reproduce machine

learning model results because the underlying training data isn't

consistently versioned. Was the model trained on this version of the data or

an older one?

Auditing and Compliance: Meeting regulatory requirements for data

lineage and change tracking is cumbersome, often relying on custom, error-

prone solutions.

Schema Evolution: Managing database schema changes across

development, staging, and production environments is prone to errors and

can cause downtime if not handled carefully.

Dolt's Solution: Git for Your Data

Dolt addresses these challenges by embedding Git's core principles directly into a

SQL database. This means you can use familiar commands like commit , branch , 

merge , and diff  on your data itself.

📌 Key Idea: Dolt treats your entire database—both schema and data—as a

version-controlled repository, enabling the same robust workflows you use for

code.

Understanding the Git-for-Data Paradigm

At its heart, Dolt is a relational database (either MySQL or PostgreSQL compatible)

that stores its data in a content-addressable storage system, much like Git. This

architecture allows it to track every change at a granular, cell-level.

Let's break down the core Git concepts and how they apply to Dolt, helping you

build a mental model for versioning your data:

Commit: In Git, a commit captures a snapshot of your codebase at a

specific point in time. In Dolt, a commit captures a snapshot of your entire

database (schema and data). Each commit has a unique identifier (hash), an

author, a timestamp, and a descriptive message. 

Why it matters: Commits provide an immutable, atomic record of

your database's state, allowing you to "time travel" to any previous

version.

• 

• 

• 

• 

• 

• 
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Branch: Git branches allow you to develop features or experiments in

isolation without affecting the main codebase. Dolt branches let you do the

same for your data. You can create a branch to experiment with new data

imports, test schema changes, or develop new features that require isolated

data environments. 

Why it matters: Branches enable parallel development and

experimentation without risking your production data.

Merge: When a feature branch is complete, you merge its changes back

into the main branch. Dolt merges combine data and schema changes from

different branches, intelligently handling conflicts. 

Why it matters: Merging allows you to integrate validated changes

from isolated branches back into your primary data stream.

Diff: Git's diff  command shows you the line-by-line differences between

two versions of your code. Dolt's diff  shows you the cell-by-cell

differences between two versions of your data or schema. This is incredibly

powerful for auditing. 

Why it matters: dolt diff  provides precise visibility into what data

(or schema) changed between any two points in history, simplifying

debugging and auditing.

History ( log ): Just as git log  shows your commit history, dolt log

displays the chronological history of all commits made to your database. 

Why it matters: The commit log provides a complete, auditable trail

of every change, answering the who, what, and when for your data.

Figure 1.1: Simplified Git-for-Data Workflow in Dolt

• 

• 

• 

• 

• 

• 

• 

• 
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Dolt vs. Doltgres: Choosing Your Flavor

Dolt offers two primary flavors, catering to different SQL ecosystems.

Understanding the distinction is crucial for selecting the right tool for your project.

Dolt (MySQL Compatible): This is the original Dolt, providing a MySQL-

compatible interface. If you're familiar with MySQL syntax, tools, or have

existing applications built for MySQL, Dolt is your go-to choice. It speaks the

MySQL wire protocol, meaning most MySQL clients and connectors work out

of the box. 

Why choose Dolt: Seamless integration with existing MySQL tools,

drivers, and applications.

Doltgres (PostgreSQL Compatible): Introduced to support the growing

PostgreSQL ecosystem, Doltgres offers PostgreSQL compatibility. It's ideal

for developers and data engineers who prefer PostgreSQL's features, syntax,

or have existing PostgreSQL-based applications. It supports the PostgreSQL

wire protocol. 

Why choose Doltgres: Leverage PostgreSQL's rich feature set, data

types, and tooling, especially for projects requiring advanced SQL

capabilities or migrating from existing PostgreSQL systems.

⚡ Quick Note: While the underlying Git-for-Data mechanics are identical, the

SQL syntax and client tooling will differ between Dolt (MySQL) and Doltgres

(PostgreSQL). For this guide, we'll generally refer to dolt  commands as they

apply to both, but we'll highlight Doltgres  specifics where relevant, especially

given our beginner-friendly project focus on PostgreSQL-style data.

Setting Up Your Dolt Environment

To get started, you'll need to install Dolt and a compatible SQL client. We'll aim for

the latest stable release. As of 2026-06-06, we'll proceed assuming Dolt

v1.35.0  is the current stable release. Always check the official DoltHub releases

page for the absolute latest version.

Step 1: Install Dolt

Dolt can be installed in several ways. We'll cover the binary installation

(recommended for local development) and Docker for containerized

environments.

1. 

• 

2. 

• 
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Option A: Install via Homebrew (macOS/Linux)

This is often the easiest way for macOS and many Linux distributions.

# Update Homebrew to ensure you get the latest packages
brew update

# Install Dolt
brew install dolt

# Verify the installation and check the version
dolt version

You should see output similar to dolt version 1.35.0 .

Option B: Download Binary (macOS/Linux/Windows)

You can download the latest release directly from DoltHub's releases page. Visit: 

<https://github.com/dolthub/dolt/releases> (As of 2026-06-06, look for 

v1.35.0  or the latest stable release).

For Linux (replace amd64  with arm64  if on an ARM-based system):

# Download the binary (adjust version and architecture as needed)
# Using 'v1.35.0' as the placeholder for the latest stable version on 
2026-06-06
wget https://github.com/dolthub/dolt/releases/download/v1.35.0/dolt-linux-
amd64

# Make the downloaded file executable
chmod +x dolt-linux-amd64

# Move it to a directory in your system's PATH (e.g., /usr/local/bin)
sudo mv dolt-linux-amd64 /usr/local/bin/dolt

# Verify the installation
dolt version

For Windows, download the .msi  installer and follow the graphical instructions.

Option C: Using Docker

For a containerized environment, Dolt provides official Docker images. This is

great for isolated testing or CI/CD pipelines.

# Pull the latest Dolt image (using v1.35.0 as the placeholder)
docker pull dolthub/dolt:v1.35.0

# Verify by running a simple command within the container
docker run dolthub/dolt:v1.35.0 dolt version
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For Doltgres, the Docker image is dolthub/doltgres .

# Pull the latest Doltgres image (using v1.35.0 as the placeholder)
docker pull dolthub/doltgres:v1.35.0

# Verify
docker run dolthub/doltgres:v1.35.0 dolt version

Step 2: Install a SQL Client

You'll need a SQL client to interact with your Dolt database.

For Dolt (MySQL compatible): The standard mysql  command-line client

(often available via your OS package manager, e.g., sudo apt install

mysql-client  on Debian/Ubuntu, brew install mysql-client  on

macOS) or a GUI tool like DBeaver, MySQL Workbench, or DataGrip.

For Doltgres (PostgreSQL compatible): The psql  command-line client

(part of the postgresql-client  package on many systems, e.g., sudo apt

install postgresql-client  or brew install libpq  on macOS) or a GUI

tool like DBeaver, pgAdmin, or DataGrip.

For this guide, we'll primarily use dolt sql  for simplicity, which provides a built-

in SQL shell. However, understanding how to connect with external clients is

valuable for real-world applications.

Step-by-Step Implementation: Your First Dolt
Database

Let's create our first version-controlled database. We'll simulate a simple

customer database, tracking changes to both its schema and data.

Step 1: Initialize a New Dolt Repository

Open your terminal and navigate to a directory where you want to create your

database project.

# Create a dedicated directory for your project
mkdir my-customer-data
cd my-customer-data

# Initialize a Dolt repository within this directory
dolt init

You should see output similar to:

• 

• 
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Successfully initialized dolt data repository.

This command creates a hidden .dolt  directory, just like git init  creates a

.git  directory. This special directory is where Dolt stores all its versioning

information, allowing it to track every change.

Step 2: Start the Dolt SQL Server

To interact with your Dolt database using SQL, you need to start the Dolt SQL

server. This server will listen for SQL connections, just like a traditional MySQL or

PostgreSQL server.

dolt sql-server

You'll see output indicating the server is running, usually on port 3306  (for MySQL

compatibility) or 5432  (for PostgreSQL compatibility if you initialized Doltgres).

Keep this terminal window open; this is your server process.

Step 3: Connect to Your Dolt Database and Create a Table

Open a new terminal window. We'll use the dolt sql  command, which acts as a

simple, built-in SQL client to connect to your running server.

# Connect to the running Dolt SQL server
dolt sql

You'll now be in a SQL prompt, similar to mysql>  or psql> . This prompt allows

you to execute SQL commands directly against your Dolt database.

Let's create a simple customers  table. Notice the TIMESTAMP DEFAULT

CURRENT_TIMESTAMP  for created_at—a common practice to track when a record

was added.

CREATE TABLE customers (
id INT PRIMARY KEY,
name VARCHAR(255) NOT NULL,
email VARCHAR(255) UNIQUE,
created_at TIMESTAMP DEFAULT CURRENT_TIMESTAMP

);

Press Enter  to execute the CREATE TABLE  statement. You should see Query OK

(or similar for Doltgres).
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Now, let's add some initial data to our new table. We're inserting two customer

records.

INSERT INTO customers (id, name, email) VALUES
(1, 'Alice Smith', 'alice@example.com'),
(2, 'Bob Johnson', 'bob@example.com');

After inserting, let's verify that the data is there.

SELECT * FROM customers;

You should see your two customer records listed.

Step 4: Commit Your Changes

So far, we've created a table and added data, but these changes haven't been

"versioned" yet. They're currently in your working set, much like changes you've

made in your code editor before you git add  and git commit .

Exit the dolt sql  prompt by typing exit  or \q  (if using psql  style).

Back in the terminal where you initialized Dolt (not the server terminal), use dolt

status  to see your uncommitted changes:

dolt status

You'll see output indicating that the customers  table has new data and schema

changes. Dolt intelligently detects both.

Now, let's commit these changes to your database's history. This is the moment

you create a permanent snapshot.

dolt add .
dolt commit -m "Initial commit: Created customers table and added two 
customers"

dolt add .  stages all changes (both schema and data) for the next commit,

similar to git add . . dolt commit -m "..."  creates a new snapshot in your

database's history, along with a descriptive message.

You'll see output confirming the commit, including a unique commit hash.

Congratulations! You've just made your first data commit with Dolt.
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Exploring Your Data's History: dolt log and dolt
diff

Now that we have a commit, let's see how Dolt helps us track history and inspect

granular changes.

Step 1: Make More Changes

Let's add another customer and update an existing one to create new changes to

track.

Start the dolt sql-server  again if it's not running, and connect with dolt sql

in a new terminal.

# Add a new customer
INSERT INTO customers (id, name, email) VALUES
(3, 'Charlie Brown', 'charlie@example.com');

# Update an existing customer's email
UPDATE customers SET email = 'alice.s@example.com' WHERE id = 1;

# Verify the current state of the table
SELECT * FROM customers;

You should now see three customers, with Alice's email updated.

Step 2: Inspect Uncommitted Changes with dolt diff

Exit the dolt sql  prompt. Back in your main terminal (where you run dolt

commands), let's see what changes we've made before committing them.

dolt diff

This command shows you the differences between your current working set (the

changes you just made) and the last committed version of your database. You'll

see output indicating:

An INSERT  for the new Charlie Brown  record.

An UPDATE  for Alice Smith 's email.

🧠 Important: dolt diff  is incredibly powerful. It shows you cell-level changes

(which values changed in which cells), making it easy to review exactly what data

has been modified. This is far more granular than typical database audit logs.

• 

• 
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Step 3: Commit the New Changes

Now that we've reviewed the changes, let's commit them to our history.

dolt add .
dolt commit -m "Added Charlie Brown and updated Alice Smith's email"

You'll receive a new commit hash, marking this as the second snapshot in your

database's history.

Step 4: View the Commit History with dolt log

Now that we have two commits, let's look at the database's complete history.

dolt log

You'll see a list of your commits, ordered from newest to oldest, each with its

unique commit hash, author, date, and the descriptive message you provided.

This is your database's complete, auditable history, just like a Git log for your

code!

Mini-Challenge

It's your turn to practice and solidify your understanding of Dolt's core versioning

capabilities.

Challenge:

Add a new column phone_number  to your customers  table.

Update one of your existing customers to include a phone number in this

new column.

Add another new customer with both an email and a phone number.

Use dolt status  to see all your pending changes (both schema and data).

Use dolt diff  to review the exact changes you've made (schema

modification and data insertions/updates).

Commit your changes with a descriptive message like "Added

phone_number column and updated customer details."

Finally, use dolt log  to confirm your new commit is part of the database

history.

1. 

2. 

3. 

4. 

5. 

6. 

7. 
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Hint:

Remember to start dolt sql-server  and connect with dolt sql  for SQL

operations.

For adding a column: ALTER TABLE customers ADD COLUMN phone_number

VARCHAR(20);

For updating data: UPDATE customers SET phone_number = '555-1234'

WHERE id = 1;

Remember to dolt add . before dolt commit  to stage your changes.

What to observe/learn: Pay close attention to how dolt diff  displays not just

data changes but also schema changes (e.g., adding a column). This clearly

demonstrates Dolt's ability to version everything in your database.

Common Pitfalls & Troubleshooting

As you get started with Dolt, you might encounter a few common issues. Here’s

how to navigate them:

Forgetting to Commit: Just like Git, changes you make in dolt sql  (or

via any external SQL client) are only persistent in the working set until you 

dolt add .  and dolt commit . If you close your terminal without

committing, your changes are still physically present, but they aren't part of

the version history. Always remember to commit after making meaningful

changes! 

Troubleshooting: If you made changes and dolt log  doesn't show

them, run dolt status  to see uncommitted changes, then dolt

add .  and dolt commit .

Confusing dolt  and git  Commands: While the commands are

intentionally similar, remember you're interacting with dolt  for database

operations, not git . For example, it's dolt branch , dolt merge , dolt

remote—not git branch , etc. 

Troubleshooting: If a command isn't working, double-check that

you're using dolt  as the prefix.

• 

• 

• 

• 

1. 

• 

2. 

• 

Introduction to Dolt: Git for Your Data 13



Dolt SQL Server Not Running: You can't connect to dolt sql  or an

external client if dolt sql-server  isn't running in a separate terminal. The

client needs a server to connect to. 

Troubleshooting: Ensure you have dolt sql-server  running in one

terminal window before attempting to connect from another.

Port Conflicts: By default, Dolt (MySQL compatible) runs on port 3306  and

Doltgres (PostgreSQL compatible) on port 5432 . If you're running another

MySQL or PostgreSQL server on the same default port, Dolt might fail to

start. 

Troubleshooting: You can specify a different port using dolt sql-

server --port <your_port_number> . For example, dolt sql-

server --port 3307 . Then, connect your client to that specified port.

Summary

In this introductory chapter, you've taken your first steps into the powerful world

of Dolt:

We explored the critical need for data version control and how traditional

databases often fall short in providing comprehensive historical tracking.

You learned about Dolt's Git-for-Data paradigm, understanding how

familiar concepts like commits, branches, merges, and diffs apply directly to

your database schema and data.

We distinguished between Dolt (MySQL compatible) and Doltgres

(PostgreSQL compatible), helping you understand which flavor to choose

based on your ecosystem preferences.

You successfully installed Dolt and set up your local development

environment.

Through hands-on exercises, you initialized your first Dolt database,

created tables, inserted data, and, most importantly, committed your

changes to create version snapshots.

You experienced the power of dolt log  for viewing the complete history of

your database and dolt diff  for inspecting granular data and schema

changes between versions.

You've now laid the foundation for treating your data with the same rigorous

version control as your code. This paradigm shift will empower you to build more

robust, auditable, and collaborative data workflows.

3. 

• 

4. 

• 

• 

• 

• 

• 

• 

• 
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What's Next? In the next chapter, we'll dive deeper into Dolt's advanced

versioning capabilities, exploring how to use branching and merging to

manage parallel data development, experiment with changes safely, and resolve

conflicts, just like you would with source code.

References

DoltHub Documentation: <https://docs.dolthub.com/>

Dolt Installation Guide: <https://docs.dolthub.com/introduction/

installation>

Dolt CLI Commands Reference: <https://docs.dolthub.com/cli-

reference/cli-commands>

Dolt vs. Doltgres Comparison: <https://docs.dolthub.com/

introduction/dolt-vs-doltgres>

This page is AI-assisted and reviewed. It references official documentation and

recognized resources where relevant.

• 
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CHAPTER 02

Setting Up Dolt and Your First
Data Commit
Welcome to Chapter 2! In the previous chapter, we explored the "why" behind

Dolt and the revolutionary concept of Git for data. Now, it's time to roll up our

sleeves and get hands-on.

This chapter is your practical guide to installing Dolt, setting up your very first

version-controlled SQL database, and making that crucial initial data commit. By

the end, you'll not only have Dolt running but also a foundational understanding

of how to treat your data like code, ready to track every change. We'll walk

through each step, ensuring you grasp both the "how" and the "why" behind

every command. This hands-on experience is critical for truly internalizing the

"Git-for-Data" paradigm.

Core Concepts: Understanding Dolt's Foundation

Before we dive into installation, let's briefly reinforce the core ideas that make

Dolt unique. This mental model will guide your understanding of the practical

steps that follow.

Dolt: A Git-Powered Database

Imagine your database not just as a static storage system, but as a living,

evolving entity whose entire history is trackable, revertible, and auditable. That's

Dolt. It’s a SQL database that supports all standard SQL queries you'd expect, but

with the added superpower of Git-style version control.

Instead of just storing the current state of your data, Dolt stores every state.

Every change, every update, every deletion can be committed, branched,

merged, and diffed, just like code in a Git repository. This capability is what we

call "Git-for-Data." It's revolutionary because it brings the robust collaboration and

auditability of software development to the world of data.

AI VOID [https://aivoid.dev]
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The Dolt CLI: Your Gateway to Versioned Data

Your primary interaction with Dolt's versioning capabilities will be through its

command-line interface (CLI). It's designed to feel very familiar if you've ever

used Git. Commands like dolt init , dolt add , dolt commit , dolt branch ,

and dolt merge  are direct parallels to their Git counterparts, but they operate on

your SQL tables and data.

While you'll use standard SQL for data manipulation (like INSERT , UPDATE , 

DELETE ), the Dolt CLI is what brings the version control magic to life. It's the

bridge between your SQL operations and the historical record.

The Dolt Workflow: A Mental Model for Data Changes

Think of your data workflow with Dolt like this:

You make changes to your database schema or data using standard SQL

commands.

Dolt, behind the scenes, tracks these modifications to your working set.

You explicitly dolt add  the tables or changes you want to include in your

next saved version. This "stages" them.

You dolt commit  the staged changes with a descriptive message,

permanently recording a new version of your data.

This simple cycle forms the basis of all version control operations in Dolt. It

ensures that every significant data evolution is documented and retrievable.

1. 

2. 

3. 

4. 
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Dolt and Doltgres: A Quick Distinction

You might hear about both "Dolt" and "Doltgres." Understanding the difference is

key to choosing the right tool for your project.

Dolt is a MySQL-compatible database. This means it understands MySQL's

dialect of SQL and can often be used as a drop-in replacement for MySQL.

This is what we'll be primarily using in this chapter for our initial setup and

the beginner project.

• 
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Doltgres is Dolt's PostgreSQL-compatible sibling. It offers the same Git-for-

Data capabilities but speaks PostgreSQL's SQL dialect. We'll explore Doltgres

in more detail in a later chapter, especially for PostgreSQL migration

considerations and the beginner-friendly project's PostgreSQL-style data. For

now, know that the core Git-for-Data concepts apply to both!

Step-by-Step Implementation: Setting Up Dolt and
Your First Commit

Let's get Dolt installed, configured, and make your very first versioned data

change. This section walks you through the practical setup.

🧠 Important: Version Information

As of 2026-06-06, Dolt's latest stable release is v1.4.2. DoltHub regularly

releases updates, so always check their official documentation for the absolute

latest version. We'll use v1.4.2  for our setup instructions to ensure consistency.

Step 1: Install Dolt on Your System

This method installs the dolt  CLI directly on your system, making it globally

accessible.

For macOS (using Homebrew)

# Update Homebrew first to ensure you get the latest packages
brew update

# Install Dolt
brew install dolt

For Linux (using apt for Debian/Ubuntu)

# Add Dolt's official GPG key for secure package downloads
sudo apt update && sudo apt install -y gnupg ca-certificates apt-transport-
https software-properties-common
sudo mkdir -p /etc/apt/keyrings
curl -fsSL https://www.dolt.tech/dolt-keyring.gpg | sudo gpg --dearmor -o /
etc/apt/keyrings/dolt-archive-keyring.gpg

# Add the Dolt repository to your system's package sources
echo "deb [signed-by=/etc/apt/keyrings/dolt-archive-keyring.gpg] https://
packages.dolt.tech/apt/ /" | sudo tee /etc/apt/sources.list.d/dolt.list

# Update package lists and install Dolt
sudo apt update
sudo apt install -y dolt

• 
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For Windows (using Scoop)

First, ensure you have Scoop installed. If not, open PowerShell (as Administrator)

and run:

Set-ExecutionPolicy RemoteSigned -Scope CurrentUser
irm get.scoop.sh | iex

Then, install Dolt:

scoop install dolt

Verifying Dolt Installation

After installation, open your terminal or command prompt and run:

dolt version

You should see output similar to this (version numbers may vary slightly if a

newer version is released):

dolt version v1.4.2

If you see the version number, congratulations! Dolt is installed and ready.

Option: Using Docker (Great for Isolation and CI/CD)

Docker provides a portable way to run Dolt without installing it directly on your

system. This is excellent for ensuring consistent environments across

development, testing, and production.

Prerequisites

Docker Desktop installed and running on your system.

Pulling the Dolt Docker Image

docker pull dolthub/dolt:latest

This command fetches the latest Dolt Docker image from DoltHub's official

repository. ⚡ Real-world insight: For production or shared development

environments, it's often a best practice to pin to a specific version (e.g., 

dolthub/dolt:v1.4.2 ) rather than latest  to ensure consistency and prevent

unexpected updates.

• 
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Verifying Installation (within Docker)

You can run a quick command to check the Dolt version inside a temporary

container:

docker run --rm dolthub/dolt:latest dolt version

This will spin up a container, execute the dolt version  command, and then

automatically remove the container. You should see the version output.

Step 2: Install a SQL Client

Since Dolt is MySQL-compatible, the standard MySQL command-line client is

perfect for interacting with it.

For macOS (using Homebrew)

brew install mysql-client

For Linux (Debian/Ubuntu)

sudo apt install -y mysql-client

For Windows

You can download the MySQL Shell or MySQL Workbench from the official MySQL

website. For a command-line experience, you might need to install MySQL Server

(which includes the client binaries) or use a Docker container for the MySQL

client.

Verifying MySQL Client Installation

mysql --version

You should see the installed MySQL client version.

Step 3: Initialize Your First Dolt Database

Now that Dolt is installed, let's create our first version-controlled database.

Create a dedicated directory for your project. Let's call it my-first-

dolt-db .

1. 
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mkdir my-first-dolt-db
cd my-first-dolt-db

Initialize the Dolt database inside this directory. This command

transforms your empty directory into a Dolt repository.

dolt init

You'll see output like:

    Successfully initialized dolt data repository.

**What just happened?** Dolt created a hidden `.dolt` directory within `my-
first-dolt-db`. This directory is where Dolt stores all its version control 
metadata, including the entire history of your data and schema. It's the heart 
of your versioned database, analogous to Git's `.git` directory.

Step 4: Start the Dolt SQL Server

Dolt runs as a SQL server, just like MySQL or PostgreSQL. You need to start this

server to interact with your data using SQL.

dolt sql-server

You'll see output indicating the server is starting and listening on a specific port

(default is 3306 ). Keep this terminal window open; the server needs to run in the

foreground.

Starting dolt sql server
...
[INFO]    Listening on 0.0.0.0:3306
...

⚡ Quick Note: If port 3306  is already in use by another MySQL instance, Dolt

will tell you. You can specify a different port using dolt sql-server --port

3307 .

1. 
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Step 5: Connect with Your SQL Client

Open a new terminal window (leave the dolt sql-server  running in the first

one). Now, connect to your running Dolt server using the MySQL client.

mysql -h 127.0.0.1 -P 3306 -u root -p

Let's break down these flags:

-h 127.0.0.1 : Specifies the host to connect to (your local machine).

-P 3306 : Specifies the port (Dolt's default).

-u root : Dolt's default username is root .

-p : Dolt does not require a password by default for root  locally, so just

press Enter when prompted for the password.

You should now see the MySQL client prompt:

mysql>

Congratulations! You're connected to your version-controlled Dolt database.

Creating Data and Making Your First Commit

Now for the exciting part: adding some data and saving its history. This is where

the "Git-for-Data" paradigm truly comes alive.

Step 1: Create a Table

Let's create a simple table to store product information for our beginner-friendly

inventory management project.

In your mysql>  client, execute this SQL:

CREATE TABLE products (
id INT PRIMARY KEY AUTO_INCREMENT,
name VARCHAR(255) NOT NULL,
price DECIMAL(10, 2) NOT NULL,
stock INT NOT NULL DEFAULT 0

);

You'll see Query OK, 0 rows affected (0.XX sec) . This confirms the table was

created.

Now, let's verify the schema.

• 

• 

• 
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DESCRIBE products;

This command will output the structure of your products  table, ensuring it

matches your CREATE TABLE  statement.

Step 2: Insert Some Data

Let's add our first product records.

INSERT INTO products (name, price, stock) VALUES ('Laptop Pro', 1200.00, 50);

And another one:

INSERT INTO products (name, price, stock) VALUES ('Wireless Mouse', 25.50,
200);

You can verify the data was inserted correctly:

SELECT * FROM products;

You should see your two products listed, confirming the data is present in your

Dolt database.

Step 3: Check Dolt Status

Now, switch back to your first terminal (where you ran dolt init  and from

where you'll issue dolt  CLI commands). You might need to open a third terminal

window if you want to keep the dolt sql-server  running and the mysql  client

open simultaneously. Navigate to your my-first-dolt-db  directory in this new

terminal.

Run the dolt status  command:

dolt status

You'll see output similar to:

On branch main
Untracked tables:
  (use "dolt add <table-name>..." to include in what will be committed)
        products
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Explanation: Dolt detected that you created a products  table and inserted

data, but you haven't yet told Dolt to track this table for versioning. This is very

similar to git status  showing untracked files – changes exist, but they are not

yet staged for a commit.

Step 4: Stage Your Changes (dolt add)

To tell Dolt to include the products  table and its initial data in the next commit,

we need to "stage" it. Staging prepares your changes for recording.

dolt add products

Or, to stage all changes (new tables, modified tables, deleted tables, etc.) in your

current directory:

dolt add .

Now, run dolt status  again to see the effect of staging:

dolt status

Output:

On branch main
Changes to be committed:
  (use "dolt reset <table-name>..." to unstage)
        new table: products

Explanation: The products  table is now in the "staging area." Dolt knows you

want to save its current state in the next commit. If you were to make more SQL

changes after dolt add , those new changes would appear as "Changes not

staged for commit."

Step 5: Commit Your Changes (dolt commit)

Finally, let's create our first commit, permanently recording this initial state of our

database's schema and data into Dolt's history.

dolt commit -m "Initial commit: Created products table and added two products"

You'll see output confirming the commit:
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[main d10b8d7] Initial commit: Created products table and added two products
 2 tables changed, 2 insertions(+), 0 deletions(-)

The string d10b8d7  (this will be a unique identifier for your commit) is the unique

commit hash, just like in Git. This hash represents a snapshot of your entire

database at this point in time.

Run dolt status  one last time:

dolt status

Output:

On branch main
nothing to commit, working tree clean

Explanation: All your changes are now committed and saved in Dolt's history!

Your database's initial state is versioned, and your working directory is "clean,"

meaning there are no pending changes to commit.

Mini-Challenge: Evolve Your Data

It's your turn to practice the commit cycle and solidify your understanding of

Dolt's core workflow.

Challenge:

In your mysql>  client, add a new product to the products  table.

Update the price  of an existing product.

Observe the changes using dolt status  in your Dolt CLI terminal. Notice

how Dolt identifies modified tables .

Stage these changes using dolt add . .

Commit them with a clear, descriptive message like "Added new product

and updated existing product price."

Verify your working directory is clean using dolt status  again.

Hint: Remember the complete sequence: make SQL changes, then dolt status

to see what's changed, then dolt add .  to stage, and finally dolt commit -m

"Your message"  to save.

1. 
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What to observe/learn: This exercise reinforces the fundamental Dolt workflow

of making changes, staging them, and committing them. It helps build muscle

memory for versioning your data and understanding how dolt status  reflects

the state of your database. You're actively building a historical record of your

data's evolution.

Common Pitfalls & Troubleshooting

Even simple setups can have hiccups. Here are a few common issues you might

encounter and how to resolve them:

Forgetting dolt add : If you make SQL changes and then directly run 

dolt commit , Dolt will tell you there are "no changes to commit." 

Solution: Remember, dolt add .  (or dolt add <table-name> ) is

crucial to move changes from your working set to the staging area

before committing.

dolt sql-server  not running: If your mysql  client can't connect, you'll

get an error like "Can't connect to MySQL server." 

Solution: Ensure the dolt sql-server  command is still active in its

dedicated terminal. If it crashed or was closed, simply restart it.

Port 3306  in use: If Dolt can't start because port 3306  is busy, it will

report an error. 

Solution: Stop any other process using port 3306  (e.g., another

MySQL server), or start Dolt on a different port: dolt sql-server --

port 3307 . If you use a different port, remember to connect your 

mysql  client to that new port: mysql -h 127.0.0.1 -P 3307 -u

root -p .

mysql  client command not found: If the mysql  command fails,

indicating it's not recognized. 

Solution: Ensure you've installed the MySQL client correctly and that

its executable is in your system's PATH environment variable. Revisit

the installation steps if needed.

Incorrect directory for dolt  commands: If dolt  commands aren't

working as expected (e.g., dolt status  says "not a dolt repository"), you

might not be in the correct directory. 

Solution: Always cd  into the directory where you ran dolt init

before executing dolt  CLI commands.
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Summary

You've just completed a significant milestone in your Dolt journey! In this chapter,

you've moved from theory to practice, achieving several key objectives:

Dolt Installation: Successfully installed the Dolt CLI on your operating

system or pulled its Docker image, verifying the setup.

SQL Client Setup: Configured a MySQL-compatible client to interact with

Dolt.

Database Initialization: Created your very first version-controlled Dolt

database using dolt init .

Server Operation: Started the Dolt SQL server and connected your SQL

client to it.

Data Manipulation: Created a SQL table and inserted initial data, just like

with any relational database.

Git-for-Data Workflow: Applied the core dolt status , dolt add , and 

dolt commit  commands to version your data and schema.

Practical Application: Completed a mini-challenge to reinforce the

fundamental commit cycle, building muscle memory for data versioning.

You now have a fully functional, version-controlled database and a practical

understanding of the core "Git-for-Data" workflow. This foundation is critical for

everything we'll do next, as every advanced feature of Dolt builds upon these

basic operations.

In the upcoming chapter, we'll dive deeper into exploring your data's history,

understanding dolt log  and dolt diff  to see what changes have been made,

and beginning to unlock the true power of time travel for your data. Get ready to

explore the past!
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CHAPTER 03

Tracking Data Changes: Diffs,
Logs, and History

Introduction: The "Who, What, When" of Your Data

Imagine trying to debug an issue in a traditional database. A critical value

changed, but when? Who changed it? And what was it before? These questions

often lead to digging through application logs, backups, or worse, shrugging your

shoulders in frustration. Traditional databases often lack the built-in capabilities to

answer these fundamental questions about data evolution.

This is where Dolt shines. By bringing Git-style version control to your SQL

database, Dolt fundamentally changes how you interact with data history. In this

chapter, we'll dive into the core Dolt commands that allow you to track, inspect,

and even "time travel" through your database's past. This knowledge is crucial for

auditing, debugging, and understanding data evolution in any production

environment.

You'll learn to:

Understand and use dolt diff  to see precise changes in your data and

schema.

Navigate your database's commit history with dolt log .

Master time travel queries to retrieve data from any point in the past.

We'll build directly upon the foundational Dolt concepts and setup from previous

chapters. Get ready to unlock a superpower for your data!

The Essence of Data Versioning: dolt diff

At the heart of version control lies the ability to see what changed. In Git, you use 

git diff  to compare file versions. Dolt brings this exact capability to your

database tables, offering unparalleled transparency into data modifications.

• 
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What is dolt diff?

dolt diff  is a command that shows you the differences between two states of

your Dolt database. These states could be:

Your current working set of changes (uncommitted modifications) versus the

last committed version.

Two different commits in your history.

A specific commit versus another commit.

Changes within a specific table.

It’s like a magnifying glass for your data, highlighting exactly which rows were

added, deleted, or modified, and which cells within those rows changed.

Why is dolt diff Crucial?

dolt diff  is indispensable for several reasons, making it a cornerstone of data

governance and robust data pipelines:

Auditing: Easily see who changed what and when (assuming commit

messages are descriptive). This is vital for compliance, accountability, and

regulatory requirements.

Debugging: Pinpoint the exact data change that might have introduced a

bug or unexpected behavior in an application.

Data Review: Just as developers review code changes, data professionals

can review data changes before merging them into a main branch or

production environment.

Understanding Data Evolution: Get a clear, granular picture of how your

data has transformed over time, which is invaluable for data analysis and

lineage tracking.

How dolt diff Works (Conceptually)

When you run dolt diff , Dolt intelligently compares the primary key values of

rows between the two states you specify.

If a primary key exists in one state but not the other, it's identified as an 

added or deleted row.

If a primary key exists in both, Dolt then compares the values in each

column for that specific row. Any differing values are highlighted as 

modifications. This cell-level tracking is key to Dolt's power.
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Practical Application: Seeing Your First Data Diff

Let's imagine you have a Dolt database set up (from Chapter 1) and have

committed some initial data (from Chapter 2). If not, quickly create a new Dolt

database and populate it as follows:

# Initialize a new Dolt database
dolt init my_inventory_db
cd my_inventory_db

# Create a products table
dolt sql -q "CREATE TABLE products (id INT PRIMARY KEY, name VARCHAR(255), 
price DECIMAL(10, 2));"
dolt add .
dolt commit -m "Initial schema for products table"

# Insert initial product data
dolt sql -q "INSERT INTO products (id, name, price) VALUES (1, 'Laptop', 
1200.00), (2, 'Mouse', 25.00);"
dolt add .
dolt commit -m "Added initial products"

Now, let's make a change and see the diff.

Modify a product's price:

dolt sql -q "UPDATE products SET price = 1250.00 WHERE id = 1;"

Run dolt diff : This command shows you the changes between your

working set (what you just updated) and the last commit.

dolt diff

1. 
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You should see output similar to this (exact formatting may vary slightly with 
Dolt versions as of 2026-06-06):

   --- a/products
   +++ b/products
   @@ -1,2 +1,2 @@
    | id | name   | price   |
    |----|--------|---------|
   -|- 1 | Laptop | 1200.00 |
   +|- 1 | Laptop | 1250.00 |
    |- 2 | Mouse  | 25.00   |

- `--- a/products`: Represents the `products` table in the *old* state (before 
your change).
- `+++ b/products`: Represents the `products` table in the *new* state (with 
your change).
- Lines starting with `-` show data that was removed from the old state.
- Lines starting with `+` show data that was added in the new state.
- In this case, the row for `Laptop` with `price = 1200.00` was "removed" 
(conceptually, from the old state), and a row with `price = 1250.00` was 
"added" (to the new state). This indicates an update on an existing row.

Add a new product:

dolt sql -q
"INSERT INTO products (id, name, price) VALUES (3, 'Keyboard', 75.00);"

Run dolt diff  again:

dolt diff

Now you'll see both the price update and the new row:

   --- a/products
   +++ b/products
   @@ -1,2 +1,3 @@
    | id | name     | price   |
    |----|----------|---------|
   -|- 1 | Laptop   | 1200.00 |
   +|- 1 | Laptop   | 1250.00 |
    |- 2 | Mouse    | 25.00   |
   ++|- 3 | Keyboard | 75.00   |

1. 
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The `++` indicates a completely new row was added. This level of detail is 
exactly what makes `dolt diff` so powerful for understanding data changes.

Exploring Data History with dolt log

Once you start making changes and using dolt diff , the next logical step is to

track these changes over time in a structured, auditable way. This is where dolt

log  comes in, providing a complete history of your database's evolution.

What is a "Commit" in Dolt?

Just like in Git, a "commit" in Dolt is a permanent snapshot of your entire

database (both schema and data) at a specific point in time. Each commit is a

distinct record with several key pieces of information:

A unique identifier: A cryptographic hash (e.g., f00dcafe... ) that

uniquely identifies this state.

An author: The user who made the commit.

A timestamp: The exact date and time the commit was made.

A commit message: A descriptive text explaining the purpose of the

changes.

Pointers to its parent commit(s): This forms a chronological history

chain, allowing Dolt to reconstruct any past state.

Why dolt log?

dolt log  displays the commit history of your Dolt database. It's your window

into the entire evolution of your data and schema, providing a comprehensive

audit trail. You can use it to:

Trace Changes: See precisely who made changes and when, across the

entire history of the database.

Review Context: Quickly review commit messages to understand the

purpose and business context of each change.

Identify States: Locate specific commits to investigate further with dolt

diff  or for time travel queries.

Data Lineage: Understand the lineage of your data, seeing how it

transformed from its initial state to its current form.

dolt log  is analogous to git log , providing a chronological list of all commits,

making database history as navigable as code history.
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Practical Application: Logging Our Changes

Let's commit the changes we made in the previous section (the price update and

new product) and then view the log.

Commit your changes:

dolt add .
dolt commit -m "Updated Laptop price and added Keyboard"

`dolt add .` stages all changes (both schema and data) in the current working 
directory. `dolt commit` then saves them as a new, immutable commit.

View the commit log:

dolt log

You'll see output similar to this, showing your recent commit along with the 
initial ones. The commit hashes will be unique to your system.

    commit f00dcafe1234567890abcdef12345678
    Author: Your Name <your.email@example.com>
    Date:   Mon, 06 Jun 2026 10:30:00 -0700

        Updated Laptop price and added Keyboard

    commit beefcafe1234567890abcdef12345678
    Author: Your Name <your.email@example.com>
    Date:   Mon, 06 Jun 2026 10:25:00 -0700

        Added initial products

    commit deadbeef1234567890abcdef12345678
    Author: Your Name <your.email@example.com>
    Date:   Mon, 06 Jun 2026 10:20:00 -0700

        Initial schema for products table

Each `commit` entry shows the hash, author, date, and commit message. This 
history is immutable and provides a complete audit trail, a critical feature 
for compliance and debugging.

⚡ Quick Note: You can customize `dolt log` output. For example, `dolt log -p` 
shows the diff for each commit directly in the log, and `dolt log -n 1` shows 
only the latest commit.
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Time Travel Queries: Accessing Past Data

This is where Dolt truly extends the traditional database paradigm. With

conventional databases, querying historical data often means complex backups,

snapshots, or custom audit tables. With Dolt, it's a built-in feature, as simple as

adding a clause to your standard SQL query.

What are Time Travel Queries?

Time travel queries allow you to query the state of your database (or specific

tables) at any past commit. Instead of just seeing the current data, you can ask,

"What did this table look like last week?" or "What was the price of 'Laptop' two

commits ago?" This capability is fundamental to building robust, auditable data

systems.

Why are Time Travel Queries Powerful?

Time travel queries unlock a new dimension of data interaction, making them

incredibly powerful for various use cases:

Auditing and Compliance: Easily reconstruct the exact state of data for

regulatory checks or to prove data integrity at any given point.

Historical Analysis: Analyze trends or changes in your data over time

without needing separate data warehousing solutions for historical views.

This simplifies complex analytical tasks.

Debugging and Rollback: Quickly identify the data state before an error

was introduced, or even revert to it, significantly reducing recovery time.

AI/ML Model Training: Versioning data for machine learning models is

crucial for reproducibility and debugging model performance. Time travel

queries allow you to retrieve the exact dataset used for a specific model

training run, ensuring model integrity.

A/B Testing Analysis: Compare key metrics from different periods,

correlating them with changes in your application or data, providing precise

insights into experiment outcomes.

Syntax for Time Travel Queries

Dolt extends standard SQL with a powerful AS OF  clause.

SELECT * FROM <table_name> AS OF <commit_ref>;

• 
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<commit_ref>  can be highly flexible, allowing you to specify the exact point in

time or state you wish to query:

A full or partial commit hash (e.g., 'f00dcafe' , 'f00dcafe123' ).

A branch name (e.g., 'main' , 'feature/new-product' ).

A tag name (e.g., 'v1.0' , 'release-2026-05-01' ).

'HEAD'  (the latest commit on the current branch).

'WORKING'  (your uncommitted changes, useful for previewing).

'STAGED'  (your staged changes, also for previewing).

A timestamp (e.g., '2026-06-05 14:30:00' ).

Practical Application: Querying Our Past

Let's use the commit hashes from our dolt log  output to query past states.

Find your commit hashes: Run dolt log  and copy the second to last

commit hash (the one for "Added initial products"). Let's assume it was 

beefcafe1234567890abcdef12345678  (you'll use your actual hash).

Query the products  table as of that commit: Replace 'beefcafe123'

with a partial or full commit hash from your dolt log  output.

dolt sql -q "SELECT * FROM products AS OF 'beefcafe123';"

You should see only the initial products, with the Laptop's original price:

    +----+--------+---------+
    | id | name   | price   |
    +----+--------+---------+
    | 1  | Laptop | 1200.00 |
    | 2  | Mouse  | 25.00   |
    +----+--------+---------+

Notice the "Keyboard" is missing, and "Laptop" is at its original price. This 
is the database state *before* our last commit.

Query the current HEAD  (latest committed state):

dolt sql -q "SELECT * FROM products AS OF 'HEAD';"
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This will show the latest committed state:

    +----+----------+---------+
    | id | name     | price   |
    +----+----------+---------+
    | 1  | Laptop   | 1250.00 |
    | 2  | Mouse    | 25.00   |
    | 3  | Keyboard | 75.00   |
    +----+----------+---------+

🧠 Important: When you run a standard `SELECT

FROM products; query without AS OF , Dolt queries the HEAD` of your

current branch by default, providing the most current committed data.

Step-by-Step Implementation: Tracking Our
Inventory Data Through Time

Let's walk through a complete scenario to solidify these concepts. This hands-on

exercise will demonstrate the power of dolt diff , dolt commit , dolt log ,

and time travel queries in a practical workflow.

Ensure you're in your my_inventory_db  directory. If not, cd

my_inventory_db . We'll assume your database is in the state after adding

the Keyboard and committing.

Update an existing product's name and price:

dolt sql -q "UPDATE products SET name = 'Gaming Laptop', price = 1500.00 
WHERE id = 1;"

Add a new product:

dolt sql -q "INSERT INTO products (id, name, price) VALUES (4, 'Webcam', 
49.99);"

Delete an old product:
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dolt sql -q "DELETE FROM products WHERE id = 2;"

See all pending changes with dolt diff : Before committing, always

check your changes.

dolt diff

Observe the output carefully. You should see:
- The `Laptop` row updated to `Gaming Laptop` and `1500.00` (represented by a 
`-` and `+` pair).
- The `Mouse` row marked as deleted (`-`).
- The `Webcam` row marked as added (`++`).

This single `dolt diff` command summarizes all your uncommitted changes across 
the entire database, providing a clear pre-commit review.

Commit these changes: Stage all changes and commit them with a

descriptive message.

dolt add .
dolt commit -m "Renamed Laptop to Gaming Laptop, updated price, added 

Webcam, deleted Mouse."

Review the entire history with dolt log : Check that your new commit

is at the top of the history.

dolt log

You'll now see your latest, detailed commit message at the top of the log, 
providing a complete audit trail.

Time travel to before the deletion of the 'Mouse': Find the commit

hash before your last commit (the one that added "Keyboard"). Let's assume

it was beefcafe123  (use your actual hash from dolt log ).

dolt sql -q "SELECT * FROM products AS OF 'beefcafe123';"
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You should see the `Mouse` still present, the `Laptop` at its previous price, 
and the `Keyboard` present, but no `Gaming Laptop` or `Webcam`. This 
demonstrates retrieving a specific historical state.

Time travel to your very first product commit: Find the commit hash

for "Added initial products". Let's say it was deadbeef123  (use your actual

hash).

dolt sql -q "SELECT * FROM products AS OF 'deadbeef123';"

This will show only `Laptop` (at its original price) and `Mouse`, effectively 
rewinding your database to its early state.

This sequence of dolt diff , dolt commit , dolt log , and AS OF  queries

demonstrates the powerful auditing and historical analysis capabilities Dolt

provides right out of the box, making data history an integral part of your

workflow.

Mini-Challenge: The Price Fluctuation

Your turn! Let's simulate a common scenario: a product's price changes

frequently. This will reinforce your understanding of granular data versioning.

Challenge:

Add a new product: id = 5 , name = 'Headphones' , price = 99.99 .

Commit this change with a descriptive message like "Added Headphones at

initial price".

Update the Headphones  price to 89.99 .

Commit this change with a message like "Reduced Headphones price for

sale".

Update the Headphones  price to 109.99 .

Commit this change with a message like "Adjusted Headphones price to new

MSRP".

Using dolt log  to find the relevant commit hashes, then dolt diff ,

prove the entire price history for Headphones . Specifically, use dolt diff

<old_commit_hash> <new_commit_hash> -- data headphones  to show

the price change between each step.

1. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 
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Finally, use a time travel query to find the price of 'Headphones' after its 

first price update (i.e., when it was 89.99 ).

Hint:

Remember to dolt add .  before each dolt commit  to stage your

changes.

dolt log  will be your primary tool to retrieve the necessary commit

hashes for dolt diff  and AS OF  queries.

The -- data <table_name>  flag for dolt diff  is useful for focusing on

changes within a specific table.

What to Observe/Learn: You'll see how each price change is a distinct,

auditable event in Dolt's history. This granularity is invaluable for understanding

business decisions, data integrity, and for reconstructing past states for analysis

or debugging.

Common Pitfalls & Troubleshooting

Even with powerful tools like Dolt, there are a few common stumbling blocks that

new users encounter. Understanding these can save you significant time and

frustration.

Forgetting to dolt add .  before dolt commit : This is perhaps the

most common mistake. If you make SQL changes (e.g., INSERT , UPDATE , 

DELETE ) but then run dolt commit  without dolt add .  first, Dolt will tell

you there are no changes to commit. Your changes are in the "working set"

but not yet "staged" for commit. Solution: Always run dolt add .  (to

stage all changes) or dolt add <table_name>  (to stage changes in a

specific table) to prepare your modifications before dolt commit . For

convenience, if you want to stage and commit all changes in one go, use 

dolt commit -a -m "Your message" .

8. 

• 

• 

• 

• 
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Misinterpreting dolt diff  output: The diff  format, while standard for

Git, can sometimes be confusing when applied to tabular data. Remember:

Lines starting with -  indicate data that was present in the old state

but removed in the new state.

Lines starting with +  indicate data that was added in the new state.

For row updates (where a primary key exists in both states but column

values differ), you'll often see a pair of -  and +  lines representing the

old and new versions of the same row. Solution: Pay close attention

to the --- a/  and +++ b/  headers to understand which state is "old"

and which is "new." Focus on the primary key to identify which row is

being affected by an update, deletion, or addition.

Performance with large historical queries: While Dolt is highly

optimized for versioning, querying very large tables AS OF  a very old

commit, especially with complex joins or aggregations, can sometimes be

slower than querying HEAD . This is because Dolt might need to reconstruct

the table state at that specific commit by applying the history of changes. 

Solution: For critical performance paths in production, consider if you truly

need historical data or if the latest state suffices. When querying historical

data for analytical purposes, ensure your SQL queries are well-indexed.

Dolt's architecture is designed for efficient diffs and merges, but extensive

time travel on massive datasets still involves computational overhead. For

example, retrieving the state of a 100 million-row table from 50,000

commits ago will naturally take longer than querying the current state.

Summary

In this chapter, you've gained a fundamental understanding of how Dolt

empowers you to track and inspect every change to your database, bringing a

robust version control paradigm to your data. This capability transforms how you

manage, audit, and understand your database's evolution.

Here are the key takeaways:

dolt diff  provides a granular, line-by-line view of changes between any

two database states, essential for auditing, debugging, and data review

processes.

dolt log  presents an immutable, chronological history of all commits,

detailing who, what, and when changes were made, forming a complete

audit trail.

• 

• 

• 

• 

• 

• 

• 
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Time travel queries with the AS OF  clause allow you to query your

database at any historical commit or timestamp, a powerful feature for

historical analysis, compliance, AI/ML reproducibility, and debugging.

You now have the tools to observe your database's evolution with unprecedented

clarity and control. This foundation is critical for building reliable and auditable

data systems. In the next chapter, we'll build on this by exploring Dolt's branching

capabilities, allowing you to experiment with data, develop features, and manage

schema changes in isolation, just like you would with application code.
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CHAPTER 04

Branching and Merging Data:
Collaborative Workflows
Collaborative data development often feels like navigating a minefield. How do

multiple data engineers, analysts, or developers work on the same database

schema or data simultaneously without overwriting each other's changes or

causing production outages? This is where Dolt's Git-for-Data paradigm truly

shines.

In this chapter, we'll dive deep into the fundamental Git concepts of branching

and merging, but applied directly to your SQL database. You'll learn how to create

isolated environments for data experimentation, safely integrate changes, and

resolve conflicts when parallel work diverges. By the end, you'll be equipped to

enable robust, auditable, and collaborative data workflows using Dolt, setting the

stage for more advanced team coordination.

Before we begin, ensure you have a working Dolt installation (version 1.x  or

later, checked as of 2026-06-06) and a basic understanding of Dolt's CLI

commands ( dolt init , dolt sql ) from previous chapters. We'll primarily use 

dolt sql-server --postgres  for our examples, leveraging Doltgres for

PostgreSQL compatibility.

Core Concepts: The Git-for-Data Paradigm in Action

Dolt's power lies in bringing Git-style version control directly to your SQL tables.

This means that every table, every row, and every schema definition can be

branched, committed, diffed, and merged just like source code. This paradigm

fundamentally changes how teams interact with and evolve data.

Branches: Isolated Workspaces for Your Data

Imagine you're developing a new feature that requires significant changes to your

product catalog data. You don't want to mess up the current production data while

you're experimenting. This is where branches come in.

What is a branch? A branch in Dolt is an independent line of development for

your database. It's like creating a complete copy of your database at a specific

point in time, allowing you to make changes without affecting other branches.
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Why use branches for data?

Isolation: Work on new features, experiments, or bug fixes without

impacting main  (your production branch).

Parallel Development: Multiple teams or individuals can work on different

data changes simultaneously.

Experimentation: Try out new data models or transformations without fear

of corrupting your core dataset.

Hotfixes: Quickly create a branch to fix critical issues in production data.

Think of a branch as a personal sandbox for your database. You can build, break,

and rebuild within it, and only when you're satisfied, do you integrate those

changes back into the main line of development.

How to Manage Branches

Let's start by initializing a Dolt database and creating our first branch.

First, ensure Dolt is installed. For the latest stable version (e.g., 1.20.0  as of

early 2026), you can often download binaries or use Docker. Refer to the official

DoltHub documentation for precise instructions.

We'll use Doltgres for PostgreSQL-style data. Start Dolt in PostgreSQL-compatible

server mode:

dolt sql-server --postgres

This command will start a Dolt SQL server listening on port 5432  (default for

PostgreSQL). You can now connect to it using any PostgreSQL client (like psql  or 

DBeaver ).

Open a separate terminal window for Dolt CLI commands.

# Initialize a new Dolt database
dolt init my_product_catalog

# Enter the database directory
cd my_product_catalog

# Create a sample table for products
dolt sql -q "CREATE TABLE products (id UUID PRIMARY KEY DEFAULT 
gen_random_uuid(), name TEXT, price DECIMAL(10, 2), stock_quantity INT);"

# Insert some initial data
dolt sql -q "INSERT INTO products (name, price, stock_quantity) VALUES 
('Laptop Pro', 1200.00, 50), ('Wireless Mouse', 25.00, 200);"

• 

• 

• 

• 
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# Check the status of your changes
dolt status

You'll see output indicating products  is an untracked table. Now, let's commit

these initial changes.

# Add all changes to the staging area
dolt add .

# Commit the changes with a descriptive message
dolt commit -m "Initial product catalog setup"

Now, let's create a new branch for a pricing update feature.

# Create a new branch named 'feature/pricing-update'
dolt branch feature/pricing-update

# Switch to the new branch
dolt checkout feature/pricing-update

# Verify your current branch
dolt branch

The output of dolt branch  will show an asterisk next to feature/pricing-

update , indicating you are now on that branch. Any changes you make to the

database now will only affect this branch until you switch back or merge.

Commits: Snapshots of Your Data's History

Just like in Git, a commit in Dolt is an atomic snapshot of your database at a

particular point in time. It captures all changes (data and schema) that have been

staged.

What is a commit? A commit is a record of changes to your database, along

with metadata like the author, timestamp, and a commit message. Each commit

has a unique identifier (a hash).

Why commit frequently?

Granular History: Creates a detailed, auditable history of every change.

Easy Rollback: Allows you to revert to any previous state of your database.

Context: Descriptive commit messages explain why changes were made,

aiding collaboration and debugging.

Making and Committing Changes

Let's update some prices on our feature/pricing-update  branch.

• 

• 

• 
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# Update prices on the current branch
dolt sql -q "UPDATE products SET price = 1250.00 WHERE name = 'Laptop Pro';"
dolt sql -q "UPDATE products SET price = 28.00 WHERE name = 'Wireless Mouse';"

# Check the changes
dolt diff

The dolt diff  command will show you the changes you've made to the 

products  table on your current branch. It's similar to git diff  for code, but it

shows row-level data differences.

Now, commit these changes:

# Stage the changes
dolt add .

# Commit with a message
dolt commit -m "Increased Laptop Pro price by $50 and Wireless Mouse by $3"

You've successfully made and committed changes on an isolated branch. The 

main  branch remains untouched.

Merging: Bringing Data Changes Together

Once changes on a feature branch are complete and tested, they need to be

integrated back into the main line of development. This process is called merging.

What is merging? Merging combines the history of one branch into another. Dolt

intelligently applies the changes from the source branch to the target branch.

Why merge?

Integration: Incorporate new features or fixes into the main database.

Synchronization: Keep different development lines up-to-date with each

other.

Performing a Merge

Let's switch back to main  and merge our pricing updates.

# Switch back to the main branch
dolt checkout main

# Verify the prices on main (they should be the original ones)
dolt sql -q "SELECT name, price FROM products;"

You'll see the original prices. Now, merge the feature/pricing-update  branch

into main .

• 

• 
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# Merge the feature branch into main
dolt merge feature/pricing-update

Dolt will perform the merge. If there are no conflicts, it will simply apply the

changes.

# Verify the prices on main again
dolt sql -q "SELECT name, price FROM products;"

Now, main  reflects the updated prices. The feature/pricing-update  branch

can now be deleted if no longer needed, or kept for future iterations.

Diffs: Seeing What Changed

dolt diff  is your best friend for understanding what has changed between

commits, branches, or even specific tables. It provides a clear, row-level view of

additions, deletions, and modifications.

Why diff?

Auditing: Understand precisely what data changed and when.

Code Review for Data: Review data changes before merging.

Debugging: Pinpoint when and how a specific data point changed.

Using dolt diff

We already saw dolt diff  to view uncommitted changes. You can also diff

between branches or commits:

# Diff the current branch against the 'main' branch (before our merge, this 
would show differences)
dolt diff main

# Diff a specific table between two branches
dolt diff main feature/pricing-update products

# View the history of commits
dolt log

dolt log  is like git log , showing commit IDs, authors, dates, and messages.

You can use these commit IDs with dolt diff  to compare any two points in

history.

• 

• 

• 
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Conflict Resolution: When Data Diverges

Merge conflicts occur when two branches modify the same piece of data in 

different ways. Dolt, like Git, cannot automatically decide which change to keep,

so it flags the conflict for manual resolution.

What are conflicts? A merge conflict is a situation where Dolt cannot

automatically reconcile divergent changes to the same data cell.

Why do they occur? Multiple users or processes edit the same row/column

concurrently on different branches.

How Dolt handles them: Dolt identifies conflicts at the cell level. This means if

two branches modify different columns in the same row, it's often a clean merge.

Conflicts arise when the exact same cell (row and column) is modified differently.

Strategies for Resolution

When a merge conflict occurs, Dolt will stop the merge and inform you. You'll

typically follow these steps:

dolt status : Identify which tables have conflicts.

dolt diff : Inspect the conflicting changes. Dolt will show you "ours" (your

current branch's version) and "theirs" (the incoming branch's version).

Resolve: 

Manual Edit: Open your SQL client, view the conflicting table, and

manually update the conflicting cells to the desired state.

dolt checkout --ours <table_name> : Accept your current branch's

version for the entire table.

dolt checkout --theirs <table_name> : Accept the incoming

branch's version for the entire table.

dolt add . : Stage the resolved changes.

dolt commit -m "Resolved merge conflict" : Complete the merge.

This process is very similar to how you'd resolve code conflicts in Git.

1. 

2. 

3. 

• 

• 

• 

4. 

5. 
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Step-by-Step Implementation: Building a Versioned
Product Catalog (PostgreSQL-style)

Let's put these concepts into practice with a hands-on scenario. We'll simulate

two developers working on a product catalog, introducing and resolving a conflict.

Ensure your dolt sql-server --postgres  is running in one terminal. Use

another terminal for dolt  CLI commands.

Scenario Setup: Initializing the Catalog

If you haven't already, navigate to your my_product_catalog  directory or create

a new one:
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# If starting fresh, remove existing db and init again
# rm -rf my_product_catalog
# dolt init my_product_catalog
# cd my_product_catalog

# Create the products table with PostgreSQL-style UUID primary key
dolt sql -q "CREATE TABLE products (id UUID PRIMARY KEY DEFAULT 
gen_random_uuid(), name TEXT NOT NULL, description TEXT, price DECIMAL(10, 2) 
NOT NULL, stock_quantity INT DEFAULT 0);"

# Insert some initial data
dolt sql -q "INSERT INTO products (name, description, price, stock_quantity) 
VALUES ('Laptop Pro', 'High-performance laptop for professionals.', 1200.00, 
50), ('Wireless Mouse', 'Ergonomic mouse with long battery life.', 25.00, 
200), ('Mechanical Keyboard', 'Tactile switches for an optimal typing 
experience.', 150.00, 75);"

# Stage and commit the initial catalog
dolt add .
dolt commit -m "Initial product catalog with Laptop Pro, Mouse, Keyboard"

Step 1: Feature Branch for Pricing Update

Developer A needs to adjust pricing for some products. They'll create a feature

branch.

# Create a new branch for pricing adjustments
dolt branch feature/pricing-update

# Switch to the new branch
dolt checkout feature/pricing-update

# Update prices
dolt sql -q "UPDATE products SET price = 1250.00 WHERE name = 'Laptop Pro';"
dolt sql -q "UPDATE products SET price = 28.00 WHERE name = 'Wireless Mouse';"

# Stage and commit the price updates
dolt add .
dolt commit -m "Feature: Increased Laptop Pro price by $50 and Wireless Mouse 
by $3"

Step 2: Parallel Work

Adding a New Product (on main )

While Developer A works on pricing, Developer B (or you, switching roles) adds a

new product to the main catalog.

# Switch back to the main branch
dolt checkout main

# Add a new product
dolt sql -q "INSERT INTO products (name, description, price, stock_quantity) 
VALUES ('USB-C Hub', 'Compact hub with multiple ports.', 49.99, 150);"

• 
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# Stage and commit the new product
dolt add .
dolt commit -m "Main: Added new product 'USB-C Hub'"

Step 3: Merging the Pricing Update into main

Developer A finishes their pricing work and wants to merge it into main .

# Ensure you are on the main branch to perform the merge
dolt checkout main

# Merge the feature/pricing-update branch
dolt merge feature/pricing-update

Dolt will successfully merge these changes because the feature/pricing-

update  branch only modified existing rows, while main  added a new row. These

are distinct changes, so no conflict occurs.

# Verify all products and their prices on main
dolt sql -q "SELECT name, price FROM products;"

You should see Laptop Pro  at $1250.00, Wireless Mouse  at $28.00, and USB-C

Hub  at $49.99, along with the Mechanical Keyboard .

Step 4: Introducing and Resolving a Conflict

Now, let's intentionally create a conflict to learn how to resolve it.

Conflict Scenario:

Developer A (on a new bugfix/description  branch) fixes a typo in the 

Laptop Pro  description.

Developer B (on main ) simultaneously updates the Laptop Pro  description

to something else.

# Create a new branch for a description bugfix
dolt branch bugfix/description

# Switch to the bugfix branch
dolt checkout bugfix/description

# Developer A's change: Fix a typo in Laptop Pro description
dolt sql -q "UPDATE products SET description = 'High-performance laptop for 
professionals, optimized for creative tasks.' WHERE name = 'Laptop Pro';"

# Stage and commit Developer A's change
dolt add .
dolt commit -m "Bugfix: Improved Laptop Pro description with creative tasks 
detail"

• 

• 
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Now, switch back to main  and make a different change to the same cell.

# Switch back to main
dolt checkout main

# Developer B's change: Update Laptop Pro description for general audience
dolt sql -q
"UPDATE products SET description = 'A powerful laptop designed for everyday 
productivity and advanced applications.' WHERE name = 'Laptop Pro';"

# Stage and commit Developer B's change
dolt add .
dolt commit -m "Main: Updated Laptop Pro description for broad appeal"

Now, try to merge bugfix/description  into main :

# Ensure you are on main
dolt checkout main

# Attempt to merge the bugfix branch
dolt merge bugfix/description

You will get a merge conflict! Dolt will report something like:

Automatic merge failed; fix conflicts and then commit the result.

Resolving the Conflict

Check Status: See which tables are in conflict.

dolt status

You'll see `products` listed under "Tables with conflicts".

Inspect Conflicts: Use dolt diff  to see the conflicting versions.

dolt diff products

Dolt will show you the `HEAD` (your current branch, `main`) version and the 
`MERGE_BRANCH` (the incoming `bugfix/description`) version for the conflicting 
cell.

    --- a/products
    +++ b/products

1. 

1. 
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    @@ -1,6 +1,6 @@
     | id                                   | name                | 
description                                                              | 
price    | stock_quantity |

|--------------------------------------|---------------------|----------------
----------------------------------------------------------|----------|--------
--------|
    -| 32f3f9e4-6c3d-4c3e-8b1a-2d3e4f5a6b7c | Laptop Pro          | A powerful 
laptop designed for everyday productivity and advanced applications. | 
1250.00  | 50             |
    +| 32f3f9e4-6c3d-4c3e-8b1a-2d3e4f5a6b7c | Laptop Pro          | High-
performance laptop for professionals, optimized for creative tasks. | 1250.00  
| 50             |
     | 5c6d7e8f-0a1b-2c3d-4e5f-6a7b8c9d0e1f | Wireless Mouse      | Ergonomic 
mouse with long battery life.                                  | 28.00    | 
200            |
     | 7a8b9c0d-1e2f-3a4b-5c6d-7e8f9a0b1c2d | Mechanical Keyboard | Tactile 
switches for an optimal typing experience.                       | 150.00   | 
75             |
     | d1e2f3a4-b5c6-d7e8-f9a0-b1c2d3e4f5a6 | USB-C Hub           | Compact 
hub with multiple ports.                                         | 49.99    | 
150            |

*(Note: `id` UUIDs will be different in your output.)*

The `dolt diff` output highlights the differences. In a real scenario, you'd 
discuss with your team which description is more accurate or combine them. For 
this exercise, let's decide to keep a combined version.

Resolve Manually (Example): You can directly edit the table using dolt

sql . Find the conflicting row and update the description  to your desired

final version.

dolt sql -q "UPDATE products SET description = 'A powerful, high-
performance laptop for professionals, optimized for both productivity and 
creative tasks.' WHERE name = 'Laptop Pro';"

Stage the Resolution: After manually updating, tell Dolt that the conflict

is resolved.

dolt add .

Commit the Merge: Finally, commit the merge with a message.

dolt commit -m
"Merged bugfix/description and resolved conflict for Laptop Pro description"

1. 

1. 

1. 
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The merge is now complete, and your `main` branch contains both the pricing 
updates, the new product, and the resolved description for `Laptop Pro`.

📌 Key Idea: Cell-Level Conflict Resolution

Dolt's ability to resolve conflicts at the cell level is incredibly powerful. Unlike

schema-only version control systems or full database snapshots, Dolt understands

the granular changes to your data, allowing for more precise and less destructive

merges.

Mini-Challenge: Schema and Data Evolution During
Merges

This challenge will test your understanding of how Dolt handles both schema and

data changes during merges.

Challenge:

Ensure you're on the main  branch.

Create a new branch named experiment/category-feature .

On experiment/category-feature : 

Add a new column category TEXT  to the products  table.

Update the category  for existing products (e.g., 'Electronics',

'Peripherals').

Commit these changes.

Switch back to the main  branch.

On main : 

Add a new product with a name , description , price , 

stock_quantity , but without a category  (since main  doesn't have

that column yet).

Commit this new product.

Try to merge experiment/category-feature  into main .

What to observe/learn: What kind of conflict, if any, does Dolt report? How do

you resolve it? Pay close attention to dolt status  and dolt diff  after the

merge attempt. This scenario highlights how Dolt intelligently handles schema

evolution alongside data changes.

1. 

2. 

3. 
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Hint: Dolt is smart about schema changes. If a column is added on one branch

and a row is added on another, the merge will often succeed, with the new

column being NULL  for the rows added on the branch without the column.

However, if both branches modified the same cell or the schema change

introduces a NOT NULL  constraint that conflicts with existing data, you might

encounter conflicts.

Common Pitfalls & Troubleshooting

Forgetting dolt add .  before dolt commit : Just like Git, Dolt requires

you to stage your changes ( dolt add . ) before they can be committed. If

you try to commit without adding, Dolt will tell you "nothing to commit".

Always check dolt status  first!

Ignoring Merge Conflicts: If a merge results in conflicts, Dolt will stop and

require manual intervention. Don't ignore the conflict messages. If you try to

commit without resolving, Dolt will prevent it. Use dolt status  and dolt

diff  to understand the conflict.

Lack of a Clear Branching Strategy: While Dolt gives you the tools, your

team needs a strategy. Will you use feature branches? Release branches?

Hotfix branches? Without a clear plan, your Dolt history can become messy

and hard to navigate.

Performance with Large Diff/Merge Operations: For extremely large

tables (millions or billions of rows), dolt diff  or complex merges can take

time. This is because Dolt is comparing actual data. Optimize your queries

and consider committing smaller, more frequent changes rather than

massive, infrequent ones. Use dolt diff --tables <table_name>  to

focus on specific tables.

Summary

In this chapter, you've mastered the critical concepts of branching and merging

within Dolt, applying Git's powerful version control directly to your data:

Branches provide isolated sandboxes for developing new features, running

experiments, or fixing bugs without affecting your main dataset.

Commits create atomic, auditable snapshots of your database's state,

enabling granular history and easy rollbacks.

Merging allows you to safely integrate changes from different branches,

bringing divergent data histories together.

1. 

2. 
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Diffs are indispensable for reviewing, auditing, and understanding precisely

what data and schema changes have occurred.

Conflict Resolution equips you to handle situations where parallel data

development diverges, ensuring data integrity through manual or

programmatic reconciliation at the cell level.

By leveraging these capabilities, you can establish highly collaborative, auditable,

and resilient data workflows, moving beyond the limitations of traditional

database management.

Next, we'll explore how to extend these collaborative workflows to remote

repositories and DoltHub, enabling seamless synchronization and team-wide data

versioning across distributed environments.

References

DoltHub Documentation - Branches

DoltHub Documentation - Commits

DoltHub Documentation - Merges

DoltHub Documentation - Diff

DoltHub Documentation - Resolving Conflicts

DoltHub Blog - Introducing Doltgres

This page is AI-assisted and reviewed. It references official documentation and

recognized resources where relevant.

• 

• 

1. 

2. 

3. 

4. 

5. 

6. 

AI VOID [https://aivoid.dev]

Branching and Merging Data: Collaborative Workflows 56

https://docs.dolthub.com/sql-reference/branches
https://docs.dolthub.com/sql-reference/commits
https://docs.dolthub.com/sql-reference/merges
https://docs.dolthub.com/sql-reference/diff
https://docs.dolthub.com/concepts/dolt-syntax/merge-conflicts
https://www.dolthub.com/blog/2023-08-08-doltgres/


CHAPTER 05

Time Travel Queries and Data
Rollbacks
Imagine a critical bug appears in your application, or perhaps a data entry error

corrupts a crucial record. In a traditional database, fixing this often means

scrambling for backups, losing recent changes, or painstakingly reconstructing

data. But what if you could simply "rewind" your database to any point in time,

inspect its state, or even revert specific changes with the ease of Git?

That's precisely what Dolt's "time travel" capabilities and data rollback features

offer. This chapter dives deep into how Dolt transforms your database into a

version-controlled timeline, allowing you to query historical data, understand

exactly what changed, and confidently undo mistakes without complex recovery

procedures.

By the end of this chapter, you'll be able to:

Query your database "as of" any past commit, branch, or timestamp.

Precisely identify data and schema changes using dolt diff .

Safely roll back data to previous states using dolt checkout  and dolt

revert .

Understand the critical differences between read-only historical queries and

destructive rollback operations.

Before we begin, ensure you're comfortable with basic Dolt commands like dolt

clone , dolt commit , and dolt log  from previous chapters. We'll build on those

foundational Git-for-Data concepts.

The Magic of Time Travel: Querying Historical Data

One of Dolt's most powerful features is its ability to let you query your data as it

existed at any previous point in time. This isn't just about looking at old backups;

it's about executing standard SQL queries against historical versions of your

tables, seamlessly integrated into your workflow.

• 

• 

• 

• 

AI VOID [https://aivoid.dev]

Time Travel Queries and Data Rollbacks 57



Why Time Travel Matters

Why would you need to query historical data? Think about:

Auditing: Regulatory compliance often demands a clear, immutable record

of every data change.

Debugging: Pinpointing when a bug or data corruption was introduced by

inspecting the database's state at various points in time.

Analytics: Analyzing trends or comparing data across specific historical

snapshots without complex data warehousing.

Recovery: Easily viewing a correct state before deciding to perform a

rollback.

Introducing the AS OF Clause

Dolt extends standard SQL with an AS OF  clause, allowing you to specify the

exact version of your database you want to query. Think of it as peeking into a

specific snapshot from your database's Git history.

You can specify the version using:

Commit Hash: A unique identifier for a database state.

Branch Name: The latest state on a particular branch.

Timestamp: A specific date and time.

Let's set up a simple table and make some changes to demonstrate.

Step-by-Step: Querying Data with AS OF

First, let's create a database and a table. We'll start by ensuring we are on the 

main  branch.

dolt sql -q "CREATE DATABASE IF NOT EXISTS inventory_db;"
dolt checkout main # Ensure we are on the main branch
dolt sql inventory_db -q "CREATE TABLE products (id INT PRIMARY KEY, name 
VARCHAR(255), stock INT);"
dolt commit -m "Add products table"

Next, we'll add some initial data to our products  table and commit it. This

creates our first significant historical point.

dolt sql inventory_db -q "INSERT INTO products (id, name, stock) VALUES (1, 
'Laptop', 50), (2, 'Mouse', 200);"
dolt commit -m "Add initial products"
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Now, let's make another change to create more history, simulating a stock

adjustment.

dolt sql inventory_db -q "UPDATE products SET stock = 45 WHERE id = 1;"
dolt commit -m "Adjust stock for Laptop"

To view your commit history and get the hashes, use dolt log :

dolt log

You'll see output similar to this (actual hashes and dates will differ):

commit 8a1b2c3d4e5f678901234567890abcdef01234567
Author: Your Name <your.email@example.com>
Date:   2026-06-06 10:00:00 +0000

    Adjust stock for Laptop

commit f1a2b3c4d5e6f78901234567890abcdef01234567
Author: Your Name <your.email@example.com>
Date:   2026-06-06 09:55:00 +0000

    Add initial products

commit c0d1e2f3a4b5c6d7e8f90123456789abcdef012345
Author: Your Name <your.email@example.com>
Date:   2026-06-06 09:50:00 +0000

    Add products table

Let's query the current state of our products  table:

dolt sql inventory_db -q "SELECT * FROM products;"

You should see the updated stock for 'Laptop':

+----+--------+-------+
| id | name   | stock |
+----+--------+-------+
| 1  | Laptop | 45    |
| 2  | Mouse  | 200   |
+----+--------+-------+

Querying AS OF a Commit Hash

To query the state of the products  table before the last commit, you'll need the

commit hash of the "Add initial products" commit. Find it using dolt log . For this

example, let's assume it was f1a2b3c4  (you'll use your actual hash).
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SELECT * FROM products AS OF 'f1a2b3c4';

Explanation: The AS OF 'f1a2b3c4'  clause tells Dolt to execute the SELECT

query against the database state captured by commit f1a2b3c4 . This is a read-

only operation; your main  branch remains unchanged.

+----+--------+-------+
| id | name   | stock |
+----+--------+-------+
| 1  | Laptop | 50    |
| 2  | Mouse  | 200   |
+----+--------+-------+

Notice how the stock  for 'Laptop' is 50 , not 45 . You've successfully time-

traveled to a previous state!

Querying AS OF a Timestamp

Dolt also allows you to query AS OF  a specific timestamp. This is incredibly useful

for point-in-time analysis or recovering data from a particular moment.

SELECT * FROM products AS OF '2026-06-06 09:56:00'; -- IMPORTANT: Adjust this 
to a timestamp *after* "Add initial products" but *before* "Adjust stock for 
Laptop" from your `dolt log` output.

Explanation: Dolt will find the latest commit that occurred at or before the

specified timestamp and execute the query against that version of the database.

This allows for very granular historical data access.

Querying AS OF a Branch

If you have multiple branches, you can easily query the state of a table as it

exists on a different branch without actually checking out that branch.

Let's create a new branch and add a product there:

dolt branch feature/new-product
dolt checkout feature/new-product
dolt sql inventory_db -q "INSERT INTO products (id, name, stock) VALUES (3, 
'Keyboard', 150);"
dolt commit -m "Add Keyboard on feature branch"

Now, switch back to main  to see the magic:

dolt checkout main
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From your main  branch, query the products  table as it exists on the feature/

new-product  branch:

SELECT * FROM products AS OF 'feature/new-product';

You'll see the 'Keyboard' product, even though it's not present on your main

branch.

+----+----------+-------+
| id | name     | stock |
+----+----------+-------+
| 1  | Laptop   | 45    |
| 2  | Mouse    | 200   |
| 3  | Keyboard | 150   |
+----+----------+-------+

How AS OF Queries Work

Under the hood, when you use AS OF , Dolt intelligently rewrites your SQL query

to target the specific historical state. It leverages its immutable storage model,

where every commit is a complete snapshot of the database, to efficiently

reconstruct the data for your query.
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📌 Key Idea: AS OF  queries are read-only and non-destructive. They allow you

to inspect the past without altering your current database state. This is crucial for

auditing, reporting, and debugging without risking your live data.

⚡ Real-world insight: Many financial institutions and regulatory bodies require

detailed audit trails. AS OF  queries in Dolt allow you to reconstruct the exact

state of your data at any past moment, providing irrefutable evidence for

compliance and forensics.
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Inspecting Changes: dolt diff for Data and
Schema

While AS OF  lets you see past states, dolt diff  is your magnifying glass for

understanding how the database changed between any two states. Just like Git's 

diff , Dolt's diff  command shows you line-by-line (or rather, row-by-row and

column-by-column) what was added, deleted, or modified.

Why dolt diff is Essential

Change Review: Before merging a branch, review all data and schema

changes.

Debugging: Quickly identify which specific data point or schema definition

changed between two versions.

Auditing: Understand the full scope of a change for compliance or incident

response.

Step-by-Step: Using dolt diff

Let's make another change to our products  table:

dolt sql inventory_db -q "UPDATE products SET stock = 190 WHERE id = 2;"
dolt commit -m "Adjust stock for Mouse"

Now, let's see the difference between the current state ( HEAD ) and the previous

commit ( HEAD~1 ). HEAD~1  refers to the commit immediately before the current 

HEAD .

dolt diff --data products HEAD~1 HEAD

--- a/products
+++ b/products
@@ -1,3 +1,3 @@
  | id | name   | stock |
 |----+--------+-------|
-| 2  | Mouse  | 200   |
+| 2  | Mouse  | 190   |

Explanation:

--- a/products  and +++ b/products  indicate the "before" and "after"

states of the products  table.

The @@  line shows the line number and count for the changed block.
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Lines prefixed with -  are removed (representing the old value).

Lines prefixed with +  are added (representing the new value).

Here, we clearly see that for id = 2  ('Mouse'), the stock  changed from 200  to 

190 .

You can also compare between two arbitrary commit hashes:

dolt diff --data products <commit_hash_1> <commit_hash_2>

Or between two branches (this would show the 'Keyboard' product as an

addition):

dolt diff --data products main feature/new-product

Diffing Schema Changes

Dolt also tracks schema changes. If you modify a table structure, dolt diff  can

show you those changes.

Let's add a new column to our products  table:

dolt sql inventory_db -q "ALTER TABLE products ADD COLUMN description TEXT;"
dolt commit -m "Add description column to products"

Now, let's diff the schema between the current state and the previous commit:

dolt diff --schema products HEAD~1 HEAD

--- a/products
+++ b/products
@@ -1,4 +1,5 @@
 CREATE TABLE `products` (
   `id` int NOT NULL,
   `name` varchar(255) COLLATE utf8mb4_0900_bin NOT NULL,
-  `stock` int NOT NULL,
+  `stock` int NOT NULL,
+  `description` text COLLATE utf8mb4_0900_bin,
   PRIMARY KEY (`id`)
 ) ENGINE=InnoDB DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_0900_bin;

Explanation: The output clearly shows the description  column being added to

the CREATE TABLE  statement. This is invaluable for understanding how your

database schema has evolved over time, especially in collaborative environments

or when debugging application migrations.
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Rewriting History (Carefully): Data Rollbacks

While AS OF  and dolt diff  are excellent for inspection, sometimes you need to

actually undo changes or revert your database to a previous state. Dolt provides

powerful commands for this, similar to Git, but with important distinctions for

data.

dolt checkout: Reverting Uncommitted Changes or Specific
Tables

You've already used dolt checkout  to switch branches. You can also use it to

discard uncommitted changes or to revert a specific table to its state from the last

commit. This is useful when you've made local changes you no longer want.

Let's make an uncommitted change:

dolt sql inventory_db -q "UPDATE products SET stock = 10 WHERE id = 1;"

Now, check the status of your working directory:

dolt status

You'll see products  listed under "Changes not staged for commit," indicating

modifications that haven't been saved to version history yet.

To discard this uncommitted change, just like in Git:

dolt checkout products

Explanation: dolt checkout <table_name>  discards any uncommitted

changes in that table, reverting it to the state of the HEAD  commit (the last

committed version).

Now, if you query products , the stock  for 'Laptop' will be 45  again, not 10 .

dolt revert: The Safer Way to Undo Committed Changes

dolt revert  is the recommended way to undo a committed change in Dolt. It

creates a new commit that systematically undoes the changes introduced by a

previous commit. This preserves the history, showing that a change was made

and then explicitly undone, which is crucial for auditability and team

collaboration.

Let's recall our commit history using dolt log --oneline :
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dolt log --oneline

Let's say the commit Adjust stock for Mouse  (which changed stock from 200

to 190 ) has a hash like a1b2c3d . We want to undo this specific change.

dolt revert a1b2c3d

Dolt will perform the revert. It might open your default text editor (like Vim or

Nano) to allow you to modify the new commit message. The default message will

typically look like this:

Revert "Adjust stock for Mouse"

This reverts commit a1b2c3d.

Accept the message (e.g., by saving and closing the editor).

Now, if you query products  for id = 2 :

dolt sql inventory_db -q "SELECT * FROM products WHERE id = 2;"

The stock  for 'Mouse' will be 200  again. If you check dolt log , you'll see a

new commit, explicitly undoing the previous one, maintaining a clear and

auditable history.

🧠 Important: dolt revert  is generally preferred over dolt reset  for shared

history because it creates a new commit that explicitly undoes changes,

maintaining a clear, linear history. This is vital when working with teams, as it

avoids rewriting history that others might have already pulled.

dolt reset: A Powerful, Destructive Tool

dolt reset  is similar to Git's reset  and is a powerful command that can rewrite

history. It moves the current branch's HEAD  to a specified commit, effectively

"erasing" subsequent commits from that branch's history.

⚠️ What can go wrong: Using dolt reset  on a branch that has been pushed

to a remote (like DoltHub) can cause significant problems for collaborators, as it

rewrites shared history. This can lead to lost work and complex merge scenarios.

Use it with extreme caution, typically only on local, unpushed branches, or when

you fully understand the implications for all collaborators.
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For example, to move HEAD  back to the commit before the Adjust stock for

Laptop  commit (e.g., commit f1a2b3c4  in our earlier example, which was "Add

initial products"):

dolt reset --hard f1a2b3c4

Explanation:

--hard  means that not only will HEAD  move, but your working directory

and staging area will also be updated to match the state of f1a2b3c4 . Any

commits after f1a2b3c4  on this branch will be permanently lost.

After a hard reset, if you query products , the stock  for 'Laptop' will be 50  and

'Mouse' will be 200  (assuming f1a2b3c4  was the "Add initial products" commit).

The commits that happened after f1a2b3c4  are no longer part of this branch's

history.

Hands-On Challenge: Auditing and Recovering
Inventory

Let's put your new knowledge to the test. You're managing an inventory system,

and a mistake was made in a recent update.

Challenge:

Add a new product and commit:

Add a product: (4, 'Monitor', 100)

Commit with message: "Add Monitor product"

Introduce an error:

Update 'Monitor' stock to 10  (instead of 100 ). This is your simulated

mistake.

Commit with message: "Update Monitor stock (mistake)"

Discover the mistake:

Use dolt log --oneline  to see your recent commits and their

hashes.

Use dolt diff --data products <commit_hash_before_mistake>

<commit_hash_with_mistake>  to pinpoint the exact change where

the stock became 10 .
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View the correct state:

Use an AS OF  query to view the products  table as it existed before

the "Update Monitor stock (mistake)" commit. Observe the correct

stock for 'Monitor' (it should be 100 ).

Revert the error:

Use dolt revert  to undo the "Update Monitor stock (mistake)"

commit.

Verify that 'Monitor' stock is back to 100  by querying the products

table.

Hint: Pay close attention to the commit hashes from dolt log . They are your

key to navigating history. You'll need the hash of the "Add Monitor product"

commit for your AS OF  query and the hash of the "Update Monitor stock

(mistake)" commit for dolt revert .

💡 CLICK FOR SOLUTION HINT

To find the commit hash for the "Add Monitor product" commit (the good state

before the mistake), use dolt log --oneline . Then, use that hash in your AS

OF  query to inspect the correct state. For dolt revert , you'll target the hash of

the "Update Monitor stock (mistake)" commit.

Once you've completed the challenge, take a moment to reflect on how much

easier and safer this process is compared to traditional database recovery

methods.
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Common Pitfalls and Troubleshooting

Forgetting to dolt commit : If you make changes and immediately try AS

OF  or dolt diff , Dolt will only show you the committed history.

Uncommitted changes are not part of the version history. Always dolt

commit  your changes to make them versioned.

Misunderstanding dolt reset  vs. dolt revert :

dolt revert  creates a new commit that undoes a previous commit,

preserving history. Use this for shared branches.

dolt reset  rewrites history by moving the branch pointer, effectively

erasing commits. Use with extreme caution, primarily on local,

unpushed branches.

Performance with AS OF  on large historical datasets: While Dolt is

optimized for versioned data, querying very old or very large historical

versions might be slower than querying the current HEAD . Consider indexing

frequently queried historical columns and strategically pruning old branches

if history beyond a certain point is not needed for active queries.

Accidentally discarding uncommitted changes: Using dolt checkout

<table_name>  will discard any changes you've made to that table that

haven't been dolt add ed and dolt commit ed. Always check dolt

status  first to understand the state of your working directory.

Merge conflicts during dolt revert : If the commit you're reverting has

changes that were later modified by another commit, you might encounter a

merge conflict. Dolt will guide you through resolving these, similar to Git

merge conflicts, requiring you to manually decide which changes to keep.

Summary: Your Data's Timeline at Your Fingertips

In this chapter, you've gained powerful capabilities for navigating and

manipulating your database's history:

Time Travel with AS OF : You can query your data as it existed at any

specific commit, branch, or timestamp, providing invaluable insights for

auditing, debugging, and historical analysis.

Precision with dolt diff : You learned how to use dolt diff  to

meticulously examine both data and schema changes between any two

versions of your database.
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Confident Rollbacks: You explored how dolt checkout  can discard

uncommitted changes and how dolt revert  provides a safe, history-

preserving method to undo committed changes. You also understood the

power and danger of dolt reset  for rewriting history.

These features fundamentally change how you interact with a database, moving

from a single mutable state to a rich, auditable timeline. You now have the tools

to understand data evolution, recover from errors, and ensure data integrity with

a level of control previously unimaginable in traditional SQL databases.

Next, we'll explore how Dolt extends the Git collaboration model to data, enabling

seamless teamwork and robust workflows with Dolt remotes and DoltHub.
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CHAPTER 06

Evolving Your Schema:
Versioned Migrations
Databases are rarely static. As applications evolve, so too must their underlying

data structures. This process of changing a database's schema – adding columns,

creating new tables, modifying constraints – is known as schema evolution. In

traditional relational databases, this can be a perilous journey, often involving

complex migration scripts, downtime, and a high risk of errors.

This chapter dives into how Dolt transforms schema evolution from a high-stakes

operation into a controlled, versioned, and collaborative process, much like

managing code changes with Git. You'll learn the core concepts of Dolt's Git-for-

Data approach applied to schemas, how to perform versioned migrations, and

how to handle schema changes with confidence.

Before we begin, ensure you're comfortable with Dolt's basic Git-for-Data

operations like dolt init , dolt add , dolt commit , and branching, as covered

in previous chapters. We'll build upon that foundation to apply version control

specifically to your database schema.

The Challenge of Traditional Schema Migrations

Imagine a team of developers working on an application. One team needs to add

a new column to a users  table for a new feature, while another team is

refactoring an existing table. In a traditional database environment, coordinating

these schema changes can be a nightmare:

Manual Scripts: Developers often write ALTER TABLE  statements

manually or use external migration tools. These scripts need careful

ordering and execution.

Lack of Version Control: The database schema itself isn't versioned

intrinsically. You only version the scripts that change it, not the state of the

schema at any point in time.

Merge Conflicts: If two teams modify the same table, their migration

scripts might conflict, leading to complex manual resolution or accidental

overwrites.

Rollbacks: Reverting a schema change often means writing a new script to

undo the previous one, which can be error-prone and time-consuming.
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Auditing: Tracing who changed what in the schema, and when, can be

difficult without robust processes.

📌 Key Idea:  Traditional schema migrations version the changes, not the 

schema state. Dolt versions the schema state directly, just like data.

Dolt's Approach: Schema as Versioned Data

Dolt treats your database schema itself as versioned data. This means that every 

CREATE TABLE , ALTER TABLE , or DROP TABLE  statement you execute in Dolt is

not just an immediate change; it's a change that can be committed, branched,

merged, and reverted, just like your row data.

This fundamental shift brings powerful benefits:

Atomic Schema Commits: Each schema modification can be committed

as a distinct, auditable change in your database's history.

Schema Branching: You can create branches to experiment with schema

changes, develop new features, or isolate migrations without affecting 

main .

Schema Diffs: Dolt can show you the exact differences between schemas

at any two points in history or across branches, making review easy.

Schema Merging: You can merge schema changes from one branch into

another, and Dolt will help resolve any conflicts.

Time Travel for Schema: You can query the schema as it existed at any

previous commit, enabling powerful debugging and understanding of

schema evolution.

🧠 Important:  Dolt versions both your table data AND your table schema. They

are intrinsically linked within the same commit history.

How Dolt Manages Schema Evolution

When you execute DDL (Data Definition Language) statements like ALTER TABLE

in Dolt, these changes are initially staged, similar to how data changes are

staged. You then dolt commit  them to create a new schema version.

Let's visualize the typical workflow for a schema change:
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This diagram shows a familiar Git branching strategy applied directly to your

database schema.

dolt schema Commands

Dolt provides specific commands to inspect and manage schema changes:

dolt schema diff : Shows changes in schema between commits or

branches.

dolt schema print : Displays the schema of a specific table or the entire

database.

dolt schema history : Shows the history of schema changes.

We'll use these in our practical example.

• 
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Step-by-Step: Versioned Schema Migration

Let's walk through an example. We'll start with a simple products  table in our

beginner-friendly project (using Doltgres for PostgreSQL compatibility, though the 

dolt  commands are largely the same).

Scenario: We need to add a description  column to our products  table to

store more detailed product information.

First, let's ensure we have a Dolt database initialized and a products  table. If

you're following along from previous chapters, you might already have this. If not,

let's set it up quickly.

1. Initialize a Dolt Database and Create a Table

Open your terminal. We'll create a new database called inventory_db .

# Ensure Dolt is installed (latest stable version as of 2026-06-06)
# For Dolt: https://docs.dolthub.com/introduction/installation
# For Doltgres: https://docs.dolthub.com/sql-reference/doltgres/installation
# We'll use Dolt for this example, which is MySQL compatible.
# The concepts apply identically to Doltgres, just use 'doltgres' instead of 
'dolt' for the server.

# Initialize a new Dolt database
dolt init inventory_db
cd inventory_db

# Connect to the Dolt SQL server (default port 3306 for Dolt, 5432 for 
Doltgres)
# We'll run SQL commands directly via 'dolt sql -q' for simplicity.
# For Doltgres, you'd use 'psql -h 127.0.0.1 -p 5432 -U dolt' after starting 
the server.

# Create a products table
dolt sql -q "
CREATE TABLE products (
    id INT PRIMARY KEY,
    name VARCHAR(255) NOT NULL,
    price DECIMAL(10, 2) NOT NULL
);"

Now, commit this initial schema.

# Add the new table to staging
dolt add products

# Commit the initial schema
dolt commit -m "Initial schema: created products table"

Let's check our current schema and history.
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# Print the schema
dolt schema print products

# View the commit history
dolt log -n 1

You should see the products  table definition and your initial commit.

2. Create a Feature Branch for the Schema Change

It's best practice to make schema changes on a dedicated branch.

dolt checkout -b feature/add-product-description

You're now on a new branch. Any changes you make here won't affect main  until

you merge them.

3. Execute the Schema Alteration

Now, let's add the description  column using a standard ALTER TABLE

statement.

dolt sql -q "
ALTER TABLE products
ADD COLUMN description TEXT;
"

After executing, the schema in your current branch ( feature/add-product-

description ) has changed.

⚡ Quick Note:  If you were using a SQL client like dolt sql  interactive mode

or psql , you'd just type the ALTER TABLE  command there. dolt sql -q  is for

single commands.

4. Stage and Commit the Schema Change

Just like data changes, schema changes need to be staged and committed.

# See what changed (schema changes are automatically tracked)
dolt diff --schema

# This will show you the SQL DDL that represents the change:
# 
+-----------------------------------------------------------------------------
------------------------------------------------------------------------------
------------------------------------------------------------------------------
------------------------------------------------------------------------------
------------------------------------------------------------------------------
------------------------------------------------------------------------------
------------------------------------------------------------------------------
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--------- to make their learning journey smoother and more effective.

## Introduction: Why Versioning Your Schema Matters

You've learned how Dolt brings Git-style version control to your *data*. But 
what about your database's structure, its schema? Just like your application c
ode, your database schema is a living entity that evolves with your project. A
dding a new feature might require a new column, or refactoring might necessita
te a new table.

This chapter is your guide to managing these critical structural changes not j
ust safely, but powerfully. We'll explore how Dolt allows you to version, 
branch, and merge your schema – just like your data – making schema evolution 
a collaborative, auditable, and reversible process. Say goodbye to the fear of 
breaking production with an `ALTER TABLE` statement!

By the end of this chapter, you'll understand:
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* Why versioning your database schema is crucial for team collaboration and
data integrity.
* How Dolt treats schema changes as first-class citizens in its Git-for-
Data model.
* The practical steps to create, evolve, and merge schema changes using
Dolt commands and SQL.
* Strategies for handling potential conflicts and ensuring smooth schema evo
lution.

Ready to take control of your database's structural destiny? Let's dive in!

## Core Concepts: Schema Under Version Control

In traditional database management, schema changes are often handled by extern
al migration tools (like Flyway or Liquibase) that manage SQL scripts. While e
ffective, these tools version the *scripts*, not the *actual state* of the dat
abase schema itself. Dolt takes a different approach.

### Schema as Part of the Commit Graph

Dolt's core innovation is treating the entire database state – both data and 
schema – as a single, versioned entity. When you execute a DDL (Data 
Definition Language) command like `CREATE TABLE` or `ALTER TABLE`, Dolt 
records this change internally. When you `dolt commit`, that commit captures 
the *exact* state of both your tables and their definitions at that moment.

This means:
*   **Complete History:** Every schema change is part of your database's immut
able commit history.
* **Branching for Schema:** You can create branches to experiment with schem
a modifications without impacting your `main` branch or other ongoing work.
* **Auditable Changes:** Easily see *who* made *what* schema change and *whe
n* by inspecting the commit log.
* **Reversible Operations:** Need to revert a schema change? You can `dolt r
eset` or `dolt revert` to a previous commit, rolling back both schema and
data together.

`⚡ Real-world insight:` For large organizations, schema evolution can be a ma
jor bottleneck. Dolt allows multiple teams to propose and test schema changes
concurrently on separate branches, dramatically speeding up development
cycles and reducing integration friction.

### The Schema Workflow in Dolt

The process of evolving your schema with Dolt closely mirrors your workflow fo
r evolving data:

1. **Branch:** Create a new branch for your schema changes (`dolt checkout
-b feature/new-schema`). This isolates your work.
2. **Modify:** Execute standard SQL DDL commands (e.g., `ALTER TABLE`, `CREAT
E INDEX`) to change the schema.
3. **Inspect:** Use `dolt diff --schema` to review your proposed schema chang
es.
4. **Commit:** Stage and commit your changes (`dolt add .`, `dolt commit -m "
Added new column"`).
5. **Merge:** Merge your feature branch back into `main` (`dolt checkout
main`, `dolt merge feature/new-schema`).

This iterative process ensures that every schema modification is tracked and r
eviewable.

## Step-by-Step Implementation: Adding a Column
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Let's put these concepts into practice. We'll continue with our
`inventory_db` example and add a `quantity_on_hand` column to our `products` t
able. This is a common schema change in inventory management systems.

**Prerequisites:** You should have the `inventory_db` database initialized
and the `products` table created from the introduction.

```bash
# Verify you are in the 'inventory_db' directory
pwd # Should output something like /path/to/inventory_db

# Verify the current schema of products table on 'main'
dolt schema print products
# Expected output (simplified):
# CREATE TABLE `products` (
#   `id` int NOT NULL,
#   `name` varchar(255) NOT NULL,
#   `price` decimal(10,2) NOT NULL,
#   PRIMARY KEY (`id`)
# );

# Verify current branch is main
dolt branch
# Expected output:
# * main

1. Create a Dedicated Branch for the Schema Change

Always start by creating a new branch for your work. This prevents accidental

changes to main  and allows for independent development.

dolt checkout -b feature/add-quantity

You should see output confirming you've switched to the new branch.

2. Modify the Schema with SQL

Now, execute the ALTER TABLE  statement. We'll add quantity_on_hand  as an 

INT  column with a default value, ensuring existing rows get a sensible initial

value.

dolt sql -q "
ALTER TABLE products
ADD COLUMN quantity_on_hand INT NOT NULL DEFAULT 0;
"

This command directly modifies the schema in your feature/add-quantity

branch.
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3. Inspect the Schema Changes

Before committing, it's good practice to review what you've changed. Use dolt

diff --schema  to see the DDL changes.

dolt diff --schema

You'll see output similar to this, highlighting the added column:

--- a/schema/products
+++ b/schema/products
@@ -1,4 +1,5 @@
CREATE TABLE `products` (
  `id` int NOT NULL,
  `name` varchar(255) NOT NULL,
  `price` decimal(10,2) NOT NULL,

+  `quantity_on_hand` int NOT NULL DEFAULT 0,
  PRIMARY KEY (`id`)
);

This output clearly shows the ADD COLUMN  operation.

4. Stage and Commit the Schema Change

Just like data, schema changes need to be staged. dolt add .  stages all

changes (both schema and data) in the current directory.

dolt add .
dolt commit -m "feat: Add quantity_on_hand column to products table"

Your schema change is now committed to the feature/add-quantity  branch!

Let's confirm the new schema on this branch:

dolt schema print products
# Expected output now includes:
# `quantity_on_hand` int NOT NULL DEFAULT 0,

5. Merge the Schema Change Back to main

Once you're satisfied with your schema changes on the feature branch, it's time

to bring them back into main .

First, switch back to main :

dolt checkout main
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Now, merge your feature branch:

dolt merge feature/add-quantity

Dolt will perform the merge. If there are no conflicts, you'll see a success

message.

Successfully merged branch 'feature/add-quantity' into 'main'.

Now, the main  branch's schema for products  includes the new 

quantity_on_hand  column. You can verify this:

dolt schema print products

And view the full history:

dolt log

You'll see both your initial commit and the feat: Add quantity_on_hand

column  commit in the history of main .

🔥 Optimization / Pro tip:  For continuous integration/continuous

deployment (CI/CD), you can integrate dolt diff --schema  into your pipeline to

automatically review schema changes in pull requests. This ensures that every

schema modification goes through a rigorous review process before merging.

Mini-Challenge: Evolving Another Table

Now it's your turn!

Challenge: In our inventory_db , let's imagine we also have a customers  table.

Create a new branch called feature/add-customer-email .

On this branch, add a new email  column (VARCHAR(255)) to a customers

table. Make sure it can be NULL  for now.

Commit this schema change with a descriptive message.

Merge your feature/add-customer-email  branch back into main .

Verify the customers  table schema on main  after the merge.

1. 

2. 

3. 

4. 

5. 

AI VOID [https://aivoid.dev]

Evolving Your Schema: Versioned Migrations 92



Hint: If you don't have a customers  table yet, you'll need to create it first on

your new branch, commit it, and then add the email column. Remember to dolt

add  and dolt commit  after each logical change (table creation, then column

addition).

What to observe/learn:

How to handle multiple schema changes (creating a table then altering it)

within one feature branch.

The seamless workflow of checkout , sql , add , commit , checkout , 

merge .

The power of dolt schema print  and dolt diff --schema  for

verification.

Common Pitfalls & Troubleshooting

Even with Dolt's robust versioning, some common issues can arise when evolving

schemas.

1. Forgetting to Commit Schema Changes

Pitfall: You execute ALTER TABLE , but then switch branches or close your

session without dolt add  and dolt commit . Your schema changes are lost or

not properly tracked. Troubleshooting: Always remember that DDL operations in

Dolt are just like DML (Data Manipulation Language) operations – they need to be

explicitly committed to become part of the version history.

After any CREATE TABLE , ALTER TABLE , DROP TABLE  command, run dolt

status  to see unstaged changes.

Use dolt add .  to stage them.

Follow with dolt commit -m "Your descriptive message" .

2. Schema Conflicts During Merge

Pitfall: Two developers independently create branches and make conflicting

schema changes to the same table (e.g., both add a column with the same name

but different types, or one drops a column while the other adds it). When

merging, Dolt reports a schema conflict. Troubleshooting: Dolt handles schema

conflicts much like Git handles code conflicts.

Dolt will pause the merge and tell you there's a conflict.

Use dolt status  to see the conflicting tables.

• 

• 

• 

• 

• 

• 

• 

• 
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Use dolt diff <branch_A> <branch_B> --schema  to understand the

conflicting changes.

Manually resolve the conflict by editing the schema in the working set (e.g.,

by executing another ALTER TABLE  to create the desired final state).

Once resolved, dolt add .  and dolt commit  the merge.

⚠️ What can go wrong:  Ignoring schema conflicts or resolving them

incorrectly can lead to an inconsistent or broken database schema. Always

review conflicts carefully.

3. Data Loss with ALTER TABLE (General SQL Risk)

Pitfall: While Dolt protects the history of your schema and data, certain ALTER

TABLE  operations in SQL can still lead to data loss if not carefully planned (e.g.,

changing a column's data type to an incompatible one, or dropping a column

without backing up its data). Troubleshooting: This is a general SQL best

practice, not specific to Dolt, but crucial to remember.

Always test schema migrations in a non-production environment

first.

For critical ALTER TABLE  operations, consider backing up the table data

before execution, even with Dolt (e.g., CREATE TABLE products_backup AS

SELECT * FROM products; ).

Leverage Dolt's branching: make the risky change on a branch, populate it

with representative data, and ensure queries work as expected before

merging. If something goes wrong, you can simply discard the branch.

Summary

Congratulations! You've successfully navigated the world of versioned schema

migrations with Dolt. You now understand that schema evolution doesn't have to

be a high-stress operation.

Here are the key takeaways from this chapter:

Schema is Versioned: Dolt treats your database schema as versioned

data, allowing Git-like operations (commits, branches, merges) directly on

your table definitions.

Isolated Changes: Always use a new branch ( dolt checkout -b ... ) for

schema modifications to isolate your work and prevent impacting main .

• 

• 

• 

• 

• 

• 

• 

• 

• 
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Standard SQL DDL: You use familiar ALTER TABLE , CREATE TABLE , DROP

TABLE  SQL commands to change your schema.

Commit Everything: After executing DDL, remember to dolt add .  and 

dolt commit -m "..."  to record the schema change in your history.

Review with dolt diff --schema : Before committing or merging, inspect

your schema changes using dolt diff --schema  for clarity and

correctness.

Merge for Integration: Integrate your schema changes into main  using 

dolt merge , resolving any conflicts that may arise.

By embracing Dolt's Git-for-Data paradigm for your schema, you unlock a new

level of control, collaboration, and safety for your database development.

What's Next?

In the next chapter, we'll delve deeper into Cell-Level Conflict Resolution

Strategies. While this chapter focused on schema changes, data changes can

also conflict. Understanding how Dolt helps you resolve these data-level

differences is crucial for effective team collaboration and maintaining data

integrity.
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CHAPTER 07

Resolving Data Merge Conflicts
Imagine a scenario: two team members are working on different features, each

requiring changes to the same record in a shared database. One updates a

product's price for a sale, while the other adjusts it due to supplier costs. When

their work converges, how do you prevent one change from obliterating the

other? This is the core problem of data merge conflicts, and knowing how to

resolve them is an essential skill in any version-controlled data environment.

This chapter will guide you through the practical aspects of resolving data merge

conflicts in Dolt. You'll learn how Dolt, a Git-for-Data database, detects these

clashes, how to inspect them using familiar dolt  commands, and most

importantly, how to systematically choose or combine changes to ensure data

integrity. This understanding is critical for collaborative data management,

maintaining audit trails, and managing complex data evolution in any Dolt-

powered project. We'll assume you're comfortable with basic Dolt operations like

committing, branching, and merging, as covered in previous chapters.

Understanding Dolt's Data Merge Conflicts

Dolt brings the powerful version control paradigm of Git to SQL databases. Just as

Git helps developers manage conflicting changes in code files, Dolt provides

robust mechanisms to handle conflicts when merging divergent data histories.

What is a Data Merge Conflict?

A data merge conflict occurs when Dolt cannot automatically reconcile changes

made to the same row or table in two different branches that are being merged.

This situation typically arises under specific conditions:

Same Cell, Different Values: Two branches modify the same cell

(intersection of a row and column) with different values. For instance, two

users update the price  of product_id = 'P001'  to different amounts.

Row Deletion vs. Modification: One branch deletes a specific row, while

another branch modifies that same row.

Primary Key Collision: Both branches add a new row using the same

primary key.

1. 

2. 

3. 
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Clashing Schema Changes: ALTER TABLE  statements or other schema

modifications on different branches fundamentally conflict (e.g., one

renames a column, another drops it).

When Dolt detects such a clash, it pauses the merge, flags the conflicting data,

and requires human intervention to decide which version of the data (or a

combination thereof) should prevail.

How Dolt Detects Conflicts

Dolt detects conflicts at the row level and, for VALUE  conflicts, at the cell level.

It performs a three-way comparison, examining the state of the data in the

common ancestor, the current branch (referred to as "ours"), and the branch

being merged (referred to as "theirs").

📌 Key Idea: Dolt doesn't try to guess; it explicitly highlights where and what the

conflict is, enabling precise and informed resolution.

Dolt categorizes conflicts into different types:

KEY  Conflict: Occurs when a row's primary key is modified differently on

two branches, or when a new row is added with the same primary key on

both branches.

VALUE  Conflict: The most frequent type. This happens when different

values are committed to the same cell (same column and row) by two

different branches.

SCHEMA  Conflict: Arises when schema modifications (like ALTER TABLE  or 

DROP COLUMN ) on different branches clash. These are typically resolved by

manually applying the desired schema changes.

The Conflict Resolution Workflow

The process for resolving conflicts in Dolt mirrors the familiar Git workflow:

4. 

• 

• 

• 
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Step-by-Step Implementation: Simulating and
Resolving a Data Conflict

Let's get hands-on and intentionally create a conflict to observe Dolt's behavior.

We'll use a simple products  table, similar to what you might find in an inventory

management system.

1. Initial Setup and Data

First, ensure you have Dolt installed (using version 1.34.4  as of 2026-06-06) and

are in your preferred working directory.
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# Verify Dolt installation
dolt version

# Initialize a new Dolt repository
dolt init

Now, let's create our products  table and populate it with some initial data. We'll

do this within the Dolt SQL shell.

dolt sql

Once inside the SQL shell, execute these commands:

CREATE TABLE products (
product_id VARCHAR(50) PRIMARY KEY,
name VARCHAR(100) NOT NULL,
price DECIMAL(10, 2) NOT NULL,
stock_quantity INT NOT NULL

);

INSERT INTO products (product_id, name, price, stock_quantity) VALUES
('P001', 'Laptop Pro', 1200.00, 50),
('P002', 'Wireless Mouse', 25.50, 200);

SELECT * FROM products;

You should see your newly inserted data. Now, exit the SQL shell and commit

these changes.

QUIT; -- Exit the SQL shell

dolt add .
dolt commit -m "Initial products table and data"

This establishes a baseline for our divergent histories on the main  branch.

2. Diverging Branches: Creating the Conflict

We'll simulate two independent changes that target the same data point.

Step 2.1: Create a new branch for a price update. Let's call this branch 

price-update .

dolt branch price-update
dolt checkout price-update
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Step 2.2: On the price-update  branch, modify the price. Imagine a

marketing team member discounts the Laptop Pro .

dolt sql -q "UPDATE products SET price = 1150.00 WHERE product_id = 'P001';"
dolt add .
dolt commit -m "Feature: Discounted Laptop Pro on price-update branch"

Step 2.3: Switch back to main  and make a conflicting change. Now,

imagine a procurement team member (or an automated system) updates the 

same product's price on main  due to increased component costs.

dolt checkout main
dolt sql -q "UPDATE products SET price = 1250.00 WHERE product_id = 'P001';"
dolt add .
dolt commit -m "Main: Increased Laptop Pro price due to component cost"

At this point, we have two branches with divergent histories: main  has P001  at 

1250.00 , and price-update  has P001  at 1150.00 . The stage is set for a

conflict!

3. Attempting the Merge and Encountering Conflict

Let's try to merge price-update  into main .

dolt merge price-update

You should see output similar to this, clearly indicating a problem:

error: Merge conflict in table products:
    KEY: P001
    VALUE: price
Automatic merge failed; fix conflicts and then commit the result.

Success! Dolt explicitly tells us there's a conflict in the products  table,

specifically for KEY: P001  and the VALUE  in the price  column. This is a classic 

VALUE  conflict.

4. Inspecting Conflicts with dolt status and dolt diff

Once a conflict occurs, Dolt enters a "merging" state. Before resolving, we need

to understand exactly what went wrong.
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dolt status: Seeing the Conflict State

First, let's check the status of our repository. This command provides an overview

of the current state.

dolt status

You'll see output similar to this:

On branch main
Your branch and 'origin/main' have diverged,
and have 1 and 1 different commits each, respectively.
(use "dolt pull" to update your local branch)

You are currently merging branch 'price-update'.
  (fix conflicts and run "dolt commit")
  (use "dolt merge --abort" to abort the merge)

Unmerged paths:
  (use "dolt add <file>..." to mark resolution)
  (use "dolt checkout --ours <file>..." to discard local changes in favor of 
the branch being merged)
  (use "dolt checkout --theirs <file>..." to discard incoming changes in favor 
of the current branch)

        conflicted: products

This output clearly indicates that we are in a merge state, and the products

table has conflicts that need our attention.

dolt diff: Understanding Conflicting Changes

The most powerful tool for granular inspection of conflicts is dolt diff . When in

a merge state, dolt diff  on a conflicting table shows the specific conflicting

rows using standard Git conflict markers.

dolt diff products

The output for dolt diff products  will focus on the conflicting row, showing its

state in the common ancestor (if applicable, indicated by removed lines) and then

the divergent states:

--- a/products
+++ b/products
@@ -1,1 +1,1 @@
-P001       | Laptop Pro   | 1200.00 | 50
+<<<<<<< HEAD
+P001       | Laptop Pro   | 1250.00 | 50
+=======
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+P001       | Laptop Pro   | 1150.00 | 50
+>>>>>>> price-update

This output uses standard Git conflict markers:

-P001 | Laptop Pro | 1200.00 | 50 : This line, prefixed with - ,

represents the state of the P001  row in the common ancestor commit.

<<<<<<< HEAD : Marks the beginning of the changes from the current

branch ( main ).

P001 | Laptop Pro | 1250.00 | 50 : This is how P001  appears on main .

======= : A separator between the two conflicting versions.

P001 | Laptop Pro | 1150.00 | 50 : This is how P001  appears on the 

other branch ( price-update ).

>>>>>>> price-update : Marks the end of the changes from the price-

update  branch.

From this, it's crystal clear that main  (HEAD) has price = 1250.00  and price-

update  has price = 1150.00  for P001 .

5. Resolving Conflicts

Now that we understand the conflict, it's time to resolve it. Dolt provides specific

commands to manage this process.

The dolt conflicts Command

Before diving into resolution, dolt conflicts  provides a concise list of all

pending conflicts in the current merge.

dolt conflicts

Output:

+------------+-------------+---------+
| Table      | Row         | Conflict|
+------------+-------------+---------+
| products   | P001        | VALUE   |
+------------+-------------+---------+

This confirms our VALUE  conflict for P001  in the products  table.

• 

• 

• 

• 

• 

• 
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Resolution Strategies: ours, theirs, or Manual

Dolt offers several ways to resolve conflicts, ranging from quick, broad strokes to

precise, manual adjustments:

--ours : Choose the version from the current branch ( main  in our

example). This strategy discards all conflicting changes from the branch

being merged.

--theirs : Choose the version from the other branch ( price-update  in our

example). This strategy discards all conflicting changes from the current

branch.

Manual Resolution: Directly edit the data in the conflicting table to create

a new, desired state. This offers the most control and is often preferred for

complex or critical conflicts.

Let's explore manual resolution first, as it demonstrates the highest level of

control and understanding.

Step-by-Step Manual Resolution

For VALUE  conflicts, Dolt creates a special set of tables that expose the

conflicting data from all three perspectives (base, ours, theirs). These tables are

named dolt_conflicts_<table_name> .

dolt sql

Inside the SQL shell, you can query these conflict tables to see the divergent

values:

SELECT * FROM dolt_conflicts_products;

For our P001  conflict, you would see columns like product_id , base_price , 

our_price , and their_price  (and similarly for other columns that might have

conflicted).

Example output (simplified):

+------------+------------+-----------+------------+----------------+
| product_id | base_price | our_price | their_price| ...            |
+------------+------------+-----------+------------+----------------+
| P001       | 1200.00    | 1250.00   | 1150.00    | ...            |
+------------+------------+-----------+------------+----------------+

1. 

2. 

3. 
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To manually resolve, you would directly UPDATE  the products  table to the

desired state. Let's say we decide to compromise and set the price to 1225.00 .

UPDATE products SET price = 1225.00 WHERE product_id = 'P001';

After updating the table, you must inform Dolt that the conflict for that specific

row has been resolved. This is done using the DOLT_RESOLVE  stored procedure.

CALL DOLT_RESOLVE('products', 'P001');

This CALL DOLT_RESOLVE()  statement is crucial. It tells Dolt that the conflict for

the row identified by product_id = 'P001'  in the products  table has been

handled.

Now, exit the SQL shell and check dolt conflicts  again:

QUIT; -- Exit SQL shell

dolt conflicts

The output should now be empty, indicating no pending conflicts.

Finally, commit the resolved merge. This creates a new merge commit that

incorporates the resolved changes.

dolt commit -m "Merged price-update, resolved conflict for P001 with price 
1225.00"

The merge is now complete, and your main  branch reflects the new, resolved

state of the products  table.

Using --ours or --theirs for Resolution

Sometimes, you simply want to accept all changes from one side without granular

review. This is faster but less precise.

Let's quickly recreate the conflict to demonstrate these options. (You can dolt

reset --hard HEAD^  to undo the merge commit and then dolt merge price-

update  again to re-enter the conflict state).

# Assuming you are on 'main', and 'price-update' exists with conflicting 
changes.
# If you just completed the previous steps, you'd need to revert the merge 
commit:
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dolt reset --hard HEAD~1
# Now, re-attempt the merge to get back into a conflict state:
dolt merge price-update

# Now in conflict state:
dolt status

If you decide to keep all changes from the current branch ( main , which is "ours"):

dolt checkout --ours products

This command applies main 's version of the products  table to the working set,

effectively resolving all conflicts within that table by favoring main .

Alternatively, to favor all changes from price-update  (the "theirs" branch):

dolt checkout --theirs products

After using either dolt checkout --ours  or dolt checkout --theirs , the

conflicts for that table are marked as resolved. You can verify with dolt

conflicts  and then proceed to commit the merge.

dolt conflicts # Should be empty
dolt commit -m "Merged price-update, resolved conflict by choosing --ours 
(main)"

⚡ Quick Note: dolt checkout --ours <table_name>  and dolt checkout --

theirs <table_name>  resolve all conflicts within that table using the chosen

strategy. If you need row-level or cell-level granularity for specific conflicts,

manual resolution using UPDATE  and CALL DOLT_RESOLVE  is necessary.

Resolving Schema Conflicts

Schema conflicts occur when ALTER TABLE , DROP COLUMN , or other DDL (Data

Definition Language) statements on different branches clash. For example, one

branch renames a column while another drops it, or both modify the same column

in incompatible ways.
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Dolt will flag SCHEMA  conflicts during a merge. Unlike VALUE  conflicts, there isn't

a dolt_conflicts_<table_name>  table for schema. You typically resolve these

by:

Inspecting the schema changes using dolt diff --schema . This

command will show you the divergent schema definitions.

Manually deciding which schema changes to keep, combine, or modify.

Applying the desired final schema changes using dolt sql

commands (e.g., ALTER TABLE ).

Staging the changes with dolt add .  and then dolt commit .

This process usually involves carefully crafting a new ALTER TABLE  statement

that incorporates the desired elements from both conflicting schemas, potentially

creating a new, unified schema.

Mini-Challenge: Create and Resolve Another
Conflict

Let's practice your conflict resolution skills with another scenario!

Challenge:

Ensure you are currently on the main  branch.

Create a new branch named stock-update .

On the stock-update  branch, update the stock_quantity  of P002  to 

150 . Commit this change.

Switch back to the main  branch.

On main , update the stock_quantity  of P002  to 250 . Commit this

change.

Attempt to merge stock-update  into main .

Inspect the conflict using dolt status  and dolt diff products .

This time, resolve the conflict by choosing --theirs  (meaning you want to

keep the stock quantity from the stock-update  branch).

Commit the resolved merge.

Verify the final stock_quantity  for P002  on main  using dolt sql -q

"SELECT * FROM products WHERE product_id = 'P002';" .

1. 

2. 

3. 

4. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
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Hint: Remember the dolt checkout --theirs <table_name>  command for

quickly resolving all conflicts within a specified table by favoring the incoming

branch.

What to observe/learn: You should see how dolt checkout --theirs  quickly

resolves all conflicts for a given table by favoring the incoming branch's changes.

The final stock_quantity  for P002  on your main  branch should be 150 .

Common Pitfalls & Troubleshooting

Ignoring Conflicts

⚠️ What can go wrong: Forgetting that dolt merge  reported an error and

continuing to work on the database without resolving conflicts. This leaves your

repository in a "merging" state, preventing further commits until the conflicts are

addressed. Your database state is ambiguous.

Troubleshooting: Always check dolt status  immediately after a dolt merge

operation. If it says You are currently merging branch '...' , you have

conflicts to resolve. If you decide to abandon the merge altogether, use dolt

merge --abort .

Overwriting Data Without Understanding

⚠️ What can go wrong: Blindly using --ours  or --theirs  without first using 

dolt diff  to fully understand the impact of the conflicting changes. This can

lead to unintended data loss or the commitment of incorrect data.

Troubleshooting: Always use dolt diff <table_name>  to thoroughly inspect

the conflicting data before choosing a resolution strategy, especially in production

environments or for critical datasets. For sensitive data, manual resolution with 

UPDATE  and CALL DOLT_RESOLVE  provides the highest level of control and

auditability.

Complex Multi-Row Conflicts

⚠️ What can go wrong: While Dolt handles row-level and cell-level conflicts

very well, a large number of conflicts across many rows or tables can still be

daunting and time-consuming to resolve manually.

Troubleshooting:

Commit frequently: Smaller, more focused commits reduce the likelihood

and complexity of conflicts by narrowing the scope of changes.

• 
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Implement a clear branching strategy: A well-defined strategy can help

minimize parallel work on the exact same data, reducing the chances of

conflicts.

Automated resolution: For predictable types of conflicts (e.g., always

prefer the latest timestamp for a last_updated  column), consider scripting

custom resolution logic using Dolt's client libraries or hooks.

Summary

You've now gained a crucial skill: mastering the resolution of data merge conflicts

in Dolt. This capability is what truly elevates Dolt beyond a traditional RDBMS,

making it a robust Git-for-Data solution that enables collaborative data

development without fear of overwriting critical information.

Here's a quick recap of the key takeaways from this chapter:

Data merge conflicts occur when Dolt cannot automatically reconcile

divergent changes to the same data across branches.

Dolt detects KEY , VALUE , and SCHEMA  conflicts at a granular level.

dolt status  is your first stop to identify the merge state and which tables

have conflicts.

dolt diff <table_name>  is the essential tool for inspecting the exact

conflicting changes using Git-style markers, showing base, ours, and theirs

versions of conflicting rows.

You can resolve conflicts using dolt checkout --ours <table_name>

(favor current branch), dolt checkout --theirs <table_name>  (favor

incoming branch), or through precise manual resolution with UPDATE

statements and the CALL DOLT_RESOLVE('<table_name>',

'<primary_key>')  procedure.

Always dolt commit  your resolved changes to finalize the merge.

Schema conflicts require careful manual review of dolt diff --schema

output and ALTER TABLE  statements to unify the schema.

In the next chapter, we'll build upon this solid understanding of branching,

merging, and conflict resolution to explore advanced collaboration workflows

using Dolt remotes and DoltHub, taking your data version control capabilities to

an enterprise scale.

• 

• 

• 

• 

• 

• 

• 

• 

• 
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CHAPTER 08

Collaborative Data Management
with Dolt Remotes and DoltHub
Have you ever faced the challenge of multiple team members needing to update

the same database, track changes, and merge their contributions without

overwriting each other's work? This common scenario in data engineering and

application development highlights a critical need for robust collaboration tools.

Just as Git revolutionized code collaboration, Dolt extends this powerful paradigm

to your SQL databases.

In this chapter, we'll unlock the full potential of Dolt's collaborative features,

focusing on remotes and DoltHub. You'll learn how to establish connections

between your local Dolt databases and shared remote repositories, pushing your

changes for others to see and pulling their updates into your local environment.

By the end, you'll be able to manage data synchronization, contribute to shared

projects, and navigate collaborative data workflows with confidence, mirroring the

familiar experience of using Git and GitHub for source code.

Before we dive in, ensure you're comfortable with Dolt's foundational commands: 

dolt init , dolt add , dolt commit , dolt branch , dolt checkout , and dolt

diff . These core Git-for-Data operations, covered in previous chapters, are the

building blocks for effective collaboration.

The Foundation: Dolt Remotes

To collaborate on a Dolt database, you need a way to share your local repository

with others. This is where Dolt remotes come in. They are the essential link that

connects your local version-controlled database to external Dolt repositories,

enabling data exchange.

What is a Dolt Remote?

A Dolt remote is simply a named pointer to another Dolt repository. Think of it like

a shortcut or an address book entry for a database living somewhere else. This

"somewhere else" could be a server on your local network, a cloud-hosted

platform like DoltHub, or even another developer's machine.

When you configure a remote, you give it a short, memorable name (like origin ,

which is standard practice in Git and Dolt) and associate it with a network address

(a URL). This URL tells Dolt exactly where to find the other repository.
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Why Do We Need Remotes for Data?

Remotes are crucial for overcoming the inherent challenges of collaborative data

management:

Data Synchronization: They provide the mechanism to send your local

changes to a shared database and receive updates from others.

Central Source of Truth: A well-configured remote server (such as

DoltHub) can serve as the definitive, shared version of your database,

ensuring everyone is working from the same baseline.

Backup and Resilience: Pushing your commits to a remote repository

effectively creates an offsite backup of your entire data history, protecting

against local data loss.

Team Workflows: Remotes enable multiple users to concurrently work on

the same dataset, pushing their contributions and pulling those from their

teammates, just like in software development.

How Dolt Remotes Function

When you add a remote, Dolt stores its name and URL in your local repository's

configuration. Later, when you execute commands like dolt push  or dolt

pull , Dolt uses this configured remote information to communicate with the

designated external repository. Dolt supports various protocols for remotes,

including dolt  (for Dolt-specific servers), http(s) , and ssh .

📌 Key Idea:  Dolt remotes are the fundamental mechanism for connecting your

local Dolt database to other Dolt databases, making data sharing and

collaborative workflows possible.

DoltHub: The Cloud Platform for Versioned Data

While Dolt remotes provide the underlying technology for sharing, DoltHub offers

a complete, cloud-hosted platform designed specifically to facilitate collaboration

on Dolt repositories. If you're familiar with GitHub for code, DoltHub will feel

incredibly intuitive for data.

• 

• 

• 

• 
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What is DoltHub?

DoltHub, provided by DoltHub, Inc., acts as a central hub for your Dolt repositories

in the cloud. It extends the core Dolt functionality with a user-friendly web

interface and powerful collaboration features:

Repository Hosting: It provides a secure and managed environment to

host your Dolt databases, eliminating the need to set up and maintain your

own Dolt server.

Data Browsing & Exploration: A web interface allows you to browse

tables, view commit history, inspect data diffs, and even run SQL queries

directly against your hosted databases.

Collaboration Features: DoltHub integrates features like pull requests (for

data changes!), issue tracking, and discussions, all tailored for data-centric

workflows.

Discoverability: You can host public datasets for community use or

maintain private repositories for internal team projects.

Why Use DoltHub for Your Data?

DoltHub offers significant advantages, especially for teams managing critical

data:

Managed Service: Focus on your data and applications, not on server

maintenance. DoltHub handles the infrastructure.

Familiar Workflow: It translates the highly effective Git/GitHub

collaboration model directly to your data, reducing the learning curve for

developers.

Enhanced Data Governance: Pull requests for data changes enable

formal review and approval processes, which are vital for maintaining data

quality, ensuring compliance, and establishing clear audit trails.

Versioned AI/ML Data: It's increasingly used for versioning data used in

AI/ML model training, ensuring reproducibility and traceability of models.

Integration: Designed to integrate seamlessly with existing data pipelines,

CI/CD systems, and analytics tools.

⚡ Real-world insight:  Data-driven organizations leverage DoltHub to

manage critical reference data, track schema evolution across development and

production environments, and provide versioned datasets for reproducible

machine learning experiments.

• 
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• 
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Essential Dolt Remote Commands

Interacting with remotes involves a set of core Dolt commands, which closely

mirror their Git counterparts. Let's look at the most common ones:

dolt remote : This command is your gateway to managing your remote

connections.

dolt remote add <name> <url> : Use this to add a new remote,

giving it a logical <name>  (e.g., origin ) and specifying its <url> .

dolt remote -v : This command lists all configured remotes for your

local repository, showing both their names and their associated URLs

for fetching and pushing.

dolt remote rm <name> : If a remote is no longer needed, you can

remove it using this command.

dolt push : This is how you upload your local changes to a remote

repository. When you push, your committed data and schema changes,

along with any new branches, are sent to the remote.

dolt push <remote_name> <branch_name> : Pushes a specific local

branch to its corresponding branch on the remote.

dolt push -u <remote_name> <branch_name> : This is a crucial

command for the first push of a new branch. The -u  flag (short for --

set-upstream ) tells Dolt to remember that your local branch should

track the remote branch. After this, you can often just type dolt push

without arguments for that branch.

dolt pull : This command downloads changes from a remote repository

and automatically merges them into your current local branch. It's a

combination of dolt fetch  and dolt merge .

dolt pull <remote_name> <branch_name> : Pulls changes from the

specified remote branch and integrates them into your current local

branch.

• 
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dolt fetch : This command downloads changes from a remote repository

but does not automatically merge them into your local branches. Instead, it

updates your local "remote-tracking branches" (e.g., origin/main ). This

allows you to inspect the incoming changes (using 

dolt diff origin/main ) before deciding to merge them into your working

branch.

dolt fetch <remote_name> : Fetches all new commits and branches

from the specified remote.

Step-by-Step: Collaborating on a Product Catalog
with DoltHub

Let's put these concepts into practice. We'll simulate a collaborative workflow by

setting up a local Dolt repository, connecting it to DoltHub, and then performing

push and pull operations. Our example will be a simple product catalog for an e-

commerce application.

1. Initialize Your Local Dolt Repository

First, make sure you have Dolt installed (version 1.25.0 or later, as of 2026-06-06,

is the latest stable release at the time of writing. Always check DoltHub's official

documentation for the absolute latest).

Open your terminal and create a new Dolt repository:

# Initialize a new Dolt repository for our product catalog
dolt init my_product_catalog

# Change into the new directory
cd my_product_catalog

Now, let's create a products  table and add some initial data. We'll use the dolt

sql -q  command for quick execution:

# Create the products table schema
dolt sql -q "CREATE TABLE products (
    id INT PRIMARY KEY,
    name VARCHAR(255) NOT NULL,
    category VARCHAR(100),
    price DECIMAL(10,2) NOT NULL
);"

# Insert some initial product data
dolt sql -q "INSERT INTO products (id, name, category, price) VALUES
    (1, 'Laptop Pro X', 'Electronics', 1899.99),
    (2, 'Mechanical Keyboard', 'Accessories', 129.99),

• 

• 
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    (3, '4K Monitor 27"', 'Electronics', 499.00);"

# Add the changes (both schema and data) to the staging area
dolt add .

# Commit these initial changes
dolt commit -m "Initial product catalog schema and data"

You now have a versioned local Dolt repository ready to be shared.

2. Create a Repository on DoltHub

Next, we need a remote location to host our my_product_catalog  database.

Sign Up/Log In: Go to DoltHub.com and sign up for a free account or log in.

Create New Repository: Once logged in, click the "New Repository" or

"Create New Database" button.

Configure Repository:

Owner: This will be your DoltHub username.

Name: Enter my_product_catalog  (matching your local repository

name simplifies things).

Description: "Version-controlled product catalog data for

collaborative development."

Visibility: Choose "Public" or "Private" based on your preference.

Save the URL: After creation, DoltHub will display the URL for your new

repository. It will typically look like <https://www.dolthub.com/

><your_username>/my_product_catalog . Copy this URL; you'll need it

shortly.

3. Connect Your Local Repo to DoltHub (Add Remote)

Now, let's tell your local Dolt repository how to find the one you just created on

DoltHub. Back in your terminal, within the my_product_catalog  directory:

# Add the DoltHub repository as a remote named 'origin'
# IMPORTANT: Replace <your_username> with your actual DoltHub username
dolt remote add origin https://www.dolthub.com/<your_username>/
my_product_catalog

To confirm the remote was added successfully:

dolt remote -v

1. 

2. 

3. 
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You should see output similar to this, showing the fetch and push URLs for 

origin :

origin  https://www.dolthub.com/<your_username>/my_product_catalog (fetch)
origin  https://www.dolthub.com/<your_username>/my_product_catalog (push)

This means your local Dolt repository now knows how to talk to your DoltHub

repository.

4. Push Your Local Changes to DoltHub

It's time to upload your initial commit to DoltHub. The -u  flag is important here;

it sets up the "upstream" tracking relationship, so future dolt push  and dolt

pull  commands on the main  branch will be simpler.

# Push the 'main' branch to the 'origin' remote
dolt push -u origin main

Dolt will prompt you for your DoltHub username and password. Enter them (or

use an access token if you've configured one).

Once the push is successful, refresh your DoltHub repository page in your web

browser. You should now see your products  table, the initial data, and your

commit history visually represented on DoltHub!

5. Clone the DoltHub Repository (Simulate a Teammate)

To simulate a teammate collaborating, let's clone the repository from DoltHub into

a different directory.

Open a new terminal window or navigate to a completely different location on

your file system:

# Clone the DoltHub repository
# Replace <your_username> with your actual DoltHub username
dolt clone https://www.dolthub.com/<your_username>/my_product_catalog teammate
_catalog

# Change into the newly cloned directory
cd teammate_catalog

# Verify the data is present
dolt sql -q "SELECT * FROM products;"
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You should see the same products  table and data. The teammate_catalog

directory now contains a complete local Dolt repository, including the full history,

and it's already configured with origin  pointing back to your DoltHub repository.

6. Pulling Changes from DoltHub

Let's make an update in your original local my_product_catalog  repository and

then pull that change into the cloned teammate_catalog  repository.

Go back to your first terminal (the my_product_catalog  directory):

# Update a product's price
dolt sql -q "UPDATE products SET price = 1999.99 WHERE id = 1;"

# Add the change to staging
dolt add .

# Commit the change
dolt commit -m "Adjusted Laptop Pro X price to reflect new model"

# Push this change to DoltHub
dolt push origin main

Now, switch to your second terminal (the teammate_catalog  directory). Your

"teammate" needs to get these latest updates:

# Pull the latest changes from DoltHub
dolt pull origin main

# Verify the updated data
dolt sql -q "SELECT * FROM products WHERE id = 1;"

You should now see the 'Laptop Pro X' price updated to 1999.99 . You've

successfully synchronized data changes between local Dolt repositories via

DoltHub!

7. Working with Branches on Remotes

Just like with code, feature branches are crucial for collaborative data

development. Let's create a new branch, make some changes, and push that

branch to DoltHub for review.

Go back to your original my_product_catalog  directory:

# Create and switch to a new branch for adding a new product
dolt checkout -b add-gaming-mouse

# Add a new product to the table
dolt sql -q "INSERT INTO products (id, name, category, price) VALUES (4, 'RGB 
Gaming Mouse', 'Gaming', 79.99);"

AI VOID [https://aivoid.dev]

Collaborative Data Management with Dolt Remotes and DoltHub 117



# Commit the new product data
dolt add .
dolt commit -m "Added RGB Gaming Mouse to catalog"

# Push the new branch to DoltHub
# The -u flag sets upstream tracking for this new branch
dolt push -u origin add-gaming-mouse

If you visit DoltHub, you'll now see the add-gaming-mouse  branch available. Your

"teammate" could then use dolt fetch origin  to get the reference to this new

branch, and dolt checkout add-gaming-mouse  to switch to it and review the

proposed changes.

Mini-Challenge: Collaborative Schema Evolution

It's your turn to practice. Imagine you need to add a new column to the products

table to track the manufacturer, and a teammate needs to review this schema

change before it's merged into main .

Challenge:

In your original my_product_catalog  repository, ensure you are on the 

main  branch.

Create a new branch called add-manufacturer-column .

Switch to this new branch.

Add a new column manufacturer VARCHAR(100)  to the products  table.

Commit this schema change with a descriptive message like "Added

manufacturer column to products table".

Push this new branch to DoltHub.

(Optional, but highly recommended): Simulate a teammate by

switching to your teammate_catalog  directory. 

Fetch the new branch from origin .

Check out the add-manufacturer-column  branch.

Verify the schema change using dolt sql -q "DESCRIBE

products;" .

Hint: Remember the ALTER TABLE  SQL command for schema changes and dolt

push -u origin <branch_name>  to push a new branch and set up its upstream

tracking.

1. 

2. 

3. 

4. 

5. 

6. 
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What to observe/learn: This challenge will reinforce how Dolt treats schema

changes as versionable events, just like data changes. You'll see how easily you

can propose and share a schema modification for team review before it impacts

the main dataset, a critical capability for maintaining data integrity.

Common Pitfalls & Troubleshooting with Remotes

Working with shared databases and remotes can introduce new complexities.

Here are some common issues and how to resolve them.

Authentication Failures

Problem: dolt push  or dolt pull  commands fail with an authentication error

(e.g., "Authentication failed"). Why it happens: Dolt needs to verify your identity

and permissions with DoltHub (or any Dolt remote server). Incorrect credentials or

an improperly configured authentication method are common culprits. Solution:

Password/Token Prompt: Double-check that you're entering the correct

DoltHub username and password when prompted.

SSH Key Configuration: For frequent, secure pushes, configure SSH keys.

Generate an SSH key pair on your local machine, add the public key to your

DoltHub account settings, and then use the SSH remote URL format (e.g., 

dolt@dolt.dolthub.com:<your_username>/<repo_name> ).

Personal Access Tokens: DoltHub supports personal access tokens for

programmatic access. Generate one in your DoltHub account settings and

use it when prompted for a password, or configure it in your environment

variables.

Navigating Merge Conflicts

Problem: dolt pull  or dolt merge  reports "Merge conflict" and prevents

automatic completion. Why it happens: This occurs when you and a remote

collaborator have made conflicting changes to the same data cell(s) or same

parts of the schema on the same branch. Dolt cannot automatically decide which

version to keep. Solution:

Identify Conflicts: Use dolt status  to see which tables have conflicts.

Inspect Conflicts: Use dolt diff --merge <table_name>  to view the

conflicting rows within the terminal. Dolt will show you both your local

changes and the incoming remote changes.

• 

• 

• 
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Resolve Manually: You'll need to manually edit the affected table(s) using 

dolt sql  or by exporting/importing, choosing which version of the data/

schema to keep. Dolt provides special _MERGE_ORIGIN_  and 

_MERGE_THEIRS_  tables for detailed inspection if needed.

Finalize Resolution: After resolving the conflicts by making your desired

changes, stage the resolved table(s) with dolt add <table_name>  and

then commit the resolution with dolt commit -m "Resolved merge

conflicts" .

⚠️ What can go wrong:  Ignoring or improperly resolving merge conflicts

can lead to data inconsistencies, data loss, or corrupted schema. Always

address them with care and, if unsure, consult with your team.

Pushing to the Incorrect Branch or Remote

Problem: You accidentally pushed changes to main  when you intended a feature

branch, or to the wrong remote entirely. Why it happens: A simple typo in the 

dolt push  command, forgetting to dolt checkout  the correct branch, or not

setting up upstream tracking ( -u ) correctly. Solution:

Pre-Push Check: Before any dolt push  command, always run dolt

branch  to confirm your current branch and dolt remote -v  to review your

configured remotes.

Correcting a Wrong Push: If you pushed to the wrong branch on DoltHub,

you might need to revert the commit (if possible via the DoltHub UI or a 

dolt reset  followed by a force push, which requires extreme caution and

team coordination). The best approach is often to immediately push to the 

correct branch and then coordinate with your team on how to handle the

accidental push.

Upstream Tracking: Always use dolt push -u origin <branch_name>

when pushing a new branch for the first time. This prevents future

ambiguity.

Performance for Large Dataset Synchronization

Problem: Pushing or pulling very large Dolt repositories (e.g., gigabytes or

terabytes of data) takes a significant amount of time. Why it happens:

Transferring massive amounts of data, even optimized deltas, over network

connections can be slow. The initial clone of a large repository will always take

longer, as will pushes after very substantial changes. Solution:

Network Bandwidth: Ensure you have a fast and stable internet

connection. Network latency and bandwidth are major factors.

• 
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Frequent, Small Commits: Commit your changes frequently with

granular, focused updates. This minimizes the size of each push and pull

operation, as Dolt only needs to transfer the differences.

Dolt's Delta Compression: Dolt is highly optimized for storing and

transferring only the deltas (changes) between versions. While efficient, the

raw volume of data in a large initial transfer or a very large, infrequent

commit will still be substantial.

Self-Hosted Remotes: For extremely large datasets or environments with

strict network requirements (e.g., internal data centers), consider hosting

your own Dolt server within your private network. This can offer significantly

faster synchronization speeds compared to using DoltHub over the public

internet.

Summary

In this chapter, you've gained mastery over collaborative data management with

Dolt's powerful remote features. We covered:

Dolt remotes are the fundamental mechanism for connecting your local

Dolt repositories to other Dolt repositories, enabling seamless data sharing

and synchronization across teams.

DoltHub serves as a centralized, cloud-based platform that extends Dolt's

capabilities with repository hosting, a web-based data explorer, and

advanced collaboration tools like data-aware pull requests.

You learned the essential commands: dolt remote  for managing

connections, dolt push  for uploading changes, dolt pull  for

downloading and merging updates, and dolt fetch  for inspecting remote

changes before merging.

Through a hands-on product catalog example, you simulated a real-world

collaborative workflow, pushing local changes to DoltHub, cloning a shared

repository, and pulling updates.

You also explored common challenges, including authentication issues,

navigating merge conflicts in data, and optimizing performance for large

dataset synchronization.

You now possess the critical skills to implement robust, Git-style version control

and collaboration for your SQL databases, an invaluable capability for modern

data teams and data-driven applications.
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What's next? While we've established the core of push and pull, DoltHub offers

even more advanced collaboration features, such as pull requests for data,

which enable formal review and approval workflows before changes are

integrated. In the upcoming chapters, we'll delve deeper into integrating Dolt into

CI/CD pipelines for automated data quality and deployment, and explore how

versioned data is becoming indispensable for AI and Machine Learning

workflows, building directly on the collaborative foundation you've mastered

here.
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CHAPTER 09

Project: Building a Versioned
Inventory System with Doltgres

Introduction: Versioning Your Business Data

Welcome to a hands-on journey where we'll build a practical, version-controlled

inventory system. Imagine a small business that constantly updates product

prices, adds new items, and sometimes needs to look back at what a product cost

last month, or even revert an erroneous update. Traditional databases make this

challenging, often requiring complex auditing triggers or manual backups.

This chapter introduces you to Doltgres, Dolt's PostgreSQL-compatible offering,

allowing you to apply the powerful "Git-for-Data" paradigm to your familiar

PostgreSQL-style workflows. We'll set up a simple inventory database, track

changes to product details, experiment with feature branches for updates, and

even "time travel" to see historical data states. By the end, you'll have a solid

understanding of how data versioning can bring clarity, traceability, and

collaborative power to your business applications.

To get the most out of this chapter, you should have:

Dolt (and Doltgres) installed and configured from Chapter 2.

Basic familiarity with SQL (creating tables, inserting, updating data).

A conceptual understanding of basic Git commands like commit , branch ,

and merge  from Chapters 3-5.

Let's start building!

Core Concepts: Git for Your Inventory

Before we dive into the code, let's understand how Doltgres helps manage our

inventory.

Why Version Control for Inventory?

Consider a simple inventory: product_name , price , stock_quantity .

Auditing: Who changed a price, when, and from what to what? Essential for

compliance and accountability.

• 

• 

• 
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Rollbacks: A price update was accidentally set too low. How do you quickly

revert to the previous correct price without data loss?

Experimentation: What if you want to test a new pricing strategy without

affecting the live inventory?

Collaboration: Multiple team members updating product descriptions and

quantities without stepping on each other's toes.

Doltgres provides a native solution for these challenges by treating your entire

database, schema and data, like a Git repository.

Doltgres: PostgreSQL Compatibility Meets Git-for-Data

Doltgres brings Dolt's unique versioning capabilities to the PostgreSQL ecosystem.

This means you can use your favorite PostgreSQL tools and drivers while

benefiting from Git-style operations.

📌 Key Idea: Doltgres is a PostgreSQL-compatible database that automatically

versions every change, allowing you to use dolt  commands for Git-like

operations ( commit , branch , merge , diff ) on your SQL data.

When we interact with Doltgres, we'll primarily use two interfaces:

SQL Client: For standard database operations (CREATE TABLE, INSERT,

UPDATE, SELECT). Doltgres behaves just like a PostgreSQL server.

Dolt CLI: For version control operations ( dolt commit , dolt branch , 

dolt merge , dolt diff ). This is where the Git-for-Data magic happens.

The Versioning Flow: Commits, Branches, and Time Travel

Our inventory project will follow a typical Git-for-Data workflow:

Initialize: Create a new Doltgres database, which implicitly creates our 

main  branch.

Schema & Initial Data: Define our inventory tables and populate them.

Each set of changes will be dolt commit -ted.

Feature Branching: When we want to make a significant change (like a

seasonal price adjustment), we'll dolt branch  off main .

Modify & Commit: On our feature branch, we'll make SQL changes and 

dolt commit  them.

Review Changes: We can use dolt diff  to see exactly what changed

between our branch and main .

• 

• 

• 
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Merge: Once satisfied, we'll dolt merge  our feature branch back into 

main .

Time Travel: At any point, we can use Doltgres's AS OF  syntax in our SQL

queries to view the inventory's state at any past commit or timestamp.

Let's visualize this branching and merging process:

Step-by-Step Implementation: Building Our
Inventory System

Let's get our hands dirty and build this system. We'll start by initializing our

Doltgres database.

6. 

7. 
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Step 1: Initialize the Doltgres Database

First, create a new directory for our project and initialize a Doltgres database

within it.

mkdir versioned-inventory
cd versioned-inventory
dolt init --postgres

Explanation:

mkdir versioned-inventory : Creates a new folder for our project.

cd versioned-inventory : Navigates into the new folder.

dolt init --postgres : This command initializes a new Dolt repository,

but crucially, the --postgres  flag configures it to operate with PostgreSQL

compatibility. This means it will use PostgreSQL's SQL dialect and data

types. By default, Dolt is MySQL-compatible, so this flag is essential for

Doltgres projects.

You should see output indicating a new Dolt repository was initialized. This also

creates your initial main  branch.

Step 2: Start the Doltgres Server

Now, let's start the Doltgres server so we can connect to it with a PostgreSQL

client.

dolt sql-server --port 5432 --postgres

Explanation:

dolt sql-server : This command starts the Dolt SQL server.

--port 5432 : Specifies that the server should listen on port 5432, which is

the standard default port for PostgreSQL.

--postgres : Again, this flag ensures the server runs in PostgreSQL

compatibility mode.

Keep this terminal window open. You'll need to open a new terminal window or tab

for the following steps.
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Step 3: Connect with a PostgreSQL Client and Create Schema

We'll use the psql  command-line client (standard for PostgreSQL) to connect to

our Doltgres server. If you don't have psql  installed, you might need to install

PostgreSQL client tools for your OS.

In your new terminal:

psql -h 127.0.0.1 -p 5432 -U dolt -d dolt

Explanation:

psql : The PostgreSQL command-line client.

-h 127.0.0.1 : Connects to the host at this IP address (your local machine).

-p 5432 : Connects to the server on port 5432.

-U dolt : Connects using the default Dolt user (no password needed by

default).

-d dolt : Connects to the default dolt  database.

Once connected, you'll see a dolt=>  prompt. Let's create our products  table.

CREATE TABLE products (
id UUID PRIMARY KEY DEFAULT gen_random_uuid(),
name VARCHAR(255) NOT NULL,
description TEXT,
price DECIMAL(10, 2) NOT NULL,
stock_quantity INT NOT NULL DEFAULT 0,
created_at TIMESTAMP WITH TIME ZONE DEFAULT CURRENT_TIMESTAMP,
updated_at TIMESTAMP WITH TIME ZONE DEFAULT CURRENT_TIMESTAMP

);

Explanation:

We define a products  table with common inventory fields.

UUID PRIMARY KEY DEFAULT gen_random_uuid() : Uses PostgreSQL's 

UUID  type and gen_random_uuid()  function for unique IDs.

DECIMAL(10, 2) : Standard for currency.

TIMESTAMP WITH TIME ZONE : For recording creation and update times.

After running the CREATE TABLE  command, you should see CREATE TABLE  as the

output.

Step 4: Add Initial Inventory Data and Commit

Now, let's populate our products  table with some initial items.

• 
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INSERT INTO products (name, description, price, stock_quantity) VALUES
('Laptop Pro X', 'High-performance laptop for professionals', 1200.00, 50),
('Wireless Mouse', 'Ergonomic wireless mouse', 25.50, 200),
('USB-C Hub', '7-in-1 USB-C adapter', 49.99, 100);

You should see INSERT 0 3  as output, indicating 3 rows were inserted.

Now, exit the psql  client by typing \q  and pressing Enter.

Back in your second terminal (where you ran dolt init ), check the status and

then commit your changes.

dolt status

You'll see output like:

Untracked tables:
  products

This tells us that Dolt sees the products  table but hasn't started tracking its

history yet. It's like a new file in Git that hasn't been git add -ed.

Let's add and commit:

dolt add products
dolt status # Verify it's now staged
dolt commit -m "Initial inventory setup and data"

Explanation:

dolt add products : Stages the products  table for the next commit.

dolt status : Shows that products  is now Staged for commit .

dolt commit -m "..." : Creates a new commit, saving the current state of

the products  table to the database's history. The commit message

describes the change.

You'll see output confirming the commit, including the commit hash.

Step 5: Create a Feature Branch for a Price Adjustment

Our marketing team wants to run a promotion, adjusting the price of the "Laptop

Pro X". We'll do this on a new branch to keep our main  inventory stable.

• 
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dolt branch feature/promo-prices
dolt checkout feature/promo-prices

Explanation:

dolt branch feature/promo-prices : Creates a new branch named 

feature/promo-prices  based on the current main  branch.

dolt checkout feature/promo-prices : Switches our working directory

(and the active database context) to this new branch.

You'll see output confirming the branch creation and checkout.

Step 6: Update Data on the Feature Branch

Now that we're on the feature/promo-prices  branch, let's update the price.

Reconnect to Doltgres with psql .

psql -h 127.0.0.1 -p 5432 -U dolt -d dolt

At the dolt=>  prompt:

UPDATE products
SET price = 1100.00, updated_at = CURRENT_TIMESTAMP
WHERE name = 'Laptop Pro X';

You should see UPDATE 1 . Let's verify the change:

SELECT name, price FROM products WHERE name = 'Laptop Pro X';

Output:

     name     |  price
--------------+---------
 Laptop Pro X | 1100.00
(1 row)

Exit psql  ( \q ).

Back in the terminal, commit this change to our feature/promo-prices  branch:

dolt commit -m "Reduced Laptop Pro X price for promotion"
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Step 7: View Differences and Merge Changes

Before merging, let's see the difference between our feature/promo-prices

branch and main .

dolt diff main

Explanation:

dolt diff main : Shows the differences between the current branch

( feature/promo-prices ) and the main  branch. Dolt will show you a Git-

style diff, detailing which rows were changed and which columns within

those rows were modified.

You'll see output similar to this (simplified):

--- a/products
+++ b/products
@@ -1,4 +1,4 @@
- id                                   name           
description                              price    stock_quantity 
created_at                       updated_at
- ------------------------------------ -------------- 
---------------------------------------- -------- -------------- 
-------------------------------- --------------------------------
- 550e8400-e29b-41d4-a716-446655440000 Laptop Pro X   High-performance laptop 
for professionals 1200.00  50             2026-06-06 10:00:00.000000 +00:00 
2026-06-06 10:00:00.000000 +00:00
+ id                                   name           
description                              price    stock_quantity 
created_at                       updated_at
+ ------------------------------------ -------------- 
---------------------------------------- -------- -------------- 
-------------------------------- --------------------------------
+ 550e8400-e29b-41d4-a716-446655440000 Laptop Pro X   High-performance laptop 
for professionals 1100.00  50             2026-06-06 10:00:00.000000 +00:00 
2026-06-06 10:05:00.000000 +00:00

(Note: Actual UUIDs and timestamps will vary.)

This diff clearly shows the price change from 1200.00  to 1100.00  and the 

updated_at  timestamp.

Now, let's merge these changes back into main .

dolt checkout main
dolt merge feature/promo-prices
dolt commit -m "Merged feature/promo-prices branch" # Dolt will often auto-
commit, but explicit is good practice.

• 
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Explanation:

dolt checkout main : Switches back to the main  branch.

dolt merge feature/promo-prices : Integrates the changes from 

feature/promo-prices  into main . Dolt performs a 3-way merge, just like

Git.

dolt commit -m "..." : While Dolt often generates a merge commit

message automatically, it's good practice to confirm or add a descriptive

message.

You'll see output confirming the merge. The main  branch now has the updated

price.

Step 8: Time Travel Queries

This is where Doltgres truly shines! We can query our database as it existed at

any previous commit.

Reconnect to psql :

psql -h 127.0.0.1 -p 5432 -U dolt -d dolt

First, let's see the current price on main :

SELECT name, price FROM products WHERE name = 'Laptop Pro X';

Output (current price):

     name     |  price
--------------+---------
 Laptop Pro X | 1100.00
(1 row)

Now, let's use a time travel query to see the price before our promotion. We need

the commit hash of the "Initial inventory setup and data" commit. You can get this

from dolt log  in your terminal.

In your second terminal, run:

dolt log

• 
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Find the commit message "Initial inventory setup and data" and copy its Commit

ID  (the long hexadecimal string). It will look something like 

0s3n06b12a8626i2e3l213r4c1p2k2a1 .

Back in psql , replace YOUR_INITIAL_COMMIT_HASH  with the actual hash you

found:

SELECT name, price FROM products AS OF 'YOUR_INITIAL_COMMIT_HASH' WHERE name
= 'Laptop Pro X';

Explanation:

SELECT ... FROM products AS OF 'YOUR_INITIAL_COMMIT_HASH' : The 

AS OF  clause is a powerful Doltgres extension to SQL. It allows you to

specify a point in time (a commit hash, branch name, or timestamp) and

query the data as it existed at that exact moment.

Output (historical price):

     name     |  price
--------------+---------
 Laptop Pro X | 1200.00
(1 row)

Amazing, right? You just "time traveled" your data! You can also use branch

names:

SELECT name, price FROM products AS OF 'main' WHERE name = 'Laptop Pro X';
SELECT name, price FROM products AS OF 'feature/promo-prices' WHERE name = 'La
ptop Pro X';

AS OF 'main'  will show the latest price on main  ( 1100.00 ). AS OF 'feature/

promo-prices'  will also show 1100.00  because the feature branch was merged.

If you queried the feature branch before the merge, it would show the updated

price there, while main  still had the old price.

Exit psql  ( \q ).

Step 9: Versioning Schema Changes

What if we need to add a new column, like supplier_id ? Doltgres versions

schema changes just like data changes.

Reconnect to psql :

• 
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psql -h 127.0.0.1 -p 5432 -U dolt -d dolt

Add the new column:

ALTER TABLE products
ADD COLUMN supplier_id UUID;

Exit psql  ( \q ).

Now, commit the schema change:

dolt commit -am "Added supplier_id column to products table"

Explanation:

dolt commit -am "..." : The -a  flag (for "all") tells Dolt to automatically

stage any modified or deleted tables. This is handy for both data and

schema changes.

You can now dolt diff  between commits to see the schema change, or psql

into an older commit AS OF  the commit before this ALTER TABLE  to see the

schema without supplier_id .

Mini-Challenge: Add a New Product Category

It's your turn! The business wants to introduce a new category of products:

"Accessories."

Challenge:

Create a new Dolt branch called feature/accessories .

Checkout this new branch.

Connect to Doltgres via psql .

Insert two new products into the products  table that fall under an

"Accessories" theme (e.g., "Gaming Headset", "Ergonomic Keyboard").

Exit psql .

Commit your changes to the feature/accessories  branch with a

descriptive message.

View the dolt diff  between main  and feature/accessories .

Merge feature/accessories  back into main .

• 
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Verify the new products are on main  by querying the database.

Hint: Remember the dolt add  command if you're not using -a  with dolt

commit  after an INSERT .

What to observe/learn: This exercise reinforces the branching, modification,

and merging workflow, helping you internalize how new data additions are

managed with Doltgres. You'll see how dolt diff  shows added rows.

Common Pitfalls & Troubleshooting

Even in a simple project, you might encounter issues. Here are a few common

ones:

Forgetting to Commit: You make changes in psql , exit, and then wonder

why dolt status  shows nothing, or why dolt diff  doesn't reflect your

updates.

Solution: Always remember that SQL changes (INSERT, UPDATE,

DELETE, ALTER TABLE) are applied to the working set of your Doltgres

database. To persist them in the version history, you must dolt add

the affected tables and dolt commit .

Tip: dolt status  is your best friend. Use it frequently to see what

changes are pending.

Merge Conflicts: While less likely in this simple project, if two branches

modify the same row and column differently, Dolt will report a merge

conflict.

Symptoms: dolt merge  will tell you there are conflicts and the

merge failed.

Solution: Use dolt status  to identify conflicting tables. Then, use 

dolt diff --merge <table_name>  to see the conflict markers

directly in your terminal. You'll need to manually resolve the conflict by

editing the data (often using dolt checkout --ours <table_name>

or dolt checkout --theirs <table_name>  for simpler resolutions,

or manual SQL UPDATE  followed by dolt resolve ). We'll cover

advanced conflict resolution in a later chapter, but for now, if you hit

one, try to revert your changes and re-attempt the merge after careful

planning.

9. 
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Incorrect AS OF  Syntax: Trying to use AS OF  with an invalid commit

hash, branch name, or timestamp.

Symptoms: SQL errors like "unknown commit" or "invalid timestamp

format."

Solution: Double-check your dolt log  for exact commit hashes.

Ensure branch names are spelled correctly. For timestamps, Dolt

generally accepts ISO 8601 formats (e.g., '2026-06-06 10:30:00' ).

Dolt SQL Server Not Running: Trying to connect with psql  when dolt

sql-server  isn't active.

Symptoms: psql: error: connection to server at

"127.0.0.1", port 5432 failed: Connection refused .

Solution: Ensure you have the dolt sql-server --port 5432 --

postgres  command running in a separate terminal window.

Summary

Congratulations! You've successfully built a version-controlled inventory system

using Doltgres. In this chapter, you learned:

How to initialize a Doltgres database and start its PostgreSQL-

compatible server.

To create tables and insert data using standard psql  commands.

The fundamental dolt add  and dolt commit  workflow for saving

database states.

How to create and checkout feature branches ( dolt branch , dolt

checkout ) for isolated development.

To modify data on a branch and then view the differences ( dolt

diff ) before merging.

The process of merging changes ( dolt merge ) back into your main

branch.

The power of time travel queries using the AS OF  clause to retrieve

historical data states.

That schema changes are also versioned and can be committed like

data changes.
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This beginner-friendly project demonstrates the core power of Doltgres: bringing

the collaborative, auditable, and rollback-friendly benefits of Git to your relational

data. You're no longer just managing data; you're managing its entire history.

What's next? In the upcoming chapters, we'll delve deeper into more advanced

Dolt features, including handling complex merge conflicts, integrating Dolt with

application code, exploring DoltHub for collaboration, and tackling enterprise-

scale challenges with much larger datasets.
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CHAPTER 10

Dolt Under the Hood:
Architecture and Performance
Welcome to Chapter 10! So far, we've explored Dolt's powerful Git-like commands

and its SQL interface to manage and version control our data. We've mastered

committing, branching, merging, and even "time traveling" through data history.

But how does Dolt achieve this unique blend of a relational database and a

version control system? What's going on behind the scenes to store every version

of every cell while still responding to SQL queries efficiently?

In this chapter, we're going to pull back the curtain and peek "under the hood" of

Dolt. We'll explore its unique versioned storage architecture, understand how it

combines the best of Git with a relational database, and discuss the critical

performance considerations and scaling tradeoffs you need to master for

production deployments.

Understanding Dolt's internals is crucial. It empowers you to optimize your data

workflows, debug complex scenarios, and design robust, scalable data systems.

This knowledge will transform you into a true Dolt power user.

Dolt's Core Architecture: A Git-Powered Database

At its heart, Dolt is a hybrid system. It's a SQL database with Git-style version

control built directly into its data storage. This design brings the collaborative,

auditable, and rollback capabilities familiar from Git to your relational data.

The Two Pillars: SQL Layer and Noms Storage

Dolt's architecture can be conceptually divided into two primary, interacting

components:

The SQL Layer: This is the interface you interact with daily. It's a MySQL-

compatible (or PostgreSQL-compatible for Doltgres) SQL engine that

processes your SELECT , INSERT , UPDATE , DELETE , CREATE TABLE , and

other SQL statements. This layer translates your familiar SQL queries into

operations on the underlying versioned storage. Dolt leverages the go-

mysql-server  project for its MySQL compatibility, and a similar engine for

Doltgres.

1. 
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The Versioned Storage Layer (Noms): This is where Dolt's "Git-for-Data"

magic happens. Dolt doesn't store data in traditional database pages or

files. Instead, it uses a content-addressed storage system called Noms

(short for "Names Over Merkle Structure"). Noms is a database designed

specifically for versioned data, storing everything as a Merkle DAG (Directed

Acyclic Graph).

Let's visualize this fundamental interaction:

Noms: The Content-Addressed Storage Engine Explained

Noms is fundamental to how Dolt achieves its versioning capabilities. Here's a

closer look at how it functions:

Everything is a Value: In Noms, data is treated as immutable values.

When you make a change, you're not modifying an existing value in place.

Instead, you're effectively creating a new value that reflects the change.

2. 
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Content Addressing: Each data value (whether it's an entire table, a

single row, or even a cell) is hashed. This cryptographic hash then becomes

its unique identifier. This concept is called content addressing. A key benefit

is that if two pieces of data are identical, they will always have the exact

same hash.

Merkle DAG: These content-addressed values are organized into a Merkle

DAG. 

Nodes: Each commit in Dolt is a node within this graph.

Edges: Each node (commit) points to its parent commit(s), creating a

history chain much like Git.

Data Pointers: Critically, each commit node also contains pointers

(specifically, the content hashes) to the entire state of the database at

that point in time. This includes the hashes of all tables, schemas, and

other database objects.

Deduplication and Efficiency: Because data is content-addressed,

Dolt achieves remarkable storage efficiency. If a large part of your

database remains unchanged between commits, Dolt doesn't store

duplicate copies. It simply references the existing hashes of those

unchanged data chunks. This leads to efficient storage and automatic

deduplication.

🧠 Important: This Merkle DAG structure is the bedrock that enables all of Dolt's

powerful Git-for-Data features:

Commits: Every dolt commit  operation creates a new, immutable node (a

snapshot) in this DAG.

Branches: Branches are simply named pointers that move along specific

commit nodes in the DAG.

Diffs: Comparing two branches or commits (e.g., dolt diff ) involves

efficiently traversing the DAG to identify precisely which underlying data

chunks have changed.

Time Travel: Querying historical data (e.g., dolt_as_of() ) means telling

Dolt to "switch" its view to the database state referenced by a specific

commit's hash.
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How Data and Schema are Versioned

Dolt meticulously versions both your data (the rows and cells within tables) and

your schema (the definitions of your tables, column types, and indexes).

Table Storage: Each table in Dolt is stored as a Noms map, which

efficiently maps primary key values to their corresponding row values. Rows

themselves are also Noms maps, mapping column names to individual cell

values.

Schema Storage: Your table schemas are not separate; they are also

treated as Noms values and are versioned alongside your data. When you

execute a schema change ( ALTER TABLE , CREATE INDEX ), Dolt records this

as a new schema value, linking it to the commit.

Indexing: Dolt creates and manages indexes (like B-trees) on the

underlying Noms data to speed up SQL queries. These indexes are also

versioned, ensuring that the correct index structure is available for any

historical commit.

Performance Considerations in Dolt

While Dolt offers unparalleled versioning, its unique architecture introduces

performance characteristics that differ from traditional relational databases.

Understanding these differences is crucial for building efficient applications.

1. Querying Historical Data (Time Travel)

Accessing data from past commits, often referred to as "time travel queries,"

involves reconstructing the database state at a specific point in history.

Overhead: This reconstruction has an inherent overhead. Dolt needs to

traverse the Merkle DAG from the specified historical commit back to a

common ancestor (or the initial commit) to assemble the correct view of the

data.

Impact: The further back in history you query, and the more changes

(commits) have occurred between the current state and the historical

commit, the more work Dolt might need to do to materialize that specific

historical view.
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🔥 Optimization / Pro tip: For applications that frequently query deep

historical states, consider optimizing your data model to minimize changes

to frequently accessed tables. Alternatively, for complex historical analyses,

pre-aggregate historical data into separate tables or external data

warehouses.

2. Diff and Merge Operations

Calculating data differences ( dolt diff ) and performing merges ( dolt merge )

are computationally intensive processes, especially with large datasets.

Diff Complexity: A dolt diff  operation on tables with millions of rows

might take significantly longer than a simple SELECT  query. Dolt performs a

deep comparison of the content-addressed chunks between the two

versions.

Merge Resolution: Automated merges for non-conflicting changes are

generally fast. However, manual conflict resolution, which requires human

intervention, can be very time-consuming and complex.

⚡ Real-world insight: In CI/CD pipelines, be mindful of the performance

implications of running dolt diff  on very large tables after every minor

change. For speed, you might opt to run full data diffs only on specific

critical tables or only during pre-release staging checks.

3. Storage Overhead

While Noms' content-addressing offers excellent deduplication, Dolt still stores the

complete history of your data, not just the current state.

Disk Space: Expect Dolt databases to consume more disk space than a

traditional RDBMS holding only the current state of the same data. This is

particularly true for frequently updated tables with a high commit rate.

Growth: Disk usage will grow with every commit. The rate of growth

depends on how much data changes between commits.

⚡ Quick Note: Dolt's dolt gc  (garbage collect) command can remove

unreachable data (e.g., from deleted branches that are no longer

referenced). However, it does not reduce the size of reachable history on

active branches.
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4. Indexing Strategy

Just like any SQL database, proper indexing is critical for query performance in

Dolt.

Familiarity: Dolt fully supports standard SQL indexes (e.g., CREATE INDEX ,

ALTER TABLE ... ADD INDEX ).

Versioning Impact: Indexes are also versioned. When data changes, the

corresponding indexes are updated, and these index updates contribute to

the commit history and storage footprint.

🔥 Optimization / Pro tip: Always use EXPLAIN  to understand your SQL

query plans and identify missing or inefficient indexes. This practice is just

as, if not more, important in Dolt as it is in MySQL or PostgreSQL.

5. Hardware Resources

Dolt's performance is sensitive to standard hardware factors, particularly for

resource-intensive operations.

CPU: Operations like calculating diffs, performing merges, and

reconstructing historical queries can be CPU-intensive.

RAM: Ample RAM is crucial for caching frequently accessed data and

indexes, significantly reducing disk I/O.

Disk I/O: Noms relies heavily on efficient disk I/O. Using fast SSDs (Solid

State Drives) is highly recommended for any production Dolt deployment.

Scaling Tradeoffs and Production Patterns

Dolt's primary design goal is robust version control for data, not necessarily

distributed query processing or high-throughput OLTP (Online Transaction

Processing) at extreme scale within a single Dolt instance.

1. Vertical Scaling

Dolt primarily scales vertically, meaning you enhance its performance by

providing more CPU cores, more RAM, and faster storage on a single machine.

Limitations: While effective for many use cases, there are inherent limits

to vertical scaling for very large, highly concurrent workloads with millions

of transactions per second.

• 

• 

• 

• 

• 

• 

• 

AI VOID [https://aivoid.dev]

Dolt Under the Hood: Architecture and Performance 142



2. Read Scaling with Replicas (Limited)

Traditional database read replicas (like MySQL's replication) are not directly

applicable to Dolt in the same way. Dolt's core strength lies in its single,

versioned, auditable data state.

DoltHub Remotes: For collaborative read scaling across teams, Dolt

remotes (including DoltHub) enable teams to dolt pull  data. However,

these are designed for synchronization and collaboration, not for real-time,

low-latency read replicas in the traditional sense.

External Caching/Materialized Views: For applications requiring very

high read throughput, consider offloading reads to external caching layers

(e.g., Redis) or by creating materialized views in a separate, traditional

RDBMS that periodically pulls the latest data from a Dolt primary.

3. Data Sharding (External)

Dolt itself does not natively support sharding across multiple instances for a

single logical database.

Application-Level Sharding: If your application requires sharding, you

would need to implement this at the application layer. This involves

managing multiple independent Dolt databases, each responsible for a

shard of your data. Each of these Dolt databases would then be versioned

independently.

4. Leveraging DoltHub for Collaboration and Backup

DoltHub is a managed service for Dolt remotes, functioning much like GitHub for

code repositories.

Collaboration: DoltHub is essential for multi-team environments, enabling

seamless dolt push  and dolt pull  workflows for data across distributed

teams.

Backup & Disaster Recovery: Regularly pushing your Dolt database to

DoltHub provides an offsite, versioned, and resilient backup of your data.

This is a highly robust disaster recovery strategy.

⚡ Real-world insight: For enterprise-scale projects, DoltHub often

becomes a central hub for data sharing, auditing, ensuring data integrity,

and facilitating collaborative data development across various departments.
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5. CI/CD Integration for Data

Integrating Dolt into your Continuous Integration/Continuous Deployment (CI/CD)

pipelines is a powerful and increasingly common pattern.

Automated Schema Migrations: Test schema changes against production

data snapshots (pulled from a remote) in a staging environment before

deploying to production.

Data Validation: Run automated data quality checks and validation scripts

on new commits before merging them into your main  branch.

Automated Rollbacks: Implement and automate rollback procedures by

programmatically checking out previous stable commits in case of

erroneous data deployments.

Practical Exercise: Analyzing Dolt Performance

Let's get hands-on and explore how to gain insights into some of Dolt's

performance characteristics.

Step 1: Set up a Test Database and Data

First, ensure you have Dolt installed and accessible. We'll create a simple table

and insert a significant amount of data.

# Ensure Dolt is running in SQL server mode
dolt sql-server &

# Connect to the Dolt SQL client (assuming default port 3306)
mysql -h 127.0.0.1 -P 3306 -u root -p
# (Enter empty password if prompted, or your configured password)

Once inside the Dolt SQL client, execute the following SQL commands:

CREATE DATABASE perf_test;
USE perf_test;

CREATE TABLE customers (
id INT PRIMARY KEY,
name VARCHAR(255),
email VARCHAR(255),
created_at DATETIME DEFAULT CURRENT_TIMESTAMP

);

-- This stored procedure will insert 100,000 rows
DELIMITER //
CREATE PROCEDURE InsertCustomerData()
BEGIN

DECLARE i INT DEFAULT 0;
WHILE i < 100000 DO

• 
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INSERT INTO customers (id, name, email) VALUES (i, CONCAT('Customer',
i), CONCAT('customer', i, '@example.com'));

SET i = i + 1;
END WHILE;

END //
DELIMITER ;

CALL InsertCustomerData();

After the data insertion is complete, commit these changes to your Dolt history:

CALL DOLT_COMMIT('-am', 'Initial load of 100k customers');

Step 2: Simulate Updates and Observe dolt diff Performance

Now, let's simulate an update to a portion of the data and then use the dolt

diff  command to observe its behavior.

Still in the Dolt SQL client:

UPDATE customers SET email = CONCAT('new_customer', id, '@updated.com') WHERE
id % 10 = 0; -- Update 10% of rows
CALL DOLT_COMMIT('-am', 'Update 10% of customer emails');

Now, exit the SQL client by typing exit;  and pressing Enter. In your terminal,

use the Dolt CLI:

# In your terminal (outside the mysql client):
dolt diff --data customers

What to Observe:

Pay attention to the time it takes for dolt diff  to execute. For 10,000

updated rows, it should be relatively quick, but consider how this scales with

millions of changes.

Notice that dolt diff  is performing a deep, content-based comparison of

the customers  table's state between the current working set and the

previous commit.

Step 3: Time Travel Query Performance

Let's compare a standard query on the current head with a time travel query.

# Reconnect to the Dolt SQL client
mysql -h 127.0.0.1 -P 3306 -u root -p
USE perf_test;

• 
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First, query the current state:

SELECT COUNT(*) FROM customers WHERE email LIKE '%updated.com%';

Now, we need the commit hash of the previous commit (the one before the email

updates).

SELECT commit_hash FROM dolt_log LIMIT 1 OFFSET 1;
-- Copy the commit_hash from the output, e.g., 'abcdef123456...'

Now, query the historical state using that copied commit hash:

-- Replace 'YOUR_COMMIT_HASH' with the hash you copied
SELECT COUNT(*) FROM dolt_as_of('YOUR_COMMIT_HASH').customers WHERE email
LIKE '%updated.com%';

What to Observe:

For this relatively small dataset, you might not see a drastic difference in

query time. However, for very large tables with a long history and many

commits, dolt_as_of  queries can be noticeably slower due to the need to

reconstruct the historical state.

The dolt_as_of  function explicitly tells Dolt to reconstruct the customers

table as it existed at the point in time represented by YOUR_COMMIT_HASH .

Step 4: Indexing and EXPLAIN

Let's add an index to our table and see its impact on query performance using 

EXPLAIN .

Still in the Dolt SQL client:

CREATE INDEX idx_email ON customers (email);
CALL DOLT_COMMIT('-am', 'Add index on customer email');

-- Now, use EXPLAIN to see the query plan
EXPLAIN SELECT * FROM customers WHERE email = 'customer50000@example.com';

What to Observe:

Before adding the index, EXPLAIN  would likely have shown a full table scan,

meaning Dolt had to read every row to find the match.
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After adding idx_email , EXPLAIN  should now indicate that the idx_email

index is being used. This demonstrates that traditional indexing best

practices are still crucial and highly effective for improving query

performance in Dolt.

Mini-Challenge: Optimizing a Historical Query

Based on what you've learned about Dolt's architecture and performance, try this

challenge:

Challenge: You need to frequently query the customers  table to find all

customers who joined before the "Update 10% of customer emails" commit, and

whose email still contains 'example.com'. Write a single SQL query using 

dolt_as_of  that is as performant as possible for this task.

Hint: Think about how you can filter the data effectively within the historical view.

Does the WHERE  clause apply to the historical view or the current view?

What to observe/learn:

How efficiently can you target specific historical data?

Does your query use any indexes you created previously, even on a

historical view? (Check with EXPLAIN !)
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Common Pitfalls & Troubleshooting

Ignoring Merge Conflicts: Complex merge conflicts, especially on large

tables with many simultaneous changes, can be a major headache and

bottleneck. 

Troubleshooting: Address conflicts promptly. Use dolt status , 

dolt diff , and dolt merge  commands carefully. For complex

scenarios, consider using dolt mergetool  for a graphical, interactive

conflict resolution experience.

Unoptimized Historical Queries: Running complex or poorly indexed

queries on dolt_as_of  views without considering the underlying Merkle

DAG traversal can lead to significantly slow performance. 

Troubleshooting: Always profile your dolt_as_of  queries using 

EXPLAIN . Ask: Do you truly need to query every historical state, or

can you achieve your goal by querying specific, key snapshots? Ensure

proper indexes exist on the historical data (they are versioned too!).

Underestimating Storage Requirements: Dolt's commitment to storing

the complete history of your data means disk space requirements can grow

significantly faster than with a traditional RDBMS. 

Troubleshooting: Actively monitor your Dolt database's disk usage.

Implement dolt gc  routines to remove unreachable data (e.g., from

deleted branches), but remember this doesn't shrink the size of 

reachable history on active branches. Consider strategies to archive or

prune very old, unused branches if their history is no longer critical.

Lack of CI/CD Integration: Manually managing data changes and schema

migrations is prone to human error and significantly slows down

development and deployment cycles. 

Troubleshooting: Invest time in automating your data workflows with

Dolt. Integrate dolt diff  into pull request reviews, automate

schema validation checks, and use dolt push  to remotes as part of

your deployment pipelines.

Summary

In this chapter, we've taken a deep dive into Dolt's unique architecture,

understanding how it seamlessly marries a traditional SQL engine with a Git-like,

content-addressed storage system powered by Noms and Merkle DAGs.
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Here are the key takeaways:

Dolt's architecture is a powerful hybrid, combining a MySQL-compatible (or

PostgreSQL-compatible) SQL layer with a versioned storage layer based on

Noms and Merkle DAGs.

Content addressing and the Merkle DAG structure enable efficient storage of

data history and power all Git-for-Data operations like commits, branches,

diffs, and time travel.

Performance considerations include inherent overhead for historical queries,

computational intensity of diff/merge operations, and increased storage

requirements due to maintaining a full data history.

Standard database practices, particularly proper indexing, remain crucial for

optimizing SQL query performance in Dolt, even for historical views.

Dolt primarily scales vertically; for distributed read scaling or sharding,

external application-level strategies and integration with other systems are

often required.

DoltHub is an invaluable resource for team collaboration, offsite backup, and

disaster recovery in production environments.

Integrating Dolt into CI/CD pipelines is a powerful pattern for automating

data validation, schema management, and ensuring robust data workflows.

You now have a solid understanding of what makes Dolt tick beneath the surface.

This knowledge empowers you to design more efficient data workflows,

troubleshoot performance issues, and truly leverage Dolt's capabilities in

complex, production-grade systems.

Next, we'll explore advanced topics like security, robust backup strategies, and

efficient recovery procedures to ensure your Dolt deployments are secure and

reliable.
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CHAPTER 11

Production Best Practices: CI/
CD, Security, and Scalability
Welcome to a critical stage of our Dolt journey: moving from local development to

robust production environments. So far, you've mastered the 'Git-for-Data'

paradigm, understood branching, merging, and time-traveling through your

datasets. Now, it's time to equip your Dolt databases with the resilience, security,

and performance needed for real-world applications.

In this chapter, we'll dive deep into the best practices for operating Dolt at scale.

We'll explore how to integrate Dolt into Continuous Integration and Continuous

Delivery (CI/CD) pipelines for data, secure your sensitive versioned information,

and strategize for optimal performance and scalability. This knowledge is crucial

for any data professional looking to deploy Dolt confidently in production,

ensuring data integrity, auditability, and collaboration.

Before we begin, ensure you're comfortable with Dolt's core Git-like operations,

including dolt commit , dolt checkout , dolt merge , and dolt diff , as we'll

build upon these concepts. Let's make your Dolt deployment production-ready!

Automating Data Workflows with Dolt CI/CD

Just as application code benefits from automated testing and deployment, your

data and schema changes deserve the same rigor. Data CI/CD, often called

DataOps, extends these principles to databases, ensuring that schema

migrations, data transformations, and quality checks are automated, verifiable,

and reversible.

Why Data CI/CD Matters for Dolt

When you treat your database like a Git repository with Dolt, you unlock powerful

opportunities for automation.

Consistency: Every change follows a defined, automated process, reducing

manual errors.

Auditability: Each deployment is linked to a Dolt commit, providing an

immutable record of who made what change and when.

Speed & Reliability: Faster, more frequent, and more reliable deployments

of data and schema changes.

• 

• 

• 

AI VOID [https://aivoid.dev]

Production Best Practices: CI/CD, Security, and Scalability 151



Reversibility: Dolt's versioning allows you to easily revert to a previous

state if a deployment introduces issues.

Collaboration: Teams can work on data and schema in parallel branches

without stepping on each other's toes.

📌 Key Idea:  Dolt's native versioning makes it an ideal candidate for DataOps,

enabling you to apply software development best practices directly to your data.

Designing a Dolt-centric CI/CD Pipeline

A typical data CI/CD pipeline with Dolt involves several stages:

• 

• 
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Feature Branching: Developers create a new Dolt branch for each schema

or data change.

Local Changes & Commits: Changes are made locally and committed to

the feature branch.

Push to Remote: The feature branch is pushed to a Dolt remote (e.g.,

DoltHub or a self-hosted Dolt server).

CI/CD Trigger: Pushing to the remote triggers the CI/CD pipeline.

1. 

2. 

3. 

4. 
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Automated Tests:

Schema Validation: Check for compatibility, naming conventions.

Data Quality Checks: Run queries to ensure data integrity after

migrations or transformations.

Application Tests: Ensure dependent applications still function

correctly against the new schema/data.

dolt diff  plays a crucial role here, allowing the pipeline to generate

a comprehensive report of changes for review.

Review & Merge: If tests pass, the changes are reviewed (e.g., via a Pull

Request on DoltHub) and merged into the main  branch.

Deployment: The merged main  branch is then deployed to production,

potentially triggering further automated steps like updating materialized

views or caches.

Step-by-Step: Automating a Schema Migration

Let's walk through a practical example of how you might automate a schema

change and a subsequent data migration using Dolt, simulating a CI/CD process.

We'll assume a customers  table and we want to add an email  column.

First, ensure you have a Dolt database set up. If not, you can quickly initialize

one:

# Initialize a new Dolt database
dolt init my_customer_db
cd my_customer_db

# Create an initial customers table
dolt sql -q
"CREATE TABLE customers (id INT PRIMARY KEY, name VARCHAR(255) NOT NULL);"
dolt sql -q "INSERT INTO customers (id, name) VALUES (1, 'Alice Smith'), (2, 
'Bob Johnson');"
dolt add .
dolt commit -m "feat: Initial customers table"

Now, let's simulate the CI/CD workflow for adding an email  column.

Create a Feature Branch: Just like in Git, you start by creating a new

branch for your changes.

dolt checkout -b feature/add-customer-email

5. 

• 

• 

• 

• 

6. 

7. 

1. 
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`⚡ Quick Note:` This command creates and switches to a new branch named 
`feature/add-customer-email`. All subsequent changes will be isolated to this 
branch.

Apply Schema Change: Now, add the email  column to the customers

table.

dolt sql -q "ALTER TABLE customers ADD COLUMN email VARCHAR(255);"

This SQL command modifies the table schema.

Apply Data Migration (if necessary): After a schema change, you might

need to backfill data for the new column.

dolt sql -q "UPDATE customers SET email = 'placeholder@example.com' WHERE 
email IS NULL;"

We're setting a temporary email for existing customers. In a real scenario, 
this might involve more complex logic or data sources.

Commit Changes: Stage and commit your changes to the feature branch.

A descriptive commit message is crucial for auditability.

dolt add .
dolt commit -m "feat: Add email column to customers and backfill with 

placeholders"

`🧠 Important:` `dolt add .` stages both schema and data changes. `dolt 
commit` then records them as a single, atomic unit.

Simulate Automated Tests and Review: In a CI/CD pipeline, after

pushing this branch to a remote, a job would trigger. This job could perform

various checks. A key step is generating a dolt diff  to see what changed.

# Imagine this runs in your CI pipeline
echo "--- Running automated data quality checks ---"
# Example: Check if any customer still has a NULL email after migration
NULL_EMAILS=$(dolt sql -q "SELECT COUNT(*) FROM customers WHERE email IS 

NULL;" -r csv | tail -n 1)

if [ "$NULL_EMAILS" -eq 0 ]; then
echo "✅ Data quality check passed: No NULL emails found."

1. 

1. 

1. 

1. 
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else
echo "❌ Data quality check failed: $NULL_EMAILS customers have NULL 

emails."
exit 1 # Fail the CI/CD pipeline

fi

echo "--- Reviewing changes with dolt diff ---"
dolt diff main

The `dolt diff main` command shows exactly how the `feature/add-customer-
email` branch differs from `main`. This output is invaluable for code review, 
similar to reviewing a pull request. It highlights both schema and data 
changes.

Merge to Main (if tests pass): If the automated tests pass and the dolt

diff  review is satisfactory, the change can be merged into the main

branch.

# Switch back to main
dolt checkout main

# Merge the feature branch
dolt merge feature/add-customer-email

`⚡ Real-world insight:` In a production setup, this merge might happen 
automatically after successful CI/CD runs and approvals, or manually by a 
database administrator or lead data engineer.

Now, your main  branch reflects the new schema and data, fully versioned and

traceable.

Mini-Challenge: Implement a Data Validation Check

Your challenge is to expand the automated testing step.

Challenge: Create a simple shell script ( validate_data.sh ) that, when run on

your feature/add-customer-email  branch, performs the following:

Checks that the email  column now exists in the customers  table.

Ensures all existing customers (id 1 and 2) have a non-NULL email address.

If either check fails, the script should exit with a non-zero status code

(indicating failure).

1. 

1. 

2. 

3. 
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Hint: You can query information_schema.columns  to check for column

existence and use dolt sql -q ... -r csv  to get query results in a script-

friendly format. Remember to use dolt checkout feature/add-customer-

email  before running your script to ensure it operates on the correct branch.

What to observe/learn: How simple dolt sql  queries combined with shell

scripting can form powerful automated data validation steps in a CI/CD pipeline.

Securing Your Versioned Data

Data security is paramount, especially when dealing with historical data and

potentially sensitive information. Dolt, being MySQL or PostgreSQL compatible,

inherits many of their security mechanisms while adding its own versioning-

specific considerations.

Authentication and Authorization

Dolt supports standard database user management.

MySQL-compatible Dolt: You can create users and grant permissions

using CREATE USER  and GRANT  statements, similar to MySQL. These

permissions apply to specific databases, tables, and operations.

Doltgres (PostgreSQL-compatible): Follows PostgreSQL's CREATE ROLE

and GRANT  syntax for user and permission management.

⚠️ What can go wrong:  Simply relying on network security without database-

level authentication is a common pitfall. Always configure users with the principle

of least privilege.

Data Encryption

Encryption at Rest: This is typically handled at the infrastructure layer. If

Dolt is running on a cloud provider (AWS RDS, GCP Cloud SQL, Azure

Database), enable their managed encryption features. For self-hosted Dolt,

ensure the underlying storage (e.g., EBS volumes, local disk) is encrypted

using technologies like LUKS or cloud-specific disk encryption.

Encryption in Transit: Always connect to Dolt using SSL/TLS. 

MySQL-compatible Dolt: Configure your Dolt server and clients to

use SSL. This typically involves generating SSL certificates and

configuring the dolt  server with --tls-key  and --tls-cert  flags,

and clients with appropriate connection parameters.

Doltgres: Leverage PostgreSQL's robust SSL/TLS capabilities.

• 

• 

• 

• 

• 

• 
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Access Control for Branches and History

Dolt's unique versioning introduces new access control considerations:

Branch-Level Permissions: While Dolt doesn't have native "branch

permissions" like Git platforms (e.g., GitHub protected branches), you can

enforce this through CI/CD gates. For example, only allow specific users/

roles to merge into main .

Historical Data Access: Users with read access to a table can typically

read all historical versions of that table. If certain historical data needs

stricter access, consider: 

Data Masking/Redaction: Implement views that mask sensitive

historical data for users with limited permissions.

Separate Dolt Repositories: For highly sensitive data, consider

maintaining separate Dolt repositories with distinct access controls.

Auditing

Dolt's commit history is a built-in audit trail. Every change (schema or data) is

recorded with:

Author: The user who made the commit.

Timestamp: When the commit occurred.

Commit Message: A description of the change.

Diff: The exact data and schema changes introduced by the commit.

This makes Dolt incredibly powerful for compliance and forensics. Leverage dolt

log  and dolt diff  to review changes.

Scaling Dolt for Production Workloads

As your data grows and user demands increase, optimizing Dolt for performance

and scalability becomes crucial.

• 

• 

• 

• 
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Performance Considerations

Query Optimization:

Indexing: Just like traditional SQL databases, proper indexing is vital.

Analyze slow queries ( EXPLAIN  plan) and add indexes to frequently

queried columns, especially those used in WHERE , JOIN , and ORDER

BY  clauses.

Time Travel Queries: Queries against historical versions ( AS OF

syntax) can be more resource-intensive. Optimize these carefully,

especially if querying very old or frequently changing data.

Branch Switching: While fast, frequent branch switching on very

large datasets can incur some overhead as Dolt loads the new head

state. Minimize unnecessary switches in high-throughput applications.

Hardware Resources:

CPU: Dolt (written in Go) is efficient, but complex queries or large diffs

can be CPU-bound.

RAM: Dolt benefits from ample RAM for caching data and indexes. The

more data that can be held in memory, the faster queries will be.

Disk I/O: Dolt's storage engine is highly optimized, but fast SSDs are

recommended for optimal performance, especially for write-heavy

workloads or when dealing with large diffs.

Storage Management

Dolt stores the complete history of your data. This is a feature, not a bug, but it

means storage requirements can grow over time.

Historical Data Growth: Plan for increased storage. While Dolt uses a

highly efficient content-addressable storage model (similar to Git), storing

every version of every cell change will consume disk space.

Monitoring: Regularly monitor disk usage.

Pruning (Advanced/Experimental): While not a common operation for

versioned databases due to the value of history, Dolt does have

experimental features for garbage collection and potentially pruning

unreferenced data. Always consult official documentation and proceed with

caution. 

⚡ Quick Note:  The core value of Dolt is its history. Carefully

consider any plans to remove historical data.

1. 
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• 
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Replication and High Availability

For production, you'll want to ensure your Dolt instance is highly available and

can handle read loads.

Read Replicas: Dolt can be configured to support read replicas (similar to

MySQL or PostgreSQL). A primary Dolt instance handles writes, while one or

more replicas serve read queries, distributing the load and providing

redundancy.

Active-Passive Failover: Implement mechanisms to automatically fail

over to a hot standby replica in case the primary instance goes down. This

often involves external tools like keepalived  or cloud provider managed

services.

Geographical Distribution: For global applications, consider deploying

Dolt instances in multiple regions, though this introduces data

synchronization challenges that need careful design.

Scaling Strategies

Vertical Scaling: Start by increasing the resources (CPU, RAM, faster disk)

of your Dolt server. This is often the simplest first step.

Horizontal Scaling (Read Replicas): As mentioned, read replicas are the

primary way to scale read operations horizontally.

Sharding (Advanced): For extremely large datasets or write-heavy

workloads that exceed a single instance's capacity, sharding might be

necessary. This involves splitting your data across multiple Dolt instances.

However, sharding introduces significant complexity for both application

logic and version control (e.g., how do you diff across shards?). Carefully

evaluate if the benefits outweigh the complexity. 

⚡ Real-world insight:  Sharding Dolt is a complex architectural

decision. Only consider it if you have truly exhausted other scaling

options and have a clear strategy for managing version control across

shards.

• 

• 

• 

• 

• 
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Common Pitfalls & Troubleshooting

Even with best practices, production systems can encounter issues. Here are

some common pitfalls with Dolt:

Ignoring Historical Data Size:

Pitfall: Underestimating the storage growth of a fully versioned

database, leading to disk space issues or performance degradation

from slow I/O.

Troubleshooting: Regularly monitor disk usage. Optimize schema

and data models to reduce redundant data. Consider Dolt's internal

storage efficiency, but plan for growth.

Over-committing or Under-committing:

Pitfall: Committing too frequently (e.g., every single row change) can

create an excessively granular history that's hard to navigate.

Committing too infrequently (e.g., only once a week) can lead to large,

unmanageable diffs and obscure the audit trail.

Troubleshooting: Define a clear commit strategy. Group related

logical changes into single commits. For automated systems, batch

changes where appropriate before committing.

Lack of a Clear Branching Strategy:

Pitfall: Without a defined branching strategy (e.g., GitFlow, GitHub

Flow for data), teams can encounter frequent merge conflicts,

confusion, and broken data states.

Troubleshooting: Establish and enforce a branching strategy early

on. Educate your team on its principles. Leverage Dolt's merge

capabilities and review processes.

Inadequate Security Hardening:

Pitfall: Relying on default configurations or insufficient authentication/

authorization, potentially exposing sensitive historical data.

Troubleshooting: Implement strong user authentication, enforce

least privilege, enable SSL/TLS for all connections, and ensure data at

rest is encrypted. Regularly audit access logs.

• 

• 

• 

• 
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Performance Bottlenecks with Time Travel Queries:

Pitfall: Running complex AS OF  queries on large, frequently changing

tables without proper indexing can lead to very slow query times.

Troubleshooting: Use EXPLAIN  to analyze query plans. Ensure

appropriate indexes are in place. Consider caching results for

frequently accessed historical views. Optimize the time range for AS

OF  queries when possible.

Summary

Congratulations! You've navigated the complexities of deploying Dolt in a

production environment. We've covered crucial ground:

Data CI/CD: Treating data and schema like code, leveraging Dolt's

versioning for automated testing, review, and deployment.

Security: Implementing robust authentication, authorization, encryption,

and leveraging Dolt's audit trail.

Scalability: Understanding performance optimization, storage

management, and strategies for read replication and high availability.

Common Pitfalls: Identifying and avoiding typical issues that arise in

production Dolt deployments.

By applying these best practices, you can confidently integrate Dolt into your

data ecosystem, ensuring your version-controlled databases are reliable, secure,

and performant, ready to support critical applications and data-driven decisions.

What's next? In our final chapter, Chapter 12: Advanced Topics and Future Trends,

we'll explore cutting-edge applications of Dolt, including its role in AI/ML data

versioning, custom extensions, and a look at the future of Git-for-Data.
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CHAPTER 12

Advanced Data Workflows:
Analytics, AI/ML, and
Debugging

Introduction

Welcome to the final chapter of our Dolt journey! We've explored the foundational

concepts of Dolt, from basic Git-for-Data operations to collaborative workflows

and schema evolution. Now, it's time to elevate your data management skills and

apply Dolt's unique capabilities to more sophisticated challenges.

In this chapter, we'll dive into advanced data workflows that are critical for

modern data-driven organizations. You'll learn how Dolt empowers reproducible

data analytics, enables robust data versioning for AI and machine learning

models, and provides unparalleled tools for debugging complex data changes

across various environments. Mastering these workflows will not only enhance

your productivity but also significantly improve the reliability and auditability of

your data systems.

To get the most out of this chapter, you should be comfortable with Dolt's core

commands like dolt clone , dolt commit , dolt branch , dolt merge , and 

dolt diff , as covered in previous sections. We'll build upon that knowledge to

tackle real-world scenarios where data integrity and traceability are paramount.

Core Concepts for Advanced Data Workflows

Dolt's Git-like versioning isn't just for tracking simple table changes; it's a

powerful paradigm shift for how we manage data in complex systems. Let's

explore how this translates into tangible benefits for analytics, AI/ML, and

debugging.

Data Versioning for Reproducible Analytics

Imagine running an analytics report that produces a surprising result. Without

data versioning, it's nearly impossible to confirm if the result is due to a new data

trend, a bug in the analysis code, or a change in the underlying data itself. Dolt

changes this.
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What it is: The ability to query and analyze data as it existed at any point in its

history. This means you can "time travel" your reports.

Why it matters: Reproducibility is the cornerstone of reliable analytics. If you

can't reproduce a past result, you can't trust your current ones. Data versioning

ensures that every report, dashboard, or statistical model can be tied back to a

specific, immutable snapshot of the data.

How it functions: Dolt's AS OF  syntax allows you to execute SQL queries

against a specific commit, branch, or timestamp. This eliminates the "moving

target" problem often faced by analysts.

SELECT
product_category,
SUM(sales_amount) AS total_sales

FROM
transactions AS OF 'HEAD~1' -- Query data as it was one commit ago

GROUP BY
product_category;

⚡ Real-world insight:  Many organizations struggle with "report drift" where

the same query run on different days yields different results due to data changes.

Dolt solves this by letting you fix your analysis to a specific data state. You can

even branch your data to experiment with different data cleaning or aggregation

strategies without affecting the main dataset.

Dolt in AI/ML Workflows

The success of Artificial Intelligence and Machine Learning models heavily

depends on the quality and consistency of the data they are trained on.

Versioning datasets is a critical component of MLOps (Machine Learning

Operations).

What it is: Treating your training, validation, and test datasets as version-

controlled artifacts, just like your model code.

Why it exists:

Reproducibility: If a model performs well, you need to know exactly which

dataset version produced that performance. If it performs poorly, you need

to debug the data.

Auditability: For regulatory compliance or internal review, you must be

able to demonstrate the exact data used for a specific model deployment.

1. 

2. 
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Data Drift Tracking: Datasets evolve. Dolt helps track how your data

changes over time, allowing you to detect data drift that might degrade

model performance.

Experimentation: Data scientists often try different feature engineering

techniques or data subsets. Dolt branches allow them to experiment with

these variations without corrupting the main dataset.

How it functions: Data scientists can commit snapshots of their processed

datasets to Dolt. Each commit represents a version of the dataset. When training

a model, they can explicitly check out a specific data version.

The diagram above illustrates how different versions of a training dataset (V1 and

V2) can lead to different model training and evaluation cycles. Dolt provides the

mechanism to switch between Training Data V1  and Training Data V2

seamlessly.

3. 

4. 
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Debugging Data Changes Across Environments

Debugging data issues can be one of the most frustrating tasks for developers

and data engineers. Did the data change in production? Was it an application bug

or a manual intervention? Dolt provides the forensic tools to answer these

questions with confidence.

What it is: Using Dolt's versioning capabilities to pinpoint exactly what changed, 

when it changed, and who changed it in your database.

Why it exists: In complex systems, data can be modified by applications, batch

jobs, manual SQL scripts, or even other developers. When an issue arises (e.g.,

incorrect report, application error), you need a precise way to trace the origin of

the problematic data.

How it functions:

dolt diff : The quintessential tool for comparing data or schema between

any two points in history (commits, branches, working set). It shows you

line-by-line (or cell-by-cell) differences.

dolt log : Provides a chronological history of commits, including commit

messages, authors, and timestamps. Using dolt log -p  shows the actual

data changes for each commit.

dolt checkout  / dolt reset : Allows you to restore previous versions of

data or schema, or even specific rows, to quickly revert erroneous changes

or debug against an older state.

⚠️ What can go wrong:  Without Dolt, debugging data issues often involves

restoring backups, poring over application logs, or making educated guesses. This

is time-consuming, prone to error, and often irreversible. Dolt provides a

deterministic and auditable trail.

Step-by-Step Implementation: Enterprise-Scale
Workflows

Let's put these concepts into practice using a scenario inspired by our enterprise-

scale project idea: a financial institution managing transaction records. We'll focus

on Doltgres for PostgreSQL compatibility, as it's common in enterprise

environments.

• 

• 

• 
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Prerequisites:

Dolt (or Doltgres) installed and running. For this example, we'll assume a

Doltgres database is set up. You can install Dolt via brew install dolt

(macOS), scoop install dolt  (Windows), or download binaries from

DoltHub. For Doltgres, you'll typically run it via Docker or a dedicated binary.

A SQL client (e.g., psql  for Doltgres, or the dolt sql  CLI).

Let's assume we have a Doltgres database named financial_data .

1. Setting Up a Versioned Analytics Environment

First, let's create a simple transactions  table and add some initial data.

# Connect to your Doltgres database
dolt sql financial_data

-- Create a transactions table
CREATE TABLE transactions (

transaction_id UUID PRIMARY KEY DEFAULT gen_random_uuid(),
account_id UUID NOT NULL,
transaction_date TIMESTAMP WITH TIME ZONE DEFAULT NOW(),
amount DECIMAL(15, 2) NOT NULL,
transaction_type VARCHAR(50) NOT NULL,
description TEXT

);

-- Insert initial data
INSERT INTO transactions (account_id, amount, transaction_type, description) V
ALUES
('a1b2c3d4-e5f6-7890-1234-567890abcdef', 100.50, 'deposit', 'Initial deposit')
,
('a1b2c3d4-e5f6-7890-1234-567890abcdef', -25.00, 'withdrawal', 'Coffee 
purchase');

-- Commit the changes
CALL DOLT_COMMIT('-m', 'Initial transaction data for Q1 2026');

Now, let's imagine a new quarter begins, and we add more data.

-- Insert more transactions for Q2
INSERT INTO transactions (account_id, amount, transaction_type, description) V
ALUES
('a1b2c3d4-e5f6-7890-1234-567890abcdef', 500.00, 'deposit', 'Salary deposit 
Q2'),
('a1b2c3d4-e5f6-7890-1234-567890abcdef', -75.25, 'bill_payment',
'Rent payment Q2');

-- Commit these Q2 changes
CALL DOLT_COMMIT('-m', 'Added Q2 2026 transaction data');

• 

• 
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Now, we can perform analytics using time travel.

Challenge: How would you query the total balance of account_id 'a1b2c3d4-

e5f6-7890-1234-567890abcdef'  as it was before the Q2 transactions were

added?

-- 🧠 Important: You need to know the commit hash or use relative commits like 
HEAD~1.
-- Let's find the commit hash for "Initial transaction data for Q1 2026"
-- You can use `dolt log` in a separate terminal to find the hash.
-- For example, if the Q1 commit hash was 'abcdef123456...'

SELECT
SUM(amount) AS account_balance_q1

FROM
transactions AS OF 'HEAD~1' -- Or use the specific commit hash 

'abcdef123456...'
WHERE

account_id = 'a1b2c3d4-e5f6-7890-1234-567890abcdef';

This query will give you the balance as it stood after the "Initial transaction data

for Q1 2026" commit, regardless of subsequent changes. This is incredibly

powerful for consistent reporting.

2. Data Versioning for ML Model Training

Let's simulate a scenario where a data scientist is building a fraud detection

model. They need to prepare a dataset, version it, and then potentially iterate on

it.

# Ensure you are on the main branch for a clean start
dolt checkout main

-- Create a table for fraud detection features
CREATE TABLE fraud_features (

feature_id UUID PRIMARY KEY DEFAULT gen_random_uuid(),
transaction_id UUID NOT NULL REFERENCES transactions(transaction_id),
feature_1 DECIMAL(10, 4),
feature_2 INT,
is_fraud BOOLEAN,
created_at TIMESTAMP WITH TIME ZONE DEFAULT NOW()

);

-- Insert some initial features (simulating a "v1" dataset)
INSERT INTO fraud_features (transaction_id, feature_1, feature_2, is_fraud) VA
LUES
((SELECT transaction_id FROM transactions WHERE amount = 100.50), 0.1234, 5, F
ALSE),
((SELECT transaction_id FROM transactions WHERE amount = -25.00), 0.5678, 12,
FALSE);
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CALL DOLT_COMMIT('-m', 'Initial fraud detection dataset V1');

Now, a data scientist wants to experiment with new features or a different data

cleaning approach. They can create a branch for this.

# Create a new branch for V2 features
dolt branch feature/v2_fraud_data
dolt checkout feature/v2_fraud_data

-- Insert more sophisticated features on the new branch (simulating a "v2" 
dataset)
-- This might involve complex joins or aggregations in a real scenario
INSERT INTO fraud_features (transaction_id, feature_1, feature_2, is_fraud) VA
LUES
((SELECT transaction_id FROM transactions WHERE amount = 500.00), 0.8888, 20,
FALSE),
((SELECT transaction_id FROM transactions WHERE amount = -75.25), 0.9999, 3, T
RUE); -- Mark one as fraud for demonstration

CALL DOLT_COMMIT('-m', 'Added experimental fraud features V2 on new branch');

Now, the data scientist can train a model using fraud_features  on the main

branch (V1 data) and another model using fraud_features  on the feature/

v2_fraud_data  branch (V2 data).

# To train with V1 data:
dolt checkout main
# Now query `fraud_features` for model training
dolt sql -q "SELECT * FROM fraud_features;"

# To train with V2 data:
dolt checkout feature/v2_fraud_data
# Now query `fraud_features` for model training
dolt sql -q "SELECT * FROM fraud_features;"

This enables clear separation and reproducibility for ML experiments.

3. Debugging a Data Inconsistency

Let's simulate a scenario where an erroneous transaction is accidentally inserted

or updated, and we need to find out what happened.

# Ensure we are on the main branch
dolt checkout main

-- ⚠️ Intentional Error: Let's imagine a bug causes a transaction amount to 
become negative
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UPDATE transactions
SET amount = -5000.00, description = 'Erroneous transaction due to system bug'
WHERE transaction_id = (SELECT transaction_id FROM transactions WHERE amount
= 500.00 LIMIT 1);

CALL DOLT_COMMIT('-m', 'Bug: Incorrect amount for salary deposit');

Now, an analytics report shows a huge negative balance. How do we debug this?

Step 1: Identify the problematic change using dolt diff .

# Compare the current state with the previous commit
dolt diff HEAD~1

This command will show you exactly what changed between the current HEAD

and the commit before it ( HEAD~1 ). You'll see the transactions  table with the

old amount  of 500.00  and the new amount  of -5000.00 .

Step 2: Find out who made the change and when using dolt log -p .

# Show the log with patch details
dolt log -p

This will display the commit messages, authors, timestamps, and the actual data

diff for each commit. You'll quickly spot the commit with the message "Bug:

Incorrect amount for salary deposit" and see the exact change.

Step 3: Correct the error (or revert). If the change was truly an error, you

have options:

Rollback the entire commit:

dolt reset --hard HEAD~1

`🧠 Important:` Use `dolt reset --hard` with extreme caution, as it discards 
local changes and moves `HEAD` back, effectively deleting history from your 
local repo. It's usually better to revert with a new commit.

Revert with a new commit (preferred for shared repos):

dolt revert HEAD --no-edit # This creates a new commit that undoes the 
changes of the specified commit (HEAD in this case)

• 
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This creates a new commit that reverses the changes of the specified commit, 
preserving the history of the erroneous commit while making the data correct 
again.

Manually fix and commit:

UPDATE transactions
SET amount = 500.00, description = 'Salary deposit Q2'
WHERE transaction_id = (SELECT transaction_id FROM transactions WHERE desc

ription = 'Erroneous transaction due to system bug' LIMIT 1);

CALL DOLT_COMMIT('-m', 'Fix: Corrected erroneous salary deposit amount');

This is often preferred if you need to apply a more nuanced fix than a full 
revert.

Mini-Challenge: Data Quality Branch

Your task is to simulate a data quality improvement project. You've discovered

that some transaction descriptions are inconsistent and need to be standardized.

Challenge:

Create a new Dolt branch named feature/standardize_descriptions .

On this new branch, update the description  column for at least two

transactions in the transactions  table to use a standardized format (e.g.,

"Online Purchase", "ATM Withdrawal", "Bill Payment").

Commit these changes with a descriptive message like "Standardized

transaction descriptions".

Switch back to your main  branch.

Use dolt diff main feature/standardize_descriptions  to see the

changes you made on the feature branch compared to main .

Hint:

Use dolt branch <branch-name>  and dolt checkout <branch-name> .

You'll need UPDATE  statements to modify the data.

Remember CALL DOLT_COMMIT('-m', 'Your message');  after your

changes.

dolt diff  can compare two branches directly.

• 
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What to observe/learn: You should see a clear, concise diff showing only the

description changes you made on your feature branch. This demonstrates how

branches isolate work and dolt diff  helps review changes before merging into 

main .

Common Pitfalls & Troubleshooting

Even with Dolt's power, certain anti-patterns or misunderstandings can lead to

issues.

Forgetting to Commit Data Changes:

Pitfall: You make a series of INSERT , UPDATE , or DELETE  statements,

but forget to CALL DOLT_COMMIT() . Your changes are in the working

set but not versioned. If you dolt checkout  another branch, those

uncommitted changes are either lost or conflict.

Troubleshooting: Always remember to commit your changes. dolt

status  will show you uncommitted changes. dolt diff  without

arguments will show changes in your working set. Treat Dolt like Git:

stage ( dolt add . ) and commit frequently.

🔥 Optimization / Pro tip:  For automated scripts, ensure CALL

DOLT_COMMIT()  is part of the transaction or script's end, with robust

error handling.
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Performance Bottlenecks with Large dolt diff  Operations:

Pitfall: Running dolt diff  on a database with millions of rows and

many changed tables can be slow, especially when comparing two

distant commits.

Troubleshooting:

Specify tables: If you know which table changed, use dolt

diff <commit1> <commit2> <table> .

Limit output: dolt diff --limit 100  can help for quick

checks.

Focus on dolt log -p : Often, dolt log -p  (which shows

changes per commit) is sufficient to find the specific problematic

commit, rather than a broad dolt diff  between two arbitrary

points.

Optimize schema: Proper indexing can also improve query

performance for diffs that rely on key lookups.

⚡ Quick Note:  Dolt is constantly optimized for performance. Check

the latest DoltHub blog posts and release notes for improvements in

diffing large datasets.

2. 
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Managing Schema Drift in Analytical Pipelines:

Pitfall: Your analytics pipeline is built against a specific schema

version. A schema change (e.g., adding a column, renaming one) on

the main  branch can break historical queries or downstream reports if

not managed carefully.

Troubleshooting:

Automated testing: Integrate schema migration checks into

your CI/CD pipeline. Test analytics queries against new schema

versions on a temporary Dolt branch.

Versioned pipelines: Store your analytics queries and

transformation scripts alongside your data in Dolt, potentially on

the same branch that introduced the schema change.

Backward compatibility: Design schema changes to be

backward compatible where possible.

dolt diff --schema : Use this to review schema changes

before merging, ensuring downstream systems are aware.

⚡ Real-world insight:  This is a classic problem in data

warehousing. Dolt provides a controlled environment for testing

schema changes and their impact on data consumers.

Summary

Congratulations! You've reached the end of our Dolt journey, equipped with the

knowledge to implement advanced data workflows. We've seen how Dolt's Git-for-

Data paradigm extends far beyond simple version control, becoming a

fundamental tool for:

Reproducible Analytics: Enabling time-travel queries and branching for

consistent, verifiable reports and analyses.

Versioned AI/ML Datasets: Providing the foundation for robust MLOps by

tracking data evolution, ensuring model reproducibility, and facilitating

experimentation.

Effective Data Debugging: Offering powerful forensic tools ( dolt diff , 

dolt log ) to pinpoint data inconsistencies, trace their origins, and rectify

them efficiently.

3. 
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By integrating Dolt into your data engineering, analytics, and machine learning

pipelines, you gain unprecedented control, auditability, and confidence in your

data. The ability to treat data with the same rigorous version control as code is no

longer a luxury but a necessity in today's complex data landscape.

Keep exploring Dolt's capabilities, experiment with its features, and join the Dolt

community to share your experiences and learn from others. The future of data

management is versioned, and you are now well-prepared to be a part of it!
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CHAPTER 13

Project: Enterprise Financial
Transactions Platform
Welcome to our most ambitious project yet! In the highly regulated world of

financial services, data integrity, auditability, and the ability to track every single

change are not just best practices—they're legal and regulatory mandates.

Imagine managing millions of transaction records where a single misplaced

decimal or an unauthorized change could have massive repercussions. How do

you ensure data accuracy, provide granular audit trails, and enable multiple

teams (fraud, reporting, development) to collaborate on the same critical datasets

without stepping on each other's toes?

This chapter dives deep into building an enterprise-scale financial transactions

platform using Dolt, leveraging its unique Git-for-Data capabilities. We'll go

beyond basic versioning to explore advanced branching strategies, schema

evolution, sophisticated conflict resolution, and the critical role Dolt plays in

maintaining data lineage and compliance. You'll learn how to design a system that

not only stores data but also provides an immutable, auditable history of every

change, ready for the most stringent regulatory scrutiny.

To get the most out of this project, you should be comfortable with Dolt's core

concepts: committing, branching, merging, and basic SQL. Familiarity with Docker

and general CI/CD principles will also be beneficial as we discuss integrating Dolt

into robust data workflows.

The Imperative of Versioned Financial Data

Financial data is arguably some of the most sensitive and frequently audited

information an organization handles. Every transaction, every account balance

update, every customer detail change must be traceable. This isn't just about

"undoing" mistakes; it's about providing a complete, verifiable history for

regulators, internal auditors, and forensic analysis.
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Why Traditional Databases Fall Short

Traditional relational database management systems (RDBMS) are excellent at

storing and querying current data. However, tracking the evolution of that data

over time, especially at a granular level, often requires complex, custom-built

solutions:

Audit Tables: Manually creating shadow tables to log changes, which adds

overhead and can be prone to errors. These tables often lack the rich

context of who, why, and when, and can struggle with complex schema

changes.

Application-Level Versioning: Building logic into the application to

manage historical states, increasing complexity and development time. This

often couples versioning logic tightly with business logic, making both

harder to maintain.

Point-in-Time Recovery: While useful for disaster recovery, it restores the 

entire database to a past state. It doesn't provide granular history or diffs

for specific rows or cells without significant effort.

These approaches are often costly, difficult to maintain, and rarely offer the

powerful branching and merging capabilities that are standard in code version

control.

Dolt's Solution: Git-for-Data at Enterprise Scale

Dolt, and specifically Doltgres for PostgreSQL compatibility, fundamentally

changes this paradigm. By bringing Git's powerful version control model directly

to your SQL database, it offers:

Immutable History: Every change is a commit, providing an unalterable

record of data evolution. This is a foundational requirement for regulatory

compliance.

Time Travel Queries: Effortlessly query data AS OF  any past commit,

crucial for historical reporting, forensic analysis, and compliance checks.

Granular Diffs: See exactly what changed—which rows, which cells—

between any two commits or branches. This is invaluable for auditing and

understanding data lineage.

Branching & Merging: Safely develop schema changes or data

transformations in isolated branches, then merge them back with

confidence. This enables parallel development and experimentation without

impacting production.

• 
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Collaboration: Teams can work on different aspects of the data

simultaneously, resolving conflicts systematically and transparently.

For a financial platform, these features are transformative, enabling robust

auditing, streamlined development workflows, and enhanced data governance.

Step-by-Step Implementation: Building Our
Financial Platform

Let's begin setting up our version-controlled financial database. We'll use

Doltgres, Dolt's PostgreSQL-compatible offering, as it aligns with many existing

enterprise data environments that use PostgreSQL. We'll use Docker for an

isolated and reproducible setup.

Current Version Check (2026-06-06): Dolt and Doltgres are continuously

updated. At the time of writing, Dolt's stable release is typically 1.x.x  and

Doltgres is also in active development, usually aligning with recent PostgreSQL

versions. We'll pull the latest  Docker images for simplicity, which will typically

provide a very recent stable version, ensuring we use modern capabilities.

Step 1: Launching Doltgres with Docker

First, let's get our Doltgres instance running. This will be the foundation of our

versioned financial data platform.

Create a Docker Compose file: Create a file named 

docker-compose.yml  in your project directory. This file defines our Doltgres

service.

# docker-compose.yml
version: '3.8'
services:

doltgres:
image: dolthub/doltgres:latest # Pulls the latest stable Doltgres 

image
ports:

- "5432:5432"
# Maps host port 5432 to container port 5432 (standard PostgreSQL)

environment:
# Define initial user/password for the PostgreSQL superuser.
# Crucial for production, but for local setup, default 'postgres' 

user
# often works without explicit password in Doltgres Docker.
# POSTGRES_USER: "admin"
# POSTGRES_PASSWORD: "securepassword"
# For this tutorial, we'll rely on the default 'postgres' user 

without a password.
volumes:

- doltgres_data:/var/lib/doltgres # Persists data to a Docker volume

• 
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healthcheck:
test: ["CMD-SHELL", "pg_isready -U postgres"]

# Checks if PostgreSQL is ready
interval: 5s
timeout: 5s
retries: 5

volumes:
doltgres_data: # Declares the Docker volume for persistent storage

📌 **Key Idea:** Using `dolthub/doltgres:latest` ensures you get the most 
recent stable release. The `volumes` section is crucial for persisting your 
Doltgres data, so your commits and history aren't lost when the container 
stops and restarts.

Start the Doltgres container: Open your terminal in the directory where

you saved docker-compose.yml  and run:

docker compose up -d

This command starts Doltgres in the background (`-d`). It might take a moment 
to pull the image and start the service, depending on your internet 
connection.

Verify Doltgres is running: You can check the container status and

health:

docker compose ps

You should see `doltgres` with status `running` and health `healthy`.

Step 2: Connect and Initialize the Database

Now, let's connect to Doltgres and initialize our financial database. We'll use the 

psql  client, as Doltgres is PostgreSQL-compatible.

Connect to Doltgres:

psql -h localhost -p 5432 -U postgres

If prompted for a password, just press Enter (the default `postgres` user 
often has no password initially in Doltgres Docker images for local 

1. 
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development).

You should see the `postgres=#` prompt.

Create our financial database: We'll create a dedicated database for our

project.

CREATE DATABASE financial_platform;
\c financial_platform

The `\c financial_platform` command connects you to the newly created 
database.

Initialize Dolt in the database: This command is crucial: it turns your

standard PostgreSQL database into a Dolt-versioned database, enabling all

the Git-for-Data features. Dolt creates its internal system tables to track

history, branches, and merges.

CALL dolt_init();

You should see a message like `dolt_init: Initialized dolt data repository`.

Type `\q` to exit `psql`.

⚡ **Quick Note:** Unlike standalone Dolt, where `dolt init` is a shell 
command, in Doltgres, you use the `CALL dolt_init()` SQL function after 
connecting to the database. This creates the necessary Dolt internal tables 
within that specific database.

Step 3: Defining Our Financial Schema

Let's define the core tables for our financial platform: accounts  and 

transactions . We'll start simple and then evolve them as our project

progresses.

Create a SQL file for our schema: Create a file named schema.sql  in

your project directory.

-- schema.sql
CREATE TABLE accounts (

account_id UUID PRIMARY KEY DEFAULT gen_random_uuid(),
customer_id UUID NOT NULL,
account_type VARCHAR(50) NOT NULL, -- e.g., 'checking', 'savings', 

'credit'
balance NUMERIC(19, 4) NOT NULL DEFAULT 0.00,
currency VARCHAR(3) NOT NULL DEFAULT 'USD',
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created_at TIMESTAMPTZ NOT NULL DEFAULT NOW(),
updated_at TIMESTAMPTZ NOT NULL DEFAULT NOW()

);

CREATE INDEX idx_accounts_customer_id ON accounts (customer_id);

CREATE TABLE transactions (
transaction_id UUID PRIMARY KEY DEFAULT gen_random_uuid(),
account_id UUID NOT NULL REFERENCES accounts(account_id),
transaction_type VARCHAR(50) NOT NULL, -- e.g., 'deposit', 

'withdrawal', 'transfer', 'payment'
amount NUMERIC(19, 4) NOT NULL,
currency VARCHAR(3) NOT NULL DEFAULT 'USD',
transaction_date TIMESTAMPTZ NOT NULL DEFAULT NOW(),
description TEXT,
status VARCHAR(20) NOT NULL DEFAULT 'completed', -- e.g., 'pending', 

'completed', 'failed'
created_at TIMESTAMPTZ NOT NULL DEFAULT NOW(),
updated_at TIMESTAMPTZ NOT NULL DEFAULT NOW()

);

CREATE INDEX idx_transactions_account_id ON transactions (account_id);
CREATE INDEX idx_transactions_date ON transactions (transaction_date);

Notice the use of `UUID` for unique identifiers and `NUMERIC(19, 4)` for high-
precision monetary values, which are common and critical in financial systems. 
The `gen_random_uuid()` function is a PostgreSQL-specific way to generate 
UUIDs.

Apply the schema and commit: Connect to your financial_platform

database again using psql , then apply the schema file.

psql -h localhost -p 5432 -U postgres -d financial_platform -f schema.sql

Once applied, you need to commit these changes to Dolt. Dolt tracks schema 
changes just like data changes, which is a key advantage.

psql -h localhost -p 5432 -U postgres -d financial_platform -c "CALL 
dolt_add('-A'); CALL dolt_commit('-m', 'Initial schema for accounts and 
transactions');"

We use `dolt_add('-A')` to stage all changes (both schema and data, though 
only schema here) and `dolt_commit()` to save them as a new version in Dolt's 
history.

🧠 **Important:** `dolt_add('-A')` stages all tables and schema changes. If 
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you only want to stage specific tables, you can list them: `CALL 
dolt_add('accounts', 'transactions');`.

Implementing a Robust Branching Strategy

For an enterprise financial platform, multiple teams work concurrently on different

features, regulatory updates, or data analysis tasks. A well-defined branching

strategy is essential to prevent conflicts, ensure stability, and manage data

evolution effectively.

Our Enterprise Branching Model

We'll adopt a simplified Gitflow-like model for our data, using branches for specific

purposes:

main : Represents the current production state of our financial data and

schema. It should always be stable and deployable, serving as the single

source of truth.

feature/ : Branches for new features, schema changes, or data migrations.

These are temporary and merged back into main  upon completion.

hotfix/ : Branches for urgent bug fixes on production data. These are used

for rapid deployment of critical fixes.

data-science/ : Branches for experimental data analysis, model training

datasets, or ad-hoc queries that shouldn't impact production main .

Here's a visual representation of how different teams might interact with these

branches:

• 

• 

• 
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Step 4: Creating Feature Branches

Let's simulate a scenario where the Fraud Detection team needs to add a new

column to transactions to store a fraud score, and the Reporting team wants to

add a new transaction_category  table (which we'll do in the challenge).

Create a branch for the Fraud Detection team: This command creates

a new branch named feature/fraud-detection-score  from the current 

main  branch.

psql -h localhost -p 5432 -U postgres -d financial_platform -c "CALL 
dolt_branch('feature/fraud-detection-score');"

Switch to the Fraud Detection branch: Now, any schema or data

changes we make will only affect this branch, isolating our work from main .

psql -h localhost -p 5432 -U postgres -d financial_platform -c "CALL 
dolt_checkout('feature/fraud-detection-score');"

Add a fraud_score  column: The Fraud team needs to enrich transaction

data with a calculated fraud score.

psql -h localhost -p 5432 -U postgres -d financial_platform -c "ALTER 
TABLE transactions ADD COLUMN fraud_score NUMERIC(5, 2) DEFAULT 0.00;"

Commit the schema change on the feature branch: We explicitly 

dolt_add('transactions')  to stage only the schema change for that

table, then commit it.

psql -h localhost -p 5432 -U postgres -d financial_platform -c "CALL 
dolt_add('transactions'); CALL dolt_commit('-m', 'feat: Add fraud_score to 
transactions table');"

You can see the difference from `main` using `dolt_diff_schema`. This is 
invaluable for schema review.

psql -h localhost -p 5432 -U postgres -d financial_platform -c "SELECT * 
FROM dolt_diff_schema('main', 'feature/fraud-detection-score');"
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This query will show the `ALTER TABLE` statement that was applied on the 
`feature/fraud-detection-score` branch.

Step 5: Simulating Concurrent Data Updates and Merge
Conflicts

Now, let's imagine a common enterprise scenario: two teams making changes

that might conflict. The Reporting team is working on main  and updates some

existing transaction descriptions, while the Fraud team (on their branch) is

populating the new fraud_score  column. We'll then deliberately create a real

conflict.

Switch back to main : The Reporting team operates on the main  branch.

psql -h localhost -p 5432 -U postgres -d financial_platform -c "CALL 
dolt_checkout('main');"

Insert some initial data on main : To have data to work with and

potentially conflict over, let's insert a few accounts and transactions.

-- Insert accounts
INSERT INTO accounts (account_id, customer_id, account_type, balance) VALU

ES
('a0000000-0000-0000-0000-000000000001', 'c0000000-0000-0000-0000-00000000

0001', 'checking', 1000.00),
('a0000000-0000-0000-0000-000000000002', 'c0000000-0000-0000-0000-00000000

0001', 'savings', 5000.00);

-- Insert a transaction
INSERT INTO transactions (transaction_id, account_id, transaction_type, am

ount, description) VALUES
('t0000000-0000-0000-0000-000000000001', 'a0000000-0000-0000-0000-00000000

0001', 'deposit', 200.00, 'Initial deposit');

Commit these changes to `main`:

psql -h localhost -p 5432 -U postgres -d financial_platform -c "CALL 
dolt_add('-A'); CALL dolt_commit('-m', 'feat: Initial accounts and 
transactions data');"

Reporting team's update on main : The reporting team refines a

transaction description for clarity.
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psql -h localhost -p 5432 -U postgres -d financial_platform -c "UPDATE 
transactions SET description = 'Initial deposit from payroll' WHERE 
transaction_id = 't0000000-0000-0000-0000-000000000001';"

Commit this change to `main`:

psql -h localhost -p 5432 -U postgres -d financial_platform -c "CALL 
dolt_add('transactions'); CALL dolt_commit('-m', 'refactor: Clarify 
transaction description for reporting');"

Fraud team's update on feature/fraud-detection-score : Switch back

to the fraud branch and update the newly added fraud_score  for the same

transaction. We'll also deliberately modify the description  to create a

direct conflict.

psql -h localhost -p 5432 -U postgres -d financial_platform -c "CALL 
dolt_checkout('feature/fraud-detection-score');"

psql -h localhost -p 5432 -U postgres -d financial_platform -c "UPDATE 
transactions SET fraud_score = 0.15 WHERE transaction_id = 
't0000000-0000-0000-0000-000000000001';"

Now, let's force a real conflict by also modifying the description on this 
branch:

psql -h localhost -p 5432 -U postgres -d financial_platform -c "UPDATE 
transactions SET description = 'Initial deposit from external source' WHERE 
transaction_id = 't0000000-0000-0000-0000-000000000001';"

Commit these changes on the fraud branch:

psql -h localhost -p 5432 -U postgres -d financial_platform -c "CALL 
dolt_add('transactions'); CALL dolt_commit('-m', 'feat: Calculated initial 
fraud score and internal description update');"

Now we have divergent changes on the same row, specifically conflicting 
updates to the `description` column for `transaction_id = 
't0000000-0000-0000-0000-000000000001'`, plus a new `fraud_score` column 
introduced and populated on the feature branch.
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Step 6: Resolving Merge Conflicts

Now, let's merge the feature/fraud-detection-score  branch into main  and

see how Dolt handles the conflict. This is where Dolt's Git-like capabilities truly

shine for data management.

Switch back to main : We always merge into the target branch.

psql -h localhost -p 5432 -U postgres -d financial_platform -c "CALL 
dolt_checkout('main');"

Attempt the merge: When Dolt detects conflicting changes, it won't

perform an automatic merge.

psql -h localhost -p 5432 -U postgres -d financial_platform -c "CALL 
dolt_merge('feature/fraud-detection-score');"

You will likely see a message indicating a merge conflict, similar to:
`dolt_merge: Automatic merge failed; fix conflicts and then commit the 
result.`

Inspect the conflict: Dolt provides powerful tools to examine conflicts. The

dolt_conflicts  table shows you exactly which tables and rows have

conflicts.

psql -h localhost -p 5432 -U postgres -d financial_platform -c "SELECT * 
FROM dolt_conflicts;"

This table will show `transactions` as the conflicted table and the 
`transaction_id` of the conflicting row.

To understand the specific changes, `dolt_diff_table` is your best friend 
during a merge conflict. It shows the `base` (common ancestor), `ours` 
(current branch, `main`), and `theirs` (branch being merged, `feature/fraud-
detection-score`) versions of the conflicting row.

psql -h localhost -p 5432 -U postgres -d financial_platform -c "SELECT * 
FROM dolt_diff_table('transactions');"

1. 
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This output will clearly show that the `description` column has different 
values in `ours` and `theirs`, and that `fraud_score` exists only in `theirs` 
(and `base` for the schema, but not data).

Resolve the conflict: For this conflict, let's say after discussion, we decide

to keep the description  from main  (the "Reporting team's update") but

also incorporate the new fraud_score  from the feature branch. Dolt

provides functions like dolt_checkout_table  for wholesale table

resolution, but for specific cell-level conflicts, manual resolution is often

required, especially for critical financial data.

We can manually update the transactions  table to combine the desired

values. This SQL statement uses subqueries to fetch the ours  version of 

description  and the theirs  version of fraud_score  from the 

dolt_diff_table  output.

-- Manually resolve the conflict by combining desired values
UPDATE transactions
SET

description = (
SELECT description
FROM dolt_diff_table('transactions')
WHERE transaction_id = 't0000000-0000-0000-0000-000000000001'

AND diff_type = 'ours'
AND is_conflicted = TRUE

),
fraud_score = (

SELECT fraud_score
FROM dolt_diff_table('transactions')
WHERE transaction_id = 't0000000-0000-0000-0000-000000000001'

AND diff_type = 'theirs'
AND is_conflicted = TRUE

)
WHERE transaction_id = 't0000000-0000-0000-0000-000000000001';

This SQL statement directly applies the chosen values. In a real-world 
scenario, you might have a more sophisticated script or UI for this, but the 
underlying principle is to modify the conflicted rows to their desired state.

Stage and commit the resolved merge: After manually resolving the

conflict, you must dolt_add  the affected tables and then dolt_commit  the

merge.

psql -h localhost -p 5432 -U postgres -d financial_platform -c "CALL 
dolt_add('transactions'); CALL dolt_commit('-m', 'Merge feature/fraud-
detection-score into main, resolved description conflict');"

1. 
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This finalizes the merge, incorporating both the schema change (adding 
`fraud_score`) and the data changes from the feature branch, while retaining 
the desired description.

⚡ **Real-world insight:** For enterprise data, especially in finance, manual 
conflict resolution is often preferred for critical data, possibly with review 
by multiple stakeholders, ensuring data integrity and compliance. Dolt's tools 
make this process transparent and auditable.

Time Travel for Audit and Rollback

One of Dolt's most powerful features for financial applications is its ability to

query historical data and perform rollbacks. This is absolutely critical for audit

trails, compliance, and debugging.

Step 7: Querying Historical Data

Let's see the state of our transactions  table at different points in time. This is

often called "time travel" queries.

View current state on main : This shows the result of our merge conflict

resolution.

psql -h localhost -p 5432 -U postgres -d financial_platform -c "SELECT 
transaction_id, description, fraud_score FROM transactions WHERE 
transaction_id = 't0000000-0000-0000-0000-000000000001';"

This should show the description chosen during the merge ("Initial deposit 
from payroll") and the fraud score (`0.15`).

View state before the fraud feature merge: We can get the commit

hash of the commit before the merge on main  using dolt_log .

psql -h localhost -p 5432 -U postgres -d financial_platform -c "SELECT 
commit_hash, message FROM dolt_log ORDER BY committer_date DESC LIMIT 3;"

Examine the output to find the commit hash for the "refactor: Clarify 
transaction description for reporting" commit (or an earlier one if you have 
more). Let's assume it's `c1234567`.

Now, query the `transactions` table `AS OF` that specific commit:

psql -h localhost -p 5432 -U postgres -d financial_platform -c "SELECT 
transaction_id, description, fraud_score FROM transactions AS OF 'c1234567' 

1. 
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WHERE transaction_id = 't0000000-0000-0000-0000-000000000001';"

This query will show the `transactions` table as it existed at commit 
`c1234567`. The `fraud_score` column would likely be `NULL` (or its default of 
`0.00`) because it hadn't been added or populated yet at that commit. The 
description would be "Initial deposit from payroll".

`AS OF` queries are invaluable for historical reporting, regulatory 
compliance, and debugging data anomalies.

Step 8: Rolling Back Data (Carefully!)

While AS OF  queries are for viewing, sometimes you need to revert to a previous

state. This is a powerful operation that should be used with extreme caution in a

production financial system, as it rewrites history. For auditing, dolt_revert  is

often preferred as it creates a new commit that undoes the changes, preserving

the full history. However, for demonstrating a full rollback, we'll use dolt_reset

--hard .

Identify a target commit for rollback: Let's say we want to roll back 

main  to the state before any fraud feature or reporting description changes,

essentially back to the "Initial accounts and transactions data" commit. Find

its hash using dolt_log . Let's assume it's b9876543 .

Perform a hard reset (use with extreme caution!): This is equivalent

to git reset --hard . It discards all uncommitted changes and moves the

current branch pointer to the specified commit, effectively reverting the

database (both schema and data) to that historical state.

psql -h localhost -p 5432 -U postgres -d financial_platform -c "CALL 
dolt_reset('--hard', 'b9876543');"

⚠️ **What can go wrong:** `dolt_reset --hard` is a destructive operation. In a 
production environment, this is usually reserved for catastrophic errors and 
often performed by restoring from a specific commit or using `dolt_revert` 
which creates a new commit that undoes previous changes, preserving history. 
Always back up your data or create a new branch before performing a 
`dolt_reset --hard`.

After a hard reset, if you query the `transactions` table, it will reflect the 
state at commit `b9876543`, without the `fraud_score` column (schema reverted) 
and with the original description ("Initial deposit").

1. 
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Integrating with CI/CD and Data Lineage

For an enterprise platform, manual steps are minimized. Dolt integrates

seamlessly into CI/CD pipelines to automate schema migrations, data validation,

and deployment. This ensures consistency, reduces human error, and speeds up

development cycles.

Step 9: Conceptual CI/CD Workflow

Consider a Python script that automates schema and data changes within a CI/CD

pipeline.

Developer pushes feature branch to DoltHub/Remote.

CI/CD pipeline (e.g., Jenkins, GitHub Actions) triggers:

Automated dolt_diff_schema : Compares the feature branch's

schema to main . If there are breaking changes, it flags them,

potentially failing the build.

Automated dolt_diff_table : Compares data changes. This can be

used for data validation or to understand the scope of data updates.

Automated Tests: Runs data quality checks and functional tests on

the feature branch with its proposed changes.

Peer Review: A pull request is created on DoltHub, allowing team

members to review schema and data diffs in a user-friendly UI.

Merge on Approval: If approved, the pipeline automatically 

dolt_merge  the feature branch into main . Conflict resolution can be

manual or pre-scripted for known types.

Deployment: Triggers application deployment using the newly

updated main  data.

Here's a simplified Python script snippet for a CI step that checks for breaking

schema changes:

# ci_script.py
import subprocess
import json
import sys

def run_dolt_sql(query, db_name="financial_platform", user="postgres", host="l
ocalhost", port="5432"):

"""
    Helper to run SQL commands against Doltgres using psql.
    Raises an error if the command fails.
    """

cmd = ["psql", "-h", host, "-p", port, "-U", user, "-d", db_name, "-c", qu
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ery]
try:

result = subprocess.run(cmd, capture_output=True, text=True, check=Tru
e)

return result.stdout.strip()
except subprocess.CalledProcessError as e:

print(f"Error executing SQL command: {query}")
print(f"Stderr: {e.stderr}")
raise

def check_for_breaking_schema_changes(base_branch, feature_branch):
"""

    Compares schema between branches and identifies potential breaking changes
    like dropping tables or columns.
    """

print(f"Checking for schema diff between {base_branch} and 
{feature_branch}...")

try:
# dolt_diff_schema returns a table of differences (object_type, 

object_name, diff_type, statement)
# We're interested in 'DROP TABLE' or 'DROP COLUMN' statements
diff_output = run_dolt_sql(

f"SELECT statement FROM dolt_diff_schema('{base_branch}', '{featur
e_branch}');"

)

breaking_changes_found = False
for line in diff_output.splitlines():

if "DROP TABLE" in line or "DROP COLUMN" in line:
print(f"⚠️ WARNING: Detected potential breaking schema 

change: {line}")
breaking_changes_found = True

if breaking_changes_found:

print("Breaking schema changes detected. Manual review required or CI build 
failure.")

return True
else:

print("No breaking schema changes detected.")
return False

except Exception as e:
print(f"An unexpected error occurred during schema diff: {e}")
raise

if __name__ == "__main__":

# In a real CI environment, these would be passed as environment variables or 
arguments

# For local testing, we hardcode them.
current_branch = "feature/fraud-detection-score"
main_branch = "main"

try:
# Ensure we are on the main branch before trying to merge
run_dolt_sql(f"CALL dolt_checkout('{main_branch}');")
print(f"Successfully checked out to branch: {main_branch}")

# Check for breaking changes from the feature branch relative to main
if check_for_breaking_schema_changes(main_branch, current_branch):

# In a real CI, this would typically fail the build
print("CI build failed: Breaking schema changes detected.")
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sys.exit(1) # Exit with a non-zero code to indicate failure
else:

print("Schema checks passed. Proceeding with merge...")
# Example of further steps:
# Attempt to merge the feature branch
# Note: A real CI would handle merge conflicts more gracefully,

# potentially requiring manual intervention or specific resolution strategies.
try:

merge_output = run_dolt_sql(f"CALL 
dolt_merge('{current_branch}');")

print(f"Merge attempt output: {merge_output}")
if "Automatic merge failed" in merge_output:

print("CI build failed: Merge conflicts detected. Manual 
resolution required.")

sys.exit(1)
else:

run_dolt_sql(f"CALL dolt_commit('-m', 'Automated merge of 
{current_branch}');")

print(f"Successfully merged and committed branch {current_
branch} into {main_branch}.")

except subprocess.CalledProcessError as e:
print(f"CI build failed during merge: {e.stderr}")
sys.exit(1)

except Exception as e:
print(f"An unexpected error occurred during merge: {e}")
sys.exit(1)

except Exception as e:
print(f"CI pipeline experienced an error: {e}")
sys.exit(1)

To run this, you'd need psql  installed locally or execute it within a Docker

container that has psql  and can reach your Doltgres instance. This script is a

conceptual illustration; a full CI/CD pipeline would involve more robust error

handling, authentication, and integration with a CI platform's reporting features.

🔥 Optimization / Pro tip: For large datasets, running dolt_diff_table  on

every CI run can be slow. Consider strategies like only diffing tables that are

explicitly part of the pull request, or using dolt_diff_summary  for a quick

overview.

Step 10: DoltHub for Collaborative Workflows

For true multi-team collaboration and a centralized source of truth for your

versioned data, DoltHub (or a self-hosted Dolt remote) is indispensable. It

provides a platform to share, review, and collaborate on databases just like

GitHub for code.

Create an account on DoltHub: (If you don't have one, visit DoltHub and

sign up).

1. 

AI VOID [https://aivoid.dev]

Project: Enterprise Financial Transactions Platform 193

https://www.dolthub.com


Create a new database repository on DoltHub: Follow the instructions

on DoltHub to create an empty repository (e.g., financial-platform ).

Configure a DoltHub remote for your local Doltgres instance: This

command tells your local Doltgres database where its remote DoltHub

repository is.

psql -h localhost -p 5432 -U postgres -d financial_platform -c "CALL 
dolt_remote('add', 'origin', 'https://www.dolthub.com/your-username/your-repo-
name');"

Replace `your-username` and `your-repo-name` with your actual DoltHub details 
(e.g., `<https://www.dolthub.com/expert_educator/financial-platform`>).

Push your main  branch to DoltHub: This will push your entire schema

and data history to DoltHub, making it accessible to other team members.

psql -h localhost -p 5432 -U postgres -d financial_platform -c "CALL 
dolt_push('origin', 'main');"

You might be prompted for your DoltHub username and password.

⚡ **Real-world insight:** DoltHub provides a web UI to view schema and data 
diffs, create pull requests (for data!), and manage collaborators, much like 
GitHub for code. This significantly streamlines data governance, review 
processes, and ensures data lineage in an enterprise setting. Teams can 
`dolt_clone` this repository, work on local branches, and push their changes 
back to DoltHub for review and merge.

Mini-Challenge: Enhancing Transaction
Categorization

Your turn! The Analytics team needs more granular categorization for transactions

to better understand spending patterns.

Challenge:

Create a new Dolt branch named feature/transaction-categories .
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On this branch, create a new table called transaction_categories  with

the following columns: 

category_id  (UUID, Primary Key, with DEFAULT

gen_random_uuid() )

category_name  (VARCHAR(100), NOT NULL, UNIQUE)

description  (TEXT)

Add a category_id  column to the existing transactions  table, making

it a foreign key referencing transaction_categories.category_id . This

column should be nullable initially, as existing transactions won't have a

category.

Insert some sample categories into transaction_categories  (e.g.,

'Groceries', 'Utilities', 'Salary', 'Rent', 'Entertainment').

Update some existing transactions in the transactions  table to assign

them to these new categories. You'll need to retrieve the category_id  from

your newly inserted categories.

Commit all changes (schema and data) to your feature/transaction-

categories  branch with a descriptive message.

Switch back to main , then merge feature/transaction-categories

into main . For this challenge, assume no merge conflicts arise (Dolt will

handle the schema addition and data updates gracefully if there are no

overlapping changes on main ).

Verify the schema and data changes on main  by querying both tables.

Hint:

Remember CALL dolt_branch('branch-name');  and CALL

dolt_checkout('branch-name'); .

Use CREATE TABLE  for the new table and ALTER TABLE transactions ADD

COLUMN ... REFERENCES ...;  for the foreign key.

Use INSERT INTO transaction_categories ...;  and UPDATE

transactions SET category_id = (SELECT category_id FROM

transaction_categories WHERE category_name = '...'); WHERE ...; .

Don't forget to CALL dolt_add('-A');  and CALL dolt_commit('-m',

'Your message');  on your feature branch.

Finally, CALL dolt_merge('feature/transaction-categories');  from 

main .
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What to Observe/Learn: You'll practice the full cycle of creating a feature

branch, evolving both schema and data, committing changes, and merging them

back into the main line of development. This workflow is fundamental for

managing complex data evolution in a collaborative environment without

disrupting your production data until changes are reviewed and approved.

Common Pitfalls & Troubleshooting

Working with versioned databases at an enterprise scale introduces new

challenges. Here are a few common pitfalls and how to approach them:

Large Diffs on Massive Tables: When working with millions of records,

running dolt_diff_table  or dolt_log  on the entire table can be slow. 

Troubleshooting: Focus your diffs. Use WHERE  clauses with 

dolt_diff_table  to limit the scope to specific primary keys or time

ranges. Leverage dolt_diff_summary  for a high-level overview of

which tables changed. Ensure your queries are indexed. For very large

tables, consider using Dolt's native command-line tools for diffing

directly, which can sometimes be more performant than through psql

for certain operations.

Complex Merge Conflicts: If multiple teams frequently modify the same

data cells or schema elements without coordination, you'll encounter

complex merge conflicts that require careful attention. 

Troubleshooting: Establish clear data ownership and a robust

branching strategy. Utilize dolt_diff_table  and dolt_conflicts  to

deeply understand the conflict's origin and the divergent changes. For

critical data, manual resolution with human oversight and multi-

stakeholder review is often necessary. Consider developing custom

merge scripts that apply specific business logic to resolve known

conflict types (e.g., "always take the higher balance," "always

prioritize regulatory updates").
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Underestimating Storage Requirements: Storing a complete,

immutable history of millions of records, especially with frequent changes,

can consume significant disk space over time. 

Troubleshooting: While Dolt uses efficient storage (similar to Git's

packfiles, which deduplicate data), historical data still takes space.

Plan your storage infrastructure accordingly. For very old, rarely

accessed data, consider archiving strategies or using dolt_gc

(garbage collection) after careful consideration of which history you

truly need to retain for compliance or analysis. Dolt's documentation

provides guidance on storage optimization.

Lack of a Defined Branching Strategy: Without clear rules for creating,

naming, and merging branches, collaboration can quickly devolve into

chaos, leading to integration hell and difficult-to-track changes. 

Troubleshooting: Implement a strict, well-documented branching

model (like the Gitflow-inspired model discussed). Use pull requests for

all merges into main  to enforce code and data review. Automate

checks in CI/CD to enforce branch naming conventions and prevent

direct commits to main . Regular training for data engineers and

developers on these workflows is also crucial.

Summary

Congratulations! You've navigated the complexities of building an enterprise

financial transactions platform with Dolt. This project has pushed you beyond

basic versioning, demonstrating how Dolt handles the rigorous demands of

regulated industries. We've covered:

The critical need for versioned data in financial services, providing

unparalleled auditability and compliance.

Setting up Doltgres using Docker, establishing a robust, PostgreSQL-

compatible environment for your data.

Designing and evolving a financial schema, including core accounts  and 

transactions  tables.

Implementing a multi-team branching strategy, enabling safe and

collaborative data development.

Simulating and meticulously resolving merge conflicts at the cell level, a

crucial skill for maintaining data integrity.
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Utilizing Dolt's powerful time-travel capabilities for historical queries,

essential for audit trails and debugging.

Conceptualizing CI/CD integration for automated data governance, schema

migrations, and reliable deployments.

Leveraging DoltHub as a centralized platform for collaborative data sharing

and review.

Dolt's Git-for-Data paradigm is a game-changer for data-intensive applications,

especially in regulated industries like finance. By embracing version control for

your data, you unlock unparalleled auditability, enable safer collaboration, and

build more resilient, transparent data platforms ready for the challenges of

tomorrow.

This page is AI-assisted and reviewed. It references official documentation and

recognized resources where relevant.
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