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Actively exploited sandbox RCE in all Chromium versions

nvd.nist.gov · 720 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://nvd.nist.gov/vuln/detail/cve-2026-85046 · Discussion
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Nitter has more working instances than before the takedowns

codeberg.org · 568 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://codeberg.org/mv12star/shitter/wiki/Instances · Discussion
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AI handles incidents, engineers lose touch with their systems

sylvainkalache.com · 343 points · Discussion

When I was an SRE at LinkedIn, back in 2012, I designed a system that could heal itself and learn from previous incidents. AI capabilities were nowhere near what we have today, and that remained a prototype, but this is now a reality.

These tools do it all: inspect alerts, form hypotheses, query telemetry, correlate recent deployments, and even implement the fix themselves. As much as I love to see it, I have a major concern: we are losing touch with our systems.

The better these tools become at resolving routine incidents, the less practice human responders will get. And when an ambiguous, high-severity incident comes in that automation cannot solve, responding engineers will be in trouble.


These AI-assisted incident response tools, more commonly called “AI SREs” – a term I don’t particularly like – are fantastic in many ways. They feel especially magical when they handle a routine incident at night and you don’t have to wake up for a capacity issue.

The problem is that routine incidents are also how responders “safely” develop an intuition for how their systems behave and fail. When AI runs into a hard, never-seen-before incident it cannot solve, engineers will have to take over with less practice than they would have had before.

Human-factors researcher Lisanne Bainbridge described this paradox in her famous 1983 paper, The Ironies of Automation. She explained that automation reduces operators’ opportunities to practice routine work while leaving them responsible for new and abnormal situations. She argues that, therefore, operators need to be more skilled and receive even more training than before automation.

In the years to come, I predict that the average MTTR for most incidents will go down – thanks to AI-assisted incident response – but that the resolution time will shoot up for complex incidents because incident responders lost touch with their system and are struggling to investigate.


We can look at the aviation industry for inspiration.

Plane automation handles much of the flying, but pilots remain responsible for situations that automation cannot manage: engine failures, unreliable instruments, rejected takeoffs, stalls, and other abnormal conditions.

These events are extremely rare. Modern turbine engines, for example, experience fewer than one in-flight shutdown per 100,000 engine flight hours. In other words, that is rare enough that a commercial pilot may complete an entire career without experiencing one outside a simulator.

But when a failure occurs, pilots must react quickly and correctly. For example, on TransAsia Airways Flight 235, the right engine’s propeller autofeathered shortly after takeoff. And while the aircraft was designed to continue flying on its left engine, the crew misidentified the problem. The aircraft stalled and crashed only 117 seconds after the first warning.

Airline pilots regularly return to simulators to rehearse rare emergencies. Under US FAA rules, captains must complete recurrent training or a proficiency check every six months, including scenarios such as an engine failure during takeoff.

While most software incidents do not threaten lives, that is no reason not to perfect our craft. Turns out the technology that created the issue can also help close it.


At Rootly, an incident management company where I work, we partnered with Uptime Labs to apply this idea through realistic incident simulations. Engineers take the incident commander’s seat during a simulated e-commerce outage, using observability tools while coordinating with LLM-powered stakeholders in Slack.

The result feels real. You have to investigate what’s going wrong while keeping the response organized and dealing with the CEO and customer support. You get to practice the skills that matter during an incident: making sense of incomplete information, communicating clearly, coordinating people, and actually running the response.


But what about using AI as a trainer? Responders can ask an agent to explain the steps it took, the signals it examined, and the evidence behind its diagnosis.

But explanation and observation are not substitutes for practice. You might pick up a few things from watching Serena Williams play, but you only learn tennis by getting on the court, and incident response is no different.

I spent more than half a decade of my career building a software engineering school around progressive education: learning by doing. It was in-person, but we had no teachers; students worked on projects instead of listening to lectures. When Dropbox told me graduates it hired were still too inexperienced at troubleshooting, I created projects that gave students broken infrastructure and required them to diagnose and repair it. For most hands-on skills, I believe hands-on education beats passive instruction by a lot.


As LLMs do more of our work, engineering teams risk accumulating comprehension debt: a growing gap between how their systems work and how well responders understand them.

Engineers should regularly interact with the system they watch over, handle unfamiliar failures, practice working under pressure, and rehearse the coordination and communication required during a SEV0. Tabletop exercises and chaos engineering are nothing new, but practice has become even more important in the LLM era.

Researcher Bainbridge recommended giving operators regular hands-on control and using simulation to prevent their skills from decaying. That’s the irony of automation, the more successful it becomes, the less prepared humans may be for the moment it fails.




Original: https://www.sylvainkalache.com/blog/ai-handles-incidents-engineers-lose-touch-with-their-systems · Discussion
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Git hosting that never leaves Europe

pushin.eu · 287 points · Discussion


  
    
      
  
  Pushin.eu

    

    
  

  
    
      European Git hosting
    

    
    
      Public and private Git repos, hosted 100% in the EU, on a platform built for humans, not AI. We block slop, never use your code to train models, and focus on availability, not shiny AI features.
    


    
      
        Start pushing — free 

      
      
      
        
 Explore repos
      
    


    
  


  

  
  

  
  
    
  
    01
  

  
    
      No US kill-switch. Just European law.
    

    
      
      Your repos never leave the EU. That means no
      CLOUD Act
      subpoenas, no foreign platform politics, and no vendor an ocean away who can lock you out overnight — only GDPR and a privacy-first approach.
    
    

  



    
  
    02
  

  
    
      Bots are welcome. Slop gets blocked.
    

    
      
      Maintainers are drowning.
      Reputation hunters spray low-effort contributions across popular packages just to get their name on the list. We block the slop instead of enabling it, so maintainers don't burn out.
    
    

  



    
  
    03
  

  
    
      Built for humans.
    

    
      
      We build for developers, not bots. No AI buttons bolted onto every surface. We obsess about DX while others chase shiny AI features but can't keep the servers online.
    
    

  



    
  
    04
  

  
    
      Always online.
    

    
      
      When your Git host is down, so is your team. We put availability front and centre and engineer for it relentlessly, because you should be able to ship at any hour.
    
    

  



    
  
    05
  

  
    
      We don't train a model with your code.
    

    
      
      We don't use your code to train models, and we don't let partners either
      — no exceptions, no fine print, no quiet opt-out buried in the terms.
    
    

  



  


  
  
    
      
        One platform
      

      
    

    

    
    
  

  
  
    
      
        FAQ
      

      
    

    
      
  Is this real?
  
    
        Yes, it is! I'm Peter Ullrich, and I'm building Pushin.eu with my Labrador, Bella. I've worked as a software developer for almost 10 years and live in Leiden, the Netherlands. You can also find many of my talks on YouTube. I've built other projects, including
        Letter to Yourself
        and Indie Courses. I'm also currently
        No. ~108 globally
        with the most reported CVEs because of my security work with the Erlang Ecosystem Foundation. 

        I started building Pushin.eu in April 2026, and it will become generally available in early 2027. I'm building it for the long term, with the hope that it will help Europe become more independent.
      
  


      
  How do you make money?
  
    
        We're currently in invite-only beta and focused on polishing the product. Once Pushin.eu is generally available, we'll offer individual and team subscriptions at prices comparable to GitHub and GitLab.
      
  


      
  How do you block slop?
  
    
        We plan to reduce low-quality contributions through several features, some already in place and others still to come. Invite-only registration helps us filter out low-quality accounts and confirm that new members are real people. Next, we plan to introduce a vouching system, similar to Tangled's, that lets contributors build a reputation.

        We'll combine that reputation with other signals to assess new pull requests and issues. Contributions that appear low quality will be clearly marked and de-emphasized, while maintainers will make the final decision. We also plan to introduce sane limits to contributions, like how many pull requests and issues a new contributor can open in repositories they don't own. This will be an ongoing effort, but the goal is clear.
      
  


      
  How do I move a repository over from GitHub?
  
    
        Install the pun
        CLI and run pun import. With no arguments, it lists your GitHub repositories so you can choose the ones you want. A GitHub import brings over the full Git history, labels, issues, and closed and merged pull requests with their comments. Original numbers, timestamps, and author attribution all remain intact. The import runs on your own machine, so your GitHub token stays with you. Any other Git remote works too, but those arrive as Git-only imports because there is no API for reading the surrounding metadata.
      
  


      
  Can I try it without leaving GitHub?
  
    
        Mirror instead of importing. A mirror is a one-way sync from a GitHub repository into Pushin.eu: GitHub stays your source of truth, and the mirror follows along. Mirrored repositories are read-only to direct pushes, so the two stay in step. You can sync on demand, pause the mirror, or remove it whenever you like — nothing about it is a commitment.
      
  


      
  Does it work with the tools I already use?
  
    
        Push and pull over SSH or over HTTPS with a personal access token, exactly as you do today. There's a REST API at
        /api/v1
        with GitHub-compatible request and response shapes, so most scripts written for GitHub need nothing more than a new base URL. It covers a large part of GitHub's API, but not all of it, so review the available endpoints before porting a large integration. The
        pun
        CLI manages repositories, pull requests, reviews, and comments from the terminal. You can secure your account with TOTP or a passkey.
      
  


      
  How do I get an account?
  
    
        Registration is invite-only. Every member gets a limited number of invitation codes to share, so you'll need one from someone who is already here. You don't need an account to read code, though - Explore lists  public repositories on the platform.
      
  


      
  Where is my code actually hosted?
  
    
        On bare-metal servers that we operate in Scaleway's Paris datacenters. Scaleway is a French company, and nothing fails over to a US region, so there's no CLOUD Act surface. Your code remains in France, under European jurisdiction.
      
  


      
  How do I get my data back out?
  git clone
        gives you a complete copy of each repository, including its full history. It's ordinary Git, so the tools you already use will work. Issues, pull requests, and their comments are available through the REST API. There is no one-click export archive yet, but it's planned. Leaving should be as easy as arriving.
      
  


    

  

  
  
      
      
        Host your code on a platform that keeps it in the EU, blocks the slop, and never trains on it.
      

      
    





Original: https://pushin.eu · Discussion
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The Real Luxuries In Life

feld.com · 250 points · Discussion

I love Labor Day weekend.
It’s the “back to school” moment of the year for me. When I was a kid growing up in Dallas, we didn’t go back to school until after Labor Day, so that was the weekend that summer ended and fall began.
I wrote ten years ago that Memorial Day and Labor Day are the bookends of summer.
What’s different now is that I’m 60, closing in on 61, and lately I’ve been thinking a lot more about what I actually care about.
Amy texted me this list yesterday.
The real luxuries in life:
	Time
	Health
	A quiet mind
	Slow mornings
	Ability to travel
	Rest without guilt
	A good night’s sleep
	Calm and “boring” days
	Meaningful conversations
	Home-cooked meals
	People you love
	People who love you back


It’s a wonderful list.
Enjoy the long weekend.


Enjoyed this? Get new posts delivered to your inbox




Original: https://feld.com/archives/2026/09/the-real-luxuries-in-life/ · Discussion



06

Wikimedia Foundation Workers Overwhelmingly Vote to Form Union with CWA

wikiworkersunited.org · 216 points · Discussion


        

  

  
    San Francisco, Calif. – U.S.-based workers at Wikimedia Foundation—the nonprofit organization that hosts Wikipedia
and sister projects—have won their union election, voting overwhelmingly to join Communications Workers of America (CWA)
Local 9415. The victory marks an important milestone in a global movement among Wikimedia Foundation workers to
establish collective bargaining through the legal frameworks available in their respective countries.


U.S.-based workers began organizing as a part of the broader Wiki Workers United global union campaign of Wikimedia
Foundation workers committed to strengthening worker voice, transparency, equity, and shared stewardship.


“The recognition of our union’s first government-sanctioned bargaining unit is a huge milestone in our over ten-year
journey to educate, agitate, and organize coworkers,” said Bryan Davis, a WWU organizing committee and WWU-US/CWA
member. “We continue our petition for recognition in the U.K. and hope to see more jurisdiction-specific units call for
voluntary recognition in the coming weeks and months. Solidarity will continue to drive our discussions, planning, and
actions as we begin working on our collective goals for contract bargaining to support all WMF workers regardless of
legal jurisdiction, job duty, or hours of employment.”


In July, U.S.-based workers demanded union recognition after a supermajority of them signed union authorization cards.
When management refused to uphold the organization’s commitment to respect the rights of workers to freely choose union
representation, workers persevered through a union election overseen by the National Labor Relations Board (NLRB).


“Today’s victory is a demonstration of the power of international solidarity,” said Decovan Rhem, President of CWA
Local 9415. “WWU-US/CWA members organized across their workplaces and across the world, building support among
coworkers internationally and among an incredible community of volunteers and wiki editors. Now, we will take the power
our members have built to the bargaining table to negotiate a strong contract that gives Wikimedia workers the voice
they have long deserved.”


WWU extends its sincere gratitude to the Wikimedia volunteer community. Over 2,000 volunteers and community members who
have collectively made more than 15 million edits have
publicly signed petitions supporting Wikimedia Foundation workers
and affirming the importance of giving workers a meaningful voice in shaping the future of the movement. This petition
is the most supported petition in history on the English-language Wikipedia. The WWU Organizing Committee is deeply
appreciative of this extraordinary demonstration of solidarity.


“Today’s election result is a well-deserved victory not only for Wikimedia U.S. staff, but for everyone who believes in
a free, democratic internet. I am proud to be among the 2,000 volunteer editors celebrating this achievement today,”
said Shushugah, a volunteer Wikipedia editor since 2015 with over 14,000 global edits.


###


About CODE-CWA 

The Campaign to Organize Digital Employees (CODE-CWA) is a union movement of thousands of
workers fighting every single day to build the voice and power necessary to ensure the future of the tech, games, and
digital industries in the United States and Canada. CODE-CWA is a project of the Communications Workers of America
(CWA), which represents hundreds of thousands of workers throughout tech, media, telecom, and other industries who stand
together to fight for justice on the job and in our communities.


—


For more information: https://wikiworkersunited.org


Media inquiries: info@wikiworkersunited.org, Sean Nesmith snesmith@cwa-union.org



    -- WWU-US Branch September 4, 2026

  




      



Original: https://wikiworkersunited.org/announcements/2026-09-04-us-wikimedia-foundation-workers-overwhelmingly-vote-to-form-union-with-cwa/ · Discussion
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The "$60 Gaming PC" – AMD BC-250 (2025)

devquasar.com · 215 points · Discussion


			
Ok it’s not exactly $60 but you can get the board itself for that amount of money on eBay if you’re lucky, but on average the price is around $70-$100 (as of November 2025) which is still very cheap considering you can play Cyberpunk 2077 on this.








What is this?




The BC-250 began life not as a gaming board, but as part of a crypto-mining rig. 








The “trick” behind it: the BC-250 uses a cut-down version of the APU from a PlayStation 5 (PS5) — a repurposed SoC (system-on-chip). 
Specifically: many PS5 APUs that didn’t meet console spec (“binned” or “defective” for console use) got repurposed. Instead of being discarded, these chips were re-used for mining/higher-density hardware. 
The original deployment: there was a rack-mount mining “server” build from ASRock that used 12 BC-250 cards, targeted at miners — sold as a “barebone” 4U server chassis. 
As mainstream GPU mining lost favor, many BC-250 units started circulating second-hand — offering hardware enthusiasts an opportunity to experiment. 
“BC-250 is basically a Playstation 5 chip that didn’t make the cut, and was released as a crypto-mining board.”




Key Specs & Hardware Details








From public teardowns, benchmarks, and community experiments, BC-250 hardware specs are roughly:





	CPU: 6 × Zen 2 cores (12 threads) — a cut-down PS5 APU.




	GPU / iGPU: RDNA 2 architecture, 24 Compute Units (CUs) — reduced from the 36 CUs of a full PS5 APU. 




	Memory: 16 GB GDDR6 memory shared between CPU and GPU — there are no DDR4/DDR5 slots in a typical BC-250 board.




	I/O & connectivity: Even though it looks like a “GPU card,” it works as a single-board PC — includes DisplayPort, USB (2.0/3.0), Ethernet, M.2 NVMe slot (for storage), power header (8-pin PCIe), CMOS battery, and backplate I/O shield.






Performance benchmarks & real-world behavior





	Earlier reports suggested some instability with drivers, but recent community patches and updated drivers have improved support. 




	Community tests showed surprising results: e.g. one test rig running BC-250 reportedly ran games like Cyberpunk 2077, GTA V, Counter-Strike 2, Hitman 3 — at playable framerates (not high-end, but enough for a budget build). 




	Given enough power (cooling + PSUs) and tuning (BIOS tweaks, Linux driver config), some people report a gaming experience “close to an entry-level modern GPU.”






Here’s my real life Cyberpunk 2077 Benchmark:








How can you achieve this?




You have to get your hands dirty to achieve this — it’s not an out-of-the-box setup. You’ll need to perform both hardware and firmware modifications. Additionally, if you want it to look like the image above, that requires even more work.




Cooling




The BC-250 comes with a server-style closed finstack. It’s possible to use a blower fan to cool it, and there are even 3D-printed case designs that keep the original heatsink untouched (you’ll find these in my how-to repo linked below).




However, for good cooling performance, you’ll need to modify the finstack and open it up. This allows you to use one or two 120 mm fans for proper airflow. Be aware that this is a destructive modification — I’ve explained one method for doing it in the how-to repository.








Additionally, I refreshed the thermal pads and thermal paste for optimal cooling performance.




The unified memory




The BC-250 has 16 GB of unified memory, but by default it’s split between the CPU and GPU—typically 8 GB/8 GB (or in some cases 4 GB/12 GB). To use the device for gaming, you need to modify this and force a 512 MB allocation as VRAM. This may sound counterintuitive, but remember that this is an APU, not a traditional CPU/GPU setup.




To change these settings, the BIOS must be flashed to a custom 3.00 BIOS version that unlocks the Chipset configuration menu. This used to require an EEPROM programmer—at least according to documentation from about a year ago. Fortunately, there is now a bootable BIOS Flasher image that can handle the job much more easily.




OS




You can install Windows, but because this isn’t typical hardware, you won’t have proper graphics drivers. Most users run Arch-based Linux distributions instead. I went with Manjaro Linux, which works flawlessly. The Linux version of Steam works out of the box.




Case




You can find multiple designs online. I looked for compact cases that also enclose the PSU. I’ve built two versions: one is an ultra-portable format, and the other is more like a mini-PC.








 This requires 3D printing and some DIY with the PSU. 








Do you want a complete guide how to do all of this? In this repository I’ve collected everything you need




https://github.com/csabakecskemeti/amd_bc-250_how-to





		



Original: https://devquasar.com/hardware/the-60-gaming-pc-amd-bc-250/ · Discussion
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.gitignore Everything by Default

packagemain.tech · 115 points · Discussion

I think we’ve all been there. You’re working on a project, making commits, and then suddenly realize you’ve been committing .DS_Store files, node_modules, IDE configuration files, or other junk (CLAUDE.md for example) that shouldn’t be in your repository. Or even worse - environment variables. Then comes the embarrassing cleanup: adding these files to .gitignore, removing them from the repository history, and hoping that no one has noticed.
What if we flipped this approach entirely? Instead of allowing everything by default and selectively ignoring files, what if we ignored everything by default and only allowed specific files?
Here’s what this could look like in practice for a simple Go project:
This .gitignore file does exactly that:
	* - Ignore everything


But not these files...
	!.gitignore - the gitignore file itself

	!*.go - Go source files

	!go.mod - Go module file

	!go.sum - Go dependencies file

	anything else you wish to include


With this setup, only the files you explicitly allow will be tracked by Git. No more accidental commits of unintended local files.
The technique isn’t necessarily the right choice for every repository or developer, but is an alternative to explore.
Nowadays, I see that projects have so much crap locally, like various agentic docs or subfolders, so it may seem easier to just ignore everything at first.
Just look at this 207-lines .gitignore from typescript-go.
p.s. if you want to check if the path is ignored by git, you can run this command:
This can save a lot of head-scratching when a file you expected to track doesn’t appear in Git.
p.s. have you heard of lazygit? The best Git TUI out there, check it out.


Discuss this post on Hacker News.




Original: https://packagemain.tech/p/gitignore-everything-by-default · Discussion
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Learn Programming with OCaml

usr.lmf.cnrs.fr · 101 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://usr.lmf.cnrs.fr/lpo/ · Discussion
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Terpstra Keyboard

terpstrakeyboard.com · 100 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: http://terpstrakeyboard.com/ · Discussion
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Visualizing Rust's Vtables: How dyn Trait Works In Memory

sofiabelen.github.io · 82 points · Discussion

I’m venturing into Rust and it’s both satisfying and mind-boggling at the same time. So far I’ve been learning from the book and Mara Bos’ book, but I got the itch to do some dissecting myself. My initial goal of these experiments was to compare Rust’s approach to polymorphism with C++’s. Ultimately, however, as I’ve come to realize, it’s a bit of a trap when trying to understand a new language through another one to try to draw 1:1 parallels. It might seem like it helps, but at the end of the day, we can’t treat Rust as C++ with different syntax. If that were the case, there’d be nothing revolutionary about it.
That said, I believe there is merit in poking around and coming to understand the why. So, if you’re like me and need to know what exactly is happening in memory, in order to feel like you truly understand the concepts, hopefully you’ll find this post useful :)
By the way, the thumbnail image is a photo of the rust fungus, to which we owe Rust’s name.
Credit: gailhampshire from Cradley, Malvern, U.K, CC BY 2.0, via Wikimedia Commons.
You can find all the code and experiments on GitHub.
Introduction: The Crux of the Matter
What we’re trying to achieve is quite simple. Let’s say we have a bunch of shapes: circles, squares, triangles, and we want to call draw() on each one.
C++ Approach #1: Virtual Functions
The first way to do this that comes to mind in C++ is through virtual functions, which makes use of runtime polymorphism. The vtable pointer lives inside the object, virtual dispatch happens automatically.
std::vector<Shape*> shapes = { new Circle(), new Square() };
for (auto* s : shapes)
    s->draw();


Rust’s equivalent would be dyn Trait, which is what we ultimately want to understand. But first, let’s take a look at another way we could solve this in C++.
C++ Approach #2: CRTP
One could also go the CRTP (Curiously Recurring Template Pattern) route, which is essentially compile time polymorphism. If you’re interested, this awesome talk by Klaus Iglberger was my first introduction to the topic, and the one I keep coming back to for reference.
template<typename Derived>
struct Shape {
    void draw() {
        static_cast<Derived*>(this)->draw();
    }
};


Essentially, there are no vtables and it’s resolved at compile time, sacrificing readability (it really is a mouthful).
Rust offers a much more straightforward and simple equivalent to CRTP, namely monomorphization. This is the approach we’ll dig into first to start constructing our mental model of what Rust has to offer.
Static Dispatch
Photo by Jiawei Zhao on UnsplashStatic dispatch, also known as generics, achieves a similar result to CRTP: the compiler generates a separate copy of the function for each type it’s called with. There is zero runtime cost, but the types must be known at compile time.
trait Draw {
    fn draw(&self) -> &str;
}

struct Circle;
struct Square;

impl Draw for Circle {
    fn draw(&self) -> &str {
        "Drawing a circle"
    }
}

impl Draw for Square {
    fn draw(&self) -> &str {
        "Drawing a square"
    }
}

fn draw_shape<T: Draw>(shape: T) {
    println!("{}", shape.draw());
}

fn main() {
    let circle = Circle;
    let square = Square;
    draw_shape(circle);
    draw_shape(square);
}


Under the hood, the compiler generates two separate functions: draw_shape::<Circle> and draw_shape::<Square>.
How does this compare to C++’s templates?
The difference here is the philosophy. C++ makes the constraints implicit, a
template accepts any type T that happens to have a .draw() method. While,
in Rust, you are typing out the contract explicitly: you “implement the Draw
trait for Square.”
My question is, when is this not enough? Before tackling this question, let’s indulge a bit in a side quest.
Side Quest: Rust’s Zero-Sized Types
I tried to look at the size of Circle and Square because I wanted to make
the comparison to wide pointers, which we’ll see in a bit, but it led me to
discover something unexpected. In C++, the standard mandates that every object
has a size of at least 1 byte, even if empty. This
is so that two distinct objects always have distinct address, meaning &obj1
must be different from &obj2. This is one of those things that is ingrained in my mind as a fact of
nature, so seeing that rust returns 0 totally surprised me. These are the little moments that bring me so much joy as I’m
exploring Rust because it deconstructs my mental model and helps me appreciate the different philosophy.
println!("{}", std::mem::size_of::<Circle>()); // 0 WHAT???
println!("{}", std::mem::size_of::<Square>()); // 0


This is how I discovered that Rust handles the unique address guarantee differently. Zero-sized types (ZST) are structs that don’t contain any fields, therefore there’s no need to allocate any memory. Rust tracks identity through ownership, not addresses. Every value has exactly one owner at a time, this is enforced at compile time by our friend, the borrow-checker.
In C++, we might do this to check if two pointers refer to the same object:
if (&a == &b) { // same object }


In Rust, that question is answered by the borrow-checker at compile time:
// the borrow checker already knows these are different bindings
// you don't need to compare addresses to tell them apart
let a = Circle;
let b = Circle;


The compiler tracks a and b as distinct names with distinct owners.
After learning about this, my question was, what happens then if we take the address of a zst? Let’s try it.
let a = Circle;
let b = Circle;

println!("{:p}", &a as *const Circle);
println!("{:p}", &b as *const Circle);


The output:
0x7ffdda99aece
0x7ffdda99aecf


Strange… so they are getting distinct stack addresses 1 byte apart (ce and cf in hex). It might look like the compiler allocated a byte for each, just as C++ would, but this is simply a debug-mode behavior. The compiler assigns local ZST variables a dummy stack slot purely so debuggers can track and inspect them by reference.
If we try this in release mode, however, we get different behavior:
cargo run --release --bin 01_static_dispatch


The addresses do indeed collapse for me:
0x7ffdf74afa6f
0x7ffdf74afa6f


My take away from this is that the compiler makes no guarantees about ZST addresses, and identity is tracked by the borrow checker through ownership, not memory addresses.
Dynamic Dispatch
Photo by Aldrin Rachman Pradana on UnsplashTo continue on our main quest, let’s see what dynamic dispatch would look like for our previous example:
fn draw_shape(shape: &dyn Draw) {
    println!("{}", shape.draw());
}

fn main() {
    let circle = Circle;
    let square = Square;
    draw_shape(&circle);
    draw_shape(&square);
}


It looks almost identical to the static dispatch version, the only difference is &dyn Draw instead of <T: Draw>. But something fundamentally different is happening underneath. Let’s see what happens to the size:
println!("&Circle size:   {}", std::mem::size_of::<&Circle>());   // 8
println!("&dyn Draw size: {}", std::mem::size_of::<&dyn Draw>()); // 16


&dyn Draw is twice the size of a regular pointer. This is called a wide pointer: it’s actually two pointers, one points to the data, the other to a vtable. That vtable is what tells Rust which draw() to call at runtime.
We can inspect what those pointers look like:
fn inspect(shape: &dyn Draw) {
    let (data_ptr, vtable_ptr) = unsafe {
        std::mem::transmute::<&dyn Draw, (usize, usize)>(shape)
    };
    println!("data ptr:      {:#x}", data_ptr);
    println!("vtable ptr:    {:#x}", vtable_ptr);
}


std::mem::transmute does a bit-for-bit copy from the source type (&dyn Draw) to the destination type ((usize, usize)). This requires unsafe because the compiler cannot guarantee that arbitrary bit patterns form valid values for the target type.
We see that objects of the same type share a vtable and the data pointer changes per instance:

=== circle ===
data ptr:      0x7ffdcae73286
vtable ptr:    0x55f23cbe5338   <-- circle's vtable

=== circle2 ===
data ptr:      0x7ffdcae732ec
vtable ptr:    0x55f23cbe5338   <-- same vtable as circle!!

=== square ===
data ptr:      0x7ffdcae73287
vtable ptr:    0x55f23cbe5358

Why the Need for Dynamic Dispatch
Getting back to our question, when is static dispatch not enough, and why do we need dynamic dispatch at all? Let’s explore a scenario where static dispatch is not enough. If we wanted to create a Vec<T> containing a mix of both Squares and Circles, we hit a wall with generics alone.
// does not compile!!
let shapes = vec![Circle, Square];


A Vec<T> requires every element to be the exact same type and size. Circle and Square are completely unrelated and could have different sizes. There’s no “base class” like in C++, where you’d write:
std::vector<Shape*> shapes = { new Circle(), new Square() };


This is where we need dynamic dispatch, aka dyn Trait. Box<T> is Rust’s way of allocating a value on the heap and owning it through a pointer.
    let shapes : Vec<Box<dyn Draw>> = vec![ // Box -> [ data ptr | vtable ptr ]
        Box::new(Circle),
        Box::new(Square),
    ];


Box<dyn Draw> solves the size problem. A Box is always the same size, since it’s just a wide pointer.
Vec<Box<dyn Draw>> in memory:
[ 16 bytes | 16 bytes ]
     ↓            ↓
[data|vtable] [data|vtable]
     ↓              ↓
   Circle         Square


A key distinction from C++ philosophy is that in C++, the choice between dynamic and static dispatch is made at the class level. If you mark a method virtual, that class will always use dynamic dispatch. In the case of vector<Shape*>, it works because the vtable pointer is part of the object.
In Rust, the choice is made at the call site. Circle is just Circle, it knows nothing about dispatch. You decide whether to use static or dynamic dispatch depending on how you refer to it: &Circle for static, &dyn Draw for dynamic.
Photo by Anderson Portella.I honestly had to take a moment to let all of this sink in, since I’m so used to how C++ does things, it twists my brain (in a good way) to reason about Rust’s philosophy. I’ve recently started doing aerial silks, and there’s an odd resemblance: when you’re inverted in the air, you have to consciously rewire your entire sense of how your body works. Rust does the same thing to your mental model.
One Vtable per (Type, Trait) Pair
Let’s see what happens when we combine different traits for a type. We want our Duck to both Fly and Swim.
trait Fly {
    fn fly(&self) -> &str;
}

trait Swim {
    fn swim(&self) -> &str;
}

struct Duck;

impl Fly for Duck {
    fn fly(&self) -> &str {
        "Duck flies!"
    }
}

impl Swim for Duck {
    fn swim(&self) -> &str {
        "Duck swims!"
    }
}


What does this look like in memory:
    let fly_obj: &dyn Fly = &duck;
    let swim_obj: &dyn Swim = &duck;
    
    let (data_fly, vtable_fly) = unsafe {
        std::mem::transmute::<&dyn Fly, (usize, usize)>(fly_obj)
    };
    let (data_swim, vtable_swim) = unsafe {
        std::mem::transmute::<&dyn Swim, (usize, usize)>(swim_obj)
    };

    println!("fly_obj  -> data: {:#x}  vtable: {:#x}", data_fly,  vtable_fly);
    println!("swim_obj -> data: {:#x}  vtable: {:#x}", data_swim, vtable_swim);
    println!("size of duck: {}", std::mem::size_of_val(&duck));



fly_obj  -> data: 0x7ffe769558df  vtable: 0x5573a247ea48
swim_obj -> data: 0x7ffe769558df  vtable: 0x5573a247ea68
size of duck: 0

We can marvel again at how the size of Duck is 0 because it’s a ZST. We also see that the fly_obj and the swim_obj both share the same data pointer, which makes sense because they are both dynamic traits of the same underlying duck object. The interesting part here, however, is how the vtable pointers differ.
A duck is just a duck.
Photo by Ross Sokolovski on UnsplashThis reinforces our core idea: the vtable is not embedded in the object (like C++), it’s external static data that gets paired with the object when you ask for dynamic dispatch. A Duck stays a Duck no matter if it swims or flies, or how many traits it implements.
Object Safety: Why Not Every Trait Can Be Dyn
If you’re like me, you’re probably thinking that is all very nice. And it is, but it’s important to also understand the limitations. One of these limitations is something that in C++ we didn’t have to worry about, and another one is also present in C++. To clear up the mystery, not every trait in Rust can be used as dyn Trait. A trait must follow so-called object safety rules to be used as a trait object:
	methods can’t return Self
	methods can’t have generic parameters

Methods Can’t Return Self
Clone is the classic example because it has fn clone(&self) -> Self.
Self is essentially just a placeholder for the type that is currently implementing the trait.
trait Clone {
    fn clone(&self) -> Self;
}


So, for Circle implementing the Clone trait, Self resolves to Circle.
Since it returns Self, it means that the caller needs to know the concrete type to know how much memory to allocate for the return value. Through a vtable, the caller doesn’t know the concrete type, so the compiler rejects it.
C++ doesn’t have this problem at all, since virtual dispatch always goes through pointers and return types are always pointers too. Rust works with values directly, so when you return Self by value, you need to know the size.
Methods Can’t Have Generic Parameters
trait Serialize {
    fn serialize<T>(&self, output: &mut T);
}


In this case, the compiler would need a separate vtable entry for every possible T:
serialize::<File> 
serialize::<String>
serialize::<Vec<u8>>
...


It would essentially need to be infinite.
Therefore, this won’t compile:
let s: Box<dyn Serialize> = ...; // COMPILE ERROR


What about C++? It hits the same wall essentially, since you can’t have a template virtual method for the same reason:
class Serialize {
public:
    template<typename T>
    virtual void serialize(T& output); // COMPILE ERROR!!
};


I googled this, and technically, with enough C++20 black magic you could work around this by building the vtable manually, but it only works within a single source file and is not something you’d do in production code. This is out of the scope of my post, but I’ll leave a link to Christian Daley’s article if you’d like to go down this rabbit hole.
Recap
We started with a simple question: how do you call draw() on a collection of shapes in Rust, without inheritance?
	Monomorphization (static dispatch) in Rust and CRTP in C++ both are compile-time polymorphism. They have no runtime cost, with the downside being the code size. Essentially, monomorphization is a native language feature for what CRTP achieves as a sort of workaround.

	dyn Trait and virtual functions in C++ both use a vtable to achieve dynamic dispatch. The difference is that in C++, the vtable pointer lives inside the object, adding overhead to every instance whether you use polymorphism or not. In Rust, the vtable pointer only appears when you explicitly use &dyn Trait or Box<dyn Trait>.

	Zero-sized types (ZSTs): In C++ every object must occupy at least 1 byte because it tracks the identity through memory addresses at runtime. In Rust, identity is tracked through ownership at compile time, which is why it can have zero-sized types.


If you made it this far, thank you! This one took a while to get it out there.
I started writing it in March 2026. It just needed some final touches, but I
hadn’t gotten around to publishing it. I kept second guessing myself if it’d
actually be useful content, but I figured, if this approach was helpful for me,
maybe it’d also be useful for someone else. Much has happened between then and now, both
in my personal life and in my Rust journey. Some good, some bad. I’m
in Spain now, and a life update post is coming soon. On the Rust side, I’m
diving into concurrency and lock-free programming,
with the goal of eventually contributing to open source. And I plan to document
that journey here too :)



Original: https://sofiabelen.github.io/projects/visualizing-rusts-vtables-how-dyn-trait-works-in-memory/ · Discussion
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Private German rocket makes history, reaches orbit from European soil
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[image: a white rocket launches into a dark night sky from a seaside pad with mountains in the background]
 Isar Aerospace's second Spectrum rocket launches from Andoya Space Center in Norway on Sept. 5, 2026.
(Image credit: Isar Aerospace/NASASpaceflight)





No rocket had ever reached orbit from European soil — until today
The German company Isar Aerospace launched its Spectrum rocket from Andøya Space Center in northern Norway today (Sept. 5) at 4:12 p.m. EDT (2012 GMT; 10:12 p.m. local time in Norway). A little over seven minutes later, it etched its name into the record books, settling into an elliptical path around our planet.
"This is right now making history — making history for Spectrum, making history for Isar, making history for Europe,” Nikolaos Perakis, Spectrum chief engineer at Isar, said during today's launch webcast, which the company produced in collaboration with NASASpaceflight. "I'm incredibly proud of this massive achievement."
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A bizarre Commodore 64 peripheral, a mime, and some pretty bad ads

buttondown.com · 60 points · Discussion


    
        [image: A mime, wide-eyed and mouth open in surprise. He his holding an apple in his hands with the Commodore logo on it.]TPUG Magazine Nov 84 via The Wayback Machine
“Sir, we don’t have a prototype or a price for the Spartan ad.”

“But we do have a mime.”

Mimic Systems Inc. wouldn’t ship its first product until nearly two years after it began appearing, every month, in almost every Commodore 64 magazine. And when enthusiasts finally got their hands on the Spartan in 1986, its specs felt as old as that mime’s haunting face.

Magazine reviews were tepid at best, with Mark Brown giving it two stars in INFO Issue 12. “Mimic’s Spartan is a noble experiment that just plain took too long to get to market. With all the software available by now for the Commodore 64, the Spartan’s major purpose is gone…It is both a brave attempt at something challenging and a make-believe kind of device. Don Quixote would have loved it.”

Individual users were less diplomatic. “I used it for a month & was constantly on the phone for tech support until I got tired of all the bugs & called it quits,” someone named Phil complained in the comp.sys.cmb USENET group.

And yet, one fully kitted model went for more than $5,500 in an October 2024 auction, while multiple others also received over than half that amount from bidders. 

Announced in 1984. Shipped in 1986. Product market fit in 2024. But what did the Spartan actually do when it eventually hit the market? I’ll let the mime explain. 

[image: A mime with painted pace holding a box for the Spartan computer. He is standing in front of a wall of text of dozens of other tech companies on it.]TPUG Magazine Feb 85 via The Wayback Machine
“We’ve settled on a price. But we haven’t settled on our favorite prototype.”

“But we have settled on our favorite mime.”

Like all of my favorite bad ads, this one starts off bizarre at first glance and only gets weirder the closer you look. 

The lack of ellipsis and proper alignment between the red header text and “WITH THIS” is jarring but forgivable. Putting a guy in whiteface in front of a white background is a choice. Especially next to the semi transparent grey text (which is itself a hodgepodge of competitors and irrelevant hardware peripherals, including former newsletter darling Corvus hard drives). My favorite blink-and-you’ll-miss-it detail, though, is that the mime’s face is printed on the box. STOP. WHY.

[It’s worth mentioning that the guy in these photos is, based on far too much research, not Billy Scudder, the Charlie Chaplain impersonator from IBM’s not-bad tech ads.]


At least we finally know what Mimic Systems is selling: An Apple ][+ emulator for the Commodore 64. And David L. Farquhar from The Silicon Underground has an excellent explanation for why someone would even want that. The Commodore 64, which launched in September 1982, “cost half as much as any other 64K computer. But there wasn’t a lot of software for it during its first couple of years on the market…Meanwhile, the Apple II+ had thousands of software titles available for it, including the spreadsheet Visicalc.” Apple’s computer also ran for $1,195. 

“If you could buy a module to give yourself both a C-64 and an Apple II+ and let the monitor and printer do double-duty, you stood to save 600 bucks. In inflation-adjusted dollars, that was $1305,” Farquhar explains. Half the price for compatibility with all of the same software* and hardware. The only problem was the ][+ was discontinued by 1983, a year before the first ad from our productless mime and two years prior to the second campaign (the one above).

[* The Spartan’s “version of BASIC was not fully compatible with Applesoft BASIC while most of the stuff on the market at that time that would run on a ][+ was still in BASIC,” according to a Usenet thread.]


Not entirely clear in either of the first two ads, Mimic Systems’ device was a full blown Apple ][+ clone. Its hardware was similar to Franklin’s Ace machines (which, remember, had their own bad ads) while its ROM was jumbled just enough–while still being mostly Apple compatible–to avoid the lawsuits Franklin faced with their more exact copies.

Ultimately, the Commodore would provide some juice to the Spartan in a few narrow applications. But in most cases, it was barely more than a passthrough keyboard, if you had the deskspace to smush the two computers together.

[image: A mime holding the Spartan computer in his hands. Next to him is a Commodore 64, a 1541 drive, and a monitor with a big white space beneath it, where the Spartan is supposed to go.]INFO Magazine Sep 85 via Vintage Computing
“Sir, finally, we have a finished product. How do you want to photograph it?”

“...”

“No. No, we can’t. He packed up and moved his miming to Portland. Please.”

“Give him anything he wants. Just bring him in.”

It took its sweet time but now all could see its final form. “This 12” deep by nearly 5” high C-64-gray plastic container is exactly the same width as the 64,” reads a 1986 review in Ahoy! magazine. You literally had to “mate” the two machines together, connecting the cartridge port, printer port, power input and a few others when the backplate of the Commodore bumped up against the frontplate of the Spartan. “The top surface of the box, which is easily removable to allow for internal access, is the right size and of sufficient structural strength to support a 1702 color monitor.”

[image: A Commodore 64 plugged into a Spartan machine, sitting on a desk. The Spartan has its top off and an apple sitting on top of its exposed power supply.]A “mated” Commodore 64 and Spartan via Mike Naberezny
“It has the distinction of being the only 64 peripheral that when operational turned the 64 into a peripheral,” one user joked on Lemon64. The whole point was running Apple ][+ software, though, something the Spartan was still struggling with long after announcing its “instant evolution.”



Brent Marykuca remembered how, in 1985, “I (at the tender age of 19) was hired to work as the lead software developer on a product dubbed ‘The Spartan’ a Frankenstinian creation the likes of which we will not see again.” There was a button for flipping the monitor between the Commodore’s output and the Spartan’s, along with a DIY LED hanging loosely outside the case that changed color based on which was currently selected.  You had to wire up dozens of jumpers. Nothing screams scary mime quite like the included DOS card, however. 

The optional add-on was “installed inside the Commodore 1541 disk drive, between the drive mechanism and the 1541 logic board,” according to Brent. “In 1541 mode, the 'DOS Card' simply passed signals through from the 1541 logic, but at the flick of a switch (F6, I believe) it would take over the mechanism and turn the thing into an Apple II drive. As you can imagine, the potential for grave damage to both Apple II and 1541 diskettes was enormous and often realized.”

[image: A disassembled 1541 drive on the right with an attached "DOS" card from Mimic Systems on the left. There are several jumper cables connecting the two cards.]A DOS card (left) connected to a 1541 drive (right) via Mike Naberezny
I found half a dozen reviews that mentioned the DOS card and every single one said the finished Frankenstein ran as loud as a mime is quiet. None of the reviewers could reassemble the casing after connecting the wad of cables and gluing the add-on board to the plastic with four provided sticky feet. Multiple magazine articles admitted the DOS card bricked their drives during tests. And that was after the price had been slashed.

“How Mimic managed to put a retail price of only $300 (only half what it was supposed to sell for originally) on the Spartan is unbelievable. You get at least $300 worth of parts in the thing,” based on the INFO’s two-star review. And that brings us back to comments from Mimic’s teenage lead developer about why they were so late to market.  

Brent recalls how there were “weekly changes to the design by the president of the company (he would typically change it back the following week), frequent unmotivated firings of technical staff (he fired three in one day I remember, one guy because he was watching the plotter draw a circuit board design rather than working), and a draconian management style (we were paid by the hour and required to 'clock out' to go to the bathroom).” He quit shortly after the Spartan finally launched.

Before later joining Apple as a senior engineer in the early 2000s, Brent claimed that, “the president of the company wrote himself a big cheque from the payroll account and took off for South America.” His claim is quoted as fact all over forums and blogs that are still live today, despite the final four words of his story: “according to legend, anyhow.”

That bugged me. So I did some digging. There were no records of Mimic Systems’ president that I could find. But, assuming they’re accurate, there was a Conversion/Dissolve company filing on June 13, 1985 (before the sale of a single Spartan!) followed by incorporation as a sole proprietorship on October 24, 1985. It’s not hard to believe that the guy who kept putting his favorite mime in computer ads took the money and ran. I just hope the mime went with him.
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Most birds of prey are loners. They might form huge flocks during migration, but for the rest of the year, they stick to themselves. The red-footed falcon is different. This kestrel-size bird frequently travels and roosts in large groups across Eastern Europe and Central Asia. It even nests in colonies, with hundreds of pairs of slate gray males and buffy-red females all living together in what Hungarian ornithologist Péter Palatitz calls “super-busy cities.” Within these avian metropolises, the falcons fight for nests, steal from each other, mate outside their partnerships, and leave eggs for others to raise. For scientists interested in how birds behave, “this system is a heaven,” says Palatitz, who has studied the falcons for 20 years.
These raptors don’t build their own cities. Instead, they occupy the abandoned nests of the rook, a relative of crows. But rooks have long been seen as agricultural pests and were so thoroughly persecuted in the 1980s and ’90s that their population crashed. The red-footed falcons, with nowhere to nest, plummeted to a quarter of their former numbers. In 2006, Palatitz launched a plan to reverse that decline by placing thousands of nest boxes throughout Hungary. The falcons responded enthusiastically. Over the next decade, their numbers doubled.
As the falcons rebounded, Palatitz took the opportunity to answer some long-standing questions about these little-studied creatures. For example, he knew that they winter in Africa but not their route or specific destination—key information for understanding how the species spends half its life. So, between 2009 and 2015, Palatitz and his team fitted 28 individuals with satellite transmitters. The devices revealed that the birds, which weigh just four to seven ounces, can cross the Mediterranean and the Sahara in a nonstop five-day flight. A week later, they end their 6,000-mile trek in southern Africa, where they stay for months.

But in resolving one mystery, Palatitz unearthed another. The tracking data hinted that in March, before returning north, the red-footed falcons all pass through the same small stretch of central Angola. Why? Some of the team thought this was a coincidence, but Palatitz argued that the birds were gathering at a huge roosting site. He bet a beer that he was right, and began making plans to visit Angola.
Traveling in Angola can be risky, as more than 14,000 acres of land are still contaminated with mines—a legacy of the country’s nearly three decades of civil war. For years, Palatitz couldn’t get permission to go outside the capital, Luanda. But in late 2018, he was introduced to José “Zeca” Agostinho, an Angolan who had spent decades doing de-mining work, including in Huambo Province, where the falcons seemed to be congregating. Agostinho lined up the right paperwork, and “our 10-year dreams came together in three months,” Palatitz says. By March 2019, the team was on the road to Huambo. And on their second day of searching, Palatitz won his beer.
The team came across a site where falcons streamed in from all directions, blackening the sky. Some darted around at eye level. Others wheeled overhead. They perched shoulder to shoulder on every available branch. As he watched them, Palatitz started crying. It was like being “in a new dimension,” he says, “like I’m not part of the Earth but I’m more part of the sky.”

[image: Man with two bags walking on the pass though corn field toward trees. Flying birds covering sky.]
For a few weeks each year, the falcons migrate to this tiny patch of Angola, where they roost in tall mango and eucalyptus trees rising above agricultural plots.


Palatitz knew the falcons were sociable, but he had completely underestimated just how sociable they could be. In the summer, the birds are spread across thousands of miles from Hungary to Kazakhstan. But for six weeks in February and March, every last one passes through this tiny, 1.5-square-mile region of central Angola, which the team now calls “Falcopolis.”
True to their scientific name, Falco vespertinus—“falcon of the evening”—the birds begin to gather as sunlight dims. For over an hour, hundreds of thousands of them swirl above the trees and hover in place as they look for perches. “You can actually feel the wind from their wings on your face,” Agostinho tells me. Their droppings whitewash the underlying grass and fill the air with an ammonia-like scent. Their slate and red feathers blaze in the sunset, and he says that when they finally land, mere inches apart, “it’s like the trees are blossoming.”

No one knows exactly how many red-footed falcons congregate at Falcopolis. “Estimating them in the sky is impossible,” Palatitz says. Instead, his team is trying to count the birds by measuring the area over which they roost and the carrying capacity of those trees. If successful, the team will have an unprecedented way of counting a species that, in the summer, is scattered over a vast and largely unmonitored area. The red-footed falcon population has been estimated at up to 400,000 individuals. At Falcopolis, “I think I’ve seen one million birds in the air,” Palatitz says.

[image: Two men with open hands letting a bird free.]
Palatitz (left) and José “Zeca” Agostinho, who leads a conservation nonprofit, release a male red-footed falcon into the skies above Falcopolis—now considered one of the largest raptor roosting sites on Earth.


What compels these falcons to gather in such preposterous numbers? And why do they come to that particular part of Angola? “We don’t know,” Palatitz says. But he has some guesses. Falcopolis is on a peninsula surrounded by rivers and is easy to find from the air, he explains. Its climate is temperate and agreeable. It’s got plenty of large roosting trees. Human presence may have helped the falcons by suppressing mammalian competitors and predators. And since agriculture isn’t practiced intensively, there are still plenty of insects around. In particular, every March winged termites burst from the ground, swarming so densely that they look like static on an old television set.
(World’s Largest Falcon Faces a Threat It Can’t Flee: Climate Change.)
Gorging on the termite bonanza, the falcons increase their weight by 20 to 30 percent, gaining the fat they need to return to their breeding grounds, against the Sahara’s headwinds. And Palatitz suspects that their communal nature might help them find the unpredictable swarms. Every night, the falcons regurgitate pellets full of undigested termite heads, which might allow the birds to see who among them is successfully hunting—and thus worth following to increase their own luck. This hypothesis is one of many ideas that Palatitz now wants to test. By collecting blood samples from the falcons, he hopes to figure out how they avoid a species-wide epidemic despite bringing in pathogens from across the world. And by tagging more individuals with GPS transmitters, he is trying to understand how their migratory behavior changes over time.
By migrating, the red-footed falcons exploit the riches of two hemispheres. But their versatility also creates vulnerability—a bird that depends on several nations is susceptible to threats in any one. In Angola, hunting is a problem. The civil war decimated the country’s native mammals and livestock, depriving many communities of protein. The falcons offer an alternative, and boys use flashlights to flush the birds out before killing them with slingshots and sticks. By surveying local markets, Agostinho at one point estimated that tens of thousands of falcons were being killed annually. And though hunting wild animals has been largely prohibited, regulations have been unevenly enforced and assumed by many to apply only to big game. The falcons’ habitat is also at risk. Pesticides, which are increasingly used, could devastate the termite swarms the falcons need. All of Falcopolis’s trees could easily be cut for firewood or burned to clear space for agricultural land.

[image: Man and woman in red shirts surrounded by children listening to a man holding a grey bird.]
When a falcon’s wings get wet, it can’t fly well and is susceptible to predators and poachers. Residents of Mungo bring these birds to local law enforcement who in turn hand them over to Palatitz’s team.


[image: Man's hand holding a bird with small device on its back and wide open tail.]
Palatitz hopes to use GPS data from tagged falcons to study their hunting behavior and migration patterns.


Conversely, Falcopolis’s small size also means that a small number of communities will determine the birds’ fate, and that Palatitz’s team knows where to concentrate its efforts. Agostinho, who coordinates with national authorities and now leads a conservation nonprofit called Orbis Angola, has been raising awareness about the falcons at surrounding schools and churches, and with the local soba—influential traditional leaders. The teams have set up a research camp to document the locals’ knowledge about the birds and enlist their help with banding and conservation measures. They’re also talking with donors about supplying people with gas stoves or solar cookers to reduce their need for firewood.
Meanwhile, news of Falcopolis is spreading quickly. At a recent conference, Angola’s president described it as a national treasure. The Ministry of the Environment went to the site, marking the first high-level governmental visit to the area in decades. A six-foot-tall falcon statue now stands in the main square of the nearest municipality, Mungo. And Palatitz’s team has started bringing international volunteers to Falcopolis, where Agostinho is training locals to guide future tourists.
These efforts are already paying off. When Agostinho first visited Mungo, he found falcons on sale in the market. “That’s gone completely,” he says. Perhaps more important, locals are increasingly venturing out of their homes at night to see the birds for themselves. And as they become invested, they’re coming up with their own ways of protecting the birds.
Earlier this year, five 12-year-old boys told Agostinho that they had formed a soccer team, the Mungo Falcons. They would use their matches as opportunities to educate similarly aged kids—the demographic most likely to hunt the birds—about protecting the raptors. They’d play for the falcons; they just needed a ball. So Agostinho bought this new generation of ambassadors their first one.
Red-footed falcons, like other spectacular migrants, show how connected our planet is—and needs to be. Their success depends on wild resources as disparate as rook nests in Europe and termite swarms in Africa. And their future will hinge upon equally far-flung feats of human grace, from nest boxes in Hungary to soccer balls in Angola.

[image: Flying in huge number, birds covering the blue and orange sky at sunset.]
At dusk, hundreds of thousands of red-footed falcons return from a long day of hunting in search of a place to roost. To witness it, says Palatitz, is like “being in a new dimension.”


Ed Yong, a winner of the Pulitzer Prize, is the author of, most recently, An Immense World: How Animal Senses Reveal the Hidden Realms Around Us, a New York Times bestseller. He lives in Oakland, California.)
Ákos Stiller is a National Geographic Explorer and photojournalist based Budapest, Hungary.
A version of this story appeared in the September 2026 issue of National Geographic.
The nonprofit National Geographic Society, committed to illuminating and protecting the wonder of our world, funded the work of National Geographic Explorer and photographer Ákos Stiller featured in this story.
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Steffen’s polyhedron is a
flexible polyhedron:
a polyhedron that can change shape while maintaining the shapes of all its individual faces.
It has been proved that
no convex polyhedron can be flexible.
The first non-self-intersecting flexible polyhedron with the topology of a sphere was found by
Robert Connelly
in 1977, but Klaus Steffen’s version has fewer faces, with just 14 triangles.

(For some time it was believed that the nine vertices of Steffen’s polyhedron
was the minimum possible, but in 2024 a flexible polyhedron with just eight vertices
was found by Gallet et al.  Elvar Atlason, who kindly pointed out this new development to me, has publishing a detailed analysis of the problem, and constructed another solution with eight vertices.)

It’s not hard to see how Steffen’s polyhedron is constructed.  First, consider the flexible shape we obtain by assembling four suitable triangles into a kind of pyramid:

[image: Flexing pyramid]

This shape has one degree of freedom:  we can alter, for example, the length of one of the diagonals of the non-planar quadrilateral
ABCD that forms the base of the pyramid.  We choose AB=CD=12, BC=AD=10, AP=10, BP=5, CP=12 and DP=11.
(There’s nothing special about the particular numbers 5, 10, 11 and 12, but it is crucial that opposite
edges of the quadrilateral have the same lengths.)

Now, suppose we attach two more triangles to this figure, along the edges AD and CD, with
the two triangles sharing an edge, DE:

[image: Flexing pyramid with two extra triangles]

Specifically, we set DE=5, AE=12 and CE=10.  Adding these two triangles does not introduce any more freedom to the shape, since the location of E is determined
by the edges AD and CD (up to a choice of which side of the plane ACD it lies on).  Perhaps surprisingly, though,
even as the quadrilateral ABCD flexes, the distance BE remains constant (at 11), so the angle ECB also remains unchanged.  The reason for this is that the triangle ADE is congruent to the triangle CBP, and the triangle CDE is congruent to the triangle ABP.  So E is
the apex of a second pyramid congruent to the first, BCE is congruent to DAP, and BE=DP=11.

To build Steffen’s polyhedron, we take two of these six-triangle figures and join them along the edges EC and CB.  Specifically, we join the edge E1C1 of the first figure to the edge B2C2
of the second, and we join the edge B1C1 of the first figure to the edge E2C2
of the second.  We know we can make this join regardless of the particular shapes of the two quadrilateral bases,
because the angle ECB is independent of the shape.  So, this assembly of 12 triangles has two degrees of freedom.


To complete the polyhedron, we add triangular faces A1 B1 A2
and A2 B2 A1, and then to ensure that these faces have a constant shape,
we use up one degree of freedom to impose the requirement that A1 A2 has a particular fixed length of 17.  But we still have a degree of freedom left over, so the resulting polyhedron is free to flex.

(B1 B2 is fixed at 11, regardless of the specific shapes of the quadrilateral bases, but if we tried to use B1 B2 rather than A1 A2 to split A1 B1 A2 B2 into two triangular faces, they would intersect other faces of the polyhedron.)

Here’s a net for the polyhedron:  a mapping of its faces into the plane, which can be printed, cut out, and folded up.
Dashed lines between faces should be folded like valleys, unbroken lines like mountains.
The face colours match the images above, but in order for the single-sided colours on the paper to end up on the exterior
of the polyhedron, the two pyramids (viewed from the coloured side) will look like pits.

	[image: Net for Steffen's polyhedron]
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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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 I’ve just uploaded to the arXiv the paper “Finite time blowup for an averaged three-dimensional Navier-Stokes equation“, submitted to J. Amer. Math. Soc.. The main purpose of this paper is to formalise the “supercriticality barrier” for the global regularity problem for the Navier-Stokes equation, which roughly speaking asserts that it is not possible to establish global regularity by any “abstract” approach which only uses upper bound function space estimates on the nonlinear part of the equation, combined with the energy identity. This is done by constructing a modification of the Navier-Stokes equations with a nonlinearity that obeys essentially all of the function space estimates that the true Navier-Stokes nonlinearity does, and which also obeys the energy identity, but for which one can construct solutions that blow up in finite time. Results of this type had been previously established by Montgomery-Smith, Gallagher-Paicu, and Li-Sinai for variants of the Navier-Stokes equation without the energy identity, and by Katz-Pavlovic and by Cheskidov for dyadic analogues of the Navier-Stokes equations in five and higher dimensions that obeyed the energy identity (see also the work of Plechac and Sverak and of Hou and Lei that also suggest blowup for other Navier-Stokes type models obeying the energy identity in five and higher dimensions), but to my knowledge this is the first blowup result for a Navier-Stokes type equation in three dimensions that also obeys the energy identity. Intriguingly, the method of proof in fact hints at a possible route to establishing blowup for the true Navier-Stokes equations, which I am now increasingly inclined to believe is the case (albeit for a very small set of initial data).



To state the results more precisely, recall that the Navier-Stokes equations can be written in the form 



 for a divergence-free velocity field  and a pressure field , where  is the viscosity, which we will normalise to be one. We will work in the non-periodic setting, so the spatial domain is , and for sake of exposition I will not discuss matters of regularity or decay of the solution (but we will always be working with strong notions of solution here rather than weak ones). Applying the Leray projection  to divergence-free vector fields to this equation, we can eliminate the pressure, and obtain an evolution equation [bookmark: ubb]



 purely for the velocity field, where  is a certain bilinear operator on divergence-free vector fields (specifically, . The global regularity problem for Navier-Stokes is then equivalent to the global regularity problem for the evolution equation (1). 


An important feature of the bilinear operator  appearing in (1) is the cancellation law 



 (using the  inner product on divergence-free vector fields), which leads in particular to the fundamental energy identity 



 This identity (and its consequences) provide essentially the only known a priori bound on solutions to the Navier-Stokes equations from large data and arbitrary times. Unfortunately, as discussed in this previous post, the quantities controlled by the energy identity are supercritical with respect to scaling, which is the fundamental obstacle that has defeated all attempts to solve the global regularity problem for Navier-Stokes without any additional assumptions on the data or solution (e.g. perturbative hypotheses, or a priori control on a critical norm such as the  norm).


Our main result is then (slightly informally stated) as follows


Theorem 1 [bookmark: main] There exists an averaged version  of the bilinear operator , of the form 





 for some probability space , some spatial rotation operators  for , and some Fourier multipliers  of order , for which one still has the cancellation law 



 and for which the averaged Navier-Stokes equation [bookmark: pbu]



 admits solutions that blow up in finite time. 




(There are some integrability conditions on the Fourier multipliers  required in the above theorem in order for the conclusion to be non-trivial, but I am omitting them here for sake of exposition.)



Because spatial rotations and Fourier multipliers of order  are bounded on most function spaces,  automatically obeys almost all of the upper bound estimates that  does. Thus, this theorem blocks any attempt to prove global regularity for the true Navier-Stokes equations which relies purely on the energy identity and on upper bound estimates for the nonlinearity; one must use some additional structure of the nonlinear operator  which is not shared by an averaged version . Such additional structure certainly exists – for instance, the Navier-Stokes equation has a vorticity formulation involving only differential operators rather than pseudodifferential ones, whereas a general equation of the form (2) does not. However, “abstract” approaches to global regularity generally do not exploit such structure, and thus cannot be used to affirmatively answer the Navier-Stokes problem.



It turns out that the particular averaged bilinear operator  that we will use will be a finite linear combination of local cascade operators, which take the form 



 where  is a small parameter,  are Schwartz vector fields whose Fourier transform is supported on an annulus, and  is an -rescaled version of  (basically a “wavelet” of wavelength about  centred at the origin). Such operators were essentially introduced by Katz and Pavlovic as dyadic models for ; they have the essentially the same scaling property as  (except that one can only scale along powers of , rather than over all positive reals), and in fact they can be expressed as an average of  in the sense of the above theorem, as can be shown after a somewhat tedious amount of Fourier-analytic symbol manipulations.


If we consider nonlinearities  which are a finite linear combination of local cascade operators, then the equation (2) more or less collapses to a system of ODE in certain “wavelet coefficients” of . The precise ODE that shows up depends on what precise combination of local cascade operators one is using. Katz and Pavlovic essentially considered a single cascade operator together with its “adjoint” (needed to preserve the energy identity), and arrived (more or less) at the system of ODE [bookmark: txn]



 where  are scalar fields for each integer . (Actually, Katz-Pavlovic worked with a technical variant of this particular equation, but the differences are not so important for this current discussion.) Note that the quadratic terms on the RHS carry a higher exponent of  than the dissipation term; this reflects the supercritical nature of this evolution (the energy  is monotone decreasing in this flow, so the natural size of  given the control on the energy is ). There is a slight technical issue with the dissipation if one wishes to embed (3) into an equation of the form (2), but it is minor and I will not discuss it further here.



In principle, if the  mode has size comparable to  at some time , then energy should flow from  to  at a rate comparable to , so that by time  or so, most of the energy of  should have drained into the  mode (with hardly any energy dissipated). Since the series  is summable, this suggests finite time blowup for this ODE as the energy races ever more quickly to higher and higher modes. Such a scenario was indeed established by Katz and Pavlovic (and refined by Cheskidov) if the dissipation strength  was weakened somewhat (the exponent  has to be lowered to be less than ). As mentioned above, this is enough to give a version of Theorem 1 in five and higher dimensions.



On the other hand, it was shown a few years ago by Barbato, Morandin, and Romito that (3) in fact admits global smooth solutions (at least in the dyadic case , and assuming non-negative initial data). Roughly speaking, the problem is that as energy is being transferred from  to , energy is also simultaneously being transferred from  to , and as such the solution races off to higher modes a bit too prematurely, without absorbing all of the energy from lower modes. This weakens the strength of the blowup to the point where the moderately strong dissipation in (3) is enough to kill the high frequency cascade before a true singularity occurs. Because of this, the original Katz-Pavlovic model cannot quite be used to establish Theorem 1 in three dimensions. (Actually, the original Katz-Pavlovic model had some additional dispersive features which allowed for another proof of global smooth solutions, which is an unpublished result of Nazarov.)



To get around this, I had to “engineer” an ODE system with similar features to (3) (namely, a quadratic nonlinearity, a monotone total energy, and the indicated exponents of  for both the dissipation term and the quadratic terms), but for which the cascade of energy from scale  to scale  was not interrupted by the cascade of energy from scale  to scale . To do this, I needed to insert a delay in the cascade process (so that after energy was dumped into scale , it would take some time before the energy would start to transfer to scale ), but the process also needed to be abrupt (once the process of energy transfer started, it needed to conclude very quickly, before the delayed transfer for the next scale kicked in). It turned out that one could build a “quadratic circuit” out of some basic “quadratic gates” (analogous to how an electrical circuit could be built out of basic gates such as amplifiers or resistors) that achieved this task, leading to an ODE system essentially of the form 

















 where  is a suitable large parameter and  is a suitable small parameter (much smaller than ). To visualise the dynamics of such a system, I found it useful to describe this system graphically by a “circuit diagram” that is analogous (but not identical) to the circuit diagrams arising in electrical engineering:






The coupling constants here range widely from being very large to very small; in practice, this makes the  and  modes absorb very little energy, but exert a sizeable influence on the remaining modes. If a lot of energy is suddenly dumped into , what happens next is roughly as follows: for a moderate period of time, nothing much happens other than a trickle of energy into , which in turn causes a rapid exponential growth of  (from a very low base). After this delay,  suddenly crosses a certain threshold, at which point it causes  and  to exchange energy back and forth with extreme speed. The energy from  then rapidly drains into , and the process begins again (with a slight loss in energy due to the dissipation). If one plots the total energy  as a function of time, it looks schematically like this:







As in the previous heuristic discussion, the time between cascades from one frequency scale to the next decay exponentially, leading to blowup at some finite time . (One could describe the dynamics here as being similar to the famous “lighting the beacons” scene in the Lord of the Rings movies, except that (a) as each beacon gets ignited, the previous one is extinguished, as per the energy identity; (b) the time between beacon lightings decrease exponentially; and (c) there is no soundtrack.)



There is a real (but remote) possibility that this sort of construction can be adapted to the true Navier-Stokes equations. The basic blowup mechanism in the averaged equation is that of a von Neumann machine, or more precisely a construct (built within the laws of the inviscid evolution ) that, after some time delay, manages to suddenly create a replica of itself at a finer scale (and to largely erase its original instantiation in the process). In principle, such a von Neumann machine could also be built out of the laws of the inviscid form of the Navier-Stokes equations (i.e. the Euler equations). In physical terms, one would have to build the machine purely out of an ideal fluid (i.e. an inviscid incompressible fluid). If one could somehow create enough “logic gates” out of ideal fluid, one could presumably build a sort of “fluid computer”, at which point the task of building a von Neumann machine appears to reduce to a software engineering exercise rather than a PDE problem (providing that the gates are suitably stable with respect to perturbations, but (as with actual computers) this can presumably be done by converting the analog signals of fluid mechanics into a more error-resistant digital form). The key thing missing in this program (in both senses of the word) to establish blowup for Navier-Stokes is to construct the logic gates within the laws of ideal fluids. (Compare with the situation for cellular automata such as Conway’s “Game of Life“, in which Turing complete computers, universal constructors, and replicators have all been built within the laws of that game.)
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balrogg losslessly recompresses Ogg Vorbis and Opus files. Archives are
typically 8-12% smaller than .ogg files and 3-8% smaller than .opus files.

Releases are not backwards or forwards compatible until v2.0 is reached.

balrogg is licensed under GNU GPL version 3. See COPYING. Report
issues to Kamila Szewczyk k@iczelia.net. The project is hosted at
https://github.com/iczelia/balrogg.


Quick start


balrogg e music.ogg music.blr
balrogg d music.blr music.ogg
balrogg -b e *.ogg *.opus
balrogg --progress -9 e music.ogg music.blr


e compresses and d expands. balrogg detects the codec. With -b, every
remaining path is processed using the available cores and memory. Encoding
appends .blr; decoding removes it. Larger inputs run first.

-p or --progress displays a progress bar on stderr for encoding and
decoding, with each Vorbis tuning trial identified separately. Use
--progress-lines for logs. Batch progress uses separate lines labeled with
the input filename.


Installation


Use your package manager or download a binary from GitHub Releases. To build a
release tarball, run

./configure
make
sudo make install


The project uses C99 and only the C and math libraries. The Opus parser under
src/opus is derived from libopus.




	Configure option
	Effect





	--enable-sanitizers
	Enable ASan and UBSan for tests



	--disable-simd
	Build the portable mixer only



	--with-windows-target=win95
	Target Windows 95 on an i486 (MinGW, 32-bit)





Run ./bootstrap first when building from a Git checkout. It requires autoconf
and automake.


Effort


-1 through -9 select effort; the default is -9. Through -4, each level
adds a residue-model stage and affects decoding. Higher levels only expand the
parameter search, so -4 through -9 decode at the same speed.
Vorbis tuning evaluates the complete file at each selected setting. The best
candidate is retained in the destination file, with at most the best and current
candidate present during a trial.

Results for a five-megabyte music file follow.




	Level
	Vorbis
	Opus





	-1
	8.3 percent smaller at 6.4 MB/s
	4.0 percent smaller at 4.2 MB/s



	-9
	9.8 percent smaller at 2.9 MB/s
	4.8 percent smaller at 2.4 MB/s






Caveats


The encoder refuses files it cannot reproduce exactly, including files with
bad checksums, invalid page sequences, unsupported Vorbis features, or no final
end-of-stream page.

Vorbis packets with extra padding or alternative floor subclass choices retain
normal floor and residue compression. Classword corrections and padding are
modeled separately. Shortened packets (packet peeling) use an adaptive byte model.

Opus support is limited to one mono or stereo logical stream with channel
mapping family 0. Packets, including OpusHead and OpusTags, are limited to 61,440
bytes; extended frame headers and padding are supported within that limit.
Chained and multichannel Opus files are refused. Refusals
produce a diagnostic and exit status 1.


Exit status





	Code
	Meaning





	0
	Success



	1
	Malformed, unsupported, or unrecognized input



	2
	Usage error



	3
	File access error



	4
	Internal error





Batch mode returns the highest nonzero status reported by any file.


Performance and portability


Each file uses one thread and requires seekable input and output files.
Vorbis model pages are allocated only when used, without relying on deferred
OS allocation.

Supported hosts apply a 2 GiB process memory cap to reject unreasonable
allocations. Set BLR_MEMCAP to another size in MiB, or to 0 to disable the
cap.

Archives are portable across hosts. Windows builds use MinGW as follows:

./configure --host=x86_64-w64-mingw32 CC=x86_64-w64-mingw32-gcc LDFLAGS=-static
make


A Windows 95 build uses a small KERNEL32 runtime and targets i486.

./configure --host=i686-w64-mingw32 --with-windows-target=win95 \
            CC=i686-w64-mingw32-gcc LDFLAGS=-static
make && make win95-check


win95-check verifies the loader baseline, PE flags, and KERNEL32 imports.
An MS-DOS build uses DJGPP and needs an i386 with a DPMI host such as CWSDPMI.

./configure --host=i586-pc-msdosdjgpp CC=i586-pc-msdosdjgpp-gcc
make


DOS batch mode replaces the extension and runs serially. song.ogg becomes
song.blr, then expands to song.ogg or song.opu for Opus.
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Space industry lacks workers needed to rebuild satellites lost in war: report
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The United States does not have enough engineers, technicians and assemblers to rebuild military space assets destroyed in a war with China or Russia, according to a RAND report published Aug. 31.
The study, “
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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:Large-language models (LLMs) are rapidly becoming part of human culture, reshaping how information is produced, transmitted, and used. Here we propose that their diffusion can be understood through a viral analogy, with LLM use spreading through populations, becoming embedded in cognitive and cultural practices. We model transitions among uncoupled, coupled, and persistently dependent users, and show that the interplay between social transmission, recovery, and collective reinforcement can generate tipping points and technological lock-in. A central consequence is the possibility of runaway dynamics: once a critical threshold is crossed, small increases in adoption can trigger rapid population-level shifts toward persistent dependence, with abrupt losses in cognitive competence. The same framework, however, identifies conditions for cognitive immunization, based on reducing transmission and facilitating reversibility. Our results highlight how LLM adoption may involve nonlinear collective transitions with important consequences for cognitive autonomy.
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1112 FORT ST, FL. 6H

Now, that’s natural selection! VICTORIA, 8.C
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~ WITH THIS

At Mimic we believe that you and your computer should
dictate the choices ot hardware and software you can use.

The Spartan™ was developed to allow you to choose the
hardware and software that best suits your needs.

Our goal in designing the Spartan™ was simple.
To take what you already have and give you more.

Mimic Systems is proud to give you the Spartan™
The Apple™ Il + emulator for the Commodore 64™

Spartan™ Suggested Retail Prices:
The Spartan™ (includes BUSS, CPU, and DOS cards) $599.00
pUSSicaid 527,00 MIMIC SYSTEMS IN

CPU card (requires BUSS card) $199.00 2 a 6C

DOS card (requires BUSS and CPU card) $199.00
(A prices n U, Funds. Freight not included)

FOR INFO