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Before we begin
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by Isaak Tsalicoglou, Managing Director of OVERBRING Labs, in Athens, Greece




This is version 0.40.0 of the book, dated 2025-12-30.




Announcements, comments and discussions related to this book can be found on the book’s forum thread on elixirforum.com.
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About this book


Transform chaos into order with Phoenix Product Codex: a thrilling, real-world journey of building a production-ready REST API for product data management using Elixir and Phoenix, born from the requirements of a family-run business facing a government mandate for electronic invoicing. Learn to craft and deploy a thoughtfully-designed, business-driven solution that already serves as the Single Source of Truth for two companies, while also mastering domain modeling, database design, and more in the process. No toy examples or databases here, but actual software that delivers real impact.




Dive into the real-world journey of building a production-ready Product Data Management REST API with Phoenix Product Codex. This isn’t just another Elixir or Phoenix tutorial, but a practical, hands-on tale of solving a critical business problem, straight from the trenches of a family-run industrial-equipment trading business. If you’ve ever wondered how to turn the “master data” of an expansive product portfolio into a structured, scalable system, this book is your guide.




In Phoenix Product Codex, you’ll follow Isaak’s path of implementing a REST API in Elixir and Phoenix on the basis of a pragmatically-implemented scrappy prototype that began years ago with government-mandated electronic invoicing, to a properly implemented self-hosted solution that has been serving as the Single Source of Truth of product data of two companies for five years.




Learn how to develop and deploy a robust and production-ready REST API using Elixir, Phoenix, Ecto, and SQLite, all while tackling real-world business conundrums, such as thinking about the database schema, organizing tables and modules in domains, considering how to codify a product catalog from scratch, issuing unique item codes with tricks that reduce the probability of typos wreaking havoc, using external APIs to validate data, keeping external data up-to-date with a GenServer, and ensuring data integrity even as the product portfolio grows in size and complexity. This book isn’t about a toy project or yet another to-do list, shopping cart, or Pokedex; it’s about shipping functional (in more ways than one) software that has kept a business running, day in and day out.




Much like Northwind Elixir Traders, what sets this book apart from other Phoenix tutorials is its blend of technical depth and business insights. You’ll not only master the nuts and bolts of building a REST API, such as domain modeling, database design and migrations, authentication and authorization, rate limiting, third-party API integrations, and GenServers, but you’ll also learn about the business-minded thinking behind every decision.




Drawing from almost two decades years of experience split among corporate and entrepreneurial roles, Isaak shows you how to think like a business owner, a software engineer, and a problem-solver all at once. Whether you are an Elixir software engineer tasked with developing REST APIs for business processes, or the business analyst, product manager or general manager who oversees such project, this book is about helping you to wear both a technical and a business hat when considering what to build, and how to build it—and deploy it. This book will also prove useful if you are a small business owner who intends to digitize your business processes on your own terms.




Phoenix Product Codex is a decidedly shorter, yet more real-world focused and business-driven sequel to its technologies-focused and toy-database-based predecessor, Northwind Elixir Traders (which is still a great primer if you’re new to Elixir, Ecto or SQLite).





Structure of the book



	
Chapter 1: Thinking about what it is we’re modeling introduces the business domain of a product-data-management API for an industrial equipment trading company. It lays the foundation of the Elixir app we’ll develop exploratorily, by reviewing the physical flow of goods from suppliers to sales items, and defining key concepts like suppliers, brands, product families, categories, variants, and bundles. We establish a database schema with domain-driven contexts (Supply, Catalog, and Taxonomy), discusses pricing, discounts, and content-management approaches, and introduces a concept for the structure of the item codes of the products being offered/invoiced by the business. We consider trade-offs in modeling decisions throughout, such as how to model item bundling and our taxonomy. Finally, we create up a Phoenix application with SQLite for a JSON API.




	
Chapter 2: Modeling the suppliers table dives into creating the first database table for the Phoenix Product Codex REST API, focusing on the suppliers table within the Supply context. We generate a schema, migration, and JSON API routes using Phoenix’s phx.gen.json Mix task, while exploring key modeling decisions such as representing discounts as integers to avoid floating-point errors and validating Tax IDs with the European Union’s VIES API. Here, we tackles challenges such as ensuring unique supplier names case-insensitively and handling VIES-driven name updates, using Ecto changesets and custom validation functions. Through experiments and conundrums, we learn about Phoenix controllers, routing, and supervision, setting the stage for the next steps of our modular API development.




	
Chapter 3: Testing our first endpoint shifts gears to non-manual testing of the /api/suppliers routes, ensuring that what we’ve implemented so far for our Phoenix Product Codex REST API is robust and reliable. We begin with manually making requests with curl to explore GET, POST, PUT, and DELETE actions, and then proceed with setting up automated testing with ExUnit. We covering both happy paths and edge cases, such as invalid Tax IDs, malformed JSON requests, and VIES service failures. We also tackle a conundrum with unique-constraint errors, introduce a PayloadValidation plug to handle malformed requests, and learn how to use Mox to mock the EU VIES API, avoiding real network calls. Through iterative refinements of our tests, we learn about ExUnit, what ConnCase and DataCase do, and how to handle edge cases.




	
Chapter 4: Suppliers’ brands continues the work on the database and routes of the REST API, we we model the brands table, the first table that contains a foreign-key relationship (with the suppliers table). We generate the Brand schema module and API routes using mix phx.gen.json, and tackle SQLite’s foreign-key limitations with a custom validation function. The chapter enhances the API with nested routes (/api/suppliers/:id/brands, /api/brands/:id/supplier) for richer data access and a novel /api/:resource/:id/:field route for plaintext field values, something that is ideal for spreadsheet software like LibreOffice Calc. By facing conundrums related to JSON serialization and route inconsistencies, we explore Ecto associations, JSON view customization, and RESTful API design.




	
Chapter 5: Modeling the categories table has us venture for the first time in the Taxonomy domain of our Elixir application. There, we craft the truly minimal categories table with string fields for a category’s short :name and a unique 3-character :code. Using phx.gen.json, we generate the schema and /api/categories route, enforcing strict validations by using Crockford’s Base32 alphabet for category codes and catching typos with the Jaro-Winkler distance between strings. After exploring options for designing our routes to keep the API RESTful, we also implement fetching categories by :code instead of only by :id by adapting router.ex and making minimal changes to code.




	
Chapter 6: Modeling the families table continues the modeling of our database schema with the new Family schema in the Supply domain. We also learn more about using fixtures in our tests. Implementing two new features overshadows the straightforward task of yet another phx.gen.json: a) using fields other than an association’s :id when creating a new %Family{} record and porting this feature to other modules, and b) implementing associations fields with belongs_to, has_many and many_to_many.




	
Chapter 7: Flexible identifiers and consistent JSON responses has us take a break from database modeling and focus on making our API more user-friendly when GETing records across routes, and making JSON responses consistent. The latter part takes up most of our work in this chapter, as we undo the tight coupling between *JSON modules that we introduced in Chapter 4. We utilize recursion and a new ResponseData module that takes specific non-association fields from a record and automatically loads and renders the default associations as Elixir maps or lists.




	
Chapter 8: Modeling variants and bundles almost completes the modeling of the core tables of our database by finally making it possible to create new variants that can be placed in bundles, this time in the new Catalog domain. We investigate how to best model bundles/kits and reach a conclusion that makes the items table of the original concept of the database ERD redundant. We also improve how data with nested associations is reported as JSON, before realizing that we need business logic for issuing typo-resistant variant codes.




	
Chapter 9: Issuing random variant codes is a first foray in automating the assignment of unique variant codes to items of a product family, so that we mistake-proof against typos that wreak havoc in business processes. We define criteria for generating codes that are unique within categories, resistant to sequential or keyboard-adjacent patterns, and ideally distinct across full item codes. Starting with a new VariantCodes module, we implement efficient queries for existing codes and experiment with a character-by-character generation approach using frequency-based randomness. We uncover limitations of this approach and compare to simpler brute-force methods, before we pivot to a better approach in Chapter 10.




	
Chapter 10: Issuing typo-resistant variant codes with a Markov Chain builds on the foundations from the previous chapter by switching from character-by-character to a transition-by-transition Markov-Chain approach that probabilistically generates typo-resistant codes. We extract transition frequencies, define and apply penalties for undesirable code patterns and even create a new Keyboard module that we use to detect whether two characters are adjacent on a QWERTY, QWERTZ or AZERTY keyboard layout. We implement various tricks, such as scaling penalties based on the degree of depletion of the code pool of the family, explore two different sampling strategies, and refactor for efficiency and handling edge cases. Finally, we integrate auto-generation of the :code into Variant.changeset/2, and evaluate the performance of the new approach with a little bit of benchmarking.




	
Chapter 11: Content management across records (work in progress) gets into the new Content domain, in which we use use tables for storing metadata for different entity types, such as multilingual marketing and invoice descriptions, variant availability and status. In the Taxonomy domain, we make it possible to tag records so that API consumers can filter collections by attributes, such as showing all families or variants that comply with ATEX regulations, variants in stainless steel, etc.














	
Next chapters: TBD! Check out the Coming soon chapter at the end of this release to find out what’s in scope for the Elixir application.









Software versions used



	
Elixir: version 1.18.3, installed using the asdf version manager.



	
Phoenix: version 1.7.21 from Hex.pm.



	
Ecto: version 3.12.5 (will be pulled automatically by Phoenix).



	
Ecto SQLite3: version 0.19.0 (will be pulled automatically by Phoenix).



	
SQLite: version 3.40.1 from the sqlite3 package for Debian 12.








To my knowledge, nothing above is specific to Debian 12 or Linux, and you should be able to work through this book on any popular operating system and CPU architecture of your choice. Should you face any issues or should anything not work as expected, kindly contact me so that I can publish a new release with corrections.





License of the code in this book


All code that we will write throughout this book is licensed under the Apache-2.0 open-source license. You are free to use, modify, and distribute the code, provided that you include proper attribution and comply with the terms of the license. What this means for you, in short:




You can:





	
Use the code for personal, commercial, or open-source projects.



	
Modify and customize the code however you like.



	
Distribute the original or modified code.



	
Use it in proprietary (closed-source) software as long as you include the required notices.








You cannot:





	
Hold the author liable if something goes wrong (no warranties).



	
Use the original project’s logo or name without permission.








However, you must:





	
Keep the license notice in all copies of the code.



	
State any changes you make if you modify the code.



	
Include a copy of the license when redistributing.








Other aspects:





	
Regarding the patent grants aspects of Apache-2.0: the book does not include patented technology.



	
The Apache-2.0 license does not extend to the text of the book.













Typographic conventions


This book contains a lot of code and IEx output. It would have ended up way longer without the following conventions, established in order to better utilize the space on every page:





	
Commands shown in IEx have been written less for readability, and more with the goal of enabling you to copy and paste them into IEx.



	
The lines of output of commands in IEx have been wrapped, and are displayed differently in code blocks, compared to how they will appear on screen. This is especially true for output related to changesets.



	
The formatting of the code has also been made more concise / horizontal, instead of pretty with vertical pipelines, and is neither everywhere the same as what mix format will generate, not “best practice”.



	
Non-relevant IEx output and unchanged lines of code are replaced by an ellipsis (…).



	
When mentioning a row/record/schema/module, its name is mentioned interchangeably with its struct; e.g., %Supplier{} or Supplier.





















Preface






I once worked for (notably, not with) a CEO with whom I was in frequent strong disagreement about almost everything related to the business we were both part of. Except for one thing: his rare and often-quoted wisdom that “the magic happens at the interfaces”. Though I might have disagreed with a lot, this one I considered undeniably true after working in and with various product-development teams for years.




My approach to writing is this: there’s already a mountain of material out there that will show you how to model what someone else tells you to model. However: if the magic really does happen at the interfaces between people, roles, technologies, and responsibilities, then what matters more for any team member, and especially for a software engineer dealing with all that complexity (and often, business mumbo-jumbo) is being able to see and think from the perspective of others, especially those who define the requirements you’ll one day be tasked with implementing, either alone or with a team, or maybe with the help of an LLM.




As Northwind Elixir Traders before it, this book too is not just a programming tutorial on how to build something with Elixir; in this case, not to model a toy database with Ecto, but to develop a solid REST API using Phoenix. It’s a walk through the mindset of someone who’s played many roles (development engineer, project manager, product manager, team lead, software engineer, managing director) and has had to solve an actual, concrete business problem under pressure and constraints (both in terms of “skill issues” and time). I needed to build a system not just because it was fun or interesting or an excuse to play with Phoenix, but because the immediate operations of a business depended on it.




That situation was very real. For a total of 17 years I studied and worked in Central Europe. During some of that time I experienced two companies’ drastically different approaches to product data management, ranging from endless Excel sheets to structured SAP systems. In late 2019 I left my corporate career behind and returned to Greece to rejoin my family’s industrial equipment trading business. This is (was) a business I had grown up around, stayed connected to over the years, and now returned to in a much more hands-on capacity, brimming frustration and first-hand experience about how things can get bogged down in larger organizations, and with ideas of how things can get done faster and easier. I soon found out that “faster and easier” in tiny organization can end up becoming “messy and effortful” for no good reason.




About a year and a half after I came back, the Greek government made a move that few would have expected to be helpful: they mandated electronic invoicing for all businesses. As with most things bureaucratic, this was a mandate that had been launched with great fanfare and had been delayed multiple times due to circumstances in 2020 that are familiar to all of us around the world. Finally in August 2021, it became official: from October onward, every invoice had to be electronically issued.




Now, you might be tempted to roll your eyes; government digital transformation usually signals more headaches, not fewer. It means new processes, new things to learn, new things to comply with. It also means more tools, effort to get people up to speed with them. It means unlearning and relearning.




Yet in this case, the mandate created an opportunity for our business. Whether you used the government’s free web app or a third-party SaaS for issuing invoices, every item on the invoice had to have a unique code. This might sound obvious, and from a Central European perspective it certainly is. However, our business, like many others during and after Greece’s financial crisis, had gone for years without proper product codification. Invoices were built on an Excel template that looked good but had dubious formatting rules that made it difficult to parse in an automated manner, as I found out while writing Python code to parse thousand of Excel sheets that looked the same, but didn’t always conform to the same exact format. Products were identified by whatever string of text someone had happened to paste into the cell; sometimes with more information, sometimes with less. Sometimes with product specs, sometimes without. Usually without typos. It was chaotic, inconsistent, and completely unsustainable as market demand and our workload rose throughout 2020.




Suddenly, we had to clean up, structure, and codify our product portfolio.




I had dabbled in REST APIs before. In 2016 I had experimented with Python and Flask, and hadn’t been thrilled, probably because I had nothing else egging me on besides curiosity about potentially offering a REST API for some SaaS ideas I had been toying with, but never launched (the burn rate in Switzerland can be brutal). However, this time was different: I had urgency, intrinsic motivation, a clear purpose, and full autonomy as the Managing Director of the business—plus, I had an inflexible and looming deadline that was difficult to reconcile with the uncertainty of how I could go about building what was needed.




For a business that’s frugal, low in headcount, and historically generally allergic to dependencies on paid-for third-party software, going with a paid SaaS for invoicing seemed wasteful. Even if we did, and even if that SaaS offered a feature of creating a product catalog, issuing item codes remained an internal problem that we, not the SaaS, had to solve. It is generally advisable to work your way from what your business needs, instead of letting some SaaS’ approach impose its own logic onto your own business like a straitjacket.




Plus, as a tinkerer, I was curious: could I build something by myself, not for the invoicing part (that would be and is still accomplished through the government’s free web app—remember: frugal and as independent as possible), but for the item-code-issuing?




First of all, we needed a place to store the new information. A CSV file? A spreadsheet? A database? I looked at databases, but soon realized that I was what felt like light-years away from the last time I had used SQLite in 2012 as a development engineer, Access in 2008 during my military duty (for tracking repair-and-maintenance cases as a cadet), MySQL in 2006 (for a forum I wrote and self-hosted on a Sun Ultra 10 for me and my friends), or from my Informatik lectures at ETH Zurich in 2003…




I didn’t want to spin up a PostgreSQL instance or deal with schema migrations while figuring out how to structure the database, if I could avoid it—and I did want to avoid it, because I stressed that I had no time to invest in this right there and then. The deadline was looming on the horizon. I wanted something simple; ideally, something that would give me a REST API too, if possible!




Naturally, I went on an online safari looking at no-code and low-code solutions. And there it was: NocoDB was (still is) an excellent self-hostable open-source tool that turns data entered on a spreadsheet-like UI into a working REST API. It was perfect for my needs! I could create database tables visually, then write Python code to consume the data through the auto-generated REST API and generate a NocoDB-agnostic (remember, as independent as possible) CSV file that could be served by something else, and an Excel file that could be used with LibreOffice Calc.




The result of my frantic bouts of afternoon coding was a pretty small, ugly, and functional Python script; yes, it is called main.py. I could (still can) only interact with it through an IPython REPL to create variants and bundle variants and issue item codes, and have to switch to the web UI of a by-now-ancient deployment of NocoDB v0.81.1 on a VM (running on a Celeron N3160 with 8 GB of RAM—remember, frugal) to enter the final product description. But it still works now as well as it worked then; and by that I mean it works perfectly for what we need it for.




Later, in mid-2022, I used FastAPI (at the time, relatively young) to read the CSV file and provide my own web UI and REST API to explore and serve that data. The REST API made the product data programmatically accessible for me (e.g., for access from my other inventory-management API) and the web UI made the data accessible for everyone in the business.




In sum, my main.py wasn’t elegant; it certainly wouldn’t pass code review, get me hired at FAANG (or is it “MANGA” now?), but it worked. I “shipped it” on time and below budget (well, no cash budget). And so, for the first time I had built software that was actually useful in a real business context, day in and day out.




That scrappy little system has since been used in two separate companies: TECTRA Ltd and now its successor, ISATEK. For close to 5 years now it has provided the backbone of our product classification scheme, and serves as the Single Source of Truth for our product catalog.




Behind the scenes, it’s a veritable patchwork: data is read by consuming NocoDB’s REST API, gets processed and exported as a CSV and XLS, the CSV is loaded, pre-processed and stored in memory, then gets served by a FastAPI app. When the CSV file is “touched” on disk by main.py’s dump_all_items() function (that I have to call in IPython), an async file watcher reloads everything into memory again. The way the database is implemented in NocoDB would make any seasoned developer’s hair stand on end—or fall out. It ignores all conventions of databases; there are no foreign keys, no associations and no joins. main.py just shuffles actual data from the “helper tables” of suppliers, product families, product categories, etc., into the “main table” that stores the product items. A lot of code in main.py enforces data integrity and guards against wrong associations; all this is best left to the database.




It’s a patchwork that has done the job for half a decade now. Primitive? Maybe. But it works.




Fast forward, and the business has grown. The product variants we offer and those we have invoiced has grown to more than 2000. The item-code classification developed over some afternoons back in 2021 is simple, yet venerable. It reduces the likelihood of typos, for one, and over time has led repeat customers refer to products by their 7-digit code. That’s a win in my book.




What else has changed? TECTRA Ltd has been superseded by ISATEK, which inherits the former’s customers and suppliers, and adds more suppliers and product families to the portfolio. The digitalization journey also continues, to make things even more frugal and even more independent. From within OVERBRING Labs we’re developing various online features for ISATEK, such as requests for quotation, quotation, order tracking, equipment documentation, product specification helpers, and more.




Out with Python, in with Elixir. All the new stuff is implemented in Elixir with Phoenix and Phoenix LiveView, and the simplicity and (in-)security of the old Python APIs, as helpful as it still is, is no longer sufficient. I needed something more robust, secure, and scalable; something that fits the evolving needs of a real company, with an even smaller “bus factor” (even more frugal, even more independent).




This book is the story of building one part of that new system: the original ProductItems API for issuing item codes and managing a product catalog’s most crucial information, but this time in Elixir and Phoenix, with everything that a production-ready REST API needs.




Like Northwind Elixir Traders, my previous and first technical book, this one is technical too. It too, contains not only technical information, but also the business reasoning behind the decisions we make along the way. Unlike Northwind Elixir Traders, in which we implement a pedagogical toy database as an excuse to explore and learn Elixir and using Ecto with SQLite from schema to advanced queries, this one is grounded in reality.




This is the real deal; it’s what it looks like when you start from nothing besides the domain knowledge of the business problem you want to solve, fair-enough Elixir skills to do some damage, and have to review old business requirements, consider new ones, and turn all that into something clean, useful, and production-ready.




This is what Phoenix Product Codex is all about. It’s both a tutorial on REST APIs with Phoenix, and a journal of building and improving something that I use daily in my own business. It touches upon everything from domain modeling and database modeling and migrations, to authentication and authorization, rate limiting, third-party API integrations, and using GenServers to keep external data fresh. It’s a technical book that’s grounded in the context of an actual business.




If you’re already familiar with Elixir, Phoenix, Ecto, and SQLite, you can start right here. If not, Northwind Elixir Traders is a great primer. This book is shorter, more hands-on, and focused entirely on practical, business-driven software development and engineering.




Whether you’re building something like this for your own company or someone else’s, I hope this book gives you the confidence, the way of thinking and the business understanding to turn ideas and sometimes messy requirements into working, well-structured code—not just by following tutorials, but by understanding the why behind the what.









Isaak Tsalicoglou




Managing Director, OVERBRING Labs / ISATEK / Breek.gr




Dipl. Masch.-Ing. ETH Zürich, IMD MBA




April 10th, 2025




Athens, Greece
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