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Kimi-K3 on HuggingFace

huggingface.co · 1238 points · Discussion

Related: Kimi-K3 Technical Report [pdf] - https://news.ycombinator.com/item?id=49070985

Original: https://huggingface.co/moonshotai/Kimi-K3 · Discussion
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Decathlon Germany adds Wero payment option to decathlon.de website

sgieurope.com · 268 points · Discussion

Decathlon didn’t just add a new payment button to its German checkout page. It handed European banks their first big-box sporting goods test case at a moment when competition in digital payments is intensifying and the push for EU-made payment infrastructure is growing.
Decathlon switched on Wero on decathlon.de on July 20, making Germany the first market in the French group’s international footprint to carry the European payment scheme.

Wero is the retail payment product of the European Payments Initiative (EPI), a consortium of banks and payment providers backed by 18 shareholder institutions and more than 50 members across the region. It routes payments directly between bank accounts in real time, authorized in the customer’s banking app via fingerprint or face recognition, so the merchant never receives a card number.

Archive reporting shows the scale Wero is still building toward: 43 million active users across the region in August 2025, 46 million by November 2025 alongside the retail launch, and around 56 million by the time of the Decathlon rollout in July 2026, with German registrations rising from 1.3 million to 1.8 million over the same period.

Decathlon joins a merchant roster that already includes Eventim Live, with Lidl, Rossmann and Hornbach expected to follow.

The insider why

For Decathlon, the incentive is not just optics. Patrick Müller, chief digital and chief marketing officer at Decathlon Germany, tied the launch to the retailer’s membership program, saying the connection delivers “a genuine added value” on every purchase. That frames Wero as a loyalty and retention tool, not only a checkout option. Industry estimates commonly place card network processing costs at around 1 to 2 percent of transaction value in fees to Visa and Mastercard. An account to account rail that bypasses that layer can be a direct margin lever for a retailer operating at scale on thin sporting goods margins.

The rollout plan extends beyond the website.

Decathlon says it is preparing the technical integration needed to bring Wero to its roughly 110 physical stores in Germany, with the goal of a consistent payment experience across online and offline channels. A joint activation campaign with EPI is scheduled for October: a six week promotion offering a €10 voucher to customers who pay with Wero on decathlon.de, funded entirely by EPI rather than Decathlon.

The challenge and the promise

EPI’s willingness to fund customer incentives points to the network’s core problem. Payment schemes live or die on how many merchants and consumers show up at the same time, and Wero still lacks in store point of sale functionality. That capability is not expected until 2026 and 2027. Joachim Schmalzl, EPI’s supervisory board chairman, has acknowledged the initiative still faces real hurdles even as he called the ecommerce launch a milestone toward “a sovereign European payment system.”

Decathlon being among the first to implement the system can help test Wero’s promise: lower processing costs, tighter loyalty integration and one less transaction fee flowing to a US based network, provided Wero can close the gap between its ambitions and its still limited in store reach.




Original: https://www.sgieurope.com/e-commerce/decathlon-germany-launches-wero-payment-on-its-website/122397.article · Discussion
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Should you wash your solar panels?

incoherency.co.uk · 207 points · Discussion


I have a small solar farm and the panels have got visibly dusty. Is cleaning them worthwhile? How much difference does it make? Let's find out.



I know that my panels have not been cleaned in the last year. I expect they also weren't cleaned in the year prior to that (why would you clean
them when you're about to sell the house?). But beyond that I don't know when they were last cleaned.

Summary

The short answer is that I think I got a 2%-5% increase in power output from my solar farm due to cleaning the panels, which will work out to
about £60-£150/yr, decaying to 0 over the course of a few years. So, probably just about worthwhile.

Methodology

There are 16 panels in total, connected up to the inverter as 2 banks of 8 panels each. The inverter reports the power output from each
bank individually, so the plan is to take a bunch of readings before starting, then wash all of the panels in one bank, taking readings
in between and at the end.

Our hypothesis is that cleaning the panels will increase power output.

We can test whether washing the panels has made any difference by looking at the ratio of power output from the 2 banks.
If we just looked at raw power output then it would be confounded by changing cloud cover, sun angle, etc.

There is still the fact that the 2 banks of panels are physically separate and plausibly one bank is better positioned for sun 45 minutes
later than the other. Ideally I would have been measuring the ratio of power output for several days prior to see how it varies throughout the day.

This is how the first row of panels looks after I've washed 3 of them, you can see the furthest one is noticeably grubbier:



So they were "visibly dusty", but not massively dirty. If your panels are dirtier than mine were, then your benefit from cleaning them
will be greater than mine was.

Results

My results for cleaning one bank of panels are shown in this chart:



We see that the initial power ratio is very stable before the panels are washed.

We then step up to having washed "half" a panel (I initially tried to wash them with window cleaner and a paper towel, but this was ineffective
so I then walked away to get a bucket of soapy water and a cloth, and then took a reading which I labelled as 50% washed).

For some reason the power ratio drops significantly when the first panel is washed, I'm unsure why.

And then the power ratio increases as more panels are washed as we'd expect.

But once all the panels are washed, the power ratio drops off again while nothing changes. I am unsure whether this is because as the surface water evaporates off
the panels get slightly opaque again? Like the "frosted glass effect", where you can see through frosted glass when it is wet but it gets opaque
again when dry. Maybe beyond cleaning the panels I ought to be polishing them?

Anyway it looks like cleaning the panels was about a 2%-5% improvement, depending on what you think is going on at the end.

Tingle

I got a bit of a tingle when I was cleaning one of the panels. At first I thought I was getting an electric shock from the wet panel, but
I inspected my finger and found a tiny thistle splinter in it. After I removed the splinter it seemed fine.

But a bit later I got another
tingle from another panel! There definitely wasn't a splinter in my finger any more, but the tingle was in the same place. I think the tingle
actually was coming from the electricity, but I was only able to feel it at the point where the thistle had already
pierced the skin.

ChatGPT convinced me that there could just be a tiny "capacitive leakage" from an "inverter with no transformer", so I'm not going to worry
about it. But if I clean the panels again I will wait until dark lol.

Upgrading

The next question is should I be upgrading the solar farm?
I think mine was installed about 15 years ago, and generates (at peak output) 3.7 kW from
16 panels.

Correct me if I'm wrong on any of this:

Replacing the panels with more modern ones would increase the power output by about 60%, at a cost of about £5000, which would pay for itself in about 3
years, which seems like a no-brainer.

However, due to the fact that my solar farm was installed so long ago, it benefits from a feed-in tariff, which means that not only do I get paid
an absurdly high rate, but it is paid also based on the electricity I generate rather than what I export.

If I increase the power output
of the system then the additional capacity will not be eligible for the feed-in tariff and will revert to present-day prevailing tariff which is about 4x worse before
you even consider that I currently get to use electricity and still get paid for generating it.

This is the yin and yang of market-distorting incentives. Today's incentive to install solar becomes tomorrow's disincentive to upgrading it.







Original: https://incoherency.co.uk/blog/stories/should-you-wash-your-solar-panels.html · Discussion




Removing React.js from the codebase and adapting Htmx for UI interactivity (2023)


05

Removing React.js from the codebase and adapting Htmx for UI interactivity (2023)

misago-project.org · 193 points · Discussion
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MAI-Cyber-1-Flash inside MDASH

microsoft.ai · 193 points · Discussion
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Modern email can be built from borrowed parts

en.andros.dev · 152 points · Discussion


	Let's design the successor to email on top of HTTP, fixing the design flaws SMTP has been dragging along for 40 years. Piece by piece. The goal is not to replace the current mail system, heaven forbid!, but to learn, have fun and discover current technologies to swap out every element: sending, receiving, gateway, keys, and so on. The system will never talk to Gmail or any classic email provider: it only talks to itself. The only thing we are going to keep is the shape of the addresses, user@domain. Everything else gets reinvented.

Since it is a mail system over HTTP, a good name for the protocol would be HMTP: Hypertext Mail Transfer Protocol (the S for Simple in SMTP gives up its seat to the H for HTTP).

Now it's time to prepare the tech stack: HTTP, TLS, WebFinger, ActivityPub, Webmention, Ed25519, HPKE, sigchains, etc.

The bill of materials

This design doesn't invent a single technology: everything already exists.




	Problem
	Existing technology
	Who uses it today





	Transport and status codes
	HTTP
	The whole web



	Transport encryption
	TLS + Let's Encrypt
	The whole web



	User discovery
	WebFinger (RFC 7033)
	Mastodon and the Fediverse



	Message delivery
	POST to an inbox
	ActivityPub



	Sender verification at the source
	The Webmention and DKIM pattern
	IndieWeb, all of email



	Signatures
	Ed25519
	SSH, Signal



	Content encryption
	HPKE (RFC 9180)
	MLS, TLS ECH



	Identity that survives key rotation
	Sigchains
	ATProto (Bluesky), Keybase



	Reading and synchronization
	JMAP (RFC 8620)
	Fastmail



	Push notifications
	SSE / WebPush
	Every browser



	First-contact consent
	Message requests
	Signal, Instagram



	Attachments by reference with hashes
	Content addressing
	Git, IPFS, Matrix






Every piece we are going to use is standardized, deployed and battle-tested at scale by millions of people; the only new thing is the assembly.

Choosing HTTP is not just pragmatism. It solves, right out of the gate, several things any new protocol would have to build at some point:


	TLS, virtual hosting and SNI: for free.

	Status codes: the catalog a mail protocol needs already exists in HTTP. 202 Accepted (queued for delivery), 429 Too Many Requests + Retry-After (rate control), 404/410 (mailbox unknown/gone), 3xx (mailbox moved), 413 (too large). Even paid anti-spam has had a code reserved since 1997: 402 Payment Required.

	Existing infrastructure: proxies, load balancers, Nginx, libraries in every language. The protocol stops being a new server and becomes a convention over HTTP, like Webmention or Micropub.



Let's move to the next level: how do we discover a user, verify their identity, deliver the message, sign it and encrypt it, all over HTTP?

1. Discovery and delegation (a better MX)

Delegation is solved with a static document:

GET https://example.com/.well-known/hmtp/ana

{
  "inbox": "https://mail.migadu.example/hmtp/inbox/ana",
  "keys": { ... },
  "devices": [ ... ]
}

The inbox can live on another host: that is the MX record, but without touching DNS. A static blog on GitHub Pages can delegate its mail to a provider by serving a JSON file. And it allows something MX never did: per-user delegation (each mailbox of a domain on a different provider). We wouldn't even need to invent the route: WebFinger (RFC 7033) does exactly this, and Mastodon has already proven it scales.

2. Identity that survives key rotation

Identity cannot be a key (they get lost, they expire); it has to be something that keys back. A proposal with two anchors:


	Cryptographic continuity: the discovery document publishes the current key and a chain of rotations, where each new key is signed by the previous one. Anyone who knew you with key N can verify key N+1 without trusting anybody. It's a sigchain, what ATProto does with DIDs or what Keybase used to do.

	Domain control as a fallback: if you lose the key without a signed rotation (your laptop gets stolen), the domain declares a new key without a chain, with a mandatory announcement period (say 30 days) during which the servers that knew you show the warning "identity re-anchored by domain, not by signature".



However, domain-anchored identity has its own Achilles heel: a domain is not owned, it is rented. If you stop paying, it expires and someone registers it, the new owner publishes their keys in your .well-known and from that moment on they receive your mail and sign as you. Nobody can tell the legitimate heir from the squatter. It's the problem ATProto tries to solve by separating identity from the domain with DIDs, at the price of another piece of infrastructure. We know it's a real problem with a known solution. Now let's move on.

3. Delivery with a queue (store-and-forward)

Delivery is a POST to the recipient's inbox:

POST /hmtp/inbox/ana HTTP/1.1
Host: mail.migadu.example
Content-Type: application/hmtp+json

The key is not the request, it's who makes it. Your client doesn't deliver directly to the recipient, but to your own server (an authenticated POST to your outbox), and it is your server that queues, retries with exponential backoff and honors Retry-After. It's admitting that SMTP's MUA/MSA/MTA separation was right. One of email's quiet strokes of genius is that if the destination server is down, your server retries for days and you forget about it.

But let's add an improvement SMTP never had. Every message carries an ID that is the hash of its content, so retries are idempotent. The receiving server deduplicates by ID and the classic "duplicate email because the ACK failed" disappears by construction.

The full cycle of a delivery, with the destination node down on the first attempt:

sequenceDiagram
    autonumber
    participant Ana as Ana's client
    participant SA as Ana's server
    participant SB as Bob's server

    Ana->>SA: POST /outbox (signed message)
    SA-->>Ana: 202 queued
    SA->>SB: GET /.well-known/hmtp/bob
    SB-->>SA: Bob's inbox and keys
    SA->>SB: POST /hmtp/inbox/bob (envelope + sealed body)
    Note over SB: down: no response
    Note over SA: queue: retries with exponential backoff
    SA->>SB: POST /hmtp/inbox/bob (retry, same id)
    SB->>SA: GET /.well-known/hmtp/ana
    SA-->>SB: Ana's signing key
    Note over SB: signature verified, deduplicated by id
    SB-->>SA: 201 delivered

Notice that the diagram contains the entire protocol: the two GETs to .well-known are discovery and verification, the POST is the delivery, and the queue lives where it should, on the sender's server.

4. Signing and encrypting with the keys we already have

The message is a signed object, not loose text:

{
  "id": "sha256:9f2c...",
  "from": "ana@example.com",
  "to": ["bruno@example.org"],
  "date": "2026-07-26T10:00:00Z",
  "in_reply_to": "sha256:11ab...",
  "subject": "Re: that idea",
  "body": { "type": "text/markdown", "content": "<encrypted>" },
  "signature": "..."
}

This buys us a lot of things:


	Authenticity at rest: stored mail carries its cryptographic proof. A forward keeps the original signature. Forging the sender becomes impossible even through chains of forwards.

	Sender verification without DKIM: the receiving server GETs the .well-known of the from domain and checks that the key signs. It's the same move as Webmention verification. The proof is fetched at the source.

	E2E: the discovery document publishes encryption keys (X25519); the body is sealed with HPKE. The envelope (from, to, id, date) stays visible for routing and filtering; the content, only for the recipient.

	Threads: in_reply_to and references by content hash. Conversations reconstructed without heuristics.

	Attachments: outside the message. An attachment is {hash, url, size} pointing to the sender's server; the receiver downloads it on demand and their server can mirror it. No more base64 bloating mailboxes.



5. Layered anti-spam

Like in any system, this is a complex problem that needs several layers of defense. With HMTP we could start with three:


	Identity cost: signing as ana@example.com requires serving the key document at example.com. Identity is anchored to a domain, and domains cost money. It's the sybil cost that self-signed identities don't have. However, a domain gives you infinite subdomains and mailboxes, so the cost slows down the mass creation of independent identities, not of addresses. We work at the root level.

	First-contact consent: an unknown sender doesn't get into the mailbox; they land in a "requests" box with their first message visible (like Signal's message requests). You accept, and the thread opens forever. A stranger can knock on your door, which is the essential property of mail, but they can't fill up your living room.

	Optional postage for strangers: the server can answer a first contact with a 402. Configurable per mailbox; the cost of cold spamming stops being zero.



6. Reading gets specified too

Email standardized sending (SMTP) and reading (IMAP/POP) as separate worlds. We don't need to invent anything: reading, synchronizing and searching mailboxes over JSON/HTTP is already solved and standardized by the IETF. It's called JMAP. HMTP would define delivery; reading is JMAP with one new object type. Push to the client with SSE or WebPush. The full cycle (send, deliver, read, sync) stays on HTTP.

The conclusion

Every problem of email has a solution deployed and working: discovery in Mastodon, delivery in ActivityPub, verification in the IndieWeb, rotatable identity in Bluesky, reading in Fastmail, consent in Signal. An upgrade to email already exists, but nobody has assembled it.

We solve many problems with elegant, modern solutions:


	Reputation and social permission (SPF, DKIM, DMARC, reverse PTR, blocklists, months of warming up an IP): replaced by cryptographic verification on every message, one signature and one GET to the sender's .well-known. A property that can be verified doesn't need reputation.

	Sender spoofing: impossible by construction. The receiver checks the signature against the key published on the from domain, and the signature travels with the message even when forwarded.

	Mail delegation (the MX record): a static document in .well-known, with per-user delegation and no DNS changes.

	Content privacy (the PGP nobody ever got around to configuring): end-to-end encryption by default; the receiving server stores a body it cannot read.

	Spam (statistical filters after the fact): first-contact consent (strangers knock on the door, they don't walk into the mailbox), costly identity anchored to a domain, and optional postage with 402.

	Duplicates on retry: the message id is the hash of its content, so retries are idempotent and the receiver deduplicates by construction.

	Threads rebuilt with heuristics: in_reply_to points to the hash of the parent message; the conversation is a verifiable graph.

	Light mailboxes: attachments by reference (hash + URL), downloaded on demand.

	Simple, familiar infrastructure: everything travels over standard HTTPS, behind the same Nginx and the same certificate that already serve your website.

	Key rotation (DKIM's operational nightmare): one command. Since nobody pins your key, the new one is trusted instantly and the stolen one becomes useless just as fast.



Talk is cheap, so I implemented a working prototype in Python: github.com/tanrax/hmtp. All in a single file. The prototype covers the full transport: signed delivery, verification at the source, end-to-end encryption, first-contact consent, deduplication, threads, a queue with exponential backoff and key rotation in one command. It deliberately leaves out the pieces at the periphery: the chain of signed rotations (receivers fetch your key live on every delivery instead of pinning it, so the chain only starts paying off once nodes cache keys), the 402 postage, attachments by reference and JMAP reading. The README has the quickstart (your first message in two minutes, mailing yourself), a demo of two nodes exchanging encrypted mail on your machine, and the full production guide, from DNS to systemd. Remember it's a design experiment with unaudited cryptography; don't use it for secrets anyone depends on. Although it could be a lightweight communication system for whatever ecosystem comes to your mind.

I hope you enjoyed the ride. And if you ever send your first HMTP message, I'd love to hear about it.

    



Original: https://en.andros.dev/blog/d7ed8b07/modern-email-can-be-built-from-borrowed-parts/ · Discussion
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Libsm64: Mario 64 as a library for use in external game engines

github.com · 149 points · Discussion


The purpose of this project is to provide a clean interface to the movement and rendering
code which was reversed from SM64 by the SM64 decompilation project,
so that Mario can be dropped in to existing game engines or other systems with minimal effort.
This project produces a shared library file containing mostly code from the decompilation project,
and loads an official SM64 ROM at runtime to get Mario's texture and animation data, so any project
which makes use of this library must ask the user to provide a ROM for asset extraction.

The entire external-facing API of the shared library can be found in libsm64.h. Any client project
making use of the library must only include that header and load the library. There's a minimal example
project under the test directory as well, demonstrating usage of the library.


Bindings and plugins



	Rust bindings

	Odin bindings

	Unity plugin

	Blender add-on

	Godot add-on

	Game Maker 8 extension

	Unity MelonLoader mod

	Unity BepInEx plugin

	C# bindings




Building on Mac and Linux



	Ensure python3 is installed.

	Ensure the SDL2 and GLEW libraries are installed if you're building the test program (on Ubuntu: libsdl2-dev, libglew-dev).

	Run make to build. If you want to link musl libc instead of glibc run LIBSM64_MUSL=1 make instead.

	To run the test program you'll need a SM64 US ROM in the root of the repository with the name baserom.us.z64.




Building on Windows



	Follow steps 1-4 for setting up MSYS2 MinGW 64 here, but replace the repository URL with https://github.com/libsm64/libsm64.git

	Ensure the SDL2 and GLEW libraries are installed if you're building the test program.

	64 bits: pacman -S mingw-w64-x86_64-SDL2 mingw-w64-x86_64-glew.

	32 bits: pacman -S mingw-w64-i686-SDL2 mingw-w64-i686-glew.





	Run make to build

	To run the test program you'll need a SM64 US ROM in the root of the repository with the name baserom.us.z64.




Building for Emscripten (Web) (WIP)


Run emmake make CC=emcc.

If you want libsm64 standalone to call from JS (may not be that
useful?), then run emcc dist/libsm64.so -o libsm64.js afterward to
emit libsm64.wasm and libsm64.js.

Otherwise, dist/libsm64.so should be a compiled WebAssembly object
that you can link into your own C project.


Make targets (all platforms)



	make lib: (Default) Build the dist directory, containing the shared object or DLL and public-facing header.

	make test: Builds the library dist directory as well as the test program.

	make run: Build and run the SDL+OpenGL test program.







Original: https://github.com/libsm64/libsm64 · Discussion
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The computer that helped win World War II

spectrum.ieee.org · 135 points · Discussion

One summer day in 1941, a British radio operator was monitoring German military frequencies and heard something unexpected in her headphones. A later report called it “strange new music.” Sounding unlike the familiar Morse dit-dit-dah of enciphered messages sent over the German Enigma network, the “new music” was a rhythmic warble of binary teletype code being transmitted at high speed.
Germany’s wartime engineers had developed a radically new encryption and transmission system. It was way more advanced than Enigma, which was patented in 1920.
To break the complex new cipher, engineer Tommy Flowers built Colossus, the world’s first large-scale programmable electronic digital computer. Flowers previously built Enigma-related codebreaking equipment for Alan Turing, the British mathematician.
Colossus was installed in the British codebreaking headquarters at Bletchley Park, about 80 kilometers from London. The room-size machine weighed around a tonne.
The computer is being commemorated as an IEEE Milestone. The dedication ceremony is scheduled to be held 29 September at Bletchley Park.
Decrypting Germany’s strange new music
Britain’s top codebreakers were quickly all over the new “music” being picked up by the intercept stations. Identifying it as encrypted teletype code was the easy part. The real problem was figuring out how the encryption machine worked. Its manufacturer was discovered at the end of the war: Berlin engineering firm C. Lorenz.
But in 1941, the Lorenz machine was just a black box to the British. They codenamed it “Tunny,” a British term for tuna fish. The Enigma breakers had set a precedent for using piscine codenames such as Dolphin, Lumpsucker, and Porpoise.
Enigma had three or four encrypting wheels. The codebreakers guessed that the Tunny machine also used a system of rotating wheels to encrypt messages. An important clue was that all the intercepted messages shared a curious feature: Each began with an uncoded list of 12 common German names, including Anton, Bertha, Conrad, and Dora. The codebreakers guessed that Tunny had 12 wheels and that the 12 names and their order somehow told the receiving operator which combination they should twist the wheels to before decrypting the message.
Then the British had an extraordinary piece of good fortune. John Tiltman, head of the research section at Bletchley Park, started analyzing a pair of intercepted messages, each around 1,200 characters long. Unusually, both began with the same sequence of names. The second message turned out to be a retype of the first, with minor differences in punctuation, a few abbreviations, and other small divergences. Tiltman managed to decrypt the two ciphertexts using a mixture of educated guesswork and intuition. The resulting 1,200 or so pairings of ciphertext and plaintext characters proved to be enough information to deduce the workings of the Tunny machine.
That was thanks to Bill Tutte, a quiet young codebreaker who spent weeks poring over the pairings. One day, he shyly announced to his superiors how Tunny worked. His description was uncannily accurate.
The next step in the Tunny machine’s downfall was achieved by Turing, fresh from his successes against Enigma.
Knowledge of how the Tunny machine worked was not enough to decrypt the messages. Codebreakers also required detailed information about how the wheels of the sender’s machine had been set up. There were adjustable pins around the circumference of each wheel: In one of its two possible positions, a pin would contribute a 1 to the encryption process, and in the other, a 0. The pins were reset from time to time.
The codebreakers also needed to know the wheels’ positions at the start of the message—which the German operators gave away in the list of 12 names.
Turing invented a tricky method, called “Turingery,” that enabled codebreakers to deduce the positions of the pins from nothing but intercepted ciphertext.
After that, the message could be decrypted, using the list of names and a British replica of the Tunny machine.
The basis of Turingery was a procedure that Turing introduced, called “delta-ing” (from the Greek letter delta). Also known as “differencing,” the process used “sideways” addition: To delta the four letters ABCD, you add (at the bit level) A to B, B to C, and C to D. Turing used delta-ing to reveal information about the wheels.
Tunny messages, often signed by Adolph Hitler himself, turned out to be pure gold for the Allies. The machine was used in Berlin by the Armed Forces High Command to communicate with front-line generals directing the war in the Eastern and Western theaters.
Once the system was broken, the Allies could eavesdrop on lengthy back-and-forth communications between the architects of Germany’s battle plans.
Turingery was the codebreakers’ only weapon against Tunny for a year, during which they managed to decrypt 1.5 million letters of ciphertext.
But everything changed when those helpful lists of names at the start of each message disappeared.
At the same time, Turingery was becoming less effective. Turing’s method depended on the German sender mistakenly using the same wheel settings to encrypt two differing messages. As security tightened across the Tunny network, the blunder became rarer.
Fortunately, Tutte had been at work devising a different decryption method, based on Turing’s delta-ing but taking a novel approach.
Building the Colossus computer
Tutte had found a way of deducing wheel information from ciphertext, with no list of names or blunders by the German operators required. His method made use of statistical properties of the Tunny machine itself.
At first, it wasn’t clear how to apply his statistical method, however. The Tunny breakers worked by hand. Applying Turingery to a message was like solving a monster Sudoku or crossword puzzle.
Tutte’s statistical method required scads of routine binary math, as well as a colossal amount of counting long binary sequences. If the process were done by hand, one message could take months to decrypt. What was needed was a machine to automate the process.
 [image: Black and white portrait of a man with short gelled hair in a suit jacket, tie and eyeglasses. ]Engineer Thomas H. Flowers developed Colossus to break a complex new German cipher.Pictorial Press/Alamy
The first plan was to build a machine from electromagnetic relays, adding a couple of dozen vacuum tubes to speed up the counting. Electronic tubes were much faster than electromagnetic relays, which had slow-moving metal components. Problems with the circuit design bedeviled the machine’s relay-based logic unit, however.
Flowers was recommended by Turing and brought in to troubleshoot. He was on loan to Bletchley Park from the Post Office Research Station in London, where he had spent the prewar years designing experimental switching equipment involving thousands of vacuum tubes.
At the time, it was commonly believed that tubes could not be used in large numbers because each one contained a hot filament. This meant tubes were prone to sudden death. In a large installation, it would not be long before one tube blew and things stopped working properly.
Flowers discovered that switching tubes on and off stressed them, but leaving them on continuously made them more reliable than relays. He offered to build Bletchley Park a high-speed, all-electronic machine containing around 2,000 tubes.
Bletchley Park’s advisors rejected the idea, convinced that such a machine would never work reliably. But Flowers, confident of his proposed design, retreated to his London laboratory and quietly built the electronic machine that he believed the codebreakers needed. He and his small team of engineers worked day and night for 10 months to create Colossus.
In January 1944 some of his engineers showed up at Bletchley Park with the world’s first large-scale programmable electronic digital computer packed onto the back of a truck. Colossus was reassembled and functional in about two weeks, and it notched up its first German message on 5 February 1944.
The machine read the input—Tunny ciphertext—photoelectrically from a large loop of punched paper tape. The output—information about the wheels—went to a primitive printer that Flowers’ engineers had created from a manual typewriter, fitting relays to automate the keys. Once Colossus had cracked enough of the Tunny machine’s wheels, the information was passed on to the hand-breakers, who took over.
The codebreakers were astonished by Colossus.
“I don’t think they understood very clearly what I was proposing until they actually had the machine,” Flowers said in a 1977 interview. “They just couldn’t believe it!”
Colossus was described in almost loving terms in a since-declassified report written at Bletchley Park in 1945:
It is regretted that it is not possible to give an adequate idea of the fascination of a Colossus at work: its sheer bulk and apparent complexity; the fantastic speed of thin paper tape round the glittering pulleys; the childish pleasure of not-not, span, print main heading and other gadgets; the wizardry of purely mechanical decoding letter by letter (one novice thought she was being hoaxed); the uncanny action of the typewriter in printing the correct scores without and beyond human aid; the stepping of display; periods of eager expectation culminating in the sudden appearance of the longed-for score; and the strange rhythms characterizing every type of run: the stately break-in, the erratic short run, the regularity of wheel-breaking, the stolid rectangle interrupted by the wild leaps of the carriage-return, the frantic chatter of a motor run, even the ludicrous frenzy of hosts of bogus scores.
The demand for more Colossi
Bletchley Park’s managers, no longer leery of Flowers’s ideas, soon wanted additional Colossi. He finished building the second one in June 1944, days before D-Day and the Allied invasion of Europe. With 2,400 vacuum tubes—around 800 more than in Colossus I—Colossus II processed Tunny messages at an eye-watering speed of 25,000 characters per second.
Its maximized timing-pulse rate was not far short of the performance of the first Intel microprocessor chip from the 1970s, more than 30 years later.
Flowers conceded that “Colossus bore about as much resemblance to a modern computer as Stephenson’s [1829] Rocket locomotive did to the Royal Scot,” a state-of-the-art 20th-century train operating between London and Glasgow. But he emphasized that, nevertheless, Colossus “embodied all the basic features of a modern computer.” In Colossus, Flowers had pioneered clock pulses, bit-stream generators, control circuits, loops, counters, shift registers, interrupts, parallel processing, and more.
As the Allies slowly fought their way toward Germany, the Colossi poured out wheel information, and the codebreakers provided the military with an unparalleled view of German strategies, strengths, weaknesses, and tactical intentions.
Even with that mass of detailed intelligence, it took the Allies almost a year to move from Northern France to the German heartland. No one can say for sure how much longer the fighting would have lasted if the intelligence breakthrough had not occurred. But if Colossus and the codebreakers shortened the war even by only six months, the number of lives saved was in the millions.
There were 10 Colossi at Bletchley Park by the end of the war, housed in two vast, steel-frame, bombproof buildings, running day and night. Although concealed behind a thick veil of secrecy, Bletchley Park accommodated the world’s first electronic computing facility. It was directed by Max Newman, the mathematician who mentored Turing in prewar Cambridge.
I don’t think they understood very clearly what I was proposing until they actually had the machine. They just couldn’t believe it!”—Tommy Flowers
When the fighting ended, authorities decided that ultrasecrecy must be maintained, and orders were issued to break up the Colossi. Only two were spared.
“All that was left were the deep holes in the floor where the machines had stood,” Colossus operator Dorothy Du Boisson recalled in an interview for the book Colossus: The Secrets of Bletchley Park’s Codebreaking Computers. Norman Thurlow, one of Flowers’s engineers who was also interviewed, remembered being told in a staff memo that if the secrecy was ever lifted, he and his colleagues might be able to tell their grandchildren about Colossus and “the tapes that span on silver wheels.”
IEEE Milestone dedication at Bletchley Park
The Milestone plaque recognizing Colossus is to be displayed outside Block H at Bletchley Park, near Milton Keynes, England.
The plaque is to read:
Six Colossus codebreaking computers operated in this building in 1944–1945. Designed by Thomas H. Flowers of the British Post Office, they enabled deciphering of encrypted radio messages transmitted between German commands across occupied Europe, North Africa, and the Soviet Union. The resulting military intelligence saved countless lives and helped shorten World War II. As the first successful large-scale application of digital electronics to computing, Colossus anticipated subsequent computer developments.
The IEEE United Kingdom and Ireland Section sponsored the nomination.
Reviewed by the IEEE History Committee and awarded by the IEEE Board of Directors, IEEE Milestones recognize outstanding technical developments around the world that are at least 25 years old. The Milestone program is administered by the IEEE history and heritage group.
To learn more about historical figures in engineering, IEEE Milestones, and IEEE History Center programs and events, check out our IEEE Tech History collection. IEEE Spectrum also covers aspects of tech history.




Original: https://spectrum.ieee.org/colossus-computer-ieee-milestone · Discussion




Judge Rejects Google's Attempt to DMCA Its Way Out of Being Scraped


10

Judge Rejects Google's Attempt to DMCA Its Way Out of Being Scraped

techdirt.com · 131 points · Discussion



				


				


				from the pulling-up-the-ladder dept

				


				Back in December we called out Google for filing a DMCA 1201 lawsuit over companies scraping Google’s results. Almost everything about the lawsuit seemed problematic, not the least of which is that Google’s entire business was built on scraping the web. To sue another company for scraping Google just felt… obnoxious. And now a judge has dismissed the lawsuit, though leaving it open for Google to refile.

Some background: now that we’re in the age of AI, access to all kinds of data has become more precious, which means we’re seeing more and more attempts to put a toll booth on parts of the open web, primarily aimed at AI companies. But the rest of us get locked out along the way. SerpAPI is one of the players in the space which (as its name implies) basically tries to create an unauthorized API for search engine result pages.

Last fall, Reddit sued SerpAPI and some others (including search AI company Perplexity), claiming that because SerpAPI was allowing others (like Perplexity) to access Reddit content via its scrape of Google, it was violating the DMCA’s anti-circumvention (DMCA 1201) clause. We found the whole thing to be an attack on the principles of the open web. It really seemed weird. Reddit had no copyright interest in its users’ posts (the users hold the copyright) and SerpAPI was scraping Google, not Reddit. Reddit has an API deal with Google, but none of the parties being sued were parties to that deal. The whole thing was just “we don’t like that this is happening, so we’re suing.”

Google’s case came a few months later and was quite similar, focused on SerpAPI. And while at least in this case (unlike Reddit) they could point out that SerpAPI was scraping their own site, it still makes no sense to claim that scraping an open website can be a 1201 anti-circumvention violation, no matter what “technological protection measures” you throw up to try to block scraping. The Reddit case continues to move forward with the defendants filing motions to dismiss, but the Google case has lapped them a bit, with the judge already dismissing the complaint, and pointing out (correctly!) that Google has no legitimate copyright claim to make here.

While SerpAPI tried a variety of different ways to kill the lawsuit, what seemed to stick is that Google was clearly stretching the way the DMCA 1201 is supposed to work. Remember, 1201 is the “anti-circumvention” part of the DMCA, and was initially written to protect DRM so that if people broke DRM (or even talked about how to break DRM) they could still be held liable for copyright infringement just for the act of circumventing the “technological protection measure.” This very broad and poorly worded law has created huge messes in its wake, including blatant abuses like companies arguing that you can’t use third-party printer ink or third-party garage door openers because of flimsy “technological protection measures” put into those devices, even though the underlying circumvention had nothing to do with copyright.

The court also looks at one of those earlier cases (regarding Lexmark’s printers), but concludes it doesn’t apply here — long story, not worth the detail, except to note that the precedent that mattered against Lexmark came from trademark law, not the DMCA, even though Lexmark had also tried (and failed) to use Section 1201 itself.

However, SerpAPI (rightly) also pointed out that Google is overclaiming what “SearchGuard” — the “technological protection measure” — actually protects here. As the court explains it, SearchGuard is basically a kind of CAPTCHA:


SearchGuard works by sending a JavaScript “challenge” to search queries that Google receives from unrecognized sources to confirm that they come from real users as opposed to automated software. Id. ¶ 29. Google’s computer system transmits JavaScript code that calls upon the user’s browser to send Google a “solve” for the challenge, i.e., to send Google specific information regarding the browser and user generating the request. Id. ¶ 29. For human users, the “solve” is relatively straightforward; their browsers run the JavaScript code and send back the required information seamlessly, without disrupting the user experience. Id. ¶ 29. However, automated systems that submit automated queries at a massive scale typically cannot solve the SearchGuard challenge. Id. As a result, SearchGuard denies them access to Google’s Search results.



But, as SerpAPI highlighted, SearchGuard has little to do with copyright. And that, at least, gets the court’s attention:


SerpApi contends that Google’s claims under the DMCA are subject to dismissal because SearchGuard is designed and functions to control access to and prevent the scraping of Google Search results regardless of whether they contain a copyrighted component, and because SearchGuard is not reasonably tailored to control access only with respect to any copyrighted component that may be included in Google Search results.

The Court agrees with SerpApi in part. To the extent that Google Search results do not contain any copyrighted content, SearchGuard cannot be said to effectively control access to a work protected under the Copyright Act. Here, Google alleges that SearchGuard controls access to Google Search results, which are compilations of publicly-available information that Google obtains from the internet and organizes for presentation to users on google.com based on relevance. See Compl. ¶¶ 13, 14, 27. SearchGuard controls access to Google Search results because its “purpose” is “to prevent unauthorized third parties from automatically accessing Google’s Search results” to scrape them, as such scraping activities impose a “deadweight loss” on Google. See id. ¶¶ 24, 26-27, 29. However, Google does not allege that google.com or the Google Search results displayed therein are protected under the Copyright Act. Importantly, Google alleges that Google Search results are “often” accompanied by a “Knowledge Panel” that may contain some copyrighted content that Google licenses from third parties, such as copyrighted images. Google does not allege that the “Knowledge Panel” is always included in Google Search results, or that the Knowledge Panel, if included in the Search results, always contains copyrighted content. See id. ¶¶ 14-16. Accordingly, Google’s allegations indicate a mix of content, some with copyrighted material and others without.



And that cuts against Google’s argument here:


Thus, because the DMCA does not apply where the work controlled by a technological measure is not protected under the Copyright Act, Google’s claims under 17 U.S.C. § 1201(a)(1)(A) and 17 U.S.C. § 1201(a)(2) are subject to dismissal as a matter of law to the extent that they are premised on instances where SearchGuard controls access to Google Search results that do not contain any copyrighted content.



Even more damning for Google is that when it’s using SearchGuard, that has literally nothing to do with “effectively controlling access to a [copyright-protected] work.” And that’s the entire point of 1201.


SerpApi argues that Google’s claims under the DMCA fail because it does not allege that it implemented SearchGuard to protect a copyrighted work with the “authority of the copyright owner” as required under 17 U.S.C. § 1201(a)(3)(B)….

The Court agrees. The plain language of 17 U.S.C. § 1201(a)(3)(B) makes clear that, for a technological measure to “effectively control[] access to a work” it must, among other things, “require[] the application of information, or a process or a treatment, with the authority of the copyright owner, to gain access to the work.” See 17 U.S.C. § 1201(a)(3)(B). The Ninth Circuit has interpreted the “with the authority of the copyright owner” element as requiring a plaintiff to allege and later prove that the technological measure in question was implemented and functioned with the authority of the copyright owner.



Google tried to argue that it somehow has the support of copyright holders to protect their work with SearchGuard, but the court is not impressed.


Google’s arguments do not compel a different conclusion. It contends that it is not required to allege facts indicating that it had the authority of the copyright owners to implement SearchGuard because the phrase “with the authority of the copyright owner” defines who may circumvent a technological measure to gain access to protected work and does not define who may deploy a technological measure to control access to a protected work…. This argument is unavailing. Google’s authorities interpret a different provision of the DMCA, namely 17 U.S.C. § 1201(a)(3)(A), which defines what it means to “circumvent a technological measure.” See Disney Enters., Inc. v. VidAngel, Inc., 869 F.3d 848, 863 (9th Cir. 2017) (“Section 1201(a)(3)(A) exempts from circumvention liability only those whom a copyright owner authorizes to circumvent an access control measure, not those whom a copyright owner authorizes to access the work.”) (citation and internal quotation marks omitted); Universal City Studios, Inc. v. Corley, 273 F.3d 429, 444 (2d Cir. 2001) (“[S]ubsection 1201(a)(3)(A) frees an individual to traffic in encryption technology designed or marketed to circumvent an encryption measure if the owner of the material protected by the encryption measure authorizes that circumvention.”). These authorities do not address the issue here, which is whether a technological measure must function “with the authority of the copyright owner” in order to “effectively control[] access to a work” under 17 U.S.C. § 1201(a)(3)(B).



Some of SerpAPI’s other arguments fail, but for now all the DMCA claims are dismissed, though Google can (and almost certainly will) refile regarding some more narrow claims. Specifically, Google cannot file claims regarding search results for which it does not hold the copyright, but could file more narrow claims regarding content where it does (such as the Knowledge Panel). That’s much more limited, and about the only reason to keep the case going is to be a nuisance to SerpAPI.

That might be worth it to Google, which really seems to dislike SerpAPI being out there and scraping their results. But it would be a much narrower case, and (in theory) SerpAPI could simply change its scraping to avoid Google-produced content. Either way, all of this remains quite silly. Google’s entire business was built on scraping the web. Suing someone else for scraping Google sure feels like pulling up the open internet ladder up after themselves.

SerpAPI’s comments on the dismissal make this point explicitly:


We’re pleased that the court rejected Google’s attempts to expand the DMCA to assert control over access to public pages. The internet’s founding principle – open access to usable information – is essential to driving innovation and ensuring everyone benefits from the promise of data. SerpApi will continue supporting developers, AI companies, researchers, and businesses that rely on access to public search information.



One would hope that this initial dismissal from the court gets the company to rethink this anti-open-internet strategy, but somehow I fear the old adage of “young companies innovate, old companies litigate” is starting to seep into Google.
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Loading...
You are seeing this because the administrator of this website has set up Anubis to protect the server against the scourge of AI companies aggressively scraping websites. This can and does cause downtime for the websites, which makes their resources inaccessible for everyone.
Anubis is a compromise. Anubis uses a Proof-of-Work scheme in the vein of Hashcash, a proposed proof-of-work scheme for reducing email spam. The idea is that at individual scales the additional load is ignorable, but at mass scraper levels it adds up and makes scraping much more expensive.
Ultimately, this is a placeholder solution so that more time can be spent on fingerprinting and identifying headless browsers (EG: via how they do font rendering) so that the challenge proof of work page doesn't need to be presented to users that are much more likely to be legitimate.
Please note that Anubis requires the use of modern JavaScript features that plugins like JShelter will disable. Please disable JShelter or other such plugins for this domain.
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                    Materials scientists are on the hunt for an adhesive that binds strongly to diverse surfaces and can be easily removed and reused. Conventional polymers like epoxies achieve high strength through rigid, cross-linked networks, but they are brittle and prone to sudden, catastrophic failure under stress. Conversely, adhesives used in tapes offer ductility but lack the strength for heavy-duty bonding.

                
            

            
        
            
            
            
                
                
                
				
                    Small-molecule glues utilize noncovalent bonds for adhesion, allowing the glues to be removed easily and to leave pristine surfaces behind. But they too lack tough adhesion, which is achieved when a material has both high ductility and high adhesive strength.

                
            

            
            
                

            
            
        
            
            
            
                
                
                
				
                    Now researchers have developed a small-molecule glue that not only bonds strongly to nonstick surfaces but is easily removed with ethanol (J. Am. Chem. Soc. 2026, DOI: 10.1021/jacs.6c07886). “It combines adhesive strength and ductility together with easy washability, which is needed for recycling the adhesive as well as reusing the adhered objects,” Takuzo Aida, a polymer chemist at the University of Tokyo, says in an email.

                
            

            
        
            
            
            
                
                
                
				
                    The white crystalline adhesive, synthesized by Aida’s team, is a fluoro-crown ether phosphate called CyclicFP-fmoc. To test its adhesive strength, researchers first glued two untreated polytetrafluoroethylene (PTFE) plates by sandwiching molten CyclicFP-fmoc between them and letting it cool at room temperature for 10 min. The plates, glued to each other by a tiny contact patch of just 7 cm2, were able to hoist an 8 kg weight and registered a staggering 1.3 ± 0.1 MPa on lap-shear tensile tests, eclipsing the 0.1–0.7 MPa limits of commercial epoxies, acrylics, and silicones.

                
            

            
            
                

            
            
        
            
            
            
                
                
                
				
                    CyclicFP-fmoc binds to Teflon via strong, interfacial fluorine-fluorine (F–F) interactions, solid-state NMR spectroscopy confirmed. Meanwhile, the glue molecules hold on to each other inside the adhesive layer via hydrogen bonding between urethane units and π-π stacking of the fluorenyl rings.

                
            

            
        
            
            
            
                
                
                
				
                    Remarkably, a simple ethanol wash completely stripped CyclicFP-fmoc from the target PTFE plates, leaving no trace behind. The recovered adhesive proved repeatedly reusable, reliably maintaining its adhesive strength of ~1.2 ± 0.1 MPa across multiple cycles.

                
            

            
            
                







  
  
  
    
    

    
    
    

    
    

    
    
    
    

    
    
    

    

    
    
    
    

    
    
    
    
    
    



    
    
      
        
          

          

          
          

          
          
            
          

          

          
            
            
              Two polytetrafluoroethylene plates joined with a new glue, called CyclicFP-fmoc, are able to lift 8 kg of weight.
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                    “Since ethanol is the main component of hand sanitizer, we believe it is possible to de-bond and recycle the adhesive by using hand sanitizer as a substitute in certain real-world situations,” Aida says. He explains that due to the noncovalent bonds, recycling the adhesive simply involves a breaking of those bonds, yielding the original monomer, which can be reused with no loss of adhesive strength. “In general, this can’t be achieved by using polymer adhesives,” he adds.

                
            

            
        
            
            
            
                
                
                
				
                    Mechanical engineer Alban Sauret and bioengineer Phillip Messersmith, who were not involved in the study, both stress that it is imperative to study this molecule’s environmental fate and impact before pressing it into service.

                
            

            
            
                

            
            
        
            
            
            
                
                
                
				
                    Sauret, at the University of Maryland, found the adhesive’s combination of strength, ductility, and ethanol removability “quite unusual.” “The removable and recyclable nature of the adhesive is promising, as we would reuse fluoropolymer parts instead of discarding them,” he says. He finds it likely to be a member of the family of per- and polyfluoroalkyl substances (PFAS) based on its fluorinated structure, “but whether it behaves like a problematic ‘forever chemical’ is a separate question.”

                
            

            
        
            
            
            
                
                
                
				
                    Messersmith, at the University of California, Berkeley, notes that existing polymer adhesives “complicate recycling efforts . . . by making it hard or impossible to separate materials in a recycling stream.” If this new adhesive is not an environmentally harmful compound, he says, “the approach could allow for easy separation and recycling of adhesively bonded materials in the future.”
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	VE Commercial Vehicles, a joint venture between the Volvo Group and Eicher Motors, builds and maintains a fleet management system called My Eicher for Indian commercial vehicle customers.

	“My Eicher is a complete fleet management & vehicle GPS tracking system designed for commercial vehicle owners, fleet managers, & operators. With our highly advanced telematics platform, you can take control of your fleet like never before.”








	A vulnerability was found in the APIs that made it possible to discover hidden, unauthenticated internal/admin APIs. These APIs could be used to gain high-level access to systems and even enable account takeover.




	Account takeover made it possible to gain control over a person’s (or company’s) entire fleet, which could consist of hundreds of vehicles.




	Exposed data by the numbers. As of November 2024, it was announced that 275k vehicles and 115k customers are registered. It is unclear why some of these numbers pulled from the API are significantly higher.

	748k customers




	174k users




	186k persons




	676k vehicles




	76k documents (Aadhaar cards, driving licenses, etc)














Welcome to my next blockbuster automotive hack! This one has been in the works for a long time with roots going back to early 2024 when I disclosed the Toyota insurance company hack. Fun fact: I was actually trying to find a vulnerability in My Eicher at that time, but was unsuccessful. It wasn’t until more than a year later in 2025 that I stumbled upon a breakthrough that cracked My Eicher wide open.




My Eicher








Unless you are in India, you probably haven’t heard of My Eicher before. It is an app/website that lets commercial vehicle customers track and manage their fleets of trucks and buses. You can do fun things like real-time-track vehicles, view the live gauge clusters, set geofences, and so much more. The website is here, and there is an Android and iPhone app.








The vulnerabilities being disclosed here only impact commercial vehicles and customers in India.




A lucky breakthrough




The vulnerability was incredibly simple and discovered through sheer luck. Here is an API that is used on the homepage of the website to check your mobile #: https://www.myeicher.in/cepauthmgr/user/validateMobileNo




The Javascript on the website has many other APIs like that. There were some other interesting ones, but nothing that could be used to hack the entire platform. Then, just randomly one day, I decided to try going to this endpoint on my browser: https://www.myeicher.in/cepauthmgr/user/




In 99% of cases, walking up the API path results in an HTTP error. This time, it revealed a big list of all the user-related APIs:








You can view the full list here.




Even better, they were unauthenticated! I found a “customers” endpoint and it revealed a massive list of 748k customers:








There were also “users” and “persons”:








It even returned the password to you. It was encrypted though, so it couldn’t be used. This was still a massive breakthrough – it was no longer difficult to find people who use this system. These APIs gave me the entire list of accounts. If there was some sort of login exploit, it would be game over for everyone in here.




All your OTPs are mine




My luck continued to grow: there was an API that returned the entire list of 2.5 million OTPs going back to 2021:








There were also more specific APIs to return OTPs for specific mobile #s:








You can probably guess where this is going. The stage has been set for an account takeover!




Step 1: Pick a mobile # from the user list and send the OTP. I picked one linked to a large engineering company.








Step 2: Use the API to find the OTP by mobile #:








Step 3: Plug it in. This technique gave me full control over any user account, and by extension, the vehicles/fleets.








The side effect of all this is that you tip off the person by actually sending them the OTP, so it’s unfortunately not a silent account takeover. However, there was a second account takeover method! There are APIs to update the password on the account, so you could set one and then log in using password. The user presumably would not be notified, but I am not 100% sure.








Exploring




Here’s some additional screenshots documenting what kind of things I had access to.




This is the response from the vehicles API. There were 676k!








This is a map that lets you track all your vehicles:








Here are the individual tracking details of specific vehicles:








The live vehicle cluster, which supposedly is representative of what the driver sees:








Here are many other features:








Sensitive Data




It gets worse! There were a few APIs relating to documents that revealed 76k documents and images people have uploaded. This includes very sensitive ID documents like Aadhaar cards and driving licenses.








Timeline




I found someone who had reported a vulnerability to VECV in the past and they gave me their infosec email address.





	November 3, 2025: Reported.




	November 10, 2025: No response, followed up.




	November 17, 2025: No response, followed up and copied some additional people on the thread.




	November 20, 2025: It was no longer possible to access any of the internal APIs. The primary vulnerability was now fixed.




	July 27, 2026: Published






After November 2025, I had some additional concerns that I attempted to relay to them, including over the general customer support line, but was unsuccessful in getting in contact with anyone there who cared enough to investigate them. After a few months of waiting, I gave up on these other concerns. At least they fixed the primary vulnerability.
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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.

Original: https://www.nrl.navy.mil/Media/News/Article/4551871/robotic-servicing-of-geosynchronous-satellites-launches-into-orbit/ · Discussion
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        INTRODUCTION

        For
        those wishing to skip to the heart of the matter, just jump to the end
        of this article.However,
        as it took me quite a while to get there, you may find the provenance,
        and my eventual analysis worth reading first.What started out as just an interesting little blog - from 
		something I unearthed in my harp guitar “To Do” folders - ended up as an 
		extensive and pretty exhaustive research project, so I
        published it here on the more permanent site – even though it has less
        to do with actual harp guitars than standard guitars.
        

        As
        this site is of course harp guitar-specific, I should note that I am going
        decidedly “off topic” and referring to what nearly everyone today
        considers the standard “12-String
        Guitar.”  In other words,
        the regular steel string guitar with 6 double courses (the 4 lowest
        strung in octaves, the top 2 in unison) –  not  a 12 string harp guitar
        such as a Dyer with 6 on the neck and 6 subs. 
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usefeyn.com · 58 points · Discussion

Hey HN, I’m Shreyash from Feyn. We help companies build custom models from their data.Today, we’re releasing FeyNoBg, an automatic background removal model. Alongside it, we're open-sourcing NoBg, the Python library we built to train and run it.
Try the model here: https://huggingface.co/spaces/feyninc/feynobg. Check out the library here: https://github.com/feyninc/nobg
Some sample outputs:
(1) Soccer Freekick: https://drive.google.com/file/d/1MZkAGLwbhNVOZ0Oi7XvpCfSEu9Q...
(2) Hair in wind: https://drive.google.com/file/d/1Odc2m0XMVH9uZtvI_KjaRbXzhLL...
(3) Bicycle with visible spokes: https://drive.google.com/file/d/1h99ahjfrtS1MFQJJgiKE2fuM3HZ...
(4) Live Demo video: https://youtu.be/b1heHPvY8BM
Background removal separates an image's subject from its surrounding. We've all tried it at some point. Often it is to reuse the subject in a different artifact. Nowadays, it is common to make chat stickers out of it. It is one of the most common but under-appreciated uses of AI. It is also surprisingly complex. Models can be easily confused by camouflage, motion blur, or fine structures like hair.
The task requires two skills. First, a model has to identify the foreground. Second, it has to trace the foreground’s boundary and estimate an opacity value for each pixel. Generally, these skills are taught with different datasets. That creates a failure point. A poor training mix can improve one skill at the expense of the other. We saw this in our controlled evaluation. A training run with just the MaskFactory dataset improved on the CAMO benchmark but regressed on DIS5K.
For FeyNoBg, we took an interpretability-first approach to training. We first studied how BiRefNet’s stages contribute to finding the foreground and reconstructing its boundary. We discovered that the third stage of it's feature extractor holds a lot of information. Both localization and boundary reconstruction depend heavily on the feature map produced here.
This led us to expand this stage from 18 to 24 blocks while preserving the pre-trained weights. We then trained FeyNoBg on 26.1K diverse examples assembled from 10 datasets. The goal was to improve foreground identification and boundary precision without sacrificing either one.
Across eight benchmarks, FeyNoBg achieves the best published score on four and comes within 2% of the leader on the rest.
Building FeyNoBg also exposed a tooling problem. Image matting models are usually released as isolated repositories with incompatible preprocessing, training, and evaluation code. We built NoBg to solve this. NoBg puts these workflows behind one Python interface. It supports BiRefNet today, with more architectures coming. We hope you build something exciting with it!
Happy to answer any questions!


Original: https://usefeyn.com/blog/feynobg/ · Discussion
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gregoryszorc.com · 56 points · Discussion


            
  

This project produces self-contained, highly-portable Python
distributions. These Python distributions contain a fully-usable,
full-featured Python installation: most extension modules from
the Python standard library are present and their library
dependencies are either distributed with the distribution or
are statically linked.

The Python distributions are built in a manner to minimize
run-time dependencies. This includes limiting the CPU instructions
that can be used and limiting the set of shared libraries required
at run-time. The goal is for the produced distribution to work on
any system for the targeted architecture.

Some distributions ship with their build artifacts (object files,
libraries, etc) along with rich metadata describing the distribution
and how it was assembled. The build artifacts can be recombined by
downstream repackagers to derive a custom Python distribution, possibly
without certain features like SQLite and OpenSSL. This is useful for
embedding Python in a larger binary. See the
PyOxidizer sister project
for such a downstream repackager.

Many users of these distributions might be better served by the
PyOxy
sister project. PyOxy takes these Python distributions and adds some
Rust code for enhancing the functionality of the Python interpreter.
The official PyOxy release binaries are single file executables providing
a full-featured Python interpreter.
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“My Program Did the Wrong Thing!”

Bugs are a ubiquitous phenomenon in the software world. And—essentially by definition—each one of them is somehow unique and unexpected. But—particularly given their ubiquity—one might wonder whether there could perhaps be some kind of general “scientific” theory that could be developed about them. My goal here is to explore that question. And what we’ll find is that there are indeed foundational ways to think about bugs (and “correct programs”)—using concepts like computational irreducibility (and computational reducibility). 

The things we’ll discuss will give us a sense of the fundamental tradeoffs between computational effectiveness and the propensity for bugs—as well as of strategies for the detection of bugs, and expectations about the difficulty of testing. Along the way, we’ll be able to illuminate some underlying issues associated both with software verification and with computer security—as well as about code generated by AI systems.

In a sense, the key to what we’ll do is to realize that the fundamental phenomenon of bugs already occurs even in very simple programs. And that means that we can use the methods and intuition of ruliology to study foundational questions about bugs. 

When we write a program we normally know what we want the program to do. And if in some case it unexpectedly doesn’t do it, we consider that a bug. In more abstract terms, we normally have in our minds a representation for what the program should do. And for it to fit in our minds this has to be computationally quite simple. But then the question is whether the computational process associated with actually running the program is somehow correspondingly simple. If it is, then it’s possible for it to narrowly follow the representation we have. 

But a big surprise—captured by my Principle of Computational Equivalence—is that even programs (or fragments of them) that are very simple in their structure can end up doing computation that is in a sense as sophisticated as anything. And the result is that such programs can exhibit computational irreducibility—which means that they will inevitably be able to do things we can’t foresee and don’t expect, and that we will consider to be bugs. 

But even if we humans can’t do it unaided, can we expect to build automated systems—with AI or otherwise—that can root out such bugs? There are—as we’ll discuss—necessarily “pockets of computational reducibility” in which we can expect to make progress. But the key point is that “lurking at the edges” is computational irreducibility. And when there’s computational irreducibility nothing short of explicitly running a computation will determine what will happen. And that means that unless we’ve already run our program in a particular case, we won’t be able to know for sure what it will do. And when it does things we don’t want, we’ll call those things “bugs”.

Bugs in Turing Machines

To begin our explorations, we’re going to look at a very simple and longstanding model of computation: Turing machines. Consider the (3-state, 2-color) Turing machine with rule:

 

Imagine we put the binary digits of an integer n initially on the tape of the Turing machine, then run the machine and see what number is on its tape when its head goes further to the right than it started:

 

Looking at these examples, we’d probably conclude that the Turing machine is computing the function n  n + 1. But let’s see what happens if we try larger inputs: 

 

And yes, for input 7, there’s a bug! Instead of outputting 7 + 1 = 8, the Turing machine outputs 9. 

Plotting the values the Turing machine computes, we see a succession of little glitches:

 

The glitches turn out to appear at values of n of the form 8k – 1 (and their magnitude ends up being Floor[2^(IntegerExponent[k + 1, 2] + 3)/7]). If we look at the actual, detailed operation of the Turing machine we see what “causes a bug” in these cases. For values of n where the Turing machine “operates correctly” its head sweeps to the left, if necessary propagating a carry bit, then, when it sweeps to the right, it makes no further changes to the configuration on the tape. But if n is a number whose binary representation ends in 111 (i.e. it is a number of the form 8k – 1, equal to 7 modulo 8), then when the head sweeps to the right it does “little extra jigs” and “scribbles incorrect digits” onto the tape:

 

There are plenty of “correct” Turing machines that compute the function n + 1; indeed, with 3 states and 2 colors there are actually 8934 of them, most operating in fairly simple ways

 

but some operating in what at first seem like almost absurdly complex ways (though in the end—as the squashed renderings on the right show—they’re just nested):

 

But if a Turing machine like this is “going to have a bug”, how far does one have to go before it shows up? Here’s a plot of the number of 3-state, 2-color machines that “correctly compute” n + 1 up to a given value of n

 

and here’s a summary of where the “first bugs” occur:

 

The “most insidious” bugs do not occur until n = 15. An example of a machine with such a bug is:

 

The sequence of values in this case is:

 

And, yes, if one runs this machine for inputs from 0 to 14 everything works just fine—but suddenly at n = 15, instead of giving output 15 + 1 = 16, the machine gives 20! (The glitches continue at all inputs of the form 16k – 1, i.e. having 1111 at the end of their binary representations.)

What about for larger Turing machines? Of the 4 billion or so 4-state Turing machines, more than 9 million successfully compute n + 1. But there are some that have quite insidious bugs. An example is machine 118050142 (in the standard Wolfram Language TuringMachine numbering scheme) which “correctly” computes n + 1 for all values of n up to 62

 

but then suddenly at n = 63 doesn’t give 64 but instead gives 72:

 

Looking at all 4-state Turing machines, we can summarize where bugs occur in ones that “almost” compute n + 1:

 

One notable feature here is that the “highest risk” values of n for bugs are those of the form 2i – 1, i.e. cases where the binary representation of n contains only 1s. It’s also perhaps notable that at least for s = 2, 3 and 4 states, the “most insidious” bug always occurs at n = 22(s – 1) – 1—and among all machines it’s very rare.

What Counts as a Bug?

To tell if a program has a bug we have to know what the program is supposed to do—or is not supposed to do. And for this we have to have some kind of precise specification. Of course the program itself provides a specification for what it will do. And with respect to this specification the program will always just “do what it does”, with no possibility of “having a bug”. But typically we imagine specifications that aren’t just the program itself, but instead have some easier-to-absorb form (e.g. the simple mathematical formula “n + 1” from the previous section). And it’s relative to specifications like these that programs can have bugs.

There are several different types of specifications that end up being used. The most direct essentially just restate the program in a different—and normally higher-level—language (say Wolfram Language vs. C++, or math notation vs. Turing machine rules). A more minimal version of this is just restating the program as a different program of the same type. Then one considers it a bug if the two programs don’t do the same thing. (For example, if a compiler optimizer changes what a program does, then it’s a bug.) 

To see an example of this we can look at Turing machines again. Here are two machines that seem like they’re computing the same function

 

but then suddenly, at n = 27, do something different:

 

And indeed the pattern of where such “bugs” (i.e. differences of output) occur in this case is surprisingly complicated:

 

Another general type of specification is one that says not what a program should do, but rather what it should not. So, for example, with our Turing machines we could specify that we never want them to “go out of control” and start using unbounded amounts of memory (i.e. tape). Here’s an example of a Turing machine that seems like it’s just happily computing outputs:

 

But then suddenly, at n = 42, there’s a “bug”

 

and the machine goes “out of control” making a wider and wider pattern forever:

 

Here’s another machine, that again seems to just be happily computing outputs:

 

But then, for n = 151, something pathological happens—and the machine goes into an infinite loop:

 

We could also have a specification that says that the output from our Turing machine should always be, say, an even number. And here’s a Turing machine that seems like it’s producing only even outputs:

 

But then at n = 32, it suddenly gives 9!

 

And it always seems to be the same story: we set up a specification, and some Turing machines will precisely follow it. But we always seem to also find ones that appear to be following it—at least until they “have a bug”. In other words, it seems as if, whatever constraint we give, there’ll somehow always be machines that will insidiously escape it—in effect “having an insidious bug”.

A Cellular Automaton Example

How does what we’ve seen about “bugs” in simple Turing machines generalize? As another example, let’s look at cellular automata. And in particular, let’s look at cellular automata that are set up to “double their input” in the sense that starting with a block of n (non-white) cells, they yield 2n (non-white) cells:

 

As with our Turing machine examples above, there are many ways for cellular automata (say with k = 3 colors) to do the task we want—some more efficiently than others:

 

Sometimes it looks as if a particular rule is going to do the job—and then, suddenly there’s a “bug”—like here at n = 14:

 

As with our Turing machine examples, it can take a while for “bugs” to show up:

 

Here’s an example where the first “bug” shows up at n = 24:

 

And here at 32:

 

Can One Tell If There’s Going to Be a Bug?

Many of the cellular automata we saw above give patterns that are simple enough that it’s “visually obvious” that they’ll “correctly double” for all input sizes: 

 

Sometimes it’s less obvious, but it still seems fairly clear that nothing can escape a certain envelope, and so there can’t be a bug:

 

But what about in a case like this:

 

It looks awfully similar to the cases we saw above that eventually show bugs. But if we run this case up to n = 100000, no bugs appear. We can get a little more analytical, and plot the number of steps it takes for the pattern to stabilize as a function of n:

 

The overall trend is simple—and well fit by 7.16n steps for input n. But there are seemingly quite random fluctuations: 

 

These fluctuations at least seem to grow roughly like . But there’s no obvious way to be sure—and to guarantee that nothing crazy will ever happen—that would lead to a bug.

What about a case like this:

 

Will the pattern always be “contained”, or will there eventually be a “leak” that leads to a bug? Once again we can plot the stabilization time, which again seems to increase close to linearly—and is now well fit by 9n:

 

There are random-looking fluctuations though:

 

And the question again is whether these will ever somehow “go wild”, and lead to a bug. 

Well, it turns out that in this case there’s an argument we can give that this will never happen. It’d be very difficult to see this if one just looked at something like stabilization times. But it looks at the whole process of computation—which is easy to do for a cellular automaton—things become clearer. 

Taking a small example we see two important features: first, the white “rind” always either stays in the same place, or moves to the left. And second, inside the rind, the pattern involves only  and :

 

The behavior of the rind (which we can easily determine from the underlying cellular automaton rule) ensures that the complicated pattern can never expand. But could it, for example, end up becoming periodic, so that the whole pattern never stabilizes? Well, that depends on the “effective rule” inside the rind. And we can see what this is by taking the underlying cellular automaton rule

 

and removing all cases involving :

 

The answer is that it’s exactly the rule 122 elementary cellular automaton, with  representing  and  representing . Rule 122 has the feature that when there are pairs of identical cells together, it emulates rule 90, and generates a simple nested pattern:

 

Analogs of that pattern show up in the original cellular automaton:

 

But at some point the pattern is “interrupted from the right”—and after that, the “rind” keeps on eating away at it. The only way the pattern could become periodic is for the rind to stop moving to the left, and the only way for that to happen is for the pattern within the rind to become “all ” (or all  in the effective rule 122). So this then reduces to the question of whether the rule 122 pattern can ever simply die out (and become all ). But from the very structure of the rule one can see that this is impossible: as soon as there’s ever a  cell, there must be  cells on all subsequent steps.

So, yes, even though the patterns in this case look complicated, they must always eventually stabilize—and the underlying cellular automaton must always correctly “double its input”, with no bugs.

If the behavior of a cellular automaton is “visually simple”, we can immediately tell that it won’t show bugs. And if it’s visually complicated we can be concerned that there might be bugs. But there are still cases where—despite that complexity—the feature of behavior that we are concerned about (here, the successful doubling of any input) still always reliably happens, without any bugs.

But What about Formal Proofs?

Let’s go back to the Turing machines we discussed above. Consider a machine with the rule:

 

We can run it for a sequence of inputs n and see that it always seems to compute n + 1:

 

And indeed looking at the actual behavior of this machine it’s not too difficult to figure out that it must always compute n + 1. But can we formally prove this?

To set up a streamlined proof we need a notation that can encompass both the behavior of the Turing machine and the statements we want to make about it. And a fundamental way to get this is to represent everything using symbolic expressions (yes, as in Wolfram Language). It turns out to be convenient to represent the tape of the Turing machine like a linked list—with successive cells tied together by a (right-associative) binary operator (here ·), and with its “ends” indicated by markers (here ⊲ and ⊳):

 

It’s then convenient in effect to run-length encode this:

 

We indicate the position of the head just by giving it as part of our “linked list”, immediately following the cell that it’s on: 

 

An example of the evolution of the Turing machine is then (where  indicates what amounts to the halt state):

 

We can think of this particular example of Turing evolution as demonstrating that in a sense

 

or

 

And with this setup we can now specify the rules of the Turing machine in the form of “algebraic-like” axioms (where s stands for an arbitrary “subtape” and  stands for a cell on the tape that can be either  or :

 

We also need axioms to say what happens when the head reaches the right-hand end (and the machine halts):

 

Then we need axioms to define how our run-length encoding works:

 

OK, so with this setup what is it that we have to prove to show that the Turing machine always computes n + 1 when given n as input? It’s easiest to talk about two cases. First, if the binary digits of n end in 0, then the machine eventually must replace that 0 by 1. And second, if the binary digits of n end in a sequence of m 1s (indicated as m above) then the machine must replace this sequence by  · m. But actually these two cases can be merged into one, and the final statement we have to prove is just (for m ≥ 0):

 

To prove this statement, we need to find a way to generate it from our axioms, using only valid symbolic transformations. And we can do this essentially just using the Wolfram Language FindEquationalProof:

 

The original axioms are indicated in green here; the theorems derived from them are blue—with the final theorem we’re trying to prove being obtained as the “output” at the bottom. In most of the proof, we’re structurally combining two theorems to derive another (either by  substitution  or bisubstitution ). But there’s one additional—and essential—piece: at the very end  indicates the application of mathematical induction. The input to the induction is a “base case” theorem that we can call  (indicated on the left), together with an assertion  and a theorem  that we have proved from it by the proof on the right. Mathematical induction (which we can take as a generalized axiom) then says that if we’ve shown that  implies  and we’ve shown  then it follows that  holds for all integers m.

So this means that starting from the axioms for the operation of our Turing machine, we’ve been able to prove that for all inputs n the machine correctly computes n + 1, with no bugs. By using a symbolic representation of everything, we’ve been able to reduce an essentially infinite collection of statements about all inputs n to a finite symbolic proof that applies to all n.

Among 2-state Turing machines there are 17 that correctly compute n + 1—breaking into three classes. The machine we just studied (machine 453) is an example of one of these classes. And using the method we just outlined, we can now generate proofs for all these classes (exemplified by machines 453, 445 and 1512): 

 

So, yes, we can give formal proofs that all these machines correctly compute n + 1, with no bugs. The proofs here aren’t terribly complicated—but, after all, these particular machines are very simple in their operation. And even for 3-state machines with no bugs the proofs are still quite manageable. But if we try to go further, then, as we’ll discuss later, we’ll inevitably run into arbitrarily long proofs. (And, by the way, if we try to make proofs for the cellular automaton programs we discussed above, this seems to happen in any case that isn’t visually obvious.)

It’s worth mentioning that the proofs we’re showing are just particular ones found by FindEquationalProof. They aren’t unique, and they might not be as simple as they could be. But they still give a good indication of what kinds of symbolic proofs are possible for Turing machines. 

So what happens if we try to produce a proof for a machine that has a bug? To see that, we have to talk about how we construct proofs like the ones above. The basic idea is to start from the axioms and then try to find a way to string them together to get to the theorem we want. In essence we’re forming a multiway graph of possible theorems—then our proof corresponds to what amounts to a path-like subgraph in this graph.

Here’s how the multiway graph starts—with the original axioms on top:

 

And if we continue for a few more steps (and visually rearrange the graph) we find that we can “fish out” of this multiway graph exactly our proof for this case above: 

 

OK, so what about a machine with a bug—like the very first example we used above? The beginning of the multiway graph for this machine looks similar to the one before: 

 

But now—however far we go—we never find a proof

 

because, in fact, the result we’re trying to prove isn’t true, so there isn’t a proof. And we know that because, if we test sufficiently many cases of the Turing machine, we can explicitly find the bug. 

And in the end, we don’t get any fundamental advantage by trying to make a proof rather than just running the Turing machine. In both cases we have to expend a potentially unbounded amount of computational effort. It’s just a choice between putting that effort rather directly into enumerating and running cases of the Turing machine, or instead putting the effort into building up the multiway graph to try and find a proof in it. 

We can think of the style of proof that we’ve used so far as being based on equational logic, and in effect building up by structural substitution (and induction) the theorems we want from the axioms we’ve provided. An alternative approach is to use type theory (as proof assistants like Lean do), and instead to build up a representation of a type, then to prove that this type is possible by giving an example of something that has that type. In our case here, the type we want to prove is “inhabited” is basically a statement of the theorem that for all n our Turing machine computes n + 1. Using an LLM able to validate steps by calling a proof assistant, we can eventually generate a proof for our machine 445 example from above. And although it’s not terribly illuminating, we can give a visual representation of the proof:

 

Computational Irreducibility and Bugs

We’ve now seen several minimal examples of what we can think of as “bugs”: unexpected things even very simple programs can do. But what is the fundamental source of these “unexpected things”? 

Ultimately it’s computational irreducibility—and our inability to know in general what a program will do except in effect by explicitly running it. And what’s critical is that computational irreducibility is not just something that’s in principle possible; it’s something that (according to the Principle of Computational Equivalence) is at some level ubiquitous—and affects essentially any system whose behavior is not obviously simple.

When computational irreducibility is present, it means that the behavior of a system can in general only be predicted by an irreducible amount of computational work. So that means that with a bounded amount of computational work it’s always possible for the system to surprise us—and in particular for the system to unexpectedly exhibit what we consider to be a bug.

Whether a system has any bugs is at some level an infinite question. In general, you might have to check its outputs from all its infinite number of possible inputs—and you might not even know in any particular case whether the system would halt and give an output at all. And indeed it’s been known for a century that such infinite questions about computational systems can in principle be undecidable. But the point is that this isn’t just a problem in principle; it’s a problem in practice, that affects a wide range of even very simple programs.

But, one might ask, why not just use programs that don’t have these problems? Programs where you can foresee their behavior, and be sure they have no bugs. Well, here’s the issue: if you can completely foresee what a program will do, what’s the point of running it? Why not, in effect, just immediately “write down the answer”, without ever having to run the program? In other words, to make the program worth actually running, there have to be parts of its behavior you can’t foresee. But then there’s a piece of intuition from the Principle of Computational Equivalence: once there’s anything you can’t foresee, there tends to be a lot you can’t foresee. In other words, the system will tend to be full of computational irreducibility.

Computational irreducibility is in a sense what makes computation powerful. But it’s also what makes it unpredictable. And in practice—intentionally or not—it’s very common for programs to have what amounts to a “spark of computational irreducibility inside” that’s somehow kept controlled enough to do what one wants. 

Maybe it’s OK for a program to do wild things—so long as it satisfies at least some property (like not going into an infinite loop). Maybe there’s some particular property one wants the program to have. One important feature of computational irreducibility is that whenever it’s present, there must also be pockets of computational reducibility present. In other words, even though computational irreducibility says one can’t predict everything about what a system will do, there will always be certain things about a system that one will be able to predict. And if among those things there are ones that align with the properties one wants, then one may be able to know that the system will “exhibit no bugs”, at least with respect to these properties.

We saw above in the case of some simple Turing machines how symbolic proofs can be constructed so that certain programs do certain things, and thus don’t have certain kinds of bugs. So how does this relate to computational irreducibility? One can think of proofs as taking advantage of pockets of computational reducibility, to provide finite summaries of infinite things. But there’s no (static) finite summary that can be given of everything a computationally irreducible system does. And proofs about a computationally irreducible process will inevitably get longer and longer as one tries to talk about more and more steps in the process. 

It can be a confusing situation. One studies a program and discovers all sorts of facts about its operation (“this never does that”; “this remains constant”; etc.). And one might think that with enough such facts one would be able to guarantee that there won’t be bugs. But if there’s computational irreducibility one would in effect need an infinite number of facts to do that. And in practice it may or may not be that some particular property one’s focusing on will be “guaranteed bug free” by the facts one’s established. 

Did I Test Enough Cases? The Failure of Ruliological Induction

Scientific induction is a cornerstone of natural science. You see something in the world happen a certain way enough times, and you assume it’ll always happen that way (and that there’s a “scientific law” about it). But what about in ruliology? Can we apply scientific induction there? You test a lot of Turing machines. You observe a certain pattern of behavior. Will the pattern always be there? Scientific induction would say yes. But if there’s a “bug” it won’t be. And the point is that in ruliology—courtesy of computational irreducibility—there’s always the potential for surprises, and for “bugs” that violate whatever laws we might have inferred.

Particularly given that from what we know now, it seems that what’s underneath is so computational, one might wonder why scientific induction would ever have worked in the first place. The answer has to do with the fundamental nature of natural science and scientific laws. At some level what science is trying to do is to take what happens in the world, and explain at least certain aspects of it with “narratives” that our minds can grasp. And the point is that such narratives—almost by definition—rely on pockets of computational reducibility. What’s underneath may involve all sorts of computational irreducibility. But that’s not what we concentrate on when we want to “do science”. We look for computationally reducible regularities that we can “summarize” with our scientific laws and our narratives. 

Realistically, this works better in some places than others. Physics has been a big success story. Biology not. In our Physics Project we can see that there’s lots of computational irreducibility. It’s just that the physical laws relevant for observers like us manage to largely avoid it. In biology there’s again computational irreducibility—indeed it seems to be essential for life to be able to do what it does. And now if we want to “look inside”—and for example do medicine—we’re forced to confront computational irreducibility. Which shows up as ubiquitous failures of reproducibility in our experiments, and, in effect, a failure of scientific induction. (One can try to save scientific induction by talking about probabilities not certainties, but eventually one always has to confront computational irreducibility.)

But what about with programs? Well, insofar as the details of what programs do matters, one’s going to have the potential to run into computational irreducibility. And, as we discussed above, we’ll only avoid that if whatever we’re looking at is just a pocket of reducibility, and not looking at the “whole spectrum of behavior”.

OK, but so let’s say we’re trying to test a program by looking at lots of specific cases. How do we know if we’re “stuck in a pocket of reducibility”, or are actually seeing the whole “spectrum of behavior”, bugs and all? A typical approach in practice is to randomly sample possible inputs (or to introduce random “fuzz” around known inputs). Will this work? Well, it depends on “how good” the “randomness” is, and what the distribution—and density—of bugs is.

Say our “randomness” came from a numerical algorithm where only certain kinds of sequences of successive numbers could occur. The program we’re testing might not show “bugs” in these cases, only in others. And in general there’s a kind of competition between the randomness and the program. Is the program “computationally strong enough” to “decode” the randomness, and do something special in those cases? Or will the randomness sample the behavior of the program in a way that at least doesn’t systematically avoid its “bugs”?

Of course, even if the sampling doesn’t “systematically avoid” bugs, it might just not hit them, because the bugs exist only in some “special corner” of possible inputs. But if the randomness is “computationally strong enough” there won’t be any “special corners” that can “hide” from it.

Still, the number of samples might just not be large enough to ever hit a bug—given the density of bugs that are present. (If one assumes a certain uniformity and independence one can use simple probabilistic arguments to compute how probabilities for hitting bugs would increase if one were to take more samples.) 

So what density of bugs do we expect? Well, we’ll presumably not call something a “bug” unless it’s rare. But in the world of programs, how rare can things be? The answer is: as rare as one can imagine. It’s very much like the “busy beaver” problem of what the longest finite lifetime for a particular class of programs can be. In that case, it’s the finite lifetime that’s unbounded. Here it’s the smallness of the probability of a “bug”. (A Turing machine with the “hardest-to-find bug” one might whimsically call a wily weasel machine.)

But what happens in practice? Well, at least in doing ruliology my consistent experience has been that rare phenomena show up all the time. It’s extremely common to sample many instances of some type of system and see some consistent behavior. And there’s then a considerable tendency to use scientific induction to conclude that this behavior must always occur. But with great regularity, if one takes more samples—and particularly if one samples exhaustively—there’s a surprise. Sometimes one needs to look at thousands, sometimes millions, sometimes billions and sometimes trillions of cases. But then one sees something unexpected, that—relative to how one thought the system would behave—one can think of as a “bug”.

Some Typical Ruliological Surprises

The computational universe is full of surprises. And in my (nearly) half century of exploring it with ruliology, I’ve seen a very large number of them. In fact, in my experience it’s very rare to do ruliology and not have surprises. In some ways it’s a humbling experience—if also an inspiring one. You imagine you know how things are going to work. And then the unexpected happens. And you realize that the computational universe is just so much richer than you ever imagined. 

One of my very early—and very significant—ruliological surprises had to do with the simplest cellular automata. Enumerating possible (quiescent) rules, they all seemed to do very regular things. But then, quite unexpectedly, there was rule 30, with all its complexity:

 

For Turing machines, it’s a similar story—though one has to go further to find a big surprise. And now it’s (2-state, 3-color) machine 596440 that finally does something surprising and complex:

 

What about surprises just from changing “inputs” (like in our earlier discussions above)? As an example, consider the 3-color totalistic code 1329 cellular automaton. For many inputs (i.e. initial conditions), it does a small range of things:

 

But then at initial condition 916 something different suddenly happens:

 

Keep going further and there’s another surprise—a pattern that gets bigger and bigger: 

 

And then, suddenly, with input 97,439, there’s something one would never have guessed this rule could do: 

 

It’s very common to be looking at some system and wondering what it will “do in the end”, if you run it long enough. Will it halt, for example, or just keep going forever? The phenomenon of computational irreducibility says it can in principle be arbitrarily hard to tell, but the remarkable thing is how often in practice it’s hard to tell. As a somewhat extreme example, consider the standard evaluation of the combinator expression s[s[s]][s][s][s][s[s][k[k]]]. After 1000 steps it seems like it’s continuing to produce larger and larger outputs: 

 

At 100,000 steps one can see things are bouncing around, but there’s no evidence anything is going to halt:

 

But then, suddenly, after no less than 137,356,329 steps, it does in fact halt:

 

Here’s an example of a slightly different kind. If you run the 2D cellular automaton (outer totalistic 9-neighbor code 746, starting from ) it seems like it’s producing a roughly circular pattern (albeit it with about 4% anisotropy):

 

But then, suddenly, after about 3000 steps, the pattern sprouts a “beak” that breaks the circularity: 



As another kind of example, consider a system where there are many possible moves—that one can represent with a multiway graph. In this we’re successively adding a single black cell in all possible ways, with the constraint that the cell always has to have exactly 2 neighbors (out of 8) that are already black. The first few steps in the multiway graph of “possible histories” for such a system are: 

 

And from this graph one might assume that the growth would always keep going. But continuing further with the multiway graph, there’s a surprise: a particular cluster produced after 9 steps that simply can’t be grown: 

 

It’s a bit like what might happen in a puzzle or a game: there’s a thin set of moves that lead one to a special outcome—here a halting state: 

 

In a sense, ruliology is a field where “bugs” are the rule, not the exception. And in fact, the ubiquity of computational irreducibility in the computational universe make it essentially inevitable that it’ll be very common for there to be “surprises” that break our expectations, and that we might call “bugs”. 

Mathematical “Bugs”

If “bugs” are so common in ruliology, what about in mathematics? Let’s say one’s studying some mathematical system, and one’s found lots of examples that work a certain way. One might form a hypothesis that things will always work that way. And perhaps they really do. Or perhaps instead, somewhere out there is a counterexample—in effect a bug in one’s hypothesis. 

Let’s say you’re looking at factors of polynomials of the form xn – 1:

 

You try many cases. All of them seem to give results with coefficients ±1. But then you try x105 – 1. And suddenly there’s something different—a coefficient of 2:

 

Here’s another example. Look at the cumulative difference in the number of primes of the form 3m + 2 and 3m + 1. Plotting the result for the first 100,000 primes it seems like this difference will always be positive:

 

But it doesn’t go on that way. At the 23338590792th prime it flips around, and becomes negative. 

There are lots of results like this, particularly involving primes, number theory, etc.—and indeed for some of them one has to go astronomically far to find the first known “bugs”. 

But somehow in the mainstream of pure mathematics, such issues are not very common. And in a sense this seems to reflect something about the fundamental nature of the activity we call mathematics. 

We know from Gödel’s theorem that questions—even, say, about arithmetic equations involving integers—can be equivalent to arbitrary computations, and therefore are in principle exposed to all the phenomena we see in ruliology. But—as I’ve discussed at length elsewhere—pure mathematics as it’s normally practiced tends to concentrate on what amount to more “human-level” questions, that in effect exist in pockets of computational reducibility, that avoid the generic computational irreducibility of ruliology.

And indeed it’s this that makes it reasonable to expect that mathematics we’re interested in can be nailed down with proofs of manageable length. And if we get to the point of having a fully formalized symbolic proof, then it’s typically easy to check. Of course, just like with program verification, the link from what we think we’re trying to say to that formalization can again have bugs. In the actual practice of pure mathematics, though, these things are less important than one might imagine. Because the core of pure mathematics is just not so much the details of proofs as about the creation of abstract structures that provide frameworks for human mathematical understanding. 

But what does it really mean that mathematics doesn’t run into ruliology-style bugs all the time? In a sense it’s a direct reflection of the fact that the development of pure mathematics has at every stage emphasized human understanding. If the goal is just to find out what’s true about the structures considered in mathematics, there’s a different—and powerful—approach one can take: experimental mathematics. And indeed serious experimental mathematics is methodologically just like ruliology, albeit operating on the constructs of mathematics rather than just pure rules and programs. And, like ruliology, experimental mathematics is directly exposed to computational irreducibility—with all the surprises and “bugs” that brings. 

Bugs in Practice

So let’s say you want to create a program that doesn’t have bugs. How should you do it? Fundamentally the only way to make sure a program will always do what you want is to understand everything it can do. But there’s a kind of paradox implicit in that: if you can really understand everything your program can do that basically means the program is doing something computationally reducible, and you probably in the end didn’t actually need to run the program with all its steps to get the result you wanted. 

But, OK, so at some level you’re going to have to gloss over certain things your program is doing. So what then gives you the best chance to have the program do what you want? Language design, I believe, is key. Because language design is all about providing primitives that do what we humans want, and that we can understand.

There are an infinite number of programs one can write. Each will do something. But with overwhelming probability the things they do will not be anything we humans want. What a well-designed language does is to provide as primitives lumps of computational work that are things humans typically actually want. They define, in a sense, a framework for the successful computational formalization of human thought.

And what this means is that if you write your program in a sufficiently well-designed language, the structure of the language itself will lead you towards making your program be one that does what you want—without what you’d consider bugs. Well, it so happens that I’ve spent the better part of the past many decades trying to make the Wolfram Language be a language that achieves these things. 

And indeed in Wolfram Language it’s possible to express what are ultimately remarkably complex tasks with remarkably small, simple and “understandable” programs. In effect, what’s happened is that most of the computational irreducibility has been packed into the primitives of the language, so that what’s left over is the part that’s accessible to us humans, and that maps into our natural patterns of thinking. 

I’ve seen it over and over again: in Wolfram Language it’s the short program that’s the one that does what you want, without what you consider bugs. If there’s extra complexity in the program, it’ll probably introduce what you’ll consider bugs. In other words, in the space of all possible programs, the ones we as humans tend to want are those that can be expressed as short programs in Wolfram Language. 

But however well designed your language is, any time you write a program that actually needs to be written (in the sense that it’s achieving at least some irreducible computation), it’ll have the possibility of doing something you didn’t expect or foresee—and that you might consider a bug. 

So what can you do about that? My lifelong experience is that in practice the most important thing is to try to “see inside” what the program is doing, in as complete but human accessible a way as possible. In our examples of cellular automata above, visualizing the whole pattern was crucial. And indeed in many cases basic human visual perception was enough to give one complete confidence that the system would always “do the right thing”. Building on this “visual understanding” one could no doubt (typically with some effort) construct a formal “correctness theorem”. But to do that purely from a description of the system—without first “actually seeing what it does inside” —would run into issues of computational irreducibility and typically be immeasurably more difficult.

But how does one in general “see inside” a computation? 1D cellular automata are a particular easy case in which the process of computation plays out in a “spacetime array” that can immediately be presented as an image accessible to our powers of visual perception. 1D Turing machines are more or less the same way, particularly if one (carefully, so as not to lose important information) compresses their spacetime behavior. For other kinds of systems that don’t have such an immediate “spacetime” presentation things can be more complicated, and there is a certain art in visualizing the behavior of such systems well.

In traditional software, things can be even more complicated. Visualizing detailed telemetry from inside a running program can often be revealing. But there tends to be no real way to “pull out parts of a program separately”—because there’s complicated shared state encoded in values of variables, etc. And this is one of the great strengths of the symbolic paradigm that’s so deeply embodied in the Wolfram Language. Because within this paradigm, even tiny fragments of programs can be run on their own, giving one at least the raw material to “see in detail what a program is doing”. 

When programs have bugs one question to ask is “how did those bugs get in there?” Very often in practice they are the result of simple human foibles (off-by-one errors, failure to see some dependency, etc.) Sometimes things like typechecking constrain things to a point where at least the most obvious errors are immediately caught (albeit at the cost of less flexibility for the programmers). And modern AIs are typically quite good at finding bugs that follow the patterns of typical human missteps. 

What we’ve mostly discussed here are, however, what amount to deeper kinds of bugs. They are bugs that do not follow any human-related patterns. They are, in a sense, bugs that arise from the very nature of computation itself. Yes, they could in practice be put there by a human or AI programmer. But they’d also be something that could show up even if a program were constructed by exhaustive search—or adaptive evolution—with some finite set of constraints. (One might imagine that in a situation like this, one could just make the “constraint” be a “proof of correctness”. But as we discussed above, being able to construct a complete such proof is essentially incompatible with the program achieving anything that is “computationally significant”.)

While one might not think of them as traditional “programs” one might wonder about modern AIs and things like neural nets that have been trained from examples. The expectations are certainly much lower there: one does not expect specific, precise (or even, often, repeatable) output—though particularly when there’s iterative improvement one may get to the point where a constraint may (at least with high probability) be exactly satisfied. 

But ultimately (a bit like the situation with trained wild animals) I don’t think one can expect to be sure of anything. Yes, the process of machine learning can put together “lumps of irreducible computation” in a way that seems to satisfy the constraints and training objectives one’s defined. With overwhelming probability what gets constructed is not an “understandable mechanism”. And inevitably then it’s always possible for some piece of computational irreducibility to “spurt out”, and for the system to behave in a way you don’t expect. What actually happens in a realistic neural net will be very hard to visualize or to “understand at a human level”. And indeed the core of what’s going on will basically be like what we’ve seen here even in the very simple systems we’ve studied. 

But what if we were to allow some bugs? If our program is written in a language whose primitives are a good fit to what we want to compute, then allowing bugs is not likely, for example, to let the program be any shorter. But if our program is written at a lower level, say as a Turing machine, then we can expect (as we saw above) that allowing some bugs can allow the program to be shorter. In such a case we can think of ourselves as trying to “harness raw computation”, and it’ll tend be easier to find a “lump of computation” that approximately fits what we’re trying to do than one that exactly does. 

So let’s say we’re running a program that we think will operate in a certain way. But it doesn’t. And instead it has what we can consider a bug. Well, if we’re trying to do engineering we’d consider this a failure. But if we’re doing science, we might consider it a success. Because in effect we’ve discovered something we didn’t expect. And indeed we can think of much of the progress of ruliology as being precisely about the discovery of a long sequence of “bugs”—or at least bugs relative to our normal intuition about how things work. But now, with what we learn from ruliology, we can turn this around and start to understand some of the foundations of the ubiquitous and fundamental phenomenon of bugs, wherever they may be found. 

Thanks

I’d like to thank several members of the Wolfram Institute for their help: Richard Assar, Júlia Campolim, Nik Murzin and Willem Nielsen. I’d also like to thank the Wolfram Software Quality Assurance team, who, over the past four decades have handled more than half a million bugs (of which the vast majority are now fixed!), and whose work has helped me develop my intuition for the phenomenon of bugs. Thanks also to all those who’ve worked with me on ruliology over the years—and who’ve witnessed my repeated reaction to ruliological surprises: “We’ve just got to recognize that the computational animals are smarter than we are!”
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A still from My Neighbor Totoro (1988)
We’re back! With the mid-year break over, the Animation Obsessive newsletter returns with a new issue. We’ve done a ton of prep over the past few weeks to get ready for the rest of our 2026, which begins today.
Here’s the slate for this Sunday:
	1. On Michiyo Yasuda, a master of color.

	2. Animation newsbits.

	3. The last word.


Now, let’s go!
The art of Studio Ghibli isn’t really duplicable. People have tried: the internet is full of attempts, the bulk of them machine-generated. Even when those images vaguely recall Ghibli, though, it’s not so simple to paint light like Kazuo Oga did in My Neighbor Totoro, or to animate a smile like Makiko Futaki did across the ‘80s.
Many tiny and hyper-specific choices, down to the individual frames, made Ghibli films what they are. These choices came from stars like Hayao Miyazaki and Isao Takahata, but also, critically, from the way less famous people on their teams.
Among the most central of the less-famous people, for most of Ghibli’s existence, was Michiyo Yasuda. She’s far from a household name. Yet the one-of-a-kind colors of Ghibli’s animation, which shape the whole look and feel of its films, were selected mainly by her.
Miyazaki once called Yasuda “three times sharper and more particular than me.”1 Takahata, who worked with her on Grave of the Fireflies (1988), said glowing things about her abilities. He pointed to the worn-out pants of one character in that film:
[S]he chose a color that looked faded from many washings. Although I say ‘chose a color,’ in reality, she was choosing texture. Whether the fabric is thick or flimsy depends on the color chosen. Yasuda-san has a subtle perception that allows her to grasp such things.2

As Ghibli got established, its colors stood apart. They were more nuanced, more subdued, richer than the norm. That was Yasuda’s area. “The reason animation films suffer creatively has to do with the fact that they all use the same colors,” Miyazaki argued in the ‘80s. “It’s like, ‘Oh, the color of animation.’ … I believe that Ghibli is the only studio that has really managed to develop such unique colors.”3
Yasuda didn’t brag about what she did. Her work was, she emphasized, just a step in the process. “I create colors to add life to the drawings and to communicate the director’s intentions as much as possible,” she once said.4
Even so, the influence of her eye on the films is hard to overstate. Per the writer Yasuko Shibaguchi, Yasuda was a “right hand” to both Miyazaki and Takahata.

Michiyo Yasuda at Ghibli circa the early ‘90s, courtesy of Yukihiro Arai
The main gist of Yasuda’s job was straightforward. On Ghibli’s early classics, she defined the colors of the characters and objects drawn on cels — the transparent plastic sheets laid atop the background paintings. If you’ve seen Totoro or the Catbus or Kiki, you’ve seen colors in which Yasuda had a hand.
Her credits are impressive by themselves. She was there for Ghibli’s first, Castle in the Sky (1986), whose 300-plus colors she designed without much of an initial plan by Miyazaki.5 From that point, Yasuda touched most of the studio’s output: Princess Mononoke, Spirited Away, My Neighbors the Yamadas and more. As Ghibli switched to digital coloring in the ‘90s, she adapted her process to the new tech.
If the gist of her craft was straightforward, the exact specifics weren’t. Yasuda worked to convey the feelings of each film, and cultures and places and times of day, and beyond. She said during the 2000s, “In order to determine colors I always take into consideration the personality and emotional development of each character and the director’s aim.”6
More than that, her decisions played no small part in the sense of reality that typifies Takahata’s and Miyazaki’s films. As Yasuda put it:
Miya-san’s world is fantasy, but he mixes in truth in some way. That is why the Catbus can’t be pink. It needs to have the warmth of a real animal. Then it looks believable to the viewer. We always create elements that are close to the real thing. They have to be such colors that make you say even Totoro might really exist. 
Miya-san often says, “Please make it look convincing.”7


Stills from My Neighbor Totoro (top two) and Grave of the Fireflies (bottom two)

Color design sheets for My Neighbor Totoro, courtesy of Spoon Tamago
It was a preoccupation of Yasuda’s. From Ghibli’s start, her colors were subtler and more diverse than the industry standard. With Totoro and Grave of the Fireflies, she began to design new paints in intermediate shades, many of them on the muted and natural-looking side.
“At the time, society was becoming busier and busier, and there were lots of strong, flashy plastic colors,” Yasuda said. “So, looking for a little more gentleness, I set out to create my own paints.”8
In her mature work, Yasuda shot for color with a “feeling of transparency,” in which the viewer can “sense the air” in the scene. It was a careful balance, she noted, because it’s possible for muted colors to fall into murkiness.9 Yet selecting just the right “restrained” ones creates an impression of depth. If a palette of bright, primary colors tends to flatten an image, Yasuda’s designs did the opposite.
Her color choices on Totoro leaned soft and quiet; on Grave of the Fireflies, they were almost naturalistic. Both palettes made their way into Kiki’s Delivery Service, Only Yesterday, Porco Rosso and other films ahead.
Again, Ghibli’s colors were different. “If other studios end up being influenced and our colors become standard practice,” argued Miyazaki in the ‘80s, “that might transform the industry.”
Top: a roughly standard color design for Kiki. Bottom: Yasuda’s final design. Courtesy of The Art of Kiki’s Delivery Service.

Some of Yasuda’s colors. Table 1 includes “popular colors for most animation films.” Table 2 consists of semi-natural colors. Table 3 is “nearly natural colors.” Yasuda used all three for Kiki, while the third supplied the majority of the colors in Fireflies. Courtesy of The Art of Kiki’s Delivery Service.
Long before Ghibli opened, and long before she became a color designer, Yasuda was a veteran in the animation business. She’d joined the Tokyo studio Toei Doga out of high school in 1958. “[I]t was a time when I didn’t know much about animation,” she admitted later. She was simply looking for work.10
But she found a welcoming environment in Toei’s ink-and-paint division, where artists traced and colored the animators’ drawings onto cels. After Takahata and Miyazaki joined the studio as young recruits in 1959 and 1963, she became friends with them as well. Around the time Takahata served as vice-chairman of Toei Doga’s union, with Miyazaki as its general secretary, Yasuda was the secretary.
They discussed art, politics, life. Yasuda was a nonconformist and smart; Takahata and Miyazaki enjoyed talking to her. And she was inspired by their creative drive. “There were all kinds of people at Toei Doga, but I was always amazed at Miyazaki’s drawings and approach on the one hand, and Takahata’s talents as a director on the other,” Yasuda said. “They seemed incredibly unique.”
When Takahata directed Horus: Prince of the Sun (1968) at Toei, Yasuda worked on many of its major scenes as a tracer. In 1972, Takahata and Miyazaki made Panda! Go, Panda! at a different company, and Yasuda once again joined the tracing crew. Then she followed them to Heidi: Girl of the Alps (1974) at another studio.
Although Yasuda was in her mid-30s by then, with some 15 years of experience, she still wasn’t a color designer. It wasn’t a dream of hers, either: the job didn’t really exist as a distinct position. But she stumbled into it during her time at Nippon Animation, the Heidi company.

Stills from Takahata’s series 3,000 Leagues in Search of Mother
A breakthrough for her was the studio’s 3,000 Leagues in Search of Mother (1976), on whose colors she collaborated with Miyazaki. In his words:
Because basically I did not like this piece (laughs), I decided to make experimental color combinations and screen compositions. At the time, a series like Sazae-san would serve up fish with pink paint slapped on them, and that kind of thing was acceptable back then, but I couldn’t stand it (laughs). How we could make food look delicious and how to express the sparkling of a glass surface, how we could make the picture stand out by depicting the details of things and designing colors… it was Yacchin [Michiyo Yasuda] with whom I experimented on these things.11

Yasuda began to realize what color-picking could do. She later called this series “the start of my color design career.”
In 3,000 Leagues, color puts across the tactile textures of the world, and the color of a single pond might change dramatically based on angle and time of day. Yasuda and Miyazaki invented whole new terms. “ ‘Underwater color’ is when an object submerged in water is seen from the outside. ... ‘Glass-transparency color’ is when an object is seen through glass,” Miyazaki explained.

Michiyo Yasuda in the late 1970s, courtesy of Future Boy Conan: Film 1/24 Special Issue
Soon, Yasuda jumped to Miyazaki’s directorial debut Future Boy Conan (1978), and to Takahata’s Anne of Green Gables (1979). Her duties expanded: more and more of the color-selection work fell to her, even as she oversaw the painting crew and checked the final cels. Each project, she said, seemed to get harder than the last.
Yasuda often found herself (now around 40) living at the office. Like her peers, she felt the physical toll of Japan’s TV deadlines: her writing arm swelled up during Anne, and she fell to 88 pounds. In her rare off hours, she went out drinking heavily to de-stress. 
Despite the conditions, she was achieving things. By Conan, Yasuda was expanding the usual number of paints in TV animation. She noted at the time that the colors of Art Nouveau were her preference, even if she couldn’t always put them on screen. “In the case of cels, it’s hard to get that kind of atmosphere, you know?” she said. Conan’s colors were a cut above nonetheless.
On Anne, Takahata needed realism. Yasuda expressed it in color. Although TV paints tended to be harsh, she managed a subtler and more natural look. Anne’s faded clothes, for one, wowed Takahata. And, already, Yasuda was taking storytelling into account: “I started to think about the characters’ personalities when deciding on the colors of their clothes and accessories,” she said. 

Stills from Miyazaki’s series Future Boy Conan (1978)

Stills from Takahata’s series Anne of Green Gables (1979)
For Yasuda, those years were a lot of struggle, and trial and error, and learning from the background supervisors at Nippon Animation. But she gained things while surviving the pressure cooker of Japanese TV. 
Along the way, she began to notice color in the world around her, and to use what she saw:
Even when I was walking, if I happened upon a dead leaf that had fallen into a puddle, I’d find myself staring to see how light hit it and which parts shined white. … I started observing things constantly, like how, when the wind blows and the trees sway, there’s a restlessness over here and shadows fall over there; or how, on clothes with a green-and-blue pattern, the pattern looks blurred when seen from a distance and the colors also seem softer.

A few years later, Takahata brought Yasuda aboard Miyazaki’s feature Nausicaä (1984). She outlined its 262 colors in a short time, working with a high-luminosity, low-saturation scheme. “The colors in Nausicaä of the Valley of the Wind were restrained compared to previous films,” she noted.12 But the look remained more stylized and less natural than she and Takahata would’ve liked. 
Yasuda was still learning. With every one of these productions, she learned. Only in the late ‘80s, for example, did she notice that “there is color even in shadows,” and that she could use “deep or vivid colors” inside them rather than a default “black or gray.” And, as she learned, the richness of Ghibli’s images increased.13
Yasuda at work on the color design for Princess Mononoke, courtesy of How Princess Mononoke Was Born
Flipping through color models for Mononoke, courtesy of How Princess Mononoke Was Born
By the time of Princess Mononoke, colored partly on cels and partly digitally, Yasuda was the best anywhere at what she did. She had a superhuman memory for color, and she understood how each paint would look when shot on film (working with the camera people was a specialty of hers).
Between 500 and 600 colors went into Mononoke. In the six-hour documentary on the film’s creation, you can see Yasuda wrestle over some of those colors with Miyazaki. They fight like old friends. At one point, he insists on a garish, high-contrast pairing of light and shadow. “This combination looks unthinkable to me,” she protests, and she finds a compromise.
Even with Ghibli’s shift to all-digital painting after Mononoke, Yasuda stayed at the top of animation color design. She continued to learn. On My Neighbors the Yamadas (1999), that involved the struggle to output proper colors from computers to film stock, a far trickier thing than the old photography process. And, in that movie and the ones ahead, the team overcame the flatness of computer art.14
Yasuda (center) during My Neighbors the Yamadas, with Takahata on the right. Courtesy of the My Neighbors the Yamadas Roman Album.
By her 50s, Yasuda was looking for successors and thinking about retirement. As it happened, though, it wasn’t so simple to emulate what she did. Some younger artists, on films like Porco Rosso, buckled in her role. Yasuda kept coming back.
After all, there was no formula to copy. As Yasuda once explained:
In their artistic quest, Hayao Miyazaki and Isao Takahata demand the closest attention to precise color design. Therefore, our work involves developing new colors, trying them out with each shot, each new film. Even Studio Ghibli hasn’t come up with a defined color scheme because it’s always evolving according to the approaches and requirements of each new film.

Yasuda could operate in that place. Behind her decisions wasn’t a formula, but that eye she’d trained, and the endless research she’d done. Her job never became easy: up through Ponyo and The Wind Rises, each film stayed a new problem. But Yasuda always adapted. All the work and thinking she’d done allowed it.
Obviously, color design was just one role. Yasuda didn’t make these movies on her own: in interviews, she often spoke about the group, and about the ideas of the directors. But take a close look at the subtlety of the colors in Fireflies or Mononoke, how the films balance muted tones without going sludgy, and you’ll realize that you’re in a master’s world.
	The American researcher Jacob Pruitt unearthed a trove of material about an abandoned Disney Frankenstein movie from the ‘90s.

	The Art of Cartoon Saloon: 25 Years is a new book about Ireland’s most famous animation studio. See a preview via Animation Magazine.

	In America, hundreds of jobs were cut at Pixar. According to The Wrap, one reason is that Hoppers’ revenues left it “slightly shy of break-even.”

	Jazza, an Australian YouTuber, put out a fascinating breakdown video on a short stop-motion animation he made. 

	In Russia, a new round of pitches to the Cinema Fund took place. Included were a number of shady GenAI projects, and propaganda was a theme — see this report, for example.

	The American distributor Deaf Crocodile is starting a video store.

	Also from Russia: the French scholar Joël Chapron discussed France’s funding ecosystem in incredible depth with ProfiCinema.

	In Italy, director Enzo D’Alò (Lucky and Zorba, How the Toys Saved Christmas) had strong words for GenAI, Italian funding for animation and the American production system.

	The Chinese film All Wishes Come True is doing well at the box office, with roughly $114 million in revenue since its release earlier this month.

	In Japan, Toei is preparing to release restorations of Magic Boy, Journey to the West, Animal Treasure Island and other films on Blu-ray. Given the quality of the company’s past restorations, this is exciting news.


Thanks for reading today’s issue! We’re wrapping up with personal comments from the two of us:
Jules:Hey, everyone! It’s been a very productive few weeks on our end — somehow it feels much longer. Among other goings-on, we discovered a number of new art and history treasure troves, and we’re excited to share what we’ve found. Also, I mentioned in my last afterword that I was looking forward to working on a children’s book idea during the break: I’m happy to report the project has been going very well!
John:For this break, one goal was to watch movies we’ve been meaning to watch. It’s a paradox of writing about animation. To paraphrase Amid Amidi’s post last month: covering the medium actually reduces your time to be a viewer of the medium. So, among others, we finally caught Heroic Times (Hungary) and Art College 1994 (China) — two fascinating films with hyper-specific visions. Neither aims to be for everyone, but we enjoyed both a lot.
Until next time!


Discussion about this post

Ready for more?
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Professor's invisible prompt trap catches 32/35 students cheating with AI

techspot.com · 46 points · Discussion


 Serving tech enthusiasts for over 25 years.
 
 TechSpot means tech analysis and advice you can trust.
 

 
 
 Facepalm: Modern problems require modern solutions – according to the meme. In this case, the issue is students using AI to cheat on assignments. The solution, used to great effect by one professor, was to hide a white-colored font in the assignment prompt telling the AI to talk nonsense about an unrelated subject. 

 
 
 
 In an online discussion post, Alcorn State University history professor Dr. Jason Gibson posed a question that represented part of his students' midterm. It was about the Industrial Revolution, but knowing how many students now rely solely on artificial intelligence for their answers, he secretly embedded instructions telling the AI to include information about Madagascar in a way that makes no sense.


Being written in white text meant the instructions were invisible. Sure enough, 32 out of the 35 students across two classes simply copied the question, pasted it into a chatbot, then copy and pasted its output into the answer window.


Had any of these cheaters even bothered to check what the AI had generated, they'd likely have noticed the strange references to the island country constantly appearing in an essay about the Industrial Revolution.


In the viral TikTok post below, an exasperated Gibson said all the students he caught using AI failed this portion of their midterm.



@iamjasongibson I can't make this stuff up. #professor #highereducation #college #midterm ♬ Piano famous song Chopin Deep deep clear beauty - RYOpianoforte




In a follow-up video, Gibson showed some examples of how Madagascar was included in the answers. In one case, the AI talked about the Industrial Revolution before adding what seems to be a cryptic message one spy would whisper to another: "Madagascar floats sideways through the afternoon."



@iamjasongibson Part 3 #professor #highereducation #college #midterm #education ♬ original sound - Dr. Jason Gibson




In a similar vein, another answer talked about technology and social inequality before finishing with, "Madagascar purple bicycle whispers to the ceiling."
 


Gibson did say he wasn't using this as an opportunity to mock his students. He added that after he confronted them about the cheating, he gave them the opportunity to contest their grade. Only two did, though the fact that any of them tried to argue their case is pretty surprising.


Ever since ChatGPT went mainstream, students using AI to cheat has been a growing problem – it was considered endemic even back in August 2024. Teachers have tried to fight back using handwritten work, oral tests, and even AI to come up with questions that would be difficult for students to complete by simply feeding it into a large language model.


But it's a battle that humans aren't winning. Earlier this month, a professor at Brown University saw midterm averages jump from the typical range of 65% to 80% to 96% after he allowed take-home exams. He estimated that all but two of his 86 students used AI to cheat.
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Show HN: Let's Seal – Let's Encrypt for document signing, free and self-hosted

github.com · 38 points · Discussion

TLDR, Let's Seal gives the finger to Adobe and every doc signing tool (docusign, google, etc) who pay to play with the Adobe Approved Trust List and then charge you for something that should be free.Currently even the person checking if a document/contract is sealed or code is authentic has to also be inside the same Adobe walled garden too. Verification, the part that should be free is the part everyone charges for. Thats the shape Let's Encrypt fixed for TLS, and I wanted the same thing for documents and files.
The core idea therefore needed to go a bit beyond e signatures and i created an open standard (SEAL), plus free tools that implement it.
When you seal a file, three independent things happen.
1. it gets a signature from a certificate authority, chaining to a public root. 
2. its record is appended to an RFC 6962 transparency log. and 
3. its SHA256 is timestamped on a public blockchain (Bitcoin) via OpenTimestamps. 
Those three give you integrity, transparency and a timestamped proof. And importantly, none of those depend on Let's Seal and none are gated.
You can verify with the tools you already have, no Let's Seal account and no Let's Seal software. A sealed PDF carries a standard PAdES signature, so any PDF reader validates it. A sealed build artefact carries a cosign compatible signature and a SLSA provenance attestation. The Bitcoin timestamp verifies with stock ots.
3 ways to use it.
1. The free web app. We kindly have backing from Backblaze to cover storage costs for the foreseeable. So you can upload or issue any number of documents, get a public proof page at /d/<hash> and verify it at https://verify.letsseal.org for free. Multiple accounts, multiple seats, enterprise functions. Free.
2. Self host the whole thing. Apache-2.0, one Next.js app plus a signing service that holds the CA key on localhost. Storage is any S3-compatible bucket or local disk. If you'd rather run your own root of trust, you can.
3. Programmatically. via the CLI and a hosted API. This is the Let's Encrypt/certbot angle. Seal or anchor things from CI, or have a backend seal every invoice or report as its generated.
The CLI is sealbot. It runs anywhere Node runs (npx sealbot) and there are native binaries for macOS, Linux and Windows with no runtime needed.
Theres a GitHub Action wrapping the same tool, so a release workflow can seal its own artifacts. Its what proves our own releases.
KYC is semi-handled (to a degree) it's hard to do for free (at least for now), but issuers (your companies or websites) domains can be authenticated with a DNS record added, which proves the issuer has control over a domain. Sign-in can be authenticated to an email via Google Sign in and a few others will be added to the web app in time (Same as Docusign currently). Ideas welcome on future KYC should there be a demand.
Feedback welcome on the standard (SPEC.md in the repo).
Repo: https://github.com/letsseal/letsseal
Site: letsseal.org
Thx
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Bytecode-to-Source Mapping

tidefield.dev · 21 points · Discussion

 
I encountered this problem while working through the challenges in chapter 14 of Robert Nystrom’s Crafting Interpreters.




Note: Production VMs are more sophisticated, though I’ll share how this is similar to other VMs like JVM and Lua at the end of this post.



Background

The first half of the book implements a toy language, jlox, from the top down, starting with lexing and parsing to build an AST and then interpreting it. The second half re-implements the same language but from the bottom up, beginning with the bytecode structure.


  [image: A bytecode chunk containing code, constants, and source-line metadata]
  Source: Crafting Interpreters, chapter 14

It stores bytecode in a chunk, which contains a sequence of bytes. Each byte is either an opcode or an operand belonging to an opcode. Instructions can therefore occupy different numbers of bytes. For example, OP_RETURN is a single byte, while OP_CONSTANT is followed by an operand containing an index into the chunk’s constant pool:

offset       0                 1                 2
byte     OP_CONSTANT     constant index      OP_RETURN
             \___________________/               |
                one instruction         another instruction

When an instruction causes a runtime error, the VM needs a way to translate the bytecode offset back to the source line that produced it. So the chunk needs to store the line numbers.

A straightforward solution is to store a second array, lines, in parallel with the bytecode so that every byte gets a corresponding source line:

offset:       0  1  2  3  4  5  6  7
code:        00 01 00 02 01 00 03 01
line:         1  1  1  1  1  2  2  2

This design is simple and gives us O(1) lookup. However, it takes up O(n) memory for n bytes of bytecode.

Looking at the lines array above, we can exploit the fact that several consecutive bytes can come from the same source line.

Run-length encoding

Run-length encoding stores each line number once along with the number of consecutive bytes belonging to it:

line per byte:  1  1  1  1  1 | 2  2  2
encoded runs:          (5, 1) |  (3, 2)
                       count,line


	n is the number of bytecode bytes.

	r is the number of consecutive line runs.



Here, n = 8 and r = 2. In general, 1 <= r <= n. The best case is an entire chunk produced from one source line, where r = 1. The worst case changes source lines after every byte, where r = n. Run-length encoding reduces the line table from O(n) to O(r) memory.

Linear search

To find the line for an arbitrary offset, we can walk through the runs while accumulating their lengths. For offset 6:

(5, 1) -> covers offsets 0..4
(3, 2) -> covers offsets 5..7  <- offset 6 is here

A random lookup therefore takes O(r) time in the worst case. If we perform a new linear scan for every byte while disassembling a chunk, the total cost is O(nr). Since r can equal n, the worst case is O(n²).

One-pass traversal

However, run-length encoding is not inherently quadratic. If a disassembler visits offsets in increasing order, it can keep a cursor pointing to the current run. Each byte and each run is then visited only once, giving O(n + r), which simplifies to O(n) because r <= n.

This approach is ideal for sequential traversal, but it does not improve arbitrary lookups, which remain O(r). If an error gives us an offset somewhere in the middle of a chunk, we still need to scan runs from the beginning unless we store more information.

Predecessor problem

Instead of recording run length, we can record the run’s starting offset:

offset:          0  1  2 | 3  4 | 5
line:            1  1  1 | 2  2 | 3
starting pairs: (0, 1)    (3, 2) (5, 3)

Each pair means starting at this bytecode offset, this number of subsequent bytes belong to this source line. Essentially, this is now a static predecessor problem.
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pranitha.dev · 19 points · Discussion


            This is a prequel to my previous article, Your Rust Service Isn't Leaking — It Could Be the Allocator.

In that post, I wrote about how a few memory allocators behaved differently under our workload. Before we figured out that the memory behavior was tied to allocators, we first tried to reduce the memory usage from the application side.

Our service was event-driven:


	Read events from a message queue (Kafka/Redis Streams/NATS)

	For each event, spawn a Tokio task to process it



Our Task Pattern



In our workload, each event had a maximum of 1000 user tokens. For every user token, we had to make an outbound call, wait on I/O and collect all responses belonging to the event.

Here is a simplified version of the code where we fan-out tokio tasks for user token, fan-in the responses, and generate a response event.

struct Event { 
    payload: Bytes,  // ~4KB
    user_tokens: Vec<String>, // up to 1000 tokens
    // other fields
}

...
// in main
loop {
    let event: Event = fetch_next_event().await; 

    tokio::spawn(async move {
        let data = event.payload.clone();

        let mut tasks = JoinSet::new();
        for token in &event.user_tokens {
            let token = token.clone();
            let data = data.clone();
            tasks.spawn(async move {
                // hits an outbound API and returns response
                process(token, data).await
            });
        }

        let mut responses = Vec::with_capacity(event.user_tokens.len());
        while let Some(res) = tasks.join_next().await {
            responses.push(res)
        }

        generate_response_event(event, responses);
    });
}

Our primary focus here was throughput. While the fan-out above is unbounded, I assumed it practically wouldn't be a problem. These Tokio tasks are short-lived. They finish and drop once they receive responses, usually within a few milliseconds. So I assumed tasks spawned early would also finish early. Though individual outbound calls could finish out of order, I expected the earlier events overall to finish first, even while newer events were still coming in.

Our requirement was just to make each outbound call as fast as possible so that the burst could finish within the expected time.

What the Logs Looked Like



Here's how our logs looked during a burst of 1000 events, each containing ~1000 user tokens, spawning ~1M tasks in total:

started: event 1, user 5
started: event 1, user 8
started: event 1, user 2
started: event 2, user 6
started: event 2, user 4
started: event 3, user 8

...

finished: event 779
finished: event 976

started: event 900, user 42
started: event 900, user 261
started: event 1, user 974
started: event 1, user 831

...

finished: event 5
finished: event 3

While the burst finished within the expected time, the logs showed that the token tasks from earlier events were being started much later.

I didn't expect strict ordering between tasks. They could complete in any order, and that was fine. What surprised me was how far some of the earlier tasks drifted from their submission order before receiving their first poll.

Inside Tokio's Scheduler



Tokio’s multi-threaded runtime has a fixed number of worker threads, a local queue per worker and a global queue shared across workers. Each worker has a local queue with a capacity of 256 tasks and on overflow it moves half of its tasks to the global queue. Workers prefer pulling from their own local queue first, check the global queue occasionally, and steal from other workers when they are idle.

When the tasks become independently schedulable, Tokio no longer knows which event created them. Now they are just runnable tasks which competing to be polled.

A simplified picture looks like this:

                                global queue
                      +------------------------------+
                      | * overflow from local queues |
                      | * remotely scheduled tasks   |
                      | * mixed older/newer work     |
                      +--------------+---------------+
                                     |
           +-------------------------+-------------------------+
           |                         |                         |
           v                         v                         v
        worker 0                  worker 1                  worker 2
     +-------------+           +-------------+           +-------------+
     | local queue |           | local queue |           | local queue |
     | up to 256   |           | up to 256   |           | up to 256   |
     +------+------+           +------+------+           +------+------+
            |                         |                         |
            v                         v                         v
        poll task                 poll task                 poll task

With this architecture, once our event fans out into 1000 user token tasks, those tasks get mixed with the token tasks from other events, parent event tasks waiting on JoinSet, and tasks waking from I/O readiness.

With so many tasks being submitted at the same time, Tokio does not guarantee that earlier tasks get polled first. Tasks from different events compete for the available worker queues, and scheduling decisions like queue overflow and work stealing can change the order in which tasks are picked up. As a result, some tasks from earlier events received their first poll much later.

The core distinction is:

task created != task polled != task completed

While Tokio continues making progress on every task, memory is affected by how many tasks are live at the same time.

Every Tokio task carries some state and though that state might not be huge individually, when thousands of these tasks are live at the same time, it adds up to the peak memory usage.

And since a few tasks from earlier events in our workload stayed alive till the end of the burst, their parent event tasks also remained alive, keeping the event state in memory, which increased our peak memory usage.

Task Creation Needs a Bound



Tokio guarantees fair scheduling under a bounded number of tasks and assuming no task blocks a worker thread.

Our code had no bound on task creation initially:

read events as fast as possible
  └── spawn one event task per event
        └── spawn up to 1000 token tasks per event

Tokio takes as many tasks as you give it and keeps making progress on them. The boundedness assumed by Tokio for its fairness guarantee has to come from the application.

These bounds vary based on workload. In our case, what we wanted was event-level fairness. We wanted all the token tasks belonging to a single event to be polled and finish closer to their submission time.

To achieve this, we used a Semaphore to bound the number of events that can be processed at a time.

allow only N events into processing at once
  └── spawn one event task per event
        └── spawn up to 1000 token tasks per event

The maximum number of tasks Tokio sees at a time, which affects how fair it can be, also depends on how long each task takes to return on poll. We did some trial-and-error to find the Semaphore count which worked for us.

An important detail here is that even with this bounded structure, the burst finished within the expected time while reducing the peak memory significantly. In general, it might seem that adding a Semaphore would impact the throughput of the service, but that wasn't the case for us.

Not a Tokio Problem



This wasn't a Tokio problem. Even with 1M live tasks, Tokio kept making progress until our burst finished on time. The difference was between my assumption (the event as a whole should finish early if started early) and what the Tokio runtime sees (a task is a task, whichever event it came from).

This was an easy miss for me because there was no correctness issue. There were no tasks which dropped midway or noticeable delays in the service, and our throughput requirements were also met. It just showed up as a higher-than-expected memory spike for reasons that didn't appear anywhere in the application logic.

Conclusion



Spawned early doesn't mean first-polled early. First-polled early doesn't mean completed early.

If there is an application-level unit of fairness you expect Tokio to honor, like the event in our case, the runtime doesn't know it exists. The bounds should be added by the application.

And before spawning a Tokio task, ask what the maximum number of live tasks at a time could be and see how that can impact memory. In some cases, it could also impact other resources which your tasks hold while they are alive.
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Hi HN! This is George, Lucas, and Jona from Rise Reforming
(https://www.rise-reforming.com/). We’re developing a process to convert gas produced at landfills, farms, and wastewater plants (“biogas”) into higher value chemicals. Our technology is modular, designed to be deployed and operated on-site. Think of us as a chemical project developer; we sit between biogas producers (suppliers) and chemical end users (customers). We pay biogas producers for their gas and we make money from selling our chemicals. We're starting with dimethyl ether (DME) as our beachhead chemical because of its high-margin use case in the cosmetics industry and ultimately targeting methanol – a versatile and widely used industrial chemical.Being in a two sided market allows us to target two large problems.
(1) On the chemical side: The multi-trillion dollar U.S. chemical and fuel industries are vulnerable to geopolitical conflicts and climate-driven natural disasters. The Iran war has caused global methanol prices to skyrocket – even in the U.S., a net exporter of methanol.
(https://www.spglobal.com/energy/en/news-research/latest-news... the US). In 2021, Winter Storm Uri wiped out 60% of U.S. organic chemicals production for at least a month (https://www.dallasfed.org/research/swe/2021/swe2102/swe2102c...). The problem? Centralized production and fossil-fuel dependence. The solution isn't unknown; decentralized, fossil-free production could insulate supply chains from these shocks. But distributed green chemical production has yet to become cost-competitive with the status quo. Unlocking it requires the right feedstock paired with the right process and strategy.
Also, the chemical industry’s reliance on fossil fuels makes it responsible for 5-6% of global greenhouse gas emissions. About 40% of the industry’s well-to-gate emissions
come from just the extraction, processing, and transportation of these fossil fuels
(https://rmi.org/resources/chemistry-in-transition-charting-s...).
(2) Biogas is an ideal feedstock to address Problem 1. It is decentralized, plentiful, and a large part of it is not properly utilized. Biogas is a mixture of methane (CH4) and carbon dioxide (CO2), produced as a result of anaerobic digestion at landfills, farms, and wastewater plants, and can be used as a raw material in chemical manufacturing. The U.S. produces around 780 billion cubic feet of biogas a year – if we converted all that biogas into methanol, that’s about $20 billion a year. Currently, about 60% of this biogas is either burned for power/heat (low-margin and unreliable) or flared altogether. The rest is used in the highly subsidized renewable natural gas (RNG) market
(https://americanbiogascouncil.org/abcs-data-digest-lite-july...).
The result: many biogas producers leave substantial revenue on the table and experience huge
operational headaches.
Our modular technology takes in biogas, electricity, and water as inputs. Co-location with biogas
producers allows us to tap into their existing infrastructure and speeds up permitting vs a greenfield project. Our 3 step process is outlined below:
Step 1: We clean the biogas of contaminants. That means running the gas over specialized
adsorbents that trap any nasty sulfur-containing and silicon-containing compounds we don’t
want in our process.
Step 2: We reform that biogas into an intermediate gas called syngas through the
bi-reforming process, which combines the novel dry methane reforming reaction with the
legacy steam methane reforming reaction. Syngas is a versatile combination of H2 and CO and
is the building block for many chemicals, allowing us to be a platform company.
Step 3: Lastly, we upgrade that syngas into our end chemicals. We do this step using
conventional catalysts and operating conditions.
The modular approach paired with our patent-pending integrated process makes our solution one of the cheapest ways of making green chemicals.
Where are we today?
We’ve completed our proof-of-concept in the lab and just broke ground on our
pilot plant at a Chicagoland wastewater plant that currently flares all of its biogas. We will convert that wasted biogas into methanol. Estimated commissioning is Q1 2027.
We all met at the University of Chicago studying Molecular Engineering and started the company back in June 2024. Rise Reforming’s first iteration came after attending a talk from an Argonne National Laboratory researcher on low-carbon fuels. In that seminar, we heard about a reaction called “dry reforming” wherein one can react CH4 with CO2, effectively eliminating both pollutants and making useful syngas (CO + H2). We realized that this reaction could enable cheaper decarbonization of  chemicals than the legacy electrolysis pathway and started to build a technoeconomic analysis.
George has a background in energy generation, storage, and carbon capture. He was an early
employee at Highland Electric Fleets (now a unicorn) and later worked at Nexamp, GenH, and Mantel Capture – researching various battery chemistries, building a first-of-a-kind (FOAK) modular hydropower system, and helping prove a novel point-source capture prototype. He also conducted battery research at UChicago's Patel Lab and Rowan Group, co-authoring two papers.
Lucas led the design, procurement, construction, and operation of Rise Reforming’s bench-scale reforming unit with controls that operated successfully for over 1800+ continuous hours. Prior to Rise, he worked at Avangrid (Iberdrola Group) with the offshore wind project services team and did transmutation research of spent nuclear fuel at Argonne National Laboratory.
Jona also studied Molecular Engineering at the University of Chicago. He grew up around the marine industry and brings deep knowledge of the space to the team. While at UChicago, he conducted research in the Patel Lab on batteries and sustainable polymer applications and built novel equipment for the lab, including a high-throughput cyclic voltammetry battery performance testing device. Our advisory board has 220+ combined years in aerosols, permitting/safety, low-carbon fuels, catalysts, scale-up, automated modular chemical plants, and wastewater treatment.
Here’s our launch video if you want to put faces to the names: https://youtu.be/Bx_ASPapxlQ?si=PAlqvd1eUhW8kjJm.
We’d appreciate any feedback, questions, or advice. Thank you for reading!
George, Lucas, and Jona
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		Every afternoon, I drive to my local YMCA and spend an hour jogging in place on an elliptical machine. At that time of day, I am not in the mood to chat with my neighbors, churning away at their own machines, or even to gaze at the images on the screen before me. I instead turbo-charge my elliptical run and open a book. I am all business.

But a couple of weeks ago, my eyes kept wandering from the book I had brought—a play that my students were reading in one of my classes—to a fellow Y regular. I had noticed her many times before but had not paid her much attention. Wearing the same garb every day—a white and blue sailor’s shirt and baggy, blue jeans—she always circled the gym with small weights in both hands, frequently halting her orbit to chat briefly with another gym member. It was always the same. The width of her gyre never changed.

Her routine, which I first found intriguing, began to make me uneasy. Why did I see her, as if for the first time, only now? It no doubt had something to do with the book I had brought with me that day. As I looked down at one of the dog-eared pages, I reread an exchange between the play’s two principal characters, Vladimir (Didi) and Estragon (Gogo):

ESTRAGON: Let’s go.

VLADIMIR: We can’t.

ESTRAGON: Why not?

VLADIMIR: We’re waiting for Godot.


[Pause]

Forgive this unsubtle nod to the 20th century’s most influential play, one produced and parodied countless times, commented on in countless books and recast in what seems like countless languages: Samuel Beckett’s Waiting for Godot. Though the play first opened in Paris in 1953, this year marks the 70th anniversary of its American premiere. On January 3, 1956, the curtain went up on the play’s dismal landscape, staged at the Coconut Grove Playhouse in Miami. In an unwitting touch Beckett might have appreciated, the theater had promoted the play as the “laugh sensation of two continents.” By the intermission, more than half the audience had walked out. My guess is that nobody was laughing.

My Beckett epiphany is emblematic of the play’s uncannily prophetic character. All too often, the hawk-nosed Irish writer seems to have scripted our lives and experiences. In the 70 years since the theatrical debacle in Coconut Grove, the world has not only come to terms with the play, it has seemingly become the play. We are all characters on Beckett’s stage. Of course, this happens on an individual scale, as with my afternoon at the Y. But, no less alarmingly, it unfolds on a global scale as well, one where much of the world seems to be waiting, with a mixture of dread and hope, for the arrival of, well … what?

Don’t ask Beckett. Although he wrote the play halfway through a century scored by world wars and cold wars, genocidal regimes and totalitarian ideologies, the poisoning of our natural resources and denaturing of our political discourse, he always insisted that he had nothing to say about contemporary events. This assertion seems reflected in a stage set as blasted and bleak as the dialogues—dialogues that, in subsequent plays, withered into monologues, then drifted into the mute gestures of mimes.

Yet even Beckett, try though he might, could not fully remove himself from the world. As one of his favorite thinkers, Arthur Schopenhauer, observed, Dante mined the material for his Hell from this world of ours. The world of Godot—a bare tree, an empty road, a rocky mound— resembles the world that, a few years earlier hosted concentration camps and incinerated cities, and in our own time has been home to yet more concentration camps and incinerated cities. This is the featureless, colorless vista, fixed by a single tree, that Gogo declares, perhaps ironically, a “charming spot” with “inspiring prospects.”

Didi observes that the tree might be a willow. If so, it is perhaps weeping. Like the tree, Gogo and Didi are rooted in this world, and it is from this tree that Gogo and Didi contemplate hanging themselves. It is near this tree that Gogo and Didi make conversation with one another and with another couple, Pozzo and Lucky, who wander in and out. And it is next to the tree that Gogo and Didi wait for Godot, a mysterious figure who perhaps has a white beard. In a flight of pseudo-philosophical lyricism, Didi asks, “What are we doing here, that is the question. And we are blessed in this, that we happen to know the answer. Yes, in this immense confusion one thing alone is clear. We are waiting for Godot to come—”

[Pause]

Of course, Godot never arrives. In a Sesame Street parody of the play, the tree, fed up with the melodramatic and nonsensical patter of two Muppets waiting for Elmo, uproots itself and walks off the stage. But we cannot uproot ourselves and walk off the stage; instead, stuck like Didi and Gogo in a state of non-arrival, we wait. For those who waited for an answer from Beckett, none ever came. He once snapped at the English actor Ralph Richardson, who asked if Godot stood for God. If he had meant God, Beckett said, he would have written God. The play, he insisted, strove to avoid definition. This strategy of avoidance leaves us to gaze at a landscape void of meaning, one that by turns is the source of our bemusement and amusement.

Ironically, this same denuded landscape has lent itself to dozens of dazzling productions driven by political and moral imperatives. Over the years, the play has been staged in places racked by violence, like South Africa, Bosnia, and Israel. Or places like New Orleans, where natural calamities are compounded by man-made inequalities. Or, for that matter, in places like the maximum-security prison at San Quentin. The inmates of such places can connect in ways I never can to Didi’s plaintive series of questions:

“Was I sleeping, while others suffered? Am I sleeping now? Tomorrow, when I wake, or think I do, what shall I say of today? That with Estragon my friend, at this place, until the fall of night, I waited for Godot?”

What shall we say of today? Better yet, what shall I say of today? That I will try to do better, perhaps. But Beckett hasn’t much patience for such resolutions. Self-help gurus and management consultants delight in quoting a famous line of Beckett’s, plucked from Westward Ho, a small book he published near the end of his life: “Ever tried. Ever failed. No matter. Try again. Fail again. Fail better.” Very neat, very smart.

And very misleading. None of these writers quoting these lines seem to have read the entire paragraph, for it continues:

First the body. No. First the place. No. First both. Now either. Now the other. Sick of the either try the other. Sick of it back sick of the either. So on. Somehow on. Till sick of both. Throw up and go. Where neither. Till sick of there. Throw up and back. The body again. Where none. The place again. Where none. Try again. Fail again. Better again. Or better worse. Fail worse again. Still worse again. Till sick for good. Throw up for good. Go for good. Where neither for good. Good and all.


Still, Didi and Gogo do offer something of immeasurable value—apart, that is, from uneasy laughter. They embody the kind of good we should go for—namely, the goodness of solidarity and compassion for one another in what Pozzo calls “this bitch of an Earth.” Friends marveled at Beckett’s hypersensitivity to the suffering of others. “He couldn’t help being affected by what was happening around him,” remarked his close friend and biographer Barbara Bray. “He had a finely tuned mind which got straight to the point of everything.”

Among the many things this remarkable mind got straight much earlier than many other minds was the threat posed by Adolph Hitler. Following Germany’s defeat and occupation of France in 1940, Beckett was among the earliest recruits to the French Resistance. His reason was simple: He was appalled by what the Nazi occupation meant for French Jews, including his friend Alfred Péron. (When Beckett’s resistance cell, “Gloria,” was uncovered by the SS, he just managed to escape south but dozens of fellow résistants, including Péron, were captured and imprisoned.)

In Beckett’s tragicomedy, acts of compassion and solidarity, no matter how small or slight, appear like lightning bugs against the black night sky. There is Didi’s burst of outrage—though it soon passes—over Pozzo’s brutal treatment of Lucky; more tellingly, Didi cares for Gogo, offering him carrots, calming him with a song, covering his shoulders with his own coat while Gogo sleeps.

Toward the very end of the play, while Gogo is once again sleeping, Didi gazes at him and utters, “Astride of a grave and a difficult birth. Down in the hole, lingeringly, the gravedigger puts on the forceps. We have time to grow old. The air is full of our cries. (He listens.) But habit is the great deadener.” Indeed. It’s well past time that I break my habit of watching the woman in blue circling the gym and trying to deduce meaning from her endless actions. It’s time instead to go up and greet her.

[Pause]

	



Original: https://theamericanscholar.org/beckett-the-prophet/ · Discussion
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Show HN: Infrawrench – A tool to manage cloud and svcs with workflows and chat

infrawrench.com · 17 points · Discussion

Manage everything from one place
Connect to 25+ cloud providers and manage hundreds of resource types from a single unified interface. Infrawrench discovers your infrastructure automatically and keeps it in sync every 30 seconds.
	AWS, GCP, Azure, Cloudflare, DigitalOcean, Hetzner, Scaleway, OVH, and 17 more
	Automatic resource discovery with background sync, no manual refresh
	Right-click context menus with provider-specific actions per resource type
	Drag-and-drop to attach disks, volumes, and Elastic IPs to compute resources
	Spotlight search (⌘K) across all accounts and resource types at once

[image: Account overview showing resource groups and types]


SSH into anything, anywhere
Launch full SSH terminals to any server directly from Infrawrench. No external client needed. On desktop, connections run locally. In the cloud web app, sessions are proxied securely through our WebSocket server.
	Full terminal with resize, 256-color, and clipboard support
	Reads keys from ~/.ssh/ or your saved in-app key store
	One-click SSH from any VM resource (EC2, GCE, Droplet, Hetzner, and more)
	SSH tunnels: proxy a database port through a bastion host with service presets
	Windows Pageant SSH agent support on desktop

[image: SSH terminal embedded in a resource detail tab]


Full Kubernetes management
Browse, inspect, and manage your Kubernetes clusters. Exec into pods, stream logs, import YAML manifests, and edit live configs. The web app proxies exec sessions so nothing runs locally.
	Supports any kubeconfig cluster: EKS, GKE, AKS, self-hosted
	Pod exec / interactive shell (cloud-proxied via WebSocket in the web app)
	Log streaming for pods, deployments, statefulsets, services, and jobs
	YAML import (kubectl apply -f equivalent) with multi-document support
	Monaco manifest editor for live resource config editing
	Ephemeral scratch pods with configurable TTL (auto-terminated by the cluster)


Query your databases in context
A built-in SQL editor with schema autocomplete, per-resource connection management, and support for a wide range of databases: from traditional PostgreSQL to serverless edge databases.
	Schema-aware autocomplete via INFORMATION_SCHEMA introspection
	Per-resource SQL: connect directly to a specific RDS instance, Neon db, or Turso group
	Supports PostgreSQL, MySQL, Turso/libsql, Databricks, ClickHouse, Cloudflare D1, Spanner
	Query cost estimation for BigQuery (dry-run API, no quota consumed)
	Connection strings resolved automatically from resource outputs


Browse and manage object storage
A built-in object storage file browser for S3, GCS, Cloudflare R2, Azure Blob Storage, and DigitalOcean Spaces. Upload, download, create folders, and delete, without leaving the app.
	Prefix-based folder navigation with breadcrumbs
	File upload with progress tracking
	Batch download of multiple objects (desktop)
	Storage stats: object count and total size on the dashboard card


Pin and monitor your key resources
Build custom dashboards by pinning any resource from any provider. Cards show live stats and status. Set metric thresholds and get native OS notifications when something goes out of range.
	Drag-and-drop grid layout: pin resources from multiple providers on one dashboard
	Live stats auto-refresh: table counts, container counts, storage size, and more
	Metric ping alerts: native OS notification when a metric leaves a min/max range
	Multiple named dashboards with a configurable default


Manage and export secrets safely
View, rotate, and export secrets from AWS Secrets Manager, GCP Secret Manager, Azure Key Vault, and more. Credentials are encrypted at rest and only decrypted on demand.
	Secret versions: list, reveal, add, enable, disable, and destroy with one click
	Credential export: IAM access keys, GCP service account JSON, Azure client secrets, Cloudflare tunnel tokens
	Kubernetes-ready secret export templates on S3, R2, Cloudflare Tunnel, and more
	Credentials encrypted at rest. Keys never leave the device (desktop)


Provision resources without leaving the app
Provision VMs, Kubernetes clusters, databases, queues, and buckets with a guided form backed by live data from the provider API. Includes real-time cost estimation, region and size pickers, and SSH key selection.
	Live cost estimates for EC2, GCE, AKS, Azure VMs, RDS, EBS, and more
	Region picker: searchable by zone ID, flag, or human-readable location name
	SSH key picker reads from ~/.ssh/ and your saved key store
	IAM policy picker with live search and categorised results
	Supported across AWS, GCP, Azure, DigitalOcean, Hetzner, Kubernetes, and more


Start local, go cloud
Use the desktop app fully offline. Sign in to sync your accounts, resources, dashboards, and credentials to the cloud, kept in sync bidirectionally.
	Secure sign-in, no passwords stored or transmitted
	Bidirectional sync every 60 seconds: desktop ↔ cloud
	API keys for programmatic and CI pipeline access
	Team management with per-seat billing ($20/seat/month)
	Full audit trail for all mutations in the cloud app
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Ray tracing massive amounts of animated geometry using tetrahedral cages

gpuopen.com · 15 points · Discussion

 The animation scaling problem

Ray tracing has become a practical part of real-time graphics, but animated geometry still presents a difficult scaling problem. The paper Ray Tracing Massive Amounts of Animated Geometry by Gruen et al., winner of the third-place Wolfgang Straßer Award (Best Paper) at High-Performance Graphics 2026, tackles a common production case: scenes with many complex objects that all deform differently. In a conventional ray-tracing pipeline, every uniquely animated mesh may require both its vertices and its acceleration structure to be updated each frame. That computational cost grows with triangle density, so geometrically dense foliage, grass, crowds, or creatures can quickly consume the frame budget. As each unique animated object may need to store its own set of bounding volume hierarchy, memory consumption may become prohibitively high.

[image: Ray Tracing Massive Amounts Animated Geometry 01]Figure 1. Animated scene with roughly 585 million animated triangles @ 60 frames per second (AMD Radeon™ RX 9070 XT GPU at 1080p)

Decoupling animation and triangles

The central idea of the paper is to decouple animation cost from triangle count. Instead of applying animation directly to every triangle, the method builds a low-resolution tetrahedral cage around the original, non-animated mesh. During preprocessing, the mesh is split into small, disjoint pieces associated with the tetrahedra. Static mini-BLASes are then built for these pieces once and reused. At runtime, only the cage is animated. Rays that enter an animated tetrahedron are transformed into the corresponding rest-pose space, where they can intersect the static geometry. The resulting motion is an approximation: vertex movement is represented by a piecewise-linear deformation induced by the cage, rather than by a smooth global bend or by full per-vertex animation.

This makes the approach especially attractive for massive scenes where many copies of the same asset are animated in unique ways. Each unique deformation needs its own animated cage, but it can share the same rest-pose mini-meshes and mini-BLASes. The paper demonstrates this with trees, grass patches, and frogs, and shows a combined scene of roughly 585 million animated triangles rendered at 60 frames per second on an AMD Radeon RX 9070 XT graphics card at 1080p. The key message is not that tetrahedral cages replace every animation technique, but that they provide an additional new low-cost option when acceleration-structure updates, animation time, or memory footprint become the bottleneck. The paper also sits alongside similar independent work by Luton and Tricard (2026), which explores tetrahedral indirection but uses multiple hardware rays and no clipping step. Please note that tetrahedron-cage driven animations can be combined with the Microsoft DirectX® Raytracing (DXR) Functional Spec, Part 2 – e.g. partitioned top-level acceleration structures – and can also coexist with cluster level acceleration structures.

[image: Ray Tracing Massive Amounts Animated Geometry 02]Figure 2. High-level workflow.

The trade-off is control over quality versus performance. A coarser cage is cheaper and smaller, while a finer cage can follow the original animation more closely. The method is best suited to connectivity-preserving animation, such as swaying vegetation, grass, crowds, distant characters, or animation level of detail. It is less appropriate for cases where topology changes, very small-scale motion, or sharp character deformations are the visual focus. Please note though that tetrahedron-cage driven animations can also be used in the context of partitioned top-level structures and can also coexist with cluster level acceleration structures.

What’s next for tetrahedral cages

Overall, the paper presents tetrahedral cages as a practical bridge between rich animated content and hardware-accelerated ray tracing. By animating a compact proxy and reusing static rest-pose geometry, it opens the door to scenes that would otherwise be too expensive to update every frame. Future work will focus on improving cage generation and animation quality, as well as integration with modern ray-tracing pipelines. Please note that we are hard at work to create DXR samples and a header-only C++ library that allows building high-quality tetrahedral cages for skinned objects, keyframe-animated objects, and static objects. If you’re working on animated geometry at scale, we encourage you to dive into the full paper below, and stay tuned to GPUOpen as this research continues to evolve.


	Download the Ray Tracing Massive Amounts of Animated Geometry paper and see more AMD graphics research on our Research Publications page.

	Watch a video of the High-Performance Graphics 2026 presentation of this paper.




Links to third party sites are provided for convenience and unless explicitly stated, AMD is not responsible for the contents of such linked sites and no endorsement is implied. GD-97.

DirectX is a trademark of the Microsoft group of companies.
 



Original: https://gpuopen.com/learn/ray-tracing-massive-amounts-animated-geometry/ · Discussion
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export function access( elems, fn, key, value, chainable, emptyGet, raw ) {

var i =0,
len = elems. length,
I bulk = key == null;

// Sets many values
if ( toType( key ) === "object" ) {
chainable = true;
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}

// Sets one value
} else if ( value !== undefined ) {
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// ...except when executing function values

} else {
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High-Level Workflow For Tetrahedral Cage Driven Animation

Most work happens offline:

Fill object Delete empty Split remaining Delete empty Clip mesh into
BBox with voxels E> voxels E> voxels into tets :> tetrahedra :> mini-meshes
At application startup:
Build mini-BLAS
objects from
mini-meshes
Every frame:
Ani Compute Update TLAS
nimats l:> per-tet instance E> Instance reusing E> Trace TLAS
tetcage transform mini-BLAS objects
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