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Show HN: Bento - An entire PowerPoint in one HTML file (edit+view+data+collab)

bento.page · 524 points · Discussion

Over the past few months, our team has been building more and more slidedecks using web frontend technologies with coding harnesses like Claude Code, but a common complaint is to make even small edits we need to edit the code either manually or via the harness.To avoid this loop, I ended up creating Bento, a single HTML file with everything you need in a slide tool including animations and shared editing. There's no install or cloud login, everything works offline. The default deck is around 560 KB and it doesn't need to fetch anything once you got it.
Open it in a browser and then you can edit, present, print and save. Share it via email or via Airdrop and all they need is a browser to edit, present and also do live collab on the slides. Drop it in to Claude or ChatGPT to transform existing pptx files into Bento slides. There is no cloud involved, only an encrypted blind relay to allow for shared editing. The relay doesn't see any of the data.
Check it out at https://bento.page/slides/ which takes you straight to the editor.
Go to https://bento.page/guestbook/ to try out the live guestbook to experience share editing / collab.
There is also a gallery with some sample decks on the website - https://bento.page/
All the code is MIT licensed and you can find it here - https://github.com/nyblnet/bento . I used reveal.js with several other libraries (including some homegrown ones), and Claude Code.


Original: https://bento.page/slides/ · Discussion
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Terrence Tao's ChatGPT Conversation about the Jacobian Conjecture Counterexample

chatgpt.com · 400 points · Discussion

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

Original: https://chatgpt.com/share/6a5fdc7a-d6f8-83e8-bbea-8deb42cfed56 · Discussion
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Passkeys were invented by engineers with zero understanding of consumer brain

twitter.com · 370 points · Discussion

https://xcancel.com/nikitabier/status/2079787406300266743

Original: https://twitter.com/nikitabier/status/2079787406300266743 · Discussion
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The startup's Postgres survival guide

hatchet.run · 258 points · Discussion


GigaToken: ~1000x faster Language model tokenization
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GigaToken: ~1000x faster Language model tokenization

github.com · 244 points · Discussion



~1000x faster than HuggingFace's tokenizers, drop-in replacement.

Tokenize your text data at GB/s!



Note that both HF tokenizers and tiktoken are already running multithreaded Rust!




What is Gigatoken?


Gigatoken is the fastest tokenizer for language modeling.
It supports a wide range of CPU hardware, and nearly all commonly used tokenizers.
See the Benchmarks section for detailed throughput numbers across tokenizers and CPUs.


Installation




Usage


Gigatoken can be used with its own API, or in compatibility mode with HuggingFace Tokenizers or Tiktoken.


Compatibility Mode (Easiest)


import gigatoken as gt

# Minimum change from existing HuggingFace tokenizers usage (compatibility mode)
hf_tokenizer = ...
tokenizer = gt.Tokenizer(hf_tokenizer).as_hf()

# tokenizer can be used in the same contexts as hf_tokenizer
tokens = tokenizer.encode_batch(["This is a test string", "And here is another"])

# OR with tiktoken
tiktokenizer = ...
tokenizer = gt.Tokenizer(tiktokenizer).as_tiktoken()

# Now works like existing tiktoken tokenizers
tokens = tokenizer.encode_batch(["This is a test string", "And here is another"])


A substantial amount of effort has been put into making sure the outputs match exactly with what you would get with HuggingFace Tokenizers in this setting, but this is at a non-negligible cost to performance.
You can still expect way faster performance across the board, but not quite the 1000x you will get with the Gigatoken API.


Gigatoken API (Fastest)



Are AI Labs Pelicanmaxxing?


06

Are AI Labs Pelicanmaxxing?

dylancastillo.co · 230 points · Discussion




    






For the past few years, Simon Willison has tested every major LLM release with the same prompt: “Generate an SVG of a pelican riding a bicycle”.

What began as a tongue-in-cheek benchmark has become one of the most famous informal benchmarks in AI. Simon’s pelican-on-a-bicycle results are often among the most upvoted comments on Hacker News threads announcing new releases from AI labs.

The benchmark is now famous enough that there’s plenty of discussion about its usefulness and about whether AI labs might be benchmaxxing1 on it. When billions or even trillions of dollars are at stake, and a strong result could help persuade users, wouldn’t it be tempting to pelicanmaxx your model just a bit?

I wanted to find out, so I put together a small experiment. I generated 1,008 SVGs across seven frontier models, scored them with an LLM judge, and used Claude Fable 5 for the analysis.

This article presents the results. All the code is available on Github.


How I tested it

I built a grid of 8 animals × 6 vehicles = 48 prompts, where the famous prompt is one cell:


	Animals: pelican, flamingo, heron, otter, raccoon, antelope, whale, cat

	Vehicles: bicycle, unicycle, skateboard, scooter, plane, boat



Every prompt uses almost identical phrasing to Simon’s, only switching the animal and vehicle. The animal and vehicle selection wasn’t done in a very rigorous manner, but I tried to vary both similarity to the original prompt and difficulty. Flamingo and heron are quite similar to pelicans; cat, raccoon, and otter are easy cases; antelope is hard; and whale is as different as you can get.

I tested seven models through OpenRouter: GPT-5.6 Terra, Claude Sonnet 5, Gemini 3.5 Flash, Grok 4.5, Qwen3.7-Max, GLM-5.2, and DeepSeek V4 Pro. I generated 3 samples per prompt, at temperature 1.0, requesting the same reasoning effort from every model. That resulted in 1,008 SVGs.

Then I ran each image through a three-stage pipeline:


	Rendering: Each SVG is rendered to PNG. If a model returns no SVG or one that fails to render, I regenerate until it produces a valid one, and record the number of attempts. There were only 11 retries across the 1,008 generations.

	Judging: GPT-5.6 Luna scores each image with 1-5 ratings for the animal, the vehicle, and the coherence of the action. When I rank animals or vehicles below, I use the matching rating on its own. When I need one number per image, I use the average of the three, which I call the judge score.

	Feature extraction: For a more detailed analysis, I also passed each rendered image to Gemini 3.1 Flash-Lite, which recorded the animal and vehicle it recognized, which way the subject faces, and an open-ended list of scene elements.



My hypothesis is that if a lab trained on the benchmark, it should show up in some combination of the pelican row scoring above what the animal deserves, the bicycle column scoring above what the vehicle deserves, or the specific pelican-bicycle cell beating both.



Evidence #1: The pelicans on bicycles don’t look any better

Before any scoring, the simplest test is to look at the images yourself. Pick a lab to see everything it drew, with the judge’s score under each image (click to open full size):


I looked through the images myself before running the analysis below. Nothing jumped out at me. I couldn’t find a case where the pelican-bicycle images looked noticeably better than the rest of that model’s grid. Maybe in GLM-5.2’s first sample it felt slightly better than the rest, but that batch also produced a pretty cool heron on a skateboard, so I cannot say for sure. Otherwise they look like the rest of what each model draws, and the labs that draw good pelicans on bicycles also do a good job drawing other animal-vehicle combinations.

But this test is hard to replicate, and everyone will have a different opinion. So I wanted something more quantitative, which is why I opted for the method detailed above.



Evidence #2: Labs are not better at drawing pelicans

Here’s the mean animal rating per animal, pooled across all models:





Figure 1: Mean animal rating by animal, all models pooled.




The pelican is 6th of 8, behind cat, whale, raccoon, heron, and antelope. If AI labs were training on the benchmark, you’d expect pelicans at the top. Instead they’re in the bottom half. All seven labs draw cats, whales, and raccoons better than pelicans.

Of course, a pelican may simply be harder to draw than a cat. A lab could train on pelicans and still not push them past the easy animals, so this ranking alone can’t rule that out. I’ll adjust for difficulty in Evidence #4.



Evidence #3: Labs are not better at drawing bicycles

Bicycles fare even worse. They sit second from last, in a near-tie with planes, which come in last:





Figure 2: Mean vehicle rating by vehicle, all models pooled.




If labs were training on the benchmark, you’d expect bicycles near the top of this ranking. They’re not. However, the same caveat applies here. A bicycle is harder to draw than a skateboard: it needs two matching wheels, a frame that reaches both axles, handlebars, a seat, and pedals. The judge flags a missing or disconnected one of those on 2/3 of the bicycle images. You can train on bicycle images and still not do a great job relative to simpler vehicles.

One note on the plane, though: I should’ve picked “airplane” instead of “plane” because models often read it geometrically. They drew the animal standing on a flat surface instead of flying an aircraft. The plane is the only vehicle where the feature extractor sometimes found no vehicle at all (25 of 168 images, against zero for the other five), and 20% of plane images scored a 1 or 2 on the vehicle rating, against 5% for bicycles and none at all for boats, scooters, or skateboards.



Evidence #4: Labs are not better at drawing pelicans on bicycles, even adjusting for difficulty

Put the two together and the “pelican on a bicycle” ends up near the bottom of the ranking, at #42 of 48:





Figure 3: All 48 combos ranked; pelican + bicycle highlighted.




But again, some combinations might be just harder to draw than others.

To account for that, I fit a fixed-effects regression on all 1,008 images: score ~ lab + animal × vehicle, plus per-lab interaction terms for pelican, bicycle, and the pelican-bicycle cell, with robust standard errors. The animal × vehicle terms absorb the inherent difficulty of all 48 combinations. The interactions measure each lab’s benchmark-specific boost relative to the average lab, with confidence intervals.

The results:


	Every per-lab pelican effect (the lab’s boost on pelicans across all six vehicles) lands between -0.11 and +0.14 judge points, and none comes close to significance (smallest p = 0.25).

	The per-lab bicycle effects (the lab’s boost on bicycles across all eight animals) run from Grok 4.5 at -0.18 (p=0.11) to Gemini 3.5 Flash at +0.27 (p=0.022). Only Gemini clears p < 0.05, and the seven point in both directions.

	No pelican-bicycle cell effect (the extra boost on the specific combination, on top of the lab’s pelican and bicycle effects) clears p < 0.05. The largest positive is GLM-5.2 at +0.35 (p=0.12), which is the one I mentioned earlier. It’s the closest thing to a signal in this experiment, but still within chance.



Here are the full per-lab estimates. A pelicanmaxxing lab would show dots to the right of the zero line across its whole row:





Figure 4: Difficulty-adjusted effects per lab, with 95% confidence intervals. Highlighted intervals exclude zero.




Every pelican interval and every cell interval contains zero. Exactly one doesn’t: Gemini 3.5 Flash in the bicycle column. But with 21 tests at p < 0.05, chance alone predicts about one false positive (21 × 0.05 ≈ 1.05), and one is exactly what came up. It also doesn’t survive a multiple-comparisons correction: the Bonferroni threshold across the 21 tests is 0.05/21 ≈ 0.002, and its p-value is 0.022. The full table of estimates and p-values is in the repo.

But these intervals are wide, about ±0.6 judge points on average. Any boost smaller than that won’t be captured by this test.



Evidence #5: The pelican-bicycle scenes don’t look memorized

Some have suggested that the pelican on a bicycle looks like a memorized composition, pointing to recurring patterns such as the pelican always facing right, or recurring elements like a sun or a scarf. So I wanted to know if this was true.

Direction: All 21 pelican-bicycle images, across all seven labs, face right. No other animal/vehicle combination does that.

However, facing right is common: 60% of all 1,008 images do it. How common depends on the animal and the vehicle, and bicycles are one of the two vehicles where it’s strongest:




	vehicle
	left
	right
	ambiguous





	scooter
	9%
	83%
	8%



	bicycle
	11%
	81%
	8%



	skateboard
	19%
	60%
	21%



	plane
	21%
	58%
	21%



	unicycle
	22%
	45%
	33%



	boat
	33%
	35%
	32%





Pelicans are also among the animals that tend to face right:




	animal
	left
	right
	ambiguous





	antelope
	21%
	78%
	1%



	pelican
	22%
	78%
	0%



	heron
	22%
	77%
	1%



	whale
	34%
	65%
	1%



	flamingo
	36%
	64%
	0%



	otter
	8%
	45%
	47%



	cat
	8%
	40%
	52%



	raccoon
	3%
	36%
	61%





It’s hard to draw a pelican or a bicycle facing the viewer, so models almost always draw them from the side, facing left or right. That’s why so few of their images are ambiguous. Other combinations also come close to unanimous: antelope on a scooter and pelican on a scooter land at 20 of 21, and heron on a bicycle at 19 of 21. So 21 out of 21 doesn’t seem like an outlier.

Scene elements: I let the extractor name any element it saw in the image. These are the counts:





Figure 5: Share of images containing each element, from the open-ended extraction pass.




A memorized scene would show up as the same set of elements recurring picture after picture. I went looking for that, and found some combinations do tend to produce the same elements every time. Every single flamingo on a boat has a sun in it. Otters on planes wear scarves 38% of the time. Cats on bicycles get a basket 38% of the time.

The pelican on a bicycle doesn’t seem to have anything particularly different about it. It just has some elements that appear more frequently, like every other animal-vehicle combination.



Limitations


	Using a single LLM judge for scoring. Every score here comes from one model, GPT-5.6 Luna, looking at one image at a time. I didn’t do much alignment and didn’t check how often it agrees with itself on a re-run. If a model just can’t judge a drawing reliably, none of the numbers above mean much. The judge is also from the same family as one of the contestants, GPT-5.6 Terra. However, every lab draws all 48 combinations, so a judge that happens to like one lab’s style lifts that lab’s whole grid at once. But that doesn’t change the results because this analysis only cares about the within-lab differences.

	SVGmaxxing. A lab that optimized SVG generation as a whole (or a subset such as animals on vehicles) rises on every cell at once and looks identical to a lab that’s just good. Some labs, such as Google/DeepMind, openly do this. This experiment can’t detect that.

	Limited budget. The whole experiment ran on roughly $80 of API credits. That capped it at 3 samples per cell, a single judge, and 7 models. This also prevented me from iterating too much on the prompts and pipeline, as with the “plane” vs. “airplane” case.





Conclusion

Sorry, HN haters, but there’s little evidence that AI labs are pelicanmaxxing. Or at least they’re not doing it in a plainly obvious manner.

Pelicans aren’t drawn any better than other animals. Bicycles aren’t drawn any better than other vehicles. And no lab draws the combination better than its pelicans and bicycles already predict. GLM-5.2 comes closest: it has the largest boost on the exact pelican-bicycle cell, and and its first pelican-on-bicycle sample caught my eye. But the effect is small and not significant, so I wouldn’t put too much weight on it.

The other thing that stands out is direction in the scene composition. All 21 pelican-bicycle images face right, the only combination in the grid where every image agrees. But it doesn’t seem that strange. Facing right is the norm across the experiment. Three other combinations land at 90% or above, and with 48 of them, I’m not surprised one reached 21 out of 21.

The more plausible story is SVGmaxxing like Google/DeepMind does. Other labs might be doing it more quietly. Sadly, this experiment can’t say who’s doing it. But at least you can sleep tonight knowing that AI labs are not producing terabytes of pelicans on bicycles just to trick Simon Willison.

If you want to look at the data yourself, the full pipeline is in the repo.






Footnotes



	the practice of optimizing AI models to achieve high scores on popular benchmarks.↩︎
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Making

beej.us · 216 points · Discussion




2026-03-12


[image: Nail in wood with hammer] I made this!

TLDR: I gain a lot of fulfillment by making things. I don't consider
things built by others at my request to be made by me, and are therefore
much less fulfilling. And then I feel sad. This article starts strong
and then heads off into the weeds.

There have been a lot of pieces written about what I'll call "the AI dev
schism" And I think there's a lot of truth to those:


	Loss of the craft, coding things by hand

	Loss of low-level problem-solving

	Loss of fun

	Gain of high-level problem-solving

	Getting through back-burnered projects

	Gain of fun



We'll just grant those as being correct for various developers. But
there's something else that troubles me.

Backstory before we get going, so you can get a better idea of my
perspective:


	I'm a Gen-X hacker; I cut my teeth 80s microcomputer era.

	I hold a BS and MS in CS.

	I have 20 years industry experience, (Hewlett-Packard, startups,
cofounder, Activision, etc.).

	CS instructor for the last 9 years, now at Oregon State
University-Cascades.

	I'm 65% Doom on the AI-Utopia/Doom scale.

	I'm a Claude Code user sometimes.

	I code by hand sometimes.

	My father taught philosophy at a community college for 35 years. This
might help explain the latter part of this blog entry.



I'm going to use "AI" to mean "Generative AI and LLMs" in this essay.
Sorry, veterans of so many AI winters.

Interlude!

Before we begin, I'd like to share with you a bit of my latest sci-fi
novel. Some of you might unaware that, in addition to Beej's
Guides, I also write science fiction.


Kael pressed his back against the shattered bulkhead, plasma scoring
the air centimeters from his face. The Vorrkai assault drones had
anticipated their route through the lower decks and now Rin was
bleeding through her jacket sleeve and old Maret couldn't stop
coughing from the vented coolant still hazing the corridor. Kael
counted the pulse-intervals between shots. Three seconds. Maybe four.
That was all the universe was offering him.

Then he saw it: the maintenance shaft behind the collapsed generator
housing, its grate blown half-open by the same explosion that had
caved in their original exit. It was tight. It was ugly. It ran
directly over the Vorrkai's forward position, which was either the
most dangerous path imaginable or the last one they'd ever think to
watch. Kael grabbed Maret's collar and pointed without a word. The old
man's eyes went wide, then hard. He nodded. Rin was already moving.

Kael came last, returning fire blind around the bulkhead corner, not
to hit anything, just to make noise, and to give the drones something
thermal to track while his people scrambled into the dark. A bolt
caught the generator housing and the whole structure groaned, raining
sparks down into the shaft on top of them. He hauled himself in, knees
burning on the torn metal, and pulled the grate closed behind him with
a sound he was certain every Vorrkai unit on the deck had heard. In
the black ahead, Rin's hand found his wrist. Move, her grip said. Now.
And so they did.

—Excerpt from The Vorrkai Interval, by Brian "Beej Jorgensen" Hall



And, in my now-copious spare time I make art! This is a woodcut, painted
in pastels, showing some of my favorite subjects.

[image: Dueling Wizard Hackers] Mirrors of the Machine by
Brian "Beej Jorgensen" Hall, $1300.

Carpentry? You bet I dabble! I rebuilt my front deck recently. The old
one was rotting out, so I grabbed a bunch of cedar and put it together.
I'd been meaning to do it for a while, but couldn't find the time.

And, finally, here's some of the code I wrote for a TUI adventure
roguelike:

    fn try_move(&mut self, dx: i32, dy: i32) {
        let nx = self.player.x + dx;
        let ny = self.player.y + dy;

        // Check for monster combat
        if let Some(idx) = self.world.monster_at(nx, ny) {
            let result = {
                let monster = &mut self.world.monsters[idx];
                resolve_combat(&mut self.player, monster, &mut self.rng)
            };

            self.messages.push_many(result.messages);

            if result.monster_defeated {
                let monster = &self.world.monsters[idx];
                let xp = monster.xp_reward;
                let gold = monster.gold_reward;
                self.player.xp += xp;
                self.player.gold += gold;
                if gold > 0 {
                    self.messages.push(format!("You find {} gold!", gold));
                }
                if self.player.try_level_up() {
                    self.messages.push(format!(
                        "Level up! You are now level {}!",
                        self.player.level
                    ));
                }
            }

            if !self.player.is_alive() {
                self.messages.push("You have been slain! Rest in peace...");
            }

            self.advance_turn();
            return;
        }

        // Check terrain passability
        if self.world.is_passable(nx, ny) {
            self.player.x = nx;
            self.player.y = ny;
            self.advance_turn();
        } else {
            let terrain = self.world.terrain_at(nx, ny);
            self.messages.push(format!("The {} blocks your path.", terrain.name()));
        }
    }


I'm an extremely prolific polymath, I'm sure you'd agree!

I Am Uncomfortable

I don't like lying. And yet I feel, dear reader, I have misled you. Yes,
all that has been created (including my deck) and I was the initiator of
all that creation. But I don't really feel like I made any of it. I'm
uncomfortable claiming that I did so.

Since you are certainly aware by now that all of the above is
AI-generated (except my deck, which was created by skilled, paid
craftsmen), perhaps you feel a little bit of discomfort with me claiming
credit for doing those things, too.

However, I don't think everyone feels this way. I know many people who
ask contractors to build things and they phrase it like they built it.

"I put in a new front deck," they'd say, even though other people did
all the work. Personally, I feel that's misleading. I'm more of a "I had
a new front deck put in" kind of person.

And when I do have Claude create something for me, I just can't say
that I made it. Other people can, but I just can't. Again, I'm more
prone to say, "I had this code built for me." I don't even feel
comfortable MIT-licensing that (not-for-hire) work, if that's even
legally possible. I just Unlicense it all.

As a manager, I'd never say that I built a product. "My team built
this," I'd say. And as a manager of LLMs: "My Agents built this."

And that, for me, has very little weight in terms of making.

I don't feel like I did anything. And I like doing things. I find
pride in doing things.

Completing projects is great. I love completing projects. Capitalists
love completing projects. Real artists ship.

But having others complete projects I initiated is entirely less
fulfilling to me.

It's not just the loss of the craft and the problem-solving challenge
and whatever else. It's the loss of making.

What Did I Make Recently?

My wife wanted a no-frills flash card system for learning Spanish. "I
just want a thing where I can put the words I want in a spreadsheet and
then see it on flash cards." A prompt!

So I wrote it. By hand. I did use Claude to learn some basics, like the
easiest way to get the data out of a Google Sheet (spoiler: it's the CSV
endpoint), but I told it to generate no code.

--------------------------------------------
Language                     files      code
--------------------------------------------
JavaScript                       2       112
CSS                              1        33
HTML                             1        32
--------------------------------------------
SUM:                             4       177
--------------------------------------------


Didn't take long. Only about 50x longer than it would have taken Claude
to do it.

But I can put my name on that code and say that I made it. Was it a lot
of code? No. Was it groundbreaking and amazing? Certainly not. But I'm
infinitely more proud of that code than anything I've had Claude write,
because I'm not capable of being proud of the latter.

And my wife wouldn't go to her book club and say, "I wrote a flash card
system to study Spanish." Admittedly, part of this would be because she
didn't want to appear a geek, but mostly it's because it's untrue, even
though she initiated the process.

What About The Art and Craft of Prompting?

After all, you create the prompts, don't you? You said you were proud of
doing things. Isn't that doing a thing? And since so much got done,
isn't it even more of doing a thing?

I don't disagree. And I do agree that there is skill here in some
important ways.


	You have to apply vision.

	You have to apply judgment.

	You have to apply communication skill.

	You have to apply prompting skill.



Not all prompts are equally effective. Not all users of AI are as
effective as one another. There's a very human contribution to be made
here.

But the skill is in effectively asking someone to make something for
you.


"Leadership is the art of getting someone else to do something you
want done because he wants to do it."

          —Dwight D.
Eisenhower



And I'm the kind of person who really misses the making of software.
And prompting for software, to me, isn't the same as making the
software. It's the same as asking someone else to make it.

What About Compilers, Smartypants?

Isn't it just turtles all the way down?

For any given C or Rust program, did I write that program? I wrote it in
C. I didn't write any machine code. The computer wrote that.

There's something different in my mind about that. I'm not sure if it's
the mathematically-precise relationship between the C and the machine
code...? And yet that's not spelled out. I'm relying on some hacker's
deep knowledge of the CPU to generate that magnificent set of optimized
instructions when I stupidly divide something by seven. And it's not
deterministic, strictly, in that Clang and GCC emit different
instructions. What about different platforms? The C is portable and the
machine code is not. Did I write that program that's running on Windows
even though I personally only ever built it on Linux?

Going further in the murky gray, what if I instruct an LLM to be a C
compiler and emit assembly code for some platform?

Let's try:

Convert this C program into x86_64 assembly for Linux.

#include <stdio.h>

int fib(int n) {
    if (n <= 1) return n;
    return fib(n-1) + fib(n-2);
}

int main(void)
{
    for (int i = 0; i < 10; i++)
        printf("%d: %d\n", i, fib(i));
}


Claude says:

# fib.s - Recursive Fibonacci, x86_64 Linux, AT&T syntax
# Build: gcc fib.s -o fib -no-pie

    .section .rodata
fmt:
    .string "%d: %d\n"

    .section .text
    .globl main

# ┌─────────────────────────────────────────────────────┐
# │  int fib(int n)          n in: %edi / return: %eax  │
# │  Stack frame:                                        │
# │    %rbp-8  = saved %rbx  (via push)                 │
# │    %rbp-12 = n  (spilled so it survives both calls)  │
# └─────────────────────────────────────────────────────┘
fib:
    pushq   %rbp
    movq    %rsp, %rbp
    pushq   %rbx                # callee-saved scratch
    subq    $8, %rsp            # 1 local (int n); keeps stack 16-byte aligned

    movl    %edi, -12(%rbp)     # spill n to stack

    cmpl    $1, %edi
    jle     .Lbase              # n <= 1 → return n

    # --- fib(n-1) ---
    movl    -12(%rbp), %edi
    subl    $1, %edi
    call    fib
    movl    %eax, %ebx          # %ebx = fib(n-1)

    # --- fib(n-2) ---
    movl    -12(%rbp), %edi     # reload n (call clobbered %edi)
    subl    $2, %edi
    call    fib                 # %eax = fib(n-2)

    addl    %ebx, %eax          # return fib(n-1) + fib(n-2)
    jmp     .Lret

.Lbase:
    movl    %edi, %eax          # return n

.Lret:
    addq    $8, %rsp
    popq    %rbx
    popq    %rbp
    ret

# ┌─────────────────────────────────────────────────────┐
# │  int main(void)                                      │
# │  Stack frame:                                        │
# │    %rbp-4  = int i  (loop counter)                  │
# └─────────────────────────────────────────────────────┘
main:
    pushq   %rbp
    movq    %rsp, %rbp
    subq    $16, %rsp           # locals + alignment

    movl    $0, -4(%rbp)        # i = 0

.Lloop:
    cmpl    $10, -4(%rbp)
    jge     .Ldone              # i >= 10 → exit

    # fib(i)
    movl    -4(%rbp), %edi
    call    fib

    # printf("%d: %d\n", i, fib(i))
    movl    -4(%rbp), %esi      # arg2 = i
    movl    %eax, %edx          # arg3 = fib(i)
    leaq    fmt(%rip), %rdi     # arg1 = fmt  (RIP-relative)
    xorl    %eax, %eax          # AL=0: no XMM args to printf
    call    printf

    addl    $1, -4(%rbp)        # i++
    jmp     .Lloop

.Ldone:
    xorl    %eax, %eax          # return 0
    leave
    ret


OK, clanker, but does it work?

% gcc fib.s -o fib -no-pie
% ./fib
0: 0
1: 1
2: 1
3: 2
4: 3
5: 5
6: 8
7: 13
8: 21
9: 34


Well, holy golden ratios! It even used XOR to set exit status 0, the
cheeky devil!

So did I write that program? Yes. I feel I did. (I actually did
hand-code the Fibonacci thing just now—I've done it a million times for
classes.) I feel I wrote the program even though I didn't write the
assembly, which is the program that actually runs! The LLM wrote that!

Technically, it's the machine code that runs, but going from assembly to
machine code now we're really getting into the land of strict,
brainless, mathematically-precise translation, which I feel doesn't take
away from the act of making any more than using a hammer to drive nails
does.

What's the real difference in that gray area? I'm not sure. I think it
hinges on something that has to do with making versus asking to be
made, even if that line isn't particularly clear.


"I know it when I see it."

          —US Supreme Court Justice Potter Stewart



Things that I do:


	Write C code and run it.

	Use a hammer to drive nails.

	Use an assembler to convert assembly to machine code.



Things that I ask others to do at my command (inspired by a nice
capitalistic investment):


	Write a piece of software.

	Build me a deck.

	Paint me a picture.



When I have ChatGPT create a painting, I don't feel like I painted it.

When I use the hammer, I don't feel like I'm asking the hammer to do
something for me. Same with a C compiler or assembler.

And yet I just had Claude compile some C code right up there. Was that
me writing C code and running it? Or was it asking something to write
software for me? I have no doubt I could have prompted Claude with an
English description of what I wanted and gotten the same output.

Is it because AIs seem human? You are asking them to do things in
imprecise, human language. They respond in human ways and do the things
you ask. And the relationship we are used to in those circumstances is
more one of manager-report than one of colleague and peer. Whereas our
relationship with a compiler is more similar to that of one with a
hammer.

And yet... looking into that gray area makes me feel more confident that
telling the AI to make something for me actually is an act of
creation. What if I had an AI-powered hammer and asked it to hit a nail
for me? What's the difference? But at that point, I can't say that I
hammered it. It is important to me, this difference. Why?

By now, dear reader, I suspect we're both running out of steam and maybe
we should leave it here to ponder.

I feel it's appropriate to conclude with some classic DNA:


"All I wanted to say," bellowed the computer, "is that my circuits are
now irrevocably committed to calculating the answer to the Ultimate
Question of Life, the Universe, and Everything." He paused and
satisfied himself that he now had everyone's attention, before
continuing more quietly. "But the program will take me a little while
to run."

Fook glanced impatiently at his watch.

"How long?" he said.

"Seven and a half million years," said Deep Thought.

Lunkwill and Fook blinked at each other.

"Seven and a half million years!" they cried in chorus.

"Yes," declaimed Deep Thought, "I said I'd have to think about it,
didn't I? And it occurs to me that running a program like this is
bound to create an enormous amount of popular publicity for the whole
area of philosophy in general. Everyone's going to have their own
theories about what answer I'm eventually going to come up with, and
who better to capitalize on that media market than you yourselves? So
long as you can keep disagreeing with each other violently enough and
maligning each other in the popular press, and so long as you have
clever agents, you can keep yourselves on the gravy train for life.
How does that sound?"

The two philosophers gaped at him.

"Bloody hell," said Majikthise, "now that is what I call thinking.
Here, Vroomfondel, why do we never think of things like that?"

"Dunno," said Vroomfondel in an awed whisper; "think our brains must
be too highly trained, Majikthise."

—The Hitchhiker's Guide to the Galaxy, Douglas Adams



My Actual Contributions

As a post-script, here are my applied skills in the first part of this
article.

Science fiction (honestly, the result was so vomitous I feel genuinely
embarrassed having signed my name to it):


Write three paragraphs of sci-fi. Setting: We're in the middle of the
novel at one of the pivotal fight sequences. The hero (choose a heroic
sci-fi name) is leading two other refugees out under heavy laser fire
from the baddies (choose an evil-sounding sci-fi name for this group).
Our heroes have just been pinned down, but now see a way out.

What's the name of this novel?



Paintings and artwork:


Generate an image that shows the following: a woodcut, but with pastel
coloring. Two wizardly computers hackers, one on the left of the frame
and one on the right, facing each other, computers between them, both
head down and focused. The left and right sides should be
complementary and opposite colors to show that both sides are the
same, yet different.

What's the name of this painting?



Ultima-likes:


I'm thinking of a game like Ultima I, except with a TUI. Visually, I
was thinking of a 3x3 grid of characters per map cell. Some of them
would be animated, e.g. the water on the ocean cells. And the map on
the screen would be 7x7 map cells (or whatever Ultima I had)

It would be also like Ultima I in that it was fantasy.

The world should be procedurally-generated maybe with perlin noise.
And the monsters should roam randomly, though they will be of prebuilt
classes (no need to procedurally-generate monsters on the fly).

There should be some kind of DnD-ish stats, as well. No classes--just
a general player is fine.

I'd like it in Rust using Ratatui. Color.

And I'd like the code well structured, with good separation between
the UI and the game logic, as well as good code directory layout.



Carpentry:


Please replace my front deck.



Though I really did drive that nail into that piece of wood. I needed a
picture to open with.

Uses of em dash within this piece are deliberate. Vim digraph: ^K-M.
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Formal verification is a tool to verify correctness of (mathematical) statements. Where we use pen and paper to write a math proof, we could actually use a formal verification tool to write down the proof in code and get it machine-checked, to know for sure the proof is correct. Examples of these tools are Rocq (formally Coq), Isabelle and, the topic for this tutorial, Lean.
In this tutorial we'll write some simple statements about cryptography and their proofs in Lean. So this aims to be fun for cryptographic engineers who are new to formal verification or want to refresh their knowledge of the basics of formal verification.
Specifically, we'll do a walkthrough the very basics of Lean and then formally verify the One-Time Pad (OTP) protocol, first popularized by Claude Shannon but described earlier by Frank Miller and Gilbert Vernam.
The goal for this tutorial is to take formal definitions and proofs about simpler cryptography protocols, such the One-Time Pad, and port them to Lean. We use Dan Boneh and Victor Shoup's "A Graduate Course in Applied Cryptography" as the main source for definitions and proofs.
By the end of this tutorial, you should be able to go through other formalized cryptography Lean proofs such as those from VCV-io
Disclaimer: this is by no means intended to give best practices in Lean, but rather an introduction that might make sense to and be fun for cryptography people.

The Lean programming language & proof assistant
Lean was created in 2013 by Leonardo de Moura, then at Microsoft Research. It is a functional programming language and theorem prover.
It can be used by mathematicians to write down their axioms, lemma’s and theorems and add proofs where needed. If the proof gets compiled by Lean, that means it’s correct (assuming trust in the Lean compiler). The benefit, apart from checkeable proofs, is that it is easier to break up proofs into sub-proofs and collaborate. Furthermore, Lean can help you complete proofs by automatically searching and applying missing pieces.
However, Lean is also “just” a programming language. Specifically, it is a pure functional programming language, meaning its programs don’t have side effects and functions are treated as first class values. We’ll see more about the latter in the tutorial.
There are many great resources in order to get started with Lean. Here are a few:
	Book & exercises for beginners: The Hitchhiker’s Guide to Logical Verification

	Introductory books on the Lean website: 
	Functional Programming in Lean. Great if you already know functional programming.

	Theorem Proving in Lean 4. A more mathematical aim.



	Natural Numbers Game. Interactive game to learn proving in Lean directly in the browser.


(The reason I created this specific exercise even though so many great resources already exist, is the specific overlap with cryptography; VCV-io has amazing proofs for cryptography but is too advanced for beginners and doesn’t have tutorials.)
Tutorial
Let’s get started. The tutorial has 4 parts after we do a quick “Hello World!” (part 2 is the longest). Everything is in Lean 4 and the idea is for you to code along.
All code shown with line numbers is code that is needed for the final result. Code that has no line numbers is not yet completed or is just to check something and can be safely removed.
Finally, at the beginning of the subsections there is a small comment containing the new concepts shared in that section.
Hello world in Lean
	the Lean InfoView

	eval



You can download Lean locally, or use an online editor such as https://live.lean-lang.org/ which will look something like this (below). On the left side you’ll write Lean and on the right side is the Lean Infoview with useful information and tips.


To make sure everything works fine, write something like
And verify that the outcome is shown in the InfoView on the right-hand side.
For the traditional “Hello World!”, we can do either of the following:
#eval "Hello World!"
#eval String.append "Hello " "World!"
#eval String.append "Hello " (if 1 > 2 then "Lean!" else "World!")


Some properties of Lean:
	Follows standard mathematical conventions: e.g. #eval 4 + 5 * 6 evaluates to 4+(5*6)=34

	No parenthesis to hold function arguments, i.e in Lean you write f x instead of f(x)

	Functions are first-class values in Lean, they get treated just like any value such as a number or a string


But let’s not get ahead of ourselves; we’ll learn each necessary Lean topic as we go.
What does the book say? I.e. what do we want to port to Lean?
We know more or less what we want to define, but the crux is that for using Lean we need clarity and precision. What exactly do we want to define and how exactly are we going to define it? This is why we use the Boneh & Shoup book, so the math we need is already written out and we only need to worry about translating it to Lean.
First, there is the definition of a Shannon cipher (2.1.1), which has 3 properties. The first two tell us what the encryption and decryption functions are and the last one is the correctness property, which says that decryption after encryption should return the original message.


The specific example we are interested in is the one-time pad, where encryption and decryption are simply XOR-ing:


A significant part of the tutorial will be dedicated to proving the properties of bit-wise exclusive-OR (XOR):


And finally, we can show one-time pad is a Shannon Cipher by proving it adheres to the correctness property:


For this first tutorial we’ll do the following simple steps:
	Define bitstrings and the XOR function

	Prove necessary properties for XOR 
	commutativity

	associativity

	the identity element

	self-inverse



	Define a Shannon Cipher, which has 
	an encryption function

	a decryption function

	the property that decryption “reverses” encryption (correctness)



	Show that a OTP, where encryption and decryption is XOR, is a Shannon Cipher


Ready for some fun? Let’s begin.
Tutorial Part 1: Define a BitString and XOR
The one-time pad will be defined over keys K, messages M and ciphertexts C which are all bit strings of the same length L; K:= M := C := {0,1}ᴸ.
In the definition of XOR we need addition modulo 2. So it will be helpful for us to see {0,1}ᴸ as ℤ₂ᴸ and use arithmetics over ℤ₂ in Lean.
Finite Fields
	import libraries

	Zmod n



First, import the finite field library ZMod from the mathematics library in Lean:
import Mathlib.Data.ZMod.Basic


In this predefined library ZMod n defines the integers modulo n, which comes with modular arithmetic pre-implemented. (You can read more about already implemented types by holding Cmd/Ctrl + clicking on them, e.g. checkout ZMod n.)
Tryout some simple modular arithmetic to get familiar with ZMod, for example 5 + 6 mod 7:
#eval (5: ZMod 7) + (6: ZMod 7)


Now we can define the domain of K, M, L by creating a new type that is a vector of elements from ZMod 2.
BitString definition
	Vector

	dependent type

	check



A nice thing about Lean is that we don’t have to fix bit string length L; we can just say L in ℕ, like we would in math. (Type “\N” to write ℕ in Lean.)
The predefined type Vector α n creates a vector of length n with elements of type α. So we can use Vector (ZMod 2) L for defining our custom type ℤ₂ᴸ:
def BitString (L: ℕ): Type := Vector (ZMod 2) L


This is a dependent type, which gives a different instantiation for different values L in ℕ. We can check it: (prefix a comment in Lean with --)
#check BitString 5 --BitString 5 : Type


Note that #eval won’t work because there is nothing to evaluate, but #check displays the type of the expression, which in this case works fine.
XOR definition
	implicit parameters

	currying

	lambda function



Now we define the function xor on input bit strings x = [x_1, …, x_L] and y = [y_1, …, y_L] to be [x_1 +₂ y_1, …, x_L +₂ y_L] if +₂ is addition modulo 2.
How can we define this in Lean? Think about the function signature in math: ℤ₂ᴸ × ℤ₂ᴸ → ℤ₂ᴸ. There are several options of how to do this (there are always many ways to achieve the same thing in Lean), we’ll go with:
def xor {L: ℕ} (x y: BitString L): (BitString L)


Here, parameter L is implicit. Now we need the “function body”.
To easily iterate over the two input vectors and add them component-wise, we can use the predefined function zipWith available on vectors. Let’s understand the type of zipWith:
def zipWith (f : α → β → φ) (as : Vector α n) (bs : Vector β n) : Vector φ n


It takes as arguments a function f and two vectors as and bs, and returns a vector of the same length as as and bs. Note that the types of the vector elements can be distinct (although it’s not the case for xor).
The function type f : α → β → φ means: it takes an element of type α and an element of type β and it returns an element of type φ. In math we would write α × β → φ. The approach Lean uses is called currying; a function with multiple arguments is represented as a sequence of functions, each taking a single argument. This means you can do partial application and makes the code very flexible. So we can read f : α → β → φ as f : α → (β → φ), which shows that when you give it the first element of type α, you end up with a function β → φ to which you then give an element of type β and end up with an output of type φ.
So what zipWith does is walk over two vectors in parallel and performs operation f on the two current elements. In the case of xor we want it to walk over x and y and add them modulo 2.
def xor {L: ℕ} (x y: BitString L): (BitString L) :=
  -- TODO define f
  Vector.zipWith f x y


The final piece of the puzzle is how to define the function f we want to pass to zipWith, knowing it needs to perform addition on the elements. We can use a lambda function, which can be written in a compact way like this: fun x => x + 1 (e.g. return the successor of a natural number).
Putting it together:
def xor {L: ℕ} (x y: BitString L): (BitString L) :=
  Vector.zipWith (fun a b => a + b) x y


Note that this will work correctly, because the type of BitString has elements in ℤ₂ and thus addition will automatically be addition mod 2.
Tutorial Part 2: Prove properties of XOR
Okay now the real fun begins!
Just for clarity, the content you should at least have now is:
import Mathlib.Data.ZMod.Basic
def BitString (L: ℕ): Type := Vector (ZMod 2) L
def xor {L: ℕ} (x y: BitString L): (BitString L) :=
  Vector.zipWith (fun a b => a + b) x y


Or whatever equivalent version works for you! We’ll add one more line; before the xor definition:
This will make sure Lean does not get confused with a different already existing xor definition when we start proving things 😅
Continuing to follow the Boneh & Shoup book, we’ll now prove the properties as mentioned in the definition of xor (Example 2.1), starting with commutativity:


Prove commutativity of XOR; x ⊕ y = y ⊕ x
We start by proving commutativity for XOR, meaning x ⊕ y = y ⊕ x. This first property will take the most time to prove since it contains the first Lean proof of the tutorial. It’s split up into 3 steps.
Define lemma for commutativity
	goals in Lean

	lemma definition

	sorry



We’ll define the commutativity property as a lemma and then prove it. As soon as you’ve written down the lemma, Lean will call it the “goal” of what is yet to be proven. Your task is to reduce the current goal into one or more smaller subgoals, which are closer to something you already know is true. Proving your statement then becomes a chain of reduction, similar to breaking up a programming problem into smaller subproblems.
The elements a lemma (or theorem) exist of in Lean:
lemma <name_lemma> <arguments_lemma> : <statement_lemma> := <proof>


In this case, the <arguments_lemma> consist of two BitStrings; x and y.
The <statement_lemma> should express the commutativity property we want to prove for x and y: xor x y = xor y x.
The name of the lemma depends on preference; I picked the elegantly short xor_comm_property. Note that for the BitStrings we need the implicit parameter L:
lemma xor_comm_property {L: ℕ} (x y : BitString L) : xor x y = xor y x :=
    sorry -- This is the placeholder until you add the proof


The sorry placeholder is not a crazy invention of mine, this is really the Lean placeholder, which you could read as “sorry I haven’t proven it yet”.
Prove lemma commutativity: step 1
	tactics, by

	⊢

	Vector.ext



We’ll build our proofs using tactics: instructions that help reduce the current goal. You’ll have many different options of steps you can apply, for example:
	rewrite goal into an equivalent form

	split goal into several subgoals

	close a goal when it matches something you already know to be true


We start by removing sorry and replacing it with by, which indicates we’re going to prove this using tactics. This is useful, because Lean will help us by showing what our goal is and what progress we’re making. It looks something like this:


In the InfoView, Lean says: the goal is to show that for L ∈ ℕ and x,y of type BitString L: x.xor y = y.xor x. (The goal is always preceded by ⊢.)
Onto the proof. What do we know? For every index i, if we calculate the corresponding element on both sides, they will be equal: (x.xor y)[i] = (y.xor x)[i] since (x[i] + y[i]) = (y[i] + x[i]) due to commutativity for addition in ℤ₂.
So if we can split up our goal into L subgoals, ranging over i, then the remaining goal becomes proving a single equality of the single element on both sides.
To achieve this splitting into L subgoals, we can use an extensionality lemma, which says: “2 things are the same if they are made up of the same things”. This is a general type of lemma which applies for many types and for a vector it is accessible via Vector.ext (reference). We can use it as follows:
lemma xor_comm_property {L: ℕ} (x y : BitString L) : xor x y = xor y x :=
    by
      apply Vector.ext


Now in the editor you can see the goal has changed to:
L : ℕ
x y : BitString L
⊢ ∀ (i : ℕ) (x_1 : i < L), (x.xor y)[i] = (y.xor x)[i]


So still we have L ∈ ℕ and x,y of type BitString L, but the goal has changed to: for all i ∈ ℕ with i < L: (x.xor y)[i] = (y.xor x)[i]. See the next step for what this really means and how we can continue the proof.
Prove lemma commutativity: step 2
	intro

	simp



In the pen-and-paper proof we could continue the proof by fixing an arbitrary i and prove equality for it. We might start by saying “let i ∈ with i < L”, to then proceed proving the equality for that fixed i. In Lean this can be expressed as follows:
	First, fix the free variable i ∈ ℕ with intro i

	Then, make the assumption i < L with intro h_i_lt_L (“hypothesis i less than L”)


intro strips the front of the goal and puts it into the local “context” of the proof. It either fixes a variable (as in 1) or assumes an additional hypothesis (as in 2).
You can write them consequently in a single line:
lemma xor_comm_property {L: ℕ} (x y : BitString L) : xor x y = xor y x :=
    by
      apply Vector.ext
      intro i h_i_lt_L


Now the goal is:
L : ℕ
x y : BitString L
i : ℕ
h_i_lt_L : i < L
⊢ (x.xor y)[i] = (y.xor x)[i]


The part before the goal ⊢ is everything that is in context; the variables we have fixed and the assumptions we have made. The goal is what we now have left to prove.
To finish the proof we’ll use the tactic simp (“simplifier”) to replace equal expressions. First, we can expand the definition of xor in x.xor y and y.xor x:
lemma xor_comm_property {L: ℕ} (x y : BitString L) : xor x y = xor y x :=
    by
      apply Vector.ext
      intro i h_i_lt_L
      simp[xor]


Now the goal is:
L : ℕ
x y : BitString L
i : ℕ
h_i_lt_L : i < L
⊢ x[i] + y[i] = y[i] + x[i]


And at this point we know this is true due to commutativity of addition in ℤ₂. This is an already proven property from ZMod which is called add_comm.
Add simp[add_comm] and voilà, we are done with our first proof!
lemma xor_comm_property {L: ℕ} (x y : BitString L) : xor x y = xor y x :=
    by
      apply Vector.ext
      intro i h_i_lt_L
      simp[xor]
      simp[add_comm]


Confirm on the right in the InfoView that there are no goals left 🫡


Just a few disclaimers before we move on. Is this the fastest, shortest, most elegant way of proving this property? No, no and probably no.
The goal here is to precisely understand every step we are doing. In practice, Lean solves many things automagically for us. However, for educational purposes, I think it is helpful to see and understand every substep, which is why I’m approaching it lengthy and mechanically. In addition, my goal is to understand how a pen-and-paper proof would translate to Lean, before I continue on to the auto-stuff. But feel free to make the proofs as short or as different as you like!
Prove associativity of XOR; x ⊕ (y ⊕ z) = (x ⊕ y) ⊕ z
	auto-applying in simp

	merging expressions in simp



Now that we know the general idea, the following proving steps will be much faster. In this step we show xor is associative, i.e. x ⊕ (y ⊕ z) = (x ⊕ y) ⊕ z. First, the lemma definition:
lemma xor_assoc_property {L: ℕ} (x y z: BitString L) : xor x (xor y z) = xor (xor x y) z := 
  sorry


Once again, we’ll prove this equality at the level of a random single entry for the left and right side, using Vector.ext:
lemma xor_assoc_property {L: ℕ} (x y z: BitString L) : xor x (xor y z) = xor (xor x y) z := 
  by
    apply Vector.ext


The InfoView shows:
L : ℕ
x y z : BitString L
⊢ ∀ (i : ℕ) (x_1 : i < L), (x.xor (y.xor z))[i] = ((x.xor y).xor z)[i]


In the previous step we fixed variable i and introduced the hypothesis that i < L. However, here Lean can apply some magic and figure those parts out in simp. It doesn’t only apply the rewrite you are passing it; it will browse through all available proven properties and tactics that might be applicable and automatically figure out what works.
So we can move on immediately to proving this equality:
(x.xor (y.xor z))[i] = ((x.xor y).xor z)[i]


Once again, expanding the definition of xor will bring us a step closer, write simp[xor] and confirm that the expansion into L subgoals is also automatically applied:
lemma xor_assoc_property {L: ℕ} (x y z: BitString L) : xor x (xor y z) = xor (xor x y) z := 
  by
    apply Vector.ext
    simp[xor]


The goal per i has turned into:
x[i] + (y[i] + z[i]) = x[i] + y[i] + z[i]


At this point we can close the goal using the associativity for addition in ℤ₂ with add_assoc. Instead of writing a new line simp[add_assoc], we can merge it in the previous simp:
lemma xor_assoc_property {L: ℕ} (x y z: BitString L) : xor x (xor y z) = xor (xor x y) z :=
  by
    apply Vector.ext
    simp[xor, add_assoc]


This closes the goal and therefore the associativity property for xor is proven.
Note that there is still a certain amount of Lean magic automatically being applied. Strictly speaking, x[i] + (y[i] + z[i]) = x[i] + y[i] + z[i] does not have the form a + b + c = a + (b + c) that is expected for add_assoc (notice the difference in parenthesis). Of course, we know that in this case it does mean the same, and I think we can accept Lean’s magic, but further down we’ll see that it means someone has defined this somewhere in a library we are depending on and that for our own definitions/proofs more strictness might be required.
Define identity element ID for XOR and prove correctness
	Vector.replicate

	Vector.ext usage with lambda function



The next thing we need is an identity element for xor. For such an element ID it should hold that for all x: x ⊕ ID = x.
Since xor equals addition in ℤ₂, the identity element should be a bit string with all 0, as addition with 0 mod 2 is identity as well.
How to make a BitString of zeroes of a length, for example L=5? We create a vector of length 5 filled with zeroes and cast it to a BitString (which is a vector with elements in ℤ₂):
#eval (Vector.replicate 5 0: BitString 5)


In the InfoView you can see this gives a BitString of length 5 filled with zeroes. Now we can generalize this idea for ID:
def BitString_ID {L: ℕ} : BitString L := Vector.replicate L 0


And we want to show the following property holds: for all x: x ⊕ ID = x.
lemma xor_show_identity {L: ℕ} (x: BitString L): xor x BitString_ID = x :=
    sorry


From the previous steps, we already know that this strategy will work:
  -- by
  --   apply Vector.ext
  --   intro i
  --   simp[xor, BitString_ID]


So let’s tryout something slightly different. Once again we use Vector.ext, but calling it differently. This time we first look at the signature of Vector.ext itself (ref here, but I replaced n by L for clarity):
protected theorem ext {xs ys : Vector α L} (h : (i : Nat) → (_ : i < L) → xs[i] = ys[i]) : xs = ys := sorry


	{xs ys : Vector α L} means that xs and ys are implicit types; Lean will deduce them.

	(h : (i : Nat) → (_ : i < L) → xs[i] = ys[i]) is the argument we need to pass.

	xs = ys is what holds.


Let’s think about how we can pass h : (i : Nat) → (_ : i < L) → xs[i] = ys[i]. It takes two arguments; i and the proof that i < L for length L. The output should be the proof that xs[i] = ys[i]. We know that this proof can be given using simp[xor, BitString_ID].
To write the argument we can use a lambda function as we saw before. Putting it together, we can prove this property for identity as follows:
lemma xor_show_identity {L: ℕ} (x: BitString L): xor x BitString_ID = x :=
  Vector.ext fun i i_less_than_L => by simp [xor, BitString_ID]


Actually, because of Lean’s magic we could also just use Vector.ext fun _ => by simp [xor, BitString_ID] and it will be figured out correctly as well.
Prove self-inverse of XOR; x ⊕ x gives ID
	exact?, exact

	mpr

	rfl



The final property we prove for xor is that each element is its own inverse: for all x: x ⊕ x = ID.
To get started, create the lemma signature and apply the techniques we saw above:
lemma xor_self_inverse {L: ℕ} (x: BitString L): xor x x = BitString_ID :=
  by
    apply Vector.ext
    intro i i_less_than_L
    simp[xor, BitString_ID]


This leaves us at the following point:


By expanding the definitions of xor and BitString_ID using simp[xor, BitString_ID] and narrowing down the goal to a subgoal per i using intro i and intro i_less_than_L, we now only need to show that for all i: x[i] + x[i] = 0.
In ℤ₂ we know this holds - but how do we write this down in Lean?
It turns out Lean is very helpful and apart from solving things automatically, it can also give us suggestions. Type on the next line of the proof: exact? and check the suggestion in the InfoView:


Let’s first follow the advice and then understand what it does. Replace exact? by exact CharTwo.add_eq_zero.mpr rfl and confirm that it closes the goal 🎉
Now let’s go through it step by step. From the name CharTwo.add_eq_zero we can guess that this applies the property of addition to itself equals zero in a ring of characteristic 2. You can always check the details by pressing Cmd/Ctrl and clicking on the name in the code. In this case the theorem says the following (ref):
theorem CharTwo.add_eq_zero {R : Type u_1} [Ring R] [CharP R 2] {a b : R} :
    a + b = 0 ↔ a = b


The iff(↔) gives us 2 functions:
	mp: from left to right (a + b = 0) → (a = b)

	mpr: from right to left (a = b) → (a + b = 0)


Applied to the lemma we’re working on, CharTwo.add_eq_zero.mpr says: given a proof that x[i] = x[i], it follows that x[i] + x[i] = 0.
The final thing we need is rfl which deems two things equal if they are equal by computation. In this case we can use it as a proof that x[i] = x[i] and together they prove the full goal:
lemma xor_self_inverse {L: ℕ} (x: BitString L): xor x x = BitString_ID := 
  by
    apply Vector.ext
    intro i i_less_than_L
    simp[xor, BitString_ID]
    exact CharTwo.add_eq_zero.mpr rfl


Tutorial Part 3: Define a Shannon cipher
	Create a new type using structure



We’re getting closer to the end of this tutorial. The final pieces are to define the Shannon cipher as per the book and then show that a One-Time pad is indeed a Shannon cipher.
First, let’s recall the definition from the book we’re following:
We need to introduce a new type which has:
	an encryption function

	a decryption function

	a correctness property


For this, we’ll be using a structure in Lean. This is just like a struct in other languages. For example, if we want to define a point with an x and y, both Floats:
structure Point where
  x : Float
  y : Float


How can we apply this to our case for a ShannonCipher? First of all, we need the definition to be for a certain message space M, key space K and ciphertext space C.
To make a structure generic for a type you can do:
structure Point (T: Type) where
  x : T
  y : T


So let’s make a skeleton to fill out:
structure ShannonCipher (K M C: Type) where
  enc: sorry
  dec: sorry
  correctness: sorry


Note that this doesn’t require K,M and C to have the same type. Writing (K M C: Type) is equivalent to (K: Type) (M: Type) (C: Type) which might indicate more clearly these are separate generic types.
Now we define what types the fields of ShannonCipher have. Encryption takes a key and a message and gives an output in the ciphertext space. The function signature in math is K × M → C. In Lean, this is expressed as K → M → C (recall the currying explanation from earlier).
The decryption function takes a key and a ciphertext and the output is in the message space. Let’s add these pieces to the definition (write “\r” to get → in Lean):
structure ShannonCipher (K M C: Type) where
  enc: K → M → C
  dec: K → C → M
  correctness: sorry


Finally there is the definition of correctness. The book says this property is: 
∀ k ∈ K, m ∈ M: dec(k, enc(k,m)) = m
In Lean we can write this as (type “\forall” to get ∀ in Lean):
correctness: ∀ (k: K) (m: M), dec k (enc k m) = m


Lean can also derive the types for k and m. Thus the final definition can be:
structure ShannonCipher (K M C: Type) where
  enc: K → M → C
  dec: K → C → M
  correctness: ∀ k m, dec k (enc k m) = m


Double check we can instantiate ShannonCipher with 3 different types:
#check ShannonCipher Nat String Bool


Onto the final step!
Tutorial Part 4: Prove that One-Time pad is a ShannonCipher
	create a value of a structure type

	syntactic sugar for fun args =>



Finally, we are instantiating a One-Time pad as a ShannonCipher. To do this we need to:
	Pass the correct values for (K M C: Type).

	Define the enc/dec as applying xor.

	Prove the correctness property holds. We’ll follow the proof as it’s given in the book.


To create a value of a type defined with a structure, provide values for all of its fields. Following the structure example of the previous subsection Point; the point (0,0) can be defined as a value as follows (example from Functional Programming in Lean, ref):
structure Point where
  x : Float
  y : Float
def origin : Point := { x := 0.0, y := 0.0 }


In addition, if we used the generic version of Point (structure Point (T: Type) where ...) we need to add the type explicitly:
def origin : Point Float := { x := 0.0, y := 0.0 }


For the OTP we set K := M := C := {0,1}ᴸ, which is the type BitString (L: ℕ) that we defined earlier, so we can start the OTP like this:
def OneTimePad (L : ℕ) : ShannonCipher (BitString L) (BitString L) (BitString L) :=
  { 
    enc := sorry,
    dec := sorry,
    correctness := sorry 
  }


For the definition of enc and dec we can use lambda functions again:
enc := fun k m => xor k m
dec := fun k c => xor k c


In Lean you can express things in different ways, so we can use some syntactic sugar to express the above code slightly differently. fun args => can be replaced by bringing the arguments args to the left of :=:
enc k m := xor k m
dec k c := xor k c


The final step is the value of correctness, which should be a proof. We write the proof as stated in the book, recall from Example 2.1:
In order the following properties are applied:
	substitution of actual encryption function by xor

	substitution of actual decryption function by xor

	associativity of xor

	self inverse of xor

	addition with ID gives self


Start with the proof by replacing sorry with by and check what the Lean InfoView says the goal is:
def OneTimePad (L: ℕ ): ShannonCipher (BitString L) (BitString L) (BitString L) := 
{
  enc k m := xor k m
  dec k c := xor k c
  correctness := 
    by
}


It shows the goal ⊢ ∀ (k m : BitString L), k.xor (k.xor m) = m for L : ℕ:
This means Lean already did step 1 and 2. So we can directly apply associativity for xor by referencing the lemma that we proved for that property:
correctness := 
    by
      simp[xor_assoc_property]


This changes the goal to ∀ (k m : BitString L), (k.xor k).xor m = m. Now, apply step 4 using the lemma xor_self_inverse:
correctness := 
    by
      simp[xor_assoc_property]
      simp[xor_self_inverse]


The goal is now ∀ (k m : BitString L), BitString_ID.xor m = m. To apply step 5 of the proof we’d like to use the lemma xor_show_identity, but if you try that directly you’ll see:
“simp made no progress” - Why? Well, we defined the property as xor x BitString_ID = x, while the current goal is BitString_ID.xor m = m. So while we know this is the same, strictly speaking we haven’t shown this is the same. However, we have shown that xor x y = xor y x in the commutativity property with lemma xor_comm_property, so it will work fine if we apply that first.
Verify that the correctness property is proven:
correctness := 
    by
      simp[xor_assoc_property]
      simp[xor_self_inverse]
      simp[xor_comm_property]
      simp[xor_show_identity]


And this completes the definition of the One-Time Pad as a Shannon Cipher, following the book! Now we know (a little bit of) how to grab a cryptography book and implement the content in Lean. Isn’t that super cool?
Okay we’ll add one final thing to make it slightly cleaner and ready for part 2 of the tutorial where we will prove OTP is perfectly secure. (I’ll start working on this soon™)
Recall that we addednamespace BitString before defining xor. This was to ensure Lean wouldn’t interpret xor as the already implemented function and magically start solving things for us. The namespace creates a collection of whatever we defined in it. In this case, it makes sense for the BitString “collection” to contains xor, but not to contain ShannonCipher and the definition of OneTimePad.
Leaving it like this would mean that if we add a new file and want to reference the OTP definition, it’d be as BitString.OneTimePad. Not clean!
To solve it, add after the xor lemma’s:
Then, in order to use the previously defined functionality, add right before the OneTimePad definition:
The full code then becomes:
import Mathlib.Data.ZMod.Basic
def BitString (L: ℕ): Type := Vector (ZMod 2) L
namespace BitString
def xor {L: ℕ} (x y: BitString L): (BitString L) :=
  Vector.zipWith (fun a b => a + b) x y
-- commutativity
lemma xor_comm_property {L: ℕ} (x y : BitString L) : xor x y = xor y x :=
    by
      apply Vector.ext
      intro i h_i_lt_L
      simp[xor]
      simp[add_comm]
-- associativity
lemma xor_assoc_property {L: ℕ} (x y z: BitString L) : xor x (xor y z) = xor (xor x y) z :=
  by
    apply Vector.ext
    simp[xor, add_assoc]
def BitString_ID {L: ℕ} : BitString L := Vector.replicate L 0
-- identity
lemma xor_show_identity {L: ℕ} (x: BitString L): xor x BitString_ID = x :=
  Vector.ext fun i i_less_than_L => by simp [xor, BitString_ID]
-- self-inverse
lemma xor_self_inverse {L: ℕ} (x: BitString L): xor x x = BitString_ID :=
  by
    apply Vector.ext
    intro i i_less_than_L
    simp[xor, BitString_ID]
    exact CharTwo.add_eq_zero.mpr rfl
end BitString
structure ShannonCipher (K M C: Type) where
  enc: K → M → C
  dec: K → C → M
  correctness: ∀ k m, dec k (enc k m) = m
open BitString
def OneTimePad (L: ℕ ): ShannonCipher (BitString L) (BitString L) (BitString L) :=
{
  enc k m := xor k m
  dec k c := xor k c
  correctness :=
    by
      simp[xor_assoc_property]
      simp[xor_self_inverse]
      simp[xor_comm_property]
      simp[xor_show_identity]
}


If you followed the tutorial, please let me know what you think and nudge me for part 2 via LinkedIn or Twitter. 
Epilogue: About Formal Verification in blockchain
You might have heard about formal verification efforts in the blockchain world recently, e.g. Zcash announced their development team Shielded Labs is aiming to formally verify the Orchard circuits after a critical bug was discovered. The lean Ethereum team that is working on the next set of proposed upgrades for Ethereum (a different "lean") aims to formally verify the zkVM they are building. Nethermind formally verified one of the chips in SP1 of Succinct with Lean last year.
In recent months, Vitalik and zkSecurity both published excellent blog posts about the topic. "The Final Form of Software Development" by Yoichi Hirai (zkSecurity) describes the workflow of having AI agents writing RISC-V assembly code accompanied by proofs in Lean for correctness of the code. And Vitalik's blog post talks about what formal verification is and how we can really use it to improve software and Ethereum specifically.
Formal verification can help us have more trust in the systems we use. However, it is not a "perfect" solution either; when writing proofs about systems, there is always a step in between the actual code written and the theorems we are proving. For example, the original code gets compiled and we don't know the exact implications, or we have to model the code that was written (which we can do incorrectly).
To learn more about the conext and pitfalls of formal verification for code and why it is still very valuable, I recommend this eposide of zkPodcast with Alexander Hicks, who leads the formal verification effort in lean Ethereum.




Original: https://hashcloak.com/blog/tutorial-introduction-to-formal-verification-with-lean-(part-1) · Discussion
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    Is creatine a weird steroid-like hormone or drug?


No. Creatine is a nutrient. Most omnivores eat a gram or two per day from meat. Your body also synthesizes a gram or two per day. You need creatine to deliver energy inside of cells. It is normal and non-weird.


Does creatine increase testosterone?


Unlikely. This concern comes from one study in 2009 on 16 male rugby players.1 But that study is considered extremely suspect. There have been at least twelve other studies that all found no change or physiologically irrelevant changes. Beyond that, it’s implausible that creatine would increase testosterone, because we know what creatine does and it has nothing to do with hormones.


Does creatine make you go bald?


No. Or, rather:



  	No study ever reported that.

  	One study reported the opposite.

  	There is no mechanistic reason to think that would happen.

  	There are good mechanistic reasons to think that would not happen.




These rumors all trace back to speculation built on top of that same single 2009 study. But that study is contradicted by later research, and anyway didn’t measure hair. Anything is possible, but as far as I can tell, it’s equally plausible that creatine would increase hair growth. And if you’re really worried about this: Are you going to stop eating meat?


Is creatine safe?


Probably. The International Society of Sports Nutrition says:



  Available short and long-term studies in healthy and diseased populations, from infants to the elderly, at dosages ranging from 0.3 to 0.8 g/kg/day for up to 5 years have consistently shown that creatine supplementation poses no adverse health risks and may provide a number of health and performance benefits.




It’s been studied extensively, and no risks have been found. The way it works doesn’t suggest any risks. And supplementing a few grams per day doesn’t put you far outside the range that people get from normal food.


Does creatine make you stronger?


Yes. It’s very rare for a supplement to have such strong and consistent evidence. A widely-cited review says that short-term supplementation increases maximal power/strength by 5-15%. This in turn may increase the long-term gainz from strength-training exercise. Creatine also increases sprint performance by 1-5%. Though, there seems to be little if any benefit for endurance exercise like long-distance running.


But how does creatine make you stronger?


Before answering that, can I go on a rant about how muscles work?


…OK?


Great! Here’s how muscles work:



  	All cells have a molecule called ATP floating around inside, which they use for energy.

  	Muscle cells have proteins in them called myosin.

  	When ATP bumps into myosin, the myosin breaks the ATP down into ADP. This releases energy which is physically captured by the myosin as elastic strain.

  	When triggered by neurons, myosin releases that mechanical energy.

  	When you decide to move your arm, your brain triggers many muscle cells, carefully orchestrating the myosin twitches into large-scale movement.




Now, here’s something that’s crucial for our story: Very little energy is stored as ATP. Your body contains ~100 grams of ATP, representing ~10,000 joules of energy.2 But your body at rest burns ~100 watts. So you only store enough ATP to keep yourself alive for ~100 seconds. If you sprint, you could easily burn ~3000 watts, which would use all your stored ATP in ~3 seconds.


Through the magic of eating, you’re always making more ATP. Typically, your mitochondria recycle ~1 gram of ADP back into ATP per second, the same amount you need to stay alive.3 If you start running, your body can ramp that up to ~10 grams per second, though tricks like breathing faster and speeding up your heart.4 But it takes a minute or two for your mitochondria to really get cranking.5


So then why am I able to sprint for longer than three seconds?


Because creatine acts as an additional energy reservoir, coupled to the ATP reservoir. After you eat or synthesize creatine, 60% is converted into phosphocreatine. This is done by an enzyme that grabs a creatine molecule and an ATP molecule and moves a phosphate group between them. This “charges” the creatine into phosphocreatine and “discharges” the ATP into ADP.6


But if your ATP levels drop—e.g. because you’re running away from a tiger—those enzymes will run in reverse, meaning they “discharge” phosphocreatine into creatine and “charge” ADP back into ATP. This happens almost instantly, so that ATP and phosphocreatine deplete at the same rate.7


At rest, your muscles contain around 3-4 times as much phosphocreatine as ATP. So the “extra” energy storage in phosphocreatine is much larger than the “base” storage in ATP itself. That’s why you can sprint for ten seconds rather than just three seconds.


Does supplementing creatine increase creatine levels in muscle cells?


Yes. Typical levels are:



  	Vegetarian: 100 mmol / kg

  	Omnivore: 120 mmol / kg

  	Someone who supplements creatine: 140 mmol / kg




So, everything seems to add up. If you supplement creatine, you increase your levels by ~16.67%, implying ~12.5% more total short-term energy storage.8 That’s in line with the 5-15% increase in strength seen in creatine trials.9 It also seems to make sense that creatine trials find little benefit for endurance exercise. If you don’t have sudden bursts of activity, a larger short-term energy reservoir won’t really help you.


But isn’t this all very strange?


Well, I find it strange. All else equal, more strength is good. The body already knows how to make creatine. If you can just raise creatine levels and get more strength with no downsides, then shouldn’t evolution have done this already? Some variant of the Algernon argument would suggest that the fact that creatine works so well should be impossible.


You might think that higher creatine levels are bad somehow, and that’s why evolution didn’t make them higher. But that seems wrong. Creatine levels vary naturally based on what you eat. If higher levels were bad, evolution could have brought them down. But it doesn’t. It just lets them vary.


Often, evolution makes us “worse” to reduce our energy expenditures, because evolution hates it when we starve to death.10 But the body only spends 1-2 calories per day synthesizing creatine, and more creatine in muscle cells doesn’t have any significant metabolic cost.


I think the boring explanation is that for our evolutionary ancestors, modest increases in short-term strength just weren’t a big deal. We were exhaustion hunters, not 1-rep max deadlift hunters.11 Also, more creatine causes your muscle cells to draw in some extra water, which slightly increases energy usage for long-distance running.12 So, if you happened to get extra creatine from meat, great. If not, whatever. In the range where creatine fluctuates based on diet, I suspect creatine levels just didn’t have much impact on reproductive success.


Still, we must acknowledge that creatine is unusual. I wish we could tell our bodies, “Hey, we have access to unlimited amounts of food. Stop worrying about conserving energy and concentrate on being awesome.”  But we have very few ways to do that. As far as I can tell, the list of normal nutrients that have been proven to increase strength is: protein, creatine, beta-alanine, the end.


So creatine is special. And creatine makes you a little stronger. Does it make you a little smarter, too?


Is creatine used by the brain?


Yes. Most parts of the body don’t contain significant creatine. But the brain does, along with muscles, the heart, and testes. Neurons use it to play the same game muscles do with ATP and phosphate groups and so on.


How much creatine is in the brain?


Maybe half as much as in muscle. The number of interest here is the ratio of phosphocreatine to ATP, indicating how much phosphocreatine increases local energy storage. We saw above that in muscle, that ratio is 3 to 4. In the brain, the numbers are a little sketchy, but the ratio seems to be more like 1.5 to 2.13


But why? Why would the brain use creatine?


Good question! The brain doesn’t have bursts of energy usage like muscles do. Yes, the brain uses ~20% of all calories despite only making up ~2% of body mass. But the brain is unusual in that it needs all that energy just for basic housekeeping, and doesn’t ramp up with usage. Contrary to the common myth, thinking hard does not burn significantly more calories. (Demonstration: Start thinking hard, and watch as your heart rate does not increase.)


So muscles use creatine for sprints. But the brain doesn’t have sprints. So what the hell is the brain using creatine for?


The most common theory seems to go like this: Actually, muscles don’t just use creatine as an extra energy reservoir. They also use it to deliver energy inside of cells. You see, creatine diffuses faster than ATP inside of cells. So even with endurance exercise, creatine is still being used: Enzymes near the mitochondria use ATP to “charge” creatine into phosphocreatine and enzymes near myosin use that phosphocreatine to “recharge” ADP back into ATP. Even though the net change in creatine is zero, it helps “shuttle” energy from the mitochondria to the myosin.


Under this theory, what neurons and muscle cells share is that parts of the cell locally use a lot of energy, when they get triggered. So even though your brain doesn’t “sprint”, it still uses creatine to avoid local energy deficits.


There’s also experimental evidence that creatine is important for the brain. We’ve created genetically altered mice with brains that lack the enzymes needed to convert creatine to and from phosphocreatine. They display severely limited spatial learning and somewhat smaller brains.


Some humans also naturally have creatine deficiency. In some variants, people have trouble synthesizing creatine. This leads to lower levels throughout the body, including skeletal muscle where 95% of creatine lives. Nevertheless, the primary symptom is related to the brain, namely intellectual disability. Muscle weakness and seizures are also common. Other people have creatine transporter deficiency, meaning creatine can’t cross the blood-brain barrier. This leads to lower levels in the brain only. This leads again to intellectual disability and also often muscle weakness or seizures. (That muscle weakness is despite the fact that the muscle cells themselves have normal creatine levels.)14


So somehow, creatine is very important for the brain.


Does supplementing creatine increase creatine levels in the brain?


Probably, though likely less than in muscle.


Creatine can definitely cross the blood-brain barrier. However, the protein that helps it cross is not abundant, and there are some suggestions that it’s down-regulated with prolonged creatine consumption. The brain itself can synthesize some creatine, and this too might be down-regulated by prolonged consumption.


Of course, you can just give people creatine and see what happens to their brains. There have been around a dozen such studies. Most report increases between 3% and 10%, although a few report no change. However, because brains are hard to access, these studies rely on magnetic resonance spectroscopy, and some suggest that these measurements are unreliable.


In people who can’t synthesize creatine, oral supplementation seems to normalize levels in the brain. (Some cognitive impairment usually remains. One patient was diagnosed and began supplementing at three weeks of age and had no intellectual disability.) So supplementing can increase brain levels in some circumstances.


My best guess is that supplementing does usually increase levels in the brain, and that an increase of 3% to 10% is plausible. But the evidence isn’t particularly strong.


Why did people get interested in creatine having cognitive benefits?


Because of Rae et al. (2003). They took a group of 45 healthy vegetarian or vegan university students in Australia. They did a cross-over trial where half of people got 5 grams of creatine per day for six weeks, followed by a six-week wash-out period, followed by the other half of people getting creatine. Their results were amazing, with huge improvements on Raven’s matrices (RAPM) and backward digit span (BDS):





In their analysis, creatine increased BDS by 1.19 standard deviations, and RAPM by 1.76 standard deviations. If we convert those numbers to IQ points (where 1 standard deviation ←> 15 IQ points), that would mean increases of 17.85 and 26.4 IQ points, respectively. In both cases, the results were highly significant (p < 0.0001).


Does that replicate?


No. Following that paper various groups tried similar experiments but no one found such a large or statistically significant effect. After twenty years of inconclusive results, Sandkühler et al. (2023) set out to give a definitive reproduction. In my view, this is the highest-quality RCT ever done on the cognitive benefits of creatine.15 They largely borrowed the experimental design of Rae et al., although they did the experiment in Germany, used a larger sample of 123 people, used half non-vegetarians, and they dropped the wash-out period. Here are their main results:





(T1 shows test results at baseline. T2 shows results after six weeks of creatine or placebo. T3 shows the results after another six weeks, where the placebo group crossed over to creatine and vise versa.)


Overall, everyone got better over time, probably from practice. On backwards digit span, during the first six weeks, the group getting placebo actually improved slightly faster than the group getting creatine. But when those groups switched between getting placebo and creatine, that (formerly placebo, now creatine) group improved even faster. Just staring at the graph, this suggests some benefit. On Raven’s matrices, the same thing happened, but with a greatly reduced magnitude.


They fit a statistical model and report an effect size of 0.17 standard deviations for backwards digit span (~2.5 IQ points, not quite statistically significant) and 0.09 standard deviations for Raven’s matrices (~1 IQ point, not even close to significant). They found no extra benefit for vegetarians, not even a non-significant benefit.


As far as I can tell, this discrepancy has never been convincingly explained. Rae et al.’s 2003 experiment seems well done. The results are too large to be explained by p-hacking and too statistically significant to be explained by random noise. Maybe for some reason, Rae et al.’s cohort had lower baseline creatine levels? It’s very odd. But history suggests that when an exciting result is followed by a disappointing replication, we should bet on the disappointing replication.


What about all the other RCTs? Doesn’t this call for a meta-analysis?


In principle, yes. The trouble is, most of the studies don’t report the numbers needed for a good meta-analysis. They do some experiment giving creatine to half of people and placebo to the other half, and measure how those groups do on some cognitive test. Then they fit some statistical model and report p-values or whatever. But they never actually publish the raw means and standard deviations.16


Fortunately for us, Xu et al. (2024) contacted the authors for all those trials and got their raw data. According to their meta-analysis, creatine had the following effects.



  
    
      	Domain
      	Effect size (standard deviations)
    

  
  
    
      	Overall cognitive function
      	+0.34
    

    
      	Executive function
      	+0.32
    

    
      	Attention
      	+0.22
    

    
      	Memory
      	+0.31
    

    
      	Processing speed
      	+0.01
    

  



Unfortunately for us, that paper is bad. They claim that several of these results are statistically significant, but a 2026 commentary points out that they made an error that amounts to double-counting the same data for several studies.17 For that reason, I haven’t shown their (incorrect) confidence intervals. If computed correctly, I suspect none of the results would be statistically significant. Technically, the above point estimates are also wrong, although the error shouldn’t systematically bias them in either direction.


In general, I have to tell you that I really don’t trust this paper. It’s very sloppy with tons of missing details. But as far as I can tell, no one else has ever assembled the data needed to do a good meta-analysis. So I think those numbers are the best summary we have.


So who can we trust?


I’ll tell you who I trust: The European Food and Safety Authority (EFSA). In 2024, a firm selling creatine applied to the EU to be allowed to advertise cognitive benefits. This led the EFSA to publish Creatine and improvement in cognitive function: Evaluation of a health claim pursuant to article 13(5) of regulation (EC) No 1924/2006.


Here’s what they have to say (I’ve cut references for readability):



  The Panel considers that, overall, the 10 human intervention studies […] do not show a consistent effect of creatine supplementation on cognitive function. The Panel notes that the acute effect of creatine on working memory reported in some studies […] was not observed at lower creatine doses […] or with continuous consumption of creatine. The Panel also notes that the effect of creatine […] reported in one study is an isolated finding across the body of evidence, where no effect of creatine supplementation was observed on other cognitive domains, including different facets of memory (episodic, short‐term, visual), verbal fluency, attention, alertness, processing speed, psychomotor speed, executive function and general cognitive ability/flexibility and fluid intelligence. Finally, the Panel notes that the three intervention studies conducted in diseased individuals do not support an effect of creatine supplementation on cognition.




I think we should consider this definitive. I’d go so far as to say this document probably represents the greatest effort our civilization has ever made to understand if creatine has cognitive benefits.


But we need to remember the ESFA’s role. They’re asking if creatine has been proven to have cognitive benefits, because they’re deciding if it should be legal to advertise cognitive benefits. They say no and I believe them. But that doesn’t mean there are no cognitive benefits.


Are there other reviews of the RCTs?


Yes. Here are all the recent reviews I could find, with a few representative quotes from each:



  
    
      	Review
      	Quotes
    

  
  
    
      	Avgerinos et al. (2018)
      	“There was evidence short term memory and intelligence/reasoning may be improved by creatine administration.”“Performance on cognitive tasks stayed unchanged in young individuals.”
“Vegetarians responded better than meat-eaters in memory tasks”

    

    
      	Dolan et al. (2019)
      	“the blood–brain barrier is an obstacle for circulating creatine”“may improve the performance in some cognitive tasks, particularly in stressful conditions (e.g. mental fatigue, exhaustive exercise).”

    

    
      	Roschel et al. (2021)
      	“potential for creatine supplementation to improve cognitive
processing, especially in conditions characterized by brain creatine deficits”“supplementation studies concomitantly assessing brain creatine levels and cognitive function are needed”

    

    
      	Prokopidis et al. (2023)
      	“After correction, our overall analysis showed that creatine monohydrate does not improve overall memory performance (standardized mean difference 0.19; 95% confidence interval, –0.07, 0.46)”
    

    
      	Xu et al. (2024)
      	“Creatine supplementation showed significant positive effects on memory and attention time, as well as significantly improving processing speed time. However, no significant improvements were found on overall cognitive function or executive function.”
    

    
      	McMorris et al. (2024)
      	“Creatine supplementation has no significant effect on young healthy participants in unstressed situations. Moreover, the review show mixed results for stressed groups.”“Vegans do not intake sufficient […] creatine to ensure the levels necessary for maintaining optimal cognitive output.”
“Closer examination of [the evidence] suggests that there may be more positive outcomes of supplementation than the research so far provides.”

    

    
      	UK NHCC (2024)
      	“A cause-and-effect relationship has not been established between the consumption of ≤3g per day creatine and improved cognitive function.”
    

  



On average, the RCTs do find a small positive effect, just not a statistically significant positive effect. As I so often point out, that’s exactly what we would expect if the true effect were positive but small. But it’s also entirely possible that this is due to random chance or p-hacking or publication bias. Gwern contacted one author and found that publication bias did in fact occur.


Overall, I think the RCTs provide very weak evidence in favor of a small benefit for healthy adults. (Perhaps 0.1 to 0.3 standard deviations, depending on the measure.) I also think they provide moderate evidence against a larger effect for healthy adults (above, say, 0.5 standard deviations) and weak evidence for a small benefit for adults that are “stressed” in some way that might diminish creatine, such as being older, vegan, or physically exhausted.


Can you summarize the evidence in favor of creatine making you smarter?


I would love to do that:



  	Creatine is special. Very few nutrients really make you stronger, but creatine does.

  	Few parts of the body other than muscles use significant creatine, but the brain does.

  	Creatine can cross the blood-brain barrier.

  	Creatine is vital for the brain to function correctly.

  	Supplementing creatine probably increases creatine levels in the brain, at least a little.

  	Some RCTs suggest a cognitive benefit.




Can you summarize the evidence against creatine making you smarter?


Yes:



  	We don’t fully understand how the brain uses creatine. There is no clear mechanistic story for why supplementing creatine should make you smarter.

  	The best analogy for how the brain uses creatine is how your muscles use creatine for endurance exercise. But creatine has little benefit for endurance exercise.

  	It hasn’t been firmly established how much (or if) supplementing creatine increases creatine levels in the brain.

  	The RCTs suggest a benefit that is quite small, on the order of 1 to 3 IQ points.

  	The RCTs are not statistically significant.




Does creatine make you smarter?


I don’t know. Maybe a little.


You could make an argument like this: Creatine is crucial for the brain (somehow) so it’s safest to keep levels high, just in case. But I’m not sure I buy that. Creatine is crucial for the brain but there are several hints that evolution knows that, and so regulates levels in the brain more tightly than in muscles.


I might buy that argument for vegetarians or vegans. But there is scant experimental evidence for extra cognitive benefits in those groups, and even some evidence that vegetarians may not have much lower brain creatine levels, despite vastly lower consumption.


And if creatine is helpful, the likely benefit is probably quite small. Say you think there’s a 50% chance creatine increases IQ by 1 point and a 50% chance it’s useless. Is it actually worth the trouble of taking 5 grams of creatine every day for an expected increase of 0.5 IQ points? I’m not sure.
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[image: The Wizard's Castle] Let's dive into The Wizard's
Castle (source code)!

10 REM"_(C2SLFF4


That is the first line of the 80s microcomputer BASIC game The Wizard's
Castle initially written for the Exidy
Sorcerer platform.

It's a REMark statement, a comment in that particular language. 10
is the line number, if you're unfamiliar with languages that had such
things.

But the interesting part was this "_(C2SLFF4 mess. A typo or garbage?
No. It appears verbatim in the source code as originally published in
the July, 1980 issue of Recreational
Computing.

What the heck is it?

Note: I'm going to jump back and forth between decimal (which is
BASIC-friendly) and hex (which is programmer-friendly). Hex will be
prefixed with 0x, suffixed with h, or will obviously have digits A-F
in it.

Note: Thanks to Josh and Chris, my hacking buddies, for doing tons of
the emulator and research work on this. It took hours, but they were
good hours. It would have taken me 10x as long without their help.

Suspicions

Here's more of the source in context, but with irrelevant pieces
removed and some spaces added:

10 REM"_(C2SLFF4
40 POKE 260,218: POKE 261,1: T = USR(0): T = PEEK(-2049)
80 Q = RND(-(2*T+1))


In BASIC, a : is a command separator. POKE writes a byte value to
the specified memory location. PEEK reads from one. Sorcerer BASIC
used signed 16-bit numbers, apparently, so address -2049 is 65536-2049
or 0xF7FF in hex. We'll revisit that address later.

Calling the pseudo-random number generator (PRNG) RND() with a
negative number seeds it.
Old PRNGs liked to be seeded with odd numbers, thus the 2*T+1
expression forcing it odd.

And the USR() function calls a machine code routine.

And line 80 is the first use of T after it is initialized from the
PEEK().

The proximity of these things makes it seem like they're all related to
seeding the PRNG. Sorcerer BASIC didn't have a RANDOMIZE command, so
the only options of the day were:


	Ask the user to enter a random seed.

	Run an increment loop until the user hits a key (or some user-driven
thing like that) and use that for the seed.

	Get the seed for some kind of randomish-thing from the existing
software and/or hardware.



Wizard's Castle didn't do the first two. So it must be the last one.

Could it be that the REM statement has machine code that happens to
encode to ASCII text? The Sorcerer did use ASCII encoding.

But it seems nuts that you could get useful Z80 machine code just from
ASCII characters. Right?

Nevertheless, this seemed like a reasonable-enough crazy assumption to
run with and see what we could find.

The USR() Function

The USR() call is interesting—this calls a machine code function, but
the details are system-dependent. But luckily the Internet has tons of
technical manuals
in various places and we were
able to figure it out.

Address 259 has a JP instruction (unconditional jump) to a 16-bit
little-endian absolute address.

And the POKEs were for addresses 260 and 261. This was the
trampoline
for the USR() function. You POKE the address of the start of your
machine code into addresses 260 and 261, and then run USR() to call
it.

40 POKE 260,218: POKE 261,1: T = USR(0): T = PEEK(-2049)


Reversing them for little-endian, this means we're looking at address
(1 << 8) | 218 which is 474. When we run USR(0), it jumps to the
machine code at address 474 that should end in a RET instruction.


The argument for USR() (the 0) is stored as a 4-byte float
elsewhere in RAM so the machine code can look at it if it needs to. It
turns out not to be relevant for this use case. Also we're assigning
the return value from USR() into T, but it's unclear to me what
this return value is. However, it is irrelevant as we immediately
overwrite T with the next assignment.



So... What's at address 474?

BASIC RAM


When you enter a line of Sorcerer BASIC, the interpreter
tokenizes
it and replaces commands like PRINT with single byte values:


	PRINT is tokenized to 0x97

	REM is tokenized to 0xC3

	etc.



And then it is stored like a linked
list in memory where each
row is a "node".

The node format is:


	2 bytes of "next" pointer

	2 bytes for the line number

	Bytes representing the tokenized line of code

	1 byte of null terminator (a 0x00 byte)



And the start of this linked list in RAM is at address 469 on the
Sorcerer.

Let's see the mystery line again:

10 REM"_(C2SLFF4


That means the node for that line consists of the following addresses
and bytes:

469  Low byte of the next pointer
470  High byte of the next pointer
471  Low byte of the line number
472  High byte of the line number
473  `REM` token (0xc3)
474  First byte of REM text, the `"` character!!


and 474 is where the USR() function gets us! It is literally calling
the text of the REM statement as Z80 machine code!

Disassembly, Attempt One

Could it be true? Let's try it out!

Here are the hex values for the ASCII characters:

"  22
_  5F
(  28
C  43
2  32
S  53
L  4C
F  46
F  46
4  34


There's the 0x00 terminator at the end, but that's just a NOP in Z80,
so we'll ignore it.

Disassembling, we get:

22 5F 28   LD   (285Fh),HL  ; " _ (
43         LD   B,E         ; C  
32 53 4C   LD   (4C53h),A   ; 2 S L
46         LD   B,(HL)      ; F
46         LD   B,(HL)      ; F
34         INC  (HL)        ; 4


Now, I don't want to get into the details of Z80 assembly here, but take
my word for it that this code makes no sense. The addresses don't seem
to point to anything in particular, who knows what HL has in it at the
beginning, B is never read, the duplicated LD B is pointless, and
there's no RET to get us back to BASIC.

It's garbage. And running it in an emulator results in Weird Things
happening (like soft resets), as expected.

This was a dead-end for the time being. We speculated that maybe it was
a printing error, that the printer didn't have the glyphs for the actual
bytes, so it substituted other ones. But that wasn't super-satisfying.

The PEEK(-2049)

Let's switch gears, then, and continue on to the PEEK:

40 POKE 260,218: POKE 261,1: T = USR(0): T = PEEK(-2049)


What's at address -2049? Unsigning this makes it equivalent to 0xF7FF.
According to the docs, this is the last byte of memory-mapped screen
text, representing the current character in the lower right of the
screen.

We then immediately use this value to seed the PRNG:

40 [ ... ] T = PEEK(-2049)
80 Q = RND(-(2*T+1))


I'm going to use my magical powers now to look at one of your open
terminal windows and read the character in the lower right of the
screen. It's fuzzy, but if I concentrate... it's... yes, it's a space
character, isn't it!

Am I right? That'll be $200.

Now, the space is 32, so seeding the PRNG with -(2*32+1) every game
would make for bad replayability in this randomly-generated dungeon, so
the USR() function must have something to do with it. Like it puts
something on the screen at address 0xF7FF and then the PEEK() reads
it. The screen is cleared not-long thereafter, so the player might not
notice the blip of a character temporarily placed in the lower right.

RTFM

[image: Wizard's Castle source code] The source code
in its original dot-matrix glory

So we had strong suspicions that all this was part of the PRNG seed
process. If only there were some way to prove it!

It was at this point that Josh noticed this line in the magazine where
the program was published: "The first remark is a machine language
routine to simulate the RANDOM function."

Sheesh. That'll teach me not to read things.

In BASIC, RND(), not RANDOM, is the random function, used with a
negative argument to seed the PRNG, and a positive argument to get the
next random number, which was historically a random floating point
result between 0 and 1.

So what the author probably meant was RANDOMIZE which was popular in
Microsoft BASIC for setting the random number seed to a specific value
or prompting the user to enter one.

In short, it was supposed to be doing what we thought, but the machine
code didn't seem to be doing that at all.

A Breakthrough

Josh and I had been running Sorcerer emulators in
MAME (thanks to Josh for sharing
the ROMs with me to get going) and Chris had another Java-based one that
he'd gotten working.

In MAME, we'd entered the REM statement and looked in memory, and it
had the nonsensical bytes and machine code as disassembled, above. And
it didn't run properly.

But Chris found a tape image of the game and loaded that up in his
emulator. And the first two lines of source looked like this:

10 REM"_(C2SLFF4F4F4 
15 REM ED 5F 28 FC 32 FF F7 C9 (in O1DA)


WOW! Another(?) author has annotated the source with the hex of the
machine code! Not only does it end in 0xC9 which is Z80 RET, but it
has that lower-right screen corner address 0xF7FF right there!

How on Earth does the REM text map to that? Things like 0xED are
clearly non-ASCII. But wait, some of the characters are, and their
positions match what we see in the REM!

   "
5F _
28 (
   C
32 2
   S
   L
   F


What actual values are there? Chris loaded the program and looked:

FOR I=474 TO 489: PRINT PEEK(I): NEXT I
 237
 95
 40
 252
 50
 255
 247
 201
 70
 52
 70
 52
 32
 0
 18
 2
READY


You can see the 0x00 null terminator down there. And a hidden space at
the end of the line. And 237 is 0xED, and 95 is 0x5F... it matches the
line 15 comment!

Let's get ready to disassembbbllllllllllleeee! I'll convert the
numbers to hex and go for it.

ed 5f     LD A,R         " _
28 fc     JR Z,-4        ( C
32 ff f7  LD (F7FF),A    2 S L
c9        RET            F
46        LD B,(HL)      F
34        INC (HL)       4
46        LD B,(HL)      F
34        INC (HL)       4
20 00     JR NZ,0        space null


Later, I'll find out that the part after the RET is disassembled
incorrectly and that my annotation of which REM characters mapped to
which hex values was wrong, but who cares for now! Everything is over at
the RET anyway.

And the code is exactly what we were looking for! Let's look at the
first assembly instructions:

LD A,R       ; copy R register to accumulator
JR Z,-4      ; if result is 0, jump back to previous instruction
LD (F7FF),A  ; copy accumulator into address F7FFh
RET          ; return


What's it do? The R register is interesting on the Z80 in that it is
incremented every instruction fetch. Maybe? Depends on which resource
you ask. In any case, it is incremented very, very frequently relative
to human timescales. And the Sorcerer
busy-waits for input, so
when you finally run the game, it effectively has a random-ish value in
it.

But seeding many lesser PRNGs with 0 is a bad idea (they tend to just
produce 0 after that), so the code retries if it happens to get a 0
in R. But if it is non-zero, it stores that value in address 0xF7FF,
the lower right corner of the screen! And then the PEEK() picks it up
and uses it to seed the PRNG!

The R register only increments the low 7 bits, though, meaning it can
only be 128 different values. And we discard 0, so really this means
on the Sorcerer, there were only 127 different randomly-generated
dungeons that you could play. Bummer!

So the glyphs we see simply aren't ASCII. Our first disassembly was
doomed to fail because the REM violates the assumption that all
listing text was ASCII.

For verification, I made a new program that was just a REM followed by
a bunch of spaces (to give me room to work before the null terminator).
Then I POKEd in the right values and got a listing.

10 REM               
POKE 474,237
READY
POKE 475,95
READY
POKE 476,40
READY
LIST

10 REM"_(
READY


It worked! Those values gave me the "_( glyphs that were in the
original source listing!

Could You Type It In?

The whole idea in the 80s with magazines like this was that you'd get it
in the mail or from the newsstand and you'd painstakingly spend hours
typing them in and getting them right.

It wasn't easy. Here's another excerpt from The Wizard's Castle:

1070 IFFL=0THENPRINT:PRINT"** HEY BRIGHT ONE, YOU'RE OUT OF FLARES":GOTO620
1080 PRINT:PRINT:FL=FL-1:A=X:B=Y:FORQ1=A-1TOA+1:X=FNB(Q1):FORQ2=B-1TOB+1:Y=FNB(Q2)
1090 Q=FNE(PEEK(FND(Z))):POKEFND(Z),Q:PRINTI$(Q);"  ";:NEXTQ2:PRINT:PRINT:NEXTQ1:X=A:Y=B
1100 GOSUB 3400:GOTO620
1110 IFLF=0THENPRINT:PRINT"** YOU DON'T HAVE A LAMP, ";R$(RC):GOTO620
1120 PRINT:PRINT"WHERE DO YOU SHINE THE LAMP (N,S,E, OR W) ";:GOSUB3290
1130 A=X:B=Y:X=FNB(X+(O$="N")-(O$="S")):Y=FNB(Y+(O$="W")-(O$="E"))
1140 IFA-X+B-Y=0THENPRINT:PRINT"** TURKEY! THAT'S NOT A DIRECTION":GOTO620


Just pure codevomit. But those of us who typed this stuff in were pretty
practiced at getting it right. So when we saw something like this:

10 REM"_(C2SLFF4


you can bet we typed it in exactly.

But now we know this wouldn't have worked if you assumed those were
ASCII-encoded glyphs.

Perhaps there was some lore well-known to Sorcerer programmers where
they knew the magic incantations to make it go.

Or maybe he just wrote this to get some space to work:

10 REMF4F4F4F4F4


And then manually POKEd the machine code in like I did, above, to get
this:

10 REM"_(C2SLFF4


And then never mentioned how to do it, forgot about it in the excitement of
getting it published, and out the door it went.

But what is the deal with that F4 thing? It's really bugging me.

The F4s

[image: F-4 Phantom] An F-4 Phantom. It's an
aviation/programming pun. I hereby indemnify myself against lawsuits.

In my version, we had:

10 REM"_(C2SLFF4


Chris's version had some extra F4s:

10 REM"_(C2SLFF4F4F4 


And we did a memory dump of Chris's version and got the following:

237
95
40
252
50
255
247
201
70
52
70
52
32
0
18
2


Notice anything weird? About the F4s? I didn't either. There are
three of them in the REM, but only two of them in the memory dump
(the 70,52 pairs)!

And that's not all—where's the L? Something's wrong. Earlier, I'd
tried a sanity check by POKEing in the first three characters by hand,
but let's try the others.

I'm going to recreate the entire machine code here and see what pops up.

10 REMXXXXXXXXXXXXXX
20 FOR I=474 TO 481: READ X: POKE I,X: NEXT I
30 DATA 237, 95, 40, 252, 50, 255, 247, 201


Then I run that, and list it. I get:

10 REM"_(C2SLFF4XXXXXX
20 FOR I=474 TO 481: READ X: POKE I,X: NEXT I
30 DATA 237, 95, 40, 252, 50, 255, 247, 201


Wait! My Xs shifted right by two characters! What's up with that? You
can't just insert characters like that. It's like there are two extra
characters in the output. I poked eight values, but there are 10
characters printed before the Xs!

Let's dump RAM and see what's there. I'm going to annotate the output,
but—spoilers—my annotation is wrong:

237    "
95     _
40     (
252    C
50     2
255    S
247    L
201    F
88     X ← No additional Fs or 4s!
88     X
88     X
88     X


No Fs or 4s. It goes directly from my last 201 (in the DATA)
straight to a bunch of Xs (the 88s). So why do I see them in the
listing?

Let's get specific. I'm going to manually plug in the 255, the 247, and
the 201 in the REM and see what we get out of it.

10 REMX
POKE 474,255
LIST

10 REMS


Okay, it's the S, as expected.

POKE 474,247
LIST

10 REMLF


Whoa—what? LF? Two characters? And suspiciously like "linefeed", but
who knows. But that matches the REM!

POKE 474,201
LIST

10 REMF4


And there's the F4. So the last two bytes are being printed as LFF4.
That's where the extra two characters are coming from in the output.

So fixing my memory dump annotation, it would look like this:

237    "
95     _
40     (
252    C
50     2
255    S
247    LF
201    F4
88     X
88     X
88     X
88     X


And now that's matching what we're seeing in the listing:

10 REM"_(C2SLFF4XXXXXX


But that's not all. The bytes with values 128 and just over actually map
to BASIC keywords! Check this out:

POKE 474,137
LIST

10 REMGOTO


When BASIC is printing its lines, we speculate that if the high bit is
set, it looks up the symbol name and prints that instead. The weird
symbol names we get up higher (random-seeming) might be (again, we
speculate) mapping into garbage past the end of that table.

But wait just a second. In Chris's memory dump, there were bona fide
ASCII Fs and 4s in there

237   "
95    _
40    (
252   C
50    2
255   S
247   LF
201   F4  ← RET
70    F   ← what's all this, then?
52    4
70    F
52    4
32
0
18
2


Why were they added when they have no effect on the machine code? I
think we'll just have to let that one go as being lost to the mists of
time. Or maybe you can try gazing into an orb until you find the answer.
Just don't overdo it.

Wrap Up

The only point of all this, since I basically knew up front it was
seeding the PRNG, was to feed hacker curiosity. What a luxury!

What did we learn?


	You can cram machine code into a REM statement on the Exidy
Sorcerer, but don't expect a sensible print-out.

	The code when typed in from the magazine probably didn't work.

	The author likely POKEd the machine code in directly, or perhaps the
Sorcerer had some kind of graphics shift key that would let those
characters be typed.

	We now know, with more certainty than was ever required, the answer to
that age old question, "What the frick is that comment doing at the
beginning of The Wizard's Castle?"



How much money did we make?


	$zero!



Would this work on other platforms, I wonder? Or would they just freak
out? Someone else can give it a try on the Commodore 64 or something.

If you want to know more about The Wizard's Castle and even play this
bit of history, I have a collection of documents and
information on
GitHub.





Comments

View Comments
Reply







Original: https://beej.us/blog/data/mystery-comment/ · Discussion
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John C. Dvorak has died

twitter.com · 137 points · Discussion

https://xcancel.com/na_announce/status/2079952538040672302

Original: https://twitter.com/na_announce/status/2079952538040672302 · Discussion
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Everyone Should Know SIMD

mitchellh.com · 121 points · Discussion

SIMD
has a reputation for being complex. I've met many very good software engineers
who dismiss it as something too complex to learn or a niche optimization
meant for only the highest-performance software, not useful in everyday
programming.

I think that's wrong. SIMD can be simple to understand1, and common
"process N values at a time" SIMD code to speed up a naive for loop
almost always follows the same general shape. Once you learn the basics,
writing SIMD is just about as easy as a for loop. And when it's not, it's
usually a good sign to skip it for now.

Every developer should know at least that much SIMD.

This post uses Zig for examples but is a general piece that
applies to any programming language. Support for SIMD instructions
varies by programming language and I hope that more programming languages
expose these generic concepts in the future!


I hate that I have to do this for every post now, but I also want
to note this was completely hand-written with no AI assistance.
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Nobody knows what a used GPU cluster is worth

ciphertalk.substack.com · 109 points · Discussion

If xAI defaults on its debt, Apollo Global Management ends up in the GPU rental business. That is in the contract, signed in June 2025, on a five billion dollar debt facility arranged by Morgan Stanley. The lenders have the right to take over Colossus, the company’s 200,000 GPU cluster outside Memphis, and rent it to other AI companies until the loan is repaid.
The interesting question is whether Apollo, or Diameter Capital Partners, or any of the other lenders now financing the AI buildout this way, would want to exercise that right. 
The hard question is what they would actually be holding if they did. 
A GPU cluster bears little resemblance to a building. Its value at any given moment depends on how it has been provisioned, how it is currently performing, and whether the team that knows its quirks is still there. All of that sits off the lender's balance sheet, beyond the reach of anyone they can call.
This is one of the center problems of the AI infrastructure boom. I cannot determine why no one is talking about it. Tens of billions of dollars in debt is now collateralized by chips whose value depends on operational state, and the operational state is invisible to the people pricing the debt.
This week’s CipherTalk is about what happens to a specific kind of debt when the collateral itself can walk out the door with the operations team. 
At the scale these GPU clusters operate, hardware and systems break constantly. Keeping them productive is a craft.
Modern data center GPUs fail at roughly 9% annually. The number traces to Meta’s Llama 3 technical report, which documented 419 unforeseen disruptions across 16,384 H100s over 54 days of training, of which 148 were GPU failures and 72 were HBM3 memory failures. At 200,000 GPUs, that annualized rate works out to approximately 50 GPU failures every day. At xAI’s stated million-GPU target, Epoch AI projects a failure roughly every three minutes. These are not catastrophic events. They are the steady state.
The failure modes that matter for a credit person are the ones that do not look like failures. Silent data corruption (SDC) is the most expensive, where a faulty GPU produces wrong answers without crashing anything, which means a multi-day training run can complete normally and the resulting model weights are quietly poisoned. Cascading failures are the second category, where one bad GPU crashes a training job spread across thousands of others, costing days of compute. Then there are the routine ones: thermal throttle, ECC memory errors, NVLink flap, GPUs falling off the bus.
NVIDIA built NVSentinel because traditional monitoring detects these problems but rarely fixes them. Crusoe built AutoClusters because queue wait time is the largest controllable variable in cluster goodput. Without these tools, remediation timelines run hours to days.
The job of an operations team is to keep all of this in steady state. They know which racks run hot in summer, which cooling loops have been flaky since the last firmware update, which jobs to re-route when a node degrades but has not failed yet. None of that knowledge is written down. It lives in the team.
This is the asset that serves as collateral for tens of billions of dollars in debt and counting.
Share
In the last eighteen months, AI infrastructure went from being financed by corporate debt, to being financed by the chips themselves.
The xAI Colossus 2 SPV is the cleanest example. The structure is roughly $7.5 billion in equity, with up to $2 billion of that contributed by NVIDIA itself, and $12.5 billion in debt. The special purpose vehicle (SPV) purchases NVIDIA GPUs and leases them to xAI on a five-year term. Apollo and Diameter sit on the debt tranche. Valor Equity Partners leads the equity. The debt is collateralized by the chips, not by xAI’s broader balance sheet.
Look at the pricing: xAI’s $5B round was priced at up to 12.5%. CoreWeave's GPU-backed deals priced at roughly 8.5% above the benchmark rate, before terms tightened as lenders got more comfortable with the structure.
If we assume here these are not unsophisticated lenders, then we have to assume they are charging what they think the risk costs. The premium is then, the price of guessing.
The scope is wider than one company. CoreWeave alone holds $18.8 billion in GPU-collateralized debt across multiple SPVs. FluidStack’s $50 billion deal with Anthropic uses a different wrapper, with Google providing a backstop on the lease payments, but the underlying logic is the same. 
Every neocloud and most major AI labs are now financed this way.


Every other major asset class that gets used as collateral at this scale has decades of price discovery infrastructure behind it. GPUs have almost none of it.
Aircraft have ISTAT-certified appraisers, a global registry, standardized maintenance logs, ferry pilots, and an active secondary market dating back to the 1970s. Ships have BICA. Cars have NADA. Class A office space has standardized cap rates and vacancy comps. Oil has had a forward curve since the early 1980s.
GPUs have Silicon Data’s H100 Rental Index on Bloomberg terminals, which launched in 2024, and Ornn AI, which raised $5.7 million in October 2025 to build the first regulated exchange for GPU compute derivatives. That is the entire price discovery infrastructure for an asset class now backing tens of billions of dollars in debt.
The price moves underneath all of this are wild. H100 hourly rental rates went from roughly $8 per hour in early 2024 to $1.70 by October 2025, then surged 40% back up to $2.35 by March 2026 on a wave of inference demand nobody had priced in. SemiAnalysis put it bluntly: lenders who used six-year depreciation schedules now look smarter than the analysts who chastised them for being too generous. They were guessing, and they happened to land closer to the right answer than the people calling them reckless. No aircraft lender or shipping lender would underwrite five-year debt against an asset whose price swings like that without a way to hedge it. They would not be allowed to.
CoreWeave’s GPU-backed loans price at roughly 8.5 percentage points above the benchmark rate. For comparison, a typical aircraft loan prices at 1 to 2 points above benchmark, and a commercial mortgage usually sits below that. The extra 6 to 7 points is what lenders charge to bear a risk they cannot measure. There is no GPU futures market, no standardized residual value curve, and no way to lock in a forward rental rate. The premium is is the price of underwriting in the dark.
Thanks for reading CipherTalk! This post is public so feel free to share it.
Share



That spread should compress as the market matures. Hedging instruments will appear. Residual value curves will get more standardized. Secondary markets for used GPUs will deepen. When that happens, the cost of capital for AI infrastructure drops meaningfully, which changes who can build at scale. The companies that benefit are not the ones with the cheapest GPUs today. They are the ones positioned to access cheap debt once the financing infrastructure catches up to the asset class.
The public fight over how fast GPUs depreciate is a tell about how confident the people writing the books actually are.
CoreWeave depreciates GPUs over six years. Nebius, with the same business model and the same hardware, depreciates the same chips over four. AWS, Microsoft, and Google all moved their server useful-life assumptions from three to four years up to six years in 2023, a change that reduced reported depreciation expense by roughly $18 billion annually across $300 billion of combined capex. CoreWeave made the same accounting change in January 2023, before going public, lowering reported expense by hundreds of millions of dollars per year.
NVIDIA announced in 2025 that it is moving from a two-year product cycle to a one-year cycle. The chips backing all of this debt are about to become previous-generation twice as fast.
Michael Burry’s claim is that hyperscalers will cumulatively understate depreciation by approximately $176 billion between 2026 and 2028. He projects Oracle will overstate earnings by roughly 27% and Meta by roughly 21% by 2028. Burry’s motives aside, the math is independently checkable. If the true useful life of frontier-training GPUs is closer to two to four years and the books say six, the gap between paper value and recovery value is real and it is enormous. The recent inference demand surge complicates this. If H100s genuinely have productive life past frontier training, six years may not be wrong. If demand softens again in 2026 or 2027, the writedowns hit at exactly the moment lenders need their collateral to be worth something.


GPU collateral has three different values, and the market is currently pricing only one of them.
Face value is what the SPV says, the purchase price minus straight-line depreciation on whatever schedule the borrower picked. This is the number that determines loan-to-value covenants and the amount of debt the deal can support.
Liquidation value is what a buyer pays in distress. Secondary market data shows moderately-used 2 to 3 year old GPUs trading at 50% to 70% of new pricing under normal conditions. In a default scenario where multiple neoclouds are stressed simultaneously, the buyer pool collapses at the same moment supply spikes, plausibly putting recovery at 30% to 50% of face value in a fire sale.
Going-concern value is what the cluster is worth as a working asset to the next tenant, which depends entirely on whether operational handoff works.
This is where the operational reality from the first section returns. The lender exercising step-in rights inherits a colocation facility owned by someone else, with that facility’s own contracts and constraints. They inherit credentials and topology knowledge that historically lived with the borrower’s operations team, which walked out the door at default. They inherit a market where rental rates already moved 60% in one direction and 40% back the other in eighteen months, with no hedging instrument available. They inherit an asset class where 50 chips a day fail and somebody has to know which racks have been flaky for the last quarter.
The spread between face value and going-concern value is the entire risk that nobody has hedged.
The most telling positions in this market are the ones not being taken.
KKR has been the most aggressive private equity firm in data centers, with the CyrusOne acquisition alongside Global Infrastructure Partners in 2022 for $15 billion, the Global Technical Realty commitment in 2026 for $1.5 billion, and the STT GDC deal in February 2026 for $5.1 billion at a 75% stake. KKR’s digital infrastructure book is a central pillar of $186 billion in real assets. The firm is not in the AIP consortium that bought Aligned Data Centers, not in any xAI SPV, and not in CoreWeave’s debt facilities. KKR owns the buildings, the power, the cooling, and the land, the infrastructure layer that holds value regardless of which AI lab wins or which chip generation dominates.
Peter Thiel sold his entire NVIDIA stake in Q3 2025 and rotated into Apple and Microsoft. The chips are not the durable asset, and the financing structure pricing them as durable will eventually have to reckon with what the chips actually are.
Aircraft became financeable because someone built the registry, the appraisers, and the maintenance logs. Ships became financeable because someone built BICA. The interest premium on these deals exists because no one can answer two basic questions: Is the cluster still working? And: Will it still be working in three years? Answer that, and the cost of building AI infrastructure drops.


Discussion about this post

Ready for more?





Original: https://ciphertalk.substack.com/p/nobody-knows-what-a-used-gpu-cluster · Discussion
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Ghost Cut – or why Cut and Paste is broken everywhere

ishmael.textualize.io · 98 points · Discussion


    Cut & Paste is broken in every word processor, code editor, and browser text area you've ever used.
And it has been that way for decades.

Just so we are on the same page: cut & paste is the combination of two operations: cut to remove the text from the document and place it in the clipboard, and paste to insert that text at a new point in the document.

How can it be broken if it is so ubiquitous? Let me list the ways!

1. Cut is undoable

The first flaw in cut & paste is that a cut can not be fully undone.
Undo (control+z or command+z) after a cut restores the text to its pre-cut state in the document, but changes to the clipboard remain.
If you regret replacing your clipboard contents then too bad, they have gone poof in the digital ether.
Even if you use a clipboard manager, the undo has still not cleanly undone everything that one key did.

2. Cut reflows

The second flaw is that a cut reflows the document.
A cut and paste is almost always for the purposes of moving text, and yet the instant I cut, the text reflows and I have to locate the point where I want to paste all over again.
A tiny cognitive burden perhaps, but I'd argue an unnecessary one.

3. Cut & Paste is not atomic

The third and final flaw is that even though a cut and paste is conceptually an action which moves text from one place to another, it can't be undone as a single step (ignoring the clipboard issue for the moment).
Undoing a paste will remove the newly added text, but it requires a second undo to completely restore the text—assuming there weren't any edits between the cut and paste.
If there were intermediate edits, like creating a new paragraph, then that must be undone before we even get to the original cut.


I've added a mechanism to Ishmael that "fixes" these flaws.
The good news is that it doesn't require retraining muscle memory or anything more than you are doing already.

I call it "Ghost Cut", and it works like this: pressing ctrl+x fades the selected text and makes it inert—you can't click on the cut text and the cursor just kind of leaps over it, but it is still present in the document.
Nothing is placed in the clipboard at this point and there is nothing to undo.
If you decide you don't want to paste then hitting escape will restore the text to its active editable state.

Pasting (usual control-V or command-V) removes the ghosted span from its original location and places it at the cursor, thus creating a single atomic move operation without the clipboard involved. In other words: it is completely reversable and can be undone in one stroke without poluting your clipboard.

Here it is in action:

[image: Ghost Cut in Ishmael]Ghost cut in action

This is not without precedent.
There are apps that do something similar, like Excel which fades cut cells, but I haven't seen this in a text editor.

Side effects

What if you want the original semantics of cut?
Ghost cut makes that two keys rather than one: copy to clipboard (control-C or command-C) followed by Backspace to remove it from the original document.
I so rarely use cut without paste, that this is a clear win for me.

Conclusion

I would be very happy to see all kinds of text-editors adopt this.
The case isn't as strong with code editors admitedly.
Code doesn't suffer from the reflow issue, but even so, if ghost cut existed for VSCode I could see myself working with it enabled.


  



Original: https://ishmael.textualize.io/blog/ghost-cut/ · Discussion
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Hologram Works. Sponsor What Comes Next

hologram.page · 86 points · Discussion


        


    Hologram works. Elixir runs in the browser today - four feature releases this year, most of the standard library working client-side, a full realtime layer, JavaScript interop, and the first applications running in production.
  




  New to Hologram? My ElixirConf EU 2025 talk is the introduction to what it is and why it exists.




  What comes next is bigger than any of it. Local-first: applications that keep working offline and sync automatically when the connection returns, built into the framework instead of assembled by hand from three libraries and a lot of hope. No full-stack framework in any language ecosystem ships this. Hologram is close enough to be the first.




  Whether that gets built comes down to the next few months, and to whether companies decide to put weight behind it. I'd rather say that plainly now than have it show up later as a project that quietly slowed down.




  Here's where things stand, and how you or the company you work for can help.



What sponsorship built



  Eight months ago I wrote that I was at a crossroads, splitting 60+ hour weeks between contract work and the framework. The community answered. Curiosum came on board as Main Sponsor, the Erlang Ecosystem Foundation funded a set of development milestones, and individual sponsors signed up on GitHub.




  Four public feature releases came out of it, v0.7 through v0.10 - with v0.11 landing now.




  

  
    v0.7

    
      Elixir's standard library in the browser

      
        Elixir's stdlib calls Erlang functions underneath, so running it client-side meant porting those functions. A community initiative took client-side coverage from a fraction of the standard library to nearly all of it - 150 Erlang functions ported by 49 contributors, most of them making their first contribution to a BEAM project. The release that concluded it hit the Hacker News front page at 107 points.
      

    

  


  
    v0.8

    
      JavaScript interop

      
        Import npm packages, call Web APIs, use Web Components, and await JavaScript promises as Elixir Tasks. A VS Code extension shipped alongside it.
      

    

  


  
    v0.9

    
      Hologram Realtime

      
        This grew well past its original scope. What began as server-triggered actions became a full realtime layer - pub/sub fan-out, think Phoenix Channels, but built fresh for Hologram and tailored end to end for developer experience.
      

    

  


  
    v0.10

    
      Events and middleware

      
        A much-expanded client-side event system and a server-side middleware layer, plus client-side error handling with full try/rescue/catch/after/else in the browser, and comprehension parity.
      

    

  


  
    v0.11

    
      Regular expressions and client error stacktraces landing now

      
        Elixir's PCRE-based regexes compiled for Hologram's client runtime, with =~ and the rest of the Regex functions, plus client-side error messages and stacktraces that match the server for easier debugging.
      

    

  





  And beyond the releases themselves: first-class AI assistant support - llms.txt, usage_rules compatibility, and per-project agent docs, so tools like Claude Code and Cursor write idiomatic Hologram instead of falling back on LiveView patterns.




  The numbers moved with the work:




  
  
  
    ⭐

  
  1,400+

  GitHub Stars, up 40%+ since November&#39;s funding campaign




  
  
  
    📦

  
  3×

  Hex downloads since November&#39;s funding campaign, still accelerating




  
  
  
    📬

  
  350+

  Monthly newsletter subscribers




  
  
  
    👥

  
  49

  Contributors in the porting initiative








  	Ecosystem: other developers have started building tooling on top of Hologram, from devtools and IDE support to a testing framework built specifically for it

  	Coverage: nine Thinking Elixir episodes over 18 months, a BEAM There Done That episode with Francesco Cesarini and Allen Wyma publishing this week, plus Elixir Radar, Elixir Weekly and Awesome Elixir carrying every release





  So what changed? In January I wrote that Hologram had found sustainable funding. What I didn't spell out at the time is how the pieces fit: the Erlang Ecosystem Foundation's support came as an agreed program of four development milestones, each one a defined deliverable, not an open-ended arrangement. Three have been delivered and the fourth is finishing now, with its last piece shipping in v0.11. That program did exactly what it was designed to do, and it's reaching its end.




  That isn't the Foundation stepping back. We're working together on a second round, and support earmarked for Hologram by companies through the EEF is what makes it possible - more on that below.




  Curiosum continues as Main Sponsor, and individual sponsors are still here. Nothing fell through. What changed is that the roadmap ahead is more ambitious than everything behind it, and the first round of milestone funding covered exactly the stretch it was designed to cover.



Who is behind this



  
      👑

      José Valim

      Creator of Elixir

      
    


  
      📰

      elixir-lang.org

      José Valim & Wojtek Mach

      
    


  
      🧡

      Zach Daniel

      Ash Framework Creator

      
    


  
      
Oban

      Elixir background jobs

      
    


  
      
Moss Piglet

      Privacy-first software

      
    


  




  The first production applications have shipped, and the response from people using Hologram speaks for itself:




  "It really is an amazing piece of work."

  




  "I rolled my first Hologram application into production this week... the dev experience was exactly what was described on the box."

  




  "LOADS of potential with Hologram. The 'NextJS' of Elixir, hopefully done right."

  




  "Hologram has been a joy to use - I default to using it unless I really need some specific capability from LiveView."

  



Where Hologram goes next


Local-first



  Hologram is positioned to become the first full-stack framework in any ecosystem with local-first built in. Applications that are offline by default: they keep working without a connection, hold the data you choose on the client, and sync automatically when the connection returns - backed by a declarative auto-syncing data layer instead of hand-rolled plumbing.




  Nobody ships this built in. Not Rails, not Next.js, not Phoenix. It normally means bolting together a sync engine, a client store and a conflict resolution strategy, then maintaining all three forever. Hologram already runs Elixir in the browser, so the hardest part of the foundation is done.




  I gave the talk on this at ElixirConf EU 2026, and it's the throughline of my upcoming ElixirConf US and Goatmire talks too:





One codebase, not two



  The usual full-stack app is a backend in one language, a TypeScript frontend, and a contract between them that both sides have to keep honoring. Every feature touches all three, in two languages, on top of an npm dependency tree nobody has fully audited. LiveView spares Elixir teams most of that - until the app needs real client-side logic, and the JS hooks and npm tooling creep back in at the edges.




  Hologram closes that gap. One language, one codebase, no JavaScript stack to maintain.




  That doesn't mean giving up the JavaScript ecosystem. When a library is worth using - charts, maps, a payment widget - Hologram's JavaScript interop imports the npm package and you call it from Elixir, with Web APIs and Web Components covered too. JavaScript becomes something you reach for when it earns its place, not a second stack your team owns.




  Most of what that saves shows up outside the code. A feature stops needing a backend developer, a frontend developer and a meeting to agree on the shape of the JSON between them - one person can carry it end to end. There's no API contract to design, version and keep in sync, and no class of bug that exists only because two sides drifted apart. One toolchain, one CI pipeline, one dependency tree to audit. Onboarding is one stack to learn, not two.




  The hiring argument is not that Elixir developers are easy to find. It's that the ones you already have can own the whole feature, instead of your team being sized by how many frontend specialists you can also afford.




  That matters more in 2026 than it did in 2019, because of who reads the code now. An AI agent working across a split stack has to hold the backend, the frontend and the contract between them in context at once, and it gets the seams wrong. A single Elixir codebase is small enough for an agent to reason about end to end, with far fewer places to get it wrong.




  That's not theory - it's already how people build with it:




  "Writing Hologram was almost disappointingly simple. I asked Codex to port our payment terminal simulator and it was done so fast I had to check it actually did it."

  



Less work for the teams already shipping



  Hologram is in production today. The rest of the roadmap is about making that path shorter for everyone who follows: auth and forms out of the box instead of written by hand, security hardening built in, a proper testing toolkit, readable client-side stacktraces, and a standalone mode that installs in two terminal commands - run Hologram inside your Phoenix application as you do today, or on its own when you don't need the rest.




  None of this is a prerequisite for shipping - teams are shipping now. It's the difference between a framework you can build on and one that does the repetitive parts for you, which is the same distance Phoenix covered in its own early years.



Where this leads



  Offline support is only where local-first starts. An application whose data layer already works without a connection and reconciles when one returns is most of the way to being a mobile application, and most of the way to being a desktop one.




  

  
    🌐

    
      Web today

      Elixir in the browser today, with the local-first data layer being built now to make it offline-capable.

    

  


  
    📱

    
      Mobile

      The same codebase, on mobile.

    

  


  
    🖥️

    
      Desktop

      And on the desktop.

    

  





  That's the direction the roadmap points: one Elixir codebase, running on the web, on mobile and the desktop, offline by default and syncing across all of them.




  Companies pay for that today by staffing separate teams and separate stacks to get it. I won't put a date on it - but the sequence is deliberate: the foundation is already built, the local-first layer is going on top of it now, and it's what makes this more than a nicer way to write frontends.



For companies



  Curiosum backs Hologram as Main Sponsor, and that support is what makes full-time work on the framework possible at all. They came in early, before most of what I've described here existed. Here's their CTO, Michał Buszkiewicz, on why:




  "Supporting Hologram was a conscious choice among a variety of open-source projects that use Elixir to bridge client-side and server-side code. Properly executed, its ambitions make it an alternative not only to Phoenix, but to popular JS solutions for isomorphic, offline-capable development such as SvelteKit or Next.js."

  "Many applications for a broad audience eventually go offline at least briefly - especially collaboration tools, chats, and anything for mobile. Phoenix LiveView is great and battle-tested, but that's not where it shines, even if you can work around its server-side state management with LiveSvelte, Inertia.js, or custom JS. With offline and local-first built in, Hologram fits this niche: live, reactive, offline-capable UIs with almost zero JS."

  




  The roadmap ahead - local-first, the batteries-included work, the tooling story - is bigger than everything behind it, and there is room for more companies alongside them.




  It's worth being clear about the scale. In a single codebase, Hologram is the equivalent of several major frameworks at once - a compiler that turns Elixir into JavaScript, a client runtime, a component and template system, a realtime layer, and now a local-first data layer. Each of those is normally a team's multi-year project. This is one person building all of it, with a community porting the standard library alongside - and sponsorship is what keeps that work full time.




    The Scope

    
      Compiler + Client Runtime + Template System + Realtime + Local-First
    

  


What sponsorship gets you



      
        🏷️

        Logo placement

        Your logo on the Hologram homepage, documentation and README

      

      
        📣

        Release announcements

        Recognition in every release announcement - around 30,000 first-days impressions across LinkedIn, X, Reddit, Bluesky, Elixir Forum, Discord and community newsletters

      

      
        📬

        Monthly newsletter

        Placement in every issue, read by 350+ subscribers who signed up specifically to follow Hologram

      

      
        🎤

        Conference visibility

        Visibility in my conference talks - this year that includes ElixirConf US and Goatmire Elixir

      

    



  Recent peaks, each from a single post:




  
  
    [image: LinkedIn]
    

    20.4K

    LinkedIn impressions and 243 reactions on the post that launched the Erlang porting initiative

  


  
  
    
    

    17K

    Reddit views and 178 points on the funding announcement, among r/elixir's highest-scoring posts

  


  
  
    [image: X]
    

    13.6K

    X impressions and 192 likes on the porting initiative announcement

  


  
  
    
    

    107

    Hacker News front page points and 29 comments when the v0.7 release was posted there

  






  Company sponsors also get a say in what gets built next. If your team needs auth or a batteries-included forms layer before anything else, that's a conversation we can have and it moves up the roadmap. Same for the testing toolkit, standalone mode, or anything else on the list.




  You're not paying into a general fund and hoping your priority surfaces eventually. The full roadmap is public - and if what you need isn't on it at all, tell me. That conversation is open too.



Two ways to do this



  Both routes carry the full sponsor benefits above - and the EEF route adds the Foundation's own recognition on top.




  
      
        MOST LEVERAGE
      

      Erlang Ecosystem Foundation

      The route where your money goes furthest

      
        The EEF backed Hologram this past year through an agreed program of four development milestones - three delivered, the fourth wrapping up now. A second round is on the table, and company support earmarked for Hologram through the Foundation is what unlocks it. That makes a contribution here worth more than its face value: it funds the work, and it enables the Foundation to keep backing the project alongside you.
      

      Many finance departments prefer this route anyway:

      
        ✓ The money goes to an established foundation

        ✓ It's invoiceable

        ✓ Your company is recognized by both the EEF and Hologram

      

      
        The details are the Foundation's to set, so if this fits how your organization works, get in touch and I'll connect you.
      

    


  
      GitHub Sponsors

      Simple and immediate

      
        
          $250/mo

          Logo on the homepage and README

        

        
          $500/mo

          Prominent placement across the documentation, homepage and README

        

      

      Set it up in a couple of minutes:

      
    





  Prefer something else? A one-off contribution, funding a specific piece of work, consulting, technical support, training for your team. Tell me what fits how your company actually spends money and we'll work something out.




  Let's talk

  
    Email me at bart@bartblast.com, or reach me on LinkedIn if that's easier. I answer everything.
  




For everyone else



  Individual sponsors have been the foundation of this from the start, and several were here long before any company was. If Hologram is useful to you, GitHub Sponsors has tiers at $14 and $29 a month - and custom amounts work too, whatever fits.




  And let me be straight with you about where this leaves me. I'm not asking for more money to do more work. What's in place today doesn't add up to a sustainable living, and it was never meant to rest on a single sponsor. Hologram needs a few companies behind it for full-time work to make sense at all. I'd rather say that plainly than quietly slow down and leave you wondering what happened.




  So if sponsorship isn't on the table for you, there's still something that costs nothing and helps more than you'd think. If your company uses Elixir, you probably know who handles this kind of budget. Forward this to them, or send me a name and I'll take it from there. Reach me by email, on LinkedIn, Discord or in a DM on the Elixir Forum, whatever's easiest. A name is enough.




  
    Thank you to Curiosum as Main Sponsor, and to the Erlang Ecosystem Foundation as Milestone Sponsor. Their support is what made this stretch of full-time work on Hologram possible.
  


  
    Thank you as well to everyone backing Hologram month by month on GitHub Sponsors - Innovation Partner Sheharyar Naseer, Framework Visionaries @absowoot, Oban, Robert Urbańczyk and Moss Piglet, and Early Adopters Daniel Calancea, @pasila, Jonatan Männchen, James Harton, Ian Asaff, @Makesesama, Dawid Danieluk, and backers Andrew Haust and Zach Daniel. Thanks also to the past sponsors who backed earlier stretches of this work, and to every contributor who got Hologram this far. The local-first work starting now is the most ambitious thing the project has attempted, and I'd like to keep building it in the open.
  


  
    - Bart
  



        
          Sponsored by

          
            
              
                [image: Curiosum]
              
Main sponsor

            

            
              
                [image: Erlang Ecosystem Foundation]
              
Milestone sponsor

            

          

        

        
  

      



Original: https://hologram.page/blog/backing-hologram · Discussion
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Can a MUD evaluate LLMs? A $99 proof of concept

cruciblebench.ai · 77 points · Discussion

I'm the author of a paper my friends and I wrote after we were curious if a MUD, text games originating in the 1970s, could be used to evaluate LLMs. We've spent the last several months on nights and weekends running this experiment and writing the paper on just our personal computers with about $99 in API credits.Our experiment did have an interesting leaderboard but even more surprising was the measurements of each LLM. We scored each on four behavioral dimensions, two of which lean heavily on an LLM classifier. When we removed those two, one of the frontier models fell six positions. When we then checked the classifier against a second judge, the per-model agreement between them ranged from 85% to 22%. The aggregate kappa (0.04 on probe detection) indicated the instrument was noisy without saying which models the noise was hitting. The most affected model shared a model family with the classifier. This isn't proof of bias, just one observation we recorded.
We realize LLM judges can be unreliable, and while it wasn't our original intent to test this, it ended up being the most interesting finding. The divergence between the two judges is the finding we think generalizes to other judge-based benchmarks.
We emphasize this is just a proof of concept and not a validated benchmark. We prepared a thorough limitations section in the paper, including just 50 runs per model, overlapping CIs among the top models, no human raters, a tiny environment, etc.
Everything we did is publicly available, the paper and data are CC BY 4.0, while the code is MIT. The paper, transcripts, code, and complete API billing export  can be found at https://doi.org/10.5281/zenodo.21386663
If you find issues, please let us know, that's why we're sharing this. We're currently designing Phase 2 and want it to be as robust as possible. We're looking at human baselines, multiple judges, more objectives, a larger environment, etc.


Original: https://cruciblebench.ai/ · Discussion
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Mechanical light bulb from 1675 [video]

youtube.com · 57 points · Discussion

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

Original: https://www.youtube.com/watch?v=0Y-9GbsS9Fg · Discussion
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Full Scale Foldable Wing Extensions

airbus.com · 56 points · Discussion

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

Original: https://www.airbus.com/en/newsroom/press-releases/2026-07-airbus-launches-new-flight-test-programme-for-wing-of-tomorrow · Discussion
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Show HN: Web swing through midtown NYC

swingnyc.com · 52 points · Discussion

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

Original: https://www.swingnyc.com/ · Discussion
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Perlin's Noise Algorithm (2023)

blog.jaysmito.dev · 52 points · Discussion
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Nvidia DGX Spark as a daily driver

daniel.lawrence.lu · 42 points · Discussion




2026-07-15


I bought an NVIDIA DGX Spark!
It’s actually quite a competent general purpose computer while being super tiny and power efficient.
It basically just has an ARM CPU, a decent NVIDIA GPU (with the same number of CUDA cores as the RTX 5070), 128 GB of unified memory, and a 4 TB SSD.

[image: My small form factor PC next to the DGX Spark.]FIGURE 1 My small form factor PC next to the DGX Spark.
EXIF data	Camera
	FUJIFILM GFX100S
	Lens
	125
	Aperture
	f/NaN
	Shutter
	1.7 s
	ISO
	ISO 100
	Software
	darktable 5.5.0+1325~g5f523d43b6
	Date
	2026-05-16 14:06:47

Download
DISCLAIMER: I work at NVIDIA but I bought this with my own money and the opinions are my own. I didn’t get anything for writing this review. When I bought my DGX Spark, it only cost me $4000, but its price has since increased to $4700.

The DGX Spark runs “DGX OS” but it is in fact just plain old Ubuntu 24.04 with some additions.
If you want, you can just install another Linux distribution easily (Fedora works well), although there may be a couple of weird bugs with the Realtek Ethernet driver so the NVIDIA version of the Linux kernel has a couple of patches.
Unlike some other ARM devices, the DGX Spark is all ACPI rather than device tree based, so regular Linux builds for arm64 work just fine.

Generally, it is a power-efficient and quiet box (it gets slightly audible under load, but no annoying whine, and is silent when idle).
It’s really nice how it doesn’t heat up the room or make noise.
Stuff like web browsing and general programming work are super fast.

The CPU has a Geekbench 6 score roughly on par with an M3 Pro 14 core and an AMD Ryzen 9 7950X: 2983 single core and 18183 multi core. Weirdly enough, my results were slightly worse than Geerlingguy’s Dell Pro Max with the same GB10. Perhaps it’s just thermals or random fluctuations. At any rate, it’s better than my SFFPC with its AMD Ryzen 9 7945HX, which scored 2869 and 16973.

[image: Fastfetch system specs.]FIGURE 2 Fastfetch system specs.
Download
 Can it run Crysis?

It turns out, it can totally run Crysis.
The DGX Spark is quite decent at gaming in fact.

[image: Yes, it can run Crysis!]FIGURE 3 Yes, it can run Crysis!
EXIF data	Camera
	FUJIFILM GFX100S
	Lens
	SIGMA 70mm F2.8 DG MACRO A018
	Aperture
	f/2.8
	Shutter
	1/70 s
	ISO
	ISO 1600
	Software
	darktable 5.5.0+1479~g9e36df0344
	Date
	2026-07-15 22:18:24

Download
This is Crysis Remastered running at 3200 x 1800 resolution with everything set to High and DLSS set to Performance.
The game has a platinum rating on ProtonDB, but like other people running NVIDIA graphics, I had to set the Proton version to Experimental for it to work.

The Steam Snap for arm64 is maintained by Canonical and specifically targets gaming on DGX Spark.
It’s probably the best avenue to play most games.
It uses FEX to translate x86_64 to arm64, fulfilling a similar role as Rosetta 2 on Apple devices.
It also bundles DLSS, RTX, and stuff so you can expect to play modern AAA titles with ray tracing turned on.

Obviously, the “bang for the buck” isn’t great compared to dedicated gaming machines.
After all, the DGX Spark is quite expensive.
You probably wouldn’t want to buy the DGX Spark just for gaming.
My small form factor PC with a dedicated NVIDIA graphics card is better at gaming at a lower price.

The GPU of the DGX Spark is somewhat comparable to the RTX 5070 but with much slower memory bandwidth and much lower power, and there’s some overhead from FEX (whereas the performance penalty of Proton is usually rather tiny, or sometimes games are even faster in Proton than on Windows), so you can expect maybe two-thirds of the performance.

Many modern Steam games with great graphics work just fine out of the box, including:

	Cyberpunk 2077
	Portal RTX
	Indiana Jones and the Great Circle
	Running Train


and many more! Generally, modern games on common game engines like Unreal, Unity, and Godot have a very high chance of just working, with bells and whistles like RTX and DLSS working too.

[image: Cyberpunk 2077 benchmark results.]FIGURE 4 Cyberpunk 2077 benchmark results.
Download
[image: Running Train.]FIGURE 5 Running Train.
EXIF data	Camera
	Apple iPhone 14 Pro Max
	Lens
	iPhone 14 Pro Max back triple camera 6.86mm f/1.78
	Aperture
	f/1.8
	Shutter
	1/121 s
	ISO
	ISO 100
	Software
	26.6
	Date
	2026-07-10 15:07:46

Download
The main categories of games that don’t work are:

	Games with aggressive anticheat that don’t work on Linux, such as League of Legends
	Some older games that need tinkering to get working (see the software that needed tinkering section)
	Non-Steam games have a lower chance of working


 Local LLM inference

The main reason for most people to buy the DGX Spark is probably to dabble with local LLM inference.
I am happy to report that the DGX Spark has aged like fine wine in this regard.
It just keeps getting better!

Whereas early reviews lambasted it for apparently mediocre performance (bottlenecked by the memory bandwidth), a litany of novel tricks have enabled it to be literally several times faster now than when it first came out!

	NVFP4 gave a huge boost. It wasn’t originally supported on DGX Spark when it first came out, to much chagrin, but it became available soon afterwards.
	NVFP4 KV-cache quantization brought a big time-to-first-token speedup.
	Multi-token prediction gives a free speedup of up to 2x on many models.
	NVIDIA Model Optimizer gave another big boost to quantized models, resulting in a release on 2026-06-30 of a version of Qwen 3.6 27B that was way faster and better performing than earlier quantizations.
	DFlash uses a diffusion-based drafter to predict an entire block of future tokens at once, further improving upon speculative decoding.


[image: NVIDIA released a new quantization of Qwen 3.6 27B on 2026-06-30.]FIGURE 6 NVIDIA released a new quantization of Qwen 3.6 27B on 2026-06-30.
Download
There’s a Spark Arena leaderboard with recipes and benchmarks that’s pretty useful.

Anyway, right now, you can expect around 30-40 tokens per second (single concurrency, single Spark) with an NVFP4 quantization of Qwen 3.6 27B dense model, which is highly capable for everyday programming.
It’s quite useful for general coding and agentic automation.
At concurrency level 4 (four agents running in parallel, for example) you can expect a total token output rate of around 100 per second.

For the Qwen 3.6 35B mixture-of-experts model, you can expect much faster performance, up to around 170 tok/s decode, so that’s incredibly useful for quick chatting and automation, although perhaps slightly worse at coding.

 Software that needed tinkering

 Darktable

Darktable’s arm64 build works out of the box, but is extremely sluggish.
It seems there’s some issue with the NVIDIA driver (at least on version 580, as tested) where transferring data from the GPU to CPU is very slow in Darktable’s OpenCL pipeline.
This affects both in-app interactivity as well as export speed.

I created the pull request “prefault OpenCL readback destinations” which fixes the issue.
The pull request “preheat host memory for OpenCL” also fixes it, in a perhaps slightly nicer way (this PR got reverted, so the fix still isn’t available in mainline Darktable).

 Rhinoceros 3D

Rhinoceros 3D is a 3D modeling application for Windows x86_64 and for macOS (on Apple Silicon).
I bought a license, and used this for my other projects such as my line scan camera case.
Unfortunately, the latest version is well-known for not working on Linux, with a salty thread on the Rhino forums about it.

Getting the Windows version to work is generally considered more straightforward than the macOS version.

Anyway, I asked Codex to get it working, and it actually did!
Here are the AI-generated instructions:

Rhino setup instructions

[image: Rendering my concept car "Pupple".]FIGURE 7 Rendering my concept car “Pupple”.
Download
[image: NVIDIA Optix is working.]FIGURE 8 NVIDIA Optix is working.
Download
Please note: Wine does not accept AI-generated code, and I’m not knowledgeable enough about the fixes here, so I can’t really upstream my patched fork.

 Need for Speed Porsche Unleashed

Need for Speed Porsche Unleashed is one of my favourite video games of all time.
I used to play it a ton in elementary school and have great nostalgia when I play it again.
There is something special about just driving through a scenic European street without any distractions like “influencer voices”, experience confetti, billboards and ramps, and so on.
At the same time, the pretty atmosphere is chill compared to super hardcore racing sims on laser-scanned tracks surrounded by nothing but tires, chain link fences, and ads.

[image: The garage view has the wrong aspect ratio depending on window size but oh well.]FIGURE 9 The garage view has the wrong aspect ratio depending on window size but oh well.
Download
[image: Porsche Unleashed running at 6144x3456 resolution.]FIGURE 10 Porsche Unleashed running at 6144x3456 resolution.
Download
It turns out it just works well with mainline Wine for arm64 with FEX as the ARM64EC compatibility backend.
I installed Verok’s patch and used the OpenGL3 renderer which works great! Now the graphics are even better than the original game (which ran only at really low resolutions of like 1024x768).

One weird quirk: GB10 has 10 fast Cortex-X925 cores and 10 slow Cortex-A725 cores. I had to explicitly pin it to the 10 fast cores rather than the 10 slow cores, otherwise the framerates would be really low.
I guess perhaps the game from 1999 uses so few resources that the scheduler doesn’t realize it needs to be running in real time.

On Windows 11, I had an incredibly hard time getting Verok’s patch to work, because Windows kept flagging it as malware. I had to jump through an insane amount of hoops. Every time I was about to right click to add it as an exception, the OS silently deleted it. It was super frustrating. Getting it working on the DGX Spark was quite painless in comparison. I don’t actually know if it contains any real malware, so please proceed at your own risk (I personally think it’s safe).

 StarCraft II

Like Rhino 3D, I asked Codex to help me get it working. SC2 works great on regular x86_64 machines in Proton or Wine, but on arm64, it crashed upon startup.
Anyway, here are the AI-generated instructions to get it working:

SC2 setup instructions

FIGURE 11 Settings menu in Starcraft II.
Download
FIGURE 12 Framerate is 85 fps.
Download
As with Rhino, Wine does not accept AI-generated code, and I’m not knowledgeable enough about the fixes here, so I can’t upstream my patched fork.

 A custom shelf

The DGX Spark comes with four USB-C ports (of which one is the power supply).
I wanted to augment my DGX Spark with:

	more USB ports for my keyboard, mouse, microphone, and stuff
	a spare NVMe M.2 2280 SSD I have lying around
	an SD card reader


so I bought a Mac Mini M4 dock by Hagibis which has all of the above with a fast USB4 connection with a fairly reputable ASMedia ASM2464PD chip and a decent-looking heatsink.
That is in turn daisy-chained to a four-port USB 3.0 switchable dock connected to my mouse, keyboard, audio, and microphone, which can also be easily switched to my MacBook (for work).

The four USB-C ports of the DGX Spark ended up being occupied by:

	power
	my four hard drive USB 3.2 ZFS raidz2 array with four 24 TB drives
	Hagibis dock (SSD connection)
	Hagibis dock (everything else)


To set up my DGX Spark nicely with the dock and to give it a floating appearance, I designed a custom mini shelf.

FIGURE 13 DGX Spark and USB hubs on shelf.
EXIF data	Camera
	FUJIFILM GFX100S
	Lens
	SIGMA 70mm F2.8 DG MACRO A018
	Aperture
	f/7.1
	Shutter
	1/6.5 s
	ISO
	ISO 1600
	Software
	darktable 5.5.0+1479~g9e36df0344
	Date
	2026-07-16 21:54:07

Download
FIGURE 14 Drawing of the shelf.
Download
FIGURE 15 Shelf fits the bottom radius of the DGX Spark perfectly.
EXIF data	Camera
	Apple iPhone 14 Pro Max
	Lens
	iPhone 14 Pro Max back triple camera 6.86mm f/1.78
	Aperture
	f/1.8
	Shutter
	1/30 s
	ISO
	ISO 640
	Software
	26.5
	Date
	2026-05-26 20:31:06

Download
DWG drawing

I got it made by SendCutSend and it cost me about $65.

The bottom of the DGX Spark is a silicone foot that is pretty grippy.
The Hagibis Mac Mini dock is stuck on via a thermal pad.
I also stuck an adhesive rubber sheet at the bottom of the whole thing to prevent it from sliding around.
This way, I can easily plug and unplug stuff, insert the SD card, and so on, without worrying about things sliding.

Theoretically, the shelf also slightly improves cooling, although probably to a minimal degree.
Many USB4 SSD enclosures get quite hot, so the thermal pad mated to a big aluminum thingy probably helps.
I also set the Hagibis dock to be upside-down with the fins on top (the fins are what’s directly mated to the SSD, and would otherwise be at the bottom of the Mac Mini with very little airflow).

Aesthetically, in the end, it still doesn’t look super clean.
I guess the Mac Mini dock just doesn’t match the look of the DGX Spark perfectly after all, and my other USB switcher is very ugly. Oh well!

Incidentally, my speaker stands for my KEF Q150 were also custom made by SendCutSend.
Those cost me over $110. They are just a rounded rectangle with two bends.

 Conclusion

So anyway the whole thing is great (price tag notwithstanding):

	it handles my “main PC” use cases, such as light occasional gaming, CAD needs (Rhino 3D), and photography workflow
	generates LLM tokens decently for simple coding tasks and automation
	power-efficient and quiet
	looks nice
	whatever doesn’t run out of the box, I can just get AI agents to get it working


I wrote this blog post because a lot of people have the impression that the DGX Spark is a one-trick pony that can’t do anything else besides LLM inference.
I often see people saying that one of the pros of the AMD Strix Halo platform is its ability to play games.
I’ll admit that not all games work, and it is perhaps not the “year of the Linux desktop” for many people yet, not to mention Linux on ARM.
But we are getting much closer than many realize.

Incidentally, this is my second Linux ARM machine, the other one being my Macbook Air M2 running Asahi Linux.

Nowadays, getting an SFFPC built with 128 GB of RAM and a 4 TB SSD is going to cost a lot anyway, not to mention having the 128 GB of memory being fully accessible by the GPU.

To be honest, I haven’t even trained any models on it yet. I have a list of great project ideas that could use training. I’ll do that eventually…

FIGURE 16 Size comparison with the Steam Machine (which has a similar 150 mm-ish square footprint). So the amount of gaming performance per unit volume is several times better on the Spark, commensurate with its three or four times higher price tag!
Download






Original: https://daniel.lawrence.lu/blog/2026-07-15-dgx-spark-as-daily-driver/ · Discussion
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Critical Minerals: Reducing U.S. import reliance with substitution and recycling

gao.gov · 39 points · Discussion

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

Original: https://www.gao.gov/products/gao-26-108687 · Discussion
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Show HN: DeepSQL – A self-hostable DBA agent for Postgres and MySQL

deepsql.ai · 37 points · Discussion

Hi HN - I'm Venkat, founder of Stayflexi (YC), CMU CS grad and Ex-Oracle Query Engine team (patents in core databases)DeepSQL started as an internal tool to stop our own databases from becoming the bottleneck they were becoming (13,000+ hotels in production). It worked well enough that we're releasing it.
DeepSQL is an AI agent that operates a database the way a senior DBA and Data Engineer would
1. Fixes slow queries (we cutdown DB spend by 4x)
2. Fixes DB bloat (blocks unnecessary schema changes, in vibecoded setup)
2. BI dashboards(we removed spend on tableau, retool and appsmith)
3. Security (We could redact access to sensitive, PII data to our employees) while engaging everyone in the org to interact with our database
How it works
1. Deepsql learns your data and relationships from your code base, rules and query logs
2. Deepsql agent has 20 background jobs that continuously monitor the schema changes, bottlenecks, and come up with solutions before the problem arises. (Schema bloat issues are irreversible)
3. Deepsql Brain has CLI and MCP surfaces that can directly work with Claude / Codex and Cursor. 
4. Deepsql digest delivers the daily database health report.
5. Your team can connect to deepsql with their favourate surface areas - Web UI, CLI, MCP or Slack.
One line install:
curl -fsSL https://install.deepsql.ai/install.sh | bash
For community support:
https://discord.gg/duEJq7AeeG
Or just email me for expert level setup guidance
venkat@deepsql.ai


Original: https://deepsql.ai/ · Discussion
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Launch HN: Unlayer (YC W22) – Add email and document builders to your app

unlayer.com · 34 points · Discussion

Hi HN, We’re Adeel and Umair, co-founders of Unlayer (https://unlayer.com/). We let you add content creation to your applications without having to build an entire editor, renderer, template, and export stack yourself. Unlayer lets you create emails, web pages, and documents inside your app, in three different ways: in code, visually, or with AI.Here’s a demo: https://www.youtube.com/watch?v=0HsDtNkdMpM.
We started with an embeddable email editor because a lot of products eventually need one: CRMs, marketing tools, customer engagement platforms, marketplaces, internal tools, and vertical SaaS apps all run into this at some point. At first, it sounds like a small feature: "just" add a drag and drop editor. In practice, it turns into a big pain. You end up dealing with email rendering, Outlook quirks, responsive layouts, templates, merge tags, image uploads, exports, permissions, localization, versioning, and a long tail of edge cases that have nothing to do with your core product
Over time, we saw the same problem beyond email. Apps also need landing pages, invoices, proposals, reports, contracts, and PDFs. Some of this content is best created visually by end users. Some of it is better generated in code by developers. Increasingly, some of it is also generated by AI agents. Many teams eventually need all three workflows. That is the direction we have been working toward with Unlayer.
There are three parts we are showing today:
(1) Unlayer Elements. This is our open-source React component library for creating emails, pages, and documents in code (repo: https://github.com/unlayer/elements, more at https://unlayer.com/elements). Instead of hand-writing raw HTML templates, developers can compose content using React components, reuse sections like headers, footers, CTAs, invoice rows, and branded blocks, keep templates in Git, and render them into production output.
One newer use case we are seeing is AI-assisted content creation. If an AI agent is asked to create an email, invoice, report, or landing page, the output is usually raw HTML or markdown that becomes hard to maintain. With Elements, the agent can generate structured React components instead. A developer can review the result, refactor it, keep it in Git, and still pass the design into a visual builder later if someone needs to edit it.
(2) Visual Builder. This is the drag and drop editor (repo: https://github.com/unlayer/react-email-editor, more at https://unlayer.com/email-builder) that can be embedded inside an app so non-technical users can create or edit content. In the demo, we show the email builder and the AI assistant inside the builder. The goal is not to replace the developer workflow, but to connect it with a visual workflow when marketers, admins, customers, or internal teams need to make changes themselves.
(3) Document Builder. This is for structured documents such as proposals, reports, invoices, contracts, and PDFs. We have seen a lot of teams build separate systems for email templates, web pages, and document generation, even though the underlying primitives are similar: layout, content blocks, variables, assets, preview, export, and permissions. More: https://unlayer.com/document-builder
The technical challenge is making these workflows share a common foundation. Developers should be able to build templates in code when that makes sense. End users should be able to edit visually when that makes sense. AI agents should be able to generate structured content instead of unmaintainable blobs. The final output should still be usable by the host application.
We make money by selling hosted builder, template, export, and platform features to companies embedding this into their products. Elements is open source. The commercial product is the broader hosted platform around builders, collaboration, storage, exports, and production use cases.
We were part of W22, so this is a late Launch HN. At the time, Unlayer was an embeddable email editor, and we did not think we had the right broader story for HN yet. Since then, the product has expanded into a more general content creation layer for products, including emails, pages, documents, APIs, open-source developer projects, and AI-assisted workflows. That felt like a better moment to bring it to HN and ask for feedback.
We'd really appreciate thoughts from HN. This is one of those areas where a lot of people have strong opinions because they’ve been burned by editors, email HTML, document editing, or “simple” content workflows before. We'd love to hear what resonates, what sounds wrong, and what you think we should be thinking harder about!


Original: https://unlayer.com · Discussion
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Which streaming service was that on again?

timwehrle.de · 25 points · Discussion


                    I'm a huge movie fan. I'd even call myself a cinephile. The films I enjoy most are the ones that leave me thinking afterwards. What I don't want to think about beforehand is where I can actually watch them. These days, movies are spread across what feels like a hundred different streaming services. I still don't understand why there isn't a better solution for this. Or maybe I just don't want to accept that this is the only option. Either way, I wanted to figure out how we ended up here, so I did some research.

The original promise of streaming was simple. Everything would be available whenever you wanted it. You could sit down in the evening and binge an entire season without waiting a week for the next episode.

Well... weekly releases seem to be making a comeback. I've forgotten more than one show simply because I had to wait a week for the next episode. But overall, streaming still changed the way we watch movies and TV. 

I still remember recording TV shows because otherwise you'd miss them, or waiting until 8:15 p.m. (the prime time) because that's when the big movie of the week started. Today you just lie down in bed, open an app, and watch whatever you're in the mood for. Broadcast schedules don't matter anymore. 

Another huge improvement was the lack of ads. One of the most annoying things about television was the ad breaks every fifteen minutes. Early streaming didn't have that. You paid for a Netflix subscription and that was it. 

It was also usually cheaper than cable or pay TV, although I'm honestly not sure that's still true today. And maybe the biggest advantage of all was that one streaming service was enough. Most of the movies and shows people wanted to watch were in the same place, so you never had to think about who owned the rights.

Then everything started to fragment. Over time, it felt like every major studio launched its own service. Then Netflix proved just how profitable streaming subscriptions could be. Instead of licensing their movies to Netflix, studios realized they could keep the content, launch their own platform, and collect the subscription fees themselves. From a business perspective, it made perfect sense. From a viewer's perspective, it was the beginning of the mess. Disney made Disney+, Warner launched (HBO) Max, Paramount created Paramount+, and so on. Each company wants to keep its own movies and shows exclusive to its own platform. It's what convinces people to subscribe. The downside is that movies disappear from other services once the licensing rights move back to their original owners. And it's not just movies and TV. Sports have become just as fragmented. The Champions League is on one platform, Formula 1 on another, the NBA somewhere else. And even if you're lucky enough to subscribe to the right service, the movie you want might be on Hulu in the US, Disney+ in Germany or simply unavailable where you live.

As a student I don't have unlimited money. Three streaming subscriptions at around €8 or €10 each might not sound like much, but they add up quickly. If you want 4k or need more than one device, that's another extra charge. 

Subscription growth eventually slowed down, so streaming companies started looking for new ways to increase revenue. That's when ad-supported plans became the norm. The cheaper tiers include ads, while the ad-free versions keep getting more expensive. So you start with the ad-supported plan, eventually get tired of the worse experience, and the premium plan is the only option left.

And sports subscriptions are even worse. If you want to follow everything related to your favorite sport, spending €50 a month isn't unusual. Add regular price increases on top of that, and suddenly streaming isn't the affordable alternative it used to be.

Let's say you've accepted that this is just how streaming works now. Now you have to figure out where your movie actually is. Every app has its own interface, its own search function, and its own way of organizing content. Personally, I've never liked how clunky TV apps often feel. I'm looking at you, Prime (mostly the old Prime).

Eventually you find your movie. After it's over, another interesting recommendation pops up, so you save it to your watchlist. Except every platform has its own watchlist. Sure, every company wants you to stay in its own ecosystem. I get it. But before you know it, you've got movies saved across six different apps. Video quality isn't consistent either. One service includes 4K, while another only offers HDR or Full HD unless you pay more. And sometimes it's almost ridiculous: you watch the first movie on Disney+, then have to switch to another service just to watch the sequel.

There are more movies available than ever before, yet it's somehow harder to find one to watch. At least for me, it's not unusual to spend twenty minutes scrolling through different apps just to watch a ninety-minute movie. Sometimes, after all that searching, I don't even feel like watching anything anymore. And the recommendation algorithms. I mean, they've suggested some genuinely great movies to me so I don't want to pretend that they're completely useless. But a lot of the time they keep pushing the same popular titles.

Ironically, streaming is starting to look a lot like TV again. Ads are back unless you pay for the expensive tier. FAST channels with fixed schedules are becoming more common, because they're cheap to operate and generate advertising revenue 24/7. Bundles like Disney+, Hulu and ESPN+ feel a lot like cable TV all over again. Exclusive licensing means certain shows only exist on one platform. And live events, like boxing on Netflix or exclusive sports broadcasts elsewhere, are bringing appointment viewing back.

But it has consequences. Some people end up turning back to piracy. It's not just because they don't want to pay. A lot of them are already paying for several streaming services. The bigger issue is the convenience. Spotify showed that if legal streaming is more convenient than piracy, most people are happy to pay. Illegal platforms usually put everything into one interface. There's no jumping between apps, no wondering who owns the rights this month and regional restrictions often disappear. Of course there's a reason it's called piracy, but you get me. For every piracy site that is taken down, two more will pop up.

There are probably a few ways to improve things. Cross-platform search should be standard by now. A shared watchlist across services would help. You can track movies with Letterboxd or one of the other apps, but then you're relying on yet another app to organize your entertainment. Bundled subscriptions where you choose three services for a discounted price could also make things simpler. Those are just a few ideas, but they're probably easier said than done.

Streaming is still great, don't get me wrong. The flexibility is unmatched, and the picture quality has never been better. The problem isn't with streaming itself. It's just that the ecosystem became too fragmented. Streaming solved TV's biggest problems. But over time, it slowly recreated most of them. And that's why I'll probably keep asking myself the same question for a while longer: Wait… which streaming service was that on again?

                  



Original: https://www.timwehrle.de/blog/which-streaming-service-was-that-on-again/ · Discussion
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How to organize 3 acquired companies into one coherent website

littlelanguagemodels.com · 13 points · Discussion


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




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




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




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





	day-to-day responsibilities




	previous experiences making IA decisions, positive or negative




	perception of the areas with the highest potential for company growth




	professional goals






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




How Company A plans and delivers items.




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




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




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




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




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




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




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




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




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




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




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




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




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




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




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




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




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




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




Put users into categories




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





	Location (by country, city, district)




	Clinical discipline (nursing, surgery, pharmacy)




	Clinical specialty (dermatology, ethics, pathology)




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




	Role (educator, administrator, researcher)




	Institution (academic, commercial, non-profit)






For patients of healthcare providers, groups may include:





	Insurance type




	Age group




	Risk level






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




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




Test with a small group of users




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





	Do labels match user language?




	Do groupings match users’ mental models?




	Does content hierarchy reflect user goals?




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






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




Think horizontally, not vertically




What do I mean by this?




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




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





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




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






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




Vertical vs horizontal content thinking



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




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




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




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




Key takeaways




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





	Start with user goals




	Identify commonalities across products




	Identify opportunities for consolidation and removal across content




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




	Put users into categories




	Test with a small group of users




	Provide multiple information pathways to improve discoverability




	Be prepared for content discussions to get heated






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





Original: https://littlelanguagemodels.com/how-to-structure-your-sites-after-a-big-acquisition/ · Discussion
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Conway's Game of Life, in real life

lcamtuf.coredump.cx · 12 points · Discussion

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

Original: https://lcamtuf.coredump.cx/blog/conway/ · Discussion




Colophon


Colophon

Sent by sendle.app

Long reads, delivered to your reader.
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Ezample 2.1. A one-time pad is a Shannon cipher £ = (E, D), where the keys, messages, and
ciphertexts are bit strings of the same length; that is, £ is defined over (K, M, C), where

K:=M:=C:={0,1}%,

for some fixed parameter L. For a key k € {0,1} and a message m € {0,1}" the encryption

function is defined as follows:
E(k,m) :=k@&m,

and for a key k € {0,1}* and ciphertext c € {0,1}¥, the decryption function is defined as follows:

D(k,c):==k@®ec.
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Here, “@" denotes bit-wise exclusive-OR, or in other words, component-wise addition modulo 2,
and satisfies the following algebraic laws: for all bit vectors z,y,z € {0, 1}, we have

T®y=y®r, tOYd2) =0y 2z, z®0“ =z and zoz=0"

These properties follow immediately from the corresponding properties for addition modulo 2.
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2.1.1 Definition of a Shannon cipher

The basic mechanism for encrypting a message using a shared secret key is called a cipher (or
encryption scheme). In this section, we introduce a slightly simplified notion of a cipher, which we
call a Shannon cipher.

A Shannon cipher is a pair £ = (E, D) of functions.

e The function E (the encryption function) takes as input a key k and a message m (also
called a plaintext), and produces as output a ciphertext c¢. That is,

¢ = E(k,m),
and we say that c is the encryption of m under k.

e The function D (the decryption function) takes as input a key k and a ciphertext ¢, and

produces a message m. That is,
m = D(k,c),

and we say that m is the decryption of ¢ under k.

e We require that decryption “undoes” encryption; that is, the cipher must satisfy the following
correctness property: for all keys k and all messages m, we have

D(k, E(k, m))=m.
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In the first place, you are struck by the general contrast between these
heads. Both are massive enough in all conscience; but there is a certain
mathematical symmetry in the Sperm Whale’s which the Right Whale’s sadly
lacks. There is more character in the Sperm Whale’s head. As you behold it,
you involuntarily yield the immense superiority to him, in point of pervading
dignity. In the present instance, too, this dignity is heightened by the
pepper and salt colour of his head at the summit, giving token of advanced age
and large experience. In short, he is what the fishermen technically call a
“grey-headed whale.”

Let us now note what is least dissimilar in these heads—namely, the two
most important organs, the eye and the ear. Far back on the side of the head,
and low down, near the angle of either whale’s jaw, if you narrowly search,
you will at last see a lashless eye, which you would fancy to be a young
colt’s eye; so out of all proportion is it to the magnitude of the head.
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The encryption and decryption functions happen to be the same in this case, but of course, not all
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