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Half-Baked Product

weli.dev · 1145 points · Discussion

The Founder
A freshly minted founder decides to get into the oven business. He can’t bake a cake or knead bread, but he knows the kitchen appliance market inside and out. He’s analyzed every business in Spain and reached a conclusion: if he sells a new oven to the country’s pizza makers, pastry chefs, and bakers, he only needs to capture 10% of the market to become a billionaire.
10% always looks small when you type it into an Excel spreadsheet.
The founder is very good. He builds a plan that, on paper, is flawless and airtight: manufacture a more efficient oven using new technology. Selling it is easy. Want to work more efficiently? Buy our oven. End of pitch. The founder has experience talking to investors and raises enough money to build an MVP.
The Engineer
The founder looks for someone who knows how to build ovens and finds an engineer from a prestigious school. The engineer has spent 10 years building ovens and knows how to make one. More than that: he’s the kind of person who spends all day talking and arguing about ovens. He goes to oven conferences. When he gets home at night, he argues for hours on Italian forums about which type of oven is best. The Italian forums are, to him, the ultimate source of oven-truth.
He’s tired of building ovens at Corporate Oven. Ten years making the same oven he’s told to make. He wants the freedom to build his own.
The founder offers him 20% of the company and total freedom to build the perfect oven. The salary isn’t great, but there’s the promise: if things go well, someday he could be a millionaire. And something more important than money: he’ll finally get to build the oven of his dreams.
He signs.
The MVP
With little money and lots of enthusiasm, they build an MVP. Two months later it’s done. It’s a functional oven and, more importantly, it has one improvement over traditional ovens: you input the amount of flour, yeast, and water, and the oven automatically knows when to stop for a perfect bake.
In theory.
In practice it doesn’t work very well, but it’s good enough for an MVP. They go to market and sell 5 prototypes: two bakers the founder knows, the engineer’s mother who bakes cakes, and two oven enthusiasts who buy it out of curiosity.
The feedback is unanimous:
“My bread came out burnt.” “The cake was raw.” “Every single pizza burns.”
But all things considered, it’s positive: a third of the time, the prototype worked and produced the perfect cake, bread, or pizza.
“This is just a prototype. Imagine when we ship the real product. Trust us.”
And with that, the founder goes to see an old colleague who now works at a VC: “In 2 months we’ve built a prototype, we already have 5 customers, and it’s very promising. We just need money to scale, build a better version, and sell to every bakery and pastry shop in Spain.”
Nobody asks whether the 5 customers would buy again.
The founder is very good. He raises 5 million. Ovens Inc. is born.
Forum of the Bakers
They start improving the prototype. The engineer realizes something: building an algorithm that calculates baking time for cakes, pizzas, and bread is quite a bit more complex than it looked. Every dough is its own universe. They need to hire more engineers.
The engineer knows exactly where to look. On the Italian forums there are two users he’s spent years arguing with about convection and refractory stone: Mario and Luigi. He’s never met them in person, but he knows their opinions on ovens better than his own family’s. He offers them the same deal he got: low salary, lots of freedom, the perfect oven.
They sign.
Meanwhile, the founder needs to sell ovens, but Facebook and Instagram ads get no traction. Turns out nobody buys a fifteen-thousand-euro industrial oven because it popped up in their stories. So he hires a legendary sales team: the best salespeople in all of Spain. People who have never sold ovens, who know nothing about ovens, but who are hungry to sell and very excited about the company.
At first it goes badly. Few people want a new oven; they’re happy with the one they have. Why switch? Most small businesses don’t care about a 15% efficiency gain: the risk of switching is too high. If Juan’s Bakery swaps ovens and the new oven fails, Juan loses his customers and shuts down. For Juan, efficiency is optional; tomorrow’s bread is not. Better to stick with the old oven, even if it’s worse on paper. He’d only switch if Manolo’s Bakery across the street started selling cheaper bread thanks to a more efficient oven and he had no choice. But Manolo thinks exactly the same as Juan, so nobody moves. Perfect equilibrium. Economists have a name for this; Juan and Manolo call it common sense.
Big businesses are another story. For them, 15% efficiency means millions saved every year. And one salesperson manages to make contact with Pepepizza.
The Decision
Meanwhile, over in engineering, things aren’t going any better. The algorithm is unstable. They’ve gotten the failure rate down from two thirds to one third, but each point of improvement costs twice as much as the last. And then comes the uncomfortable discovery: if the oven only does two of the three things (bread, cakes, or pizza), the algorithm fails just 5% of the time.
The engineer brings the proposal to the founder: let’s sacrifice one market and have a product that works.
The founder gets angry. He promised the VCs 10% of Spain’s oven market. The entire market. “We can’t sacrifice any of them.”
It’s not just greed. The 5 million was raised with the entire market on the slide. The founder isn’t choosing between right and wrong: he’s choosing which promise to break.
The engineer goes back to his desk with his three doughs and his 33% failure rate.
Mallorca
Back to sales: there’s contact with Pepepizza, but enterprise deals don’t close over email. The founder flies to Pepepizza headquarters and meets the owner. They hit it off. They hit it off so well they go to Mallorca together. Nobody knows what was discussed there. What’s known is that when they come back, there’s a deal. Nobody has tried the oven yet. No need. Enterprise sales isn’t about ovens.
The handshake comes first. The requirements come later.
And they come. Pepepizza’s operations team sends the list to sales: their kitchens are custom-built, so they need ovens with specific dimensions. Oh, and a rotating base like the one they already have.
Sales replies: “No problem.”
The founder is euphoric. Pepepizza wants to buy an initial batch of 500 ovens. Five hundred. That’s more revenue than everything since they started. For Pepepizza it’s a small pilot, a trial in a few locations before deciding anything. For Ovens Inc. it’s betting the entire company.
“Engineer, we need 500 ovens for Pepepizza. They want specific dimensions and a base that spins. Let’s make it happen.”
The engineer doesn’t faint only because he’s already sitting down.
The algorithm barely works for pizza. The mold dimensions have spent 5 months being optimized in CAD for the standard size. And nobody, ever, has discussed rotating bases on the Italian forums. If it’s not on the Italian forums, does it even exist?
The engineer opens the CAD file in front of the founder. He shows him why the new dimensions break the entire thermal design. The founder looks at the screen, looks at the blueprints, looks at the engineer.
“But this is just changing a number, right?”
“We can’t. Not until we fix the algorithm and redesign the inverter for the new sizes. That’s 5 more months.”
The Miracle
It’s not 5 months.
After many lost weekends and entire nights running on Red Bull, in 3 weeks there’s a prototype for Pepepizza. Compromises were made. The algorithm still fails plenty, but at least the dimensions are right. The rotating base? Doesn’t exist yet. Pepepizza is promised an add-on “in a couple of months.” Pepepizza says fine.
The Candle Button
Sales has had a revelation: if you sell the oven that exists today, you don’t sell ovens. You have to sell the oven that will exist in 6 months. Promise features. It worked last time: they promised Pepepizza the impossible and the team delivered in 3 weeks. What could go wrong?
Sales, of course, has no idea what happens after the contract is signed. The commission is paid at signing. Whatever comes next is another department’s problem.
Though there’s something nobody in engineering wants to look at: Ovens Inc. doesn’t live off selling ovens (for now). It lives off raising rounds. And rounds are raised with projections, and projections are manufactured out of whatever sales promises. The “No problem” people are also the only life raft.
And then the daily requests begin:
“A lot of our potential customers make birthday cakes. When they ask if we have special birthday-cake features, we have to say no, and we lose them. Can we add the feature?”
The founder has no doubts. Last time a feature was requested, they estimated 5 months and did it in 3 weeks. And this is much easier. “It’s just a simple button that adds candles.”
The engineer is climbing the walls. They still haven’t finished cleaning up the Pepepizza wreckage. This is absolutely not what people discuss on the Italian forums. Adding a candle button is an insult to the state of the art, or rather, the state of the oven.
But he caves.
“Just this once.”
Sales sells 2 more ovens a month thanks to the new button. Or so they believe. They have no way of checking whether they’d have sold them anyway without the button.
The Second-Highest Priority
Soon after, more feature requests arrive.
“My oven at home connects to the fireplace. Does yours?”
“I make a lot of wedding cakes, what have you got for me?”
“Do you have a Ramadan mode?”
They build all of them.
Engineering stops trying to build a good oven and starts adding buttons and features. Nobody made that decision. It just happened, one ticket at a time.
And there’s a detail everyone seems to ignore: each button takes longer than the last. The candle button took three days. The fireplace one, a week. The latest one took three. It’s not that the engineers are getting slower: it’s that every new button has to coexist with all the previous buttons.
Meanwhile, customers who buy the oven return it within a week. The reason? The bread and cakes still burn 10% of the time. The MVP problem. The original one. The one from day one. Underneath the twelve new buttons sits the same algorithm from the very first day, and a baker who loses one out of every ten batches is not consoled by the fact that the oven does candles.
When a customer calls to cancel, support tries to retain them by offering what’s available: the new button from the latest release. The baker whose bread keeps burning is offered Ramadan mode. The baker leaves anyway. It gets logged as feedback. Engineering has no time to stop and rethink their approach, because stopping isn’t in the backlog.
And then the worst day arrives. Pepepizza calls:
“Where is the rotating base?”
The founder swallows hard. The ticket has been sitting on the kanban board for a month and a half. It’s not that nobody saw it: it’s that every week something jumped ahead of it. The candle button. The fireplace thing. The Ramadan thing. The rotating base was always the second-highest priority, and the second-highest priority never gets done. So he answers with conviction:
“Almost finished.”
The Request
“Guys, these next two weeks we’re going to focus on the rotating base,” says the founder.
The team can’t believe it. They already said the rotating base was impossible. They already explained why. Besides, Mario has vacation planned, the vacation he was promised after the Pepepizza crunch. And Luigi’s performance has been slipping for weeks and nobody knows why.
The engineer tries one more time:
“We can’t do the rotating base right now. We need to refactor, consolidate, and add an abstraction layer for compartments and buttons. Otherwise, every new feature takes twice as long as the last. Also, Mario has vacation planned, and I’m not sure Luigi is in a good place to be asked for more.”
The founder nods. He gets it. He gets all of it.
“But this is a startup. And startups are built with blood and sweat. Everyone here has to sacrifice. You have two weeks.”
And he’s not saying it from the couch: the founder takes the lowest salary in the company and hasn’t had a vacation in two years (Mallorca was work). He’s the first to live the speech. That is exactly the problem.
When Everything Is Urgent, Nothing Is
There’s a new crunch. This time with less enthusiasm and less passion. The first one was an epic feat; this one is paperwork. Mario cancels his vacation. Luigi keeps showing up. Nobody asks how he’s doing.
Two weeks later, the result: a rotating base that requires three special button combinations. It’s incompatible with every other mode, but it’s not like nobody tested it.
It gets installed at Pepepizza. Pepepizza’s response:
“It doesn’t rotate clockwise. We’re going with Corporate Oven.”
The team: devastated. They just lost their most important customer. Nobody in product ever communicated that it had to rotate clockwise. Somewhere between sales, the founder, and the backlog, the single most important requirement of the project simply never existed.
And the worst part isn’t losing Pepepizza. The worst part is that the changes made for the rotating base will haunt the oven’s design until the end of time. The customer leaves now. Their rotating base stays forever.
No Blockers
A month later, Mario leaves the company. He’s not going to a competitor and he hasn’t found anything better: he leaves because it’s the only way he can see to get a vacation. In the retro, it gets written down as a “learning.”
Luigi stays. He now maintains the candle button. It’s his specialty, they say. Nobody remembers who decided that, but it’s his specialty. He keeps showing up every day, keeps doing his work. On the Italian forums, people ask why Luigi hasn’t posted in 5 months. In standups he says “no blockers” and everyone moves on to the next person.
Epilogue
Six months later.
Ovens Inc. is still alive. Technically. There’s money for eight more months and a new version of the pitch deck where the word “oven” no longer appears: it’s now an “intelligent baking platform.”
The engineer left in March. He didn’t slam the door or write a viral thread about his experience. One day he simply stopped arguing in meetings, a month later he stopped showing up, and his farewell was a three-line email. Nobody has touched his code since. Nobody dares.
The founder has it all figured out: the problem was never the plan. The problem was the execution. He needs another engineer.
And he finds one.
Young, graduated from a prestigious school, has spent years building ovens at Corporate Oven and he’s tired. More than that: he’s the kind of person who spends all day talking and arguing about ovens. He goes to oven conferences. When he gets home at night, he argues for hours on Italian oven forums about which type of oven is best. On the forum an old user warns “Make sure that you support rotating bases day 1”. The young engineer laughs. Who uses rotating bases in an oven?
The founder offers him 5% of the company. It can’t be 20 anymore; there’s been dilution (funding-round stuff, it’s complicated). But the salary doesn’t matter, because he’s offering the important thing: total freedom to build the perfect oven.
The kid smiles.
He signs.




Original: https://weli.dev/blog/half-baked-product/ · Discussion
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Valve open-source the Steam Machine e-ink screen so you can make your own

gamingonlinux.com · 470 points · Discussion


						While Valve will not be making and providing their own e-ink display for the Steam Machine, they have opened it up so anyone can now do it. Valve originally teased it with the first lot of reviewers that got their hands on it.

All of it is available on their GitLab under the MIT license, which goes over everything you need to make your own and stick it on the front of your fancy new Steam Machine.

[image: Steam Machine e-ink display]
Image Credit - Gamers Nexus

They're now calling it the "Inkterface" and there's a good few things you'll need to make it including:



	1 x Adafruit ESP32 Feather with 2MB PSRAM.

	1 x Adafruit eInk Breakout Friend.

	1 x Adafruit 5.83" Monochrome eInk Panel.

	13 x M2.5 x 5mm Pan Head Machine Screws.

	4 x 1/4" x 1/4" x 3/16" Stepped Magnet SB443-OUT.





Valve even provided a video on the GitLab showing it being put together, which we're re-hosting to make it easily viewable for you:


Pretty cool to see.

Maybe we will see some other vendors actually do them pre-built for us. JSAUX teased they would be doing it back in November 2025, and checking back today they've said they still plan to do "Ink & Pixel versions". If the Steam Machine is popular enough - no doubt we'll have other accessory brands do various versions of their own.

						🌐 External Sources: gitlab.steamos.cloud, x.com/jsauxofficial, gamersnexus.net
						Article taken from GamingOnLinux.com.
						
					




Original: https://www.gamingonlinux.com/2026/07/valve-open-source-the-steam-machine-e-ink-screen-so-you-can-make-your-own/ · Discussion
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The Safari MCP server for web developers

webkit.org · 251 points · Discussion


            
            

            
                                
                In Safari Technology Preview 247, we’re introducing the Safari MCP server — a Model Context Protocol server for web developers that makes your web development and debugging workflow faster and more powerful. We know agents are increasingly integral to the coding process and the Safari MCP server gives your agent the ability to know how your code actually renders in the browser by connecting it to a Safari browser window.

Any MCP-compatible client can connect to the Safari MCP server. By connecting your agent to a Safari browser window, your agent can emulate what your users experience, giving it the information it needs to debug more autonomously, like access to the DOM, network requests, screenshots, and console output.

It speeds up your debugging process and lets you stay in the comfort of your terminal, which means fewer rounds of hopping windows and typing prompts to debug your code.

The use cases

If you build for the web, then you know about the debugging dance. It usually goes something like this:

You see something wrong with your site in the browser. You open the console to hunt it down. You click into the styles tab. You see what’s broken. You go back to your code to fix it. Or maybe you take a screenshot, detail the problem to your agent, and let it do the fixing for you. Hopefully it gets it right, the bug is fixed, and you can move on.

But when it isn’t fixed, you go through the workflow again — Browser. Prompt. Agent.

And again and again, until you finally squash the bug.

Regardless of the browser or tools you use, the debugging workflow is a lot of clicks, tools, and window hopping to make a single fix, but it doesn’t have to be that way. If you’re already using agents in your development workflow, the Safari MCP server makes your debugging faster and more efficient.

The Safari MCP server enables your agent to do more debugging and troubleshooting on its own. Here are just a few examples of what it can help with:

Web development in Safari. The next time you develop in Safari, you’ll benefit from an upgraded workflow. Your agent already helps you with your code, now it can do even more by checking out how your code actually renders in Safari.

Improve compatibility with Safari. Testing in just one browser means missing potential bugs in another, giving those users a subpar experience. With the Safari MCP server, your agent can open your site in Safari, inspect computed styles, check layout, and compare it against what you expect without switching windows.

Analyze performance. See what parts of your site are slowing things down. The Safari MCP server lets your agent evaluate JavaScript on the page to surface performance metrics, like navigation timing and resource load times, so it can pinpoint what’s slowing your site down and work on the right fix.

Check for accessibility. The Safari MCP server lets your agent check for common accessibility issues like missing labels, improper ARIA attributes, and poor contrast, so you can catch problems that impact your users.

Verify any user state. Know that the page is working and looking as it should. Your agent can check the state of the form, query an element using a selector, confirm specific interactions, show different states of a checkout flow, and more. Spend less time on these manual checks and empower the agent to do it for you.

These are just a few of the use cases. However you decide to implement it, the Safari MCP server helps your agent do more for you and reduce all the back and forth that web development often requires. An easier workflow means more bugs squashed, happier users, and a better product.

The tools

Here are the available tools and what they do:




	Tool
	Description





	browser_console_messages
	Return buffered console logs for the current or specified tab



	browser_dialogs
	List and respond to browser dialogs (accept, dismiss, or input text for JS prompts)



	close_tab
	Close a browser tab by its handle



	create_tab
	Create a new browser tab, optionally loading a URL



	evaluate_javascript
	Execute JavaScript code within the page and return the result



	get_network_request
	Get full detail for a single recorded network request (headers, body, timing)



	get_page_content
	Extract text content of a page in various formats (markdown, HTML, JSON, etc.)



	list_network_requests
	List network request summaries (URL, method, status, timing) for the current tab



	list_tabs
	List all open browser tabs with their handles and URLs



	navigate_to_url
	Navigate to a URL and return the loaded page’s content



	page_info
	Get info about the current page: URL, title, and loading state



	page_interactions
	Perform DOM interactions in sequence: click, type, scroll, hover, keyPress, etc.



	screenshot
	Capture a screenshot of the current page as a PNG



	set_emulated_media
	Emulate a CSS media type (e.g. “print”) for responsive-design testing



	set_viewport_size
	Set the browser viewport size in CSS pixels



	switch_tab
	Switch to a different browser tab by its handle



	wait_for_navigation
	Wait for the current page to finish loading; returns final URL and title





With the Safari MCP server, you no longer have to write the perfect prompt, carefully describing to your agent what you’re experiencing in the browser. You can give your agent the ability to find out for itself.

How to get started

First you’ll need to install Safari Technology Preview. Once installed, make sure you enable Safari Settings > Advanced > Show features for web developers. Then go to Safari Settings > Developer > Enable remote automation and external agents.

If you’re using Claude, you can use the following command in your terminal:

claude mcp add safari-mcp-stp -- "/Applications/Safari Technology Preview.app/Contents/MacOS/safaridriver" --mcp


If you’re using Codex, you can use the following command in your terminal:

codex mcp add safari-mcp-stp -- "/Applications/Safari Technology Preview.app/Contents/MacOS/safaridriver" --mcp


For other agents, you can put the following in your mcp.json or config.json :

"safari-mcp-stp": {
  "command": "/Applications/Safari Technology Preview.app/Contents/MacOS/safaridriver",
  "args": ["--mcp"] 
}


Note that while the above code names the server safari-mcp-stp, you can name it whatever you like, even just safari. Once you have the Safari MCP server installed, try one of the following prompts:

Find bugs on my site in Safari


How accessible is my site in Safari?


See how my website performs in Safari


While each agent works a little differently, it shouldn’t need to be told to use the Safari MCP server explicitly — it’ll figure it out on its own. Simple prompts like the ones above are enough to kickstart the MCP.

Here’s how a conversation with an agent using the Safari MCP server might go:


You: Got a bug report — something’s broken in Safari on the flight page. Can you figure out what’s going on?

Agent: Sure, let me take a look.

Agent: I found two distinct bugs on the flight page in Safari. Want me to fix them both?

You: Yes. Anything else here that might be causing problems for Safari users?

Agent: Yes, two more things worth flagging. The results reveal animation is silently broken and the API server startup log is wrong. Should I tackle both as well?




All you need is an initial request to get started, and with the help of the Safari MCP server, your agent can take it from there.

The Safari MCP server runs entirely on your local machine and makes no network calls of its own. It also does not have access to your personal information in Safari (e.g. AutoFill or other browser activity). When it captures page content, screenshots, or console logs, that data goes directly to the agent you’re running — not to Apple. What happens to that data from there depends on the agent and model you’re using. As with any agent you give access to your browser, only use ones you trust.

Why we built this

There are many ways to build for the web, both with and without AI. If AI is a part of your workflow, we think this tool will help make it even more productive. And if it isn’t, that’s OK too.

By creating this resource, we hope to make it easier than ever to test and debug in Safari by helping your agent understand how things look and work in the browser.

If you end up giving it a try or if this is your first time using an MCP server, let us know what you think.

Find us online: Saron Yitbarek on BlueSky, Jen Simmons on Bluesky / Mastodon, and Jon Davis on Bluesky / Mastodon. If you run into any issues, file a WebKit bug report. Filing issues really does make a difference.


                            

        


Original: https://webkit.org/blog/18136/introducing-the-safari-mcp-server-for-web-developers/ · Discussion
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Wordgard: In-browser rich-text editor from the creator of ProseMirror

wordgard.net · 225 points · Discussion

Full text couldn't be fetched for this one (paywall, anti-bot, or not an article page). Read it via the links below.

Original: https://wordgard.net/ · Discussion
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Jamesob's guide to running SOTA LLMs locally

github.com · 201 points · Discussion


jamesob's guide to running SOTA LLMs locally


Note: nothing in this README aside from the tables was written by AI.



Have $2k burning a hole in your pocket and want some local, state-of-the-art machine
intelligence?

How about $40k?

If Dario and Altman are giving you heartburn (they should be), read on to figure out
how to run this new kind of computing locally.



In this repo you'll find


	the hardware I use to run SOTA locally,

	why I bought what and little-known secrets for configuring it,





	how I run speech-to-text (STT) locally,

	ready-to-run configuration for running models I think are good within Docker containers.




Contents





	Section
	TL;DR





	How much are you willing to spend?
	$2k gets you Qwen and good STT (pretty far!); $40k gets you almost-Opus



	Base system
	Last-gen EPYC + eBay DDR4 for $5.6k



	GPUs
	4× RTX PRO 6000, 384GB VRAM (where the money went)



	c-payne switch sub-BOM
	Indie PCIe switching from c-payne.com so GPUs talk peer-to-peer



	GPU mount
	A day of carpentry



	Making the switch behave
	BIOS bifurcation, link speed, ASPM



	Kernel / GRUB params
	iommu=off or NCCL hangs



	ACS disable
	Keep P2P traffic inside the switch fabric



	GPU power limiting
	Running $46k of silicon on a 110V circuit



	Result
	Gen4 line rate: 27.5/50.4 GB/s, sub-µs latency



	runners/
	Ready-to-run serving configs: GLM-5.2-594B: vLLM docker-compose, DCP4+MTP5, ~80 t/s @ 460k ctx



	runners/stt
	Ready-to-run speech-to-text config with whisper-large-v3



	tools/
	measure-gpu-speed.sh: P2P bandwidth/latency benchmark



	Resources
	rtx6kpro repo, c-payne






My setup


I was lucky/dumb enough to buy 4x RTX Pro 6000s back when they were cheaper. Because
RAM is now so expensive, I opted to build a last-gen DDR4 system to host these cards,
the parts for which I got off eBay. This allowed me to keep base system cost reasonable
while still getting a lot of VRAM.



Another somewhat unusual thing I did was to use PCIe4 switches (from
c-payne.com). This allows the GPUs to communicate to one another
"directly" at wire speeds during the allreduce step in tensor parallelism, rather than
having to send all data through the PCI root complex. The upshot of this is reduced
latency between the cards with less of a need for expensive PCIe5 hardware.

[image: switch]

Consequently, I'm spending money on VRAM (where it counts) rather than on a PCIe5/DDR5
base system, which is terrifically expensive as of July 2026.

My particular BOM is detailed below.


How much are you willing to spend?



~$2k


A great way to go is 2x RTX 3090s for a total of 48GB VRAM total. You can then run
Qwen3.6-27B, which is an awesome model.

You can also run SOTA speech-to-text (STT) with
whisper-large-v3, which I find very
useful. That's the model - you'd then access it with my cross-platform stt
harness.

I've found local STT surprisingly useful - and I feel comfortable using it, unlike a
hosted equivalent. You can find a ready-to-run config in
./runners/stt that only assumes the presence of ~11GB of VRAM on an
Nvidia GPU.


~$40k


At this price level, you get the next step up in model intelligence. Something pretty
close to Claude Opus.

You'd buy 4x RTX 6000 Pros for a total of 384GB of VRAM.


Current best models for 4x RTX6kPRO





	Date
	Best model
	My config





	2026-07
	GLM-5.2-Int8Mix-NVFP4-REAP-594B
	Runner config






Other approaches


Note: these are my recommendations, but there are other completely valid ways to spend
your money. For example, there's probably also some regime where rather than getting 4
rtx6kpros, you allocate most of your money to building out a linked 4x DGX Spark
cluster for a total of 512GB VRAM
and use that as the slow, big brain to drive Qwen3.7-27b to do the rote tasks quickly.


Hardware


Here's the hardware I wound up purchasing for the 4x RTX 6000 pro machine.

[image: enclousure]


Base system


A modest, last-gen EPYC system purchased in parts almost entirely from eBay.




	Component
	Spec
	Price





	Motherboard
	ASRock Rack ROMED8-2T (SP3, 7× PCIe 4.0 x16, dual 10GbE)
	$715



	CPU
	AMD EPYC Milan 7313P (16-core 3.0GHz)
	$504



	RAM
	8× 16GB Crucial CT16G4RFD4213 DDR4 ECC RDIMM (128GB total, eBay)
	$642



	CPU Cooler
	Dynatron T17 SP3 tower, 280W TDP
	$40



	Case
	AAAWave Sluice V2 open frame
	$100



	PSUs
	2× Super Flower 1700W
	$750



	PCIe Switch
	c-payne Microchip Switchtec PM40100 Gen4 (see sub-BOM below)
	~$1,330



	Boot NVMe
	4TB M.2
	$291



	Storage NVMe
	(2x) 8TB M.2 (model weights)
	$1,200



	Fans
	3× 120mm PWM
	$15



	Total
	
	$5,587






GPUs





	Component
	Spec
	Price





	GPUs
	4× NVIDIA RTX PRO 6000 Blackwell Workstation (96GB each, 384GB VRAM total)
	~$46,000






c-payne PCIe Gen4 Switch Sub-BOM (c-payne.com)





	Part
	Qty
	Unit (€)
	Notes





	PCIe gen4 Switch 5× x16 — Microchip Switchtec PM40100
	1
	1.050
	2× SlimSAS 8i upstream, 5× x16 quad-width-spaced downstream, aux x4 SlimSAS, 3× 8-pin EPS power



	SlimSAS PCIe gen4 Host Adapter x16 — REDRIVER AIC (DS160PR810)
	1
	140
	Plugs into ROMED8-2T x16 slot, feeds switch upstream



	SlimSAS SFF-8654 8i cable — PCIe gen4
	2
	~30
	Each carries x8; pair = x16 upstream



	Total
	
	
	€1,220 ($1,330 USD)






GPU mount


I had to custom fabricate a wood enclosure for the PCI switch and GPUs, which took
about a day.

[image: carpentry]

I found the PCI switch's builtin fan very loud and seemingly useless, so I simply
unplugged that from the board.


Hoarding model weights


I save all model weights locally on a ZFS filesystem that's replicated across the two
8TB drives, which is mounted at ~/storage.

For any model I want to run, I first download the model using
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We are in a new age of logistical prowess, led by the dynamism of Amazon as it strives to carry out dizzyingly complex forms of order fulfillment and delivery. With the age of agentic commerce just around the corner—think of going to ChatGPT and having an AI agent scour every website for the cheapest offering of the specific dog food you buy—there is an expectation that the future of retail is near infinite assortment and ultra-fast delivery. Consumers want the exact flavor of the exact thing that they’re looking for, and they want it at their doorstep now. It seems sometimes that we are testing the bounds of infrastructural capacity and automation in logistics to fulfill this dream.




There are a few things wrong with this dream, however, and the first, as I’ll review in a moment, is simply that it might not be so desirable. Even if you think it is preferable at an individual level, there are good reasons to question the social value of the logistical complexity that it necessitates. Home delivery of single-packaged items entails an entirely different cost structure than freight trucks driving to consumer-facing warehouses delivering entire pallets of goods to be driven home by customers themselves. Two companies have emerged with ideal-type business models that dramatize the different economies at each end of this spectrum: Amazon and Costco. Late to the e-commerce game, minimally invested in their distribution network, and committed as ever to an artificially-limited assortment, Costco is the anti-Amazon. It embodies the precise opposite of everything imagined by the e-commerce futurists—and yet somehow its revenue has grown by an average of more than 10 percent every year for the last five years. 




Constraint and sociality




In some cases, consumers might want access to full product assortment: when, for instance, there’s a spot in the home that only fits a furnishing of certain dimensions, or when making a major electronics purchase. But in general, scrolling through options and reading through reviews online for every consumption choice is overwhelming and anxiety-producing: “infinite, meaningless options can result in something like a consumer fugue state,” The Atlantic once argued.  




One brilliant feature of the Costco experience is, paradoxically, the constraint: as opposed to Amazon, with its near infinite assortment, or even Walmart, which has approximately 130,000 SKUs (stock keeping units, or distinct items) in the average Supercenter, any given Costco will only hold 4,000 SKUs to choose from. While most retailers today assume that consumers want ever greater assortment, Costco’s popularity speaks to a countervailing desire for less choice. Indeed, the pre-selection of items for sale in their warehouses is part of the value proposition: not only are you going to get a lot of a particular thing for a good price, but you also won’t have to deliberate over micro-differences in a more robust assortment. 




In other words, winnowing selection is a service, not a limitation—especially with Costco’s product catalog. Costco is not known for having the cheapest goods, but it is known for having the cheapest price on its goods, and that is because its buying team has closer relationships with suppliers than any other big retailer. Such scrutiny and communication point away from low-road suppliers. This is a structural effect of Costco’s conscious choice to offer a low SKU count: fewer products to investigate means more time to investigate each product, and a natural gravitation away from the bargain basement. That its member-customers have come to expect a certain quality of everything in their stores reinforces this dynamic.




The low SKU count also allows Costco naturally to do something that Amazon does by squeezing suppliers: a low or even negative cash conversion cycle (CCC). The CCC is a corporate finance measure of how long it takes to turn inventory into cash through sales. Amazon often negotiates delayed payment terms with suppliers, leaning on them to allow payment windows longer than the thirty-day industry norm. Meanwhile, given the speed of its e-commerce business, Amazon is often receiving payment from consumers way before it has to pay suppliers, essentially giving the retailer interest-free cash. Costco enjoys the same benefit of a short or negative CCC, but without having to anger suppliers simply because fewer SKUs means a faster-moving inventory for the SKUs that they do carry. In other words, when a Costco store receives a shipment of a particular item from a supplier, it is often going to sell every unit in that shipment in less than a month, thanks to its scale and the simple fact that that particular item is going to be the only variety in store.




Costco’s in-store experience is another draw for customers, and this too runs counter to the prevailing view in the “future of retail” conversation. While the e-commerce share of retail has been steadily growing, it’s still under 17 percent in the United States, and one wonders in a society as anti-social as our own if customers find in-person shopping, degraded a “social” venture as it is, desirable even in its inconvenience. 




Shopping at Costco is always somewhat harried: no shopper can avoid lines at the registers or traffic jams in the aisles, even on the weekdays. It is the precise opposite of e-commerce convenience. And yet members not only don’t seem to mind the nuisance, they positively embrace it. Costco notably spends very little on advertising, but it doesn’t really need to, given the remarkable amount of free attention it gets by word of mouth and on social media from enthusiastic shoppers “talkin’ deals.” Costco has become a retail destination with a very loyal membership base (its annual membership renewal rate is typically above 90 percent) while offering a sparse, no-frills retail experience.




Benefits of simplicity




But consumer preference is only one metric by which to judge the desirability of “assortment and home delivery” vs. “constraint and in-person shopping.” It should be remembered that the term “logistics” comes from a military context—the French word for the “art of moving, quartering, and supplying troops”—and logistical success in business means most fundamentally the success with which goods are supplied to the customers who need them. Applied socially, our understanding of logistical success must be based not only on how goods are being supplied to any particular person, with their own smattering of individual preferences, but also on how they are being supplied as a whole. 




At the social level, logistical success can be measured in terms of cost efficiency. This cost can be understood in accounting terms as overhead: the warehouses, the vehicle fleet, fuel costs, forklifts. An enterprise is more efficient when it can spread these costs over a larger volume of goods. A cost-efficient operation is also simple, in that it’s reliable and not prone to disruption. The more complicated an operation, the more likely it is to fail. A simple operation also puts fewer demands on transportation infrastructure—an urgent question in congested urban environments. 




To put it crudely, having someone in a Sprinter van deliver a recently-purchased toothbrush to your doorstep is simply not a universalizable action, from either a business or logistical standpoint. It is a modern feat that Amazon is capable of doing this, but that it can be done does not mean that it should, nor even that it can be done writ large. For most consumption, it is far more efficient for people to handle the “last-mile delivery” themselves by going to stores and buying a good amount of stuff when they do so. This keeps delivery vans off the road, and it minimizes car trips for necessary purchases. For the retailers, it suppresses unnecessary mark-up both by keeping overhead costs low and by simplifying overall logistical operations. 




Costco’s income statements as reported in its Form 10-K include the standard operating expense category for “Selling, General, and Administrative” costs. This category is consistently and qualitatively lower than any of its competitors’—10 percent of sales, compared to Amazon’s delivery costs of 40 percent of non-AWS sales. One of the reasons for this is the bare bones nature of the Costco distribution network. At Costco’s “depots” (as opposed to their stores, which the company calls “warehouses”), all in- and outbound inventory is cross-docked in pallet quantities: full pallets come in from suppliers on one side of the building, workers on electric pallet jacks move those pallets from one side to the other, and full pallets are loaded onto trucks bound for stores. There is no pallet breakdown at a Costco depot, no conveyor belts, no fancy automation.




Such low overhead not only allows Costco to deliver on low prices to their customers; it also allows the company to pay relatively high wages to their workers. According to Indeed, Walmart pays retail sales associates an average of $16.23 an hour, and Amazon pays warehouse associates an average of $19.14 an hour. Costco pays front end associates an average of $21.29 an hour. This has allowed Costco to achieve an astonishingly low rate of labor turnover: compared to 60 percent turnover in retail generally and 150 percent in Amazon warehouses, the annual workforce turnover rate at Costco is just 6 percent. This is often treated in the business press as a matter of company “culture,” but it has a clear economic underpinning. When you minimize overhead, you can simply pay workers more without squeezing your overall margin. 




As I’ve said elsewhere, it’s ironic that Jeff Bezos originally got the idea for Prime, Amazon’s membership model, from former Costco CEO Jim Sinegal. Prime entitles members to free two-day delivery on over 300 million products (in addition to streaming services). With such a wide range of possible single-item orders, free delivery encourages less bundling of customer purchases. Whereas Costco membership helps to reduce overhead, Amazon membership increases it. Meeting two-day delivery demand requires dramatic investments in their distribution network, which is reflected in the higher share of sales accounted for by Amazon’s delivery costs. Lower overhead means more for workers, but it also means less organizational stress on those workers, as Costco employees are not subject to the quotas and surveillance that Amazon’s e-commerce business demands.




We don’t typically praise Costco for its logistics in the way that we do Amazon. But the former in fact offers a far more logistically elegant and socially beneficial model of goods provision than the latter. Amazon dominates when it comes to logistically-complex operations, but there is no inherent reason to prefer complicated operations to simple ones. If anything, simplicity should be the rule. Why do you need to figure out how to integrate robotic arms into a fulfillment operation dominated by autonomous mobile units when you can cross-dock full pallets? Is it more logistically impressive to solve difficult problems or to eliminate the need to solve them in the first place? 




That said, there is no question that, in a better society than the one we have, key parts of Amazon’s operation would be retained for offering functions that contribute to the social good. The capacity to deliver prescription medicines same-day to the elderly is a genuine social contribution. (Academics who like to talk about “counter-logistics,” a political orientation aimed at dismantling logistical power, tend to ignore the positive social benefits that modern logistics provides.) 




But if we’re looking for a generalizable model for the social provision of goods, Costco offers a foundationally useful blueprint for everyday personal consumption while Amazon does not. Amazon is hoping that its foray into grocery and everyday essentials will encourage more order bundling, and given the importance it’s according to this segment, it will no doubt continue to make headway there. But to date it has still not been able to make the conversion away from being an online convenience store, which tells you something important about its model: Amazon is there to fill in the gaps of a dominant mode of goods procurement, not to replace it.




Lessons for public grocery




In May, New York City mayor Zohran Mamdani reiterated his dedication to creating a public option in grocery, announcing plans to roll out one public grocery store in each borough, with two locations in the Bronx and Manhattan already scouted. The public grocery store is a model long overdue for widespread testing out, and as ex-Whole Foods Vice President Errol Schweizer has forcefully argued, there is already a shining example of it in the military commissary system. Commissary prices are typically 25–30 percent lower for veterans and military families.




The mayor’s critics have unsurprisingly settled on the critique that Mamdani’s plan will use taxpayer dollars to make life even harder for struggling grocers in NYC—conceding the idea that it will indeed result in cheaper groceries for New Yorkers. This is the terrain on which they want the discourse to play out because they expect, not without some justification, that spending on this project will involve an inefficient use of resources that is not worth the social benefit it provides. They will be combing through the receipts to find that one expense that illustrates government inefficiency or even graft. 




One simple way to keep overhead low and stay cash positive is to follow the Costco model: low SKU count, high volume. The low SKU count is not only a way to have a desirable cash conversion cycle (an important way of beating back critics on the right); it also creates the opportunity to develop relationships with good suppliers. There will be a temptation to invest in giving these stores that “retail look,” with consultants jumping in to emphasize the importance of shelf placement and signage. To my mind, the aisles could look much more like Costco warehouses, but with full case stacks instead of pallets, provided that shoppers know the city has made the effort on the front end to work with high-road suppliers. A solid marketing campaign around the relationships that the city has developed with local suppliers will do more to drive traffic than the usual retail gimmicks.




Volume is the other key consideration, and if I were on Mamdani’s team, I would deemphasize the “one in each borough” line. Mamdani has said that these stores will “buy and sell at wholesale prices” in part by “centraliz[ing] warehousing and distribution,” but central warehousing and distribution on five stores doesn’t mean much. When Costco had five stores, they had no central distribution network because they didn’t need it. Volume will be what makes centralizing warehousing and distribution worthwhile, and for that Mamdani’s team will need to be open to achieving the scale economies that the math will point to. Errol Schweizer and food systems expert Raj Patel have argued as much elsewhere, suggesting at least twenty stores. 




There are many other lessons to learn from Costco, but one that sticks out to me as perfectly reproducible within the context of public grocery stores is choosing a single loss leader that the system becomes known for: in Costco’s case, the $1.50 hot dog and soda combo (that price has not changed for over forty years). For NYC’s public grocery stores, how about a $2.12 halal wrap?




It’s worth noting that Costco traces its lineage back to Fedco, or the Federal Employees Distributing Company, a membership store started by post office employees in 1948. Fedco was essentially copied by Sol Price when he created Price Club, Costco’s primary competitor until the two merged in 1993. The basic idea behind Fedco was that federal employees could leverage their collective buying power to eliminate traditional retail store markup. It was, in essence, a remarkable testament to the power of the public purse, one that inspired the creation of a retail behemoth that naturally holds lessons for exercising that power once more. 

                            
            
                    



Original: https://phenomenalworld.org/analysis/the-anti-amazon/ · Discussion
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Cut Claude Code's input tokens by rendering bulky context as images — the same system prompt, tool docs, and history, in a fraction of the tokens.

An image's token cost is fixed by its pixel dimensions, not by how much
text is inside it. Dense content (code, JSON, tool output) packs ~3.1 chars per
image-token vs ~1 char per text-token on real Claude Code traffic. pxpipe is a
local proxy that exploits that gap: it rewrites the bulky parts of your
request (system prompt, tool docs, older history) into compact PNGs before
the request leaves your machine.

Savings are workload-dependent — pxpipe wins on token-dense content and
leaves sparse/small requests untouched — so these are measured snapshots, not
constants. The primary, durable result is input-token reduction: dense
system prompts, tool docs, and history go in as compact images instead of text
(the example above is ≈25k text tokens rendered as ≈2.7k image tokens), every
request measured against its own count_tokens counterfactual. Dollars are
downstream of that — at current Fable list prices the token cut lands as a
~59–70% lower end-to-end bill (~72–74% on compressed requests; full pricing
math in the FAQ). But list prices can change tomorrow and the token count
won't, so tokens — not dollars — are the number to watch. Reproduce both from
~/.pxpipe/events.jsonl.

This is what the model sees instead of text:

[image: example: a real transformRequest output: system prompt + tool docs reflowed into one dense 1573×1248 page, instruction banner on top, ↵ marking original newlines]

~48k characters of system prompt + tool docs (this repo's own README,
FINDINGS, and source), ≈25k tokens as text, ≈2.7k image tokens as this page.
Produced by the real transformRequest pipeline: whitespace-minified, reflowed
into full rows with ↵ marking original newlines, OCR instruction banner
co-rendered on top. The model reads renders like this at 100/100 on a clean
eval (see benchmarks).


Demo


Fable 5 demo (the default, 100/100 reader):
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This article was written by Marco Manino and Alberto Carretero, dqlite team at Canonical.

1. Anatomy of a SQLite bug

Recently SQLite published a new version with a fix to a long-standing bug in the way that the Write Ahead Log (WAL) is checkpointed that leads to the corruption of the database.

The important aspect of this bug is not its real-world impact (which is very low) but how long it has been in the repository, how difficult it was to find it, and how difficult it was to reproduce it. Indeed the bug has been present since 2010, for 16 years! Also, the crucial question for us, the dqlite team, is: can dqlite be affected by this?

In order to find out, we first need to be able to understand the exact sequence of steps that leads to database corruption. To do that, we will be using TLA+ to model SQLite’s behavior and quickly find a trace that allows us to reason about the bug. Then, we will create a different model that describes how dqlite uses sqlite and we will check whether the bug can happen.

2. Small introduction to WAL and checkpoints in SQLite

SQLite uses WAL mode to allow readers to not be blocked by writers. The way it achieves that is by writing to a special staging area called the Write Ahead Log (WAL). Writers can append to the end of the WAL and readers can ignore the new data until it is stable. Eventually, the staging area is moved to the database; this is called a checkpoint. To prevent the WAL from growing indefinitely, a writer will attempt to “reset” it – i.e. overwriting it – if the previous checkpoint was able to move all the pages. If you are curious to learn more you can find a very clear description in the official documentation.

SQLite orchestrates changes to the WAL using locks and shared memory. For our use-case it is enough to think about writing and checkpointing; as such, we only care about two locks:


	The checkpoint lock (CKPT_LOCK) which is taken before running a checkpoint to prevent multiple from happening at the same time

	The write lock (WRITE_LOCK) which is taken before appending new pages to the WAL



The shared memory contains information needed to orchestrate writers, checkpointers, and readers, together with a data structure to index pages in the WAL for read performance. As we said, readers are not involved; as such, the only interesting fields are:


	walSalt which contains a counter that is incremented each time the WAL is reset

	mxFrame which contains the length of the WAL

	nBackfill which contains the amount of pages that have been already checkpointed, that is, [nBackfill+1, mxFrame] has not been copied to the database at this point



3. Modeling the bug in TLA+

Part of the difficulty of writing TLA+ is deciding what to model and what not to model. We would like to come up with the simplest possible spec that is still faithful to reality and which we can use to extract useful insights from the model.

The first thing to model is our database and WAL as described in the previous section:

\* files.
VARIABLE wal
VARIABLE db

\* wal-index variables:
VARIABLE nBackfill
VARIABLE mxFrame
\* We will only capture the sequential part of the salt.
VARIABLE walSalt

Init ≜
    \* wal and db are initially empty.
    ∧ wal = ⟨⟩
    ∧ db = {}
    ∧ nBackfill = 0
    ∧ mxFrame = 0
    ∧ walSalt = 0

Since generating the data is out of the scope of the model, we can take a simpler approach. We can model each page of data as a single unique number, then the WAL can be a sequence of such numbers and the database a set of them. In particular, checkpointing will move pages from the sequence in the WAL to the set of the database in the order they were appended to the WAL. To generate a unique number it is enough to use an always increasing counter.

We need to model the two actions that interact and produce the bug: appending and checkpointing. Let’s start by looking at the C code in SQLite that appends pages to the WAL to define our TLA+ action:

SQLite code responsible for appending frames to the WAL 
static int walFrames(
  Wal *pWal,                      /* Wal handle to write to */
  int szPage,                     /* Database page-size in bytes */
  PgHdr *pList,                   /* List of dirty pages to write */
  Pgno nTruncate,                 /* Database size after this commit */
  int isCommit,                   /* True if this is a commit */
  int sync_flags                  /* Flags to pass to OsSync() (or 0) */
){
  int rc;                         /* Used to catch return codes */
  u32 iFrame;                     /* Next frame address */
  PgHdr *p;                       /* Iterator to run through pList with. */
  PgHdr *pLast = 0;               /* Last frame in list */
  int nExtra = 0;                 /* Number of extra copies of last page */
  int szFrame;                    /* The size of a single frame */
  i64 iOffset;                    /* Next byte to write in WAL file */
  WalWriter w;                    /* The writer */
  u32 iFirst = 0;                 /* First frame that may be overwritten */
  WalIndexHdr *pLive;             /* Pointer to shared header */

  assert( pList );
  assert( pWal->writeLock );

  /* If this frame set completes a transaction, then nTruncate>0.  If
  ** nTruncate==0 then this frame set does not complete the transaction. */
  assert( (isCommit!=0)==(nTruncate!=0) );

#if defined(SQLITE_TEST) && defined(SQLITE_DEBUG)
  { int cnt; for(cnt=0, p=pList; p; p=p->pDirty, cnt++){}
    WALTRACE(("WAL%p: frame write begin. %d frames. mxFrame=%d. %s\n",
              pWal, cnt, pWal->hdr.mxFrame, isCommit ? "Commit" : "Spill"));
  }
#endif

  pLive = (WalIndexHdr*)walIndexHdr(pWal);
  if( memcmp(&pWal->hdr, (void *)pLive, sizeof(WalIndexHdr))!=0 ){
    iFirst = pLive->mxFrame+1;
  }

  /* See if it is possible to write these frames into the start of the
  ** log file, instead of appending to it at pWal->hdr.mxFrame.
  */
  if( SQLITE_OK!=(rc = walRestartLog(pWal)) ){
    return rc;
  }

  /* If this is the first frame written into the log, write the WAL
  ** header to the start of the WAL file. See comments at the top of
  ** this source file for a description of the WAL header format.
  */
  iFrame = pWal->hdr.mxFrame;
  if( iFrame==0 ){
    u8 aWalHdr[WAL_HDRSIZE];      /* Buffer to assemble wal-header in */
    u32 aCksum[2];                /* Checksum for wal-header */

    sqlite3Put4byte(&aWalHdr[0], (WAL_MAGIC | SQLITE_BIGENDIAN));
    sqlite3Put4byte(&aWalHdr[4], WAL_MAX_VERSION);
    sqlite3Put4byte(&aWalHdr[8], szPage);
    sqlite3Put4byte(&aWalHdr[12], pWal->nCkpt);
    if( pWal->nCkpt==0 ) sqlite3_randomness(8, pWal->hdr.aSalt);
    memcpy(&aWalHdr[16], pWal->hdr.aSalt, 8);
    walChecksumBytes(1, aWalHdr, WAL_HDRSIZE-2*4, 0, aCksum);
    sqlite3Put4byte(&aWalHdr[24], aCksum[0]);
    sqlite3Put4byte(&aWalHdr[28], aCksum[1]);

    pWal->szPage = szPage;
    pWal->hdr.bigEndCksum = SQLITE_BIGENDIAN;
    pWal->hdr.aFrameCksum[0] = aCksum[0];
    pWal->hdr.aFrameCksum[1] = aCksum[1];
    pWal->truncateOnCommit = 1;

    rc = sqlite3OsWrite(pWal->pWalFd, aWalHdr, sizeof(aWalHdr), 0);
    WALTRACE(("WAL%p: wal-header write %s\n", pWal, rc ? "failed" : "ok"));
    if( rc!=SQLITE_OK ){
      return rc;
    }

    /* Sync the header (unless SQLITE_IOCAP_SEQUENTIAL is true or unless
    ** all syncing is turned off by PRAGMA synchronous=OFF).  Otherwise
    ** an out-of-order write following a WAL restart could result in
    ** database corruption.  See the ticket:
    **
    **     https://sqlite.org/src/info/ff5be73dee
    */
    if( pWal->syncHeader ){
      rc = sqlite3OsSync(pWal->pWalFd, CKPT_SYNC_FLAGS(sync_flags));
      if( rc ) return rc;
    }
  }
  if( (int)pWal->szPage!=szPage ){
    return SQLITE_CORRUPT_BKPT;  /* TH3 test case: cov1/corrupt155.test */
  }

  /* Setup information needed to write frames into the WAL */
  w.pWal = pWal;
  w.pFd = pWal->pWalFd;
  w.iSyncPoint = 0;
  w.syncFlags = sync_flags;
  w.szPage = szPage;
  iOffset = walFrameOffset(iFrame+1, szPage);
  szFrame = szPage + WAL_FRAME_HDRSIZE;

  /* Write all frames into the log file exactly once */
  for(p=pList; p; p=p->pDirty){
    int nDbSize;   /* 0 normally.  Positive == commit flag */

    /* Check if this page has already been written into the wal file by
    ** the current transaction. If so, overwrite the existing frame and
    ** set Wal.writeLock to WAL_WRITELOCK_RECKSUM - indicating that
    ** checksums must be recomputed when the transaction is committed.  */
    if( iFirst && (p->pDirty || isCommit==0) ){
      u32 iWrite = 0;
      VVA_ONLY(rc =) walFindFrame(pWal, p->pgno, &iWrite);
      assert( rc==SQLITE_OK || iWrite==0 );
      if( iWrite>=iFirst ){
        i64 iOff = walFrameOffset(iWrite, szPage) + WAL_FRAME_HDRSIZE;
        void *pData;
        if( pWal->iReCksum==0 || iWrite<pWal->iReCksum ){
          pWal->iReCksum = iWrite;
        }
        pData = p->pData;
        rc = sqlite3OsWrite(pWal->pWalFd, pData, szPage, iOff);
        if( rc ) return rc;
        p->flags &= ~PGHDR_WAL_APPEND;
        continue;
      }
    }

    iFrame++;
    assert( iOffset==walFrameOffset(iFrame, szPage) );
    nDbSize = (isCommit && p->pDirty==0) ? nTruncate : 0;
    rc = walWriteOneFrame(&w, p, nDbSize, iOffset);
    if( rc ) return rc;
    pLast = p;
    iOffset += szFrame;
    p->flags |= PGHDR_WAL_APPEND;
  }

  /* Recalculate checksums within the wal file if required. */
  if( isCommit && pWal->iReCksum ){
    rc = walRewriteChecksums(pWal, iFrame);
    if( rc ) return rc;
  }

  /* If this is the end of a transaction, then we might need to pad
  ** the transaction and/or sync the WAL file.
  **
  ** Padding and syncing only occur if this set of frames complete a
  ** transaction and if PRAGMA synchronous=FULL.  If synchronous==NORMAL
  ** or synchronous==OFF, then no padding or syncing are needed.
  **
  ** If SQLITE_IOCAP_POWERSAFE_OVERWRITE is defined, then padding is not
  ** needed and only the sync is done.  If padding is needed, then the
  ** final frame is repeated (with its commit mark) until the next sector
  ** boundary is crossed.  Only the part of the WAL prior to the last
  ** sector boundary is synced; the part of the last frame that extends
  ** past the sector boundary is written after the sync.
  */
  if( isCommit && WAL_SYNC_FLAGS(sync_flags)!=0 ){
    int bSync = 1;
    if( pWal->padToSectorBoundary ){
      int sectorSize = sqlite3SectorSize(pWal->pWalFd);
      w.iSyncPoint = ((iOffset+sectorSize-1)/sectorSize)*sectorSize;
      bSync = (w.iSyncPoint==iOffset);
      testcase( bSync );
      while( iOffset<w.iSyncPoint ){
        rc = walWriteOneFrame(&w, pLast, nTruncate, iOffset);
        if( rc ) return rc;
        iOffset += szFrame;
        nExtra++;
        assert( pLast!=0 );
      }
    }
    if( bSync ){
      assert( rc==SQLITE_OK );
      rc = sqlite3OsSync(w.pFd, WAL_SYNC_FLAGS(sync_flags));
    }
  }

  /* If this frame set completes the first transaction in the WAL and
  ** if PRAGMA journal_size_limit is set, then truncate the WAL to the
  ** journal size limit, if possible.
  */
  if( isCommit && pWal->truncateOnCommit && pWal->mxWalSize>=0 ){
    i64 sz = pWal->mxWalSize;
    if( walFrameOffset(iFrame+nExtra+1, szPage)>pWal->mxWalSize ){
      sz = walFrameOffset(iFrame+nExtra+1, szPage);
    }
    walLimitSize(pWal, sz);
    pWal->truncateOnCommit = 0;
  }

  /* Append data to the wal-index. It is not necessary to lock the
  ** wal-index to do this as the SQLITE_SHM_WRITE lock held on the wal-index
  ** guarantees that there are no other writers, and no data that may
  ** be in use by existing readers is being overwritten.
  */
  iFrame = pWal->hdr.mxFrame;
  for(p=pList; p && rc==SQLITE_OK; p=p->pDirty){
    if( (p->flags & PGHDR_WAL_APPEND)==0 ) continue;
    iFrame++;
    rc = walIndexAppend(pWal, iFrame, p->pgno);
  }
  assert( pLast!=0 || nExtra==0 );
  while( rc==SQLITE_OK && nExtra>0 ){
    iFrame++;
    nExtra--;
    rc = walIndexAppend(pWal, iFrame, pLast->pgno);
  }

  if( rc==SQLITE_OK ){
    /* Update the private copy of the header. */
    pWal->hdr.szPage = (u16)((szPage&0xff00) | (szPage>>16));
    testcase( szPage<=32768 );
    testcase( szPage>=65536 );
    pWal->hdr.mxFrame = iFrame;
    if( isCommit ){
      pWal->hdr.iChange++;
      pWal->hdr.nPage = nTruncate;
    }
    /* If this is a commit, update the wal-index header too. */
    if( isCommit ){
      walIndexWriteHdr(pWal);
      pWal->iCallback = iFrame;
    }
  }

  WALTRACE(("WAL%p: frame write %s\n", pWal, rc ? "failed" : "ok"));
  return rc;
}

static int walRestartLog(Wal *pWal){
  int rc = SQLITE_OK;
  int cnt;

  if( pWal->readLock==0 ){
    volatile WalCkptInfo *pInfo = walCkptInfo(pWal);
    assert( pInfo->nBackfill==pWal->hdr.mxFrame );
    if( pInfo->nBackfill>0 ){
      u32 salt1;
      sqlite3_randomness(4, &salt1);
      rc = walLockExclusive(pWal, WAL_READ_LOCK(1), WAL_NREADER-1);
      if( rc==SQLITE_OK ){
        /* If all readers are using WAL_READ_LOCK(0) (in other words if no
        ** readers are currently using the WAL), then the transactions
        ** frames will overwrite the start of the existing log. Update the
        ** wal-index header to reflect this.
        **
        ** In theory it would be Ok to update the cache of the header only
        ** at this point. But updating the actual wal-index header is also
        ** safe and means there is no special case for sqlite3WalUndo()
        ** to handle if this transaction is rolled back.  */
        walRestartHdr(pWal, salt1);
        walUnlockExclusive(pWal, WAL_READ_LOCK(1), WAL_NREADER-1);
      }else if( rc!=SQLITE_BUSY ){
        return rc;
      }
    }
    walUnlockShared(pWal, WAL_READ_LOCK(0));
    pWal->readLock = -1;
    cnt = 0;
    do{
      int notUsed;
      rc = walTryBeginRead(pWal, &notUsed, 1, &cnt);
    }while( rc==WAL_RETRY );
    assert( (rc&0xff)!=SQLITE_BUSY ); /* BUSY not possible when useWal==1 */
    testcase( (rc&0xff)==SQLITE_IOERR );
    testcase( rc==SQLITE_PROTOCOL );
    testcase( rc==SQLITE_OK );
  }
  return rc;
}

static void walRestartHdr(Wal *pWal, u32 salt1){
  volatile WalCkptInfo *pInfo = walCkptInfo(pWal);
  int i;                          /* Loop counter */
  u32 *aSalt = pWal->hdr.aSalt;   /* Big-endian salt values */
  pWal->nCkpt++;
  pWal->hdr.mxFrame = 0;
  sqlite3Put4byte((u8*)&aSalt[0], 1 + sqlite3Get4byte((u8*)&aSalt[0]));
  memcpy(&pWal->hdr.aSalt[1], &salt1, 4);
  walIndexWriteHdr(pWal);
  AtomicStore(&pInfo->nBackfill, 0);
  pInfo->nBackfillAttempted = 0;
  pInfo->aReadMark[1] = 0;
  for(i=2; i<WAL_NREADER; i++) pInfo->aReadMark[i] = READMARK_NOT_USED;
  assert( pInfo->aReadMark[0]==0 );
}


We highlighted the relevant pieces of the code above, now let’s see how that translates into TLA+. To model the behavior we need, we focus on two actions in the code above: WalAppendTakeLock and WalAppend. We also need a new variable to represent the write lock (the first assert in the code above):

 \* Lock needed to write to the WAL.
VARIABLE writeLock
    
WalAppendTakeLock ≜
    ∧ writeLock = "notTaken"
    ∧ writeLock' = "takenForAppend"
    ∧ UNCHANGED ⟨ wal, db, nBackfill, mxFrame, frameNumber, checkPointState, safeMxFrame, walSalt, pWalSalt ⟩

WalAppend ≜
    ∧ writeLock = "takenForAppend"
    \* The if condition is written as an assert in the sqlite code because
    \* checking for pWal->readLock == 0 gives us the same guarantee. If the
    \* writer has taken the read lock at 0 it means there are no frames in the
    \* wal that were not checkpointed.
    ∧ IF (nBackfill > 0 ∧ mxFrame = nBackfill)
       THEN
        \* Restart the Wal and Append.
        \* We don't have readers so every writer after a checkpoint will
        \* restart the wal.
        ∧ wal' = ⟨ frameNumber ⟩
        ∧ mxFrame' = 1
        ∧ nBackfill' = 0
        ∧ walSalt' = walSalt + 1
       ELSE
        ∧ wal' = Append(wal, frameNumber)
        ∧ mxFrame' = mxFrame + 1
        ∧ UNCHANGED ⟨ nBackfill, walSalt ⟩
    ∧ frameNumber' = frameNumber + 1
    ∧ writeLock' = "notTaken"
    ∧ UNCHANGED ⟨ db, checkpoint_vars ⟩


Next, let’s focus on checkpointing, which is the other piece of the puzzle:

SQLite code responsible for checkpointing 
static int walCheckpoint(
  Wal *pWal,                      /* Wal connection */
  sqlite3 *db,                    /* Check for interrupts on this handle */
  int eMode,                      /* One of PASSIVE, FULL or RESTART */
  int (*xBusy)(void*),            /* Function to call when busy */
  void *pBusyArg,                 /* Context argument for xBusyHandler */
  int sync_flags,                 /* Flags for OsSync() (or 0) */
  u8 *zBuf                        /* Temporary buffer to use */
){
  int rc = SQLITE_OK;             /* Return code */
  int szPage;                     /* Database page-size */
  WalIterator *pIter = 0;         /* Wal iterator context */
  u32 iDbpage = 0;                /* Next database page to write */
  u32 iFrame = 0;                 /* Wal frame containing data for iDbpage */
  u32 mxSafeFrame;                /* Max frame that can be backfilled */
  u32 mxPage;                     /* Max database page to write */
  int i;                          /* Loop counter */
  volatile WalCkptInfo *pInfo;    /* The checkpoint status information */

  szPage = walPagesize(pWal);
  testcase( szPage<=32768 );
  testcase( szPage>=65536 );
  pInfo = walCkptInfo(pWal);
  if( pInfo->nBackfill<pWal->hdr.mxFrame ){

    /* EVIDENCE-OF: R-62920-47450 The busy-handler callback is never invoked
    ** in the SQLITE_CHECKPOINT_PASSIVE mode. */
    assert( eMode!=SQLITE_CHECKPOINT_PASSIVE || xBusy==0 );

    /* Compute in mxSafeFrame the index of the last frame of the WAL that is
    ** safe to write into the database.  Frames beyond mxSafeFrame might
    ** overwrite database pages that are in use by active readers and thus
    ** cannot be backfilled from the WAL.
    */
    mxSafeFrame = pWal->hdr.mxFrame;
    mxPage = pWal->hdr.nPage;
    for(i=1; i<WAL_NREADER; i++){
      u32 y = AtomicLoad(pInfo->aReadMark+i); SEH_INJECT_FAULT;
      if( mxSafeFrame>y ){
        assert( y<=pWal->hdr.mxFrame );
        rc = walBusyLock(pWal, xBusy, pBusyArg, WAL_READ_LOCK(i), 1);
        if( rc==SQLITE_OK ){
          u32 iMark = (i==1 ? mxSafeFrame : READMARK_NOT_USED);
          AtomicStore(pInfo->aReadMark+i, iMark); SEH_INJECT_FAULT;
          walUnlockExclusive(pWal, WAL_READ_LOCK(i), 1);
        }else if( rc==SQLITE_BUSY ){
          mxSafeFrame = y;
          xBusy = 0;
        }else{
          goto walcheckpoint_out;
        }
      }
    }

    /* Allocate the iterator */
    if( pInfo->nBackfill<mxSafeFrame ){
      rc = walIteratorInit(pWal, pInfo->nBackfill, &pIter);
      assert( rc==SQLITE_OK || pIter==0 );
    }

    if( pIter
     && (rc = walBusyLock(pWal,xBusy,pBusyArg,WAL_READ_LOCK(0),1))==SQLITE_OK
    ){
      u32 nBackfill = pInfo->nBackfill;
      pInfo->nBackfillAttempted = mxSafeFrame; SEH_INJECT_FAULT;

      /* Sync the WAL to disk */
      rc = sqlite3OsSync(pWal->pWalFd, CKPT_SYNC_FLAGS(sync_flags));

      /* If the database may grow as a result of this checkpoint, hint
      ** about the eventual size of the db file to the VFS layer.
      */
      if( rc==SQLITE_OK ){
        i64 nReq = ((i64)mxPage * szPage);
        i64 nSize;                    /* Current size of database file */
        sqlite3OsFileControl(pWal->pDbFd, SQLITE_FCNTL_CKPT_START, 0);
        rc = sqlite3OsFileSize(pWal->pDbFd, &nSize);
        if( rc==SQLITE_OK && nSize<nReq ){
          if( (nSize+65536+(i64)pWal->hdr.mxFrame*szPage)<nReq ){
            /* If the size of the final database is larger than the current
            ** database plus the amount of data in the wal file, plus the
            ** maximum size of the pending-byte page (65536 bytes), then
            ** must be corruption somewhere.  */
            rc = SQLITE_CORRUPT_BKPT;
          }else{
            sqlite3OsFileControlHint(pWal->pDbFd, SQLITE_FCNTL_SIZE_HINT,&nReq);
          }
        }

      }

      /* Iterate through the contents of the WAL, copying data to the db file */
      while( rc==SQLITE_OK && 0==walIteratorNext(pIter, &iDbpage, &iFrame) ){
        i64 iOffset;
        assert( walFramePgno(pWal, iFrame)==iDbpage );
        SEH_INJECT_FAULT;
        if( AtomicLoad(&db->u1.isInterrupted) ){
          rc = db->mallocFailed ? SQLITE_NOMEM_BKPT : SQLITE_INTERRUPT;
          break;
        }
        if( iFrame<=nBackfill || iFrame>mxSafeFrame || iDbpage>mxPage ){
          continue;
        }
        iOffset = walFrameOffset(iFrame, szPage) + WAL_FRAME_HDRSIZE;
        /* testcase( IS_BIG_INT(iOffset) ); // requires a 4GiB WAL file */
        rc = sqlite3OsRead(pWal->pWalFd, zBuf, szPage, iOffset);
        if( rc!=SQLITE_OK ) break;
        iOffset = (iDbpage-1)*(i64)szPage;
        testcase( IS_BIG_INT(iOffset) );
        rc = sqlite3OsWrite(pWal->pDbFd, zBuf, szPage, iOffset);
        if( rc!=SQLITE_OK ) break;
      }
      sqlite3OsFileControl(pWal->pDbFd, SQLITE_FCNTL_CKPT_DONE, 0);

      /* If work was actually accomplished... */
      if( rc==SQLITE_OK ){
        if( mxSafeFrame==walIndexHdr(pWal)->mxFrame ){
          i64 szDb = pWal->hdr.nPage*(i64)szPage;
          testcase( IS_BIG_INT(szDb) );
          rc = sqlite3OsTruncate(pWal->pDbFd, szDb);
          if( rc==SQLITE_OK ){
            rc = sqlite3OsSync(pWal->pDbFd, CKPT_SYNC_FLAGS(sync_flags));
          }
        }
        if( rc==SQLITE_OK ){
          AtomicStore(&pInfo->nBackfill, mxSafeFrame); SEH_INJECT_FAULT;
        }
      }

      /* Release the reader lock held while backfilling */
      walUnlockExclusive(pWal, WAL_READ_LOCK(0), 1);
    }

    if( rc==SQLITE_BUSY ){
      /* Reset the return code so as not to report a checkpoint failure
      ** just because there are active readers.  */
      rc = SQLITE_OK;
    }
  }

  /* If this is an SQLITE_CHECKPOINT_RESTART or TRUNCATE operation, and the
  ** entire wal file has been copied into the database file, then block
  ** until all readers have finished using the wal file. This ensures that
  ** the next process to write to the database restarts the wal file.
  */
  if( rc==SQLITE_OK && eMode!=SQLITE_CHECKPOINT_PASSIVE ){
    assert( pWal->writeLock );
    SEH_INJECT_FAULT;
    if( pInfo->nBackfill<pWal->hdr.mxFrame ){
      rc = SQLITE_BUSY;
    }else if( eMode>=SQLITE_CHECKPOINT_RESTART ){
      u32 salt1;
      sqlite3_randomness(4, &salt1);
      assert( pInfo->nBackfill==pWal->hdr.mxFrame );
      rc = walBusyLock(pWal, xBusy, pBusyArg, WAL_READ_LOCK(1), WAL_NREADER-1);
      if( rc==SQLITE_OK ){
        if( eMode==SQLITE_CHECKPOINT_TRUNCATE ){
          /* IMPLEMENTATION-OF: R-44699-57140 This mode works the same way as
          ** SQLITE_CHECKPOINT_RESTART with the addition that it also
          ** truncates the log file to zero bytes just prior to a
          ** successful return.
          **
          ** In theory, it might be safe to do this without updating the
          ** wal-index header in shared memory, as all subsequent reader or
          ** writer clients should see that the entire log file has been
          ** checkpointed and behave accordingly. This seems unsafe though,
          ** as it would leave the system in a state where the contents of
          ** the wal-index header do not match the contents of the
          ** file-system. To avoid this, update the wal-index header to
          ** indicate that the log file contains zero valid frames.  */
          walRestartHdr(pWal, salt1);
          rc = sqlite3OsTruncate(pWal->pWalFd, 0);
        }
        walUnlockExclusive(pWal, WAL_READ_LOCK(1), WAL_NREADER-1);
      }
    }
  }

 walcheckpoint_out:
  SEH_FREE_ON_ERROR(pIter, 0);
  walIteratorFree(pIter);
  return rc;
}



In TLA+ we need to split the function above into several different actions to model reading from shared memory, which can change in between reads! In fact, pInfo is a volatile pointer to the shared memory which can change, even without taking locks, for example by a concurrent writer. On the other hand, pWal is a copy of the wal-index header which does not change after the start of the execution.

\* checkpoint variables:
\* It is set using a copy of the wal-index header (pWal->hdr.mxFrame) when
\* starting the checkpoint.
VARIABLE safeMxFrame
\* It is set using a copy of the wal-index header (pWal->aSalt) when
\* starting the checkpoint.
VARIABLE pWalSalt
\* Running a checkpoint will move the state:
\*    notStarted -> copiedHeader -> waitingForLock -> (finished) -> notStarted
\* Note that only one checkpoint can happen at a time, which is why this is a
\* global variable and that appends can happen concurrently with checkpoints,
\* the exclusion zones correspond to our atomic actions.
VARIABLE checkPointState

CheckPointCopyHeader ≜
    ∧ checkPointState = "notStarted"
    ∧ safeMxFrame' = mxFrame
    ∧ pWalSalt' = walSalt
    ∧ checkPointState' = "copiedHeader"
    ∧ UNCHANGED ⟨ wal, nBackfill, db, mxFrame, frameNumber, walSalt, writeLock ⟩

StartCheckpoint ≜
    ∧ checkPointState = "copiedHeader"
    \* Important: here backfill is read from the live header while safeMxFrame
    \* is read from the stale copy of the header.
    ∧ IF nBackfill < safeMxFrame
       THEN checkPointState' = "waitingForLock"
       ELSE checkPointState' = "notStarted"
    ∧ UNCHANGED ⟨ wal, nBackfill, db, mxFrame, frameNumber, safeMxFrame, walSalt, pWalSalt, writeLock ⟩

Checkpoint ≜
    ∧ checkPointState = "waitingForLock"
    \* Move pages from wal into db.
    ∧ db' = db ∪ { wal[j] : j ∈ nBackfill+1‥Len(wal) }
    ∧ nBackfill' = safeMxFrame
    \* Reset the checkpoint state.
    ∧ safeMxFrame' = 0
    ∧ pWalSalt' = 0
    ∧ checkPointState' = "notStarted"
    ∧ UNCHANGED ⟨ mxFrame, wal, frameNumber, walSalt, writeLock ⟩


You can download the full TLA+ specifications with instructions here: https://gist.github.com/letFunny/f068b46109d4b59f540df086429da05d.

4. Reproducing the bug

Once the model is in place, we can define an invariant that will trigger in the event of data loss or database corruption:

\* There are no "holes" in the database.
\* All the frames that were added to the WAL have landed in order.
NoPageIsLost ≜ ∀ f ∈ 1‥Cardinality(db) : f ∈ db


Running the model-checker quickly finds a counter-example. It takes only 20 states to witness a missing page in the database which can, as stated in the documentation, lead to database corruption. The sequence of states looks very similar to what is included in SQLite’s own report of the bug, validating our model. Let’s break it down, following the description of the bug from the SQLite docs:




And now, the all-important question…

5. Is dqlite affected?

To answer the question properly, we will create a model for dqlite that captures the differences with sqlite itself. We will then model-check again to see if the invariant breaks.

Given that dqlite needs to coordinate writes with Raft, it needs to be more restrictive with regards to which operations can proceed simultaneously. For this reason dqlite blocks any user-initiated checkpoint and disables automatic ones. Moreover, it will take more locks than SQLite usually needs to prevent both reads and writes from happening during a checkpoint – in practice, checkpoint is a stop-the-world action in dqlite. 

dqlite code that triggers a checkpoint from the VFS
static int vfsCheckpoint(sqlite3 *conn, struct vfsMainFile *f)
{
    PRE(f->sharedMask == 0);
    PRE(f->exclMask == 0);
    tracef("[database %p] checkpoint start", (void*)f->database);

    /* Try to lock everything, so that nothing can proceed. */
    int rv = vfsShmLock(&f->database->shm, 0, SQLITE_SHM_NLOCK, true);
    if (rv != SQLITE_OK) {
        tracef("[database %p] checkpoint busy", (void*)f->database);
        return rv;
    }
    f->exclMask = VFS__CHECKPOINT_MASK;

    PRE(f->database->wal.n_tx == 0);

    int wal_size;
    int ckpt;
    rv = sqlite3_wal_checkpoint_v2(conn, NULL, SQLITE_CHECKPOINT_TRUNCATE,
                       &wal_size, &ckpt);
    /* Since no reader transaction is in progress, we must be able to
     * checkpoint the entire WAL */
    dqlite_assert(rv == SQLITE_OK);
    dqlite_assert(wal_size == 0);
    dqlite_assert(ckpt == 0);
    tracef("[database %p] checkpointed", (void*)f->database);

    f->exclMask = 0;
    rv = vfsShmUnlock(&f->database->shm, 0, SQLITE_SHM_NLOCK, true);
    dqlite_assert(rv == SQLITE_OK);

    return SQLITE_OK;
}



As we can see above, the only difference for our model is that the write lock is taken before starting a checkpoint. TLA+ has a useful mechanism for extending existing specs by importing them with the INSTANCE keyword. We will use the base spec with the added locks on top:

SQLITE ≜ INSTANCE sqlite

DqliteCheckpointTakeLock ≜
    ∧ writeLock = "notTaken"
    ∧ writeLock' = "takenForCheckpoint"
    ∧ UNCHANGED ⟨ wal, db, nBackfill, mxFrame, frameNumber, checkPointState, safeMxFrame, walSalt, pWalSalt ⟩

DqliteCheckpointReleaseLock ≜
    ∧ writeLock = "takenForCheckpoint"
    ∧ checkPointState = "notStarted"
    ∧ writeLock' = "notTaken"
    ∧ UNCHANGED ⟨ wal, db, nBackfill, mxFrame, frameNumber, checkPointState, safeMxFrame, walSalt, pWalSalt ⟩

\* Overwrite the action in the original model by making sure the lock is taken.
DqliteCheckPointCopyHeader ≜
    ∧ writeLock = "takenForCheckpoint"
    ∧ SQLITE!CheckPointCopyHeader

\* Add two new actions for taking and releasing the lock.
DqliteNext ≜
    ∨ DqliteCheckpointTakeLock
    ∨ DqliteCheckpointReleaseLock
    ∨ SQLITE!Next


By reusing the same invariant we defined before, we can check if the changes to the spec will affect the bug. When model-checking we find that dqlite is not affected by the bug at all! This is because by taking the write lock for both appending and checkpointing, they cannot proceed simultaneously, and there is no data race.

6. Bonus: How was the bug fixed in SQLite?

On March 5, 2026 SQLite disclosed the bug and published a fix. A single extra check is enough to avoid the data race by checking that a reset of the WAL did not occur since we started the checkpoint:

SQLite code that fixes the bug

      WalIndexHdr *pLive = (WalIndexHdr*)walIndexHdr(pWal);

      /* Now that read-lock slot 0 is locked, check that the wal has not been
      ** wrapped since the header was read for this checkpoint. If it was, then
      ** there was no work to do anyway.  In this case the
      ** (pInfo->nBackfill<pWal->hdr.mxFrame) test above only passed because
      ** pInfo->nBackfill had already been set to 0 by the writer that wrapped
      ** the wal file. It would also be dangerous to proceed, as there may be
      ** fewer than pWal->hdr.mxFrame valid frames in the wal file.  */
      int bChg = memcmp(pLive->aSalt, pWal->hdr.aSalt, sizeof(pWal->hdr.aSalt));
      if( 0==bChg ){
          pInfo->nBackfillAttempted = mxSafeFrame; SEH_INJECT_FAULT



Checkpoint ≜
    ∧ checkPointState = waitingForLock"
    ∧ IF walSalt = pWalSalt
       THEN
        \* Move pages from wal into db.
        ∧ db' = db ∪ { wal[j] : j ∈ nBackfill+1‥Len(wal) }
        ∧ nBackfill' = safeMxFrame
       ELSE
        \* Salt changed, we skip the checkpoint.
        ∧ UNCHANGED ⟨ nBackfill, db ⟩
    \* Reset the checkpoint state.
    ∧ safeMxFrame' = 0
    ∧ pWalSalt' = 0
    ∧ checkPointState' = notStarted"
    ∧ UNCHANGED ⟨ mxFrame, wal, pageNumber, walSalt, writeLock ⟩


Running the model-checker for the TLA+ model with the same invariant returns no error now, confirming the fix.
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Our team members built and operated five managed PostgreSQL services over the past 15 years. Across all of them, one configuration has remained constant: strict memory overcommit. 
In this blog post, we will explain how strict memory overcommit protects your database from catastrophic OOM (out of memory) kills. We will also share how a three-character kernel bug forced us to temporarily disable this setting. Finally, we will explain our heuristic for determining the right memory overcommit limit. Hopefully, this will help you find the right setting for your workloads.

Why PostgreSQL Can't Tolerate the OOM Killer
Linux allows processes to allocate more virtual memory than what is physically available. When a process allocates memory, for example with malloc(), the kernel reserves virtual address space for it. However, the kernel does not immediately back that space with physical memory. Physical pages are only consumed when the process actually touches the memory.
The kernel relies on the assumption that not all allocated memory will be actively used at the same time. Usually, this assumption holds. When it doesn’t, the kernel invokes the OOM killer to free memory by terminating a process.

For most processes, handling an OOM kill is simple: the process restarts, reconnects, and picks up where it left off. PostgreSQL is different.
PostgreSQL's postmaster (its main supervisor process) forks a backend process for each connection. These backends share memory segments that hold shared buffers, WAL buffers, lock tables, and other shared state. The OOM killer doesn't understand this architecture. It simply picks a process based on an heuristic (usually the process that uses the most memory) and terminates it. If that backend was modifying a shared memory segment, the segment may be left in an inconsistent state. Shared memory has no transactional guarantees at the OS level. A half-written page in shared buffers means silent data corruption.
PostgreSQL's postmaster knows this. When it detects that any of its child processes has been killed, it assumes the worst: shared memory may be corrupted. When shared memory is corrupted, there is a risk of corrupting the stored data as well. To prevent this, the postmaster terminates all remaining backends. Every active connection is dropped. Every in-flight transaction is aborted. On its next start, the database goes through crash recovery.
This is the correct behavior. PostgreSQL is protecting your data. But it means a single OOM kill doesn't just affect one connection. It takes down every connection on the server. On top of that, if the write volume was high, replaying all WAL files for crash recovery can take a long time. This means a single out of memory case can cause long outages.


Strict Overcommit: Fail Early, Not Catastrophically
It is possible to configure how the kernel behaves when processes ask for memory. Linux provides three overcommit policies via vm.overcommit_memory:
	Mode 0 (Heuristic): The default. The kernel refuses any single allocation larger than what the system could realistically provide (roughly free memory + swap + reclaimable page cache and slab), but otherwise allows overcommitting freely. In practice, this only blocks absurd requests like a single process asking for more memory than the entire system memory.
	Mode 1 (Always): The kernel never refuses an allocation request, regardless of how large it is or how much memory has already been committed. Every malloc() and mmap() succeeds. If processes later fault in more physical memory than the system can actually provide, the OOM killer steps in to free memory by terminating a process.
	Mode 2 (Strict): The kernel tracks the total committed virtual memory across all processes in Committed_AS and enforces an upper bound called CommitLimit. Any allocation that would push Committed_AS past CommitLimit is refused immediately with ENOMEM.


Under strict overcommit, the kernel has two knobs to set CommitLimit: overcommit_kbytes and overcommit_ratio. The CommitLimit is calculated as:
CommitLimit = overcommit_kbytes + swap
Or, if overcommit_kbytes is not set:
CommitLimit = overcommit_ratio / 100 * available_memory + swap
When  allocation fails with ENOMEM error code. PostgreSQL handles this gracefully. A backend that cannot allocate memory reports an error to the client, cancels the transaction, and continues. The postmaster stays up. Other connections remain unaffected. This is a routine error, not a catastrophe. The trade-off is that strict overcommit converts late, destructive failures into early, graceful ones.
This trade-off works best when the machine is dedicated to PostgreSQL and a small set of known sidecar processes. In that scenario, the committed memory profile is predictable and the limit can be tuned with confidence. On shared machines running diverse workloads, committed memory becomes harder to predict. An unrelated process can use up the commit budget. This can make PostgreSQL get an ENOMEM error, even if the database load is fine.



A Kernel Bug and 648 GB of Phantom Memory
We always favored strict overcommit for PostgreSQL. We used it in previous managed PostgreSQL services we built and also in Ubicloud PostgreSQL. However, after enabling it this time, we quickly ran into trouble. A few weeks after we turned on strict memory overcommit, we started to get failures on some of the databases. They showed out of memory errors, even though there was plenty of free physical memory on the machines. We disabled strict memory overcommit and started investigating.
Discovery
The first clue came from a routine check of /proc/meminfo on one of our servers with 8 GB memory:
$> cat /proc/meminfo | grep "Committed_AS"

Committed_AS: 683547672 kB

651 GB of committed memory on an 8 GB machine! For comparison, a healthy server of the same size showed:
$> cat /proc/meminfo | grep "Committed_AS"

Committed_AS: 2703940 kB

The counter was off by orders of magnitude.


Narrowing It Down
We first looked at ps output.
$> ps -C postgres -o pid,vsz,rss,cmd --sort=-vsz

PID   VSZ     RSS   CMD
96622 2242244 95416 postgres: 18/main: postgres postgres...
95721 2241668 94708 postgres: 18/main: postgres postgres...
96414 2241436 94892 postgres: 18/main: postgres postgres...
96619 2241076 93308 postgres: 18/main: postgres postgres...
96417 2240900 94300 postgres: 18/main: postgres postgres...
95728 2240736 93864 postgres: 18/main: postgres postgres...
96620 2240736 92852 postgres: 18/main: postgres postgres...
95727 2240428 93640 postgres: 18/main: postgres postgres...
96623 2239840 93164 postgres: 18/main: postgres postgres...

VSZ is the total virtual address space a process has mapped and RSS is the physical memory it's actually using. In the output above, each backend shows ~2 GB of VSZ covering its entire mapped address space, but a much smaller RSS (~95 MB) reflecting the memory it is actively using. On this 8 GB VM we configure 2 GB of shared_buffers, and if you think ~2 GB VSZ is suspiciously close to the shared_buffers size, you are right. Most of each backend's VSZ is actually the shared memory segment that holds shared_buffers. Every backend maps the same 2 GB region into its own address space, so it shows up in each backend's VSZ. With many backends, the VSZ numbers add up quickly.
That said, none of this should inflate Committed_AS. The shared memory segment appears in every backend's address space but physically exists only once, so it should be counted only once. On top of that, we run PostgreSQL with huge_pages = on, so shared_buffers is allocated from hugetlb. Hugetlb mappings have their own separate reservation accounting and are not supposed to count toward Committed_AS at all. Still, the 2 GB hugetlb region was by far the largest mapping in each backend, and hugetlb accounting is a special case in the kernel. That made it the most natural place to start looking, so our first hypothesis was that the kernel was somehow miscounting these mappings. For example, charging them once per process instead of ignoring them.
To verify, we checked the VMA (Virtual Memory Area) flags on the hugetlb mapping via /proc/<pid>/smaps. Each VMA has a set of flags, and the ac flag (VM_ACCOUNT) indicates that the region counts toward committed memory:

$> sudo cat /proc/321784/smaps | grep -A 25 "hugepage"

7fce75000000-7fcef0c00000 rw-s 00000000 00:10 10723551  /anon_hugepage (deleted)
Size:            2027520 kB
Shared_Hugetlb:   393216 kB
Private_Hugetlb:       0 kB
...
...
VmFlags: rd wr sh mr mw me ms de ht sd

No ac flag. Huge tables were correctly excluded from committed memory accounting. The hypothesis is ruled out.
We then summed accountable memory (VMAs with the ac flag) across all processes on the machine:

$> sudo awk '/^Size/{size=$2} /VmFlags:/ && / ac/{sum+=size} END{printf "%.2f GB\n", sum/1048576}' /proc/[0-9]*/smaps

2.43 GB

2.43 GB accountable vs 651 GB reported; 648 GB of phantom committed memory. The vm_committed_as counter was leaking. We suspected that the memory was being charged on allocation but was never recredited. This made us consider a potential kernel bug in committed memory calculation.


Fleet-Wide Analysis
At that time, we had two different kernels being used on our fleet. We checked our entire fleet of PostgreSQL servers and compared the ratio of Committed_AS to MemTotal against kernel version and uptime:
	Metric	Kernel 6.5.0	Kernel 6.8.0
	Median Ratio
	0.55	0.27
	Mean Ratio
	24.97	0.32
	Max Ratio
	3,405	1.86
	Servers with a ratio > 1.0
	23%	< 1%

Drag table left or right to see remaining content

We also ran a statistical analysis and found that a server running the 6.5 kernel was 52x more likely to have inflated committed memory.
On 6.5 servers, uptime was positively correlated with inflation. The leak grew at roughly 4.7% compound per week, proportional to uptime. On 6.8 servers, no correlation existed.
This analysis significantly strengthened our hypothesis that this was a kernel bug.


The One-Character Bug
To have definitive proof, we tasked an LLM to look into every commit between 6.5.0 and 6.8.0 to find possible bug fixes in committed memory calculations. It quickly found the following.
The bug was introduced in Linux 6.5 by commit 408579c. This commit changed the return convention of do_vmi_align_munmap():

	Before: 0 = success, 1 = success with lock downgraded, negative = error
	After: always 0 for success, negative = error

The commit updated callers throughout the mm subsystem. However, in mm/mremap.c, inside move_vma(), the error check was converted incorrectly:
BEFORE (correct): error handler runs on negative return (on error)

if (do_vmi_munmap(&vmi, mm, old_addr, old_len, uf_unmap, false) < 0) {
   /* OOM: unable to split vma, just get accounts right */
   if (vm_flags & VM_ACCOUNT && !(flags & MREMAP_DONTUNMAP))
       vm_acct_memory(old_len >> PAGE_SHIFT);
}

AFTER (broken): error handler runs when return is 0 (on success)

if (!do_vmi_munmap(&vmi, mm, old_addr, old_len, uf_unmap, false)) {
   /* OOM: unable to split vma, just get accounts right */
   if (vm_flags & VM_ACCOUNT && !(flags & MREMAP_DONTUNMAP))
       vm_acct_memory(old_len >> PAGE_SHIFT);
}


The change from < 0 to ! inverted the condition. To understand why this matters, consider what move_vma() does. It first decrements Committed_AS for the old region as part of the move, then calls do_vmi_munmap() to actually unmap it. If the unmap fails, the kernel needs to increment the counter back to keep accounting correct. After all, unmap has failed and the old region still exists. Its charge must be restored. With the inverted condition, this re-increment runs on every successful mremap instead of only on failure. The counter grew monotonically with every memory remap operation.
The bug was reported here and bisected here. Linus himself analyzed the root cause and fixed it with a one-line change, reverting the condition back to < 0:

-   if (!do_vmi_munmap(&vmi, mm, old_addr, old_len, uf_unmap, false)) {
+   if (do_vmi_munmap(&vmi, mm, old_addr, old_len, uf_unmap, false) < 0) {

As Linus Torvalds wrote in the fix:
This didn't change any actual VM behavior _except_ for memory accounting when 'VM_ACCOUNT' was set on the vma.  Which made the wrong return value test fairly subtle, since everything continues to work.Or rather - it continues to work but the "Committed memory" accounting goes all wonky (Committed_AS value in /proc/meminfo), and depending on settings that then causes problems much much later as the VM relies on bogus statistics for its heuristics.

This is the kind of bug that hides in plain sight. Under heuristic overcommit (the default), Committed_AS is purely informational. The kernel doesn't use it to gate allocations. The bug only causes failures under non-default strict overcommit mode, so it went unnoticed. The failure is also indirect. The accounting drifts silently for weeks before Committed_AS finally crosses CommitLimit and allocations start failing.


Setting the Commit Limit
With the kernel bug behind us, we can gradually go back to enabling strict memory overcommit. This is a good point to explain our heuristic in deciding the commit limit in case you want to enable it for your workloads as well.
We use the formula:

overcommit_kbytes = total_memory_kb × 0.8 + 2 × 1048576

In plain terms: 80% of total physical memory plus 2 GB.
Why 80%
The 20% holdback covers memory used by kernel data structures not seen in userspace. This includes items like page tables, slab caches, network buffers, and the kernel's own allocations.
It is important to note that 20% is not wasted. The kernel still uses it for page cache (i.e. the kernel uses free physical memory to cache file I/O). This is the biggest consumer and directly benefits PostgreSQL read performance. Page cache doesn't count toward Committed_AS because it's reclaimable. The kernel can evict cached pages anytime a process actually needs the memory.


Why +2 GB
Every PostgreSQL server in our fleet runs several sidecar processes. Some examples are prometheus, node_exporter, postgres_exporter and wal-g. These are Go programs, and Go's runtime reserves large virtual memory regions upfront via mmap but only faults in pages as needed. Their committed memory contribution is far larger than their actual resident memory.
We surveyed the committed memory of these sidecar processes across our fleet:

	Sidecar Committed Memory	Percentage of Servers
	0.0 – 0.5 GB	~64%
	0.5 – 1.0 GB	~32%
	1.0 – 1.5 GB	~1%
	1.5 – 2.0 GB	~1%
	2.0 – 2.5 GB	~1%
	2.5 – 3.0 GB	~1%
	3.0 – 3.5 GB	~1%

Drag table left or right to see remaining content

96% of servers fall under 1 GB. We found a weak positive correlation between vCPU count and sidecar committed memory (r = 0.22). This is likely driven by Go's runtime scaling with available CPUs but it is not strong enough to justify proportional scaling.
The fixed 2 GB covers >99% of servers. It is deliberately generous. If this offset is too small, sidecars can silently consume the remaining commit budget, and PostgreSQL, not the sidecar, is the one that hits ENOMEM.



Implementation
If you are curious about how we implemented this, it is actually pretty straightforward. You can read the code in our GitHub repo here. I’m also adding the core part of it below for convenience.
def configure_memory_overcommit(strict: false)
  if strict
    total_mem_kb = File.read("/proc/meminfo").match(/MemTotal:\s+(\d+)/)[1].to_i
    # 25% of memory is reserved for hugepages, which do not count towards the
    # commit limit, so only the remaining 75% is available for overcommit.
    non_hugepage_mem_kb = total_mem_kb * 0.75
    overcommit_kbytes = (non_hugepage_mem_kb * 0.8 + 2 * 1048576).round
    safe_write_to_file("/etc/sysctl.d/99-overcommit.conf", "vm.overcommit_memory=2\nvm.overcommit_kbytes=#{overcommit_kbytes}\n")
  else
    r "sudo rm -f /etc/sysctl.d/99-overcommit.conf"
  end

r "sudo sysctl --system"
end
Note that we use vm.overcommit_kbytes instead of vm.overcommit_ratio. We need overcommit_kbytes because our formula includes a fixed 2 GB component that can't be expressed as a percentage. On a 4 GB server, the 2 GB buffer is 50% of the physical memory; on a 64 GB server, it's 3%. A single ratio can't capture both.

Conclusion
Strict memory overcommit is a small configuration change that provides a meaningful safety improvement for PostgreSQL. It converts catastrophic OOM kills into graceful allocation failures. This way, each backend can manage the issue without disrupting the whole system. Even though we had to disable it for a while due to a kernel bug, it remains a key configuration for healthy PostgreSQL deployments.
If you run PostgreSQL in production, we recommend enabling vm.overcommit_memory=2. However, it is important to configure this carefully. If CommitLimit is set too low, your application may experience frequent OOM errors. On the other hand, if it is set too high, you will not fully benefit from the protection that strict memory overcommit provides. Our recommendation is to monitor your memory usage over time and enable this setting only after you have a solid understanding of the memory characteristics of your workload.
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Every spring, as sure as the seasons, and for generations unknown, screwworms began their annual march northward from their overwintering sanctuaries in Mexico and South Texas. Pushed by an unknown force as inexorable as gravity, screwworms moved north — ever moving, ever spreading, ever multiplying, ever destroying. No army ever advanced any more surely or methodically. No army was ever more destructive. Attacking, killing, maiming, and destroying, screwworms literally ate their way north. Reaching upper South Texas, they fanned east and west - all the while moving north - dotting the countryside with the dead carcasses of hapless wildlife, cattle, sheep, and goats, filling the “wormy” pens of farmers and ranchers. - C.G. Scruggs, The Origin of the Screwworm Control Problem

Screwworms completely dominated our life. - T.A. Kincaid Jr., Texas rancher, quoted in The Peaceful Atom and the Deadly Fly

On June 3 of this year, a flesh-eating parasite, the screwworm, was found in a three-week-old calf near the Texas town of La Pryor. Since then, dozens more cases have been discovered in Texas and New Mexico. Outside of a screwworm outbreak in the Florida Keys in 2016 (which was contained), this marks the first screwworm infestation in the US since the 1980s.

Screwworm cases as of July 1st, via the USDA.
Until now, the US has been free of screwworm not due to luck, but because of a decades-long program to eradicate the parasite by breeding it out of existence. By dropping millions of sterile male screwworm flies in an infested area, agricultural agencies can overwhelm the native, fertile male screwworms. Female screwworm flies, who only mate once in their life, will mostly mate with sterile males, producing no living offspring. Drop sterile flies for long enough, and eventually there will be no viable offspring at all, and the pest will be eliminated.
Over the course of several decades, this “sterile male technique” was used by the USDA to eliminate screwworm from the US, Mexico, and Central America. Since the early 2000s a joint US-Panamanian organization, COPEG, has maintained a “screwworm barrier” at the Darien Gap between Colombia and Panama. Every week, millions of sterile male screwworm flies are dropped over the gap, preventing the screwworms from spreading north from South America (where it remains endemic).
Sometime around 2023, the barrier at Panama failed, and for the last several years screwworm has been marching north. It’s now reached the US. Efforts are underway to eliminate screwworm from North and Central America once again, but it will likely be years before they succeed.
The screwworm eradication program was so effective at eliminating the parasite that we’ve collectively forgotten what an enormous problem it used to be. It’s worth understanding the costs inflicted by screwworm prior to its elimination, how a program emerged for eliminating it, and how control was allowed to lapse.
New World Screwworm (scientific name Cochliomyia hominivorax)is a species of fly native to the Western Hemisphere. While the larvae (maggots) of most flies feed on dead or decaying tissue, screwworm is unique in that its larvae feed on living tissue. The grisly cycle begins when a screwworm fly lays its eggs on the open wound of an animal. The eggs soon hatch into wriggling white worms, which can grow up to two-thirds of an inch long. These worms burrow into the flesh as they eat their way into the animal, making the wound even worse and attracting even more flies to lay their eggs. After a few days of eating, the worms transform into shell-covered pupae, falling out of the animal and emerging as fully grown flies about a week later. Untreated, a screwworm infestation in an animal is typically fatal.

Via the USDA 1938
Since at least the early 19th century, and likely much earlier, screwworm was a miserable fact of life for raising livestock in the Southwestern US. The screwworm fly would find and lay her eggs on even the smallest open wound, and animals had to be inspected for worms constantly. One author notes that “[p]eople would not leave home for more than a day for fear of finding their animals had been eaten alive while they were away. Anyone who didn’t check their animals at least every two days — or have someone do it for them — knew that they would pay a heavy toll in damaged or dead animals.” When worms were inevitably found, they had to be dealt with, typically by applying various insect-killing chemicals, though occasionally by manually removing the worms, a task described as “disgusting and sickening.” Often animals couldn’t be saved — an infection in a horse, for instance, was described in the late 19th century as “typically fatal.” The amount of time and effort required was such that ranchers employed ranchhands whose entire jobs were inspecting animals for screwworm.
Despite efforts to prevent infection, such as by covering animals’ open wounds with tar, screwworm infestations occurred by the millions — in cattle, sheep, goats, horses, and occasionally humans (the first documented screwworm infection in a person in the US dates to the 1830s). One history of the scourge noted that by the early 20th century, infestations had reached “such a disastrous level that it was becoming unprofitable to raise livestock. Producers were forced to hire more and more cowboys to check and treat animals.” A 1935 USDA survey found more than 1.2 million infections and 180,000 dead livestock in Texas alone, with actual totals likely being far higher. A year earlier the USDA estimated that screwworm had killed 1.3 million animals across the Southeast. Some estimates suggested that in the 1930s and 40s, 60% to 80% of white tail deer in Texas were killed by screwworm infections.1
By the 1930s, the situation appeared grim. Screwworms had, by then, found their way into Florida, a climate warm enough that they could survive in the southern portion of the state year-round, spreading up through the southeast during the spring. Prospects for dealing with the pest appeared bleak:
Even with the best efforts of scientists and the use of the latest insecticides, repellents, and liver-baited traps, US livestock producers were losing the war. After more than one hundred years of struggle, the screwworm had spread out of control — and there was no solution in sight. - History of the Mexico-United States Screwworm Eradication Program

The toll inflicted by screwworm inspired vigorous efforts to try and combat it. In 1929 the USDA began a screwworm research program at Menard, Texas. This program initially focused on developing better chemical treatments for infections, and would ultimately generate the research that would banish the screwworm from the US.
The first breakthrough occurred thanks to USDA entomologist Emory Cushing. At the time the primary methods to battle screwworm were insecticides to treat infections and traps to capture the flies. After several years of research at Menard, Cushing became convinced that these measures wouldn’t be enough. Believing that something was missing from “the screwworm puzzle,” Cushing applied for a grant to study entomology at the University of Liverpool with Walter Scott Patton, a world expert on flies. Working under Patton, Cushing closely studied the internal structure of different flies, determining for the first time that the screwworm was a unique species with a unique lifecycle. Prior to this, the screwworm fly had often been confused with other, similar flies whose larvae fed on decaying, rather than living, flesh. The identification of screwworm as a distinct species, one whose larvae ate only living flesh, was critical: previous eradication efforts had included using traps baited with carrion to attract flies, but Cushing’s work showed that these efforts were useless. Following Cushing’s discovery, research efforts shifted focus to understanding the screwworm specifically.
In 1931, shortly before Cushing left for England another entomologist, Edward Knipling, joined the USDA. Initially posted at the Menard laboratory in Texas, Knipling was moved to a series of other labs, before eventually arriving at a newly formed lab in Valdosta, Georgia, established in 1934 to help combat the worsening screwworm problem in the Southeast. By then, thanks to Cushing’s research, it had become clear that the screwworm was a unique species, and Knipling and other USDA researchers began studying it more closely to understand and characterize its lifecycle and behavior. This meant watching the flies closely; at one point, Knipling spent every waking hour for a week straight doing nothing but watching screwworms all day. From “The Peaceful Atom and the Deadly Fly:”
He placed a wounded goat in the open. From daylight till dark for a week he watched the goat. Upon seeing a female screwworm fly deposit eggs on the wound in the goat, Knipling would mark her with fingernail polish. He would then watch the marked female and plotted all her activities for the rest of the week if she remained in the area. Day after day, fly after fly, Knipling observed. What time were flies most active? How many eggs were laid? Dozens of questions were asked. Knipling and his fellow workers tried to pry into the very basic life functions of the screwworm.

These studies revealed two important facts about the screwworm. One was that compared to other flies, the number of screwworms in a given area was surprisingly low: later studies eventually put the figure at around 100 flies per square mile. The other was that screwworms would not infect dead animals, only living ones.
In 1935 another young entomologist, Raymond Bushland, joined the USDA and was soon tasked with studying the effects of pesticides on screwworms. This required a steady supply of fresh screwworms, which could only be created by deliberately wounding caged animals allowing them to be infected. Bushland spent his days extracting screwworm pupae from the carcasses of dead rabbits, a task so repulsive that Bushland spent every morning of the first few weeks on the job vomiting.
Desperate to find a way to grow screwworms that didn’t require live animals, Bushland was, after months of work, eventually able to create an artificial growth medium consisting of “hamburger, blood, water, and a little formaldehyde to delay putrefaction.” The disgusting mixture made it much easier to grow screwworms, and before long Bushland was harvesting them by the thousands.
In 1937, Knipling, who had continued to move between various USDA locations, arrived at Bushland’s lab in Texas. Knipling was astounded at the huge number of flies that could be grown in the lab, compared to the relatively small number of flies that seemed to exist in the wild, and he began to ponder whether there might be some way to take advantage of the fact. Bushland’s screwworm husbandry operation also allowed Knipling to confirm a hunch he had from his own observations of the screwworm in the wild: the female screwworm fly only mated once in her life.
As Bushland and Knipling discussed their various observations and discoveries, the outlines of a plan began to emerge. What if you could overwhelm the wild population of screwworm by dumping huge numbers of sterile male flies into an area where cold temperatures had already reduced the number of wild flies? If sterile males greatly outnumbered wild males, most females would mate with sterile males, producing no viable offspring and greatly reducing the size of the next generation. Keep dumping sterile male flies, and eventually the population would simply breed itself out of existence.
It seemed like it would potentially work, but nothing like it had ever been tried before. And it wasn’t obvious how you could produce huge numbers of sterile male flies. After getting ridiculed by their entomologist colleagues — “who ever heard of castrating flies?” — Knipling and Bushland kept the idea to themselves. But the seed had been planted.
For the next decade, a combination of professional skepticism, lack of obvious sterilization method, and the exigencies of World War 2 prevented much further work on screwworm eradication. At points during the Second World War Knipling continued to toy with models of screwworm population dynamics, and in 1947 he tasked Bushland with investigating chemical methods of sterilizing insects. But no method appeared promising. Without a way of mass-sterilizing the male flies, Knipling and Bushland’s idea was nothing but a pipe dream.
The final piece of the puzzle to eliminate screwworm wouldn’t fall into place until 1950. That year, Knipling read a journal article by Nobel Prize-winning scientist Hermann Muller. Muller had been awarded the prize for his groundbreaking work in genetics, discovering that mutations could be introduced into living things by exposing fruit flies to radiation. Muller’s 1950 article was a warning against the dangers of nuclear war, cautioning that the resulting radioactive fallout could create “a world of sterile human beings.”2 Knipling contacted Muller and asked him if radiation could be used to create large numbers of sterile male screwworms. Muller responded: “I know nothing of screwworms but your theory is sound.”
Invigorated by the Nobel Prize-winner’s vote of confidence, Knipling and Bushland set to work to see if they could use radiation to sterilize screwworms. With no research funds, Bushland dedicated his nights and weekends to the project, finding creative ways to make progress. Muller had done his radiation research using X-rays, but when a local hospital wanted $200 per test to use an X-ray machine, Bushland leveraged his Army connections to use the X-ray machine at a nearby Army hospital for free. The results were promising. Wanting to try an even more powerful radiation source, Bushland was able to convince Oak Ridge National Lab to lend him a sample of highly radioactive cobalt-60, capable of generating gamma rays. Meanwhile, Knipling was eventually able to secure $20,000 in research funds from the Atomic Energy Commission, who were interested in radiation’s effect on fly sterility.
The tests were a success: with a high enough dose of radiation, males were completely sterilized. They survived and would still mate with females, and the females would lay eggs, but the male chromosomes had become so riddled with mutations that the eggs didn’t hatch.
With a method of industrialized screwworm sterilization in hand, the only thing left to do was to try the idea and see if it worked. A USDA team in Florida began working out ways to distribute huge numbers of sterile screwworm flies.
They first tried simply scattering sterilized screwworm pupae on the ground, but this didn’t work: ants and other insects quickly devoured them. Dropping live flies seemed like it would work better, but it would have to be done in an isolated location to see if elimination was really possible — otherwise the area would be continuously reinfested by screwworms from outside the test area. After looking at several possible locations, the team eventually settled on Sanibel Island, a small island near Fort Myers on Florida’s Gulf Coast. After a few months of dropping boxes of flies onto the island from a small plane, the number of wild screwworms dropped to virtually nothing. While they couldn’t be eliminated completely — likely because wild flies continued to migrate from the mainland — the results were highly encouraging.
Buoyed by their success, the team began looking for an even larger stage for their next test. By chance, as they were searching, Knipling received a letter from a Dutch agricultural officer recently stationed on the Dutch Caribbean island of Curaçao, off the coast of Venezuela. The island was overrun with screwworm, and the officer wondered if Knipling had any suggestions for dealing with it. The location seemed perfect, and Curaçao soon became the location of the next test.

Bags of screwworm flies to be dropped over Curaçao, via the USDA.
The Curaçao test began in the summer of 1954. A screwworm production facility, complete with a cobalt-60 gamma-ray source, was set up in Orlando. Sterilized screwworms were flown into Curaçao, then dropped from a small plane in a carefully planned pattern across the island. For the first few weeks, results were poor, with 85% of screwworm offspring still viable. But when the density of dropped sterile flies was raised from 100 to 400 flies per square mile, results quickly improved. Within 14 weeks, no viable offspring could be detected. In November 1954, Curaçao was declared free of screwworm.
With the success in Curaçao, the USDA was ready to try eliminating screwworms in the US mainland. In 1955 a new, larger screwworm factory was constructed on the outskirts of Orlando, capable of producing two million sterilized flies a week. This new insectary would use a new strain of fly, bred specifically to outcompete wild flies. (The new flies, which had been selected for their high mating frequency, were nicknamed “the sexual athletes”.) Thanks to lobbying from the Florida Cattlemen’s Association, whose members were collectively losing $20 million per year due to screwworm infestations, the Florida legislature allocated $3 million to the eradication program, a figure which was matched by the federal government.
In April of 1958, while screwworms were still confined to the southern half of the state due to an unusually cold winter, USDA planes began dropping sterile screwworm flies over Florida. Flies were first dropped across a 100-mile-wide swath cutting through the center of the state, effectively creating a “barrier” that flies in the southern half of the state wouldn’t be able to penetrate. Inspection stations were set up to prevent the movement of any infected livestock into northern Florida and Georgia, and by July no screwworm cases were being reported north of the quarantine line. The USDA then pushed into south Florida, aided by an even larger screwworm factory in the city of Sebring capable of producing 50 million flies a week, and by September reported screwworm infections in the southeast had dropped to virtually nothing. Over the next several months, the occasional outbreak occurred, but these were dealt with by carpet-bombing the area with ever-higher concentrations of sterile flies. By February of 1959 screwworm cases in the Southeast had dropped to zero.
By the early 1960s screwworms were inflicting more than $100 million worth of damage in the southwest annually. Impressed by the success of the Florida program, ranchers in Texas and the Southwest began clamoring for similar efforts. But Texas would prove to be a much tougher nut to crack than Florida. Unlike Florida, which was surrounded on three sides by water, Texas had no natural barriers preventing screwworm transmission across the 1,000+ mile border that the state shared with Mexico, where screwworms survived year-round. In October of 1959, the USDA issued an official statement that screwworm eradication in the US Southwest did not appear feasible.
But despite the USDA’s official stance, Knipling, Bushland, and a few others in the USDA realized that a strategy used in the Florida eradication program might work in Texas and the Southwest. Florida’s eradication effort began by creating a 100-mile-wide screwworm barrier across the center of the state. This barrier, once in place, had virtually halted the spread of screwworms into the northern half of the state. What if the same thing were done in the Southwest? Create a 100-mile-wide barrier across the entire US-Mexican border. The challenges were many: this barrier would stretch far longer than the one that had been created in Florida and, unlike in Florida, this barrier would have to be continuously maintained. It would also require eliminating screwworm everywhere north of the barrier, a potentially massive undertaking. But not only could this plan eliminate screwworm from the Southwestern US, it could prevent re-infestation of the Southeast, a constant threat that was warded off by an involved, expensive livestock inspection operation.
For the next several years, the official position of the USDA remained that a Southwestern elimination program wasn’t feasible. But eventually the USDA changed its policy, thanks to the efforts of the Southwest Animal Health Research Foundation (SWAHRF), an organization formed by a small group of Texas livestock producers. SWAHRF broke the logjam by raising millions of dollars in voluntary donations from Texas ranchers for screwworm eradication. The show of grassroots enthusiasm convinced the Texas Legislature to allocate money to a Southwest eradication program, which in turn helped convince the federal government to support it. Credit also goes to newly elected Vice President Lyndon Johnson, who owned a ranch, was familiar with the scourge of screwworm, and pulled strings to kickstart the program.
The Southwest eradication program began in February of 1962, when winter temperatures had pushed the screwworm down into Mexico. USDA aircraft began dropping sterile flies across the US-Mexico border to create the North-South barrier. But the effort failed, and before long Texas had been reinfested. There simply weren’t enough flies: sterilized flies were being produced at a small insectary near Kerrville, Texas, at a rate of 20 million per week, but creating an effective barrier would require more than ten times that rate of production.
By spring 1962, construction had begun on the biggest screwworm factory yet, at an abandoned Air Force base near Mission, Texas. Eventually capable of producing more than 200 million screwworm flies a week, the Mission factory was a grotesque marvel of insect-producing efficiency. Operating 24 hours a day, 365 days a year, it was, in essence, a 76,000-square-foot artificial wound. Trays full of meat, blood, and water, each one heated to the exact right temperature to stimulate screwworm growth, moved through the facility on a monorail system timed to the lifecycle of the screwworm. Eggs would be placed in on the trays, hatch into larvae, and collectively feed on the bloody nutrient sludge, creating a “seething mass that is difficult to believe unless you’ve seen and smelled it.” After several days of growth, the larvae would wriggle out of the feed and fall into a water-filled trough, which gently carried them into sawdust-filled trays where they would pupate. The pupae would then be collected into canisters, which in turn were loaded into large casks containing highly radioactive cobalt-60. The irradiated, sterilized pupae were then packed into cartons, loaded into refrigerated trucks, and sent to distribution centers, where they would eventually hatch, be loaded onto planes, and dropped by the millions.
By June of 1962 the Mission factory was fully online, and flies began to be dropped in July. However, the program soon made an unfortunate discovery. It had previously been believed that the maximum range of the screwworm fly was around 35 miles traveled per week. Because the fly only lived for a few weeks, a 100-mile barrier was believed to be sufficient to prevent the passage of migrating flies. However, recent research had shown that in some cases a screwworm could fly much farther — up to 180 miles in a week. Consequently, the barrier would have to be much wider as well: 400 miles. Left with no choice, the USDA ramped up fly production at the Mission factory as fast as possible to support a widened barrier, and an agreement with Mexico was worked out to allow USDA planes to fly hundreds of miles into Mexican airspace to drop sterilized screwworm flies.
The expanded barrier worked. By 1963, the rate of screwworm cases in the US had fallen by 90%. In 1964, they fell even more, and by 1965 the states of Texas, New Mexico, Oklahoma, and Louisiana were declared screwworm free. California and Arizona soon followed, and by 1966 screwworm had been eliminated from the entire US.

Screwworm barrier circa 1967, via the USDA.
But the national elimination of screwworm from the mainland United States was hard-won and not easy to maintain. It required continuously dropping millions of sterile male flies across the US-Mexico border to create a screwworm barrier. And no barrier is perfect. Over the next several years screwworm infections continued to crop up in the US, as worms from Mexico found their way into the US. 1972 was particularly bad, when US cases (which had fallen as low as 170 in 1970) surged to more than 95,000 that year.

Screwworm cases in the US and northern Mexico in 1972, via the USDA.
The solution? Push the US barrier even farther south, down to the Isthmus of Tehuantepec in southern Mexico. Not only would this reduce the likelihood of Mexican screwworms reaching the US, it would eliminate screwworm from most of Mexico. And a barrier at Tehuantepec, which was only 118 miles across at its narrowest point, would be far easier to maintain than the nearly 2000 mile barrier across the entire US-Mexican border.

APHIS chart showing the plan to move the screwworm barrier, via the USDA.
In 1972, the US and Mexico signed a Screwworm Eradication Agreement, creating a joint commission to oversee the elimination of screwworm from northern Mexico. A new screwworm insectary, which would eventually produce more than 400 million sterilized flies per week, was built near Tuxtla Gutiérrez in southern Mexico. The factory began producing flies in 1976, and the first flies were dropped on Baja, Mexico that September. Progress was initially slow, but after a program reorganization (which included more livestock inspectors and a new strategy for quickly deploying experts to areas where outbreaks occurred) results improved. By late 1979 the Baja peninsula was free of screwworms, and by 1980 many Northern Mexican states followed. Starting in 1981, the program established a “critical line” across the width of Mexico, marshalling all possible resources to squash any infections that appeared north of it. Over the next several years the critical line was steadily pushed downward, until it reached the Isthmus of Tehuantepec in 1984, one year ahead of schedule.
But establishing a final barrier across the Isthmus of Tehuantepec left something to be desired. Mexican livestock producers below the barrier, who continued to deal with screwworm, complained that the government was favoring northern producers, and hundreds of thousands of livestock that passed from the south to livestock markets in the north, requiring tedious inspection and creating a constant risk of reinfestation. And while the Tehuantepec barrier was much smaller than the US-Mexico one, it still required dropping 150 million sterile flies a week, every week.
Fortunately, an even better location for a barrier existed: the Darien Gap, on the border of Colombia and Panama. At this narrow stretch of land, the barrier would need to be just 60 miles wide. And the densely forested, difficult-to-navigate terrain, which had no roads crossing it, would further hinder the passage of any infected livestock. Pushing the barrier all the way to Panama would also have the benefit of eliminating screwworm not just from the rest of Mexico, but all of Central America as well.
Eradication in Central America posed new challenges: the favorable climate conditions for the screwworm meant that far more flies would need to be dropped per square mile, and new international agreements would need to be signed with each country involved to allow the USDA to fly over their airspace and drop millions of insects. But the benefits would be substantial, and the decision was made to extend the program.
In 1986 the US-Mexico commission signed an agreement with Guatemala, and began dropping flies over the country in 1988. That same year an agreement with Belize was signed, which was followed by agreements with El Salvador, Honduras, and Nicaragua in 1991, Costa Rica in 1993, and Panama in 1994. As sterile fly dispersal began across the new territories, screwworm infections in each country quickly fell. In 2006, a new screwworm factory was built in Panama to replace the aging Mexican factory (which had been operating continuously since 1976), opening on the same day that the country was declared screwworm free.
For the next decade and a half, the barrier at Panama held. Administered by a joint US-Panamanian organization called COPEG, the program continued to drop millions of flies a week across the Darien Gap, and employed inspectors to monitor livestock in the surrounding area. When the occasional infestation flared up — in Aruba in 2011, the Florida Keys in 2016 — flies kept in reserve were quickly dispatched, dropped in huge numbers to quash any spread.
At some point in the last few years, screwworms broke through this barrier.
In 2021, screwworm cases were confirmed within the Darien Gap area in Panama, and Panama was added to the list of countries where screwworm is confirmed by the USDA’s Animal and Plant Health Inspection Service (APHIS). Initially, this didn’t appear concerning: since 2001, Panama has had occasional small screwworm outbreaks in the Darien Gap area. But in 2022, screwworm was detected in Panama beyond the barrier at the Darien Gap. Though initially this was just a few cases, the infestation quickly spread: in 2023 there were 6,500 screwworm cases in Panama, and cases were detected in nearby Costa Rica. By 2024 screwworm had spread to every Central American country, as well as Mexico; there were 18,000 detected cases in Panama, 8,600 in Costa Rica, and 3,300 in Nicaragua. In 2025, total cases in Mexico rose to over 12,000, and as of this writing have exceeded 30,000.
It’s not 100% clear what caused the breach, and most sources point to a confluence of different factors. The disruption caused by COVID-19 seems to be partly to blame: during the pandemic livestock inspectors were forced to stay home, vehicles broke down and couldn’t be repaired due to a lack of replacement parts, and power outages in the screwworm plant killed millions of sterilized flies.
Another issue seems to be large-scale movement of both people and livestock. Starting in 2021, the number of migrants passing through the Darien Gap skyrocketed. Illegal cattle trafficking also likely played a role. Ranchers throughout Central America will illegally graze cattle on protected forests, often as part of a larger money-laundering operation for narcotics cartels. These cattle are then illicitly moved north to livestock markets in Mexico. It’s been estimated that hundreds of thousands of cattle are trafficked through Central America each year, and the speed at which screwworms have spread through the region suggests they’re moving by truck, being carried by infected cattle.
Also contributing are the changing circumstances in the Darien Gap itself. When the barrier was established the Darien Gap was a wild, untamed rainforest. Today that forest is increasingly being cut down and replaced with grassland for cattle to graze on, making it much easier for a screwworm infection to spread through the area. Amplifying this risk is the fact that many ranchers are absentee owners, people who treat the ranch as something of a vacation property without closely monitoring its operations.
The USDA didn’t simply sit back in response to this spate of outbreaks in Central America. APHIS drew on hundreds of millions of dollars in emergency funding in 2023 and 2024, and began dropping sterile flies in infected countries. Cattle imports from infected countries ceased, (though they later reopened in a limited fashion with increased inspection protocols). Fly production at the Panama facility was ramped up from 20 million flies a week to more than 100 million. But these efforts were nowhere near enough to stop the spread. The facility at Panama could produce enough flies to maintain a dense, narrow barrier of sterilized flies at the Darien Gap, but not to fight an infestation which had spread widely throughout Central America; at the peak of Central American operations in the 1980s and 1990s, over 400 million flies were being produced weekly.
New screwworm facilities are coming online — in 2026 the USDA broke ground on a facility at Moore Air Force Base in Texas meant to produce 300 million flies a week, and is converting an existing fruit fly insectary in Mexico to produce screwworms. And earlier this year APHIS announced a $100 million “Grand Challenge” for projects related to screwworm eradication or treatment. (Some anti-screwworm efforts may have been hindered by DOGE, which cut APHIS staff, screwworm monitoring programs, and may have delayed funding for the Mexico facility, but it’s hard to be confident about this, and the administration has unsurprisingly rejected these claims.)
Overall, the reemergence of screwworm seems like it’s being taken quite seriously, and if this level of investment is maintained it seems likely we’ll be able to re-eradicate it from the US and Central America. But this will probably take “close to a decade of sustained work:” bringing new production facilities online, and dropping millions of sterile flies over the infected areas week after week, month after month, year after year as the pest is gradually pushed back.
Overall, the screwworm program seems like a classic case of something becoming a victim of its own success: a problem got solved so thoroughly that we forget how big of a problem it was, and we gradually undermine the conditions that made the solution possible. Prior to the push of screwworms all the way south to Panama there were a series of other screwworm eliminations that only partly solved the problem: eliminating it in Florida and the Southeast didn’t do anything for the livestock in the Southwest, and required an involved inspection regime to keep screwworm entering from the rest of the country. Pushing the pest population down to Mexico required continuously dropping hundreds of millions of flies over an enormous, 400-mile-wide barrier that was frequently breached. The barrier at Tehuantepec left much of Mexico still exposed to screwworm, and was expensive to maintain.
The barrier at Panama, by contrast, worked amazingly well and cost only $15 million per year to operate. As a result of this success, other screwworm facilities were shut down (the Tuxtla factory closed in 2012, against the protests of COPEG), and production at Panama gradually declined to the level needed to maintain the barrier and not much else. Barrier conditions in the Darien Gap were allowed to deteriorate, the dense rainforest replaced with grassland occupied by ranchers paying insufficient attention to their herds. What had once been very thorough cattle inspection processes were allowed to lapse: one article notes that in Panama ranchers, veterinarians, and trade organizations became less diligent about inspecting cattle prior to shipping them, and that “a carbon copy of all these issues happened in every country all the way to Mexico.” And when it was clear that screwworms had breached the barrier, responses were sometimes delayed by political disputes — Mexico apparently initially made it very difficult for USDA screwworm flights to operate until the US Agricultural Secretary called to force the issue.
Unfortunately, it looks like we’re going to re-learn how much of a problem screwworm was the hard way.
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1920s Los Angeles
One hundred years ago, on September 26, 1929, President Herbert Hoover gathered a group of social scientists at the White House. He asked them to begin research on the most detailed report ever produced on the state of the nation. Four years later, running more than 1,500 pages long, Recent Social Trends was published, offering an unusually granular look at life in the mid-1920s.
The document is almost entirely forgotten. But today, for America’s 250th birthday, I’m blowing the cobwebs off this sucker and taking readers inside its yellowed pages for a look back at what life was like in the U.S. exactly 100 years ago, when the U.S. was celebrating its sesquicentennial anniversary.

Yes, this is the actual cover of the not-so-electrically entitled volume “Recent Social Trends,” from which most of this article—and all of its pretty yellow charts—are made.
In some ways, the Americas of 2026 and 1926 are eerily similar. In both cases, the country is celebrating a major birthday in the midst of a rising stock market and widespread fears of “technological unemployment” (mechanical power then vs. AI now); giddy wealth is coiled with economic anxiety; technology has transformed the way that people get information, mind-wiring us to a global cacophony of far-flung emotions (radio then vs. social media now); and after years of record-high immigrant entry to the U.S., the government has choked the migrant stream to a trickle.
In other ways, the America of 1926 was another world—practically another planet. Roughly half of the U.S. still counted as rural, and tens of millions of Americans had no indoor plumbing or electricity. Thick smoke from oil lamps filled their homes, and they emptied their bladders and bowels in old-fashioned chamber pots. Women had only voted in two presidential elections. Millions of children still worked for pay. Of the nation’s 27 million households, only 11 million had a phonograph, to listen to music, or a car. The first movie with sound would not come out for another year.
Life is much better in 2026. We live healthier, richer, and longer lives, with better medicine and more self-determination. But if I do my job well in the next few sections, you’ll see both the progress we’ve made in the last 100 years and the progress we haven’t made. Many anxieties that feel electrically charged in the present moment about work, family, and individuality are echoes of our ancestors’ fears. They felt all of our feelings. They just happened to poop in chamber pots.

Life is long, and it’s getting longer. Someone born in 1850 and dying in the 1920s saw average life expectancy at birth increase by 50 percent in her lifetime.
Before we dive into the world of 1926, let’s get into character.
Imagine that you are the typical American in 1926.1 You are a white 26-year-old. (In 2026, the median age is 40.) Since most immigrants have been male, we’ll say you’re a guy. Your name is John. Born in the first term of William McKinley’s presidency, you are raised on a farm without flush toilets or electric lighting. Too young to fight in World War I, you come of age alongside a generation that sees war in Europe as a “useless colossal blunder,” in the words of historian David M. Kennedy. Your life—indeed, your entire generation—is shaped by several notable developments: education, urbanization, automation, and women’s rights. You are the first person in your family to finish high school.

The population distribution of America in 1926 was radically different than in 2026. Today, there are more women over 70 than there are girls under 10; but one century ago, girls under 10 outnumbered women over 70 by fivefold, at least.
At 19, you move from the countryside to an urban apartment, as one small drop in the migratory flood from farm to city. Jobs in manufacturing and retail are easy to find. They’re also easy to lose. Temporary unemployment is the norm. You earn $100 a month and put some away for a rainy day, confident that the bustling city will provide another job in a few months. (Unemployment insurance does not exist; neither does Social Security.) In the evenings, you “radio”; yes, it’s a verb, too. Every weekend, you visit a cineplex, where the movies are black-and-white and silent. Sometimes, you down a few prohibited cocktails and go dancing with flappers. Several times a week, you drive around in a black Model T.
The year 1926 has been good to you. City life is a blur of high-velocity machines—cars, assembly lines, and radio broadcasts—and you sometimes miss the ancient rhythms of your farmland home. One year from now, Charles Lindbergh will shock the world by flying across the Atlantic. In two years, at 28, you’ll be married. In three years, you’ll have a baby. And in four years, in 1930, just months after the biggest stock market crash in American history, the world as you know it will be over.

The major population trends of the 1920s, at a glance—falling child labor, rising women’s labor, and explosive population growth. (Note: Many of the graphs in Recent Social Trends have logarithmic Y-axes where the major tick marks increase by a factor of 10.)
In 1926, the Roaring Twenties were at their full-throated peak. But America was anxious. If today’s commentators can’t stop talking about “maxxing” and “vibes,” the writers and politicians of the Twenties were vexed by the opposite of single-minded optimization. The watchword of the day was balance. Appearing 30 times in the Recent Social Trends report, balance was the cardinal worry of economic commentators: balance between rural and urban America; between manufacturing and farming; and between rapid progress and traditional values.
America in 1926 was smaller, and its values and identity were more twined with the countryside. The US population was about 120 million—about one-third of its current size—and nearly half of Americans lived in rural areas, compared to about 10 percent today. “In many respects, those country ways of life remained untouched by modernity,” the historian Kennedy wrote. From the Potomac River to the Gulf of Mexico, America looked “little different than it had at the end of Reconstruction”—cotton fields unfurled under a hot sun, hardly touched by electricity or modern plumbing.
The agrarian world was in a double crisis in 1926. The first problem was economic. In the 1910s, the American farmer fed the world. After World War I, global agricultural production came back online, and farmers were stuck with a ruinous surplus. The price of cotton and corn plummeted more than 50 percent from their wartime high. The second crisis was technological. The tractor and mechanical power transformed the farm, automating jobs for horses, as well as for people.2

Estimated total horsepower available on farms in the U.S., 1850 to 1930. Trucks and gas tractors took over the farm in the 1920s, and the population of working horses declined swiftly from then on. 
If rural America was frozen in the ice block of history, urban America was a gushing torrent of change. By 1928, per-capita incomes of urban workers reached four times the average income of farmers. Between 1910 and 1930, the farm population declined while the urban population nearly doubled (see first graph below), thanks to both domestic migration and a wave of European immigrants (see second graph below). Much like today, the fear of historic levels of foreign-born people sparked an anti-immigrant movement. The 1920s saw the revival of the Ku Klux Klan, which dominated the politics of several states, including Indiana and Oregon. “The nativist sentiment that the Klan helped to nurture found statutory expression in 1924,” Kennedy writes, “when Congress choked the immigrant stream to a trickle, closing the era of virtually unlimited entry to the United States.”

Farm and nonfarm rural populations barely grew between 1900 and 1930, and the farm population outright shrank in the 1920s. Practically the entire growth in national population in these years was happening in cities.

Approximate net migration of rural farm population, 1920-1930. Practically every state except for California and Massachusetts saw a net migration of Americans from farm to city, with the southern states losing the largest number of people during the early years of the Great Migration.
City dwellers were proud of their superiority; even haughty. In the previous years Scopes trial, the high-school teacher John T. Scopes had been indicted for violating Tennessee law by telling his students about evolution. Here’s Kennedy:
Urban Americans smiled with satisfaction when street-smart Chicago attorney Clarence Darrow humiliated rural America’s historical paladin, William Jennings Bryan, in the course of the trial… Bryan’s mortification symbolized for many the eclipse of rural fundamentalism and the triumphant ascendancy of the metropolis as the fount and arbiter of modern American values.

As agriculture’s share of employment plummeted from more than 50 percent in 1870 to less than 25 percent in 1926, it wasn’t just manufacturing that absorbed the expanding workforce. The share of jobs in trade and transportation (e.g., moving, storing, and selling goods in wholesale and retail trade) rose from 9 to 20 percent. Clerical services (e.g., retail salespeople and cashiers) exploded from 1 to 8 percent.

Trend of major occupations, 1870 to 1930
Manufacturing advanced faster than working conditions. While the 12-hour workday disappeared in the 1920s—the US Steel Corporation abandoned it in 1923—neither the two-day weekend, nor paid vacations, nor retirement existed for the average American worker.

Percentage distribution of gainfully occupied persons 16 years of age and over among major occupational groups, 1870-1930
Modern urban consumerism marched forward thanks to an explosion of chain stores. Between 1927 and 1928, Sears Roebuck sales grew by 20 percent and Safeway sales grew by nearly 50 percent.
Even more than 2026, 1926 saw a bonanza of big-company mergers, which means it was similarly an era of monopoly concerns. Between 1919 and 1928, manufacturing and mining were involved in 1,200 mergers, a record for one decade. Bank mergers were even more frequent. And practically no industry was more concentrated than electricity. By the end of the 1920s, ten public utilities controlled 75 percent of the electric light and power business while 16 holding companies controlled about 50 percent of the country’s gas output.
1926 was near the peak of a boom in chain store sales in the U.S., a trend that came to an alarming halt in 1930 and 1931 with the arrival of the Great Depression
Nothing in 1926 roared like the automotive industry. In 1900 there were 8,000 cars on the road—or “horseless carriages,” as they were then known. By 1926, the number had grown to 19 million. “It is probable that no invention of such far-reaching importance was ever diffused with such rapidity,” the report’s authors wrote.
The automotive revolution was the great achievement of Henry Ford. It was also the apotheosis of Fordism, the theory of business that braided higher productivity, higher wages and higher spending levels. In 1910, it took roughly 15 hours to put together a single Model T Ford. By 1926, a new car rolled off Ford’s assembly line every 10 seconds. Productivity was the handmaiden of affordability: A vehicle that cost the average worker two years’ wages before World War I cost just 3 months’ earnings in the mid-1920s.
No other country rivaled America’s automotive love affair. According to the historian Bill Bryson, 1920s Kansas alone had more vehicles than France. Car ownership created an entirely new way of thinking about the self in relation to the environment—an “automobile psychology.” Social scientists spoke of the modern “gypsy family,” which seemed to spend more time inside the car than outside it. Travel time surged, and the tourist business swelled, with new “camping grounds, cabins, cottage camps, and roadside camps” dotting the landscape to serve a nation that couldn’t get enough of the road. Just as Airbnb and its brethren pushed the hotel business in the 2010s and 2020s, so did these new makeshift tourist attractions force the hotel industry to upgrade in the 1920s. With “the increase in travel by women which has been induced by the automobile,” hotels added more private bath facilities, more varied restaurant menus, and plusher room furnishings. When America made cars, cars remade America.
The year 1926 was almost certainly the high-water mark of women’s rights and liberties in American history, to date. The nearly 10 million women who worked for wages represented a doubling of the female workforce since the end of the 19th century. While the share of women working as domestic servants declined, more became teachers and hairdressers. No female occupation grew faster than the salesperson or store clerk.
Women in selected occupational groups, 1870-1930
After the ratification of the 19th Amendment in 1920, women had only voted in two presidential contests by 1926. Still, there was anxiety about their acquisition of political and cultural power, which concentrated on the rise of the legendary “flapper.” These flapper gals “smoked, drank, rouged their shining faces, bobbed their hair (which is to say cut it short and even all the way around), and clad themselves in silken dresses of breathtaking skimpiness,” the historian Bill Bryson writes in One Summer: America, 1927. The shrinkage of chastity was quantifiable: The amount of fabric in the average dress fell from 20 yards in 1910 to 7 yards in the 1920s.
Distribution of gainfully occupied women, 16 years of age and over, 1870-1930
Anxiety about women flaunting their liberties and their thighs was an adjunct to concerns about changes to the family. With the rise of working women coinciding with an increase in divorce, the authors of Recent Social Trends mourned that homes became mere “parking places” for parents and children, whose passions resided in labor and leisure.3
Childhood was transforming just as much as womanhood in the 1920s. For the first time, half of high-school-age students attended school, an eightfold increase since 1900. Declining birthrates along with rising wealth led to fewer children and more resources devoted to each child. 
Another 2026 similarity: declining birthrates. This chart of birthrates by age, race, and nativity of women, between the period of 1918-1921 and 1928-1929 shows declining births per 1,000 woman among native-born whites, foreign-born whites, and black women of almost all ages.
The report’s authors weren’t entirely sure that the new style of parenting—eerily similar to intensive parenting phenomenon of the 2020s—was a good thing. In a passage paragraph that one could imagine reading in the New York Times tomorrow, they worried about the the declining birthrate :
For the first time there were fewer children under five years of age in one census year than in the one preceding.
For the first time also there were fewer children under five years of age than from 5 to 10 years of age. In some cities already there are not enough children to occupy the desks in the earlier grades. This decreasing enrollment has not yet reached the high schools, but it is only a question of time, unless a larger proportion of those out of school are continued in school. Though the supply of children is being restricted, the demand for them continues.

Hovering over the decade’s cultural perturbations was Prohibition, which had been the law of the land since 1920. Prohibition was bad, not only because it shut down a major industry (America’s fifth largest, at the time); not only because it moved billions of dollars from the legitimate economy into the black market, empowering the Mafia and other criminal enterprises; not only because the national murder rate went up by almost a third after Prohibition was introduced; and not only because the federal government lost about half a billion dollars in liquor taxes (10 percent of its national income); but also because it killed people directly. As an ingredient in paint thinner, antifreeze, and other goods, alcohol’s production couldn’t be fully outlawed by the government. To discourage its consumption, the government required that industrial booze be frequently laced with poison. Americans, loving booze, drank that, too.
Articles about Prohibition and liquor concerns were skyrocketing in 1926, as shown in this graph of articles per 1,000 indexed in Reader’s Guide between 1905 and 1928.
The results were disastrous. A chemist’s survey in the New York Telegram found that one speakeasy’s spirits contained, among other things, kerosene, formaldehyde, and sulfuric acid. In their book Eating in America, Waverley Root and Richard de Rochemont report that nearly 12,000 people died in 1927 from drinking poisoned alcohol. Given that the US population was roughly 66 percent smaller than it is today, that would be the mortality equivalent of 36,000 people dying in 2026 from drinking beer that had been poisoned on purpose by the feds. (That figure is, by the way, roughly the number of drivers who die annually in automobile accidents today.)
Beyond the speakeasies and jazz clubs, sports were becoming a more central part of American life, although the industry was unrecognizable to modern audiences, in large part because 1920s sports were so unprofessional. For example, while it was considered America’s pastime, baseball was a terrible business. Teams relied on ticket sales for revenue, but Sunday games were prohibited in most cities, and electric lights were a luxury. So most games had to be played during the weekdays, when few working people could attend. Ninety-minute games were common; without a big audience or big paycheck waiting for them, players seemed to be in a rush to get things over with. In one doubleheader against the New York Yankees on September 26, 1926, the St. Louis Browns won 6–1 in 72 minutes and then won 6–2 in 55 minutes. (Yes, those were two nine-inning games.) “Quite how they managed it is a wonder,” the historian Bryson writes. “The two teams banged out 25 hits between them in the first game and 20 in the second, so these were hardly classic pitchers’ duels. There was just a lot less messing around.”4
Unlike 2026, when we are witnessing the decline of reading, 1926 might have been a high-water mark for reading in American life. Never before had so many different print media—books, magazines, and newspapers—swelled at the same time, before sound film and television took over.
Authors were celebrities—people mobbed Sinclair Lewis’s Minnesota home while he was trying to write his novels—and books published annually had doubled since the 1910s. For those overwhelmed by so many titles, the Book-of-the-Month Club was founded in 1926. Magazine advertising revenues grew by 500 percent in the Twenties, thanks to the birth of Reader’s Digest in 1922, Time in 1923, and The New Yorker in 1925. Newspaper sales also rose throughout the decade, and New York City alone had twelve daily papers.
This abundance of literacy was threatened by the arrival of new communications technology. Even more than telephones—which multiplied from less than 2 million units in 1900 to 20 million in 1930—radio defined the decade, evolving “from a mysterious curiosity to a widely diffused and universally accepted instrument of entertainment, business, learning and mass communication, [with] few if any counterparts in social history,” according to the authors of Recent Social Trends.
It is remarkable to read the report’s analysis of radio’s effect on American life, because it reads so alarmingly modern. Above all, the authors were concerned that radio encroached on individuality by mind-wiring each American to a global monolith of news and entertainment. Mass media organizations created “greater possibilities for social manipulation,” they wrote, and radio threatened to turn the individual into what the philosopher Martin Heidegger in this period called a “they-self”—a being who, failing to achieve authenticity, fully adopts the tastes, habits, and beliefs of the universal crowd.5
Today’s commentators sometimes fret about the role that the internet and the smartphone have played in unleashing populism, by elevating the views of the disenfranchised and smashing the authority of the elites. But 100 years ago, the authors of Recent Social Trends also saw the radio as a pure “leveling” technology:
Negroes barred from entering universities can receive instruction from the same institutions by radio; residents outside of the large cities who never have seen the inside of an opera house can become familiar with the works of the masters; communities where no hall exists large enough for a symphony concert can listen to the largest orchestras of the country; and the fortunes of a Negro comedy pair can provide social talk throughout the nation. Isolation of backward regions is lessened by the new agency of communication

Unlike print media, radio works the ear rather than the eye—the ear, which cannot close or even focus with ocular precision, but remains always open to the world. One hundred years ago, we were already making our way in a world where waves of information radiated around us, a proto-internet of sound, waiting for an audience and an antenna to tune in. Wired to the emotional values of far-flung events, Americans breathed air that pulsed with spooky electromagnetism, carrying the stories of people we would never meet. Without knowing what it meant to “log on,” our fellow citizens in 1926 were already learning what it means to never be able to log off.
The authors of Recent Social Trends were astonishingly prescient about the direction of technology. In one paragraph, they somehow anticipated the rise of audiobooks, YouTube, Netflix, smartphone cameras, musical software, ubiquitous air conditioning, and the electric battery revolution:
It may be that the world will find much use for talking books; school and college students may listen to lectures by long-running phonographs or talking pictures; moving pictures may be transmitted by wireless into houses; seeing with that new electric eye, the photo-electric cell, and recording what is seen, appear to have almost unlimited applications; new musical instruments different from any now in use may be given to us by electricity; the production of artificial climate may become widespread; an efficient storage battery of light weight and low cost might produce changes rivaling those of the internal combustion engine. And these are only a few of the myriad possibilities from new inventions in the future!

In an equally oracular section, the authors predicted the emergence of remote work and declining geographic mobility, anticipating that “the transmission of goods, of the voice and possibly of vision may act as a retarding influence on human mobility in the future and may cause a development of more remote and impersonal direction and controls.”
But the social scientists did not see these trends as altogether good. They worried that modern life, defined in equal parts by urbanization and technology, obliterated people’s values and their sense of self. Even as they gawked at the increase in patents—which grew more than 20-fold between the 1850s and the 1920s—they worried that a growing number of discoveries would bring “problems of morals, of education, of law, of leisure time, of unemployment, of speed, of uniformity and of differentiation.”
Social scientists of the 1920s saw machines pushing workers off of farms and competing with workers in manufacturing plants. How long, they wondered, until they would replace human workers in all tasks? “A larger proportion of work by machines, and a smaller proportion of human labor, is to be expected in the future,” they wrote. “There are indeed a few cases of wholly automatic factories and automatic stores and many automatic salesmen.” It is extraordinary to read these fears and not reflect on the AI jobs panic of the present, while also marveling at the thousands of occupations that are possible today precisely because machines made old jobs obsolete.
The dawn of the age of the machine drove us mad. Physicians of the day warned that the frail human mind was no match for the car, predicting at the time that “diseases of the wheel” would afflict the youth who rode bicycles and cars without restraint. It was not entirely obvious that they were wrong. In Germany, the number of patients registered in mental hospitals grew from 40,375 in 1870 to 220,881 in 1910. Over the same period, the share of patients admitted to general hospitals for illnesses of the nervous system rose from 44 to 60 percent.
Most perceptively, social critics of the age recognized that the urban-technological revolution of the early 20th century—what we might even call “modernity”—transformed not only our minds but also our values. Machines and systems that pulled Americans off the farm, away from the family home, and into churning markets of people and products threatened to replace the Judeo-Christian values that had bound the country for centuries with a new system of values dictated by markets. In 1903, the sociologist Georg Simmel anticipated the anxieties of the Twenties—ours and theirs—when he observed that in cities “money takes the place of all the manifoldness of things” and becomes “a common denominator of all values.” Money “hollows out the core of things, their peculiarities, their specific values, and their uniqueness and incomparability in a way which is beyond repair.”
One hundred and twenty years after the publication of that essay, the Wall Street Journalasked thousands of Americans what values were still important to them. While a declining share of Americans endorsed the worthiness of patriotism, religion, community, and children, the share who said “money” was “very important to them” went up. It sometimes seems as if markets and money are the last value standing, the final common denominator beneath all human endeavor.
On its 250th birthday, the U.S. similarly defines itself through markets. Those famous words of Calvin Coolidge, America’s president in 1926, could just as well serve this American president and this American moment: “The chief business of the American people is business.”
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Show HN: Bramble – Local-first password manager

github.com · 100 points · Discussion

I'm currently working on Bramble, an open source password manager with P2P cross-device sync. Initially I released the Chrome extension, but recently I also published the Android app and iOS is pending Apple's approval. Besides that, the latest version also includes passkey storage for all platforms!About Bramble:
It aims to be as feature-rich as all popular and a replacement for cloud-based providers. I don't think we need to store our data in the cloud and be at the whims of companies raising their prices every year. There's always a breach and then we find out that some fields aren't encrypted, metadata is visible, and so on. I'm frustrated with this and the increasing lack of transparency during these breaches.
The P2P sync in Bramble uses a Nostr relay (which can be self-hosted) to keep your devices in sync. The relay just introduces the devices to each other; the data then flows directly over WebRTC, so there's no vault server and no cloud copy of your passwords anywhere. What leaves your device is end-to-end encrypted and your devices authenticate each other directly, so a snooping or MITM relay gets practically nothing.
Crypto is all done in Rust so I can control exactly how key material lives and dies in memory (secrets get zeroed out, no GB leaving copies lying around). In Chromium it's a wasm module, on mobile it's native builds bridged over via uniffi.
Android app:
I'm still deciding whether to publish the app on Play store or simply provide the signed APK which users can sideload. Reason for that is Google's plan to lock down Android and take away ownership from its users. Read more about it here: https://keepandroidopen.com/
The app uses no Play APIs whatsoever and runs perfectly on GrapheneOS, where I actually did all my testing.
Questions, feedback, feature requests - all welcome!
TL;DR: I dislike private-equity and venture funded companies messing with our security, so I created my own Password Manager which is local-first, free, open source and as transparent as it gets.
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Farmer, marketer at odds over sales of white nectarines

apnews.com · 94 points · Discussion


                                        Thousands of visitors have flocked to Cesar Mora’s farm in central California this week to gather free nectarines.
He’s giving his harvest away rather than watching it rot as he’s locked in a legal battle with a company that claims exclusive rights over the variety of white nectarine he grows. He’s shared more than 100,000 pounds (45,359 kilograms) since Monday.
“It was really just a thought of not wasting a perfectly good product,” Mora said. “It does make a grower feel good, being able to share my fruit with people and see their immediate reaction that they love it. It’s a little bit of good in this tough situation that I’ve been dealing with.”
The legal dispute highlights the tension that can emerge between farmers and the plant breeders and large industrial food marketers that create new varieties of plants and obtain the exclusive rights to sell them.

    
Since 2023, the third-generation farmer in the agricultural community of Reedley in California’s Central Valley has been fighting a lawsuit filed against him by Giumarra Brothers Fruit Co. The suit centers on the company’s claims of exclusivity over a variety of white nectarine and accusations that Mora broke their contract by selling the fruit to other packers. A trial has been scheduled for later this month.




“At its heart, this is a disagreement involving two written agreements, and it is being resolved the right way — in court and on the facts,” the company said in a statement emailed by one of its attorneys.

    
        
    
Mora has accused the company of unfair and fraudulent business practices.
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I’m still to this day just blown away by continental drift and things like that, stuff that most people think sounds pretty boring.

— Will Wright



Gamers are both extremely dedicated to and really good at preserving the history of their hobby. Seldom has a month gone by in the fifteen years that I’ve been writing for this site that I haven’t had cause to feel grateful for their efforts. During the early years, I was most thankful for their lovingly curated archives of 8-bit disk images and the emulators to run them on our modern-day supercomputers; more recently, it’s initiatives like ScummVM and the welter of patches and fixes that make it easier to experiences games that are, for all that they may be infinitely more advanced than the ones I started out writing about, nevertheless decades old by this point, designed for versions of Microsoft Windows that fell out of support before some people who are old enough to vote today were even born. More recently still, projects like Wine and Lutris have allowed me to run these games on Linux, in many cases more easily than I could under Windows. And then of course there’s MobyGames, a site I have visited and will doubtless continue to visit almost every single day that I write about gaming history.

It therefore pains me just slightly to say that, for all the good they do, these same fans can create a somewhat distorted impression of the history they work so hard to preserve. The fact is that the version of our ludic past which you find chronicled on a site like MobyGames is often markedly at odds with the real facts on the ground from back in the day. The games which get most of the attention there, and garner multiple loving retrospectives in fan journals like Retro Gamer magazine, are seldom the ones that actually sold the best. Then as now, the best way to sell a lot of games was to make ones that appealed to people who don’t self-identify as gamers, who would have no idea how to even begin to interact with a DOOM or a Starcraft, to whom it would certainly never occur in a million years to visit a site like MobyGames. For these people, games are just a way of passing the time, not a passion or a lifestyle. And there are a lot more of them than there are of us, my friends. If you’re basing your understanding of which games were the most successful in their day on the ones that have the largest quantity of nostalgic reviews on MobyGames, Steam, and GOG.com, you’ve gone badly astray.

The canonical example of this disconnect is Myst. Widely dismissed by the hardcore set as nothing more than a slideshow of pretty pictures wired together with a handful of switch-flipping set-piece puzzles, Myst was the face of the multimedia revolution in personal computing in the eyes of Jack and Jill America during the 1990s. As a result, it became the best-selling single game of the decade. There’s a surprising number of other non-core-gaming successes of almost the same magnitude to be spotted if you only pause to look, most of them without the note of highbrow artsiness that has always elevated the discussion around Myst. The most successful game ever made by Dynamix — the studio behind such hardcore classics as Articfox, Red Baron, Betrayal at Krondor, and Aces of the Deep — was a far more populist offering called Trophy Bass, which as of this writing has precisely zero reviews on MobyGames. And don’t even get me started on Deer Hunter, the schlocky big-box-store sensation of the late 1990s, a punchline among hardcore gamers that just sold and sold and sold and sold.

A subtler example of the phenomenon — also one that gives a modicum more hope than Deer Hunter for the taste and intelligence of the proverbial unwashed masses, even as it cuts across some of the boundaries behind hardcore and casual play — is SimCity. Designed by Will Wright and published in early 1989 by a company he co-founded called Maxis Software, SimCity‘s combination of compulsive playability with the serious, adult-approved theme of urban planning famously inspired Time magazine to write its first computer-game review ever within mere weeks of its release. The sky was the limit from there. The rumpled, chain-smoking, mile-a-minute-talking Wright became a minor celebrity in his own right as magazines, newspapers, and even television shows piled in to cover this game and this man that conformed to none of their preconceived stereotypes. Reflecting on those heady days in 2013, Wright called SimCity “kind of the earliest example of a game that was leaning more to a mainstream audience. They were interesting people that were not necessarily into dragons or history or sports. And so they were into games that were more about reality than fantasy.” The only game of the time that gained as much traction among people who didn’t usually play games was Tetris. But there was only so much you could say about a game of falling blocks, whereas the literally-titled SimCity, a game which really did purport to simulate an entire city, opened up endless vistas of thoughtful exposition in middlebrow media.



This discourse was frequently self-contradictory. On the one hand, SimCity’s lack of explicit goals or winning states caused it to be deemed the harbinger of a new generation of “software toys,” a frivolous-sounding description which Will Wright nevertheless enthusiastically embraced. On the other hand, the same media was full of reports of university professors and city councils who claimed to take the software toy seriously enough as a simulation to apply it to their work. Wright was more ambivalent about this sort of thing, presumably because he knew all too well just how much SimCity was not based on anything real in any but the most abstract of senses. Still, he couldn’t quite find it in himself to say that these folks were full of it either. Not until years later did he feel he could come completely clean and admit that SimCity was really “a caricature of the way a city works, not a realistic model.”

Many people come to us and say, “You should do the professional version.” That really scares me because I know how pathetic the simulations are, really, compared to reality. The last thing I want people to come away with is that we’re on the verge of being able to simulate the way that a city really develops, because we’re not.


At the time, though, few proved able to grasp this reality that, just because something walks like a duck and quacks like a duck on a computer screen, that doesn’t mean it is an accurate simulation of a duck. “When I was running Lower Gomorrah, something that looked like a city and felt like a city,” pondered tech journalist Steven Levy, “was I really manipulating anything that bore formal resemblance to a city? How relevant is the imitation of the real thing?” (The answers to these questions, for the record, are “not really” and “not very.”)

But whatever its shortcomings as a real, honest-to-God simulation of urban spaces, there can be no doubt that SimCity should be numbered among the most influential games of all time. In this respect, it makes a stark contrast to Myst, which proved to be something of an evolutionary dead end after the inevitable flurry of largely unsuccessful clones (and one almost as successful direct sequel) had exhausted themselves. SimCity spawned a new gaming sub-genre known as the city-builder, a niche category to be sure but one that proved far more popular and enduring than first-person slideshow adventure games. And yet this constitutes the merest beginning of SimCity’s actual influence. By showing how a real-time approach could benefit even a game that wasn’t particularly interested in testing its player’s reflexes, it revealed new possibilities to designers, who went on to implement real-time in a wide array of strategy games, from Railroad Tycoon to Europa Universalis. And in popularizing and legitimizing the notions of “builder games” and “software toys,” it likewise changed design aesthetics forever; after it, even games that did boast the campaigns and stories and goals that SimCity had so conspicuously lacked felt obliged to provide a “sandbox” or “free-play” mode to satisfy the appetites that Will Wright had inculcated. In all of these ways and more, SimCity’s influence extends astonishingly far afield. For example, Sid Meier has gone on record many times to say that Civilization would never have come to be absent SimCity. (He actually tried very, very hard to make the original Civilization run in real-time before finally accepting that it just wasn’t a good fit with the other parts of the design.) Whatever your favorite modern game happens to be, the odds are better than even that it bears a trace of SimCity somewhere in its DNA.

In a more immediate context, though, the success of SimCity posed a dilemma for Will Wright: what would he and Maxis do to follow up a game that was being discussed in borderline worshipful terms in such unlikely media organs as InfoWorld, The New York Times, and Newsweek? Wright was determined to keep on keeping on with his idiosyncratic vision of games as intricate systems to be tinkered with and learned from rather than competitions to be won or interactive stories to be experienced. Why should he do anything else, given the money and celebrity that SimCity was garnering him? Maxis’s co-founder Jeff Braun, the business mind to complement Wright’s creative one, thought his responsibility was “to protect him [Wright], in a sense, and create a structure where he can do his thing. It really was not about me and what I thought would be successful. It was about Will and getting his creative thing out.”

At the Game Developer’s Conference in the spring of 1990, Wright made a presentation that says as much about his way of thinking about games as it does the heady tenor of the times. He proposed an industry-wide standardized file format “so that players could switch accomplishments from one imaginary world to another. For instance, one might be able to use the road system from SimCity in order to race in Vette!, or one’s approval rating for the former might be enhanced by one’s accomplishments in, say, Ultima VI.” (Had these three games ever been mentioned together in the same sentence before?)

Naïve and ultimately pointless though the proposal may be, it demonstrates something important about Will Wright. In his mind, all of the games he would make or enable to be made in the future would be in some sense part of a single larger, overarching game, an entire simulated universe. To Will Wright it was, to paraphrase Neil Young, all one game.





The dawn of the 1990s was an important period for environmental science, when talk of temporally and/or geographically localized effects like acid rain began to shift toward wider-frame discussions of human impacts on our planet over a scale of many generations; not coincidentally, it was at this time that the term “global warming” first entered the popular discourse in a big way. The original Civilization’s inclusion of global warming as a game mechanic, one of the few drawbacks it saw to its larger theme of boundless human Progress, is very much a reflection of the period in which it was conceived. This statement is even more true about Will Wright’s SimEarth, which appeared a year and a half before Civilization, in mid-1990. Rather than just incorporating one trending aspect of environmental theory as a mechanic, it aspired to be a full-blown simulation of the Gaia hypothesis about our planet.

Dating back to the mid-1970s, and with philosophical and spiritual roots stretching back thousands of year further, the Gaia hypothesis was the brainchild of a former NASA scientist named James Lovelock. It proposed that all of the Earth, both its living and its non-living components, ought to be seen and understood as a single interlocking system, almost a meta-organism unto itself. By Lovelock’s own description,

Gaia is a hard-science theory about the evolution of the Earth and the life upon it. In no way is it contradictory to Darwin; it extends Darwinism to include the evolution of the rocks, the atmosphere, and the oceans. Gaia theory sees the evolution of the material world and the evolution of the organisms as a tightly coupled process. Changes in the organisms always affect the environment, and vice versa.


The problem in the opinion of most mainstream scientists was that Lovelock was never able to adequately explain just how this symbiosis occurred, how the living could so comprehensively communicate with and affect the non-living. It sounded to them more like mysticism or religion than science, a point which they hammered home again and again. Said point is probably valid enough according to the principles of hard science, but the Gaia hypothesis remains immensely appealing and even inspiring as a thought experiment, almost regardless of its literal truth. This was expressed with surprising eloquence back in 1990 by gaming journalist Rusel DeMaria:

The Gaia hypothesis helps us to see this warm, blue sphere not as a rock which happens to support life in the middle of the forbidding void of space, but as an organism that has successfully sustained its own state of aliveness for billions of years. Are we part of the evolution of a super-organism? Will we be the beings that help that organism reproduce itself in space and throughout the galaxy? These are some of the questions I’ve considered since encountering Dr. Lovelock’s remarkable theory. My view of the world is forever changed.


James Lovelock was always interested in using computers to model and teach his hypothesis, believing that it was easier to understand Gaia if one could see it in action than if one could only read about it on the page. In the early 1980s, he and a colleague named Andrew Watson developed an extremely simple simulation they called Daisyworld, which modeled a planet that was host to only two forms of life: white daisies that reflected sunlight and black daisies that absorbed it. Therefore white daises would tend to make the planet cooler, all else being equal, while black daisies warmed it up. The fun, if you chose to call it that, was in tinkering with the daisy numbers and coverage to see what kind of climate resulted. Daisyworld was partly intended as riposte to those scientists who said that the Gaia hypothesis lacked a mechanism to explain how living things could affect the planet to the extent claimed. Alas, most of them were still not convinced: they said that such a simplified model was all well and good for understanding some aspects of the environment, not least human-caused climate change, but it didn’t begin to address the full scope of the symbiosis of the Gaia hypothesis.

But the point remains that Lovelock had a well-known interest in computer modeling. On that basis, Stewart Brand, a proudly unreformed hippie with a techno-optimist bent, the founder of The Whole Earth Catalog, introduced him to Will Wright in the first blush of the latter’s SimCity fame. The two quickly decided to collaborate on a simulation of a living planet that would be far more sophisticated than DaisyWorld, that would model the evolution of a planet and all of the life that might eventually arise on it over billions and billions of years. This planet could be as similar to or different from our Earth as the player wished. At first, Wright and Lovelock thought to call their simulation simply Gaia, but bowed in the due course of things to the wisdom of Jeff Braun, who said that Maxis had the beginning of a wonderful brand in the name of SimCity and that they ought to exploit it. Thus Gaia became SimEarth: The Living Planet.



SimEarth was an almost achingly earnest exercise, a million miles away from what the average person on the street might imagine a videogame to be. The official strategy guide, written by the aforementioned Rusel DeMaria, included what might have been the only call to political action ever presented in this genre of books that were usually all about tips, tricks, and cheats to improve your score and impress your friends: “It is my hope that by bringing these issues to your attention, we’ll all be able to remember our priorities and perhaps take action to stop our destructive behaviors and find ways to live in harmony with our world.” Maxis promised to funnel a portion of the game’s proceeds into environmental charities. Lovelock wrote that he hoped SimEarth “might develop into something more [than just a game], a personal model that might become a guide for living right with the world. A way of testing for ourselves the long-term consequences of different ways of living.”

If there was a goal to be found in SimEarth, it must be to guide one’s personal Gaia along until it yielded intelligent life capable of surviving and thriving in harmony with the planet. Johnny L. Wilson, an ordained Christian minister who also happened to be the editor of Computer Gaming World magazine, took on the task of reviewing SimEarth himself. One might have expected him to be hostile to the very idea of a game where Darwinian evolution took such pride of place, but he declared that in the end SimEarth only reaffirmed his faith, by showing him that life could only evolve if he, in the role of the God of this simulation, tinkered with the system constantly to ensure that the fragile flora and fauna on his planet could progress from stage to stage. It wasn’t the dramatic creation narrative of the Book of Genesis, but it was good enough for him.



Of course, we shouldn’t get too carried away by SimEarth, any more than we should by SimCity. It may have been created with a more serious intent than SimCity, but all of the same caveats about its accuracy as a simulation apply; if anything, they’re amplified by the absurd vastness of its scope. Yet that need not have mattered so much if it could convince its players to think differently about our delicate planet and our relationship to it. Sadly, however, it never found anything like the same audience as SimCity, because it just wasn’t as relatable. Even colossal failures of urban planning could be fun in SimCity — in fact, sometimes the most fun of all. But if you failed to twiddle the knobs just right in SimEarth, you just wound up with a dead lump of rock rather than a cataclysmic fire or an epic traffic jam to gawk at. It was all so very slow and abstract, so divorced from real life as its players knew it.

This would prove to be something of a problem for Will Wright and Maxis going forward. Their earnest simulations of big ideas weren’t always all that obviously fun. Although SimEarth sold well initially, its momentum petered out as it became clear that this software toy was less joyously playful than its predecessor. The same fate would befall almost every Maxis game that didn’t bear the name of SimCity for a long time to come.





That said, Wright’s next game did include more whimsy and humor than were to be found in the stolidly portentous SimEarth. Like so many of his other games, 1991’s SimAnt: The Electronic Ant Colony was inspired by his readings in popular science: in this case, by the book The Ants by E.O. Wilson, the dark-horse winner of the 1991 Pulitzer Prize for General Nonfiction. This time, however, Wright was not able to work directly with the man whose theories he was trying to bring to interactive life on the computer. Wilson neglected to read closely the letter Wright sent him proposing a collaboration, and was thus left to find out about SimAnt after it was finished, just like everyone else. But when he did, he praised its “sophistication and precision,” so it was all good.

E.O. Wilson was the man who first discovered that individual ants, although each possessed of only the most rudimentary forms of awareness, communicate over amazingly long distances using pheromones, resulting in a group intelligence that enormously transcends that of its constituent parts. Seen in a certain light, then, Wright’s first three Sim games were all grappling with what he liked to called “distributed,” communal forms of sentience: SimEarth on a macro level, SimAnt on a micro level, and SimCity somewhere in between. In SimAnt, you have to find the right ratio of breeders to workers to soldiers in the colony you build around your all-important queen. You also have to contend with a rival ant colony and other, bigger creatures that can wreak havoc on your insect society, such as a marauding tarantula.



Wright and the slowly growing team around him at Maxis did look for ways to make this simulation more relatable than SimEarth. If you need an action fix, you can take direct control of one of your soldier ants and charge into battle. Maxis even deigned to include a score and a high-score table. The ultimate achievement is to drive a hapless human and his dog right out of their house. Observing all of this, Computer Gaming World noted that there weren’t actually all that many differences between the life of your ant colony and “an exciting space-opera story line”: “The horrible, nearly indestructible insect-like monster in the movie Alien was, after all, a souped-up, acid-puking, survivalist ant from a mixed marriage with a scorpion.”

But, for all that ravenous insects — not to mention hive minds — had been a staple of science fiction since the very beginning, the answer to the question of whether people wanted to spend hours on end seeing the world through insectoid compound photo-receptors proved mixed. Although SimAnt did considerably better than SimEarth in the long run, selling over 100,000 copies, Wright was vaguely disappointed that its primary demographic wound up being “ten-to-thirteen-year-old” boys, the group best primed to respond to its squishy sound effects and shadings of the grotesque: “I was expecting it to be more older people that would appreciate how amazingly interesting ants are as an example of distributed intelligence. But in fact, I ended up appealing to twelve-year-olds who just loved playing with ants.” Ah, well… it’s better to have the “wrong” customers than no customers at all. The latter would be the case to an alarming degree for the two games after SimAnt.



Those two games marked the first times that Maxis applied the Sim branding to the work of other designers than Will Wright. By now, the studio had developed into a utopian collective of thinkers and dreamers, who barely felt they were a part of the commercial games industry at all and definitely didn’t feel like they had to abide by its usual rules. SimCity, that gift that kept on giving, ensured that, funding whatever esoteric experiments they wished to pursue.

A former Apple hardware engineer named Ken Karakotsios was responsible for SimLife, Maxis’s most esoteric simulation yet, which abandoned all of the concessions to accessibility that were to be found in SimAnt. SimLife was responding to yet another buzz in popular science, in this case over the prospects for digital “cellular automata” — or, to use the title of a popular 1992 book by Steven Levy, Artificial Life.

This notion of self-replicating digital organisms was an old one in computer science even then, having originated in the 1940s with John von Neumann. It was given a practical spin circa 1970 by the mathematician John Conway, whose Game of Life allowed the user to set up collections of “cells” in different configurations on a computer and then watch to see what patterns they created as they lived and died. The claims that were made on the basis of simple experiments like this one were either boldly visionary or wildly overblown, depending on your point of view. The Polish science-fiction writer Stanislaw Lem, for one, was all-in, being convinced that this was the path to computer sentience.

To declare that the personoids are somehow “handicapped” with respect to us, inasmuch as they do not see or hear as we do, is totally absurd. With equal justice one could assert that it is we who are deprived with respect to them — unable to feel with immediacy the phenominalism of mathematics, which, after all, we know only in cerebral, inferential fashion. They live in it; it is their air, clouds, water, and even bread — yes, even food, because in a certain sense they take nourishment from it. To say they are imprisoned inside the machine is mere journalism.


But, as so often happens in fields of or adjacent to artificial intelligence, the boosters found it hard to explain how genuine consciousness was going to arise from their crude imitations of life.



This isn’t to say that cellular-automata couldn’t be useful and intriguing. Will Wright himself had employed some of these approaches in all three of his Sim games. Ken Karakotsios’s implementation of them was at bottom a dramatically expanded version of The Game of Life, which permitted the single cells to evolve into all manner of plants and animals, then compete and cooperate in various simulated environments while the player tinkered from on-high as much or as little as she preferred. It was interesting enough conceptually even if one hadn’t drunk all of the artificial-life Kool Aid — it was a decent simulation of the way that evolution is believed to work in the non-digital world as well — but the things that had made SimEarth problematic as a marketplace proposition were exaggerated even further here: it was all just so attenuated, so very abstract. And it didn’t help that, on a superficial level at least, it was plowing so much of the same ground as SimEarth, which had also allowed you to watch lifeforms evolve, albeit in the context of a grander world simulation.

Computer scientist Christopher Langton, the most prominent academic booster of cellular automata at the time, said that SimLife was “awfully close to being a useful tool for scientific research.” Yet it was competing with games, not with scientific tools. It became Maxis’s worst-selling release to date.



SimFarm, which was conceived and designed by a former Maxis playtester named Eric Albers, was more down to earth in all respects. As Maxis’s marketing copy put it, it was “SimCity’s country cousin,” simulating the life of a farm. But it turned out that digging irrigation ditches was less exciting than building roads, and that watching cows graze was less entertaining than watching human commuters go about their day. SimCity was kinetic; SimFarm just sat there baking in the sun, succeeding mostly in demonstrating why fleeing the farm for the bright lights and big city has long been such a staple of fiction and nonfiction. It didn’t sell much better than SimLife.




A meeting of great gaming minds. Shigeru Miyamoto, Will Wright, and Jeff Braun in Japan, October 1989.


Indeed, SimEarth, SimAnt, SimLife, and SimFarm combined struggled to come within an order of magnitude of SimCity’s total sales. Defying the usual logical of the computer-game marketplace, SimCity’s sales increased rather than decreased year by year, as more and more people who weren’t traditional gamers, hackers, or nerds brought computers into their homes, thanks to the excitement about CD-ROM and multimedia, the user-friendliness of the latest versions of Microsoft Windows, and, soon enough, the chatter about the burgeoning World Wide Web. SimCity subsidized everything else that Maxis did.

It had been widely ported from its first home on the Apple Macintosh. First it had made its way to the Commodore Amiga, then to MS-DOS, the platform where it really started to drum up the sales figures. After that came just about every other viable or semi-viable computing platform in the Western world, including even such aged refugees of an earlier computing epoch as the Commodore 64 (the machine on which Wright had coded his first prototype of the game), the Sinclair Spectrum, and the BBC Micro. But the next really key port after the MS-DOS one was to the new Super Nintendo Entertainment System, the much-anticipated successor to the best-selling single games console to date. When the SNES came to North America in August of 1991, SimCity was one of its launch titles, serving as an early demonstration that this console was capable of far more than the likes of Super Mario Bros.

It’s therefore ironic to note that SimCity’s biggest champion inside Nintendo was none other than the creator of Super Mario Bros., the legendary Shigeru Miyamoto. Wright had first bonded with him over the course of a week-long, exploratory visit to Japan in October of 1989. Nintendo then agreed to undertake the port themselves under Miyamoto’s guidance, “Nintendoizing” the game without losing its essence. Miyamoto inserted his American friend into the proceedings as “Dr. Wright,” who popped up from time to time to offer comments and advice, doing much to personalize a game that was, like all of Maxis’s software toys, utterly bereft of identifiable characters in its original form. Having SimCity on the SNES, which quickly became a bigger self-contained market for games than all of the existing computer platforms combined, was another huge boon for Maxis, even if the more cartoony look wasn’t going to do them any favors with the furled-brow Time magazine crowd.



At the same time that they were expanding onto a living-room console, Maxis was becoming a publisher of out-of-house games. These weren’t generally given the Sim branding but did tend to be aligned with it in spirit. Maxis provided an entrée to the American market for any number of international studios whose abstruse concepts had been given short shrift by other publishers. Their games ranged from A-Train, a Japanese-developed, finance-heavy Railroad Tycoon competitor that gave the lie to the idea that all Japanese games were simple and cutesy like Super Mario Bros., to a passive Russian “aquarium simulator” called El-Fish that was as proudly goalless — some might opt for the term “pointless” — as anything that ever sprang from the mind of Will Wright.

Many of these were worthy, even noble efforts in their way, even if they don’t float your humble author’s particular boat. But that fact kind of points out the problem with them: they were ultra-nichey titles that demanded players who were seriously interested in their unusual subject matter, at a time when the distribution systems of commercial computer gaming were not well-suited to such products. Maxis struggled even to get them into the stores where they might be bought. Few retail orderers were excited about wasting precious shelf space on El-Fish when that same shelf could be filled with yet more copies of DOOM and Myst — and yes, of SimCity as well.



In the summer of 1992, Jeff Braun traded 30 percent of Maxis’s equity and a seat on the company’s board for a cash injection of $10 million from Warburg Pincus Ventures. The deal was predicated on the understanding that some of the money would be used for a new SimCity that was more in tune with the expectations of the 1990s, one that could be sold to all of the people who had bought the first one all over again, at the same time that it hopefully reached large numbers of new people.

At the time, Will Wright had been tinkering for months with something that even the dreamy minds around him didn’t quite understand, a virtual dollhouse that he was building up from some of the core algorithms of SimAnt. By Wright’s own admission, Braun had to “drag” him away from it to do SimCity 2000. He wound up devoting more than a year of his life to the project, but he did so more begrudgingly than passionately, because his trusted business partner was telling him that Maxis needed this game in order to survive and make possible all of the other ones. “I was in management mode,” he says. “I had a pretty clear idea of what the design would be, since we were basically just doing a sequel, which is always easier. It was more just making sure the engineering was good and the performance was decent.”

Co-designed by Fred Haslam, who had previously worked with Wright  and James Lovelock on SimEarth, SimCity 2000 was a new software-development experience for Maxis all the way around. Prior to this point, Maxis had been as much a creative playground as a serious company, happily thumbing its nose at all of the established industry logic about what you needed to do to actually sell games. And, sure enough, they hadn’t sold all that terribly many games beyond the sui generis SimCity. Now, Braun told everyone, they needed to make their sequel to that game match a set of bullet points that were demanded by the marketplace, needed not to challenge anyone’s expectations unduly while they were doing so, and, most importantly of all, needed to have the finished product ready to go for the Christmas buying season of 1993. They managed all of these feats, but not without some friction and hard feelings. Some employees, finding the dictates to be a betrayal of everything they had thought Maxis stood for, quit rather than abide by them. Those who stayed became familiar before all was said and done with the nature of crunch, another new experience for Maxis people.



In the end, though, SimCity 2000 did exactly what was required of it, both as a computer program and as a commercial product. The most obvious improvement over its predecessor of four and a half years previous was in the visuals. An isometric view replaced the old top-down one, the onscreen color count increased from 16 to 256, and professional artists were… well, suffice to say that they were present this time. The difference really was night and day.

To the improved visuals were added an improved interface and a host of fairly commonsense gameplay extensions: hospitals and schools, new types of heavy industry and power plants, a plumbing system, subways and trains and other new transportation options. (One can detect some influence from Railroad Tycoon in these, feeding back into the game that had done so much to inspire it; game design has always been a dialog.) You could choose an historical starting date for your game and take advantage of new technologies as they became available: subways in 1910, buses in 1920, highways in 1930, etc., all the way up to microwave and fusion power in 2050. (If only…) As your city’s mayor, you could issue ordinances and read about your accomplishments and your follies in an in-game newspaper. It was all done well, but at the same time not overdone, being still eminently recognizable as the same SimCity that the old fans knew and loved. In the eyes of a business professional like Jeff Braun, it was the perfect sequel.



He was amply rewarded for his foresight in getting it out before the first SimCity cash cow had dried up completely. SimCity 2000 rocketed up the bestseller charts that Christmas of 1993 in just the way that all of those other recent Maxis games hadn’t. Then it kept right on selling for months and then years, another rare perennial in an intensely seasonal industry, a game so popular that it spawned three separate trade-paperback strategy guides from big outside book publishers. Although Maxis had as yet found only one way to actually make consistent money, they were fortunate in that it made them a lot of money. Having given SimCity another lease on life, they could go back to being weird… okay, no, let’s call it esoteric.



 

Did you enjoy this article? If so, please think about pitching in to help me make many more like it. You can pledge any amount you like.






Sources: The books Games That Sell! by Mark H. Walker, Building SimCity: How to Put the World in a Machine by Chaim Gingold, SimEarth: The Official Strategy Guide by Rusel DeMaria, SimCity 2000: Power, Politics, and Plumbing (revised ed.) by Nick Dargahi and Michael Bremer, SimCity 2000 Strategies and Secrets (2nd ed.) by Daniel A. Tauber and Brenda Kienan, The Official SimCity 2000 Planning Commission Handbook by Peter Spear and Johnny L. Wilson, Game Design Theory & Practice (2nd ed.) by Richard Rouse III, and Artificial Life: A Report from the Frontier Where Computers Meet Biology by Steven Levy. Macworld of April 1990; Computer Gaming World of September 1990, January 1991, March 1992, September 1992, April 1993, July 1993, and November 1993; Retro Gamer 115 and 210.

Online sources include the collection of Maxis articles by Phil Salvador at The Obscuratory, Matt Barton’s video interview with Jeff Tunnell, and Tristan Donovan’s interview with Will Wright for the old Gamasutra site.

Where to Get Them: Of the Maxis games described in this article, only SimCity 2000 is currently available as a digital purchase.
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Full text couldn't be fetched for this one (paywall, anti-bot, or not an article page). Read it via the links below.
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Lisp-like languages have historically led the world in metaprogramming and
flexibility. While many modern languages have adopted the idea of macros,
Lisp-like languages such as

Racket have continued pushing the envelope,
attempting to make macros as easy as possible to incorporate into everyday
programs. On the other hand, Lisp's minimal, parenthesis-based syntax can be hard
to adapt to — to the point that Lisp is sometimes said to stand
for "Lots of Irritating Silly Parentheses".

Rhombus is a new programming
language that aims to have the best of both worlds, marrying Racket's
metaprogramming capabilities to a simple Python-like syntax and reasonable
standard-library defaults.



The project



The language is part of the broader Racket project, which is "rooted in
academia". Of Rhombus's 43 contributors, the two most active are Matthew
Flatt and Wing Hei Chan, of the University of Utah and the Chinese University of Hong Kong,
respectively. Rhombus is used as a teaching tool at both of their universities the University of Utah; Chan contributes to Rhombus independently, and doesn't actually work in the Chinese University of Hong Kong's computer-science department.
Despite that, the language aims to be more than just an academic
exercise. Development is supported by the
Racket Programming Language
Foundation, which seeks to make Racket and Rhombus suitable for real-world
professional use. Even though the language only

celebrated its 1.0 release on June 22, there is already

a set of tools for the Economancy card game partially written in it,
among other non-academic uses.




The core of Rhombus is available under either the MIT or Apache 2.0 license,
although it is built on top of the Racket runtime, which includes LGPL 3.0 code
in some dynamic libraries. That reuse of much of Racket's infrastructure means
that it already
has a large number of

usable libraries, and an optimizing compiler.
Rhombus programs can be interpreted, compiled to bytecode, or compiled to native
machine code.




One place that Rhombus differs from Racket, other than its syntax, is in its
choice of default data structures. Lisp-like languages often use singly linked
lists as a core data type, which comes with efficiency problems. Rhombus uses
lists backed by an immutable tree structure that makes many operations take
logarithmic time. Flat, mutable arrays, tree-based maps and sets, and hash-based
maps and sets are also available in the standard library.





The syntax



Rhombus's syntax is fairly similar to Python in that it is indentation-based,
and uses ":" to indicate the start of an indented block. One slight difference
is that Rhombus uses the "|" symbol to separate branches in if expressions
and similar contexts. The clearest way to explain is probably with an example
(an implementation of the factorial function):




    fun factorial(n):
      if n <= 1
      | 1
      | n * factorial(n - 1)




Programmers with a more imperative bent might prefer the version below that uses a for
loop. Note the use of an inclusive range, 1..=n rather than the more common
exclusive range 1..n.




    fun factorial(n):
      def mutable p = 1
      for (i in 1..=n):
        p := p*i
      p




By default, variables are immutable, so the

mutable binding operator is needed
to let the loop alter the value of p. The example can be made shorter,
however. Rhombus's for loops support a
feature that is uncommon outside of Lisp-like languages: an optional

"reducer"
that is used to combine the result of each loop into a final value for the loop
itself. The

math.product reducer multiplies all of the values returned
from the loop, allowing one to write:




    fun factorial(n):
      for math.product (i in 1..=n):
        i




This ability means that Rhombus's equivalent of the list comprehensions found in
other languages is just a for loop that uses the

List reducer to
collect results into a list. For loops can also produce maps, sets, or even
boolean values using the

all or

any reducers. In a typical
programming language, one might expect this kind of built-in syntax to work for
the types provided by the standard library, but not for user-defined types.
Rhombus's macros, however, can be used to extend more or less any part of the
language, including creating new reducers. Most programs will probably not need
to do so, but it is nice to have the option when it would make the program
simpler.



Macros



Macros in Rhombus use single quotes to produce syntax objects that represent a
fragment of Rhombus code, with "$" used to indicate placeholders.
Unlike traditional Lisp-like languages that represent code with lists, Rhombus's
syntax objects are their own data type. This lets them carry additional metadata
such as line number and position, which in turn lets Rhombus produce helpful
error messages, such as stack traces that take macros into account correctly.
Syntax objects also carry metadata that controls how names are resolved, giving
programmers control over when and how macros capture names from the environment.
Both

hygienic and non-hygienic macros are possible to write, although hygienic
macros are the default.




As an example of a small macro, here is all of the code needed to implement
Ruby's

postfix if in terms of the built-in

when macro:




    import:
      rhombus/meta open // Needed for defining a macro

    expr.macro '$action if $test':
      'when $test
       | $action'

    println("Hi!") if (foo == bar)




In some ways, this kind of syntax object is reminiscent of the approach that

TemplateHaskell uses. Unlike TemplateHaskell, however, Rhombus macros can be
defined anywhere that a normal function could be, and respond to the
grammatical context in which they are used. The example above is a macro that
can be used anywhere that an expression is expected. Reducer macros are defined
with reducer.macro, and there are similar constructs for macros that
customize the handling of imports, pattern matches, and so on.




One might expect that the list of grammatical contexts in
which macros can operate to be fixed. That isn't true in Rhombus, which

exposes functions for manipulating grammatical contexts to the user. As long
as the program uses Rhombus's basic indentation-based syntax, the programmer is
free to define their own grammar and kinds of expressions, should they think it
necessary.



Other forms of extension



Another example of that kind of flexibility is Rhombus's approach to type
checking. Rhombus is, in some sense, not a statically typed language. It can look
like it is, though, if one adds type annotations:




    fun factorial(n :: Int) :: Int:
      def mutable p :: Int = 1
      for (i in 1..=n):
        p := p*i
      p

    // Calling factorial("foo") results in an error message:
    // factorial: argument does not satisfy annotation
    //  argument: "foo"
    //  annotation: Int




Rhombus allows programmers to attach arbitrary static
information to expressions, and define rules for how that static information
should be inferred, extended, checked, and used to generate machine code.
By default, the language treats annotations as part of a
gradual type system that infers types as much as possible, and then uses that to
provide error messages and generate better machine code. But there is nothing
stopping the programmer from attaching their own classes of static information
to Rhombus programs. For example, it is possible to define a system of
annotations for tracking the flow of sensitive data through a program, or for
tracking the asymptotic run-time of a function. Macros can access this static
information in order to compile expressions differently depending on the
inferred value.




Rhombus's tendency to expose all of the implementation details of the language
within the language itself is part of the project's

commitment to

language-oriented programming. For many tasks, users will have no need to
reach for macros; the ordinary tools provided by the language are
sufficient for every-day use. For those tasks where Rhombus is not already a
good fit, for whatever reason, the language encourages the creation of miniature
embedded domain-specific languages, to make expressing the core logic of the
problem as simple as possible.




In many languages, a certain amount of boilerplate is necessary, especially for
programs that are best described in terms of data structures or relationships
that aren't supported as part of the standard library. Rhombus allows
programmers to write that boilerplate once, in a macro, and then focus on
expressing their program in whatever way makes the most sense to them, even when
that requires looking deep into the semantics of loops or the action of the type
system. Many such miniature language extensions can coexist within the same
program, and the additional metadata attached to syntax objects allows for the
creation of generic code formatters and highlighters, jump-to-definition support
that handles custom binding macros, and the other conveniences expected of a
modern language.




In support of its extensibility, Rhombus has

extensive documentation covering all parts of the language, from parsing all of
the way through to compilation. Rhombus inherits the Racket community's penchant
for thorough documentation, which is a blessing when one needs to investigate
the details of some part of the language, but which can be a bit verbose when
one just needs a simple overview.



Rhombus's niche



Overall, Rhombus's best features are definitely its extensibility and
documentation. In other areas such as compilation speed, speed of execution,
package ecosystem, error messages, and so on it is solidly middle-of-the-road:
good enough not to get in the way, but not so good that it outshines existing
languages that focus on those areas. Rhombus code, even with full type
annotations, is unlikely to challenge C or Rust in speed, for example — it
typically has performance
between JavaScript and Ruby, although the details vary between programs and
benchmarking setups.




Where Rhombus is likely to be most useful is in those problem domains that have
custom home-grown languages or that are awkward to express with existing
approaches. Programmers have always had the ability to write new
special-purpose programming languages, but the amount of work that goes into
writing a traditional optimizing compiler is enormous. Writing a set of Rhombus
macros is much easier, and gives one an existing compiler, existing libraries,
usable syntax highlighting, error messages, and editor integration for free,
while preserving the ability to customize the operation of the language at the
deepest levels, should it prove necessary.
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									The FIDE Ethics & Disciplinary Commission (EDC) has issued its decision in disciplinary proceedings involving former World Champion Vladimir Kramnik.
The EDC is an independent judicial body within FIDE responsible for considering alleged violations of the FIDE Ethics Code and Disciplinary Code. It operates independently from the FIDE President, Management Board, and other elected bodies and reaches its decisions in accordance with the FIDE Statutes and its Procedural Rules.
The proceedings arose from complaints submitted by the FIDE Management Board and the FIDE Fair Play Commission concerning a sustained series of public statements and social media posts made by GM Kramnik about GM David Navara and the late GM Daniel Naroditsky as well as other players.
Following a comprehensive review of the evidence and submissions from all parties, the EDC found GM Kramnik responsible for multiple violations of the FIDE Ethics Code and Disciplinary Code. The Chamber found that his conduct breached provisions relating to the right to dignity and respectful treatment, safeguarding the dignity of individuals, bullying and cyberbullying, psychological abuse, responsibility as a role model, failure to cooperate with the Fair Play Commission’s investigation, and false or unjustified public accusations.
At the same time, the Commission dismissed several other charges, including alleged violations relating to integrity, honesty, responsibility and accountability, as well as causing reputational harm to FIDE, concluding that these had not been established to the required standard.
In its decision, the EDC emphasized that combating cheating remains one of FIDE’s highest priorities. At the same time, it underlined that allegations of cheating must be handled through FIDE’s established confidential procedures and supported by appropriate evidence. The Commission concluded that publicly associating identifiable players with cheating suspicions without sufficient institutional verification exposed those players to unjustified reputational and psychological harm and was incompatible with the standards expected of members of the FIDE family.
The Chamber also noted that the proceedings were not intended to determine the scientific validity of GM Kramnik’s anti-cheating methodology itself. While acknowledging the value of continued research and innovation in fair play, it concluded that the available evidence did not permit a definitive assessment of the methodology because it had not been fully disclosed and the investigation was therefore based on incomplete information. The disciplinary findings instead concerned the manner in which allegations were communicated publicly and their impact on other members of the chess community.
Having considered both aggravating and mitigating circumstances, the EDC imposed a two-year worldwide ban from participating in FIDE chess competitions or acting in official chess functions. The final 12 months of the ban have been suspended for a probationary period of three years, meaning the active suspension is one year provided no further breaches occur during probation. In addition, the Chamber imposed 12 months of unpaid service for the benefit of the chess community as a supplementary sanction.
The decision may be appealed to the FIDE Ethics & Disciplinary Commission Appeal Chamber within 21 days in accordance with the EDC Procedural Rules.
The full decision of the FIDE Ethics & Disciplinary Commission is available [HERE].
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I'm a bit annoyed by the feeling that we're kind of stuck when it comes to using LLMs for programming.I use Claude Code and Codex, but I haven't been able to enter flow state like I can when I hand write code.
This is kind of ironic to me since AI should be a bicycle for the mind, but right now it feels like a bicycle that just brakes abruptly every couple minutes. I stop, wait, review, prompt again.
Is there anyone exploring something fundamentally different than the prompt response loop we have today?
I actually think the idea of a tab model is directionally better than prompt response.
Would love to hear about any startups, personal experiments, etc.
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In the wake of headlines about the “Oat Mafia” attempting to disrupt America’s oat infrastructure, one writer shares some lessons from the recent past.

For the first time in decades, the market is changing for the humble oat. Long overlooked in favor of more profitable and prolific row crops like corn and soybeans, demand for oats is growing, thanks in part to the popularity of oat milk. In Minnesota, Green Acres Milling is building a new oat mill, the U.S.’s first new mill in decades. It’s the brainchild of a cadre of upper Midwest farmers colloquially known as the “Oat Mafia.” 
As Aimee Rawlins reported, adding oats to Midwestern farmers’ corn-and-beans rotation can manage weeds, cut down on nitrate pollution, and cushion farmers against the whipsaw of volatile input prices. The benefits for farmers are obvious, but they are building their own mill because selling oats has been a struggle. Existing oat mills, which process raw oats into intermediate products used by food companies, currently get all the oats they need by importing them from Canada. Today, Americans’ overnight oats and granola mostly come from oats harvested on the Canadian prairies and cheaply shipped to U.S. mills by train or truck.
America’s oat mills didn’t always import millions of bushels of cheap, high-quality oats from Canada, however. My uncle, Thomas Manuel, ran a Minneapolis mill in the early 1970s that purchased all their oats from U.S. farmers. My dad, Kerry Manuel, followed his brother into the grain business and worked 30 years as an oats broker, connecting people who had oats with companies that needed them. He played a key role the last time the oat market changed dramatically. Responding to agricultural policies in the U.S. and Canada, my dad and others created a supply chain to replace oats that American farmers quit growing with oats from Canada.
Time will tell whether changes in today’s oat market are long-lasting or ephemeral. But farmers hoping to break into — or break apart — the current supply chain would be wise to understand why the market changed 40 years ago and why the supply chain has proven so resilient.
*
Like the saying about how you go bankrupt — slowly, then all at once — the decline of oats in the United States began with gradual changes that transformed American farms during the 20th century and then accelerated quickly in the 1980s due to agricultural policy.
After 1950, oat acreage began a decades-long slide as trucks and tractors replaced farm animals. Better herbicides meant farmers didn’t need oats in the rotation for weed control. Most importantly, farmers could make more money growing corn, wheat, or soybeans. A 1990 USDA report summarized the shift: “Soybeans and corn have replaced oats throughout much of the Corn Belt, reflecting both the greater profit potential for soybeans and corn and a shift from livestock to cash grain farming.”
Federal agricultural policy accelerated oats’ long decline. Oats “were always an afterthought” in agricultural policy compared to “the big players — corn, wheat, and cotton,” Jonathan Coppess told me. Coppess is director of the Gardner Agriculture Policy Program at the University of Illinois and author of The Fault Lines of Farm Policy: A Legislative and Political History of the Farm Bill. Agricultural policies created strong incentives for farmers to shift fields from oats to other crops. 

After 1950, oat acreage began a decades-long slide as trucks and tractors replaced farm animals. Better herbicides meant farmers didn’t need oats in the rotation for weed control.

The emergency feed grants of the 1960s were “basically paying farmers to take oats out of production,” Coppess said. Expansion during the 1970s — the era when Secretary of Agriculture Earl Butz told farmers to “get big or get out” — was followed by collapse in the 1980s. “Once you get to the 80s,” Coppess said, “it’s locked in at that point. We just cannibalize within agriculture and narrow it more and more to the major crops.” Oats were not a major crop.
Payment-in-kind programs and the 1985 Farm Bill were the nail in the coffin for U.S. oat acreage. That year’s Farm Bill included the Conservation Reserve Program, which paid farmers to take marginal acres out of production. Often, the idled acres were those that had been planted with oats. The cumulative effect of these policies erased oats from Midwestern farms. Each year from 1950 to 1987, the acreage U.S. farmers collectively planted in oats declined by an average of 712,763 acres per year.
“The U.S. Farm Bill basically killed U.S. oat production,” said Randy Strychar, an oat industry analyst. “The loan rates were never favorable for oats. It was a small crop that had no real significant lobby group.”
*
Yet food companies like Quaker and General Mills still needed oats. They found them in Canada. Bill Wilton, a Manitoba oat farmer, remembers when the American oat millers arrived in the early 1980s: “They came to Canada and they were really surprised and pleased with the quality and the volume of oats they found.”
Oats hate heat and thrived in Canada’s cooler climate. Canada’s “oat growing regions basically are north of a line between Winnipeg and Calgary,” Wilton said. “There’s some terrific oat crops growing in the Peace River region of Alberta, which is getting very, very far north.” It’s a landscape that stretches from the flat Red River valley of southern Manitoba to the rolling hills and grasslands of Saskatchewan and Alberta.
Before the 1980s, Wilton said, oats were “a very minor crop” for Canadian farmers. In that era, all grain harvested on Canada’s prairies was marketed by the Canadian Wheat Board. “The Wheat Board didn’t make much of an effort to promote and sell oats,” Wilton said. “They were true to their name. They were in the wheat and barley business.”

“They came to Canada and they were really surprised and pleased with the quality and the volume of oats they found.”

Strychar was born in the United States but moved to Canada to play hockey. By the 1980s, he had a front-row seat for the changing geography of the North American oats market while working for a branch of the Wheat Board. “Canadian farms are very nimble,” Strychar said. With the decline in U.S. oat acreage, Canadian farmers “just started growing more oats because they could sell volume.” Demand for oats increased in the 1980s when researchers announced that beta glucan, a type of fiber in oats, can lower cholesterol.
While U.S. agricultural policies squeezed oats out of American fields, Canadian policies opened the door for farmers to grow more oats for their neighbors to the South. First, Canada and the United States signed a historic free trade agreement in 1988. “When that came in,” Strychar said, “all the tariffs dropped and that meant Canada could now export raw oats or oat products to the United States quite freely.” Second, in 1989 the Canadian Wheat Board shifted control of oats from the government to the free market, an opening move in Canadian agriculture’s shift from government control to market-oriented policies.
*
Connecting Canada’s oat supply with U.S. mills was where my dad entered the story. In the early 1980s, he was trading barley for a small Minneapolis firm and saw how U.S. farm programs were driving oat acreage down. “You knew you were going to keep losing acreage, the natural place to go was Canada,” he said. There was a fierce scramble among traders to make money bringing Canadian oats into the U.S. “I ran my competitors out of business by outworking them,” my dad said (perhaps still trying to impart lessons to his middle-aged son). After the trading day ended, traders would head to a bar near the Minneapolis Grain Exchange and trade until 11:00 pm. “Huge egos,” my dad said, “they’d get a few beers in them and they’d buy a million bushels.”
The logistics of importing oats were usually less exciting, though. Oats from Manitoba were shipped to the upper Midwest by truck, since the trucks could backhaul fertilizer to Canada. Existing Canadian rail lines hauled oats from Saskatchewan and Alberta.

“I ran my competitors out of business by outworking them,” my dad said (perhaps still trying to impart lessons to his middle-aged son).

In a business that measured volume in millions of tons, squeezing even a few cents out of the supply chain could be extremely profitable. My dad, a gifted mechanic, excelled at finding creative ways to move oats cheaper than the other guy. For example, Canadian rail lines could deliver oats cheaply to Thunder Bay, Ontario, but rail freight across the border into the U.S. was expensive. My dad realized that instead of paying the high rail rates past Thunder Bay, oats could instead be loaded into a Great Lakes freighter designed to haul iron ore pellets (like the ill-fated Edmund Fitzgerald). Lake freighters typically unloaded their cargo in Thunder Bay and had to sail empty to pick up more iron ore on the U.S. side of the border. If you could fill them with oats in Thunder Bay, deliver the oats to Duluth, Minnesota, and then load the oats on U.S. rail lines, you could substantially cut shipping costs.
The problem was that Duluth’s elevators were built as a one-way spigot to ship grain out. Moving grain from a freighter into the elevator required a McGyver-esque solution. The grain company cut a hole in the side of the massive elevator bin so the lake freighters could pour oats into them, reversing the flow of grain from export to import. These kinds of fixes were how my dad made his living, and it’s how a supply chain was built.
*
I grew up blissfully unaware that my dad’s shabby office next to a bail bondsman was reshaping an agricultural supply chain. The system my dad and many others built to ship Canadian oats to U.S. mills has proven resilient because it’s worked well for American consumers, North American millers, and Canadian farmers. “The supply chains, they’re in place. They’re going to be hard to break on any scale,” Strychar said. “It’s like water starts flowing down the hill, you can’t stop it.”
Everyone I talked to for this article had different opinions about the supply chain they had built. Reflecting many Canadian farmers’ views, Wilton said, “it’s a classic case of what really can be done if everybody starts to pull on the wagon.” Strychar sees it as the unintended consequences that flowed from agricultural policy: “Canada’s kind of been portrayed as the bad guys and they’re not. It isn’t anything that was done to punish anybody. There’s just a whole series of events.” My dad has been retired for years and is happy to spend his time thinking about motorcycles and fishing rather than oats.
Perhaps a new generation of farmers can remake the oat supply chain to prioritize U.S. soil health and Corn Belt communities. But that will require breaking a chain that now stretches from Midwestern mills to northern Canadian fields; a chain my dad, and many others, made over a generation.
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Table of ContentsYou can have your cake and eat it, as long as you bake it carefully.
‘We can do this the quick way and pay later, or the thorough way and pay now.’ This seems to be a fundamental dichotomy in software development, between ‘perfectionism’ and ‘pragmatism’, but I do not think it has to be a trade-off at all.
A CTO friend uses the metaphor of clearing two paths up a mountain. The left-hand path is quick and dirty, cleared with a machete and brute force—you do not expect anyone to follow you, you just hack your way through—but you make progress quickly. The right-hand path is a wider, clearer, paved path, and more substantial, but takes time to build as you go along. The left path is useful for scouting ahead to see what is coming up along the trail. The right path is where you will lead everyone, knowing that the trail is safe.
My friend lives in a constant tension between folks who take the left path—which also happens to be the fastest way to make money (he works in a trading firm so this argument carries a lot of weight!)—and the right-path folks who want to build a resilient, sustainable product.
This describes many organizations I have worked with. The tensions on either side are based on the idea that the ‘other way’ is doing it wrong. The right-path advocates are worried that the left-pathers are racking up technical debt that is going to come back and bite them, under the guise of ‘pragmatism’. The left-path folks think the right-pathers are ‘perfectionists’, over-engineering and gold-plating things (and there are often plenty of business managers lining up to agree with them).
I propose that there is a middle path both sides are missing. I call this path the Best Simple System for Now, or BSSN. It has taken me a long time to formulate this idea, which has been ‘hiding in plain sight’ for many years. There are several source ideas that either imply this or at least hint at it, which I hope to acknowledge here, but I have never seen it stated explicitly. So here it is.
Characteristics of the Best Simple System for Now
#
The Best Simple System for Now is the simplest system that meets the needs of the product right now, written to an appropriate standard. It has no extraneous or over-engineered code, and any code it does have is exactly as robust and reliable as it needs to be, neither more nor less.

Each part of the phrase Best Simple System for Now is deliberate and each part is mutually reinforcing. Any deviation in any of these means it is no longer the Best Simple System for Now, but something strictly weaker. Let’s unpack each of these parts.
for Now
#
The system should not anticipate the future in any way. This is counter to pretty much any advice I have ever received—or given—as a programmer!
When we programmers get our hands on a problem, we bias towards a general solution. There is even an xkcd about it, so it must be true:
[image: xkcd comic ‘The General Problem’]
We are never more than a small leap away from ‘It’s a rules engine!’ or ‘It’s a state machine!’, so our efficient engineering mind decides to save some time—and rework—and reach for this solution right away. Part of this decision is the knowledge that each change carries cost, so taking several small steps to get somewhere is always going to be less efficient than taking the one big step we ‘know’ that we need.
We rely on automatic and unconscious pattern-matching to make room for conscious processing. In Thinking Fast and Slow, Daniel Kahneman refers to these as Systems 1 and 2 respectively. Pattern matching is an unconscious System 1 activity; we are good at it and it comes naturally. ‘Seeing what is really there’ is harder and requires conscious thought and effort.
Designing for now is the antithesis of this. It is the art of seeing what is really there in spite of the patterns that your brain is presenting to you. This is the crux of the BSSN—which might be pronounced ‘bison’, as a companion to all those yaks we usually end up shaving.
Simple
#
When I am designing something, there are two versions of me, usually in conflict. The ‘clever’ version of me—the one with the decades of experience and the big ego–knows that this thing over here will change next, so we should make that thing an interface. Or that we will almost certainly have this volume of data so we should go ahead and build this concurrent version of the processing algorithm instead of the straightforward serial one. The more humble me knows that I will be close-but-wrong with any of my predictions, in the way I have been close-but-wrong so many times before, so maybe hold off for now. The more humble version usually loses.
So when the future happens, I end up in one of two modes: either working around the assumptions I made because my prediction was not quite what happened next, or backtracking and changing the code back to something that I can flex it in the way I need. But do not worry, my clever self assures me, this was a one-off, and next time I will get it exactly right! This happens to me time and again. I am well over 30 years into writing software for money so you would think I would have figured this out by now, but no.
Having seen and worked in many codebases over those years, I am quietly confident it happens to everyone else as well. Most code I encounter has speculative seams and interfaces that are decades old and which were never exploited; choices of algorithm and technologies that would have been fantastic for 20,000 concurrent users rather than the twelve people that it serves; hooks and extension points for ‘scalability’ and ‘flexibility’ beyond my wildest dreams, perhaps written in the hope that this would be their magnum opus system, the one that defined their career. And of course this code is littered with subtle bugs due to the interactions between all this complexity.
What I have learned, time and again, is that simple is a function of now. In other words, I am continually looking for the least complexity for the current requirements and constraints and nothing else. When these requirements and constraints change, the definition of ‘simple’ necessarily changes with them.
Perfection is achieved, not when there is nothing more to add, but when there is nothing left to take away.
— Antoine de Saint-Exupéry
By this definition, we seek perfection! If you can take anything away from the current system and it still does what it needs to for now, then it never belonged there.
A BSSN does not achieve ‘future-proofing’, ‘scalability’, or ‘flexibility’ by catering for all possible futures, but by being so simple that it can flex however we want it to. If it needs to handle higher load, we are confident we can achieve that. If it needs to manage a wider range of inputs, or provide different validation, or integrate with unexpected upstream or downstream services, we are confident we can do that too. If it needs to evolve along a dimension we have not even considered yet, we will be able to do that at least as easily as with any other solution.
There are no speculative interfaces, no overly broad data types, no generic functionality where specific code will do. Instead it is highly opinionated and deliberately narrow in its design.
Conversely, I have experienced Gall’s law1 in the wild countless times, from the enterprise data dictionary to the generic workflow solution to the click-ops configurable rules engine, there is an inexorable 3-5 year arc towards failure.
A complex system that works is invariably found to have evolved from a simple system that worked. A complex system designed from scratch never works and cannot be patched up to make it work. You have to start over with a working simple system.
— John Gall
Best
#
Keeping things simple does not mean cutting corners. In any situation there is a right way to do things, and we can choose to do them this way. The challenge for both the perfectionist and the pragmatist is that the ‘right way’ is contextual; code that will underpin core business functionality should have a higher quality bar than a sketch of an experimental feature. Underinvesting in one is as much a risk as overinvesting in the other. In the former case, the risk is stability and resilience. In the latter, opportunity cost, which I discuss below.
Adding to this, the ability to ‘sketch’ code is as much a skill as engineering a robust, resilient solution. Sketching does not mean hacking! I know many more engineers who are good at ‘proper’ code than those who can sketch well. Sketching is about providing just enough quality that you can sustain a direction, knowing you can go back and fill in the blanks later on (or throw away the sketch with minimal investment lost). Hacked code quickly becomes unmanageable. Well-sketched code is just a lighter-weight version of the real thing.
When Ward Cunningham talked about ’the simplest thing that could possibly work’, this is what he meant. He was not invoking some Platonic ideal of simplicity so much as whatever tiny step he could try that would move his understanding forward. In a lovely interview with Bill Venners from 2004, he observes that ’the mere act of writing it organized our thoughts’.
The best code is intention-revealing; it strikes a balance between cohesion and coupling, making it easy to navigate, easy to reason about, easy to change.
If there is duplication, or worse, near-duplication, of ideas in the code then this is not the best code. Conversely, if the code is obsessively DRY, causing coupling just because the code in two places looked similar, then this is not the best code. If the code does not have domain terms front and centre, mapping directly to your real-world use case, then this is not the best code.
I have written about what I consider good code, joyful code, which I formulated as CUPID:
	Composable: plays nice with other code; has minimal dependencies
	Unix philosophy: does one and only one thing; obviously and comprehensively
	Predictable: in its behaviour, observability, runtime characteristics, failure modes; also in what happens when you change it
	Idiomatic: uses patterns and idioms familiar to a developer experienced in this technology
	Domain-based: intention-revealing in naming, behaviour, and code structure

It is important to note that you can write joyful code just as quickly as—in fact faster than—hacky, ‘pragmatic’ code. CUPID builds on Richard Gabriel’s idea of habitability of code, which he describes as feeling comfortable and confident working with a codebase.
You do not need days or weeks of deep, considered thought to write the best code, but you do need great habits. You develop these habits over time, ideally by working with others who hold these values and who care enough to share their habits with you. I have been lucky to work alongside folks who have been generous with their time and knowledge. Sometimes I talk about them.
You will often hear XP techniques such as pair-programming or test-driven development mentioned as a prerequisite for good code, but do not be put off by the zealots or ideologues. These techniques are simply tools; neither necessary nor sufficient, but often helpful.
While I am an unabashed fan of these techniques, I have worked with well-structured, intention-revealing, navigable code in huge C and C++ codebases that used neither. Conversely, I have suffered strictly test-driven code that lacked any cohesion, had poor domain comprehension, and was painful to change without dragging my way through what felt like the code equivalent of double-entry bookkeeping. Heck, I have even written my share of code like this. It makes me squirm now.
The case against BSSN
#
Let’s look at some arguments against writing the best simple system for now.
It is overkill for a prototype
#
What is the point of investing in this code, making it ’the best’ code, if we are just going to throw it away once it has served its purpose?
Many prototypes find their way into production, at which point we want to adapt them to do new things. Since the prototype was only ever a hack, there is no good way to add the new functionality, so we wedge it in wherever it will go. Successful prototypes do not get rewritten ahead of release, they get released and then built upon.
When there are only a couple of else-if branches, adding one more will not make much difference. By the time there are 20 or 30 branches, adding one more will not make much difference. There is never a right time when cleaning up this whole mess would be more expedient than adding just one more edge case or condition, unless we choose it.
So our options are to live with the mess, rewrite it, or never get into this situation in the first place. One of my favourite technologists, Randy Shoup, says that if a digital business does not rewrite its entire stack as it scales up, it probably over-engineered in the first place. I believe this is true in most cases, but in the handful where they stuck with the best simple system for now, they simply never needed to.
Before its acquisition by Meta, WhatsApp scaled to over 500 million active users with an Erlang codebase built and managed by about 13 engineers. Similarly, the SQLite relational database is among the most widely deployed pieces of software in history, installed in practically every browser, desktop, laptop, mobile device, server, and a host of other contexts. Its core team comprises three people and they do not take code submissions.
It is incomplete
#
If you know what the product needs to do, why should your users tolerate a half-baked version?
In short, because meeting part of a customer’s need sooner is a win-win. Most customer needs take the form of a power curve: the main benefit occurs in part of the functionality and the remainder is a diminishing return of marginal gains. Getting money out of an ATM is better than also getting a printed receipt, seeing your balance, changing your PIN, and so on.
The first iPhone, released in 2007, was a 2G device in a 3G world. It would not reach network parity with other smartphones for another year, and it would be a year after that before you could copy and paste between messages and email! Still, the iPhone stole the market from underneath ‘unshakeable’ incumbents like Nokia and BlackBerry, while quietly adding these features to later versions.
Some products differentiate themselves by having a small-but-opinionated subset of functionality. Google Docs only does a fraction of what Microsoft Word can do, by design. Likewise Google Sheets with Excel. Google Workspace has become a contender to Microsoft Office because this small subset covers most people’s use cases most of the time, and comes with the benefit of not needing any software installed, updated, patched, secured, or audited, other than a browser. This makes procurement and lifecycle management attractive for enterprises, while the learning curve is gentle for new users.
The argument for small, frequent delivery, early customer success and rich feedback has been made many times. BSSN adds the observation that shipping a partial product should not mean compromising code quality, speed of delivery, or user experience.
Richard Gabriel—he of the habitable code—describes this idea as ‘worse is better’. In the early 1990s, he was disappointed but not surprised that the C language was becoming ubiquitous over Lisp, which in his mind was superior. Why would an incomplete, inconsistent, overly complicated language like C be preferable to a simple, correct, consistent and complete language like Lisp? He goes into an entertaining diatribe about how C and Unix are the perfect computer viruses, and why ‘worse is better’: shipping an incomplete product and iterating on it is better than waiting until everything is ready, even if the iterated version never becomes ‘complete’.
In an aside, comparing Common Lisp and Scheme, he describes a different dichotomy, between the big complex system which takes a lot of effort to design and build and which requires complex tools to operate, and a diamond-like jewel that ’takes forever to design, but is quite small at every step along the way’. This latter sounds a lot like a Best Simple System for Now, the difference being that with the BSSN there is a functioning, usable system at every step.
It is inefficient
#
Why constantly refactor and rework the code? Why not get it right the first time?
When you choose to spend time and money developing a product, you are making a decision based on investment risk. The money you expect to make needs to exceed the money you expect to spend, with enough margin for you to be comfortable starting. This is known as Return on Investment (ROI), or Return on Capital (ROC). The less we can spend on building the product, the more profit we will make, assuming the same revenue. So why would we want to continually rework a product? Surely this will erode our profit margin.
The answer is to look at when you make that money. In finance terms, money today is worth more than money tomorrow, or rather, money tomorrow carries more risk than money today. The further out the payoff, the greater the uncertainty. The money you spend building something that you hope will have a return in the future is called Value at Risk, or VAR.
Big-bang projects with a Grand Release at the end are loading up VAR throughout the life of the project. If the release gets cancelled, or if the product tanks after release, then all that investment is gone. Releasing versions of your product early and often allows the revenue to start flowing sooner, or lets you learn that the product is a flop sooner. Either of these is a win. In the former case, your programme becomes self-funding early on and is a lower investment risk. If the product is a flop, you did not spend much learning this. Not only is the customer delighted that we shipped a partial product as soon as we could, all that revenue has been going towards the next tranche of development.
Maintaining the Best Simple System for Now means you can act on that feedback whatever it may be. You can extend the system in whatever direction you need, knowing that you are starting from a consistent, reliable baseline, and committing to keep the simplest and best solution as you go along, for now.
Taking VAR into account gives you Risk-Adjusted Return on Capital, or RAROC. Essentially you scale the investment by the value at risk, which exposes a riskier timeline as a likely worse investment. I was introduced to this concept by my former colleague, trading and risk guru Chris Matts.
In short, iterative delivery tends to offer worse ROI—once you factor in all those releases and continual planning activities, as well as all that churning code—but better RAROC, which it turns out is what matters.
In his seminal book The Principles of Product Development Flow, Donald Reinertsen offers an additional perspective on this. Imagine you could snap your fingers and the customer’s need was met and their problem was solved. You would be making them happy straight away and they would be paying you straight away. Now think about every hour, every day, every week, every month that it takes to get the solution in front of the customer, before you can meet that need and the customer chooses to buy your product. This is all dead money that you will never have. This is called the Cost of Delay.
Alongside this is Opportunity Cost, which is the value of the most valuable thing you could have been doing instead. If your team is spending months on something, they are simutaneously not doing everything else!
Reinertsen explores the economics of product development and shows how ‘value costs’ like cost of delay or opportunity cost dwarf ’effort costs’ like the project burn rate, wages, or licences. We obsess about the latter while the bigger prize is hiding in plain sight. All of our project metrics are around activity and effort—utilization, productivity, time sheets—instead of lead time or throughput. Reinertsen advises us to ‘measure the work items, not the workers.’
Rather than trying to reduce activity or effort, I focus on reducing the delays and hand-offs, and slicing the work into smaller releases. I call this looking where the action isn’t.
Why do we not do this?
#
As thinkers from Voltaire to Stephen Covey have observed, common sense is not common practice. People tend to follow the herd; we have limiting beliefs or received wisdoms, starting with the supposed dichotomy between pragmatism and perfectionism, and reinforced by arguments such as those above.
Computing pioneer Grace Hopper described this attitude of ‘We’ve always done it that way’ as the most dangerous phrase. We should challenge this wherever we find it.
In his Seven Habits of Highly Effective People, Stephen Covey defines a scarcity mindset as the belief that life is a zero-sum game where everything is a trade-off. This is our default state. in contrast, he suggests adopting an abundance mindset which looks for the win-win in every situation. One is fighting for ‘your share of the pie’; the other is figuring out how to make a bigger pie.
From the scarcity perspective, there is indeed a conflict between doing the job right and getting something out the door. It takes effort and discipline to train yourself into an abundance mindset, whereby both things can not only be true, but mutually reinforcing.
Kent Beck exhorts us to ‘Make the change easy, then make the easy change.’ I believe we need good habits, courage, and humility to keep code simple, so that any change is easy. We do not have to predict the future if we can adapt freely to it.
Good habits
#
There is no arcane or deep knowledge required to maintain a Best Simple System for Now. It takes daily resolve and good habits. It takes effort and deliberate practice to train yourself to ‘unsee’ the general case; to not reach for a library first ‘because it is only adding a single dependency’; to not prematurely abstract or DRY code because reasons; to not over-invest in a component because we have blanket coding standards with arbitrary rules like percentage of test coverage; to go back and stabilize that component you sketched to see if it would work, and it did; to excise that component you sketched that did not work out.
The way I learned to do this was partly pairing with people who already have this aesthetic, partly dogged persistence. I have learned to recognize when I am over-working an idea, or under-investing in something that needs to be robust. I am still not great at it and I often will not notice until I am some way down a rabbit hole, but I have at least developed the muscle enough that I can work with someone else and show them this middle path.
Courage
#
How could this possibly work? And if it is that good an idea, why is everyone else not doing it? Taking a leap into the unknown is tricky. Courage is not lacking fear, but deciding to press on anyway. I encourage the principle of ’trust me once’. If we try this thing and it does not work, we can always back it out and do the other thing. It is only code, and we have version control, right? But if it does work… well, how cool would that be?
Humility
#
Bruce Lee used to tell his students to ‘be like water’. If you pour water into a cup, it takes the shape of the cup. If it flows into a river, it takes the shape of the river. Flexibility comes not from anticipation, but from simplicity. Nothing is simpler than flowing water!
When we change the system in response to new demands, we evolve it towards a new Best Simple System for Now, in the context of a new ’now’. Remember those two versions of me? The habit to develop is learning to trust the one who knows they do not know rather than being railroaded by the one who knows what the next steps should be.
Where do you start?
#
The best way to adopt BSSN is to Just Start™. As with any new skill, you will get it wrong at first, over-indexing one way or the other, while you get the hang of it. So be kind to yourself and cut yourself some slack. Stepping out of your safety and comfort zone is where the learning happens, but it might be a bit bumpy.
The thing I found hard—and still do—was seeing the ‘for now’. It is so tempting to define that interface, extract that ‘reusable’ component (just in case, because I am clever!); or conversely to under-engineer because I underestimate how quickly those micro-investments of quality and effort will pay off (and I don’t need those tests or that consistent domain language anyway, because I am clever!).
The good news is that the more you practise these habits, the easier it becomes to build the Best Simple System for Now. I can reach for TDD almost as fast as I can ‘just code’, and always with better outcomes. Conversely, I might code-run-observe on a command line (known as a REPL or Read-Eval-Print loop) while I am sketching something. As long as I am getting feedback, it does not matter yet whether that feedback is repeatable or automated.
As a REPL example, I was writing some custom fixtures for PyTest recently—testing a test framework is hard!–and some of these involved creating and manipulating temporary files and directories. While I was sketching and exploring how I wanted the fixtures to work, it was much easier to run a few tree and grep commands than it would have been to write tests to check where the files were being written. Plus, these kinds of test end up as ‘double-entry bookkeeping’—reproducing the implementation of the thing they are testing—which is brittle and not very helpful. If PyTest changes how it does temporary files, I should not need to care as long as I still get the behaviour I want.
What are you working on right now? How could you reframe some subset of this as a Best Simple System for Now? Start there and see what happens. If this is difficult, take that as an indicator of where you will need to put in some effort to ‘make the change easy’. Do not try to do this all at once. Choose something that will have an early payoff so you can build credibility with your teammates, and with yourself, about how this works and how it is different.
Here are a couple of examples.
Example: the JSON library
#
One trading client wanted my advice about which JSON library they should choose for a business-critical trading application written in Java. Two of their senior engineers were at loggerheads backing different solutions and showing no signs of compromise. Various characteristics were being thrown around: scalability, resilience, transitive dependencies, community support, and so on. They wanted the external consultant to act as the tie-breaker.
Rather than pick a side, I asked how many different entity types they were planning to send over the wire. After some discussion, it emerged that there were nine. Nine types. I suggested that maybe they did not need ‘a JSON library’, with all its runtime quirks, transitive dependencies, and complexity. Maybe they just needed to marshal and unmarshal nine types of object.
As an experiment, we defined an interface that each of the nine types T would implement:
interface Jsonable<T> {
  String toJson(T obj);
}


and we required them to have a static method like this (other languages might make this pairing more symmetric):
class SomeT {
  public static SomeT fromJson(String json) {
    // ...
  }
}


They implemented these, with tests, in nine places. Nine pairs of one-line methods, zero dependencies, lightning fast performance, minimal attack surface; the best simple system for now. If they added a tenth type, they would know exactly how to extend the solution and exactly how it would behave. If they wanted to change the format for any type at any time, they could do this trivially. And so on.
Example: the XML streamer
#
Let’s have another Java example, this time from the early 2000s. In an eerily similar situation, we needed to stream some Java objects around the place. This time we did not know in advance what they would be, but we did know that the existing solutions were overkill for what we needed.
This was in the heyday of Enterprise Java, when the world ran on XML, and you would use XML to XML your XML, or your other XML.
All we wanted was to render an object like this:
class Boat {
  String name;
  int length;
  boolean isSubmersible;
}

new Boat("Boaty McBoatface", 5, true);


as this:
<Boat>
  <name>Boaty McBoatface</name>
  <length>5</length>
  <isSubmersible>true</isSubmersible>
</Boat>


So my buddy wrote a little library to do just that, and nothing more. Its entire USP was that it had no bells and whistles. Over time it could handle more and different edge cases, such as self-reference and other pointers, but it only ever had one boring and predictable way to render the data as XML, or to parse and load from XML.
As an early adopter of open source software, he submitted this library, called XStream, to an OSS hosting site, an ancient forerunner of GitHub. They rejected it on the grounds that was ’too simple’ so it was not worth hosting. Over 20 years later, XStream is still going strong and is practically everywhere that Java is, including on the International Space Station! It is also still simple and obvious.
These examples are not to suggest that a BSSN is always home-grown, or to encourage a culture of not-invented-here. With XStream, my buddy was happy to build a community around it so he did not have to think about it any more!
Instead they are about ‘seeing what is really there’ and solving for that use case alone. If a third-party library or tool is the best solution for now, then you should use that. But look holistically at the cost of adoption, learning, quirks, transitive dependencies, working around its limitations when they do not align with your goals, and the cost and effort of ripping it out later, rather than just the short-term convenience of not having to write a few lines of code. And if you do decide to write something yourself, write only what you need for now.
tl; dr
#
You do not have to choose between gold-plating dressed as craftsmanship or perfectionism and corner-cutting framed as pragmatism or realism. You can have the quality of the former at the speed and focus of the latter. I call this the Best Simple System for Now.
You can choose to conscientiously evolve a codebase so that at any point in time, it is ‘as simple as possible but no simpler’, while having joyful, CUPID characteristics, comprising small components that talk to each other like cells passing messages, as Alan Kay once described object-oriented programming. Not that OOP is the only way, or even the best way, to achieve this. It is just one example of what I call a replaceable component architecture.
The skill to develop is to see what is really there and to solve for that, well, rather than being seduced into solving the general case or believing that hacking is the only way to move quickly.
Write the software appropriate to the context—whether that be a ‘sketch’ or robust and resilient code—confident in the knowledge that you can evolve, replace or delete this once you learn more.
Check out Goalwards®, our new business agility practice!
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Show HN: ctx – Search the coding agent history already on your machine

github.com · 60 points · Discussion

Coding agents don't have long-term memory.But you do have months of full-fidelity agent transcripts stored on your machine.
A simple solution that goes a long way: ingest those transcripts and logs into a structured SQLite database, then search them with ranked text match. Everything is fully local and doesn't require anything fancy like a graph database or hosted memory service.
This is the idea behind ctx, a Rust CLI that handles the ingestion and searching.
We give our agents a skill that tells them to reference past sessions before working in an area. Usually we do this through an "Agent History Research Subagent" whose job is just to prepare a short brief covering any relevant history before the task begins.
A real example: sometimes our test suite runs would fail because disk was full on the runner. The correct approach was to run the cleanup runbook, but the root cause of the failure was not clear to the agents, so they would think it was a test regression and go down the wrong rabbit hole debugging. When the agent searched history, it realized this failure had been encountered before and found the right workaround immediately. That got the agent onto the right cleanup path, and later we improved the log output so the same failure would be clearer next time. It's a boring story, but it's real agent productivity.
Another nice use case is quickly generating session transcripts for sharing. You can exclude the noisy intermediate messages, so the transcript shows the important parts of the session more cleanly. Try attaching a session transcript to your next PR so your teammate and their agent can review the provenance and prompting behind the change.
If you're up for an additional challenge, ask your agent to "exhaustively review all agent history in this repo and find where the SDLC is struggling or isn't agent-native". Using past sessions to recursively improve the agentic SDLC is a loop that we're using a lot today.
If you try it out, please let us know what you think!


Original: https://github.com/ctxrs/ctx · Discussion
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Instead of banning AI, I made a classroom contract with my students

science.org · 58 points · Discussion

Full text couldn't be fetched for this one (paywall, anti-bot, or not an article page). Read it via the links below.

Original: https://www.science.org/content/article/instead-banning-ai-i-made-classroom-contract-my-students · Discussion
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Show HN: Mcpsnoop – Wireshark for MCP (transparent proxy and live TUI)

github.com · 33 points · Discussion


  [image: mcpsnoop]


Wireshark for MCP. A transparent proxy that shows every real tool call
between your AI client and your MCP servers, live in your terminal.








The problem


The official MCP Inspector
connects as its own client. It never sees the traffic between your client
(Claude Desktop, Cursor, Claude Code) and your server. A breakpoint in your own
server only fires once a request arrives. It can't show you the call the real
client never made, or made with arguments you didn't expect. So when a tool
silently isn't called, capabilities don't line up, or a call just hangs, you're
back to tail-ing a log in /tmp and guessing.

mcpsnoop sits in the real data path instead, so you can debug the actual MCP
traffic between your client and server. Wrap your server command with it and
watch every JSON-RPC frame in a live terminal UI as your real client and server
talk.


Quick start


Want to see it first, with nothing to set up? Run mcpsnoop demo for a scripted
session that plays into the live UI.

To use it for real, wrap your server in your client's MCP config:


Everything after -- is the command that normally launches your server (here, a
TypeScript build run with node). Swap in whatever you already use, like
python server.py, npx -y @scope/server, or a compiled binary.

Use your client as usual, then open the UI:


No flags, no socket paths, no startup order to remember. The shim and the UI
find each other on their own, and the UI backfills past sessions from disk, so
it doesn't matter whether you open it before or after your client.

For a streamable-HTTP server, run mcpsnoop as a reverse proxy and point your
client at it:

mcpsnoop http --target http://localhost:3000/mcp --listen :7000


No server of your own to test against? docs/DEMO.md walks through
pointing Claude at a published test server through mcpsnoop.


Features



	Live JSON-RPC stream. Requests, responses, notifications and server stderr,
colour-coded, with errors and slow calls flagged, including tool-level
result.isError, not just JSON-RPC errors.

	Replay. Re-run any captured tool call against a fresh, isolated copy of the
server. The fastest loop for iterating on a tool.

	Capability inspector (c). See exactly what the client and server agreed on
at the handshake.

	Frame inspector (enter). Full, pretty-printed JSON with in-frame search.

	Hung-call detection. In-flight requests show PENDING with a live timer, so
a stuck tool is obvious at a glance.

	A real filter query. Narrow the stream with tool:, status:, dir:,
kind:, id: or plain text.




How it compares





	
	MCP Inspector
	mcp-trace
	mcpsnoop





	Sees your real client↔server traffic
	no
	yes
	yes



	Interactive terminal UI
	no
	yes
	yes



	Zero-config, no flags or ordering
	no
	no
	yes



	Capability inspector
	partial
	no
	yes



	Replay a captured call
	no
	no
	yes



	Single binary, no runtime deps
	no
	varies
	yes






Install


go install github.com/kerlenton/mcpsnoop/cmd/mcpsnoop@latest


Or with Homebrew:

brew tap kerlenton/mcpsnoop
brew install mcpsnoop


Recent Homebrew gates third-party taps; if it refuses, trust the tap once with
brew trust kerlenton/mcpsnoop and re-run the install.

A tap-free brew install mcpsnoop (no tap, no trust) needs Homebrew core, which
only accepts projects past a notability bar (stars, forks, watchers). If you'd
find that handy, a star on the repo helps it qualify.

Or grab a prebuilt binary for your platform from the
Releases page.


How it works



  


The official Inspector connects as a second client, off to the side. mcpsnoop
sits in the actual pipe, so it sees exactly what your real client and server say
to each other, whatever the server is written in.

It's two roles in one binary: mcpsnoop -- <server> is the transparent shim your
client spawns (forwarding bytes verbatim while shipping a copy of each frame),
and mcpsnoop with no arguments is the hub and TUI. They pair through a
well-known socket and on-disk logs, so neither has to start first.


Keybindings


enter drill in · esc back · r replay · c capabilities · y copy ·
/ filter · : command · p pause · f follow · ctrl-d delete. Move with
j/k, page with ctrl-f/ctrl-b, g/G for top and bottom, shift+column
to sort. Press ? in the app for the full list.


Filtering the stream


In a session, press / and combine space-separated tokens (ANDed): plain text
matches the method, tool, id and payload, while tool: method: id: kind:
dir: status: filter by field. So tool:search status:slow shows slow calls
to a search tool, and dir:s2c kind:req surfaces server-initiated requests
(sampling, roots). The ? help lists each token and the values it accepts.


Security


mcpsnoop runs the server command you wrap, so only wrap servers you trust and
run untrusted ones in a container. It never executes anything you didn't put in
your client config.


Contributing


Issues and pull requests are welcome. See CONTRIBUTING.md for
the dev setup and the make check gate. mcpsnoop is pre-1.0 and follows
SemVer: while on 0.x, minor releases may change
user-facing behaviour, and patch releases are bug fixes.


License


MIT





Original: https://github.com/kerlenton/mcpsnoop · Discussion
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FreeBSD ate my RAM

crocidb.com · 30 points · Discussion


      Last month I posted about my journey migrating my site server from an old Ubuntu server to FreeBSD. Some people on Hacker News noticed that, when I showed the fastfetch result, I said I was confused with the RAM usage compared to btop and commented that fastfetch is probably more correct. I decided to enter that rabbit hole and try to understand why reporting free or used memory in a modern operating system is more complicated than it seems.

Another user shared Linux ate my RAM, which provide a quick explanation for the same effect on Linux. And if you want a quick answer for FreeBSD too: the usage sometimes look off because the OS will cache everything it can from the disk into the RAM to improve overall performance, but that cache is volatile and will be freed in case it needs more memory. If you want a slightly longer answer, keep reading.

But just a quick disclaimer before: I am not an expert in operating systems internals, especially FreeBSD. This is a writeup of weeks of research in this field on my free time. If you find anything that’s particularly wrong, please comment it: sharing (knowledge) is caring!

RAM usage is hard to define

The whole point of Linux ate my RAM is explaining how unused RAM is wasted RAM. Just like the CPU cache will cache RAM contents because the CPU can access that quicker, the RAM will cache disk data to improve the user’s experience in the system. How that cache works is a bit more complicated, but before that, it’s important to understand how the kernel manages RAM.

Most modern operating systems have a Virtual Memory (VM) system. What it does is basically divide the physical memory into pages of (usually) 4KiB. Each page is then added to different queues, so that the kernel can juggle them around to make sure all the processes have their memory when they need and the whole system will keep working through moments of scarcity. For example: the swap memory. I never thought exactly how the Swap memory was used, except that it’s a space separate in disk that will store temporarily part of the RAM if needed. But in summary, when the OS sees allocated RAM that’s not being used too much, it will set it in a way that it can be stored in disk in case more memory is demanded. When those pages are requested again by the program that owns it, it will then get moved back into RAM.

Every OS has a different set of pages and rules for how to manage them. On FreeBSD, the types of page queues are:

#define	PQ_NONE		255
#define	PQ_INACTIVE	0
#define	PQ_ACTIVE	1
#define	PQ_LAUNDRY	2
#define	PQ_UNSWAPPABLE	3
#define	PQ_COUNT	4


You can find that at sys/vm/vm_page.h. All other unix-based systems will have something similar: Linux, OpenBSD, NetBSD, DragonFlyBSD.

If we check top, we see that it doesn’t just report memory usage, but divides it into a few categories:


    
    
    
    [image: top reports each section of memory, swap and disk cache with a lot of details]
top reports each section of memory, swap and disk cache with a lot of details




	active: active pages are pages that are actively being used by (mostly) userland processes

	inactive: pages that haven’t been accessed by those process in some time will be moved into inactive

	laundry: this is the queue of pages to be written to swap. When the system needs to allocate space that is not in the free queue, it will move inactive pages to this queue

	wired: that’s memory in PQ_NONE, PQ_UNSWAPPABLE and memory that the kernel itself is using and is not managed by the VM

	free: purely unused memory




When memory that was inactive, went to laundry, got written to disk (swap), is requested again by the process that owns it, it will then get retrieved from the disk into inactive and finally to active again.



And now we can start to see why it’s not so easy to tell exactly how much memory is being used and how much is free. Memory in the free queue is guaranteed to be free, but we can argue that the one in the inactive queue is too, since it’s reclaimable, because the kernel will free that whenever more memory is demanded. Wired memory is mostly locked, however, that’s where disk cache goes, so part of what’s in wired is also reclaimable, making it “free” too!

Disk Cache

ZFS, the default FreeBSD filesystem nowadays, has ARC, Adaptive Replacement Cache, a specialized system that caches recently used data in memory, improving the repeated reading from disk. That cache shrinks as the system claims more memory. The kernel itself has mechanisms to do this cache, but ARC bypasses that. All the stats from that can be accessed via the kernel parameters kstat.zfs.misc.arcstats.*. Using sysctl, we can fetch it all:

sysctl kstat.zfs.misc.arcstats


This will show literally all the parameters available, but now just these are important:

sysctl -n kstat.zfs.misc.arcstats.size
sysctl -n kstat.zfs.misc.arcstats.c_min
sysctl -n kstat.zfs.misc.arcstats.c_max


These will show the current cache as well as the minimum and maximum configured, all in bytes. Using gnumfmt we can convert to readable units:

$ sysctl -n kstat.zfs.misc.arcstats.size | gnumfmt --to=iec
3.1G


That’s also shown in top, with even more details.

That’s for ZFS, but you can run other filesystems on FreeBSD.

Why fastfetch and btop report differently?

Now we get to the interesting part. Both of these tools, and many others such as htop, try to report the memory usage so the user (or sysadmin) can have an idea of what’s going on with their systems. For that, they all have to pick a heuristic; effectively decide what they’ll call used memory. And the whole difference comes from the fact that they have different heuristics.

I digged into the source code of each tool to go after how they determine that. fastfetch does this:

free memory = free + inactive + cache*
used memory = total - free memory



More on that cache later!



In my old ThinkPad X230, running FreeBSD 15.0-RELEASE, that looks like:


    
    
    
    [image: 82% of used memory!]
82% of used memory!



btop, on the other hand, does:

available memory = total memory - active - wired
free memory = free
used memory = active + wired


Running it at the same time as fastfetch was giving me this:


    
    
    
    [image: Only 7% used?!]
Only 7% used?!



And just to make things even more interesting, I checked htop too, and while it reports the memory categories separately in those bars, it shows the used memory at the end of the bar:


    
    
    
    [image: 4.49G/5.69G]
4.49G/5.69G



Using this heuristic:

used memory = wired + active + laundry


Then I wrote a python script that would show me all the heuristics at once. You can find it here.
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It looks correct, except for btop, that’s way off. But if you’re looking close, you also noticed that the cache value in the screenshot I shared earlier is also empty. It seriously took me weeks to realize that. So I started digging further into their code.

btop memory reporting is pretty wrong on FreeBSD

On their source-code, looking specifically on src/freebsd/btop_collect.cpp, where it fetches the memory information:

int mib[4];
u_int memActive, memWire, cachedMem, freeMem;
size_t len;

len = 4; sysctlnametomib("vm.stats.vm.v_active_count", mib, &len);
len = sizeof(memActive);
sysctl(mib, 4, &(memActive), &len, nullptr, 0);
memActive *= Shared::pageSize;

len = 4; sysctlnametomib("vm.stats.vm.v_wire_count", mib, &len);
len = sizeof(memWire);
sysctl(mib, 4, &(memWire), &len, nullptr, 0);
memWire *= Shared::pageSize;

mem.stats.at("used") = memWire + memActive;
mem.stats.at("available") = Shared::totalMem - memActive - memWire;

len = sizeof(cachedMem);
len = 4; sysctlnametomib("vm.stats.vm.v_cache_count", mib, &len);
sysctl(mib, 4, &(cachedMem), &len, nullptr, 0);
cachedMem *= Shared::pageSize;
mem.stats.at("cached") = cachedMem;

len = sizeof(freeMem);
len = 4; sysctlnametomib("vm.stats.vm.v_free_count", mib, &len);
sysctl(mib, 4, &(freeMem), &len, nullptr, 0);
freeMem *= Shared::pageSize;
mem.stats.at("free") = freeMem;


It uses sysctl (which is in FreeBSD’s libc) and fetches the number of pages for each queue straight from vm.stats.vm.*. For active it uses vm.stats.vm.v_active_count, wired is vm.stats.vm.v_wire_count, cool. Then it processes the amount of bytes by multiplying the amount of pages in those queues by Shared::pageSize. There’s one issue, though. It stores the data in memActive, which is a u_int, an unsigned 32bit integer. Without doing much math, I remembered when we switched to 64bit CPUs, one of things I heard the most was: “now you can have more than 4 gigs of ram”.
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My next tattoo right there!



Well, we’re talking about an unsigned 32bit integer, so it’s 4,294,967,295. If you get 4GiB in bytes, that’s 4,294,967,296. That means that anything above that value will wrap. Looking at my script’s output for used memory in btop, 4.42 GiB and btop’s output of 422 MiB, it’s pretty clear it’s wrapping.

Empty Cache Issue

Another thing that I did not realize at first when I wrote my post about migrating my blog server to FreeBSD was that the Cached memory bucket was empty. To test it further, I created two virtual machines with FreeBSD 13.5-RELEASE and 15.1-RELEASE, using ZFS and UFS filesystems respectively, additionally to my laptop running 15.0-RELEASE with ZFS.
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I installed FreeBSD over 10 times this last month, I think I might be able to follow the installer with my eyes closed



After installing btop (along with other tools) from pkg, I started testing:
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I tried different filesystems to check if I was missing something on non-ZFS systems



In both, we can see that the Cached bucket is empty.

In the detection code, it’s fetching information from vm.stats.vm.v_cache_count:

len = sizeof(cachedMem);
len = 4; sysctlnametomib("vm.stats.vm.v_cache_count", mib, &len);
sysctl(mib, 4, &(cachedMem), &len, nullptr, 0);
cachedMem *= Shared::pageSize;
mem.stats.at("cached") = cachedMem;


When I tried to fetch that myself with sysctl:

$ sysctl -n vm.stats.vm.v_cache_count
0


I learned that -d will show the description for each parameter, which turned out to not be very useful since most parameters are not documented. But v_cache_count specifically is:

$ sysctl -d vm.stats.vm.v_cache_count
vm.stats.vm.v_cache_count: Dummy for compatibility


Yep, it returns 0 because it’s some legacy code. In fact, FreeBSD reports “Dummy for compatibility” since version 12.0! We can check the difference in the description for v_cache_count (in sys/vm/vm_meter.c) for FreeBSD 12.0:

#ifdef COMPAT_FREEBSD11
/*
 * Provide compatibility sysctls for the benefit of old utilities which exit
 * with an error if they cannot be found.
 */
SYSCTL_UINT(_vm_stats_vm, OID_AUTO, v_cache_count, CTLFLAG_RD,
    SYSCTL_NULL_UINT_PTR, 0, "Dummy for compatibility");
SYSCTL_UINT(_vm_stats_vm, OID_AUTO, v_tcached, CTLFLAG_RD,
    SYSCTL_NULL_UINT_PTR, 0, "Dummy for compatibility");
#endif


And the previous version, FreeBSD 11.4:

VM_STATS_VM(v_cache_count, "Pages on cache queue");


But interestingly, cache queue don’t exist since FreeBSD 6.3.0. I installed 11.4 and, although sysctl -d vm.stats.vm.v_cache_count returns that description “Pages on cache queue”, actually fetching the value returns always 0. I also tried 6.3.0 and v_cache_count was also zero. So no idea why.

btop’s usage of v_cache_count is there since the very first FreeBSD build, which was shipped after FreeBSD 12.0, so no idea either how it made it through this far.

Crafting a Fix

Then I started working on a fix. First of all, I doubled the precision of the variables that hold the queue bytes, so no more wrapping issues. Then I thought of how to correctly track filesystem cache. Digging through htop source-code for some guidance, I found this comment:

   // comment by Pierre-Marie Baty <pm@pmbaty.com>
   //
   // FreeBSD has the following memory classes:
   //    active:   userland pages currently mapped to physical memory (i.e. in use)
   //    wired:    kernel pages currently mapped to physical memory, cannot be paged out nor swapped
   //       buffers: subcategory of 'wired' corresponding to the filesystem caches
   //    free:     pages that haven't been allocated yet, or have been released
   //
   // With ZFS, the ARC area is NOT counted in the 'buffers' class, but is still counted in the 'wired'
   // class. The ARC total must thus be subtracted from the 'wired' class AND added to the 'buffer' class,
   // so that the result (ARC being shown in buffersMem) is consistent with what ZFS users would expect.
   // This adjustment is done in Platform_setMemoryValues() in freebsd/Platform.c.


More specifically The ARC total must thus be subtracted from the 'wired' class. That makes sense, but I noticed that it wasn’t doing that. That lead me to write a PR fixing it in htop, along with unifying cache and buffers memory classes. It’s a side-quest of the side-quest, but here it is, the PR has been merged:
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vfs.bufspace reports FreeBSD’s own filesystem metadata buffer cache, which is bypassed by ARC



But then now I had a plan on how to proceed with it in btop: basically subtract the variable size of the ARC cache from the wired memory. Also, just like htop, consider vfs.bufspace as reclaimable cache. Here’s the PR. As the time of writing, it hasn’t been reviewed or approved yet.

Here’s the code in src/freebsd/btop_collect.cpp that deals with the cache, that’s present in my PR:

// cached
len = 2;
if (sysctlnametomib("vfs.bufspace", mib, &len) == 0) {
    uint64_t bufSpace = 0;
    len = sizeof(bufSpace);
    if (sysctl(mib, 2, &bufSpace, &len, nullptr, 0) == 0) {
        cachedBytes += bufSpace;
    }
}

len = 5;
if (sysctlnametomib("kstat.zfs.misc.arcstats.size", mib, &len) == 0) {
    uint64_t arcSize = 0;
    len = sizeof(arcSize);
    if (sysctl(mib, 5, &arcSize, &len, nullptr, 0) == 0) {
        uint64_t arcMin = 0;
        len = 5;
        if (sysctlnametomib("kstat.zfs.misc.arcstats.c_min", mib, &len) == 0) {
            len = sizeof(arcMin);
            sysctl(mib, 5, &arcMin, &len, nullptr, 0);
        }
        cachedBytes += (arcSize > arcMin) ? (arcSize - arcMin) : 0;
    }
}

// free
len = 4; sysctlnametomib("vm.stats.vm.v_free_count", mib, &len);
len = sizeof(freeMem);
sysctl(mib, 4, &(freeMem), &len, nullptr, 0);

uint64_t activeBytes = (uint64_t)memActive * Shared::pageSize;
uint64_t wireBytes   = (uint64_t)memWire   * Shared::pageSize;
uint64_t freeBytes   = (uint64_t)freeMem   * Shared::pageSize;
uint64_t rawUsed     = activeBytes + wireBytes;
uint64_t usedBytes   = (cachedBytes < rawUsed) ? rawUsed - cachedBytes : 0;

mem.stats.at("used") = usedBytes;
mem.stats.at("available") = Shared::totalMem - usedBytes;
mem.stats.at("cached") = cachedBytes;
mem.stats.at("free") = freeBytes;


Testing it was also fun. I initially thought that a good way to test the filesystem cache was grep through the system source code (included in /usr/src/) for something like int, which would make it open several thousands of files. I did it in my two VM, watching the output, and it looked like the most “hAcKer” thing ever:


grep -rni int /usr/src/* 

But turns out it wasn’t that useful, since the whole src folder is around 1G. So I played with generating a file out of random, then reading it with dd:

dd if=/dev/random of=/tmp/testfile.bin bs=1M count=5000
dd if=/tmp/testfile.bin of=/dev/null bs=1M


And I could see the cache growing vigorously. Then I wrote a quick C program to allocate a lot of memory:

#include <stdlib.h>
#include <string.h>
#include <stdio.h>
#include <unistd.h>

int main() {
    size_t gb_to_allocate = 4; 
    size_t bytes = gb_to_allocate * 1024 * 1024 * 1024;
    void *mem = malloc(bytes);

    if (mem == NULL) {
        printf("Failed to allocate memory.\n");
        return 1;
    }

    memset(mem, rand(), bytes); 

    sleep(30);

    free(mem);
    return 0;
}


With it I could watch the used memory increase in btop while the cache decreases significantly. Really satisfying.

I feel like this made for a much more precise monitoring of a FreeBSD machine’s memory usage.

The case with fastfetch

fastfetch was also fetching data from v_cache_count. So I went there and applied the same idea of using ARC cache in it and published a PR. Which was closed without any comment. I was confused initially, but then I realized that they applied pretty much the same logic to not only FreeBSD, but all the other systems that support ZFS:
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FreeBSD, Linux, SunOS (?) and NetBSD now can detect ARC cache



The final changes to the FreeBSD code had some improvements to my submission, which is great. I just missed some communication of what’s going on. In the end, I’m happy that my contribution had some impact.

In fact, I’m already looking to contributing again, because these changes made into DragonFly BSD, but that flavor of BSD specifically still seems to include cache pages, so the previous solution was likely more correct. I’ll take some time to dig further into that later.

Conclusion

It took me a whole month, since my last post, researching FreeBSD virtual memory internals and installing several versions of the system in virtual machines and I think it brought me closer to this system that any other before. I learned a lot about computers and ended up with three patches for substantial projects.

It also took me back to my young years when I was fascinated with the idea of creating an operating system. I never got past a simple bootloader, but I remember all the time trying to read a pretty bad PDF scan of Operating Systems: Design and Implementation, aka The MINIX book, as a fourteen years old boy who barely read English and had trouble understanding function pointers. The idea of having the whole source code (around 50k lines) for an operating system in a book was mindblowing to me. Although, more modern versions of that book were already available.

Well, now I got myself a copy of the OG. It’s hard to find that first edition, but seems like it’s still being used in India:


    
    
    
    
That’s impressive 400 pages of the source-code alone, plus a CD-ROM!



This is funny though:


    
    
    
    
Unauthorized?
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Show HN: CLI that helps AI agents avoid vulnerable dependencies

github.com · 15 points · Discussion

deptrust is a CLI that checks package versions for known vulnerabilities across npm, PyPI, crates.io, Go modules, RubyGems, NuGet, Maven, Packagist, pub.dev, CocoaPods, Hex.pm, Hackage, GitHub Actions, and more.It runs locally as a CLI and as an MCP server. It calls public package registry and OSV APIs directly; there is no hosted deptrust service.
I built this because AI coding agents kept suggesting outdated or vulnerable package versions. I kept having to manually tell tools like Claude and Codex to use newer, safer versions.
deptrust gives the agent a quick way to verify whether a dependency version has known vulnerabilities before it installs or recommends it.
You can install it with:
1. pnpx @clidey/deptrust@latest install
2. brew install clidey/tap/deptrust
3. Or directly with go: go install github.com/clidey/deptrust/cmd/deptrust@latest


Original: https://github.com/clidey/deptrust · Discussion
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SearXNG: A free internet metasearch engine

github.com · 13 points · Discussion





SearXNG is a metasearch engine. Users are neither tracked nor profiled.






[bookmark: user-content-setup]

Setup


To install SearXNG, see Installation guide.

To fine-tune SearXNG, see Configuration guide.

Further information on how-to can be found here.

[bookmark: user-content-connect]

Connect


If you have questions or want to connect with others in the community:


	#searxng:matrix.org



[bookmark: user-content-id1]

Contributing


See CONTRIBUTING for more details.

[bookmark: user-content-id2]

License


This project is licensed under the GNU Affero General Public License (AGPL-3.0).
See LICENSE for more details.






Original: https://github.com/searxng/searxng · Discussion




How to organize 3 acquired companies into one coherent website


29

How to organize 3 acquired companies into one coherent website

littlelanguagemodels.com · 13 points · Discussion


Company A has acquired Company B, C, and D. How do we organize their sites, for multiple products with different audiences, while making it easy to find relevant product information and quickly understand how the products work together?




For example, Company A offers residential relocation services. Company B offers relocation services for businesses. Company C offers relocation management software. Company D offers fine art and antique moving services.




What I recommend to clients is formalizing user goals before making rebranding decisions.




People from Company A, B, C, and D are going to bring different perspectives to information architecture decisions based on their:





	day-to-day responsibilities




	previous experiences making IA decisions, positive or negative




	perception of the areas with the highest potential for company growth




	professional goals






Many people’s first impulse is to discuss the products.




How Company A plans and delivers items.




How company B coordinates B2B moves, the types of businesses.




The data powering Company C’s software, the types of users, pricing tiers.




Insurance, identity confirmation, country regulations, employee training for handling fine art for Company D.




These conversations are useful for context gathering, but create an unnecessary us against them environment in the context of the website’s future. You’re with Company A. I’m with Company D. Product discussions keep us aware of this distinction at all times.




Instead, I recommend turning outwards and focusing your attention on user actions.




What does the user of your product get from buying from you?




Why is the user visiting the homepage? What about the contact form? And the pricing page?




Come up with as many user goals for interacting with different areas of the product. Even better if Company D’s folks are writing user goals for Company A, Company A for Company B, and so on.




Having “new” folks come up with user goals helps them get familiarized with the product and it builds empathy for users and employees of the company alike. Amazingly, this serves as a beautiful user research session to unpack biases or currently-unmet user needs.




“Oh, we thought that would be done automatically. We may want to clarify that to users.”




“Oh, I didn’t realize we offer customs, tax, and documentation assistance.”




“It wasn’t clear to me that step was mandatory to schedule a pickup.”




Focusing on user goals highlights opportunities for consolidation and removal across your content. Different areas of different products can help users reach their goals.




Which brings me to the next step: defining different ways for the user to meet their goals.




Define different ways for the user to meet their goals considering format, audience, and information receptiveness




Consider format preferences (a map might work better for locations, but a text field may work better if a service is only offered in <5 locations), audiences (busyness, goals, language), and willingness to interact with company content (someone transporting a luxury item will be more receptive to longer content like PDF brochures, but a moving contractor looking for the login portal will be less patient).




Group content on the homepage and navigation by user goal, and the conversation becomes about ways to delight and provide additional value through the acquisitions, rather than which product of which company does what.




Next, consider labels. I don’t like putting people in boxes, but I swear it’s for a noble purpose here. 




Put users into categories




What are different types of groups a user may belong to for a healthcare training provider?





	Location (by country, city, district)




	Clinical discipline (nursing, surgery, pharmacy)




	Clinical specialty (dermatology, ethics, pathology)




	Phase (needs assessment, pre-briefing, facilitation, debriefing)




	Role (educator, administrator, researcher)




	Institution (academic, commercial, non-profit)






For patients of healthcare providers, groups may include:





	Insurance type




	Age group




	Risk level






These categories (known as taxonomy) can help guide users and quickly orient them. By thinking through possible categorizations, and their overlap (what would a pathology surgery clinician working for a commercial vendor in New York look for and find?), teams can make the digital experience so intuitive that the user doesn’t have to “think” much.




Users should understand options at a glance while being able to get granular, so the categories shouldn’t serve as rigid boxes, rather quicker, more elegant paths to eureka.




Test with a small group of users




Once you have initial low-fidelity designs of key pages/interactions, please, please, please test them with a small user group.





	Do labels match user language?




	Do groupings match users’ mental models?




	Does content hierarchy reflect user goals?




	Is the amount of information provided appropriate for the user’s current step?






Finally, and this is easy to miss: think of content horizontally, not vertically.




Think horizontally, not vertically




What do I mean by this?




I’ve been on many design review meetings where the focus was on the single page we were looking at, and stakeholders wanted to know why X element wasn’t included or why Y was so low on the page.




The thinking goes: if a content component is deprioritized, users will have a difficult time finding it, and get frustrated.





	Vertical content – Content on a single page/interface helping the user reach their goal.




	Horizontal content – Content component used strategically and constantly across pages/interfaces (think: visiting hours being available in nav, footer, location pages, event pages, contact pages, etc.)






Horizontal content improves content discoverability by offering multiple opportunities for the user to find what they’re looking for.




Vertical vs horizontal content thinking



HOKA offers multiple examples of horizontal content thinking. I just shared 3 website lessons from HOKA, one of the fastest growing sport brands. Check out the latest article. 




If you’re a content or design professional who enjoys work-related books, I highly recommend Donna Spencer’s book Presenting Design Work. One of the most valuable lessons I took from the book was presenting findings and recommendations in the context of “a person doing a thing” rather than prototype X or page Y. We’re taught to think vertically when it comes to content, so it’s not easy to remember to take a step back and consider the entire ecosystem, but it is important to do as not to harm user wayfinding.




If you’re a stakeholder in website and product decisions, you can also help guide users by asking questions related to the different ways the user may be looking for information and how the design may be able to accommodate them, not just in a single “important” page, but across touchpoints.




Okay, final final thing: A common point of tension between stakeholders is the fate of the content. People have ideas, fears, and dreams about what will become of the content. I unpacked the feelings aspect of redesign in here: How to manage stakeholder feelings in content decisions for website redesigns. TL;DR: People can be reluctant to make content decisions for all sorts of reasons. Every reason is inherently valid and worth listening to, understanding, and iterating upon as needed. 




Key takeaways




To organize content for multiple products with different audiences, while still making it easy to discover how the products work together:





	Start with user goals




	Identify commonalities across products




	Identify opportunities for consolidation and removal across content




	Define different ways for the user to meet their goals considering format, audience, and information receptiveness




	Put users into categories




	Test with a small group of users




	Provide multiple information pathways to improve discoverability




	Be prepared for content discussions to get heated






AI Policy: I personally write each draft and final copy on this website. All content reflects my own thinking, ideas, style, and craft. I do not use AI such as ChatGPT to generate articles. Occasionally, I ask AI such as Formalizer or Claude to summarize or restate my own ideas and may restructure sections based on the response.





Original: https://littlelanguagemodels.com/how-to-structure-your-sites-after-a-big-acquisition/ · Discussion
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ClawdMojis – A Clawd for Every Occasion

github.com · 12 points · Discussion






Pixel-perfect recreations of the Clawd mascot as Slack emoji — a growing
cast of animated variants, all generated programmatically from the original
logo. No image editor involved.





	Original Clawdster
	This is Clawd 🔥
	London Clawd 🌧️
	Clawd Surfing 🏄





	
	[image: fire]
	[image: rain]
	[image: surf]



	Mariachlawd 🪇
	Bug Claught 🦋
	Clawdin Hood 🏹
	Definitely Not Clawd 🥸



	[image: mariachi]
	[image: bugcatcher]
	[image: robinhood]
	






Browse the live gallery (GIFs
animate + click-to-copy Slack names), or grab the ready-to-upload
emoji pack.

All outputs are 128×128 PNG/GIF with transparent backgrounds, sized for
Slack custom emoji (≤ 128 KB).




The pixel grid


The starting point was a screenshot of the "Welcome, Clawd" splash
(source/clawd_source.png). tools/analyze_grid.py
recovers the pixel-art grid underneath it:


	isolate the orange body by colour,

	find every silhouette edge, cluster out the ~1 px anti-aliasing jitter,

	pick the cell size that best divides all the edge positions.



Result — the logo is drawn on a 12 × 8 grid, cell ≈ 18 px in the
335×597 source (the detector reports a 9 px / 24×16 harmonic because every
feature is exactly two cells thick; the native art is 12×8). Sampled colours:
body #DA7758, eyes #000000.

..########..
..#O####O#..   O = eye
############
############
..########..
..########..
..#.#..#.#..   legs
..#.#..#.#..



This grid lives in shared/clawd.py as the ART string —
the single source of truth every render script imports, so the creature is
identical across all variants. That module also holds the sampled colours and
the white-outline dilation the renderers share.




The emoji



Original Clawdster — base/render.py


The grid rendered with integer-pixel cells (10 px) so it stays razor-sharp at
any zoom. Outputs the padded square clawd_emoji.png and a tight,
exactly-proportioned clawd_emoji_tight.png.


This is Clawd 🔥 — fire/render.py


Calm Clawd in front of a burning room — the "this is fine" meme — composited from
two layers:


	fire (back): a real Doom-fire
simulation on a coarse 32-grid — a hot source row propagates upward with
random decay + flicker, mapped through the classic dark→red→orange→yellow
palette. A per-column source profile tapers the flames into a triangle; a
colour cap keeps the base yellow (not white).

	Clawd (front): the sprite on a fine 64-grid so its white border is a
thin 2 px outline.



Because Doom-fire is chaotic, the seamless loop is found by running a long
simulation and cutting at the frame that best matches frame 0 (the tiny seam is
hidden by the natural flicker). A static fallback is saved as clawd_fire_still.png.


⚠️ clawd_fire.gif is ~102 KB — just under Slack's 128 KB cap. Lower MAXL
or raise DUR if you need it smaller.




London Clawd 🌧️ — rain/render.py


Clawd under a storm cloud, four composited layers (cloud → back rain → Clawd →
front rain):


	cloud: a full-width band of churning grey with a ragged underside; its
internal texture scrolls horizontally.

	rain: fat drops, most behind Clawd and a few in front, falling at a
slight angle (the field is sheared — each drop's column shifts with its
row). Front rain falls faster for a parallax feel.

	splashes: subtle 3-frame pops along the floor, phased so a few fire at a
time.



Here the loop is exactly seamless by construction: rain wraps on a vertical
tile (V·F is a multiple of TILE), the cloud wraps on a horizontal tile
(S·F = P), and splashes are a pure function of frame mod F.


Clawd Surfing 🏄 — surf/render.py


Clawd dropping down the face of a breaking wave on a red surfboard, composited
back-to-front (ocean → crest foam → crest spray → Clawd+board → waterline
wash + bow-spray).
Unlike the other emoji this one renders on the full 128 grid (CELL=1), so
Clawd is bigger, more central, and his edges/rotation are half the block size —
noticeably less pixelated:


	ocean: a low raised swell peaks on the right and slopes down to a flatter
sea on the left (the face Clawd rides), filled with depth-banded blues and a
scrolling sparkle of sunlit glints; a white foam cap breaks along the lip.

	Clawd + board: Clawd (full 2 px white outline) stands on a fat surfboard;
the two are built as one assembly and rotated together so they lean
down the face, pivoting about the board's water-contact point. The lean is
matched to the face slope and the board is sunk slightly so it planes
through the wave rather than floating over it. A gentle rock and a vertical
bob keep them alive on the wave.

	spray: a rooster-tail fans up off the wave lip (drawn behind Clawd so
it sits in the right depth), a thin bright foam wash breaks along the
waterline where the board cuts the wave, and a little bow-spray kicks up
off the nose.



The loop is seamless by construction: the bob, the rock, and the bow-spray's
flicker are all sin(2π·f/F); the swell ripple and sparkle scroll advance a
whole number of cycles over the loop (phase 2π·(… − k·f/F)); the crest spray
is a pure function of frame mod F; the waterline wash is a static ragged
pattern.


Mariachlawd 🪇 — mariachi/render.py


Clawd in a big straw sombrero, gripping a maraca by the handle in each hand and
shaking them as he dances. Like surf it renders on the full 128 grid
(CELL=1) so the sombrero's curves and the round bulbs stay crisp:


	body + hat: Clawd (full 2 px white outline) and a wide sombrero (rounded
straw crown, red band with gold studs, up-curled brim, bolita trim) are one
rigid piece that steps left↔right with a little bounce.

	arms: each side is two layers rotated together about the shoulder — an
orange arm behind Clawd, and the maraca (gripped by the handle, bulb on
the far end) composited in front so the handle reads as held out over the
arm. Rotating them makes the maracas visibly shake; because the two arms
are mirror images rotated by the same angle, they alternate (one up, one
down) for a cha-cha feel.

	flair: a couple of gold music notes bob overhead.



The loop is seamless by construction: the side-step is sin(2π·f/F), the
bounce is |sin(2π·f/F)|, the maraca shake is sin(2π·2f/F) (two shakes per
loop) and the note bob is sin/cos of 2π·f/F — all equal at f=0 and f=F.


Bug Claught 🦋 — bugcatcher/render.py


Clawd out in a sunny meadow in a pith helmet and a collector's satchel, swinging
a handheld net at a butterfly that keeps fluttering just out of reach. Full 128
grid (CELL=1) so the helmet dome, the mesh hoop and the butterfly stay crisp.
Unlike the sprite-on-transparent emoji this one is a full opaque scene that
fills the square, composited back-to-front (sky + clouds → grass → flowers →
Clawd → net → butterfly → foreground grass):


	field: a blue sky with a couple of soft clouds over a green meadow of
swaying blades and flowers.

	Clawd: full 2 px white outline, in a khaki pith helmet (rounded dome,
band, wide down-curved brim, top knob) with a strap-slung satchel — one
rigid piece with a tiny bob.

	net: an orange arm grips a long pole ending in a woven mesh hoop; the
whole arm + pole + net is one assembly rotated about the shoulder, so it
swings up and back once per loop.

	butterfly: flaps its wings and flies a little evasive figure-eight, staying
a few pixels above the hoop at the top of every swing — so close.



The loop is seamless by construction: the net swing is sin(2π·f/F), the
butterfly path is sin/sin(2·) of 2π·f/F, the wing flap is cos(2π·3f/F)
(three flaps per loop) and the grass sway is sin(2π·f/F) — all equal at f=0
and f=F. Because the field fills the whole square, the GIF is written as full
opaque frames (disposal=1, no transparency) so nothing flickers.


Clawdin Hood 🏹 — robinhood/render.py


A cute forest archer: Clawd in a pointed feathered cap and a green tunic
(belt + buckle, zig-zag hem, little boots), a quiver slung across his back,
drawing a bow and loosing an arrow that streaks off to the right — over and over.
Full 128 grid (CELL=1) so the bow curve, the string and the arrow stay crisp, and
drawn large so Clawd fills most of the frame — the bow tucks against the right
edge, so the loosed arrow has only a short run (the whoosh sells it). Every pixel
constant is a multiple of SCALE (sc(v) = round(v·SCALE/6)), so bumping SCALE
rescales the whole archer coherently:


	body + cap: Clawd (full 2 px white outline) recoloured into the tunic, with
a flop-back cap, a brown hatband and a red feather.

	his own arms: Clawd's side bumps (the wide ART rows 2–3) are his arms.
The right one reaches the bow — a short forearm joins it to the grip, which
sits inboard against his hand rather than way out at arm's length. The left
one bends up-and-in so the fist draws the string to his cheek (a diagonal line,
never a bar across the face).

	bow: a wooden bow, a single static piece — the whole shot happens on the
string, so nothing has to rotate.

	shot: the left arm draws the string + nocked arrow to full, looses with a
forward snap + twang, and the arrow streaks off to the right (head first,
fletching trailing, with a little whoosh) before a fresh arrow is nocked.



The loop is seamless by construction: full-draw (the aim) is identical at
f=0 and f=F; on release the string snaps forward and a damped return
((1−smoothstep)·(1+sin)) brings it back to the draw by the last frame, and the
loosed arrow clears the right edge before the loop wraps — so only a fresh nocked
arrow re-appears, the natural "re-load" beat.




Regenerate


Requires Python 3 with Pillow and NumPy:


Colophon


Colophon

Sent by sendle.app

Long reads, delivered to your reader.
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sys/amd64/vam/io/vatpit.h:
sys/amd64/vmm/io/vhpet.c

:488:

:337:int

338:vatpit_handler(struct vm *vm, bool in, int port, int bytes, uint32_t %eax)

342: vints_t val;

343: int error;

387: uint16_t tmp;

1403: c->initial = c->er[8] | (uintle_t)e->erl1] << 8;
405: /% Start an interval timer for channel 8 %/

:419:1nt
420:vatpit_nmisc_handler(struct vm #vm, bool in, int port, int bytes,
421 uint32_t *eax)

1445 int i;

467: dnt 1;

477:int

4g0: int ret;

481: dnt i;

printf("%s: snapshot restore does not reset timers!\r\n", __func__);

23: % OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

int vatpit_handler(struct vn #vm, bool in, int port, int bytes, uint32_t *eax);
:int vatpit_nmisc_handler(struct vm %vm, bool in, int port, int bytes,

vint32_t xeax);

46:int vatpit_snapshot(struct vatpit *vatpit, struct vn_snapshot_meta smeta);

* OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
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HPT2_SGE_TRANS_SIMPLE_UNION, MPT2_POINTER PTR_MPI2_SGE_TRANS_SIMPLE_UNION,
Npi2SGETransSinpleUnion_t, MPI2_POINTER pMpi2SGETransSimpleUnion_t;
HPT2_WPI_SGE_UNTON, MPI2_POINTER PTR_WPI2_MPT_SGE_UNION,
Hpi2MpisgeUnion_t, MPT2_POINTER phpi2HpiSgeUnion_t;
NPT2_TEEE_SGE_SINPLE32, MPI2_POINTER PTR_MPT2_IEEE_SGE_SIMPLE32,
Npi2TeeeSgeSinple32_t, MPI2_POINTER phpi2TeeeSgeSimple32_t;
NPT2_TEEE_SGE_STNPLEG4, MPI2_POINTER PTR_MPT2_IEEE_SGE_SIMPLEGA,
Npi2TeeeSgeSinpless_t, MPI2_POINTER phpi2TeeeSgeSimple6s_t;
NPT2_TEEE_SGE_SIMPLE_UNION, MPT2_POINTER PTR_MPT2_IEEE_SGE_SIMPLE_UNION,
Npi2TeeeSgeSinpleUnion_t, MPT2_POINTER pMpi2IeeeSgeSimpleUnion_t;
MPT2_TEEE_SGE_CHAIN_UNION, MPI2_POINTER PTR_MPI2_IEEE_SGE_CHAIN_UNION,
Hpi2TeeeSgeChainUnion_t, HPT2_POINTER pMpi2IeeeSgeChainUnion_t;
NPT25_TEEE_SGE_CHAING4, MPI2_POINTER PTR_MPI25_TEEE_SGE_CHAINGG,
Npi25TeeeSgeChainod_t, MPI2_POINTER phpi25IeeeSgeChainéd_t;
NPT2_TEEE_SGE_UNION, MPI2_POINTER PTR_MPT2_IEEE_SGE_UNTON,
Npi2TeeeSgeUnion_t, MPI2_POINTER phpi2TeeeSgeUnion_t;
HPT25_SGE_T0_UNION, MPI2_POINTER PTR_WPI25_SGE_TO_UNION,
Npi25SGETOUNion_t, MPT2_POINTER pMpi2SSGEIOUnion_t;
HPT2_STMPLE_SGE_UNION, MPI2_POINTER PTR_WPI2_SIMPLE_SGE_UNION,
Mpi2simpleSgeUntion_t, MPI2_POINTER pHpi2SimpleSgeUntion_t;
NPT2_SGE_TO_UNTON, MPT2_POINTER PTR_MPI2_SGE_I0_UNION,
Mpi2SGETOUNion_t, MPI2_POINTER pMpi2SGETOUnion_t;
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freebsd: unifying buffer/cache memory usage for both ufs and zfs #2033 7
- BenBE merged 1 commitinto htop-dev:main from crocidb:main (C) last week

©) Conversation 12 - Commits 1 [} Checks 20 [ Fileschanged 3

[ 23

crocidb commented last week - edited + (Contrbutor ) =+

Hi everyone! ;)

This is more of a suggestion on how to improve readability of FreeBSD memory monitoring. Here I'm basically unifying
MEMORY_CLASS BUFFER and MEMORY_CLASS ARC into MEMORY_CLASS_CACHE . This is because of a few reasons:

1. MEWORY_CLASS_BUFFER is checking for vfs.bufspace , which reports the metadata buffer cache for UFS specifically. On ZFS
only, it's always zero, because ARC bypasses the vfs system.

2. MEMORY_CLASS_ARC is not being subtracted from wired memory (although being part of it, and is being counted as used
memory, although MEMORY_CLASS_BUFFER  is not. And the behavior of disk cache on Linuxis to not being counted as used.

With the new MEMORY_CLASS_CACHE . it will always report the current buffer/cache for the current filesystems. Its easier to
‘understand and more accurate not considering ARC cache as used memory.

EDIT: | did not consider, at first, that both UFS and ZFS could be active in the system, but it's not true. So | changed to
effectively sum those two values.

Thanks.

(©)

[—
© BenBE
@ coderabbitaifbot]

Assignees

No one assigned

Labels

‘enhancement) | FreeBSD

Projects

None yet

Milestone.

360
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### orlglnal fastfetch heurlstic

free menory = free_pages + inactive_pages + cache_pages
used menory = total - free memory

Total Memory: 5.6
Free Memory: 1.84 6iB
Used Memory: 4.6

### original btop heuristic

available memory = total memory - active - wire

free memory
used memory

free pages
active pages + wired pages

Total Memory: 5.69 6iB
Available Memory: 1.27 6iB
Free Memory: 0.38 6iB
Used Memory: 4.42 6iB

### original htop heuristic

used memory = wired + active + laundry

Total Memory: 5.69 6iB
Used Memory: 4.50 GiB
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What is the maximum value for an int32
[ https://stackoverflow.com/questions/94591/ddg#94608

It's 2,147,483,647. Easiest way to memorize.

~-Ben Hoffstein

32 bit integer limit
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last pid: 23584; Tload averages:  0.18,  0.29,  ©.27; battery: 96%

130 processes: 2 running, 121 sleeping, 5 zombie, 2 waiting

CPU: 1.2% user, 0.8% nice, 0.5% system, 0.3% interrupt, 98.0% idle

Men: 193M Active, 657H Inact, 83M Laundry, 4311M Wired, 427M Free

ARC: 3116M Total, 786M MFU, 1766M MRU, 256K Anon, 55N Header, 518M Other
2186M Compressed, 5832M Uncompressed, 2.68:1 Ratio

swap: 2048M Total, 431N Used, 1616M Free, 21% Inuse

1

PID USERNAME  THR PRI NICE SIZE  RES STATE  C TINE  WCPU COMMAND

11 root 4199 ki3l 8B 64K CPUD © 2000.5 391.53% idle
3213 root 14 ® 0 1355M  52M uwait 1 1.14% tailscaled
70820 crocidb 2 8 @  24M B8680K select 1 0.78% btop
4167 crocidb 159 @ 159M  77M select 3 0.69% tnux
83944 crocidb 5 8 8 1121  64M kqread 2 0.66% nvin

s o/ @ 3 (]

45988 crocidb 103H  53M kqread

65% nvin
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@ A~ fastfetch

crocidb@nonica
Host: 2325266 (ThinkPad X238)

Kernel: FreeBSD 15.0-RELEASE-p9

Uptine: 21 days, 16 hours, 4 mins

Packages: 1091 (pkg)

shell: fish 4.6.8

DE: Xfced 4.20

W XFumd (X11)

W Thene: Default

: Greybird-dark [6TK2/3/4]

elementary-xfee [6TK2/3/4]

5 Font: Sans (16pt) [6TK2/3/4]

- - cursor: default

Terminal: tmux 3.6b

CPU: Intel(R) Core(TH) i5-3216M (4) @ 2.50 GHz
GPU: Intel 3rd Gen Core processor Graphics Controller [Integrated]
Hemory: 4.64 6iB / 5.69 6iB (82%)

Swap: 415.40 MiB / 2.00 6iB (20%)

Disk (/): 7.57 6iB / 99.92 6iB (8%) - zfs

Disk (/zroot): 96.80 KiB / 92.35 6iB (0%) - zfs
Local IP (wlang): 192.168.68.113/24

Battery (45N1623): 96% [AC Connected]

Locale: C.UTF-8

+0

e |
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