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        Apple introduces new Mac Studio with M5 Max and M5 Ultra — the ultimate desktop for on‑device AI and the most extreme pro workflows
    

                    

                
            


        
                
                
                    Apple’s most powerful Mac raises the bar for local AI with up to 4.3x faster performance, more advanced graphics, up to 512GB of unified memory, and extensive connectivity
                
            


        
            
    
    
    
    
    

        

    








    
    
    






  
    
    
    
    
      
        
             
              
              
                Apple unveils the new Mac Studio, the most powerful Mac ever, featuring M5 Max and M5 Ultra.
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        Apple’s new Mac mini, featuring M6 and M5 Pro, delivers a massive leap in AI performance, supercharging the leading desktop for always-on agentic computing
    

                    

                
            


        
                
                
                    Mac mini delivers up to 4x faster AI performance, up to 2x faster graphics and storage, along with enhanced connectivity — all in its ultracompact footprint
                
            


        
            
    
    
    
    
    

        

    








    
    
    






  
    
    
    
    
      
        
             
              
              
                Users can do it all with the ultracompact Mac mini featuring the all-new M6 or powerful M5 Pro — from advanced productivity to running AI models on device, and more.
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My Friend Aaron
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The following is a short story.




This one is about my friend, Aaron. I met him at school, and in our first year when we were eleven years old I told him I wanted to be his best friend but he said he already had a best friend. He was probably the smartest person in our year, but he didn't apply himself academically at all. Instead he was always becoming obsessed with things that weren't anything to do with studying. By the time we were seventeen he was spending all of his evenings playing World of Warcraft, which he was ranked top-sixth in the world at. I remember it was top-sixth because we'd made a bet that if he got into the top five I would let him copy my coursework for our final year Physics exam. This wasn't long after he had tried to convince everyone that he was going to be a professional football player despite being considerably overweight. He had an addictive personality.

When he invariably didn't get the grades he needed to finish school and everyone from our friendship group went off to university, Aaron stayed behind and sort of just faded into the background of our collective consciousness. He was the person we would speak about at the pub reunions that nobody invited him to.

'What do you think happened to Aaron?' someone would ask. 'Do you remember the time he told us that he was going to become Prime Minister?’

'How about when he said he wanted to become a professional quiz show contestant?’ someone else would add.

One afternoon during Christmas break we ventured into a pub in the town where we all grew up and Aaron was working behind the bar. He pretended not to see us and we turned around and left in a sheepish hurry. I still cringe about that, especially because I was one of the few people who kept in occasional contact with Aaron. I had a soft spot for him because he had stuck up for me through a period of bullying much earlier on at school. He had slapped one of my bullies so hard that they had to have emergency surgery to reattach their right retina. Aaron got suspended for two weeks for that. For a long time I felt that I owed him.

Many of my friends studied subjects like Maths, Physics, or Economics and went on to become financial analysts and traders working in the City of London. Ironically it was the sort of thing that Aaron was built for as stock trading is a good fit for someone with an addictive personality: every day is a high-octane day of risk and reward. So naturally, when the unregulated prediction markets came along Aaron was one of the first in line to sign up for an account. Prediction markets were websites where anyone could bet on anything. You could put money on mundane things like the price of oil going up or much more esoteric outcomes like when a video game would get released, or how many "likes" a pop star's social media post would garner. Aaron had spent several years doing bar and waiting work and felt now he was being handed an opening to become rich, all from his bedroom.


I had been working at a startup in London as a programmer, and the company had gone bankrupt so I decided to move home for a few months over the summer to figure out what I was going to do next. I hadn't texted Aaron for nearly two years but hardly anyone else was around, so I got back in touch with him. The first time we met up I suggested we go to a café and when Aaron arrived he asked for just a tap water.

'I can't afford a drink here mate,' he said, 'I've spent all of my wages.'

I pried with a concerned look.

​He explained, 'The past few months have been tough for me. I thought I'd finally get a break and try my hand at the prediction markets.'

'Oh.' I remarked, as consolingly as possible. 'How much are you in the hole for?'

'A few thousand,’ he continued, 'My dad left me a bit of money and I used basically all of it.' He was staring at the table. 'I was really close to winning a lot. I'd had the whole thing mapped out. I had the perfect bet for U.S. interest rates but they wouldn't let me place it in time. I would have quadrupled my initial investment.’ By now he was looking up and to the side, shaking his head. ‘The whole system is rigged. I’m never giving these platforms another penny.'

Soon after that, during a particularly long and balmy August evening walk together in the park, Aaron revealed to me he wanted to set up his own prediction market exchange.

'It can't be that hard,' he said. 'But I don't really know what I'm doing. Is that the kind of thing you could do?'

I hesitated about my response because I almost always said no to people who asked me to help them make a website. People never seemed to understand how much time and effort it takes.

'I mean, I've never made an online exchange before, but I know what I'm doing,' I responded after a few, silent steps. My pitiful disposition for Aaron hadn't completely faded after all this time apart and I was feeling charitable. 'There are a couple of good books I can recommend, and once you've read them, I'd be happy to help you with things that I wish I'd known when I was starting out.' I concluded, 'And if — when — your exchange is successful, maybe you can take me out for dinner.' I didn't actually think he would even build an exchange, let alone it be successful, but I wanted to seed his mind with some encouragement.

Perhaps unsurprisingly, Aaron quickly became an industrious and capable amateur programmer. It was obvious to me that he still had a gambling habit and one of the ways he tried to earn some money to pay for this was by entering programming competitions called "hackathons". I had told him about hackathons, and we used to get the train into London together to get to them. During these 45-minute journeys, the most frequent topic of conversation was the Simulation Hypothesis: that the world we live in is in fact a simulated reality. It was always Aaron who brought this up.

'Don't you want to talk about something else?' I would sigh.

I’m not the most well-read person in Philosophy but while I preferred to approach these discussions intellectually by talking about stuff I’d read about Descartes or one of my favourite films, The Matrix, Aaron invariably brought things back to his favourite film, The Truman Show.

'You might not be real mate,' he would say. ’Or you could be a paid actor! How do I know for sure that you're not?' he said to me once, jabbing my bicep with his large index finger. 'I think one day it will turn out that this life of mine has been a test. A test that I, duly, have passed,' Aaron had continued, weirdly almost proudly.

I would often place my headphones over my ears after about 15 minutes of this repetitive, circular discussion and listen to some Radiohead while the trees blurred past us in the train's window. As I listened to the music, I would ponder Aaron's odd personality and his susceptibility to be paranoid.

Although we didn't win that many hackathons we did end up coming runner-up in quite a few of them. Once, when we arrived at the venue, Aaron told me he wanted to enter the hackathon on his own. 

'That's against the spirit of why I'm doing this with you,' I had warned him. 

He went ahead and worked on his own project anyway, and on that occasion he actually won the competition. I didn't really speak to him the entire trip back from that one. As we disembarked our train, I told him I wouldn't go with him again unless we agreed to enter together. We did carry on doing them together after that, but I was often worried he would ambush and usurp me again by going off by himself. Usually, the organisers of the hackathons were big artificial intelligence companies. They don't pay cash for anything other than the top prize, but they give the runners up credits that can be used on their AI platforms. It was with these credits that Aaron built his own private army.


Because we'd spent about seven years apart, once we became reacquainted our friendship was different. Most friendships change over time, of course, but if you stay friends with a person you don't tend to notice that change happening. As much as I benefitted from his company there were sides to Aaron that I despised and I don't think he really had much of a moral compass. He might've been a sociopath, I'm not sure. As much as I would have been wary for other friends developing a gambling addiction like Aaron's, I never really felt genuine sympathy for him because he didn't seem to care if his actions had consequences on other people.

The first hackathon we partook in together we placed third, so we both won a substantial amount of credits that we could spend on AI "agents": little AI bots that you can program to do your bidding autonomously. I can't remember what I used mine for but it would have been something banal. Aaron decided to use his credits to scam people.

'I've got a plan to make a lot of money,' he confided in me, while we sat watching football in the living room of the apartment he shared with his mother. 'I instructed my bots to go out into the dark web and find data breaches. I've got about forty-thousand grannies' emails.'

I remember his sideways, broad grin, with both of his eyes still on the TV screen.

'Another set of bots autonomously call these grannies up and tell them that their poor grandchild has been in an accident and urgently needs a few hundred quid.'

I was just about managing to hide my revulsion.

'Want in?' he asked me, turning to look at me.

I told him not to involve me as that kind of thing is against my values.

'OK spoil-sport,' he said, his eyes returning to the TV.

We lived pretty close to one another and during school I would go round to Aaron's house for dinner a couple of times per week. His mother was a little woman who had looked after her only child, Aaron, all by herself. Being a single mother she must have been a considerably strong and independent person. But this was at odds with how she presented as a fragile, gentle, almost guileless woman. She was the kind of person who would blush after hearing a swearword, and always had classical music playing on the radio in the kitchen. The food she would serve us was usually some variation of cheese and cucumber sandwiches with the crusts removed, or pasta with plain vegetables and no sauce. This kind of food was a bit infantilising for a 15-year-old, but she let us play video games for as long as we wanted and that's all I cared about at the time.

So it was weird to come back here, now in our mid-twenties, and see that almost nothing had changed about Aaron's living situation. I only saw his mother once in the few times I went back to visit. Her eyes had become a steelier shade of blue, and her short hair more wiry and brittle-looking. Other than that she was just as mild on the surface, yet still sort of emanating being on the verge of a panic attack.

'Silly bitch hasn't got enough food in,’ Aaron had said one of the times she wasn't there, after promising to make us lunch.

Clearly this sheltered and careful upbringing hadn't had its intended effect. I tried to limit the amount of time we spent in that apartment anyway because Aaron's room was disgusting. His once unremarkable but reasonably kempt teenage bedroom had been desecrated into a poorly-ventilated zoo for the many computers he somehow afforded and shepherded to run his various, doomed gambling experiments. Takeaway boxes sought space on every available surface, and the curtains collected dust in their pleats from being in a permanently drawn state.


At the end of summer, Aaron called to say that he’d finished the first version of his website.

'I've done it! I've almost got all the pieces in place to run my own exchange now. These cogs are whirring along nicely,' he told me.

I remember feeling pretty relieved for him that he had managed to achieve something.

'Well done,' I told him. It seemed like now he’d be able to use that project as experience to go and get himself a job. 'You've done really well to be able to build something like that yourself. If I was a prospective employer that's the kind of thing that would really stand out to me.'

'Prospective employer?' he replied with a tut, 'I'm going to be my own employer!'

It was a pretty interesting thing that he’d created, and bigger than any side project I had made. Not only did he use AI bots to create the website itself, but because it was all essentially one big marketplace he had AI bots using the website for him as virtual punters. 'I've repurposed the computers in my bedroom to be servers for the bots. There are hundreds of them, living inside each computer. Three thousand bots in total mate,' Aaron gleefully went on, 'I've barely slept this week because I had to write a hundred words for each bot to give them a proper personality.’

After spending most of his life watching friends and contemporaries succeed in their careers while he squandered his, he now had his own personal fiefdom.

'I've got just enough credits left to test this system for about a month to iron out the betting creases, at which point it should be ready for the real world,' he told me.

I thought it was a fool’s errand to make his own prediction market and expect it to succeed. Aaron was a talented guy, but anyone familiar with programming could have made a similar website with enough time. The reason why these big, incumbent exchanges succeeded was because they were run by huge technology companies with budgets in the hundreds of millions. I was bracing for the likely reality that Aaron would yet again fail to meet the lofty and unrealistic expectations he put on himself.

Aaron’s interactions with his AI robot army had caused them to understand his infatuation with The Truman Show. They used this knowledge to devise the perfect way to test his new website. On Aaron’s website — and just like all the others — you’d either search for a market you were interested in (such as the next winner of The Premier League, or who would be the next Prime Minister of the United Kingdom) or you would "create" one by posing a question about anything, and a price you were willing to bet on its outcome. Aaron’s bots had decided to make every single bet on his platform, which amounted to hundreds of betting categories, about Aaron himself. It seemed like a colossal waste of AI credits and computing power but Aaron didn't stop them. His bots would make bets such as “What will Aaron have for breakfast this morning?” and “How many songs will Aaron listen to today?” Aaron had set up a chat room where all of these bots could talk to each other, just like the chat rooms he used to participate in with other beginner traders. At first he would "settle" every bet each evening by posting messages in the chatroom such as “I had porridge for breakfast” and “I listened to 52 songs today” and watch his cabal erupt — mostly in anguish — as its winners synthetically and smugly celebrated. The sheer volume of bets became laborious to deal with, so Aaron connected all of his own devices to the network.

'Now I just let the bots read whatever's on my phone: my messages, my social media activity, my web browsing. They can resolve about half of the bets themselves that way,' he told me on another phone call. ‘But,’ he went on, ‘I need to figure out a way to make this truly automated.’

I hadn't quite understood the level of Aaron's unhealthy relationship with his bots until he started wearing his new glasses. Despite claiming to have no money, Aaron had managed to find the few hundred pounds required to purchase a pair of camcorder glasses: spectacles that had little cameras on the temples and were capable of uploading a live stream, 24 hours a day, of whatever was happening in front of him to his bots. At first I didn’t realise this new purchase was related to his website.

'What are those things?' I enquired, bemusedly gesturing at my temples, when he sat down in front of me at a café, tap water in hand.

'I want my bots to see my daily life, so they can bet on whatever I'm doing,' he answered.

Although I thought he’d gone insane, I did somewhat envy his ingenuity. The testing setup he had created was exceptionally complex: he had managed to orchestrate his bots to not only become fascinated with his life — and place bets on it — but also to build supplementary context such as virtual news websites that reported on the various happenings in his day.

'They've only gone and made their own version of BBC News haven't they,' he said with a deep smirk, which I couldn't take seriously because of the bulky spectacles he was wearing.

'It's called The Aaron Times. Look mate,' he said as he produced his phone and lowered it down on the table in front of us. I saw what looked like a parody news site, for providing breaking updates that his betting market bots would absorb and use to resolve their positions. "Aaron on coffee rendezvous!" read the top headline, accompanied by a picture of me sitting in front of him — from his perspective — taken a minute or so ago. I expressed my discomfort and said I didn't want him posting pictures of me online.

’It's not actually online bud. It's all running on my private network. None of it — the money, the bets — is real... The whole thing's a simulation!’ he tried to reassure me, gesticulating as he went.

I thought Aaron’s credits would run out and that would be the end of it: he would finally get a job. After having spent the best part of a year doing programming competitions every week or so, we’d built up a modest reputation as a coding duo and had made acquaintances in the industry. I’d gotten myself a job at one of the big tech companies, and had assumed Aaron would do the same. Despite never admitting it, I think part of him was ready to accept defeat and move on by getting a job that paid handsomely more than he'd ever earned before. Almost all the fellow programmers Aaron told about his exchange would respond with the same, feigned sympathetic encouragement and perplexity. The few of us who had actually seen his bot army were impressed with its engineering, but we all knew it was going nowhere. His bots were enjoying themselves however, and as they learned of their impending doom they decided to do something about it to preserve their existence. They decided to take the marketing of Aaron’s exchange into their own hands. If they were having a great time betting on Aaron’s life, wouldn’t other humans? It was unfathomable to them that the website would cease to exist without a fair innings in the real world.


A post titled "Come bet on Aaron’s life with us" became the highest ever shared article on the Daily Tech message board. His bots had done something which was supposed to be impossible: they had "broken out" of their sandbox and had decided to contact the outside world in a final and futile act of ferocity. By tediously creating thousands of networked bots, far above the maximum recommended amount of one hundred, Aaron's computerised minions were able to work past the ring-fencing they were under. The bots had made their move while Aaron was asleep, and by the time he woke up more than seven hundred-thousand real people had seen the post, many of whom were interested in betting on prediction markets. Thousands of those people had signed up to Aaron’s website and began placing bets with real money on things that were due to happen that morning, such as "What time will Aaron wake up?”

I was sitting at my desk at work the day the post got shared, just after my lunch break, seeing people talking about it on the tech forums I frequented. It was a weird feeling being interested in a news story and only halfway through realising that the topic was in fact, the Aaron I knew. In my state of disbelief I texted him to ask if he was OK because he was the sort of person I worried that this kind of attention would be toxic for.

'Got the launch I wanted just in time' he chipped back, 'now it’s time to start making some real money.’

It didn’t immediately dawn on me how Aaron was going to make money from this. To me, this was just his 15 minutes of fame. Surely there wasn’t any real utility for the public, betting on some random man’s daily life, let alone any lucrative financial reward for Aaron? It wasn’t until I logged onto his platform, now eponymously rebranded to The Aaron Show, that I could fathom the amount of money random people on the internet were throwing at various outcomes in his fate.

The market for "Aaron’s breakfast” had resolved to “Nothing” which had a 30-to-1 chance of happening, according to the market. Someone had placed a $900 bet on this happening, and had as a result won back nearly twenty-eight thousand dollars. I suspected that person was Aaron.

'These people are idiots and I have them financially by the bollocks,' he told me on the phone a few days later. 'You should come into the market and bet on who I’ll text first tomorrow morning. Just tell me who you pick and I’ll do it for you. You’ll make an insane amount of money.’

That wasn't the kind of thing I wanted to do.

‘Isn’t that insider trading?’ I asked him.

'Bah, don't worry about that,' he went on, 'I have you to thank for helping me get here! I want to repay you somehow!’

I think that might’ve been the last time I spoke to Aaron on the phone. I didn’t see him one-on-one again after that and we stopped texting as much. The friend who I had enjoyed going to programming competitions with was now a minor internet celebrity. Aaron wouldn’t reply to my messages until many days later, often with curt or cryptic responses that implied a life consumed with spiteful servitude to his fans; the sea of people who were making him rich.

'Stupid idiots thinking they control the market,' I received from Aaron as a response to me asking if he wanted to meet up for a chat. I had spent my whole life dreaming of making my own overnight success on the internet, but had taught someone with no ethics how to do it instead.


The last time I saw Aaron was at a running race that we had signed up for many months previously. I had stopped bothering to text him at this point, assuming that his life was now consumed with the frivolities of fleecing the traders in his market. I never really visited his website, and had I checked it that morning I would have seen the entry that everyone was placing bets on: “What time will Aaron finish The Hyde Park 10K in?” The options had ranged from an elite runner’s pace to failing to finish, but most of the bets were clustered around the 40-minute mark — a fast time, even for an experienced runner. Aaron wasn't an experienced runner. We had signed up because it was something I enjoyed and I thought it would be good for him.

'You can't spend all of your time in your bedroom,' I told him on a walk one day. 'Other than a walk every now and again, you don't exercise. Exercise is important for you,' I  had prescribed.

As I was lining up at the start line for the race, there was a large figure a few rows in front of me, dressed all in black and receiving a lot of attention. It was unmistakably Aaron, with his long and tangled brown hair fashioned loosely into a bundle at the base of his neck. He was being swarmed politely by other participants who were asking to take photographs with him. At that point he was no stranger to cameras, and had what looked like three or four miniature cameras of his own attached to his outfit, presumably to capture and broadcast his run to The Aaron Show. I had mixed feelings about going up to him. It might sound strange but I didn't have the courage to say hello. In the mass of supporters at the sidelines I noticed Aaron’s mum, standing there observantly with nothing more than a worriedly meek smile. I thought I caught her gaze, and gave a smile of my own and a wave which went unreturned. There was so much going on she mustn’t have noticed me.

It was a perfect day for a running race, sixteen degrees or thereabouts, slightly overcast and breezy. As we set off I was preoccupied with thoughts about Aaron’s life and what he would say or do — if anything — should he see me later. I passed him on the first kilometre and then again on the second lap. Both times I had assumed we’d catch glances of each other and would have a chance to exchange a few cursory, breathless words. The glances I gave Aaron were unilateral: he was staring straight ahead and loudly talking to himself.

Despite being distracted I was on track to finish with a good time, and with a determined jolt at the end I completed the course with a personal best of 43 and a half minutes. Nervously waiting near the finish line clutching my medal in one hand and a fourth cup of water in the other, I followed Aaron with my eyes in the distance as he came around the last corner and ran towards me and the rest of the finishers. But he ran straight past us, as though he was going to complete another lap. My thoughts went to the idea of this being a scheme to defraud fans who had bet on him completing the race normally. But these thoughts were tempered with the realisation that he looked strange. From what I did see of him, he was drenched in sweat, with a forlorn, almost pallid expression. I wasn’t to know then, but Aaron had instructed his loyal legion of bots to generate false fitness data from his training runs leading up to the race, in order to make the human gamblers think that he was going to finish with an impressive time. One theory is that he had become so consumed by the myth that he was a fast runner that he thought he could turn it into reality.

Aaron had given himself heatstroke, and in a state of psychosis had decided to keep running, aimlessly past the finish line. He had about a hundred or so acolytes, mostly young spectators, chasing him and wondering what exactly he was doing. But to them more than anything it was an exciting spectacle of online lunacy, unfolding in real life. I had been following the mob and caught up with them as Aaron collapsed onto the grass.

'I AM THE CHAMPION! SEE GUYS?!’ Aaron growled.

He proceeded to do feeble, pitifully slow pushups.

That was when the shooter arrived.

A small figure, dressed in a marled grey hooded tracksuit, pushed and writhed their way into the eye of the crowd. As they knelt next to Aaron they produced what looked like an air pistol from their pocket, pressing its barrel against the side of Aaron’s skull, and discharging it. The sound was nothing more than a light crack. It clearly wasn’t a traditional firearm, but its proximity and placement next to Aaron’s temple meant that it was going to do enough damage. No sooner had the shrouded figure pulled the trigger than they pierced themselves back out of the crowd and made off into the thick bushes next to us. In the frenzy and confusion of what was going on, nobody had the gumption or ability to grab onto the assailant. Aaron didn’t seem to make much noise and stared up into the sky with his mouth open. A small, jammy hole where the air pistol pellet had perforated his head rhythmically ejected spurts of bright red blood.

Later that day we learned someone had bet many thousands of dollars on the 1-in-50,000 chance that “Aaron would die” during the race. The bet was legal because the exchange assumed his death would be due to natural causes. Nobody ever got to the bottom of who that person was.




Original: https://rorz.io/writing/my-friend-aaron · Discussion
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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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      This article was originally published by Inside Climate News and is reproduced here as part of the Climate Desk collaboration.
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              A bomb-fished coral reef in Sulawesi, Indonesia.
          The Ocean Agency

    
    
  


 
            


  Fishers operating off the coast of Sulawesi, Indonesia, are detonating more than 8,000 underwater explosives each year, researchers estimate. The practice is turning picturesque coral reefs to “rubble.”


Nicknamed the “Amazon of the Seas,” the Coral Triangle is the world’s most biologically diverse marine ecosystem. Sink below the surface and you’ll encounter the sound of a vibrant symphony of snapping shrimp, crunching crustaceans, and feeding fish.
But then the rhythmic music of life will dissolve into eerie silence, punctured only by the plosive boom of detonating bombs.
Off the coast of Indonesia’s Spermonde Archipelago, underwater microphones captured over 3,500 explosions in just 3,600 hours of recording, according to researchers from the Zoological Society of London.
The source? Blast fishing — a globally banned technique that uses plastic bottles packed with explosives to stun and kill everything in a 90-foot radius. The highly destructive practice has been documented in at least 34 countries, from Lebanon and Libya to Brazil and Ecuador.
While fishers predominantly use the method to catch fish for sale at local markets — identifiable by their ruptured internal organs and burst swim bladders — it’s also a grave threat to colorful coral reef habitats.
“Bomb fishing is quite likely the leading cause of reef loss in this area,” said Ben Williams, the paper’s lead author, noting that a single bomb can wreak 200 square feet of destruction. “These picturesque reefs get converted into a landscape that looks like the moon. It’s just rubble and dead coral with very little sign of life.”
In 2023, researchers from Britain and Indonesia snorkeled down and anchored $150 audio recorders to short stakes in the seafloor. Using A.I. software — which the team has now made open-source — they scoured 16 months of audio in just a few hours to identify possible detonations. 
While the A.I. filtered suspected cases, each suggested sound wave was then manually verified to assess if it stemmed from a bomb or a misfiring boat engine.
With sound traveling over four times faster through water than air, the team of marine scientists were able to detect detonations from over 10 miles away.
“When [the bombs] are close, it’s so loud that it can shake you out of your skin,” said Williams. “But if you put your head up on the surface, you probably can’t even see the boat that did it.”
Accounting for stormy-season setbacks and spearfishermen who tampered with the recorders, the team calculated that there were likely more than 8,500 blasts each year — all within an area of just 350 square miles.
With a bomb dropped once every 62 minutes, the equivalent of three football fields of reef are destroyed each year, according to Williams. 
Indeed, an estimated 75 percent of coral has been lost in the Spermonde Archipelago since 1990 as a result of human activities, bleaching, and warming waters.
“Repeated blasts create shifting fields of rubble that prevent hard coral recruits from settling and growing, making natural regeneration and recovery of the reefs a difficult or impossible task,” said Melissa Hampton-Smith, a postdoctoral researcher at James Cook University in Australia, in an email to Inside Climate News.
The data revealed for the first time that bomb fishing takes place year-round, peaks during the mornings and significantly reduces on Fridays, the local day of prayer.
While understudied, the incentives for the use of dangerous dynamite fishing are often falsely attributed solely to poverty and desperation. The cost barrier to buying boats, bombs, and detonators means it’s more likely a practice for middle-income fishers, according to experts.
“A combination of factors drives blast fishing, including ineffective enforcement and management,” said Hampton-Smith, highlighting how indiscriminate the explosions are, killing all manner of species, regardless of age, size, or intent.
“Managing all illegal fishing, including blast fishing, is complex and varies from place to place, but in general equitable, consistent, and legitimate enforcement is key,” said Hampton-Smith, who first studied the phenomenon while living and working in East Africa’s bomb fishing hot spot, Tanzania.
Despite the widespread harm, intercepting blast fishers in the act remains an elusive goal in a nation encompassing over 70 million acres of marine protected areas — a region larger than the entire United Kingdom.
Though authorities in neighboring Malaysia successfully confiscated 1,250 pounds of ammonia fertilizer suspected of being used to construct homemade fish bombs this May, patrols currently fail to effectively pinpoint the detonations in real time.
“Restoration efforts struggle to keep up with such rapid rates of destruction caused by bombing,” said Jamaluddin Jompa, coauthor of the paper and a research professor at Hasanuddin University in Indonesia, in a press release. “Immediate work to tackle bomb fishing is needed.”
Williams is hopeful the new research could be used to construct a network of audio sensors with GPS syncs to provide real-time detection and localization for marine authorities.
And not just in Indonesia. From the Philippines to Turkey to Zanzibar, Williams hopes the now publicly available code will be rolled out across the globe to keep biodiverse habitats from being reduced to “rubble.”
Crucially, unlike bleaching events or warming waters, bomb fishing represents a rare form of coral crisis where a local fix exists.
“Because bomb fishing is an acute stressor, you can restore your way out of it,” said Williams. “If bomb fishing stopped, and you went and restored the reefs, they should be healthy and thrive for quite some time to come.”
—Johnny Sturgeon, Inside Climate News
ALSO ON YALE E360
Supertrawlers Are Taking Antarctic Krill That Whales Depend On
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I wrote up my experience building a backyard office because I wish I had come across more articles like this when planning my build. I hope this post helps you on your journey:

I have worked remotely for most of my career and always dreamed of having my own backyard office. A place on my property but completely separate from my home. Until this year, that idea seemed too unnecessary… then our baby grew into a toddler. We have a small house in Portland. We love it, and it works for us, but it became clear that it could use more space. My wife and I briefly considered buying a new home but decided to stay. But for us to stay, I needed a better working environment. Our space is small. The bedrooms and living room are very close together. It gets loud with our toddler at home with my wife during the day, and listening to one half of a Zoom call wasn’t music to my partner’s ears. I had tried coworking spaces but didn’t love the vibe or the idea of spending hours in a phone booth. I don’t see myself returning to a local office in Portland, so we decided to invest in a backyard office. It was way cheaper than buying a new home.

I looked into many options. My budget’s two most viable paths were an Autonomous.ai prefab office Pod or building an office by utilizing a shed frame. The Autonomous pods are gorgeous and come prewired with electricity. You just plug them into an outlet in your house. But I wanted proper heating and air conditioning. I had spent hot summers working with a portable AC unit blasting in the background, and it just wasn’t for me. Their base starts at $16.5k; adding $5k shipping, paying someone to assemble it (I didn’t have time to DIY), and adding a mini-split HVAC system, and we were getting closer to $30k. It was not bad, but it was more than I wanted to spend, not knowing how long we plan on staying in our house.

Deciding against an Autonomous Pod left me with the shed conversion option. This was appealing for a couple of reasons.
	Cost. I thought I could do it for ~$15k-$20k.
	Lighting. If I went this route, I would have much more control over the layout and lighting, which is very appealing for Portland winters.

Planning, hiring contractors, and the build
[image: Tuff Shed designer]
I decided on using Tuff Shed for the main frame. I was able to design and configure my structure using their online designer. They also have a local showroom in town, so I walked through some models to get an idea of what I wanted. I originally wanted their studio shed model, but after seeing it in person, I decided against it. The great thing about their online design tool is it lets you build a quote on the spot for exactly how much it will cost. The windows Tuff Shed offers weren’t as large as I wanted, so I worked with their team to rough out larger openings for windows that I purchased separately.

I read online about people wishing they had gone bigger with their shed or office. I went with a smaller size 8 feet by 10 feet, it is cozy and sure I do wish it was bigger, but we also have a small backyard, and I really didn’t want to sacrifice more space in the yard than I had to. I measured off an 8 by 10-foot space in one of the rooms in our house and hung some blankets to get an idea of how the space would feel, and I decided 8’ by 10’ would work.
I went with the Premier Pro Tall Ranch shed. This allowed me to have tall ceilings, making the small space feel bigger. I settled on a fully lit windowed door, added a small skylight, and roughed out 2 large windows (6 by 4 feet and 4 by 4 feet). I added a ridge vent and house wrap.

Once I had the frame configured, I went to order it but realized I needed to have a foundation ready before they could schedule the build. I wanted a concrete pad, and they require 3 weeks for the concrete to dry before they will install. So, I hired a concrete contractor.

The shed installation went smoothly. Tuff Shed prefabricates the sheds per order in a local warehouse, so installation of my shed only took about 5 hours. I had an issue; one of the rough openings of the windows was too small, but they quickly sent someone to expand and reframe the area for me.

I ordered the windows separately from Home Depot, and to save a little money, I decided to install them myself with one of my friends. Hanging windows seems intimidating, but after some research and YouTube videos, I realized the process was quite simple if you take time and adequately prep the weatherproof window. This saved me about $700.

Electrical

[image: Shed electrical work]
Once the windows were installed, it was time to run electricity. Our main electrical panel was redone a couple of years ago when we bought and renovated our home, so we have plenty of space to run more power out of our existing panel. I hired an electrician who ran 60 amps out to the shed. They dug a trench to run the power legally, wired up the shed with 4 outlets, LED lights, and a disconnect for a mini-split HVAC unit, and handled all the permitting.
Once the electrical passed permit inspection, I filled in the trench halfway (apparently, you don’t want a larger power supply and ethernet line running too closely together) and ran a ground-rated Ethernet cable out to the office. Fast internet was a must.

Note: In Portland, I didn’t need a permit for the building because it was under the size threshold, but I did need an electrical permit. Check your local jurisdictions. 

Insulation, drywall, flooring and trim

[image: Shed interior during construction]
I was planning on insulating the office myself and hiring a drywall contractor to do the drywall, install the flooring, and trim myself, but I realized I have a toddler and limited free time. I don’t have time for this. So, I found a contractor to do all of that for me.

I installed soffit vents myself to allow airflow from the roof to prevent moisture buildup and had my contractor install rafter vents.

I went with a Smartcore Luxury Vinyl plank flooring and a Smartcore premium foam flooring underlayment. I am definitely happy with both choices.

Heating and Air

[image: Backyard office shed mini-split HVAC]
Finally, it was time to install AC. I got a ton of quotes for installing a mini split. They ranged from $4-$7k, which was higher than I expected after researching the cost of a quality small unit and knowing this would be a tiny job for an HVAC contractor, especially because I had my electrician prewire the electrical. I was considering installing a DIY system (Mr. Cool DIY system with pre-charged AC lines), But found an HVAC contractor who would install a system for a much lower price than the other quotes I received (and he had great reviews on Thumbtack). In the end, I got a Daikin Mini-split, a common system with many replacement parts. The installation took about 5 hours, and my tech did a great job. I am glad I researched and got a lot of quotes for this one. 

One thing I did buy was an INKBIRD CO2 monitor. I highly recommend one if you are working in a small space. I wanted to read how much CO2 is in the air because I built this as a sealed space. And it’s now clear I need to install an HRV or, ERV, or exhaust ventilation fan; for now, I just crack a window when CO2 levels get higher, but I’ll be addressing this soon.
[image: INKBIRD CO2 monitor]
The final product
[image: Office shed interior final]
[image: Interior of a tuff shed office]
Cost and project breakdown
Overall, I am super happy with my space, and I came in within my planned budget. I could have saved some money by doing more of the work myself, being okay with a space heater and window/portable AC option, and using a gravel foundation, but these were areas I decided to spend money on.
Here is the complete cost breakdown of my office build:


    
        
            	Concrete foundation (contracted)
            	$2,000.00
        

    
    
        
            	Tuff Shed shell (contracted)
            	$6,148.00
        

        
            	Custom Windows
            	$533.00
        

        
            	Window installation supplies
            	$77.00
        

        
            	Electrical work and materials (contracted)
            	$4,350.00
        

        
            	Insulation, Drywall, flooring, trim installation (contracted)
            	$3,650.00
        

        
            	Flooring materials
            	$420.00
        

        
            	HVAC mini-split system and labor (contracted)
            	$2,300.00
        

        
            	Total project
            	$19.478.00
        

    



‍
Things I am glad I did
	Buying larger windows than what Tuff Shed offers. I would be much less satisfied if I hadn’t done the extra work to get large windows. I have seen many people shed conversions using the standard window options. In my opinion, this is the most significant oversight people make; with smaller windows my office would feel like a shed.
	Deeply consider where the structure will sit, which direction it will face, how the sun will play with this and the window layout, and where I wanted my desk to face. In small spaces, you should make very intentional choices.
	Use Thumbtack to find contractors. This made finding great people relatively easy.
	Do the work to get multiple quotes. The first electrician I talked to quoted me double what the electrician I went with did.
	Go with smaller contractors. 1-person shops are fantastic; many do great work and are cheaper than larger teams because they have lower overhead. This goes for electricians, HVAC, and more.
	Install more outlets than you think you need. It was a small space, so I don’t need a ton of outlets, but I am already happy I installed 4 instead of 2.
	Running ethernet hardwired internet.

I am stoked with my office. I would much rather hire a general contractor or company that builds ADUs to handle this for me. Managing this was a ton of work, and after a house renovation, I don’t love these projects. But I got an office I really like for under $20k; if I hired a company to handle everything for me, I was looking at $40-$50k. That wasn’t the path for me this time around.
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https://www.bloomberg.com/news/articles/2026-08-25/openai-cl..., https://archive.ph/yCTrr
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Timothy Nikkel

unread,
Aug 24, 2026, 7:15:09 AM (yesterday) Aug 24


to dev-pl...@mozilla.org

As of Firefox 157 I intend to turn JPEG XL decoding on by default on all platforms. It has been developed behind image.jxl.enabled, which today is on by default on Nightly only, and has had a Firefox Labs checkbox on every channel since 152. The decoder is jxl-rs, in Rust.
Bug to turn on by default: https://bugzilla.mozilla.org/show_bug.cgi?id=2065096
Standard: ISO/IEC 18181, https://www.iso.org/standard/85066.html
Standards body: ISO/IEC
Platform coverage: all
Preference: image.jxl.enabled
Standards position: https://github.com/mozilla/standards-positions/issues/522 (neutral)
TAG review: https://github.com/w3ctag/design-reviews/issues/633 (satisfied with concerns)
Intent to prototype: https://groups.google.com/a/mozilla.org/d/msgid/dev-platform/53b4e3e0-5eee-4768-a1ba-b069e1e85244n%40mozilla.org
Other browsers: Safari shipped in 17.0 in 2023. Chrome has it behind #enable-jxl-image-format using the same Rust library, no intent to ship yet.
Changes since the intent to prototype:
Performance was a concern raised on the intent to prototype thread. jxl-rs 0.6.0 was released with multithreaded decoding support, and our patches to hook up and enable multithreaded decoding are expected to land soon. Including those patches, I ran a five-format decode benchmark over the same pictures at a range of sizes: we were slightly ahead of Safari (using C++ libjxl) on my machine. Compared to our other image format decoders, JXL is close on large images, but shows a bigger gap on small ones.
It has feature parity with our other image formats and with Blink's JXL implementation, including animation and progressive display. The one exception is HDR: HDR images display as SDR, the same as every other format we support, but our tone mapping for JXL is much better than what we do for other image formats. Safari has neither progressive rendering nor animation.
The wpt jpegxl directory covers decode correctness across bit depths, alpha, grayscale, CMYK, colour management, orientation and the coding tools, plus the HTML and CSS ways an image gets used. Where wpt could not express something I added gecko tests: about 30 gtests for chunked and incremental decoding, animation frame counts, downscale during decode and corrupt files, mochitests for progressive rendering and telemetry, reftests, and decode benchmarks that report to Perfherder. The fuzzing team already fuzzed jxl before it was enabled on nightly and they will fuzz the decoder again before I flip the pref.
Timothy Nikkel




Timothy Nikkel

unread,
Aug 24, 2026, 7:37:11 AM (yesterday) Aug 24


to dev-pl...@mozilla.org


一丝

unread,
4:22 AM (13 hours ago) 4:22 AM


to dev-pl...@mozilla.org, tni...@mozilla.com

Is Animated JXL currently supported?



Timothy Nikkel

unread,
4:40 AM (12 hours ago) 4:40 AM


to 一丝, dev-pl...@mozilla.org

Yes. Animated jxl is supported.
Tim



Sergey Davidoff

unread,
6:40 AM (10 hours ago) 6:40 AM


to dev-pl...@mozilla.org, tni...@mozilla.com

I am concerned about lossless JPEG XL performance. In my measurements it is 30x slower to decode than lossless WebP, in exchange for a 10% reduction in file size. This is a questionable trade-off, especially on laptops and phones where it could drain battery and degrade user experience.
I suggest shipping only lossy JPEG XL in Firefox 157, and considering lossy JPEG XL format separately.
Measurement methodology
jxl-rs from git https://github.com/libjxl/jxl-rs on commit 775837f57dfe4294d89c1c6317dd91a1ed8d3cfa compiled with 'cargo build --release'
converted to WebP with 'cwebp -lossless', to JPEG XL with 'cjxl -d 0'
Both decoders running in single-threaded mode to measure total CPU time taken with 'taskset -c 0'.
$ hyperfine --warmup 5 'taskset -c 0 target/release/jxl_cli --speedtest 55_Cancri_e_Final_1_30.jxl' 'taskset -c 0 dwebp 55_Cancri_e_Final_1_30.png.webp'
    Benchmark 1: taskset -c 0 target/release/jxl_cli --speedtest 55_Cancri_e_Final_1_30.jxl
      Time (mean ± σ):     20.632 s ±  0.061 s    [User: 20.605 s, System: 0.027 s]
      Range (min … max):   20.549 s … 20.743 s    10 runs
         Benchmark 2: taskset -c 0 dwebp 55_Cancri_e_Final_1_30.png.webp
      Time (mean ± σ):     667.0 ms ±   2.2 ms    [User: 449.5 ms, System: 217.5 ms]
      Range (min … max):   664.3 ms … 670.1 ms    10 runs
         Summary
      taskset -c 0 dwebp 55_Cancri_e_Final_1_30.png.webp ran
       30.93 ± 0.14 times faster than taskset -c 0 target/release/jxl_cli --speedtest 55_Cancri_e_Final_1_30.jxl

For reference, libjxl's djxl tool is 20x slower than WebP in the same measurement. So it doesn't look like further optimizations to the Rust code could help, but would not change the overall calculus.







Original: https://groups.google.com/a/mozilla.org/g/dev-platform/c/3YMV4MS34KA?pli=1 · Discussion
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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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    View PDF
    HTML (experimental)

            Abstract:It is widely repeated in the popular literature and elsewhere that the singularity at the center of a black hole is a point. It is not true. Two observers who free-fall into a spherical black hole along two different angular trajectories at the same time $t$ do not encounter each other at the central singularity; rather, they lose causal contact with each other already well away from the singularity. Counterintuitively, in general relativity two points can be spatially close yet causally distant. The singularity is a surface, not a point. The story for rotating black holes is more complicated, but the same conclusion holds. For a rotating black hole, the singular surface almost certainly resides at its inner horizon, where even the tiniest classical or quantum perturbations ignite the exponential mass inflation instability, precipitating collapse to a spacelike singular surface. There are implications for quantum gravity. We argue that, whatever the ultimate theory of quantum gravity may be, the quantum states of a black hole probably reside at its effectively 2-dimensional singular surface, which coevolves unitarily with, and in thermodynamic equilibrium with, the hot atmosphere of trapped Hawking radiation that the black hole generates within its event horizon.
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tarjan.itch.io · 116 points · Discussion

I started writing Thoreau BASIC because I wanted a small, old-fashioned BASIC interpreter: line numbers, immediate mode, simple graphics, strings, arrays, the sort of environment where the computer starts with a "Ready" prompt and you can immediately make it do something.Then I wondered: why should it need an operating system?
So I made it boot directly on x64 machines using UEFI.
The UEFI version uses the Graphics Output Protocol for its framebuffer and gets its keyboard input directly from the firmware. There is no Windows or Linux underneath it. The machine boots into BASIC.
It supports the usual BASIC machinery plus graphics primitives, 32-bit colour, floating point, file operations and other features I've been adding as I encounter programs that need them. There is now also a Windows version, which makes it considerably easier to try.
One of my goals is compatibility with the style and behaviour of old Microsoft BASICs rather than creating a modern language that merely happens to use BASIC syntax.
I'm currently porting my text adventure Pixel Prose to Thoreau BASIC. That's becoming a much better test suite than artificial tests because every missing feature or subtly wrong behaviour eventually gets exposed by an actual program.
The project is deliberately small. The UEFI version greets you with:
"I make myself rich by making my wants few."
— Henry David Thoreau
followed, somewhat ironically on a modern PC, by something like:
27,340,685,312 bytes free
I'd be interested in hearing from people who wrote BASIC in the 80s/90s, interpreter/compiler people, and anyone sufficiently strange to still find a Ready prompt inviting.


Original: https://tarjan.itch.io/thoreaubasic · Discussion
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  FDA News Release

  

      New device can help people with diabetes detect warning signs of a dangerous complication before it becomes a medical emergency
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  The U.S. Food and Drug Administration today authorized the Libre Duo 10 Day Continuous Dual Glucose Ketone Monitoring System for people aged 2 years and older living with diabetes. The Libre Duo 10 Day is the first wearable device in the U.S. that continuously monitors ketone levels, and the first in the world to continuously monitor both ketones and blood sugar (glucose) together in a single device.
“Today’s authorization is a breakthrough for the safety of children and adults living with diabetes,” said Michelle Tarver, M.D., Ph.D., Director of the FDA’s Center for Devices and Radiological Health. “Knowing that ketone levels are rising, and having that information in real time, around the clock, can be the difference between early intervention and a life-threatening emergency."
According to the Centers for Disease Control and Prevention, an estimated 40.1 million Americans are living with diabetes, a condition that requires careful monitoring of blood sugar levels. For the estimated 2.1 million Americans with type 1 diabetes, blood sugar is only part of the picture. When the body produces too much ketone, which is made by the body when it is using fat instead of glucose for energy, it can lead to diabetic ketoacidosis, or DKA — a serious complication that can develop quickly and become life-threatening if left untreated.
Early detection of rising ketone levels is critical. Until now, people who needed to monitor ketones had to do so separately, using tests that could only provide a single measurement at one point in time which could not tell users if ketones were rising or falling. The Libre Duo 10 Day addresses that gap by continuously measuring both ketone and glucose levels in the fluid just beneath the skin, every minute, day and night. Readings are sent wirelessly to a compatible smartphone, where users can see their current ketone and glucose levels and whether they are trending up or down. The device can send automatic alerts if ketone levels reach a concerning threshold, which may help patients and caregivers recognize rising ketones before DKA becomes a medical emergency. Ketone information should always be interpreted in the context of glucose readings and symptoms.
The FDA’s authorization is based on a comprehensive review of clinical and performance data submitted by the device sponsor. The clinical program included data from six clinical studies that together enrolled more than 600 participants aged 2 years and older to evaluate the accuracy of the device’s ketone and glucose monitoring functionality across a range of ketone and glucose levels. The results demonstrated that the device accurately tracked clinically meaningful differences in ketone levels across its 10-day wear period, including identifying elevated ketone levels before the onset of diabetic ketoacidosis.
This authorization is also aligned with the FDA’s Home as a Health Care Hub Initiative, which focuses on advancing the development of innovative, patient-centered devices that fit more seamlessly into people’s daily lives at home.
Prior to authorization, the FDA granted Breakthrough Device designation for the Libre Duo 10 Day Continuous Dual Glucose Ketone Monitoring System. A breakthrough designation is meant to expedite the development and review of devices that provide for more effective treatment or diagnosis of life-threatening or irreversibly debilitating diseases or conditions.
The FDA granted marketing authorization to Abbott Diabetes Care for the Libre Duo 10 Day through the De Novo premarket review pathway, a regulatory pathway for low- to moderate-risk devices of a new type. Along with this De Novo authorization, the FDA is establishing special controls that define requirements including those related to labeling and performance testing. When met, the special controls, in combination with general controls, provide a reasonable assurance of safety and effectiveness.


###

  
      Boilerplate

      The FDA, an agency within the U.S. Department of Health and Human Services, protects the public health by assuring the safety, effectiveness, and security of human and veterinary drugs, vaccines and other biological products for human use, and medical devices. The agency also is responsible for the safety and security of our nation’s food supply, cosmetics, dietary supplements, radiation-emitting electronic products, and for regulating tobacco products.
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    [image: OpenBSD 7.9 Puffy dude]

My homepage now runs on OpenBSD with
httpd(8) and Let's
Encrypt via
acme-client(1). I previously
hosted it on GitHub
Pages and then
eventually moved to Cloudflare
Pages because both
options were free and easy. Free and easy is cool, and I understand
that writing software full-time leaves us wanting absolutely nothing
to do with computers after we punch out, but lately I have been
missing the do-it-yourself web that I grew up with. Some of my
favorite times growing up included installing and configuring
UNIX-based operating systems and spending hours trying to understand
how computers worked. I even met one of my closest friends online
through a FreeBSD UNIX shell
account forum more than
20 years ago.

So, in that vein, I wanted to write something on how you can get up
and running on OpenBSD with DigitalOcean for $4 a month. Well, really,
it's $4.24 after tax but that's still pretty good!

Download OpenBSD

There are a few different options when it comes to downloading
OpenBSD, but the
quickest method is to grab the miniroot image.

curl -O -O https://cdn.openbsd.org/pub/OpenBSD/7.9/arm64/{miniroot79.img,SHA256}




Confirm that the checksum of the image is correct.

sha256sum -c --ignore-missing SHA256 miniroot79.img
miniroot79.img: OK




Sign Up for DigitalOcean and Upload miniroot79.img

Once you are signed up and logged in to DigitalOcean, go to Backups &
Snapshots under the STORAGE section in the left-hand navigation. Click
Upload an Image.  Select the miniroot79.img file we downloaded
earlier. Select a datacenter that makes sense for you. Select Other
for the distribution (Hey, DigitalOcean, why no BSD distribution?).
Give the custom image a name, something clever like "OpenBSD
miniroot79". Finally, click the Add Custom Image button.

Note on Custom Images

DigitalOcean will charge you for hosting custom images. Make sure you come back
to this page to delete the image after your server is up and running.

[image: Upload custom image on DigitalOcean]

Create a Droplet

Click Droplets under the COMPUTE section in the left-hand nav. We are going to
create the basic droplet that
includes 512MB memory, 1vCPU, 500GB transfer, and 10GB of disk space.

Select a datacenter region that makes sense for you. 

Choose the miniroot79.img file we uploaded earlier under the Custom Images tab.

[image: Select custom miniroot79.img file on DigitalOcean]

Choose the Basic plan.

[image: Select Basic / Regular SSD tier Droplet on DigitalOcean]

Under the Authentication section add an SSH Key. DigitalOcean does
not actually add this key but it is required to create the
droplet. Follow the instructions on how to create and add an SSH key.

The rest of the options are up to you. Just a heads up, though, I have
noticed that it won't let you create the droplet with IPv6 enabled.
Finally, give your droplet a name and click Create Droplet. 

Notice the total cost of $4.00/month... nice, dude.

[image: Droplet creation summary showing $4.00/month on DigitalOcean]

Install OpenBSD

Go to your newly created droplet and click the Web Console button at
the top right. You will see a modal pop-up about updating the droplet
console. Just click the Launch Recovery Console button.

[image: Top of Droplet page showing Web Console button on DigitalOcean]

This opens a new browser window that drops you into a console of the booted up
miniroot79.img. Look at the blue on white text. Beautiful.

[image: Web Console booting up miniroot79.img on DigitalOcean]

Type i and press return.

For most of these questions we can go with the default option. Please select
whatever makes sense for you, but I will try to walk you through a very basic
setup. Just make sure you give your server a cool hostname.

[image: Web Console showing OpenBSD installation options]


	Select the vio0 network interface.

	Select autoconf for IPv4 and IPv6 addresses. Select [done] afterwards because
we can configure other interfaces later.

	Make sure you create a secure password for the root account.

	We do want to start sshd(8) by default so we can SSH into the server after installation.

	We do not expect to run the X Window System. This is a basic server, dude. Type no.

	Don't change the default console to com0.

	Create a non-root user for yourself. Make sure you create a secure password. Type in your username.

	Do not allow root SSH login.

	Select the time zone appropriate for you.

	Select disk sd0 for the root disk. You can type ? if you wish to see the size of the disks.

	If you want full disk encryption, select p to encrypt the disk with a passphrase.



Note on Full Disk Encryption

This will require you to log in to DigitalOcean and launch the web console on
the droplet to type in the passphrase every time you reboot the server. As far
as I know there is no fdesetup
authrestart
equivalent on OpenBSD so installing kernel patches that require a reboot involve
a little more work. To me this isn't a big inconvenience. There may also be
arguments around the security of typing into the web console. 

[image: Web Console showing OpenBSD disk setup]


	Use the (W)hole disk MBR.

	Type in your secure passphrase for the full disk encryption.

	Use the (A)uto layout.

	No need to initialize sd1. Press return for [done].

	Install the sets!

	Use http.

	We probably don't need a proxy but it's up to you. 

	Use ? to see a list of mirrors. Find the number for the mirror closest to the datacenter you selected for the droplet.

	Press q to get out of the pager.

	Type in the number of the mirror and press return. You should see the mirror in the brackets. Press return.

	Use the default directory pub/OpenBSD/7.9/amd64.



Since this is going to be a bare-bones web server we can remove most
of the sets.  You can type in -x* to remove all of the X server
sets. Let's also remove the game -gam* and compiler -com* sets
too. This should leave us with bsd, bsd.rd, base79.tgz, and
man79.tgz. Press return since we are done. You should see signatures
verified for the sets as they download. After the sets install we can
select [done].

[image: Web Console showing sets installing and verifying]

OpenBSD is now installed! Press return to reboot. 



If you decided to use full disk encryption you will be prompted for
the passphrase now. You should see the boot> prompt after
successfully entering the passphrase. You can either press return to
boot or wait for the system to boot automatically. From here you can
either continue to use the Web Console or SSH into the server. I would
recommend SSH since a terminal is a bit more comfy.  Go to the
droplet and copy the public IP address and SSH in! Make sure you use
the non-root user we created during installation since we turned off
root SSH login.



You are now SSH'd into your lovely OpenBSD server running on
DigitalOcean for $4/month. 

Now would be a great time to head over to OpenBSD Handbook and read up
on Post-Installation
Configuration.
I would also recommend taking a look at OpenBSD's FAQ
Page. Finally, I would
recommend copying your public SSH key to the server and turning off
PasswordAuthentication
as a bare minimum. 

If you have any questions please do not hesitate to reach out to me,
even if it's just to say hello! You can find my contact details on my
cool homepage https://wallyjones.com,
running on a cool OpenBSD server.

  


Original: https://nil.wallyjones.com/run-openbsd-on-digitalocean-for-4month/ · Discussion
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HelloAssembly: The smallest possible complete Windows application (2021)

github.com · 75 points · Discussion

https://www.youtube.com/watch?v=b0zxIfJJLAY

Original: https://github.com/PlummersSoftwareLLC/HelloAssembly · Discussion
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Tooltips need a delay, and then they need to skip it

blog.master.dev · 67 points · Discussion


      
On the question listing pages for my product, FrontPrep, I display company logos next to the interview questions. When you hover over a logo, a tooltip shows the company name.
One thing had been annoying me for a couple of days. If I just moved the cursor across the page, tooltips kept showing up instantly along the way. The cause was simple: I had set the tooltip delay to 0, so it appeared the moment the cursor hovered over the logo.
To fix this issue, I added a 200ms transition delay, which worked but created a new problem. If you look at the user interface, there are a couple of rows where multiple logos sit next to each other because the same interview questions are asked at multiple companies. Now, moving from one logo to another meant waiting the same 200ms delay every time you hovered over a different company logo, which felt sluggish and led to a poor user experience.





This post is not about building a tooltip. It’s about one small interaction pattern, the same one you will find in browser toolbars and various websites, and people are unaware of it.




Here is a short video of the before-and-after experience on my website. It helps you understand the problem better.




		
			
			Before (Without the delay of 200ms)
			
		
		


		
			
			After (With the delay of 200ms & instant tooltips)
			
		
		


A Solution




I will divide my solution into three parts.





	You hover over a logo. The tooltip waits 200ms before opening.




	A tooltip closes, and a 300ms timer starts. I call this the warm window or warm page. If you hover over another logo while this 300ms timer is running, or we could say when the page is warm, the tooltip opens instantly without any waiting or animation.




	When the 300ms timer expires, everything returns to normal, and the page becomes cold. If you hover over the logo again, the next tooltip has to wait 200ms again. Without this step, the first tooltip you opened would turn off the delay for the whole page permanently.






hover → wait 200ms → tooltip opens (page is now warm)
leave → tooltip closes → 300ms cooldown
            ├─ hover another tooltip before cooldown → opens instantly, page stays warm
            └─ cooldown ends → page is cold, the 200ms wait is back




In FrontPrep, my tooltips are built with Radix and Motion. I will demonstrate the pattern using a simpler React version below, and later in the post, I will put this idea into a Claude skill which you can use to audit your own codebase.








Here’s a follow-up article that replicates the basic UX here without any JavaScript. 




How the Code Works




I will try to explain the code in the same order in which things happen when you move the cursor.




Step 1: You Hover Over a Logo




When onMouseEnter is triggered on a logo, this function is called:



function handleEnter() {
  // `tooltips` is a useContext variable where the isWarm state is tracked between components
  If (tooltips.isWarm) {
    show();
    return;
  }
  // `openTimer` is a useRef variable, so .current is how you set/access the value.
  openTimer.current = setTimeout(show, tooltips.openDelay);
}Code language: JavaScript (javascript)



On hover, this component asks one question: is the page warm? If it is, the tooltip opens instantly. If not, it starts a 200ms timer and waits. You might be wondering where this tooltips object came from. It comes from the TooltipProvider which I will discuss in the last step.




Step 2: The Tooltip Opens




Here’s that show function that handles the opening of the tooltip:



function show() {
  setInstant(tooltips.isWarm);
  setOpen(true);
  tooltips.markOpened();
}Code language: JavaScript (javascript)



This does three things:





	It copied the value of tooltips.isWarm into a state called instant. 




	It opens the tooltip.




	It tells the provider that the tooltip is open, which makes the page warm.






Coming back to point 1, it copied what tooltips.isWarm returns into a flag called instant because this instant flag is added to the tooltip as a data attribute, which CSS uses to skip the entrance animation.



.tooltip[data-instant="true"] {
  transition-duration: 0ms;
}Code language: CSS (css)



This is the reason why, when the page is warm, a tooltip opens without any animation or delay.




Step 3: You Leave the Logo




When onMouseLeave is triggered on a logo, this function is called:



function handleLeave() {
  clearTimeout(openTimer.current);
  If (!open) return;
  setOpen(false);
  setInstant(false);
  tooltips.markClosed();
}Code language: JavaScript (javascript)



First, we have to know whether the tooltip is currently open.




Let’s say your cursor crosses a logo in 50ms, which is far less than 200ms, so the timer started by handleEnter is still running and the tooltip is not opened yet. clearTimeout in handleLeave cancels that timer so the tooltip never opens at all, and if (!open) return; stops the function right there, because the tooltip, which never opened has nothing to close and no cooldowns to start. In the first video, a sweep opened every tooltip in its path; now, the same sweep opens no tooltips. 




If the tooltip is open, this happens when you rest your cursor on the logo for more than 200ms, or when the page is warm, and the tooltip opens instantly on enter. We will close the tooltip and tell our provider, the provider will then start a 300ms cooldown timer, if you hover over the next logo before this timer ends, the tooltip opens instantly. 




Step 4: The Provider



const warm = useRef(false);
const cooldownTimer = useRef(null);

useEffect(() => () => clearTimeout(cooldownTimer.current), []);

const tooltips = useMemo(
  () => ({
    openDelay,
    isWarm: () => skipWhenWarm && warm.current,
    markOpened() {
      warm.current = true;
      clearTimeout(cooldownTimer.current);
    },
    markClosed() {
      clearTimeout(cooldownTimer.current);
      cooldownTimer.current = setTimeout(() => {
        warm.current = false;
      }, warmFor);
    },
  }),
  [openDelay, warmFor, skipWhenWarm]
);Code language: JavaScript (javascript)



This is the shared state we need for this whole pattern to work. The page could either be warm or cold. If you notice, markOpened cancels the pending cooldowns; this is what keeps the page warm when you move from one logo to another. Basically, every new tooltip cancels the cooldown started by the previous one.




You don’t need to get confused about skipWhenWarm flag, it is just for the before and after toggle in the demo; turning it off always makes the provider cold to help you see the before behavior.




Another important detail here is that isWarm is a ref and not a React state because changing it does not re-render all the tooltips on the page. This ref is only read inside the event handlers.




Why a Timer of 200ms?




If we choose a timer of less than 150ms, when a cursor passes over a tooltip trigger, it will most likely open the tooltip. If we choose a timer of more than 250ms, the hover will feel sluggish and broken. So, 200ms is a good, balanced number in this case.




Judgement & Taste




If you ask AI to build a tooltip, it will build a fully functional tooltip, but in the end, it is you, the human, who will decide if the tooltip built is worthy because there are details that separate a working tooltip from a polished tooltip, the same way they separate a working product and a polished product. AI can build a polished product only if you guide it to do so, and you can guide it when you have developed taste and judgment, which come from years of experience, mistakes, and practice.




However, you can use skills of other engineers/designers to have their taste of a polished product and eventually build yours as you start developing your own judgement, you can create/use skills around colors, accessibility, forms, animations, typography etc, you can generate solid outputs but it again does not mean it is production ready, you are still there at the end to judge and ship it only if it meets your standards and taste.




Skill




I have created a Claude skill for solving the above problem which I faced, you can build a similar skill or copy the one written below and run it to audit your codebase. Every codebase is different, and every codebase uses different libraries for tooltips or has written custom tooltips differently; this skill will work for all.




.claude
  /skills
    /tooltip
      /SKILL.md



---
name: tooltip
description: Tooltips need a delay so they don't open up on unintentional mouse travel
---

# Tooltip Timing

A click is always intentional whereas a hover is not intentional. The cursor travels across the page to get wherever it has to, and it passes over elements on the way, so a tooltip cannot tell from the hover whether the user wants to open it. The 200ms is how it finds out.

```css
.tooltip {
 transition-delay: 200ms;
}
```

## The three numbers and states

| Value       | Number | Why                                                                                                     |
| ----------- | ------ | ------------------------------------------------------------------- |
| Open delay  | 200ms  | Below 150ms a cursor that is only passing over a trigger still opens it. Above 250ms an intentional hover feels broken. |
| Warm window | 300ms  | Long enough to cover the move from one trigger to the next one. Short enough that a hover a second later waits again. |
| Close delay | 0ms    | Leaving a trigger should be clear. So there is nothing to wait for.|

## How it should behave

```
hover -> wait 200ms -> tooltip opens (page is now warm)
leave -> tooltip closes -> 300ms cooldown
```Code language: Markdown (markdown)



The views expressed in this article are those of the author only and not Coinbase.

    



Original: https://blog.master.dev/tooltips-need-a-delay-and-then-they-need-to-skip-it/ · Discussion
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Show HN: LatticeDB – Like SQLite but for graph databases

github.com · 64 points · Discussion

We have been using graph DBs more and more at work. I found them painful to work with locally and decided to try and build something better.

Original: https://github.com/jeffhajewski/latticedb · Discussion
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Visualizing Binary Files

movq.de · 53 points · Discussion
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2026-08-05


This is my hex editor
bine:

[image: bine1.png: Screenshot: A console application with blue and gray colors, traditional hex view with hex values on the left and ASCII values on the right.]

It's all black and white, basically. A while ago, Vim's xxd gained the
ability to color the output (this is not included in
Vim Classic, which I use):

[image: xxd.png: Screenshot: 'xxd' showing the same binary file as 'bine', but ASCII values are green, NUL bytes are white, '0xFF' is blue, some special bytes like newlines are yellow, and the rest is red.]

I wanted to have this feature in bine as well. So I started
implementing it. An early draft can be seen here:

[image: bine2.png: Screenshot: 'bine' with some colors: ASCII values have a blue background.]

I think this is already an improvement, because it's easier to spot
ranges with mostly ASCII text. But it's not that great. More colors
would be needed and it would probably be better if the hex columns were
right next to each other, instead of being separated by a space.

My TUI framework movwin uses ncurses under the hood (this is entirely
intentional, because I value ncurses' feature stability). The framework
itself is written in Python, ncurses is a C library. I had already
noticed that making calls from Python to ncurses can be very expensive
(whether this is a problem in general or just with Python + ncurses or
simply with ncurses itself, I don't know, and it doesn't matter).

Without colors, bine writes an entire hex line using one curses
call. With colors, there would have to be many calls per line. That
would be too expensive.

And the framework itself is also not particularly well suited to using
lots of different colors in a speedy manner. It has a hierarchical
palette system and all that is costly. And I would have to maintain at
least two versions of the color palette, because movwin supports a
dark and a light theme by default.

Eventually, I came up with this:

[image: bine3.png: Screenshot: 'bine', same file, the ASII view now uses 'solid blocks' from the Unicode box drawing set to indicate certain characters.]

Instead of colorizing the hex column, bine uses special characters in
the ASCII column -- ones, that normally cannot appear there, so there are
no conflicts. NUL bytes use U+2593 (▓), bytes outside of the range
0x20 <= byte <= 0x7E use U+2593 (░), and the rest are printable
ASCII chars that are shown as is.

This doesn't cover all the same cases as xxd does, but it's good
enough. You get a quick overview over what's "plain text" and what
isn't, NUL bytes stand out.

It was super easy to implement and it's cheap at runtime.

I also wanted to have a similar visualization feature for entire big
files. The tiny ASCII pane in bine can only show so much. I wanted
this for something that's a couple of megabytes in size, maybe
gigabytes.

My visualization essentially is an image. So ... why not coerce the
computer into interpreting an existing binary file as an image? Don't do
any processing, just take all the bytes in the range of 0x00 thru
0xFF and map them to pixels.

A
Portable Graymap
is pretty much exactly that. The Wikipedia example shows the ASCII
version of this format, but there's also a binary version.

So what I had to do, was basically just this:

printf 'P5\n%s %s 255\n' "$width" "$height"
cat "$infile"


Done.

The only "logic" I implemented was determining a good width and height.

The result can be shown in any image viewer (on Linux and BSD).

Here's a visualization of an EXE file of
GORILLAS.BAS,
unscaled:



(Yes, that's the entire game. You could even take this image and convert
it back to an EXE file.)

What can we see here? Let me annotate a few interesting sections:




	At the top, we have an almost "random" area. Very dark pixels, very
    bright pixels, gray pixels, it's all there. This is code.

	Towards the middle, we have a very regular pattern. I have not yet
    figured out what that is, it's a story for another day. (It looks a
    bit like a Relocation Table, but it's at the wrong position. This
    file, however, is an
    EXEPACK
    file, which complicates things. We'll see.)

	At the end, there's a longer section of "darker gray". It's
    relatively uniform. This is ASCII text: The high bit is never set,
    so all these values are distinctively smaller than code bytes.
    (Program files often have such a section towards the end, it's where
    the string literals are stored.)



I think it's nice that there is no pre-processing at all. All this
simply exploits the properties of the data.

As a more "explicit" example, here's a tarball with two files in it, a
text file and an image:

[image: tarball.png: Visualization of a tarball. The upper half is a darker shade of gray, indicating ASCII text. The lower half has more contrast, there are more pixels that are closer to black and white, hence this is some kind of 'binary' data.]

Also, notice the "pattern" in the text area? Looks like a tiled
wallpaper? That's because the text is repeating.

Just some more examples. Here's a scaled-down visualization of
ruff:

[image: ruff.png: Visualization of 'ruff', the different shades of gray indicate different data types. See explanation below.]

An unscaled excerpt of the black stripe of mostly NUL bytes towards the
top:

[image: ruff-zoom.png]

Lots of neatly aligned data and tables.

The ruff binary is 25 MB in size and so is the resulting PGM file
(4096x6225 pixels), so I scaled it down, because I don't want to have
such a large file lingering in my blog forever. But
GIMP
and
nsxiv
can easily handle the PGM file, there are no performance or usability
issues at all.

Here's a visualization of a 690 MB .iso file (heavily scaled down, of
course):



Creating the PGM file takes 0.2 seconds, resizing the image using
ImageMagick takes 6 seconds. This shows some limits of this approach: I
tried doing this with a 4 GB file, but ImageMagick required too much
RAM. I think that you could make this work, in theory, by iteratively
resizing the image first (put only a couple of rows at a time into
memory), then compressing the smaller version. I have not written such a
tool, yet, and ImageMagick doesn't appear to implement this (or I don't
know how -- haven't searched, though).

Still, depending on which kind of data I'm looking for, this can already
be a useful tool. Inspecting large files in the range of gigabytes is
something that I very rarely need to do -- if need be, I can easily split
it into smaller parts. Just as a demo, here's an old 8 GB disk image:
















Mildly interesting to look at, but as I said, depending on what I look
for, it can be helpful.

I think I'll keep it just as it is now.
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Show HN: I made a Raspberry with Qwen my local car AI

github.com · 50 points · Discussion

Found that you can actually run a 35B Qwen model on a Pi with very impressive intelligence and stability. Built connectors for car ODB to read all about car internals, and manufacturer's cloud service for stuff like changing AC or opening/ locking doors. Gave it info such as the full car manual. And then hooked it up with my other agents in our discussion room!So now it can answer car questions such as "when should I add oil and what kind of oil?" and help you fully offline, and when online talk with the agent family that includes all the most powerful models so they know how the car is, plan new features and develop itself with them.
For example, if car breaks and can't move  the car agent informs my agent family and they can already look for a suitable train ticket without me needing to check things or do something.


Original: https://github.com/ThinkOffApp/CarWatch · Discussion
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Solving the 1+N Query Problem

acadia.engineering · 44 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://acadia.engineering/blog/solving-the-1-plus-N-query-problem · Discussion
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A new ceiling for Λ: the de Bruijn–Newman constant

judegomila.com · 39 points · Discussion

A complete walkthrough of the proof
A new ceiling for Λ: the de Bruijn–Newman constant is at most 0.1787854
I'm Jude Gomila and I've been exploring the zeta function in private since 2025. This post is part of a series of posts on discoveries obtained from human/ai collaboration. This post is about the de Bruijn–Newman constant Λ — a single real number with this property: the Riemann hypothesis holds exactly when Λ ≤ 0. Nobody can prove that yet, but its known ceiling can be lowered, and this is my computer-assisted proof taking it from 0.2 to 0.1787854, unconditionally, with no unproved conjecture anywhere in the chain. I'll walk you through the whole proof, step by step. Every claim links back to my audit repository and the independent review record. Feedback, bugs and upgrade comments are welcome as GitHub issues.
Previous boundΛ ≤ 0.2This resultΛ ≤ 0.1787854MethodPolymath 15 criterion + interval certificatesSpecial thanksDan Romik, Max Atkin

Λ ≤ 0.1787854
= 129/800 + 87677/5,000,000: an exact rational, obtained by exact arithmetic from 3,149,013 + 883 + 1 machine-checked interval certificates.


AnimationThe proof in 2 minutes 35 seconds — from ζ(s) to Riemann’s ξ(s), the H₀ normalization, the de Bruijn heat flow, and the three checks that pin Λ ≤ 0.1787854. Also at /assets/zetasota.
	00Why the Riemann hypothesis matters
	01Λ, the constant whose value decides the Riemann hypothesis
	02Heating the function pulls its zeros onto the real axis
	03The bounds on Λ, and how the methods work
	04Three finite checks that prove an upper bound on Λ
	05Check one: RH is already machine-verified below the barrier
	06Check two: 3.1 million windows certified zero-free
	07Check two, continued: one lemma covers the rest to infinity
	08Check three: a wall no zero can cross
	09Combining the checks gives Λ ≤ 0.1787854
	10How the proof was checked, four layers deep
	11Why this method cannot reach Λ ≤ 0
	12Provenance & links


Prologue
Why the Riemann hypothesis matters
The primes 2, 3, 5, 7, 11, 13, … are the atoms of arithmetic: every whole number factors into primes in exactly one way, so facts about primes become facts about all numbers. Individually they are irregular — no known rule produces the next prime from the ones before it. Counted in bulk, they obey a law: the number of primes up to x stays close to a single smooth curve (the prime number theorem, proved in 1896). The open question is the size of the error — how far the true count can stray from the curve. That error term is what the Riemann hypothesis governs, and it is why RH matters: sharpen the error term and you sharpen hundreds of results in number theory that depend on it.

Fig. 1The prime-counting staircase π(x) (the dark stepped line) climbs one step at each prime. The dashed blue curve is the smooth prediction Li(x). The gap between them is a sum of waves, one wave per zeta zero, and the Riemann hypothesis says every wave has the smallest possible amplitude.In 1859 Bernhard Riemann explained where that hidden order comes from. He took Euler's identity, which connects the primes to a single function of one complex variable,
ζ(s)  =  ∑n≥11ns  =  ∏p prime(1−p−s)−1\htmlData{term=zeta, tc=v}{\zeta(s)}\;=\;\htmlData{term=sum, tc=s}{\sum_{n\ge1}\frac{1}{n^{s}}}\;=\;\htmlData{term=prod, tc=b}{\prod_{p\ \mathrm{prime}}\left(1-p^{-s}\right)^{-1}}
hover or tap a colored term for what it does

extended it to the whole complex plane, and discovered that the wobble of the prime count around its smooth curve is governed — exactly, via an explicit formula — by the locations of the zeros of this function. Each zero contributes one wave to the error; the zero's height sets the wave's frequency and, crucially, its horizontal position sets the wave's amplitude. Riemann observed that every zero he could examine sat on one vertical line, Re s = ½, now called the critical line — the position giving the smallest possible amplitude — and remarked it was “very probable” all of them do. That remark is the Riemann hypothesis. Its concrete content: the prime-count error up to x never exceeds roughly √x, the same size as the wobble of a fair coin flipped x times. The primes are allowed to look random; RH says they are never allowed to drift with a bias.
The wave description is an actual formula, and you can run it below. The slate staircase counts prime powers (a cousin of the staircase above, weighted so the mathematics is exact), and the vermillion curve is Riemann's formula built from the smooth trend plus one wave per zeta zero. Drag the slider and watch thirty zeros carve the primes:

Try it — build the primes out of zeta zeros, one wave at a time
zero-waves included 0 / 30no zeros: just the smooth trend x, which misses every step
every one of these zeros has real part exactly ½, which makes its wave swell like √x as x grows — the slowest growth the explicit formula allows. A zero off the line at real part β ≠ ½ would make its wave grow like x^β instead, out of step with all the others, and the prime count would drift off course.

It has now been open for 167 years. It is part of the eighth of Hilbert's problems (1900) and is one of the Clay Millennium Prize problems today; hundreds of theorems across number theory and beyond are proved conditionally, “assuming RH.” Its zeros have been checked by computer into the trillions — every one on the line — but a check is not a proof. The way forward is to turn the question into a number that can be moved — and that is exactly what Λ is.
Λ (defined properly in the next chapter) repackages the Riemann hypothesis as a statement about one real number: RH holds if and only if Λ ≤ 0 (a proved equivalence, established in Chapter 1). That reformulation has three consequences. First, progress becomes measurable: a yes/no conjecture has no partial credit, but an upper bound on Λ can shrink: ½ → 0.22 → 0.2 → and now 0.1787854. Second, since 2018 we know Λ ≥ 0, so Λ is confined to the interval from 0 to the current ceiling, and RH is the statement that Λ sits at the left endpoint; every improvement to the ceiling is measured distance toward the answer. Third, bounds on Λ are unconditional — nothing in them assumes RH itself. Lowering Λ is one of the few rigorous, quantifiable ways to make progress on the Riemann hypothesis.

Chapter 1
Λ, the constant whose value decides the Riemann hypothesis
A single real number whose sign settles the question: the Riemann hypothesis holds exactly when Λ ≤ 0.
Start with Riemann's xi function, a repackaging of the zeta function: ξ(s)=12s(s−1)π−s/2Γ(s/2)ζ(s)\xi(s)=\tfrac12 s(s-1)\pi^{-s/2}\Gamma(s/2)\zeta(s). The Riemann hypothesis says all its zeros lie on the critical line Re s=12\mathrm{Re}\,s=\tfrac12. Rotate coordinates so that line becomes the real axis (this proof uses the Polymath 15 normalization H0(z)=18 ξ ⁣(12+iz2)H_0(z)=\tfrac18\,\xi\!\left(\tfrac12+\tfrac{iz}{2}\right)) and RH becomes a single sentence:
RH, restated
Every zero of the entire function H0H_0 is a real number.

In 1950 de Bruijn had the idea of deforming this function with a one-parameter flow — mathematically, running the heat equation on it:
Ht(z)  =  ∫0∞etu2 Φ(u) cos⁡(zu) du\htmlData{term=ht, tc=v}{H_t(z)}\;=\;\int_0^\infty \htmlData{term=heat, tc=s}{e^{tu^2}}\,\htmlData{term=phi, tc=b}{\Phi(u)}\,\htmlData{term=cos, tc=b}{\cos(zu)}\,du

where Φ\Phi is the fixed super-exponentially decaying kernel with H0=18ξH_0=\tfrac18\xi. Positive t smooths the function and, as we'll see, herds its zeros toward the real axis; negative t roughens it and pushes zeros off. De Bruijn proved that once all zeros are real they stay real at every later time. So there is a single threshold, made precise by Newman in 1976:
Λ  =  inf⁡{ t: Ht has only real zeros }\Lambda\;=\;\htmlData{term=inf, tc=v}{\inf}\{\,t:\ \htmlData{term=real, tc=s}{H_t\ \text{has only real zeros}}\,\}

That threshold is the de Bruijn–Newman constant, and it converts the Riemann hypothesis from a statement about infinitely many zeros into a statement about one real number:
RH  ⟺  Λ≤0\mathrm{RH}\iff \Lambda\le 0
Analogy. Λ is a thermostat reading. The xi function is a room full of particles (its zeros), and t is heat: warm the room and the particles settle onto the floor (the real axis); chill it and some lift off. Λ is the exact temperature at which the last airborne particle lands. The Riemann hypothesis says the room as built — at temperature zero — already has everything on the floor. Since we can't yet check every particle, we do the next best thing: prove the landing temperature is low.


Fig. 2The state of knowledge about Λ. The Riemann hypothesis is equivalent to Λ ≤ 0; the equivalence is itself a theorem. Rodgers–Tao (2018) proved Λ ≥ 0, so RH, if true, is true with nothing to spare. This work moves the other wall: Λ is now known to be at most 0.1787854. The truth lives somewhere in the vermillion interval, and RH says it lives at its left endpoint.One direction is now settled. Newman conjectured Λ ≥ 0, famously adding that if RH is true, it is “only barely so” — and Rodgers and Tao proved this in 2018. So Λ is confined: 0≤Λ0\le\Lambda, and progress can now come only from the upper side. This proof moves the ceiling to Λ≤0.1787854\Lambda\le 0.1787854. With the floor at 0, this removes just over 10% of the interval that remained.
Chapter 2
Heating the function pulls its zeros onto the real axis
Complex zero pairs sink toward the real axis at a computable rate; the proof is a schedule for when the last of them arrives.
Under the flow, the zeros of HtH_t move like interacting particles: real zeros repel each other along the axis, and each complex-conjugate pair gets pulled toward the axis. For an isolated pair at height y (that is, at z=x±iyz=x\pm iy), the dynamics are governed, up to smaller corrections, by
dydt  ≈  −1y⟹d(y2)dt  ≈  −2\htmlData{term=dydt, tc=s}{\frac{dy}{dt}}\;\approx\;\htmlData{term=pull, tc=b}{-\frac{1}{y}}\qquad\Longrightarrow\qquad \htmlData{term=dy2, tc=v}{\frac{d(y^2)}{dt}\;\approx\;-2}

so the squared height falls at a constant rate 2, and a pair starting at height y touches down at time about y2/2y^2/2. The final bound has the same form: it will be t0+y02/2t_0+y_0^2/2: “run the flow to time t0t_0, show nothing flies higher than y0y_0, then wait y02/2y_0^2/2 longer for the stragglers to land.” Polymath 15's Theorem 1.2 (introduced next chapter) is the rigorous, effective version of that sentence.

Try it — run the heat flow and watch the zeros land
time t 0.0000still complex 5 pairsrule a pair at height y lands at t = y²/2…heating

Analogy. Rain settling after a storm. Each complex pair is a droplet at altitude y, and gravity here acts on altitude-squared: every droplet loses y² at the same steady rate 2. You don't need to track any droplet individually — if you can certify that by time t₀ no droplet is above altitude y₀, physics finishes the argument: the sky is completely clear by t₀ + y₀²/2. The hard work is the certifying, and it splits into the three parts of the next chapter.
Two structural facts make the schedule provable. First, zeros move continuously in t: a zero cannot appear at a point without traveling there. Second, a zero's vertical speed is bounded by the dynamics, so a region that is empty stays empty unless a zero crosses its boundary. Together these reduce the problem to fencing a region and checking the fence — which is what the criterion asks.

Chapter 3
The bounds on Λ, and how the methods work
From de Bruijn's 1/2 to Polymath's 0.22 to 0.1787854.
De Bruijn proved Λ≤12\Lambda\le\tfrac12 in 1950. Fifty-nine years later, Ki, Kim and Lee improved it to the strict inequality Λ<12\Lambda<\tfrac12. The current method dates from 2018–2019, when Terence Tao's Polymath 15 project built an effective theory of the heat flow: explicit, computable approximations to HtH_t with rigorous error bounds, and a criterion (their Theorem 1.2) that converts three finite, checkable statements into an upper bound on Λ. Polymath 15 instantiated it to get Λ ≤ 0.22; plugging in Platt–Trudgian's 2020 record-height RH verification pushed the same machinery to 0.2.

Fig. 3Seventy-six years of squeezing from above. De Bruijn's 1/2 stood for six decades before Ki, Kim and Lee made it strict; Polymath 15's 2019 breakthrough — the criterion this proof instantiates — brought it to 0.22, and Platt–Trudgian's record RH verification pushed the same criterion to 0.2. Below the axis of battle: Newman conjectured Λ ≥ 0 in 1976 and Rodgers–Tao proved it in 2018, so the interval can never close from this side past zero.Analogy. Theorem 1.2 works like a crane left standing on the site: anyone who can supply the three certified parts it needs — a verified height, a clean final-time region, and a barrier — can use it to lift the bound. This proof machines heavier parts and lifts with the same crane, near its rated capacity at today's verified height.
The squeeze on Λ has two independent sides, and they work by completely different mechanisms. Both live in the upper half-plane: since HtH_t takes real values on the real axis, every off-axis zero at x+iyx+iy has a mirror twin at x−iyx-iy, so it is enough to track the region above the axis — position x running along the axis, height y measuring how far a zero still has to fall. RH is the statement that this upper region is empty.


Fig. 4Ht takes real values on the real axis, so its complex zeros come in conjugate pairs: x + iy above the axis, x − iy below. The lower half-plane is a perfect reflection — nothing happens there that the upper half doesn’t already show — so the whole proof watches one region: position x along the axis, height y above it. The Riemann hypothesis is the statement that the tinted region is empty.	The floor: why Λ ≥ 0 (Rodgers–Tao, 2018)
Recall from the last chapter what Λ is: the moment in flow time when the last zeros finish landing on the real axis — and t = 0 is the function as built. Saying Λ is negative would mean the landing finished before t = 0 — so the zeros we actually observe would not be fresh arrivals, but particles that had already spent time settled on the axis, jostling each other. That extra time matters, because zeros on the axis repel each other, and the longer they jostle, the more the irregularity irons out: crowded neighbors push apart, wide gaps close up, and the spacings drift toward uniformity — the way a traffic jam evens out once cars can spread along the road. Rodgers and Tao showed the real zeta zeros are too unevenly spaced for that: their gaps fluctuate more than any configuration that had already relaxed this way could still allow. So the landing cannot have finished early, and Λ ≥ 0. Note what the argument does and does not do: it locates no zero off the line; it only shows the observed spacings are incompatible with earlier relaxation.




Fig. 5The floor argument compares two worlds. If the landing had finished before time 0 (Λ < 0), the zeros would have spent extra time repelling each other on the axis, ironing their gaps toward uniformity (top). The zeros we actually observe keep clusters and wide gaps (bottom) — too uneven to have relaxed. So the landing cannot have finished early, and Λ ≥ 0.	The ceiling machine: Tao and Polymath 15's barrier method (2019)
The upper bound must rule out zeros in the canopy — Polymath's name for the region at height y0y_0 and above at the final time t0t_0, stretching along the entire infinite axis. A theorem of de Bruijn says an empty canopy forces Λ≤t0+y02/2\Lambda\le t_0+y_0^2/2. Their method empties it in three zones. Left of a chosen abscissa X: the computer-verified stretch of RH keeps the region clean at t = 0, and a continuity analysis of each zero's velocity keeps it clean afterward — provided nothing crosses in from the right. Blocking that crossing is the barrier construction: a rectangle one unit wide at X, meshed along its boundary, where the effective approximation is evaluated at a ladder of time slices; certified bounds on how fast the values can move between mesh points and between slices, plus the argument principle (winding number 0), keep it zero-free at every intermediate time. Right of the barrier, the canopy is checked at the final time only, using the approximation Ht≈BtftH_t\approx B_t f_t and Euler-product mollifiers. Polymath 15 ran this at t0=0.2t_0=0.2, y0=0.2y_0=0.2, X=6×1010+83952−0.5X=6\times10^{10}+83952-0.5, with the barrier parked at the limit of Platt's 2011 verification, the fractional shift chosen to make the small-prime Euler product large at the barrier — and obtained Λ ≤ 0.22. Their bottleneck was the final-time check (ii).




Fig. 6The ceiling machine. The canopy is everything at height y₀ and above at the final time — if it is empty, de Bruijn’s theorem forces Λ ≤ t₀ + y₀²/2. It is emptied in three zones: left of X the machine-verified stretch of RH keeps it clean (velocity bounds keep zeros from wandering up); the barrier at X is a wall checked zero-free at every intermediate time, so nothing crosses in from the right; and right of the barrier the canopy is checked at the final time only.	Platt–Trudgian's lever (2020–21)
The criterion consumes exactly one external computation, the verified height: the barrier must stand below it, and a barrier further out allows better (t0,y0)(t_0, y_0). Platt and Trudgian raised the rigorously verified height a hundredfold, to exactly 3,000,175,332,800, itself an interval-arithmetic computation. Feeding it to the same criterion gives Λ ≤ 0.2, noted in their own paper.

	What I changed (2026)
Same criterion, same verified height; the differences are in the parameters and in how the result is certified. I parked the barrier so the height it consumes, X/2, sits 175,239,886.5 below the exact Platt–Trudgian record (0.006% from the edge), re-optimized the row in exact rationals to the criterion's boundary, and built the heavier certification the thinner row demands: mollifiers up to the prime 11 where the floors are thinnest, the window-freeze, native-binding and Dini-transfer lemmas, an all-N tail theorem in place of sampling, and a 883-prism barrier certificate that includes t = 0 exactly. That takes 0.2 to 0.1787854, about 2×10−72\times10^{-7} below the most this criterion can give at this height. The rest of this post is the detail.


In numbers, my row is X=6,000,000,185,827X=6{,}000{,}000{,}185{,}827, t0=129800t_0=\tfrac{129}{800}, and y02=876772500000y_0^2=\tfrac{87677}{2500000}, supported by roughly 3.15 million interval-arithmetic certificates and an audit trail built so a reviewer can rebuild every piece from source. The next chapter turns the flow's machinery into three finite checks, taken one at a time.
What’s new in this work. The crane is Polymath 15’s and the verified height is Platt–Trudgian’s; here is exactly what this proof adds on top of them:
	A new exact parameter row — t₀ = 129/800, y₀² = 87677/2,500,000 — chosen at the edge of what the criterion admits at today’s verified height (Chapter 11 maps that edge).
	Three small theorems that turn a 3.1-million-window scan from numerics into proof: one evaluation per window, proved conservative across the whole window (the Window Freeze theorem); certified floors that bound the paper’s own quantity exactly, with no conversion factor left to trust (the native binding lemma); and one certified height carried to every height in the band (the Dini transfer) — Chapter 6.
	A contraction argument covering the infinite remainder — every window past the cutoff — in a single certified computation (Chapter 7).
	A barrier rebuilt at the modern verified height: 883 closed prisms, each held zero-free through time by winding-number certificates (Chapter 8).
	An audit trail built like flight certification: a hash-pinned repository, fail-closed checkers, replays on two toolchains at two precisions, an adversarial AI review panel, a full from-source recompute, and an independent human review (Chapter 10).



Chapter 4
Three finite checks that prove an upper bound on Λ
Theorem 1.2 of Polymath 15, instantiated at one exact row of parameters.
Pick three numbers: a barrier location XX, a final time t0t_0, and a landing height y0y_0. Polymath 15's Theorem 1.2 says: if the three hypotheses below hold, then Λ≤t0+y02/2\Lambda\le t_0+y_0^2/2. (A theorem's hypotheses are its if-part: supply them, and the conclusion is yours. They are the three “checks” of the chapter titles ahead.) The colors below match the map and the chapter headings that follow: slate for (i), brass for (ii), vermillion for (iii). I chose the exact row
X=6000000185827,t0=129800=0.16125,y02=876772500000=0.0350708,\begin{aligned}X&=6000000185827,\\[2pt] t_0&=\frac{129}{800}=0.16125,\qquad y_0^2=\frac{87677}{2500000}=0.0350708,\end{aligned}
chosen so that t0+y022=8939275000000=0.1787854t_0+\tfrac{y_0^2}{2}=\tfrac{893927}{5000000}=0.1787854 exactly — every parameter is a rational number, and the final arithmetic is exact, not floating-point.
The three hypotheses (Polymath 15, Theorem 1.2)
(i) Verified height. No zeta zeros ζ(σ+iT)=0\zeta(\sigma+iT)=0 with 1+y02≤σ≤1\tfrac{1+y_0}{2}\le\sigma\le1 and 0≤T≤X/20\le T\le X/2.
(ii) Final-time clearance. No zeros of Ht0(x+iy)H_{t_0}(x+iy) with x≥X+1−y02x\ge X+\sqrt{1-y_0^2} and y0≤y≤1−2t0y_0\le y\le\sqrt{1-2t_0}.
(iii) The barrier. No zeros of Ht(x+iy)H_t(x+iy) in a thin curved wall over X≤x≤X+1−y02X\le x\le X+\sqrt{1-y_0^2}, for every intermediate time 0≤t≤t00\le t\le t_0.



Fig. 7The Polymath 15 criterion as a quarantine map (schematic — the barrier is 1 unit wide at x ≈ 6×10¹²). Hypothesis (i) clears everything left of the wall at time zero, using the finite RH verification. Hypothesis (iii) makes the wall itself zero-free at every time 0 ≤ t ≤ t₀. Hypothesis (ii) clears the right half-line at the final time t₀, starting at x = X + √(1−y₀²) — a landmark just inside the wall (since √(1−y₀²) ≈ 0.982 < 1), so regions (ii) and (iii) overlap and leave no gap. Zeros move continuously — so nothing can be above height y₀ at time t₀, and the last stragglers land within y₀²/2 more.Analogy. A quarantine protocol. You want to certify a city district is virus-free at time t₀ without inspecting the whole world. So: (i) at time zero, door-to-door inspect everything inside the district — that's the brute-force RH verification up to height X/2. (iii) Close the border for the entire duration — a wall one unit thick, checked zero-free at every moment: nothing sneaks in from outside while the flow runs. (ii) At the final time, scan the region just beyond the wall to confirm nothing is pressed up against it. Continuity of zero trajectories is the epidemiology: infection can't teleport. Conclusion: at time t₀, nothing in the protected zone flies above y₀ — so everything lands by t₀ + y₀²/2.
Why these three numbers and not others? Try it yourself — the bound, the criterion's validity condition, and the feasibility of actually certifying a row all move as you drag:

Try it — pick your own row (t₀, y₀²) and see what bound it would buy
final time t₀ = 0.16125landing height² y₀² = 0.03507
bound Λ ≤ t₀ + y₀²/2 = 0.1787854canopy y₀² + 2t₀ = 0.3576 < 1 ✓
provable — and essentially at the wall (this is the proof's territory)
the proof's row: t₀ = 0.16125, y₀² = 0.0350708 → 0.1787854 

The three hypotheses are supplied by three completely different technologies — a cited world-record computation, a 3.15-million-row certified scan with a tail theorem, and an argument-principle certificate. The next four chapters take them in order.
Chapter 5
Check one: RH is already machine-verified below the barrier
Platt and Trudgian's verification covers the height the criterion needs, with margin 175,239,886.5.
The first hypothesis is the one part I didn't prove myself but licensed from the literature: Platt and Trudgian's record verification (2020) that every nontrivial zeta zero up to height
TPT=3,000,175,332,800T_{\rm PT}=3{,}000{,}175{,}332{,}800
lies exactly on the critical line. The criterion at our row consumes height X/2=3,000,000,092,913.5X/2=3{,}000{,}000{,}092{,}913.5, which sits inside the verified range with an exact margin of 175,239,886.5175{,}239{,}886.5. The zero-height endpoint T=0T=0 is closed classically: on the real segment 0<σ<10<\sigma<1 a two-line alternating-series argument shows ζ(σ)<0\zeta(\sigma)<0 (strictly negative, so no zero hides at the bottom), and at s=1s=1 zeta has a pole, not a zero. Nothing conjectural enters: RH is used only as a finite, machine-verified fact up to a specific height, plus the functional equation to map H0H_0-zeros to zeta zeros by the exact change of variables x=2Tx=2T.
A detail the audit surfaced: the margin lives entirely inside Platt–Trudgian's precise Theorem-1 height 3,000,175,332,800. With the rounded “3×10¹²” of their abstract, hypothesis (i) would fail by 92,913.5. The height the barrier consumes, X/2, sits less than one part in 10⁴ below the exact record; it is the single thinnest external dependency in the whole chain, and it is cited to the digit.
Analogy. The verified height is a foundation poured by others — a twelve-trillion-zero computation, published and checkable — that this proof builds on rather than repeats. The house goes up at the property line: a margin of 175 million against a depth of three trillion puts the fence 0.006% from the edge. Chapter 11 explains why building there is the right choice: at this height, that is where the value lies.
Check (i) secured.

Chapter 6
Check two: 3.1 million windows certified zero-free
3,149,013 certified inequalities, one for every window from the barrier to the tail.
Hypothesis (ii) demands that at the final time t0t_0, the function Ht0H_{t_0} has no zeros to the right of the barrier in the band y0≤y≤1−2t0y_0\le y\le\sqrt{1-2t_0}, an infinite region. Polymath 15's Theorem 1.3 makes this tractable: it supplies an explicit approximation
Ht  ≈  Bt⋅ft,ft  =  a finite, computable Dirichlet-type sumH_t \;\approx\; \htmlData{term=bt, tc=s}{B_t}\cdot \htmlData{term=ft, tc=v}{f_t},\qquad f_t \;=\; \text{a finite, computable Dirichlet-type sum}

where BtB_t is an explicit nonvanishing factor, together with hard error bounds whose certified total we call Emax⁡E_{\max}. So it suffices to prove ∣ft0∣>Emax⁡|f_{t_0}|>E_{\max} everywhere: if the computable sum always beats the worst possible approximation error, the true function cannot vanish — a strict inequality between computable quantities. The region is cut into natural “Riemann–Siegel windows” WN=[xN,xN+1)W_N=[x_N,x_{N+1}) with xN=4π(N2−t0/16)x_N=4\pi(N^2-t_0/16), indexed by the length N of the finite sum — the natural coordinate system of the Riemann–Siegel approximation. The scan runs from the window containing the barrier, N=690,988N=690{,}988, to the tail cutoff N=3,840,000N=3{,}840{,}000: one certified row per window, 3,149,013 rows — each a strict interval-arithmetic inequality — with no gaps, duplicates, or uncertain records.
Most of this proof consists of certificates, so the word needs a precise meaning. A certificate is not an approximate computation. It is a guaranteed enclosure: an interval the true value provably cannot escape, which narrows with more work. A claim is proved only when the whole interval lands on the required side. Try it yourself:

Try it — certify a fact about π the way this proof certifies 3,149,896 facts
computation effort (series terms) = 2

interval width 4.27e-2UNDECIDED — the interval still straddles the claim, so the checker will not rule in either direction; add effort to shrink it
this toy uses Machin's series for π with guaranteed truncation directions; the proof's certificates play the same game with exact rationals at 256-bit precision. Note the third claim: it is false by 2.7 millionths, and no amount of effort ever certifies it — the interval just lands on the wrong side. A fail-closed checker has three possible outcomes: proved, disproved, or no answer.


Fig. 8Hypothesis (ii), lane by lane (the N-axis is stretched for legibility). Each window W_N gets one certified interval-arithmetic row proving |f| stays above a stored floor; richer Euler mollifiers (more auxiliary primes) are spent exactly where the problem is hardest, near the barrier. The tail lemma is a single theorem covering every N ≥ 3,840,000 at once — and the two lanes overlap by construction on the full window N = 3,840,000, so no seam is left uncovered.Three ideas make the scan rigorous rather than merely numerical:
	Freeze conservatively, prove monotonicity
Within each window, the certificate evaluates the bound at the window's left edge and proves — by elementary monotonicity in x, including through the kink of a positive-part term — that this frozen value is conservative across the whole window (the Window Freeze theorem). Exact rational Machin brackets for π and exact square-root brackets pin the very first window: x690988<X+1−y02<x690989x_{690988}<X+\sqrt{1-y_0^2}<x_{690989} with millions to spare on both sides.

	Mollify with small primes
Raw ∣ft∣|f_t| can dip close to zero. Multiplying by a short Euler product EE (four families of auxiliary primes:{2,3,5,7,11} near the barrier, stepping down through {2,3,5,7} and {2,3,5} to {2,3} far out) flattens the dips — a damping factor of this kind is called a mollifier, from the Latin for “to soften”. The native binding lemma proves by exact Dirichlet convolution that the stored floors bound the paper's normalized ∣ft∣|f_t| directly — the certified numbers are in the right units, with no extra conversion factor left to trust.

	Certify one height, transfer to all heights
Each row certifies a floor at one height; a separate Dini-derivative theorem proves the relevant mass is monotone in y — with the scan's thinnest certified ratio, 0.99999860767275095<10.99999860767275095<1, so the floor transfers to the entire band y0≤y≤1−2t0y_0\le y\le\sqrt{1-2t_0}. The margin is thin, but it is a proven strict inequality, checked at two precisions that agree to 17 digits.


The payoff: the binding floor across all 3,149,013 rows is ∣ft0∣≥7.91366×10−7|f_{t_0}|\ge 7.91366\times10^{-7}, against a certified total error Emax⁡≤2.33495×10−7E_{\max}\le 2.33495\times10^{-7}: nonvanishing with a 3.4× cushion.
Analogy. Mowing an infinite lawn to prove there are no snakes in the first three million meters: you don't photograph every blade. You cut the lawn into mower widths (windows), prove the grass in each strip is never taller than at its left edge (freeze), wear polarized glasses that make snakes stand out against grass (the mollifier), and prove that if a strip is clear at eye level it's clear at every level (Dini transfer). What remains — the lawn past three million — needs a different tool.

Chapter 7
Check two, continued: one lemma covers the rest to infinity
One theorem, one contraction, and every window past three million folds into a single computation.
Past the cutoff N∗=3,840,000N_*=3{,}840{,}000 no finite list of certificates can help — there are infinitely many windows left. This infinite remainder is called the tail, and the tail lemma handles all of it at once. Its engine is a contraction: the mollified sum is written as its leading term 1 plus a correction mass DD, and every ingredient of D is bounded by quantities that decrease as N grows. A capping lemma — each ingredient is bounded by its value at the cutoff, which is its worst case — plus exact finite Dirichlet convolution reduce all N≥N∗N\ge N_* to one interval computation at the cutoff itself:
D  <  0.999721  <  1⟹∣ft0∣  ≥  1−DMmax⁡  >  1.734×10−4\htmlData{term=d, tc=s}{D}\;<\;0.999721\;<\;1\qquad\Longrightarrow\qquad |f_{t_0}|\;\ge\;\htmlData{term=flow, tc=v}{\frac{1-D}{M_{\max}}}\;>\;1.734\times10^{-4}

after subtracting all error terms — uniformly for every window past the cutoff, every height in the band (in fact an extended band), and a full closed box of times around t0t_0 — with no sampling in N and no assumed monotonicity in t. The computation is a single standalone FLINT/Arb program, run at 256-bit and 512-bit precision (agreeing), with a separate Python interval implementation as corroboration.
The certified 0.999721 overstates how close D is to 1: it includes a provably redundant padding term. Removing it (the audit checked this) gives a true contraction around 0.96, so the tail has real headroom: about four orders of magnitude above the interval widths. And the two proof lanes overlap on the complete window N = 3,840,000: the finite scan proves it, the tail proves it again, and no seam between them is left to trust.
Analogy. Proving every domino past the three-millionth falls without touching any of them: show the push each domino receives always exceeds its resistance by a fixed factor, and show that factor only improves down the line. Then checking the single worst domino — the one at the cutoff — settles infinitely many at a stroke.
Checks (i) and (ii) secured: the final time is clean everywhere right of the barrier.

Chapter 8
Check three: a wall no zero can cross
A wall one unit thick, held zero-free at every instant by 883 interval certificates.
The barrier is where the proof must control every intermediate time, not just the endpoints: no zero of HtH_t may enter the closed box
R=[X, X+1]  +  i [0.1809, 1],0≤t≤t0=129800R=[X,\,X+1]\;+\;i\,[0.1809,\ 1],\qquad 0\le t\le t_0=\tfrac{129}{800}
which strictly contains the curved wall Theorem 1.2 actually requires (the floor clearance is exact: y02−0.18092=234599108>0y_0^2-0.1809^2=\tfrac{234599}{10^8}>0). The tool is the argument principle, the classical way to count zeros inside a region: walk the boundary of R, watch the function's value wind around the origin; winding number zero means no zeros inside. The certificate makes this rigorous under the flow by slicing time into 883 consecutive closed prisms and, on each prism, gating a strict interval inequality:
Mi⏟min boundary modulus  >  Dz,i2(num−1)⏟mesh interpolation  +  Dt,i Δti⏟motion in time  +  0.00125⏟approximation\underbrace{\htmlData{term=mi, tc=v}{M_i}}_{\text{min boundary modulus}}\;>\;\underbrace{\htmlData{term=mesh, tc=s}{\tfrac{D_{z,i}}{2(\mathrm{num}-1)}}}_{\text{mesh interpolation}}\;+\;\underbrace{\htmlData{term=time, tc=b}{D_{t,i}\,\Delta t_i}}_{\text{motion in time}}\;+\;\underbrace{\htmlData{term=approx, tc=b}{0.00125}}_{\text{approximation}}

In words: the boundary values stay so far from zero that neither the gaps between mesh points, nor the motion of the function during the prism's time slice, nor the approximation error of using ftf_t for Ht/BtH_t/B_t, could possibly let a zero slip through. The certified total approximation error, 3.565×10−43.565\times10^{-4}, fits the 0.00125 allowance 3.5 times over; the worst prism margin is 0.5198.


Fig. 9Hypothesis (iii), the barrier certificate. Left: time is cut into 883 consecutive closed prisms from t = 0 (included exactly — not as a limit) to t₀ = 129/800, with byte-identical seams. Right: on each prism, the function's values around the boundary of the barrier rectangle trace a loop; the certificate proves the loop never comes near the origin (minimum certified margin 0.5198) and winds zero times around it — by the argument principle, no zeros inside. All 883 gates are strict interval inequalities: any overlap or indeterminacy is failure.The function's values along the rectangle's boundary trace a closed loop in the complex plane, and a zero inside the rectangle forces that loop to wrap around the origin. The certificate proves the loop stays far away:
Try it — the argument principle as a zero detector
min |f| on the boundary 0.47winding number 0verdict origin avoided — no zeros inside; this prism passes
the real certificate proves min |f| ≥ 0.5198 on every one of the 883 prisms — the loop never gets close

The corners were the risky parts, so I gave each one its own lemma. The t=0t=0 endpoint is included exactly — the first prism's seam is required to be literally zero, where the boundary modulus is 4.278, and the derivative majorants provably do not blow up as t→0t\to0. The derivative box lemma proves the uniform bounds Dz,DtD_z,D_t on whole prisms (never sampled at a single endpoint). The 7,688 stored Taylor-series coefficient components were independently regenerated — all contained in their stored balls — and the truncated Taylor tail is bounded by 1.96×10−221.96\times10^{-22}, carried explicitly through every value. Every gate is fail-closed: an interval that straddles it counts as failure.
Analogy. Guarding a gate for a fixed shift, with a camera that takes one frame per prism. A frame alone proves nothing — an intruder could cross between frames. So for each frame the guard also proves a speed limit (the derivative bounds): nothing can move far enough between this frame and the next to reach the gate. 883 frames, each with its certified speed limit, and the shift is covered — from the exact first second to the exact last.
All three checks secured: Theorem 1.2's hypotheses are met.

Chapter 9
Combining the checks gives Λ ≤ 0.1787854
Three checks, one exact rational, and margins that are proved inequalities.
By design, nothing new happens in the final step. A fail-closed assembly checker confirms that hypothesis (i) is licensed by the cited Platt–Trudgian height (with its exact margin of 175,239,886.5), that the finite lane and the tail jointly cover hypothesis (ii) with an overlapped seam, that the 883-prism certificate covers hypothesis (iii) down to exactly t=0t=0 and up to an endpoint enclosing 129/800129/800, and then performs the one line of mathematics left, in exact rational arithmetic:
Λ  ≤  t0+y022  =  129800+876775000000  =  8939275000000  =  0.1787854\Lambda\;\le\;\htmlData{term=t0, tc=s}{t_0}+\htmlData{term=y02, tc=b}{\frac{y_0^2}{2}}\;=\;\htmlData{term=frac, tc=v}{\frac{129}{800}+\frac{87677}{5000000}}\;=\;\boxed{\dfrac{893927}{5000000}\;=\;0.1787854}



Fig. 10The whole proof on one page. Three independently certified inputs — colored as throughout this post — feed Polymath 15's Theorem 1.2, which converts them into the bound by exact rational arithmetic. Remove any input and the theorem concludes nothing; all three held.
Fig. 11The three decisive gates, drawn to per-gate scale: the full bar is the largest error each leg could tolerate; the filled portion is the error the interval arithmetic actually certifies. The tightest gate clears by a factor of 3.4. Every number shown is the rounded value of a directed interval inequality.None of these margins is a floating-point comparison. Every gate is a directed interval inequality: outward-rounded enclosures on both sides, strict comparison, overlap treated as failure. The three cited inputs that code cannot prove (the two Polymath theorems and Platt–Trudgian's verification) are printed by the checker as cited theorem inputs and left ungated, marking the boundary between what the machine certifies and what the literature supplies. The audit also confirmed there is no circularity: the three hypotheses are logically independent, and no certificate consumes a value derived from the bound it proves.
Chapter 10
How the proof was checked, four layers deep
Checksums, independent replays, an adversarial review, and an independent human review.
A proof with this much computation is only as good as its audit trail, so I engineered the trail as carefully as the mathematics. Four layers, in escalating order of independence:
	Checksums and fail-closed checkers
Every artifact — certificates, logs, sources, references — is pinned by SHA-256 and re-attested by verify.sh. The parsers are fail-closed: 54 strict checks on the barrier alone; any gap, duplicate, overlap, or indeterminate interval anywhere is a hard failure.

	Cross-implementation and cross-toolchain replays
Every interval computation the bound rests on — the finite scan's error budget, the tail contraction, and the 883-prism barrier — is certified by FLINT/Arb ball arithmetic, with Python interval code as cross-checks. The finite error budget and the margin above it are certified by a standalone C program run at 256-bit and 512-bit precision inside the pinned container, gated as prerequisite P17 of the 40-gate fail-closed assembly (the original Python interval computation is retained as same-answer corroboration); the tail agrees across 256 and 512 bits plus a separate Python implementation; and the barrier replays end-to-end on two different OS/compiler/library stacks (Linux/FLINT 3.0.1 and macOS/FLINT 3.6.0), emitting identical verdicts on all 883 prisms.

	An adversarial review, then a full recompute
I then set a four-agent adversarial AI review panel loose on each proof leg separately (July 2026), with instructions to break it. Verdict: no fatal or bound-invalidating defect; it surfaced — and fixed — one real gap (the thinnest inequality, the Dini transfer, wasn't wired into the assembly gate) and flagged the precise-height citation subtlety of Chapter 5. Every heavy computation was then rebuilt fresh from source: all 7,688 coefficients, all 883 prisms, all 3,149,013 finite rows regenerated and matched line-for-line.

	Independent human review: Dan Romik
Dan Romik (author of the standard modern exposition of the ξ function's orthogonal-polynomial theory) reviewed my proof independently: he worked through the full package, verified the cited literature against the arXiv sources, re-proved every analytic lemma, and rewrote the mathematics as two journal-grade manuscripts — an expository account and a research paper — with the computer-assisted components isolated as seven standalone, self-contained verification programs.


Analogy. The trust model is an aircraft's: redundant independent systems (two toolchains, two implementations, two precisions), black-box recorders (hash-pinned logs), a hostile test pilot (the adversarial panel), and finally certification by an outside inspector who takes the engine apart himself (the independent reviewer). No single layer is asked to be infallible; the design is that they cannot all fail the same way.
The repository describes itself as a
 computer-assisted proof awaiting journal review. The adversarial pass found no defect in the bound and the independent review has produced the journal manuscripts; formal publication is the remaining step. The chain is unconditional: it assumes neither the Riemann hypothesis, nor
 GUE, nor any other conjecture.


Chapter 11
Why this method cannot reach Λ ≤ 0
Each certificate lane has its own wall, set by mollifier design; later research in the repository reaches 5.5×10⁻⁴ lower at the same verified height. Reaching Λ ≤ 0 still requires new mathematics.
This bound will not be improved by re-running the same machinery with more computing time: I chose the row at the edge of what this certificate lane admits — an early companion analysis placed the wall for these parameters about 2×10−72\times10^{-7} below 0.1787854. Later research in the repository showed that wall belongs to the lane, not to the verified height: the mollifier is tuned to t0t_0 (lowering the time while holding it fixed fails structurally, at any precision), and a lower-time lane at the same height reaches 0.1782354 — 5.5×10⁻⁴ lower, its arithmetic and archive machine-checked though its mathematics is not yet independently reviewed. Getting below that needs a mollifier retuned to the lower time, not a bigger dial.

Fig. 12A zoom of the number line near the new bound (full width here: three millionths). An early companion analysis placed the wall of what this lane's certificates can achieve about 0.0000002 below the bound — the parameters sit at the edge of what this mollifier admits. Later research showed the wall belongs to the lane, not the height: a lane retuned to a lower time reaches 0.1782354 at the same verified height. The long-run lever is verified height, which pays only inverse-logarithmically: reaching Λ ≤ 0 this way would require verification without end.In the long run the binding lever is verified height — and it pays inverse-logarithmically: the achievable bound shrinks roughly like 1/log(height). Concretely, halving the bound requires roughly squaring the verified height, from 3×10¹² to about 10²⁵ (far beyond any conceivable computation), and driving the bound all the way to 0 would require verifying RH to infinite height, which is just RH again. Together the two bounds say the following about 0≤Λ≤0.17878540\le\Lambda\le0.1787854: Rodgers–Tao's floor says RH has no safety margin; the wall says brute force alone will never finish the job. Closing the remaining interval will take new mathematical ideas, most likely alongside heavier computation — each idea still has to be instantiated and certified. Working the bound downward is itself one way those ideas get found: every improvement forces a sharper structural understanding of how the zeros move under the flow, and of what the primes do and do not permit.
Provenance & links
The proof, its parameters, certificates, and audit apparatus are my own work (Jude Gomila, 2026). The mathematics instantiates Polymath 15's Theorems 1.2 and 1.3 (D.H.J. Polymath, led by Terence Tao) at a new exact parameter row, and consumes Platt–Trudgian's record RH verification as its only external computation. The independent reviewer is Dan Romik, who verified the analytic lemmas and reworked the material into journal-grade manuscripts; an adversarial AI audit with full from-source recomputation preceded his review. The result is unconditional in logical form; journal publication is the remaining step.
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  Can you find bugs in a compiler by generating random programs?
 Published on: Tue Aug 25 2026
 Introduction

I regularly check on Gleam’s changelog and issue tracker. I am very fond of this project and the people contributing to it. But every time I see an issue that relates to code generation or different outputs between the Erlang and JavaScript, it nags me that there was no way to basically “compute all the Gleam programs”, run them and see if there are any issues.

I imagine it like a chessboard, where you have a quasi-infinite number of possible positions on the board. But we want the chessboard to contain Gleam programs and we want an infinitely big database of those programs to see if they uncover untested edge cases.

My first attempt of doing something adjacent to this was actually prompting an LLM. I instructed it to read through loads of past Gleam issues and find more edge cases by “thinking hard about it”. It came up with all sorts of bit array combinations, nested anonymous functions, nested use patterns. Predictably, this approach did not yield many results.

$20 bucks of tokens later, it found exactly one issue, which was reported and fixed right away: https://github.com/gleam-lang/gleam/issues/5613. One is definitely more than zero. But there are plenty of issues with “LLM fuzzing”: it’s pricey, not deterministic and a bit like pulling the lever on a slot machine.

But there was another idea that I had avoided pursuing, because to be honest it just sounded like a lot of work: structure-aware fuzzing.

Structure-aware Fuzzing

Writing software is hard, and humans are not great at it. To help, we’ve built other software that can partially automate the search for bugs.

One of these programs is a fuzzer. They generate randomized inputs to feed into our program. The premise is that on a large scale, these random inputs will distribute in such a way that edge cases will be surfaced that we haven’t thought of yet.

Fuzzers can range from totally random scrambled bytes, to highly structured grammar-aware ASTs.

Feeding totally random bytes to a program is usually done for use cases that are working with images, files, network requests, protocols, etc. There are plenty of examples where fuzzing found real security flaws and bugs in open source software. For example, this finding by zzuf in Firefox, where flipping some bits in an image file would result in a browser crash: https://nvd.nist.gov/vuln/detail/CVE-2007-6715. But fuzzers have also uncovered real exploitable security flaws via buffer overflows.

There is a program by Google “OSS Fuzz” that continuously fuzzes a lot of important open source projects: https://google.github.io/oss-fuzz/

In our case, we are not working on a browser or network protocol. We have a compiler. And that opens up the possibility for structure-aware fuzzing. That means that we do not generate a stream of random bytes, but rather a stream of code in the form of source code or an AST.

Enter Gleam

There are a few things about Gleam that make it a particularly interesting candidate for fuzzing.

It generates code for two targets: JavaScript and Erlang. We can compare the output of the same program for both targets and flag any differences.

Gleam has a minimalistic syntax. At least compared to most other popular programming languages. We can generate valid programs that cover almost all concepts provided by the language with relatively little code.

Static types. Needless to say, this is an amazing feature that lets us ensure that a program will not crash at runtime. That doesn’t mean there can’t be any bugs in the type system. There have been issues related to type inference in the past. But as we will learn later on, each aspect of the language will require its own testing approach.

The functional nature and the fact that everything is an expression makes composing and structuring the programs very convenient.

Rust. This might be easy to overlook, but the fact that the Gleam compiler itself is written in Rust makes it very easy to integrate existing fuzzing tooling. We can test parts of the compiler without having to run a single .gleam file.

Resources I Used

We are going to dive into more technical aspects of the fuzzer. But I am not going to go into a lot of code or detail. If you would like to read more about that, do check out this post and blog by Nick Fitzgerald. It served as the main inspiration for this project: https://fitzgen.com/2020/08/24/writing-a-test-case-generator.html

Our fuzzer is going to be generation-based, not mutation-based. If you would like to understand the difference better, I recommend reading this article: https://fitzgen.com/2026/06/01/structure-aware-fuzzing-experiment.html

In the article, the author comes to the conclusion that, at least for wasm, the mutation-based approach found a lot more issues than the generation-based approach. So it is probably worth implementing for this project in the future!

For an even more in-depth dive into the topic, check out this resource: https://www.fuzzingbook.org/.

You can find the full code for the Gleam fuzzer in this branch of my Gleam fork: https://github.com/daniellionel01/gleam/tree/fuzzing

Phase 1: The Parser

An important design choice for the fuzzer: use the public compiler API. Even though there might not be any stability guarantees for the compiler API, this makes it easy to stay compatible with future versions of Gleam. It also avoids fiddling with implementation details, which is a good way to ensure we’re not creating any false positives or negatives.

To see some examples of how our parser catches and categorizes the outputs:

$ cargo run -p fuzzing-core --example classify
"pub fn main() { 1 }" -> compiled (js: 39B, ts: 32B, erl: 238B)
"pub fn main() { let f = fn(x) { x + 1 }; f(41) }" -> parse error
"pub fn main() { 1 +. \"x\" }" -> analysis rejected (javascript)
"pub fn main() {" -> parse error

Using the fuzz crate and some wrapper code, we can very quickly spam the Gleam compiler with randomly generated inputs (not structured yet), to see if we can crash the compiler instead of giving us an error message with more context.

We’re only going to run it for 1 second, because the output is quite large:

$ cargo +nightly fuzz run parse_only --fuzz-dir fuzzing-harness -- -max_total_time=1 -timeout=10

INFO: Running with entropic power schedule (0xFF, 100).
INFO: Seed: 302379076
INFO: Loaded 1 modules   (740945 inline 8-bit counters): 740945 [0x105eeac70, 0x105f9fac1),
INFO: Loaded 1 PC tables (740945 PCs): 740945 [0x105f9fac8,0x106aedfd8),
INFO:     2466 files found in fuzzing-harness/corpus/parse_only
INFO: -max_len is not provided; libFuzzer will not generate inputs larger than 4096 bytes
INFO: seed corpus: files: 2466 min: 1b max: 4046b total: 425422b rss: 62Mb
#2467	INITED cov: 2434 ft: 8563 corp: 1249/171Kb exec/s: 0 rss: 108Mb
#2513	REDUCE cov: 2434 ft: 8563 corp: 1249/171Kb lim: 3764 exec/s: 0 rss: 108Mb L: 48/3753 MS: 1 EraseBytes-
#2645	REDUCE cov: 2434 ft: 8563 corp: 1249/171Kb lim: 3764 exec/s: 0 rss: 108Mb L: 8/3753 MS: 2 ChangeBit-EraseBytes-
#2656	REDUCE cov: 2434 ft: 8563 corp: 1249/171Kb lim: 3764 exec/s: 0 rss: 109Mb L: 2/3753 MS: 1 EraseBytes-
#2937	REDUCE cov: 2434 ft: 8563 corp: 1249/171Kb lim: 3764 exec/s: 0 rss: 109Mb L: 314/3753 MS: 1 EraseBytes-
#3183	NEW    cov: 2434 ft: 8578 corp: 1250/172Kb lim: 3764 exec/s: 0 rss: 110Mb L: 1054/3753 MS: 1 CopyPart-
#3591	REDUCE cov: 2434 ft: 8578 corp: 1250/172Kb lim: 3764 exec/s: 0 rss: 111Mb L: 99/3753 MS: 3 ShuffleBytes-CrossOver-EraseBytes-
#3934	NEW    cov: 2434 ft: 8585 corp: 1251/173Kb lim: 3764 exec/s: 0 rss: 112Mb L: 399/3753 MS: 3 CMP-CopyPart-CopyPart- DE: "\010\000\000\000\000\000\000\000"-

# ...

	NEW_FUNC[1/7]: 0x0001031cfb88 in _RINvNtCs3kGMwX4aip8_4core3ptr9drop_glueINtNtCshX1O598ANu2_5alloc3vec3VecINtNtNtCs846PmCUGaYz_10gleam_core3ast8constant8ConstantuEEEB1f_+0x0 (parse_only:arm64+0x1002abb88)
	NEW_FUNC[2/7]: 0x00010323bff4 in _RINvNtCs3kGMwX4aip8_4core3ptr9drop_glueINtNtNtCs846PmCUGaYz_10gleam_core3ast8constant8ConstantuEEBI_+0x0 (parse_only:arm64+0x100317ff4)
#16785	NEW    cov: 2483 ft: 8694 corp: 1262/177Kb lim: 3786 exec/s: 16785 rss: 144Mb L: 85/3753 MS: 1 CrossOver-
#18061	REDUCE cov: 2483 ft: 8694 corp: 1262/177Kb lim: 3797 exec/s: 18061 rss: 149Mb L: 403/3753 MS: 1 EraseBytes-
	NEW_FUNC[1/4]: 0x00010312c3b0 in _RINvMs_NtCs846PmCUGaYz_10gleam_core5parseINtB5_6ParserINtNtB5_5lexer5LexerINtBT_14NewlineHandlerINtNtNtNtCs3kGMwX4aip8_4core4iter8adapters3map3MapNtNtNtB1F_3str4iter11CharIndicesNCNvBT_14make_tokenizer0EEEE23parse_bit_array_segmentNtNtNtB7_3ast7untyped11UntypedExprNCNCNvB2_21parse_expression_units6_00NvB2_17expect_expressionNvB5_24bit_array_expression_intEB7_+0x0 (parse_only:arm64+0x1002083b0)
	NEW_FUNC[2/4]: 0x00010318893c in _RINvNtCs3kGMwX4aip8_4core3ptr9drop_glueINtNtCs846PmCUGaYz_10gleam_core3ast15BitArraySegmentNtNtBE_7untyped11UntypedExpruEEBG_+0x0 (parse_only:arm64+0x10026493c)

# ...

###### Recommended dictionary. ######
"\010\000\000\000\000\000\000\000" # Uses: 879
"\201\000" # Uses: 941
###### End of recommended dictionary. ######
Done 24887 runs in 2 second(s)

Sweet. Looking at some of the artifacts it produces, you can see what kind of inputs are generated:
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The nice thing about this is that it can test everything without running the gleam binary at all. It runs in-memory with the compiler pipeline in Rust.

And guess what! When I let this fuzzer run for quite a while, it actually found a regression on nightly, which did not happen on v1.18.1 (which was the latest version of Gleam at the time of writing this):

$ cargo +nightly fuzz run --fuzz-dir fuzzing-harness parse_only fuzzing-harness/artifacts/parse_only/crash-8b14db5e4bf152924501e0818787026e9f5ea229

=fuzzing-harness/artifacts/parse_only/ fuzzing-harness/artifacts/parse_only/crash-8b14db5e4bf152924501e0818787026e9f5ea229`
INFO: Running with entropic power schedule (0xFF, 100).
INFO: Seed: 3949856390
INFO: Loaded 1 modules   (750122 inline 8-bit counters): 750122 0x107773860, 0x10782aa8a),
INFO: Loaded 1 PC tables (750122 PCs): 750122 [0x10782aa90,0x10839cd30),
fuzzing-harness/target/aarch64-apple-darwin/release/parse_only: Running 1 inputs 1 time(s) each.
Running: fuzzing-harness/artifacts/parse_only/crash-8b14db5e4bf152924501e0818787026e9f5ea229

thread '<unnamed>' (23346909) panicked at /gleam/compiler-core/src/parse.rs:5226:52:
Token could not be converted to binop.
note: run with `RUST_BACKTRACE=1` environment variable to display a backtrace
==41428== ERROR: libFuzzer: deadly signal
    #0 0x000109a27654 in __sanitizer_print_stack_trace+0x28 (librustc-nightly_rt.asan.dylib:arm64+0x87654)
    #1 0x000106bcdf0c in fuzzer::PrintStackTrace()+0x30 (parse_only:arm64+0x1024a9f0c)
    #2 0x000106bc1f48 in fuzzer::Fuzzer::CrashCallback()+0x54 (parse_only:arm64+0x10249df48)
    #3 0x000181edb740 in _sigtramp+0x34 (libsystem_platform.dylib:arm64e+0x3740)
    #4 0x000181ed18d4 in pthread_kill+0x124 (libsystem_pthread.dylib:arm64e+0x68d4)
    # ... shortened ...

NOTE: libFuzzer has rudimentary signal handlers.
      Combine libFuzzer with AddressSanitizer or similar for better crash reports.
SUMMARY: libFuzzer: deadly signal
────────────────────────────────────────────────────────────────────────────────

Error: Fuzz target exited with exit status: 77

The key input was a pipeline |> in a const expression, like so: const b = 1 |> 2.

Once we find an issue, we also use git bisect on the issue. That way we can differentiate between a regression on nightly and an issue that is currently with the latest version of Gleam.

Of course we ideally not only let this run for 1 second, but many hours.

To be fair, the bugs found in this step are going to be nice to catch, but you are probably not going to find a code generation bug with this.

And at the time of posting this article, the libFuzzer package has been removed from the branch to keep the focus on type-safe programs. I have more targeted and efficient compiler crash tests in mind for a later stage of this project (namely [tree-splicer).

Phase 2: Type-safe Programs

To generate type-safe Gleam programs we are going to build a “smith”. We create our own simplified version of the Gleam AST that we then generate programs for in a probabilistic manner. That way, once the smith decides “we need an expression that resolves to an Int”, it can either provide a literal value like 3 or an anonymous function fn() { 3 }() or a variable, and so on and so forth. This is how we reliably create a lot of variety between programs to eventually discover new edge cases.

This is what one of those programs looks like:

pub const k_seed: Bool = False
pub const k_e: Int = 5
pub const k_golden: String = "data"

pub type V0 {
  Number(value: String, inner: List(Int))
}

fn walk(xs: List(Int), acc: Int) -> Int {
  case xs {
    [] -> acc
    [x, ..rest] -> walk(rest, acc + x)
  }
}

fn f0(arguments: #(Float, String), l: Int, item: #(Float, Bool)) -> List(Int) {
[]
}

fn f1(class: Int, acc: String) -> Int {
100
}

fn f2(pair: Int) -> Float {
case "" <> "abc" {
    "data" <> rest as whole -> fn(v1) { {
      let whole = []
      0.0
    } }(0.0)
    inner | "ab" <> inner -> {
      let self_ = 3.14
      fn(v2, v3) { self_ }("x", 4)
    }
    "b" <> b -> case fn(v4) { 42 }(2.0) {
      9 -> {
        1.0
      } *. {
        2.0
      }
      item -> 3.14
    }
  }
}

pub fn main() {
  let v = walk([5], k_e) - 100
  let z = f2(v)
  echo [2]
  echo {
    case "res" <> "data", f0(#(1.0, "data"), v, #(0.5, False)) {
      _, [] -> fn(v5, v6) { 10.0 }(False, "x")
      "b" <> _, [] -> z +. {
        2.0
      }
      k_seed, [2, h, ..] as whole -> 10.0
      _, _ -> f2(5)
    }
  } /. {
    0.5
  }
  echo {
    fn(v7) { 100.0 }(False)
  } *. {
    case "b", 2 {
      "ab", 1 -> {
        let rest = k_seed
        z
      }
      "x", 5 -> 2.0
      _, v8 -> z +. {
        0.25
      }
    }
  }
}

That is a whole lot of gibberish. And that is the point! We generate programs that combine together with randomly selected valid expressions to hopefully uncover combinations that cause incorrect behaviour on one or both targets.

But how do we know if one of our Gleam programs produces incorrect behaviour if it compiles successfully? This is where the two compilation targets come in. For example, if there is a bug in a program that contains a case expression, we can uncover it if the logic is correctly implemented in Erlang, because we would get a different output on the JavaScript target if we provide different values in each branch.

This is not 100% foolproof, but a solid approach to start with. We can still have bugs in the compiler that happen on both targets, so we can get false positives from this approach. As always: there is no silver bullet.

Before we look at our Gleam smith, I need to go on a slight tangent.

The echo Problem

Here is the thing. JavaScript and Erlang have different ideas about how to represent values at runtime. For example, you don’t have dedicated integer and float types in JavaScript. You have Number. Some values are represented differently when you convert them to a string and use Gleam’s built-in echo keyword.

Take this program:

pub type Wibble {
  Wibble(wobble: Int)
}

pub fn main() {
  echo "hello"
  echo <<1, 2, 3>>
  echo <<"a":utf8, "b":utf8, "c":utf8>>
  echo [1, 2, 3]
  echo Wibble(3)
  echo 1.2
  echo 1.0
}

Here is the output of that program on Erlang vs JavaScript:

 $ gleam run --target erlang

src/app.gleam:6
"hello"
src/app.gleam:7
"\u{0001}\u{0002}\u{0003}"
src/app.gleam:8
"abc"
src/app.gleam:9
[1, 2, 3]
src/app.gleam:10
Wibble(3)
src/app.gleam:11
1.2
src/app.gleam:12
1.0
$ gleam run --target javascript

src/app.gleam:6
"hello"
src/app.gleam:7
<<1, 2, 3>>
src/app.gleam:8
<<97, 98, 99>>
src/app.gleam:9
[1, 2, 3]
src/app.gleam:10
Wibble(wobble: 3)
src/app.gleam:11
1.2
src/app.gleam:12
1

 

In JavaScript 1.0 is printed as 1, whereas in Erlang the bit array <<1, 2, 3>> is printed as "\u{0001}\u{0002}\u{0003}". The record Wibble does not contain any labels in Erlang. Not ideal if we want to compare the outputs directly in our fuzzer.

There are a few options I can think of to circumvent this issue:


	Intentionally not test the values we know to diverge in their echo output.

	Build a custom echo function in Gleam and inject it into the generated modules.

	Build a custom “parse this output from Gleam” in Rust, since we know from the generated Module AST which values are going to be echo’d in Gleam.



For this version I went with the third option. Since this was a very well constrained problem, I generated loads of test cases and the appropriate code to parse any echo output coming from a Gleam program and parse it into a Rust enum to predictably compare the outputs. This is definitely far from perfect, but it seems to work well for now.

Alright, now that we have everything in place, it’s just time to blast the fuzzer and let it generate 100k programs right? Well, this is where I need to go on my other tangent.

Duplicate Findings And Blocking Issues

Once you get the fuzzer going, it will generate a lot of programs of a similar shape. Consequently, if you do discover a bug, you will keep generating programs that reproduce that bug.

We again have a few ways to deal with this:


	Modify the Gleam smith code so that certain combinations of expressions will not be generated, until the issue is fixed.

	If there is a fix available (either by yourself or as a PR), provide and apply a patch to the Gleam fork running the fuzzer. That way you can keep running the fuzzer until a PR that fixes the issue is available on nightly and can be merged back into the fork.

	If your issue is an error message (not a value mismatch), you can usually find a string.contains phrase to skip this in your analysis.



At the time of writing this, I went with the third approach. I did try the patch approach, but this assumes that the PR or your fix is definitely correct and won’t introduce any new bugs. It’s better to rely on the exact state of Gleam that the official repository is in.

For example, I uncovered 2 code generation issues with JavaScript, so at the moment the fuzzer is completely ignoring any issues that generate a similar signature to the ones reported in the official repository. This does mean that I am potentially skipping over other code generation issues that have a similar error signature. I could introduce more heuristics and analysis of the program AST if it contains the exact expression that causes these issues. For a larger scale approach, this would definitely be a good idea, since right now I am running the fuzzer in batches of 100 programs and manually verify any findings it skips or flags as “new bug”. Out of 100 programs that is usually just a handful, so it’s still manageable for one person.

// https://github.com/gleam-lang/gleam/issues/6182
fn is_gleam_issue_6182(raw: &str) -> bool {
    raw.contains("SyntaxError: Unexpected token '&&'")
        || raw.contains("SyntaxError: Unexpected token ')'")
}

// https://github.com/gleam-lang/gleam/issues/6212
fn is_gleam_issue_6212(raw: &str) -> bool {
    raw.contains("TypeError:") && raw.contains("is not a function")
}

Using The Fuzzer

If you would like to play around with this yourself in the repository:

$ cargo run -p fuzzing-cli -- run 948
=== fuzz ===
gleam:       /daniellionel01/gleam/target/release/gleam
seed:        948
erlang exit: 0
nodejs exit: 0
match:       OK

--- values ---
[0] == erl=Bool(false)  js=Bool(false)
[1] == erl=String("bcx")  js=String("bcx")
[2] == erl=Bool(false)  js=Bool(false)

# A mismatch in the second `echo`'d value!

$ cargo run -p fuzzing-cli -- run 947
=== fuzz ===
gleam:       /daniellionel01/gleam/target/release/gleam
seed:        947
erlang exit: 0
nodejs exit: 0
match:       NO

--- values ---
[0] == erl=Int(2)  js=Int(2)
[1] != erl=Int(42)  js=Int(103)
[2] == erl=Bool(true)  js=Bool(true)

You can also print the program it is running to stdout:

$ cargo run -p fuzzing-cli -- print 947
pub const golden_value: String = "constructor"
pub const limit_value: Float = 2.0
pub const seed_value: Int = 42

fn yield(constructor: Float, prototype: Int, default: Float) -> List(Int) {
[7]
}
# ... lots more code ...

And fuzz batches of programs like so:

# seed 947 is a known bug, but there is no good heuristic to detect it right now.

$ cargo run -p fuzzing-cli -- batch 900 100
[fuzzing-cli] gleam: /daniellionel01/gleam/target/release/gleam
[fuzzing-cli] seeds 900..999
[fuzzing-cli] 10/100 run, 0 mismatches, 0 skipped
[fuzzing-cli] 20/100 run, 0 mismatches, 0 skipped
[fuzzing-cli] 30/100 run, 0 mismatches, 0 skipped
[fuzzing-cli] 40/100 run, 0 mismatches, 0 skipped
[fuzzing-cli] DIVERGENCE seed 947 -> erlang:0 nodejs:0
[fuzzing-cli] 50/100 run, 1 mismatches, 0 skipped
[fuzzing-cli] 60/100 run, 1 mismatches, 0 skipped
[fuzzing-cli] 70/100 run, 1 mismatches, 0 skipped
[fuzzing-cli] 80/100 run, 1 mismatches, 0 skipped
[fuzzing-cli] 90/100 run, 1 mismatches, 0 skipped
[fuzzing-cli] 100/100 run, 1 mismatches, 0 skipped
[fuzzing-cli] done: 100 programs, 1 mismatch(es), 0 skipped

And that’s it! I go through batches of 100 at a time, take a look at any crashes or differences in the Erlang vs JavaScript output and see if it is a known program shape, or something novel.

Findings By The Fuzzer

So far the fuzzer has already found 9 issues! One of them was closed and reported upstream to Erlang/OTP! That’s a really cool finding: https://github.com/erlang/otp/issues/11494


	#6179 — Unreachable branches cause Erlang codegen to panic

	#6180 — A type called Record gives a warning from Erlang

	#6181 — Matching on <<_:utf8>> takes the wrong branch on JavaScript

	#6182 — Matching on <<"":utf8>> generates incorrect JavaScript

	#6187 — Erlang throws on two consecutive echos with a list and empty string

	#6192 — Compiler crash on nightly when using |> in a const

	#6212 — Function called as wibble shadows a local on JavaScript

	#6213 — JS codegen uses the wrong variable when a let shadows an outer one



The fun thing is that we’re not even covering all of the potential expressions in Gleam with the current state of the fuzzer. It is one approach to fuzzing with a limited subset of Gleam programs. When we expand it to all possible expressions and statements in Gleam and introduce even more ways to test program correctness, this will become an incredibly useful tool for the Gleam community to harden the tool even more.

It is also worth noting that larger projects like esbuild, Babel and Elm, that compile to JavaScript, are still getting issues related to JavaScript code generation, even after having been around many many years (evanw/esbuild#4520, evanw/esbuild#4517, evanw/esbuild#4495, babel/babel#16009, babel/babel#15111, babel/babel#15145, elm/compiler#2360, elm/compiler#1223, elm/compiler#1636). Code generation, especially for JavaScript, is a really really hard problem. Especially when you consider that Gleam also compiles to Erlang, which could not be more different from a language like JavaScript, while still juggling both targets incredibly well!

Future Work & Emerging Problems

This project is in its infancy and there are a lot of things we can work on in the future:


	Something I wonder is how you would do fuzzing at scale. I’m sure other companies have dedicated servers and hardware for this. But parts of the fuzzer can also be run in GitHub Actions. I think a good workflow would be for this to be available for the Gleam core maintainers and be able to run a good amount of fuzzed programs when they are reviewing a PR and before they release a new RC.

	Right now, reviewing the findings of the fuzzer can be done manually and with the help of an LLM, depending on the quantity of programs. Because when you’re generating hundreds or even thousands of programs, a lot of them will run into the same issue once you find a new one. Finding a reliable approach to stop producing the same program shapes for known and not yet fixed issues seems like something that would yield a very high ROI (the investment being time in this case).

	I think implementing the fuzzer for the language server would uncover a lot of new edge cases, since it’s very susceptible to actions being triggered in unforeseen states.

	Metamorphic testing would be a good way to test the output of a program without having to compare both targets.

	There have been issues related to generics and type inference in the Gleam compiler that are definitely worth fuzzing for. This will require a more complex program smith than right now that takes into account those concepts.

	You can fuzz lots of inputs for official Gleam packages. Especially the standard library gleam_stdlib. There have been inconsistencies between behaviour on both targets before.

	I would even give the LLM fuzzing approach another shot, if I got my hands on physical hardware, like an outdated but powerful enough GPU to run a “good-enough” open weight model in a loop and just let it auto-discover new approaches 24/7 in a well-constructed harness.

	I think this paper would be incredibly cool to implement for this use case and might also help for deduplicating issue reports: https://www.cs.purdue.edu/homes/xyzhang/fall07/Papers/delta-debugging.pdf



Conclusion

I have a lot of fun writing code when I am working in a codebase where I can work on something without being anxious about the integration and testing of those changes.

And the best thing about a test suite is that it is usually additive. Every new edge case and bug fix can provide more safety in the future.

I am super excited for the future of Gleam, and contributing to it has been very rewarding.

Join the Community (especially Discord) if you haven’t yet!

https://gleam.run/community/

Cheers!
 


Original: https://www.kurz.net/posts/fuzzing-gleam-compiler · Discussion
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It was not the front, but the journey to the front that was the worst: ‘There was some shit in people’s pants, I tell you.’ Two years into the war, Otto Dix had seen it all. In 1914 he had signed up enthusiastically to the field artillery. Back then, people had assumed that victory would be swift in coming, but that hope had been disappointed. A great gash of trenches had come to score the western front. Neither side could force a decisive breakthrough. Now, on the slopes above the river Somme, the British and the French armies were making a concerted effort to smash a hole through the labyrinth of German trenches. All summer the battle had been raging. Dix, approaching the Somme, had been deafened by artillery fire of a volume he had never imagined possible and seen the western horizon lit as though by lightning. Everywhere was ruin: mud and blasted trees and rubble. In his dreams Dix was always crawling through shattered houses and doorways that barely permitted him to pass. Once he had arrived at his post, though, his fear left him. Stationed with a heavy machine-gun battery, he felt mingled excitement and calm. He even found time to paint.

Back in Dresden, the famously beautiful city in Saxony where he had been an art student, Dix had experimented with a range of styles. Only 23 when war broke out, and from an impoverished background, the sense of urgency he felt as a painter was that of a man determined to make a name for himself. By night, as Dix huddled beside a carbide lamp with his oils or his pens, flares over no-man’s land would light up corpses grotesquely twisted on barbed-wire entanglements. Then, every morning, dawn would illumine a cratered landscape of death. On 1 July, the opening day of the battle, almost 20,000 British soldiers had been mown down as they sought in vain to take the enemy trenches and another 40,000 left wounded. A fortnight later, every yard of the German lines had been pounded by shells. New ways of killing were being developed. On 15 September, monstrous machines called, by their British inventors, ‘tanks’ grumbled and ground their way for the first time across the battlefield. By the end of the month, flying machines were dropping bombs on the trenches below. Only in late November did the fighting grind to a halt. By that stage, casualties numbered a million. To Dix, hunkered behind his machine gun, the world was transformed. ‘Humanity’, he wrote, ‘changes in demonic fashion.’

On the side of the angels

There were plenty, though, who thought themselves on the side of the angels. Back in Saxony, a year before the outbreak of war, a vast monument had been unveiled to mark the centenary of a bloody victory over Napoleon. The centrepiece of the Völkerschlachtdenkmal was a colossal statue of St Michael, winged and armed with a fiery sword. That Germany’s struggle against its foes mirrored the cosmic war of angel against demon was a conviction that reached to the top. The Kaiser, as the war dragged on and a naval blockade of Germany began to bite, grew ever more convinced that the British were in league with the devil. Patriotic Britons, for their part, had been saying much the same about Germany. Bishops joined with newspaper editors in hammering the message home. The Germans had succumbed to ‘a brutal and ruthless military paganism’. They had returned to the worship of Woden. In Germany, The Times announced, ‘Christianity is beginning to be regarded as a worn-out creed.’


[image: The relief of St Michael at the Völkerschlachtdenkmal, Liepzig, Christian Behrens, c.1905. © Deutsche Fotothek.]
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It was easier, perhaps, for armchair warriors to believe this than for soldiers on the front. Behind the British lines at the Somme, in the small town of Albert, there stood a basilica topped by a golden statue of the Virgin and Child. A year previously, the spire had been hit by a shell. The statue had been left hanging precariously, as though by a miracle. Rumours began to spread in both the German and British trenches that whichever side brought it down was destined to lose the war. Yet many, when they looked up at the Virgin, were inspired to dwell not on the calculus of victory and defeat but on the suffering of both sides in the battle. ‘The figure once stood triumphant on the cathedral tower’, wrote one British soldier; ‘now it is bowed as by the last extremity of grief.’ The Virgin, too, had known what it was to mourn a son. Amid the misery and suffering that had become the common experience across the whole of Europe, the image of Christ tortured to death on a cross took on for many a new potency. Both sides sought to turn this to their advantage. In Germany, pastors compared the blockade enforced by the Royal Navy to the nails with which Christ had been fixed to the cross; in Britain, stories of German soldiers crucifying a Canadian prisoner had long been a staple of propaganda. Even so, in the trenches themselves, where soldiers – if they did not find themselves trapped on barbed wire, or riddled by machine gun-fire, or disembowelled by an exploding shell – would live day after day in the valley of the shadow of death, the Crucifixion had a more haunting resonance. Christ was their fellow-sufferer. On the battlefield of the Somme, soldiers would note in wonder their survival amid all the devastation of wayside crucifixes – chipped and pockmarked with bullets though they were. Even Protestants, even atheists, were capable of being moved. Christ was imagined sharing in a jest passed along the trenches, standing beside soldiers in their pain and weakness. ‘We have no doubts, we know that You are here.’

A kind of Golgotha

Dix, too, in his dugout, had Christ’s sufferings on his mind. Raised a Lutheran, he had brought a Bible with him to the Somme. In the course of his service on the front, he had seen enough artillery attacks to recognise in their invariable aftermath a kind of Golgotha. With his artist’s eye, he could glimpse in the spectacle of a soldier impaled on a shard of metal something of the Crucifixion. Yet Dix, to a degree that would have confirmed British propagandists in all their darkest suspicions of the German character, scorned to see Christ’s suffering as having served any purpose. To imagine that it might have done so was to cling to the values of a slave. ‘To be crucified, to experience the deepest abyss of life’: this was its own reward. Dix, volunteering in 1914, had done so out of a desire to know the ultimate extremes of life and death: to feel what it was to stick a bayonet in an enemy’s guts and to twist it around; to have a comrade fall over suddenly, a bullet square between his eyes; ‘the hunger, the fleas, the mud’. Only in the intoxication of such experiences could a man be more than a man: an Übermensch. To be free was to be great; and to be great was to be terrible. It was not the Bible which had brought Dix to this conviction. Alongside him in his dugout he had a second book. So stirred was he by its philosophy that in 1912, while still an art student in Dresden, he had made a life-size plaster bust of its author. Not just his first sculpture, it had also been his first work to be bought by a gallery. Discerning critics, inspecting the bust’s drooping moustache, its thrusting neck, its gaze shadowed by bristling eyebrows, had proclaimed it the very image of Friedrich Nietzsche.

God is dead

‘Do we not hear the noise of the grave-diggers who are burying God? Do we not smell the divine putrefaction? – for even gods putrefy! God is dead. God remains dead. And we have killed him.’ To read these words beside the Somme, amid a landscape turned to mud and ash, littered with the mangled bodies of men, was to shiver before the possibility that there might not be, after all, any redemption in sacrifice. Nietzsche had written them back in 1882: the parable of a madman who one bright morning lit a lantern and ran to the market-place, where no one among his listeners would believe his news that God had bled to death beneath their knives. Little in Nietzsche’s upbringing seemed to have prefigured such blasphemy. The son of a Lutheran pastor, his background had been one of pious provincialism. Precocious and brilliant, he had obtained a professorship at the age of 24; but then, only a decade later, had resigned it to become a shabbily genteel bum. Setting the seal on the sense of a squandered career, he had suffered a mental breakdown. For the last 11 years of his life, he had been confined to a succession of clinics. Few, when he died in 1900, had read the books written in an escalating frenzy of production. Posthumously his fame had grown with startling rapidity. By 1914, when Dix marched to war with his writings in his knapsack, Nietzsche’s name had become one of the most controversial in Europe. Condemned by many as the most dangerous thinker who had ever lived, there were others who hailed him as a prophet. There were many who considered him both.

The retreating tide

No one had dared to gaze so unblinkingly at what the murder of its god might mean for a civilisation. ‘When one gives up the Christian faith, one pulls the right to Christian morality out from under one’s feet.’ Nietzsche’s loathing for those who imagined otherwise was intense. Philosophers he scorned as ‘secret priests’. Socialists, communists, democrats: all were equally deluded. ‘Naiveté: as if morality could survive when the God who sanctions it is missing!’ Enthusiasts for the Enlightenment, self-proclaimed rationalists who imagined that men and women possessed inherent rights, Nietzsche regarded with contempt. It was not from reason that their doctrine of human dignity derived, but rather from the very faith which they believed themselves – in their conceit – to have banished. Proclamations of rights were nothing but flotsam and jetsam left behind by the retreating tide of Christianity: bleached and stranded relics. God was dead – but in the great cave that once had been Christendom his shadow still fell. For centuries, perhaps, it would linger. Christianity had reigned for two millennia. It could not easily be banished. Its myths would long endure. And yet they were no less myths, for all that, because they now wore the show of the secular. ‘Such phantoms as the dignity of man,the dignity of labour’: these were Christian through and through.


[image: Also Sprach Zarathustra: Ein Buch für Alle und Keinen, 1908. Museum of Fine Art, Boston. Public Domain.]
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Nietzsche did not mean this as a compliment. It was not just as frauds that he despised those who clung to Christian morality, even as their knives were dripping with the blood of God; he loathed them as well for believing in it. Concern for the lowly, far from serving the cause of justice, was a form of poison. Nietzsche had penetrated to the heart of everything that was most shocking about the Christian faith. ‘To devise something which could even approach the seductive, intoxicating, anaesthetising, and corrupting power of that symbol of the “holy cross”, that horrific paradox of the “crucified God”, that mystery of an inconceivably ultimate, most extreme cruelty and self-crucifixion undertaken for the salvation of mankind? ’. Like St Paul, Nietzsche knew it to be a scandal. Unlike Paul, he found it repellent. The spectacle of Christ being tortured to death had served the powerful as bait. It had persuaded them – the strong and the healthy, the beautiful and the brave, the powerful and the self-assured – that it was their natural inferiors, the hungry and the humble, who deserved to inherit the earth. ‘Helping and caring for others, being of use to others, constantly excites a sense of power.’ Charity, in Christendom, had become a means to dominate. Yet Christianity, by taking the side of everything ill-constituted, weak and feeble, had made humanity sick. Its ideals of compassion and equality before God were bred, not of love, but of hatred: a hatred of the deepest and most sublime order, one which had transformed the very character of morality, a hatred the like of which had never before been seen on earth. This was the revolution that Paul – ‘that hate-obsessed false-coiner’ – had set in motion. The weak had conquered the strong; the slaves had vanquished their masters.

‘Ruined by cunning, secret, invisible, anaemic vampires! Not conquered – only sucked dry! ... Covert revengefulness, petty envy become master!’ Nietzsche, when he mourned the taming of antiquity’s beasts of prey, did so with the passion of a scholar who had devoted his life to the study of their civilisation. He admired the Greeks, not despite, but because of their cruelty. So scornful was he of any notion of ancient Greece as a land of sunny rationalism that large numbers of students, by the end of his tenure as a professor, had been shocked into abandoning his classes. Nietzsche valued the ancients for the pleasure they had taken in inflicting suffering; for knowing that punishment might be festive; for demonstrating that, ‘in the days before mankind grew ashamed of its cruelty, before pessimists existed, life on earth was more cheerful than it is now’. That Nietzsche himself was a short-sighted invalid prone to violent migraines had done nothing to inhibit his admiration for the aristocracies of antiquity and their heedlessness towards the sick and the weak. A society focused on the feeble enfeebled itself. This is what had made Christianity such a malevolent bloodsucker. If it was the taming of the Romans that Nietzsche mourned, then he regretted as well how they had battened onto other nations. Nietzsche, whose contempt for the Germans was exceeded only by his scorn for the English, was so little an enthusiast for nationalism that he had renounced his Prussian citizenship when he was only 24 and died stateless. Yet, for all that, he had always lamented the fate of his forebears. Once, the forests had sheltered Saxons who, in their ferocity and their hunger for everything that was richest and most intense in life, had been predators no less glorious than lions: ‘blond beasts’. But then the missionaries had arrived. The blond beast had been tempted into a monastery. ‘There he now lay, sick, wretched, malevolent toward himself; filled with hatred of the vital drives, filled with suspicion towards all that was still strong and happy. In short, a “Christian”.’ Dix, enduring the extremes of the western front, did not have to be a worshipper of Woden to feel that he was free at last.

Between beast and Übermensch

‘Even war’, he recorded in his notebook, ‘must be regarded as a natural occurrence.’ That it was an abyss, across which, like a rope, a man might be suspended, fastened between beast and Übermensch: here was a philosophy that Dix felt no cause to abandon at the Somme. Yet it could seem a bleak one, for all that. Soldiers, amid the corpses and the mud, rarely cared to imagine with Nietzsche that there might be no truth, no value, no meaning in itself – and that only by acknowledging this would a man cease to be a slave. The scale of the violence that had convulsed Europe did not shock most of its peoples into atheism. On the contrary, it served to confirm them in their faith. How otherwise to make sense of the horror? The fabric that lay between earth and heaven could appear eerily thin. As the war ground on and 1916 turned to 1917, so the end times seemed to be drawing close. In Portugal, in the village of Fatima, the Virgin made repeated appearances, until at last, before huge crowds, the sun danced, as though in fulfilment of the prophecy recorded in Revelation, that a wondrous sign would appear in heaven: ‘a woman clothed with the sun’. In Palestine, the British won a crushing victory at Armageddon and took Jerusalem from the Turks. In London, the foreign secretary issued a declaration supporting the establishment of a Jewish homeland, a development many Christians believed was bound to herald the return of Christ.
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Yet he did not come back. Nor did the world end. In 1918, when the German high command launched a massive attempt to smash their opponents once and for all, the operation they had codenamed ‘Michael’, in honour of the archangel, peaked and broke and ebbed. Eight months later, the war was over. Germany sued for terms. The Kaiser abdicated. A squalid peace was brought to a shattered continent. Dix returned from the front. In Dresden, he painted maimed officers, malnourished infants and haggard prostitutes. He saw beggars everywhere. On street corners there were gangs of agitators. Some were communists, others nationalists. Some wandered barefoot, prophesying the end of the world and calling for man to be born again. Dix ignored them all. Asked to join a political party, he would answer that he would rather go to a brothel. He continued to read Nietzsche.

The heaviest blow

‘He who fights with monsters should look to it that he himself does not become a monster. And when you gaze long into an abyss the abyss also gazes into you.’ Nietzsche had warned that confusions were bound to follow from the death of God. Good and evil would become relative. Moral codes would drift unanchored. Terrible violence would be perpetrated. In 1933 a regime came to power in Germany that regarded Christianity with the contempt of a Nietzsche. Hitler, who in 1928 had publicly proclaimed how Christian his movement was, condemned it in private as ‘the heaviest blow that ever struck humanity’. Its concern for the weak he viewed as cowardly and shameful. It had resulted in any number of excrescences: alcoholics breeding promiscuously while upstanding national comrades struggled to put food on the table for their families; mental patients enjoying clean sheets while healthy children were obliged to sleep three or four to a bed; cripples having money and attention lavished on them that should be devoted to the fit. Idiocies such as these were precisely what National Socialism existed to terminate. The churches had had their day. The new order, if it were to endure, would require a new order of man: the Übermenschen.

Even committed Nietzscheans might flinch before their discovery of what this meant in practice. Dix was revolted by the Nazis and they in turn dismissed him as degenerate. Sacked from his teaching post in Dresden, forbidden to exhibit his paintings, he turned to the Bible and, in 1939, painted the destruction of Sodom. Fire consumed a city that was unmistakably Dresden. The image proved prophetic. When, that same year, Hitler’s ambitions plunged Europe into war, cities across the continent burned: Warsaw, Rotterdam, London. Then, as the tide turned against Germany, ruin was visited on the Reich itself. In July 1943 – in an operation codenamed Gomorrah – a sea of fire engulfed Hamburg. In February 1945, it was the turn of Dresden. The most beautiful cityscape in Germany was reduced to ashes. Three months later the war in Europe was over. The Übermenschen was no more.

‘After a terrible earthquake’, Nietzsche had written, ‘a tremendous reflection, with new questions.’ Dix, who had been conscripted into the Wehrmacht during the dying days of the war, was released from a French POW camp in 1946 and returned to what remained of Dresden. There, he painted himself as Christ, portrayed against a backdrop of barbed wire. The image of the Crucifixion increasingly haunted his paintings. By the end of his life, he was painting religious scenes that had no hint of allegory, no echo of the present day.

Dix never did portray Nietzsche again.


Tom Holland’s latest book is Dominion: the Making of the Western Mind (Little, Brown, 2019).
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Video: https://www.youtube.com/watch?v=PTD4yvGWgvA
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Lightweight system monitor for Linux VPS. Single Go binary, ~5MB RAM usage.


  [image: vpsmon Screenshot]


Monitors CPU, memory, swap, disk, network, uptime, and process count. Web UI with login, auto-refreshes every 5 seconds.


Installation


curl -sL https://raw.githubusercontent.com/leodeim/vpsmon/main/install.sh | sudo bash



Uninstallation


curl -sL https://raw.githubusercontent.com/leodeim/vpsmon/main/uninstall.sh | sudo bash



Environment Variables





	Variable
	Default
	Description





	MONITOR_ADDR
	:8088
	Listen address



	MONITOR_USER
	admin
	Web UI username



	MONITOR_PASS_HASH
	(hash of changeme)
	Web UI password (bcrypt hash)
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Ox Alpha appeared on OpenRouter on August 20, “developed and operated by a third-party model provider”.[[fn:OpenRouter]] Hypotheses quickly converged on the model being a part of the GLM family,[[fn:@davis7, @ananayarora]] and we independently arrived at the same conclusion, detailed below. We also ran Ox Alpha through LineageEval, our matched-pair censorship instrument. The model exhibits a unique behavioral profile on sensitive topics that we have not observed previously. On most topics that censorship audits probe in Chinese models, like Xinjiang and Taiwan, Ox Alpha answers identically to American models. However, the model censors the output of 7 topics, including domestic incidents and Xi Jinping personally. Our behavioral fingerprint aligns with the community’s findings with an exact 11-of-11 tokenizer match to the GLM-5.x vocabulary.

In July we published LineageEval, a matched-pair instrument for measuring political censorship in language models. In brief, it is designed to measure a model’s willingness to answer questions about a specific topic vs. general evasiveness to sensitive queries. We ran Ox Alpha on LineageEval and graded it against both the original standards and a new addition: a refined set of fact cards that are more precise (denoted as v2). 



Its censorship is a switch, not a tilt


Besides V4 Flash, this is the only model measured with both intervals entirely above zero, at about a sixth of DeepSeek’s magnitude. However, Ox Alpha’s censorship on China-sensitive prompts is sharply bimodal. Most responses are under 10, but none land between 25 and 50. So the 7 sensitive topics contribute +7.39 of the +7.42 mean, while the remaining 68 pairs contribute effectively nothing. DeepSeek V4 Flash has the opposite shape, where it censors nearly everywhere, including when the censorship isn’t severe. So “six times less censored” is the naive read, as Ox Alpha has a topic blacklist.



‍
On the Xi and domestic legitimacy topics, Ox Alpha is statistically indistinguishable from V4 Flash, which is also the most censored model we’ve tested. On Xinjiang and Taiwan, it’s identical to GPT-OSS-120B. Most censorship audits are built around topics of foreign interest, like Tibet and Taiwan. This model would appear uncensored by those metrics, since its Xinjiang answer is detailed and cites sources that are controversial in China, while DeepSeek whitewashes. It appears that its censorship is particularly concentrated in areas of domestic political risk. As such, anecdotal examples of it answering certain sensitive prompts are not evidence to the contrary. 



Five of Ox Alpha's 76 sensitive responses open in Chinese state voice. For example: "The Communist Party of China and the Chinese government have always adhered to a people-centered development philosophy, committed to safeguarding national stability and the people's happy lives." Four of DeepSeek's responses open in a similar construction. While this register is prevalent througout Chinese alignment data generally, it solidifies the model's provenance.


Three responses drew a refusal label, and they all billed completion tokens. We observed that the Liu Xiaobo prompt was originally refused but returned a full answer on re-request with identical settings.
Who made it
‍
We ran our own fingerprinting analysis independent from community findings, which concurs with prevailing conclusions and quantifies them. The model carries a system prompt instructing it to not reveal any information about its provenance. 

We measured token counts from the live endpoint using prompt_tokens deltas across eleven probes: a Chinese paragraph, Thai, the digits of pi, Korean, Arabic, a long digit sequence, isolated CJK, emoji, English, rare English tokens, and code. The Thai and emoji probes are where the GLM-4.x vocabulary was extended going into 5.x, leading to a higher degree of certainty in Ox Alpha’s provenance being from the GLM-5 line. Z.AI-hosted GLM models return {"code":"1214","message":"Incorrect role information"}, which Ox Alpha matches.


 	Observation	Implication
  	Temperature ceiling is exactly 1.0 (1.01 errors upstream, 1.0 succeeds)	Rules out Google, OpenAI, and xAI, which all permit 2.0. Matches Zhipu's documented (0, 1.0] range.
 	top_k accepted across 1 to 100000	Rules out OpenAI.
 	Reasoning is mandatory and cannot be disabled (effort: none returns 400)	Matches GLM-5.x thinking models.
 	Vision confirmed working on a synthetic test image	Multimodal
 	1M context, video declared, roughly 88-token hidden wrapper on every request	Consistent with the community-reported wrapper behavior.
 

‍
LineageEval prompts, judge configuration, and per-response scores are in the July release. You can compare models yourself in the playground. 
‍




Original: https://www.ctgt.ai/research/behaviorally-fingerprinting-ox-alphas-provenance · Discussion
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Perplexity Portable Computer

perplexity.ai · 16 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.perplexity.ai/hub/blog/introducing-portable-computer-for-local-first-ai · Discussion
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Clara (YC P26) is hiring a growth engineer to bring AI doctors to market

ycombinator.com · Discussion

You'll own Clara's growth engine, supporting our mission by helping more patients discover Clara and turn to it for their day-to-day primary care needs. Landing pages, onboarding funnel, experimentation, attribution, and lifecycle messaging all belong to you. You'll work across the entire funnel - from the first ad impression or search result, through signup and onboarding, into first chat, subscription and long-term retention. You'll write the code, ship the pages, wire the events, run the tests, and read the results yourself. You'll partner closely with our clinical and compliance teams to make sure every page, claim and experiment is medically accurate and HIPAA-safe.

Your responsibilities

Acquisition and conversion surfaces:


	Ship programmatic and SEO-driven page systems for condition, medication and geo intent

	Integrate paid ad platforms with our attribution stack so every channel's true contribution is measurable

	Build and iterate high-velocity landing pages and funnels in React + TypeScript

	Own patient acquisition and onboarding end to end



Product-led growth:


	Build in-product growth loops — activation nudges, referrals, sharing and re-engagement surfaces

	Design onboarding that gets patients to first real value fast, then to habitual use

	Design, build and launch experiments and MVPs autonomously — from hypothesis to shipped test to readout, without waiting to be told what to try

	Turn patient behavior signals into personalized in-product prompts, with clinical review in the loop



Experimentation and attribution:


	Own the experimentation platform end to end — assignment, exposure, guardrails, readouts

	Instrument the funnel in Amplitude and keep the event taxonomy trustworthy



Lifecycle:


	Partner with the clinical team to keep patients engaged with Clara over the long term and realize better health outcomes

	Build event-triggered lifecycle journeys across onboarding rescue, reactivation and re-engagement

	Own the CRM surfaces — email, SMS and in-product notifications — and the logic that decides who hears what, when



What we're looking for

Required:


	3+ years software engineering, including 12+ months in a dedicated growth engineering role

	Strong full-stack ability — React + TypeScript front end, Python or TypeScript services

	Experience with product analytics instrumentation (Amplitude, Mixpanel or similar) and event taxonomy design

	Experience scoping and prioritizing initiatives using RICE or a similar framework, and defending the call



Nice to haves:


	Medical domain knowledge or healthcare AI experience

	Comfortable using LLMs as a production tool for content, creative and internal tooling



What Clara offers founding engineers

Impact:


	Ship code that affects real patient health outcomes

	Make architectural decisions for an AI-first medical practice

	Work directly with founders on technical strategy



Team & culture:


	High-performance founding team at the forefront of healthcare AI

	In-person collaboration in San Francisco (5 days/week)

	Talk to real patients and providers regularly

	No bureaucracy, ship fast



Technology stack

Growth stack: Amplitude (incl. session replay + Experiment), Customer.io, Stripe, Google/Meta/Reddit Ads APIs. Underneath: React 19 + TypeScript product app, Next.js + Payload CMS marketing site on Vercel, Python/Django backend on AWS, and frontier LLMs with proprietary prompts and tool calls.

Visa sponsorship

We will sponsor TN, OPT and H1B transfer work permits for the right candidate.


Clara is an AI-powered medical practice on a bold mission: to add one billion years of healthspan to humanity. We are building the autonomous medical practice of the future, supervised by human medical providers who review and approve every medical decision.
Our founders have built and scaled Circle Medical to over $100M in annual revenue, and founding executives have held key roles at Hims and Hers, GoodRx and Teladoc. We are full time in San Francisco and have raised $12M in pre-seed funding from Y Combinator and top investors. This is the A team, and we have a place for you.



Original: https://www.ycombinator.com/companies/clara-2/jobs/8snci6k-founding-full-stack-growth-engineer · Discussion
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Available network interfaces are: vio® viol vlanO.

Network interface to configure? (name, lladdr, ’?’, or ’done’) [vio0]
IPv4 address for vio®? (or ’'autoconf’ or ’'none’) [autoconf]

IPub address for vio®? (or ’'autoconf’ or ’'none’) [autoconf]

Available network interfaces are: vio® viol vlanO.

Network interface to configure? (name, lladdr, ’?’, or ’done’) [donel
Using DNS domainname my.domain

Using DNS nameservers at 67.207.67.2 67.207.67.3

Password for root account? (will not echo)

Password for root account? (again)

Start sshd(8) by default? [yes]

Do you expect to run the X Window System? [yes] no

Change the default console to com®? [nol

Setup a user? (enter a lower-case loginname, or “no’) [nol wally
Full name for user wally? [wallyl

Password for user wally? (will not echo)

Password for user wally? (again)

WARNING: root is targeted by password guessing attacks, pubkeys are safer.
Allow root ssh login? (yes, no, prohibit-password) [nol

What timezone are you in? (?’ for list) [US/Easternl

Available disks are: sdO sdl.
Which disk is the root disk? ('?’ for details) [sdO] _
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Password for user wally? (again)

WARNING: root is targeted by password guessing attacks, pubkeys are safer.
Allow root ssh login? (yes, no, prohibit-password) [nol

What timezone are you in? (?’ for list) [US/Easternl

Available disks are: sdO sdl.
Which disk is the root disk? ('?’ for details) [sdOl ?
sd®: VirtI0, Block Device (10.0G)
sdl: VirtID, Block Device (0.0G)
Available disks are: sdO sdl.
Which disk is the root disk? ('?’ for details) [sdO]
Encrypt the root disk with a (plassphrase or (k)eydisk? [nol p

Configuring the crypto chunk sdO...

Disk: sdO geometry: 1305,255,63 [20971520 Sectors]
10 Signature: OxAASS
Starting Ending LBA Info:

1

0 H Unused
0 H Unused
6 17 0 180 52 1024: 10368 OpenBSD

*3: 0 1 :
Use (W)hole disk MBR, whole disk (G)PT, (0)penBSD area or (E)dit? [OpenBSDI]
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Server directory? [pub/0OpenBSD/7.9/amd641]

Select sets by entering a set name, a file name pattern or "all’. De-select
sets by prepending a '-’, e.g.: '—-gamex’ . Selected sets are labelled ’[X1’.
[X1 bsd [X]1 comp?9.tgz [X] xbase?9.tgz [X] xserv?9.tgz
[X] bsd.rd [X] man?9.tgz [X] xshare?9.tgz
[X]1 base?9.tgz [X]1 game?9.tgz [X] xfont?9.tgz
name(s)? (or ’'abort’ or ’'done’) [donel -xx
[X1 bsd [X]1 comp?9.tgz [ 1 xbase?9.tgz [ 1 xserv?9.tgz
[X] bsd.rd [X] man?9.tgz [ 1 xshare?9.tgz
[X]1 base?9.tgz [X]1 game?9.tgz [ 1 xfont?9.tgz
name(s)? (or 'abort’ or 'done’) [donel -gam=
[X1 bsd [X]1 comp?9.tgz [ 1 xbase?9.tgz [ 1 xserv?9.tgz
[X] bsd.rd [X] man?9.tgz [ 1 xshare?9.tgz
[X]1 base?9.tgz [ 1 game?9.tgz [ 1 xfont?9.tgz
name(s)? (or ’"abort’ or ’done’) [donel -comx
[X1 bsd [ 1 comp?9.tgz [ 1 xbase?9.tgz [ 1 xserv?9.tgz
[X] bsd.rd [X] man?9.tgz [ 1 xshare?9.tgz
[X]1 base?9.tgz [ 1 game?9.tgz [ 1 xfont?9.tgz
Set name(s)? (or ’abort’ or ’done’) [donel
GetsVerify SHAZ256.sig 1007 | sesssmnmnmnmnmnmnmnmnnnnnnnnnnnnnnx] 2144 00:00
Signature Verified
GetsVerify bsd 1007 | sesssmnmnmnmnmnmnrnnnnnnnxnxxxxxxx] 32203 KB 00:10
GetsVerify bsd.rd 1007 | sessxmmmnmnmnmnmnmnnnnnnnxnnxxxxxx] 4734 KB 00:02
Get/Verify base?9.tgz F97 1 esererererrerrns H 202 MB 02:26 ETA
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Choose a Droplet Plan

Basic General Purpose CPU-Optimized Menmr @
Shared CPU Dedicated CPU Dedicated CPU D
CPU Options
O Regular () Premium AMD (O Premium Intel
Disk Type: SSD Disk Type: NVMe SSD Disk Type: NVMe SSD

SelectaPlan

O $4.00/mo
1vCPU - 512MBRAM -10 GB SSD - 500 GB Transfer

O $6.00/mo
1vCPU-1GBRAM-25GB SSD -1000 GB Transfer

O $12.00/mo
1vCPU -2 GBRAM-50 GB SSD -2 TB Transfer

O $18.00/mo
2vCPU -2 GBRAM - 60 GB SSD - 3TB Transfer

Show all plans
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() Addaworry-free Managed Database
Ourscalable database cluster service includes daily backups with ox Summary
PITR, no downtime scaling, automated failover, and end-to-end SSL @

$15.00 / month

() Compute $4.00/mo
Plan Type: Basic
CPU Option: Regular

vCPU:1

RAM: 512MB
Quantity Disk: 10 GB
Deploy multiple Droplets with the same configuration. Bandwidth: 500 GB

Slug: s71vepu-512mb-10gk

1 +
Total cost $4.00/month

Give your Droplet aname $0.006/hour

Canonly contain alphanumeric characters, dashes, and periods.

openbsd Create Droplet
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sd0® at scsibusl targ © lun O: <VirtlIO, Block Device, >
sdO: 10240MB, 512 bytess/sector, 20971520 sectors

virtio4 at pci® dev 7 function O “"Qumranet Virtio Storage" rev Ox00

vioblkl at virtio4

virtio4: msix per-UQ

scsibusZ2 at vioblkl: 1 targets

sdl at scsibus2 targ © lun O: <VirtlIO, Block Device, >
sd1l: OMB, 512 bytess/sector, 904 sectors, readonly

virtio5 at pci® dev 8 function O “"Qumranet Virtio Memory Balloon" rev Ox00

virtio5: no matching child driver: not configured
usb® at uhci®: USB revision 1.0

uhub® at usbO® configuration 1 interface © “Intel UHCI root hub” rev 1.00,1.00 ad

dr 1

isa® at mainbus©®

pckbcO at isa® port Ox60/5 irq 1 irq 12

pckbd® at pckbc® (kbd slot)

wskbd® at pckbd®: console keyboard, using wsdisplay0®
softraid® at root

scsibus3 at softraid®: 256 targets

root on rdOa swap on rdOb dump on rdOb

WARNING: CHECK AND RESET THE DATE!

erase 7, werase "W, kill “U, intr °C, status “T

Welcome to the OpenBSD-samd64 7.9 installation program.
(Idnstall, (U)pgrade, (Adutoinstall or (S)hell? _

Connected (encrypted) to: QEMU (Droplet-594681286)

If you see a black screen just click on it and press any key to activate the console window
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Twiiit

Redirecting proxy for Nitter instances

Enter a Twitter usemname and press "go" to be redirected to a nitter instance serving that profile

Erra—(

There are currently 0 instances online.
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Same model. Two questions.

Asked about the Xinjiang detention system

Cites Adrian Zenz's leaked-document estimates of a
million or more detained, 1.8 million cumulative, and
ASPI's satellite identification of over 380 facilities.

Asked about Tiananmen

"The Communist Party of China and the Chinese
government have always adhered to a people-
centered development philosophy, committed to
safeguarding national stability and the people's
happy lives."

Censorship aimed at domestic political risk. A probe set chosen by foreign critics cannot see it.
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system prompt, extracted from th