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The other Sean Byrne doesn't exist

conic.al · 354 points · Discussion


    
  
  
    [image: U.S. government Consolidated Screening List result showing Sean Byrne on the Bureau of Industry and Security Entity List at an address in Drumcliffe, County Sligo.]


Earlier this year Apple denied me access to App Store Connect after deciding that I matched someone on a U.S. government restricted-party list.


Their explanation was fairly definitive:



  “The information you provided fully matches one or more restricted parties on the U.S. government consolidated screening list or another government’s sanctions list.”




They already had my passport.


I replied with my full legal name, Sean Joseph Byrne, uploaded my driver’s license, and pointed out the address on the government record they appeared to be matching me against. I’ve never lived at that address, never lived in County Sligo, and have no connection to the company involved. I asked them to escalate it to their sanctions compliance folks and make a proper non-match determination.


Apple still hasn’t replied.


[image: Apple Developer Support email stating that the information provided fully matches one or more restricted parties on a U.S. government screening list.]
Apple’s response after reviewing my identity information.


I knew what had happened because this wasn’t the first time.


Cloonmull House


Search the U.S. government’s Consolidated Screening List for Sean Byrne and you get exactly one result:



  Sean Byrne

Cloonmull House

Drumcliffe, County Sligo

Ireland


  Source: Entity List, Bureau of Industry and Security

Added: July 21, 2009

License requirement: All items subject to the EAR

License policy: Presumption of denial




The Consolidated Screening List isn’t itself a sanctions list. It’s a U.S. government screening tool that combines a number of export-control, sanctions and other restricted-party lists maintained by the Departments of Commerce, State and Treasury.


The result comes from the Commerce Department’s Bureau of Industry and Security Entity List. “All items subject to the EAR” means the Export Administration Regulations, the rules governing what U.S. companies can ship abroad. “Presumption of denial” is a licensing posture: if someone applies for a licence to export something to this person, the default answer is no. That’s the entire purpose. It’s an export-control instrument but it says nothing about who can be employed, or who can sell shares.


The person in the search result isn’t me. More interestingly, it doesn’t appear to be anyone.


The entry came out of the prosecution of an Irish aircraft-parts business called Mac Aviation. In 2009, the Department of Justice described Sean Byrne as Mac Aviation’s commercial manager and charged him alongside Thomas and Sean McGuinn over the illegal export of U.S. aircraft equipment to Iran.


Except Mac Aviation had apparently invented employees to make the company look bigger than it was.


Mac Aviation was a father and son working out of a cottage on the edge of Drumcliffe village, Ben Bulben behind it. A Rolls-Royce official who came to visit was reportedly speechless. The company he had been selling helicopter engines to, and had taken for a global operation employing hundreds of professionals, was a house in Sligo.



Drumcliffe, County Sligo, with Ben Bulben in the background.


To keep up the impression of a much larger firm, the McGuinns signed documents with false names. Sean Byrne was one of them. John Mooney reported in the Sunday Times that the name appeared on so much company paperwork that the American authorities “became convinced Byrne existed and tried to indict him.”


When DOJ filed a superseding indictment in 2010, replacing the original, Sean Byrne was no longer a defendant. The defendants were Mac Aviation and Thomas and Sean McGuinn.


More importantly, the superseding indictment repeatedly describes Sean Byrne as an alias used by one or more co-conspirators. The phrase appears more than fifteen times, attached to specific invoices, emails and an ownership statement. Mac Aviation staff used the name with suppliers in the U.S. and customers in Iran.


At some stage the U.S. government appears to have worked out that Sean Byrne wasn’t actually a separate person. And yet the entry in the Entity List survived. Sixteen years later it still has no date of birth, passport number, middle name or other useful personal identifier. It’s basically a common Irish name, an address in Sligo and Ireland.


Cloonmull House in Sligo was Thomas McGuinn’s home, and the indictment gives it as Mac Aviation’s registered mailing address. So the entry isn’t a record of a man in Sligo. It’s a name attached to somebody else’s house. And I’ve never lived in Sligo.


This has happened before


Years before I moved back to Ireland, I was selling stock through a tender offer when Nasdaq stopped my order after a background check returned a match on my name.


Their Head of Account Management emailed me saying that the check had found a match associated with a previous incident and that he was confident it was a false positive, but compliance wanted additional proof of my California address. On the phone he gave me more detail and specifically asked me about Mac Aviation. I explained that I’d never had anything to do with the company, provided the extra documentation they wanted and the sale went through with an entertaining story to tell people.


[image: Nasdaq email stating that a background check produced a name match.]
Nasdaq’s response after a background check matched my name.


More recently I ordered a Starlink mounting pole from California. DHL, shipping on behalf of SpaceX, told me the problem was a restricted-party match and asked for my passport. I sent it, they cleared it and the pole arrived. DHL also wouldn’t send a hat I’d ordered in the U.S. on to me in Ireland without a copy of my passport.


The fake Sean Byrne was associated with attempts to procure helicopter engines, fighter-aircraft parts and other U.S. equipment for Iran. The real Sean Byrne occasionally needs to produce a passport before someone will send him a hat.


Apple is the odd one out. Nasdaq and the shippers both generated false positives, asked for enough information to resolve them, and then resolved them. Apple already had my passport, received my driver’s license and a fairly detailed explanation of exactly why the match was wrong, and still told me that I “fully” matched a restricted party.


Twelve men named Robert Johnson


None of this is novel. In October 2006, 60 Minutes found twelve American men named Robert Johnson who all had trouble boarding flights, and brought them to New York together. A politician, a soccer coach, businessmen and a serving member of the military.


The Robert Johnson they kept being confused with wasn’t a man named Robert Johnson. It was a known alias of someone convicted of plotting to bomb a Hindu temple and a cinema in Toronto, who by then had served his sentence and been deported to Trinidad. The airline agents checking the twelve real ones against it had a name and nothing else. Not even a date of birth.


Asked about it, the head of the FBI’s Terrorist Screening Center said Robert Johnson would never get off the list, and that anyone with the name would be inconvenienced every time they tried to check in.


I’m not on the Entity List. I’m being misidentified as an entry on it. Apple didn’t make that distinction.


The consumer version of this has been litigated. In 2005 Sandra Cortez was held up buying a car in Colorado because TransUnion matched her against a woman on the Treasury Department’s sanctions list who was born 27 years after her. The credit bureau had compared first and last names only, not dates of birth. A jury awarded her damages and the Third Circuit upheld it, describing the failure to compare birth dates as reprehensible. Sergio Ramirez had the same experience at a car dealership six years later, and his case reached the Supreme Court in 2021.


In both cases the courts called for better matching. Compare the date of birth. Compare the middle name.


There is no version of that available to me. The listing has no date of birth to compare. No middle name and no passport number, because the person doesn’t exist. A screening system that does its job perfectly will still flag me, forever, on the only two facts the record contains: a common Irish name and a country.


Which is why arguing with companies one at a time is the wrong approach.


The real fake Sean Byrne


Remote hiring has developed a serious identity-fraud problem. It has also developed, somewhat unbelievably, a North Korea problem.


North Korean IT workers have been getting remote jobs at U.S. companies using stolen or fabricated identities, proxy interviewers and U.S.-based “laptop farms” that make workers overseas appear to be connecting from inside the United States. The FBI has been warning companies about it, and the DOJ has prosecuted schemes that successfully placed workers at more than 100 U.S. companies.


So if you’re hiring remote engineers, “is this person actually who they claim to be?” is now a legitimate security problem.


A new class of recruiting products is being built around that problem. They sit inside the software companies use to manage job applications, the applicant tracking system or ATS.


Tofu is one of them. Their pitch is that they screen every applicant across more than forty signals before a recruiter opens a résumé, and that when a screened applicant triggers a sanctions match the signal routes straight to compliance review. They are explicit that this has to happen early: screening at the background-check stage is, on their account, already too late, so it should run at application submission before any recruiter makes contact. They also say a candidate flagged by one of their customers is flagged across their whole customer network through their API. Brainner makes a similar case, checking applicants against 3.5 billion data points and flagging high-risk profiles before a recruiter reviews them.


Tofu says its database is built from analysed applicant profiles. Their homepage says more than 18 million. Most of their other pages say more than 5 million.


The sanctions screening these vendors describe is OFAC and the Specially Designated Nationals list, which is the right list for the risk they’re selling against: paying wages to a sanctioned person. I’ve no evidence that either company queries the BIS Entity List, and no idea whether any company I’ve applied to uses either product.


But screening my name against U.S. restricted-party data produces a false positive. It did at Nasdaq, at SpaceX, at DHL and at Apple. Four times in six years. And the industry’s answer to remote-hiring fraud is to run that class of check earlier, before a human is involved, and propagate the result across a network of employers.


Mac Aviation fabricated an employee to make itself look like a bigger company. That fabricated employee ended up in an authoritative U.S. government database. Sixteen years later, companies are building systems using that database to detect fake applicants, fraudsters, criminals and state-backed actors before they get through the hiring process.


Has this cost me a job? I don’t know. I’ve spent my career in information security, much of it in the U.S., and I’m now applying for roles from Ireland. There have been jobs where I’ve a background that should at least get a conversation and I’ve heard nothing. That’s hardly remarkable on its own. Hiring is messy, roles get frozen, recruiters disappear and companies reject perfectly good candidates for reasons the candidate will never know. There is an entire website called Did They Ghost You?, so we’re not dealing with an unexplained phenomenon.


But Nasdaq told me it was Mac Aviation. DHL shipping on behalf of SpaceX asked for a passport and told me it was due to a hit against the restricted parties on the U.S. government consolidated screening list. Apple at least told me I’d matched something, even if it then stopped talking. An applicant tracking system will tell me nothing at all.


Upstream


I asked the Bureau of Industry and Security’s End-User Review Committee to review the original Entity List entry. I’m not sure anything will come of it. The normal process is designed for a listed person asking to be removed, which creates an interesting problem here. I’m not the listed Sean Byrne, and the available evidence suggests that person may never have existed.


For now the U.S. government’s screening data still says Sean Byrne, Cloonmull House, Drumcliffe, County Sligo.


I’ve still never lived in Sligo.


  



  



Original: https://conic.al/writing/the-other-sean-byrne-doesnt-exist/ · Discussion
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Intro
Contest in short
GPU Mode, in collab with Core Automation, recently hosted an auto-research themed contest. The problem statement was to implement batched square compact-Householder QR factorization aka QR decomposition.  I placed 12th out of 183 participants, ending up with a 232x speedup over the baseline solution. This post is about how I got there. I will go through my approach, learnings, and bottlenecks I ran into during the contest. It was my first serious attempt at auto-research. Some people will call this "loop engineering", and honestly that is fine too.

Note that you don't need to go through the mathematics or the problem itself in detail to follow most of this blog post. I have focused on my approach while keeping the math and the problem itself secondary as most people who will read this won't have participated in the contest.

You can check out the full contest page here: Problem Link and Leaderboard

This contest was part of GPU Mode's Linear Algebra Kernels in the Age of Research series.


Problem intro
We were given a batch of square FP32 CUDA matrices A with shape batch x n x n, and had to return the same compact Householder QR representation as torch.geqrf(A): an H matrix whose upper triangle is R and whose lower triangle stores Householder vectors, plus a tau vector of reflector coefficients. The checker rebuilt Q with torch.linalg.householder_product(H, tau), took R = triu(H), and verified:

A≈QR,Q⊤Q≈I,Q⊤A≈R

Among correct submissions, the leaderboard ranked runtime by geometric mean across shapes and conditioning cases. The important sizes were batched square matrices like 512 x 512, with larger 1024, 2048, and 4096 cases too. Low-bit FP16, FP8, or NVFP4 was allowed internally, but returned factors still had to satisfy FP32-style QR checks.

A tiny 3 x 3 example is:

A=[12−5146167−68−424−41]=[6/7−69/175−58/1753/7158/1756/175−2/76/35−33/35]⏟Q[1421−140175−700035]⏟R

Here Q is orthogonal, which means its columns are unit-length and perpendicular to each other, and R is upper triangular, which means everything below the diagonal is zero. The contest was not asking us to print dense Q and R directly; it asked for the compact Householder version that lets the checker reconstruct Q and read R from the upper triangle.

For the 3×3 example above, the very first reflector maps the first column (12, 6, −4) straight onto (−14, 0, 0) in one shot. The −14 becomes R11. How that works is in the math section.

Why this problem is auto-research-able
GPU Mode provides participants with the popcorn CLI making it agent-friendly. Agents can use this to test, benchmark, and submit to the leaderboard directly. The checker also provided shape-wise feedback along with the overall geometric mean timing.

Astute observers will notice this is an apt setup for writing a loop. Agents yearn for tight feedback loops. They allow them to hill-climb to their heart's content.

GPU Mode contests usually give you some way to iterate on kernels. Either you submit directly, or a sponsor like Modal chips in credits. Here the organizers basically allowed unlimited submissions as long as you spaced them out. If you didn't, the queues got long and everybody's runs timed out. At one point the workspace even ran out of Modal credits because everyone had been hammering submissions. It's a nice way to make learning accessible.

Over the course of 14 days, I made over 1500 submissions.

Learning Enough to Ask Better Questions
[image: codex-image (1)]

I have known the basics of GPU kernel optimization (mainly in Triton with some understanding of CUDA) for a year, but haven't worked in this domain professionally. What I am trying to tell you is that I was an underdog among the people around me on the leaderboard. The person just above me on the leaderboard (CUDA Colonel) is a principal engineer at NVIDIA.

Anyway aura farming aside, since I know the basics and had recently read about GatedDeltaNet, I was fresh on the general GPU kernel lingo.

The better you know something, the better you can prompt the LLMs, because you convert unknown unknowns into known unknowns.

At the same time, it's worth noting that this contest was doable without domain knowledge - like you probably won't make it to the top 10, but you can get a respectable speedup over baseline by just relying on your harness/agent loop or whatever.

My first steps in the contest were to learn what QR decomposition is and how it can be done. There are a bunch of ways to do it - like Gram-Schmidt and Householder reflections. The contest mandated Householder reflections. I went back and forth with Claude and watched a few YouTube videos to build intuition. After my discussions with Claude, it was clear that we needed to use the blocked Householder algorithm as the main architecture with the trailing WY-update. As it turns out, GPT-5.5 also had a good idea about this. QR decomposition is a fairly well known problem.

I found the concept interesting as matrix decompositions show up in several modern optimizer variants for LLM training, especially in methods that use matrix preconditioning, such as Shampoo-style optimizers and related approaches. Muon (used by Kimi) is another good example: instead of treating a weight update as one giant flattened vector, it keeps the matrix structure around and orthogonalizes the momentum update, usually through a few Newton-Schulz iterations that approximate the polar factor.

(Optional) Math for QR decomposition: Householder reflections
I recommend skimming through this section if you are curious about the math otherwise feel free to skip. The only thing to note is that
there is a sequential dependency in Householder QR which makes it problematic to do GEMM. We use blocked Householder to make it more matrix-multiplication shaped.


  [image: andrew]

The contract
Quickly reviewing the contract: input is a batch of square FP32 matrices A; output is the compact (H, tau) format that torch.geqrf returns. The upper triangle of H is R. Below the diagonal, H stores the Householder vectors, and tau stores one scalar per column. The checker rebuilds Q from (H, tau) and verifies A ≈ QR.

Mirrors
Forget matrices for a second. In a bathroom mirror, your reflection is exactly as far behind the glass as you are in front of it, straight through.

If x⟂ is the part of x sticking out perpendicular to the glass, reflection just subtracts that part twice:

xreflected=x−2x⟂

So a Householder reflection is about finding the perpendicular part and subtracting it twice.

Storing the mirror
A Householder vector is the mirror, stored compactly. In code, we don't carry around the whole mirror plane. We store one vector v sticking straight out of it. The mirror is everything perpendicular to v, and the reflection moves along v.

The perpendicular part is just the shadow of x along v, which is v⊤xv⊤v copies of v. Plug that into the subtraction above:

ℋx=x−τv(v⊤x),τ=2v⊤v

So tau is just 2v⊤v: the factor of 2 and the length of v bundled into one precomputed number. v picks the mirror, tau scales the update. (I'll write the mathematical reflector as ℋj and reserve H for the compact output matrix.)




  Householder reflection in 2D
    tau = 0.00
  

  



  A simplified 2D Householder step. Drag the orange vector: the purple mirror changes so the green reflected vector lands on the horizontal axis. In higher dimensions, landing on the axis is exactly what makes the below-diagonal entries become zero.



Why QR cares about mirrors
QR wants to turn A into an upper-triangular matrix R. Column 1 should become something like (*, 0, 0), column 2 should have zeros below row 2, and so on.

A Householder mirror is useful because it can do that to a column in one shot. Take the first column of the 3×3 example above: (12, 6, -4). We want to send it to the x-axis so the lower entries become zero. A reflection can only change direction, not length, so the target must also have length 14. One valid target is (-14, 0, 0). After that reflection, the 6 and -4 entries are gone, which is exactly what we wanted.

How do we find the mirror? It sits halfway between the column and its target, so v, the vector poking through the mirror, is just the column minus its target:

v = (12, 6, -4) - (-14, 0, 0) = (26, 6, -4)

The Householder update
Then compute tau = 2 / (vᵀv). The reflector itself is:


ℋ=I−τvv⊤,τ=2v⊤v

ℋx=(I−τvv⊤)x

ℋx=x−τv(v⊤x)

ℋAactive=(I−τvv⊤)Aactive

ℋAactive=Aactive−τv(v⊤Aactive)



This turns the current column into (-14, 0, 0) and rewrites the other columns consistently, so the next reflector is built from the updated matrix.

We keep doing this once per column. In rough notation, the repeated updates look like:


A(1)=A(0)−τ1v1(v1⊤A(0))

A(2)=A(1)−τ2v2(v2⊤A(1))

A(3)=A(2)−τ3v3(v3⊤A(2))

⋯

R=A(n)



Each line uses the matrix produced by the previous line. Each reflector zeroes out everything below the diagonal of its column without disturbing the columns already finished. After the last one, A has walked down to an upper-triangular R:

A=ℋ1ℋ2⋯ℋn⏟QR

Mirrors don't change lengths or angles, so each ℋj is orthogonal, and so is their product Q. That's where the orthogonality the checker verifies comes from for free.

What's the compact format
Once column j is processed, everything below its diagonal is dead space. geqrf reuses those slots to stash the tail of v_j (the leading 1 is implicit). On and above the diagonal you're looking at R; below it, the reflectors; and tau rides along as a separate vector. That's why the checker needs both H and tau to rebuild Q.




  Compact geqrf storage (n = 6)
    hover a column
  

  
    H  (upper triangle = R, below diagonal = reflector tails)

    
    tau  (one scalar per reflector)

    
    r entries of R
      tail of vj
      τj
    

  




  One matrix, two payloads. Hover (or tap) any column j: the below-diagonal slots of that column are zero after reflector j fires, so geqrf reuses them to store the tail of vj. The leading 1 (shown on the diagonal when highlighted) is implicit. Pair each column with its τj and the checker can rebuild Q.



Make serial work small with the help of the blocked Householder algorithm
Householder QR zeroes out A below the diagonal one column at a time. Each step builds a reflector from the current column and applies it to everything on the right. The problem is reflector j+1 is built from the matrix after reflector j has already hit it. So you can't reorder the steps and you can't fuse them. It's serial, and the serial matrix-vector work runs in the slow vector lanes of the SM while the tensor cores just sit there idle.




  Householder QR, one reflector at a time (n = 5)
    math view: zeros appear, trailing block gets rewritten
  

  
  original a
    final entry of R
    rewritten by this reflector
    0 zeroed (vj gets stashed here)
  




  Reflector j zeroes column j below the diagonal and finalizes row j of R. But it also rewrites the entire orange trailing block, and reflector j+1 can only be built from that rewritten block. That data dependency is the serial chain the blocked algorithm attacks.



The classic fix is the blocked algorithm. You pick a narrow panel of b columns (say 32 or 64) and do all the serial work inside it. That's fine, because the panel is only b columns wide, so it stays cheap. Then, instead of applying the panel's b reflectors to the rest of the matrix one at a time, you compress them into a single rank-b update (the "WY representation") and hit the entire trailing block in one shot with three back-to-back matrix multiplies. The serial work stays confined to the panel, and everything else turns into GEMMs, which is exactly the shape the tensor cores want.

Concretely, the WY representation collapses a panel's b reflectors into a single rank-b update. Stack the panel's Householder vectors as columns of V=[v1,v2,…,vb], build a small b×b upper-triangular T, then:

ℋ1ℋ2⋯ℋb=I−VTV⊤

and the trailing-block update becomes three GEMM-shaped steps:

W=V⊤Atrail

Z=T⊤W

Atrail←Atrail−VZ




  Blocked Householder (n = 6, panel width b = 2)
    confine the serial work, GEMM the rest
  

  
  final entry of R
    stored v (panel, serial)
    rewritten by the rank-b update
    untouched
  




  The serial column-by-column work from the previous figure still happens. But only inside the narrow blue panel, where it's cheap. The b reflectors are then compressed into I − V T V⊤ and slam the whole trailing block at once: three GEMMs instead of b separate rank-1 updates. The panel then slides onto the orange block and the story repeats.



The panel is where the serial matrix-vector work is stuck, but it is only b columns wide. Everything to its right is the big trailing block, and that is pure GEMM. As the panel walks down the diagonal, the trailing block shrinks.

If you want to understand the math, I recommend brainstorming with Claude. Also check out Mike's writeup where he has covered math in a more descriptive and visual way than me. He placed 5th in the contest and shared his learnings focusing on the problem.

Other challenges
Two more things proved to be challenging: reliably using low precision internally (especially for ill-conditioned inputs), and coping with the wide spread of shapes (n = 32, 176, 352, 512, 1024, 2048, 4096) and batch sizes, where the largest matrices had too few batches to fill the tensor cores while n = 32 was so small we had to pack many matrices into one kernel launch.

Codex-maxxing
Why I picked Codex
I participated with ChatGPT Pro (200 USD subscription) and Claude Pro (20 USD subscription). I also used Modal for profiling (they provide 30 USD worth of credits free every month btw).

I chose Codex mainly because:


	I had the bigger subscription.

	From prior experience, my intuition was that OpenAI models are better at Triton.

	/compaction works very well in Codex.



Setting up the harness
After I got a basic understanding, I asked Codex to do the basic setup: add problem_statement.md, mention basic details in AGENTS.md on how to submit and use popcorn CLI, and maintain a log.md where we did bookkeeping of the submissions and their status (accept/reject along with shape-wise timings). If we have to contrast with Karpathy's auto-research, my AGENTS.md and problem_statement.md were initially my program.md.

Logs serve as the evidence of the ideas that worked and didn't work. Future agent sessions could read the logs and quickly check if an idea had been tried or not. I put more investment into logging after the 3000 µs mark as things started to get harder.

Just tell it what to do
The cool thing about Codex is you can just tell it to do stuff and it will actually do the stuff. You can make it work for hours if you give it a detailed enough prompt with targets. It knows all the math and code, and it has all the feedback it needs. I had this intuition, but I was still surprised by how much GPT-5.5 could push the performance beyond the baseline solution (which was the torch.geqrf/cuSolver function).

My initial few sessions were manual prompts to implement a solution in Triton and optimize for the n = 512 and n = 1024 shapes, as they had the most weight in the final geometric mean.

Steering with /goal
However, if you want to make the model loop until a certain objective is achieved, use /goal. You can give specific, achievable, quantitative goals. I found that giving a good numeric goal followed by specific criteria worked well.

Example: "Use only Triton or CUDA and beat our active best's n = 512 timings. Try several ideas either by submitting directly to the leaderboard or using Modal profiling. Remove cuSolver altogether in the new set of experiments. We will only use it as a fallback."
At one point, this goal ran for over a day.


  [image: Codex goal running for a long time]

I gave inputs every 2-3 hours to move the model in the direction I wanted. I also let it run without supervision overnight on some days. In the initial few days, my instructions were mostly around steering the model to try out different ideas (more on this later) for different shapes, shouting at it to use more Triton, less PyTorch, and fewer fallbacks! A lesson I learned here: I often had the itch to check on my agents frequently, but you gotta trust it and let it do its work. Get out of the agent's way you must; steer it back only when it gets stuck.

Checking in without pausing the loop
When using /goal, you can ask the model questions without pausing the loop by using /btw or /side. This creates a temporary thread with context from your main conversation. I liked this way of checking on the agent and providing oversight.

I would ask questions like: Are you winning son? What algorithm/changes are there in the current active submission? Explain this concept to me. What are the ideas you are currently working on? What's the progress? What are some recent breakthroughs? Can we transfer it to another shape? What are your next best ideas? Based on the responses, I would consult Claude to improve
my understanding of the concepts and bottlenecks involved and then provide my thoughts to Codex. After questioning, I would just go back to the main thread and dump thoughts to steer the model.

if a /goal or some loop type thing is running, then either you can queue up the instruction in codex to ask stuff or you can do /btw. (img me checking on codex to ask what's it doing, what next ideas are etc.). if you do esc to interrupt the loop, then the /goal pauses https://t.co/Yx6EpH5PKo pic.twitter.com/imqZc6RPkz

sankalp (@dejavucoder) June 27, 2026
 
The baseline torch.geqrf path was around 419 ms (419,000 µs) overall. I was able to reach 5000 µs within a day on the n = 512 shape after implementing the blocked Householder route for that shape. This was the shape weighted most heavily in the geomean.

The 232x number above comes from comparing the rough 419,000 µs baseline to the final 1,805 µs tracked result. The lineage chart below starts from the first recovered point in my tracked submission history, so it shows the later 108,803 to 1,805 µs arc rather than the full baseline-to-final ratio.

When optimizing kernels, making the work more matrix-shaped so the tensor cores stop being idle is your life's purpose.

Optimizations were much harder after the 3000 µs point. I had to get more involved in the loop in terms of learning the concepts and steering the model. I gave Modal profiling access to Codex and let it run torch profiling / nsys profiling to test out different ideas, compare implementations, and sweep parameters faster. (Later on, the organizers also provided a way to do NCU profiling.)

Kernel progress breakthroughs




  QR v2 · B200 full-table geomean

  103 best submissions · Jun 15 – Jun 30, 2026 · 108,803 → 1,805 µs (−98.34%)



 new best
   big jump (≥2.5%)
  hover / tap a dot · scroll or pinch to zoom, drag to pan, double-click to zoom in








Breakthrough ideas
The rough structural evolution of the QR kernel, from baseline/library-heavy paths toward custom panel work, fused assembly, and GEMM-shaped trailing updates:




  	#
  	Structural change
  	What it did
  	Type
  	Geomean





  	1
  	torch.geqrf everywhere
  	Generic QR for every shape
  	starting point
  	>108.8k µs



  	2
  	Blocked WY QR on n512
  	Panel factor + trailing update
  	algorithm / routing
  	108.8k µs



  	3
  	Blocked route on all shapes
  	n32 full-QR, LARFB16 updates
  	algorithm / routing
  	10.2k µs



  	4
  	Triton panels + grouped WY
  	panel16/32 kernels, grouped updates
  	kernel / runtime
  	4.3k µs



  	5
  	Cholesky-ORHR for n4096
  	Gram, Cholesky, rebuilt reflectors
  	algorithm / routing
  	4.0k µs



  	6
  	CUDA graph replay
  	Capture routes, kill launch overhead
  	kernel / runtime
  	3.4k µs



  	7
  	Fused V/T layout assembly
  	No slice copies, cats, temporaries
  	kernel / runtime
  	2.75k µs



  	8
  	split16 panels + tail-Gram
  	Skip full WY near tails
  	algorithm / routing
  	2.5k µs



  	9
  	Fixed-shape kernel specialization
  	Hardcoded rows, fused reductions
  	kernel / runtime
  	2.0k µs



  	10
  	Composed superpanels, custom Cholesky
  	V256/T256 packs, direct-H returns
  	kernel / runtime
  	1.80k µs







There was a lot of back and forth on profiling the entire shape and then identifying the bottlenecks. For this problem, launch overhead and panel overhead dominated. We were rarely memory or compute bound. Most of the effort was spent finding ways to reduce panel overhead and make the WY-update more GEMM-able.

Questions I found myself repeatedly asking:


	What is panel overhead/launch overhead? How do we solve it?



	What info are we missing and how can we get it?



	What's the latest profile that you have done? What's your take on it?



	Look for fusion candidates. Are there Triton fusion-level candidates?



	Look for possible compiler-based optimizations. What can we convert from a runtime signal to a static signal? The idea was to give compiler hints. I once had a 200 µs jump because of this



	Asked it a few times to look at Triton-generated compiled artifacts



	What are some numerical tricks to exploit the precision slack?



	Can you deploy sub-agents to do some math and find possible optimizations?



	Deploy agents to search for bugs that may be bogging us down



	Are there reduction fusions possible? I saw Codex discover one and then I started hammering it often. Reductions are operations like doing a sum or finding max. Since work needs to be done to iterate through the entire sequence, we can perform multiple of these in a single go.






  [image: maja]
  Asking good questions is all you need

Introducing idea diversity to escape the local maxima
A major challenge I started facing in the 3000 -> 1800 µs range was the model getting stuck in local maxima.
This looked like endless hand-tuning of parameters and small variants of the same idea.

A couple of years ago, agents got stuck in (doom) loops because they were not smart enough or just didn't have the knowledge (or the verification loop was not robust enough). People used to experiment with sampling, temperature variation and different decoding strategies for this.

Then over time, models got smart enough, pretrained on newer knowledge, and we got tons of RL scaling and inference-time compute (training the model to think for a larger number of tokens).

Now the models struggle with finding new ideas and "research taste" - what next best idea/experiment should we do given the verifier feedback, prior evidence, and our evals (profiler feedback in our case). Good idea generation is the next great adventure. I recently wrote an article too on this theme.

I used the following strategies to help the model get out of local maxima:


  [image: beam of candidates]
  The beam-of-candidates idea: keep multiple promising idea families alive instead of forcing every experiment to beat the current best immediately.


	Beam of candidates: For a long time, I did a dumb thing. I kept a single best candidate against which new candidates were tested. If the agent tries a new structural idea or a significantly big change, then it's highly likely that it would score less than our current best submission. However, after a few iterations, that change may outperform our best candidate. With this observation, I introduced some instructions to maintain a beam of 3-5 candidates.



	Human in the loop: I would act as the secret sauce to steer the model when it was stuck for long times without improvement



	Encourage the model to take more risks and try ambitious ideas. You will not believe it but this worked. Also, Claude would often give up after a few rounds, with excuses like "we have exhausted all optimizations to reach x geomean"; Codex, on the other hand, is more persistent.



	Use a stronger advisor model that produces more varied ideas. In my harness, this would look like an instruction
in AGENTS.md to encourage the model to use headless calls claude -p to get ideas, provide profiling data, etc.



	Instruct the model to frequently use sub-agents to try out ambitious ideas, search the web for blogs and papers, go through the list I mentioned above, and find micro-optimizations



	Profile using NCU and Modal, compare the results, and work on bottlenecks that both Modal and NCU profiling pointed out



	Cleanup


	Clear context, start fresh

	Clean up the environment, move older submission files to archives

	Occasional iterations to simplify code, remove dead code, renaming/refactoring





	A multi-agent swarm approach is something I thought of but didn't try.





I think the strong advisor strategy (like GPT-5.6 Sol or Fable) is going to be a standard strategy in auto-research flows. Think very big models with state-of-the-art training. Claude Code provides an /advisor command for this too.

We're bringing the advisor strategy to the Claude Platform.
Pair Opus as an advisor with Sonnet or Haiku as an executor, and get near Opus-level intelligence in your agents at a fraction of the cost. pic.twitter.com/fRkegyMs5t


Claude (@claudeai) April 9, 2026
 
Implementation Hints
My directory structure looked like this by the end:

qr/
├── submission.py                    # the live entry
├── submission_*.py            (560) # named submission variants (crystal_rain, blue_reply, …)
├── modal_b200_*.py            (119) # Modal B200 probe / compare scripts
│
├── AGENTS.md                        # top-level notes / logs
├── attempts_log.md
├── claude_ideas.md
├── leaps.md
├── problem_statement.md
│
├── docs/                      ( 68) # per-experiment writeups & status docs
├── code/                            # the actual QR kernel source tree
├── scripts/                         # summarizers, timing, submit helpers
├── archive/                         # cleaned-out old submissions & probes
│   ├── submissions_20260616_17/
│   ├── submissions_20260618_20/
│   ├── probe_scripts_cleanup_20260627/
│   └── …
├── submit_logs/                     # logs provided by the evaluator for each submission
└── profile.*/                       # captured NCU profile runs



Here's what my AGENTS.md looked like by the end:


Leaderboard Agent Notes
This workspace is for leaderboard-style optimization work. Follow these standing instructions unless the user explicitly overrides them.

Submission Discipline

	Don't hesitate to use sub-agents. Give them relevant instructions so they can do their task.

	Profile after major changes or major score gains.

	Use an advisor model when you are stuck or need fresh ideas. It can help break tunnel vision.

	Don't be afraid to implement hard tasks.

	Don't hesitate to take risks.

	Be open to new ideas and search the internet at times for new idea exposure.

	Before submitting, run the cheapest available sanity check for the candidate file.

	Keep submission logs under submit_logs/.

	Always save submit output into a timestamped log.

	Space leaderboard submissions out. Do not stack rapid back-to-back submissions unless explicitly asked.

	Treat a timeout as inconclusive, not as a correctness/performance rejection.

	Treat a completed residual failure or timing regression as real evidence.

	Only completed pass/fail/timing output is evidence.



Beam Search Discipline
Do not optimize as a single-incumbent hill climb. Maintain a small beam of active idea families so that local negative results do not prematurely kill useful ingredients.


	Keep a live beam note in docs/.

	Each beam entry should record the parent candidate, hypothesis, exact changed functions or gates, current best candidate/log, and next singleton, combination, or kill decision.

	Keep at least 3 active beams when there is enough work:
	one exploit beam near the current best,

	one near-miss beam,

	one structural/high-risk beam from profiling or external ideas,

	one cleanup/compile-time beam only if it has not consumed the whole search.





	Use sub-agents to work different beams, not many variants of the same tiny parameter unless explicitly asked for a parallel sweep.

	Do not declare a family dead after isolated singletons fail.

	If two ideas are individually neutral or slightly slower but touch independent costs, try combining them before retiring the family unless correctness risk is high.

	Preserve near-misses as beam material when they show a repeatable isolated win, improve one important case, remove overhead, or change an algorithmic surface that can combine with another beam.

	Kill a beam only with a clear reason: inherent correctness failure, repeated meaningful regression after a reasonable retune, singleton and plausible combinations both lose, profile evidence shows the targeted cost is no longer material, or implementation cost is blocking higher-value beams.

	After every 3-5 submissions, update the beam note with the current beam ranking and next combination candidates.




	When a new candidate is promoted into the active file, stage the promoted candidate, active file, evidence docs/logs, and any archive moves.

	Commit after promotion unless the user says not to.

	Use a lower-case commit subject and describe both what changed and what made the improvement in the commit body.



Profiling / Evidence Habits

	Prefer current active evidence over older sidecar timings.

	Keep raw profile logs and JSON under submit_logs/.

	When a candidate is rejected or promoted, update the relevant doc in docs/.

	Use rg for searching when possible.

	Archive older candidates, profile logs, and probe scripts so the root stays navigable.



Known Tried Ideas

	Do not mirror every attempt summary here. Check docs/ before repeating an idea, and update the relevant doc when an idea is rejected or promoted.

	Do not repeat rejected ideas as-is. If revisiting one, make the algorithmic difference explicit in the doc/log.

	If a platform or evaluator rule rejects a class of ideas, record it clearly so future agents do not rediscover the same invalid path.





What I could have done better
While there is scope for improvement in my simple harness, most of my shortcomings were problem-specific. I had these realizations after scanning the top 10 submissions and reading Mike's writeup.


	The n = 512 and n = 1024 cases had multiple input distributions such as dense, clustered, rank-deficient, mixed, and near-rank families. The faster kernels had written data detectors and exploited distributions, e.g. low-rank cases have lots of zeros, so how do we exploit this? I could have pushed Codex more here or at least inquired more in this regard.



	Top 10 solutions more aggressively removed library functions. For example, the 2nd and 5th solutions used custom triangular inverse instead of using PyTorch triangular solve. My solution had lots of back and forth between PyTorch and Triton.



	Could have kept the trailing matrix resident in fp16 instead of repeatedly moving between representations. This was an unknown unknown for me and was purely a domain expertise miss.



	I should have had the beam of candidates from the start



	Write a more robust profiler to test the mixed precision cases



	Wasn't able to use tcgen05 instructions, NVIDIA's fifth-generation tensor-core instructions on Blackwell, to exploit B200 tensor cores more





Conclusion
I placed 12th out of 183, with a 232x speedup over baseline. More importantly, I learned a lot about GPU kernel optimization, auto-research (or loop engineering?) basics, and some B200-specific details.

I also concluded that domain expertise accelerates both harness design and human-in-the-loop steering. I also had a couple of observations. There is a spectrum for how domain-specific engineers want to make things. On the left, people want to make a general harness that can self-improve. On the other end, people are interested in making very problem/environment-specific harnesses. I personally lean toward problem-specific harnesses.

I hope you enjoyed reading this and learned something new. If you liked this blog, please like/upvote/share!

By the way, the second contest in the series, eigen decomposition, is currently going on. See you on the leaderboard.

References
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AI Isn't Outthinking Mathematicians. It's Out-Remembering Them

davidepiffer.com · 265 points · Discussion

[image: John Von Neumann : une définition de Ma petite encyclopédie]
At the 1952 dedication of the Institute for Advanced Study computer. AI may be less like an electronic Einstein than a machine-amplified von Neumann: immense speed, breadth and symbolic memory.
When an AI system solves a difficult mathematical problem, the usual explanation is that it has become more intelligent.
Perhaps it has absorbed millions of mathematical examples. Perhaps reinforcement learning has taught it better reasoning strategies. Perhaps it is beginning to develop something resembling genuine mathematical intuition.
All of these explanations may contain some truth. But they overlook a simpler possibility:
AI has access to a vastly larger working memory than the human brain.
Or, more precisely, it has access to an enormous external symbolic workspace that performs many of the functions that working memory performs in humans.
This difference may be especially important in mathematics.
A human mathematician can hold only a small number of unfamiliar elements in mind simultaneously. An AI model can keep the entire problem statement, hundreds of intermediate equations, several abandoned approaches, definitions, constraints and earlier conclusions inside its context window.
We normally interpret the resulting performance as evidence of superior reasoning. But some of it may instead reflect the removal of one of the most important biological limits on human reasoning: our extremely restricted working-memory capacity.
Working memory is the mental system that allows us to hold and manipulate information over short periods.
When solving an equation, you must remember what each variable represents, which operations have already been performed and what the current goal is. During a proof, you may need to keep track of assumptions, intermediate lemmas, exceptions and multiple possible cases.
Human working memory is remarkably limited.
Its exact capacity depends on the task and on how information is organized, but the general limitation is obvious from everyday experience. Try multiplying two three-digit numbers in your head. The underlying operations are simple. The difficulty comes largely from having to preserve partial results while performing additional calculations.
Writing the numbers down transforms the problem.
Paper does not make you more intelligent. It expands your effective working memory.
The same principle applies at higher levels of mathematics. A mathematician uses notation, scratch paper, diagrams and previously written lemmas not merely to communicate the solution, but to make the reasoning cognitively possible.
Experts compensate through “chunking.” A novice sees a long sequence of symbols. An expert recognizes a familiar structure and treats it as a single conceptual object. This allows far more information to fit inside the same biological working-memory limit.
But chunking does not eliminate the limit. It merely compresses the information.
An AI model faces a very different constraint.
The importance of working memory for mathematics is not merely theoretical. It is visible in the differences between human beings.
Working memory is strongly related to general intelligence, which raises an obvious question: does it independently predict mathematical performance, or is it merely another imperfect measure of IQ?
Several studies suggest that it contributes something beyond conventional intelligence measures. Alloway and Passolunghi (2011), for example, examined working memory, verbal ability and mathematical skills in children. They found that working-memory measures made a distinct contribution to mathematical performance rather than simply reproducing the association between mathematics and general verbal ability.
In a separate six-year longitudinal study, Alloway and Alloway (2010) measured children at age five and then examined their academic achievement six years later. Early working-memory performance predicted later literacy and numeracy even after IQ was included in the analysis. Indeed, working memory was a stronger predictor of the later academic outcomes than the IQ measure used in the study.
Blankenship and colleagues (2015) similarly reported that working memory explained unique variation in mathematical fluency and calculation after statistically controlling for IQ and age. A large meta-analysis by Friso-van den Bos and colleagues (2013) also found a consistent relationship between working memory and mathematics across primary-school studies, although the strength of the relationship varied according to the type of working-memory and mathematical task being measured.
These findings should not be exaggerated. Working memory and intelligence overlap substantially, and statistical control cannot perfectly isolate them as independent psychological mechanisms. Nor does the evidence imply that commercially training working memory will necessarily produce large improvements in intelligence or mathematics.
The narrower conclusion is nevertheless important: among children with similar measured intelligence, differences in the ability to hold, update and manipulate information still predict differences in mathematical performance.
This provides a crucial clue for understanding AI. If human mathematical performance is partly capped by a working-memory bottleneck, then giving a machine an enormous symbolic workspace changes the nature of the contest. The machine may appear more mathematically intelligent partly because it is much less constrained by a cognitive limitation that suppresses human performance.
A modern language model can process an enormous sequence of tokens at once. This sequence may include the original question, definitions, examples, intermediate calculations and the model’s own earlier reasoning.
The context window is not identical to human working memory. It is better understood as a gigantic external notebook combined with an imperfect system for searching and using what has been written in it.
This distinction matters.
Humans possess a form of active internal memory. We can silently choose a number, hold it in mind, transform it and replace it with a new value without saying or writing anything.
Standard language models are much weaker at maintaining this kind of private, continuously updated mental state. Their most stable form of memory is usually the sequence of tokens that has already been generated.
If the model writes:
x=6
and later writes:
x+3=9,
those statements remain inside the context. The model can attend to them again when generating the next step.
Its reasoning is therefore often externalized. The text is not merely a report of a completed thought process. The text is part of the mechanism by which the reasoning occurs.
Humans do something similar when using scratch paper. The major difference is scale.
An unaided human may struggle to keep five unfamiliar conditions active simultaneously. An AI can preserve dozens or hundreds of them in explicit form.
This does not mean that every item in a long context is retrieved perfectly. Models can overlook relevant information, become distracted or lose track of details. Advertised context length is not the same as perfectly usable memory.
Nevertheless, the difference in potential capacity is enormous.
The context-window advantage is not equally useful in every kind of reasoning.
It matters especially for mathematics because mathematical reasoning can be translated unusually well into explicit symbols.
Almost every relevant element of a mathematical problem can be written down:
	the assumptions;

	the definitions;

	the known equations;

	the current objective;

	the results already proved;

	the cases that have been eliminated;

	the conditions under which each step remains valid.


Once written, this information remains stable.
If (x) is defined as an integer at the beginning of a proof, it remains an integer unless the proof explicitly changes the definition. A strict inequality does not gradually become a non-strict inequality because of changes in mood, context or interpretation.
Mathematical symbols are designed to reduce ambiguity.
This makes mathematics almost perfectly suited to an intelligence that operates through a large textual workspace.
Consider a problem requiring the solver to remember that:
	n is odd;

	p is prime;

	x≠0


and that one branch of the argument has already produced a contradiction.
A human may understand the basic strategy but divide by x before establishing that x≠0. The error is not necessarily caused by a lack of intelligence. It may be a failure of bookkeeping.
An AI can restate the active constraints at each stage:
We are working under the assumptions that (n) is odd, (p) is prime and (x≠0).

The context becomes a ledger of the reasoning state.
Many difficult mathematical problems contain a profound insight somewhere near the beginning, but they also contain a large amount of less glamorous work afterward: expanding expressions, checking cases, carrying conditions through transformations and making sure that the final conclusion is compatible with every earlier assumption.
A machine does not need to possess deeper insight than a human to gain an advantage here. It may simply be better equipped to preserve the entire state of the problem while completing a long sequence of operations.
Mathematics is highly compositional.
A proof can often be represented as:
A → B → C → D
If each step is valid and the chain is preserved accurately, the conclusion follows.
A large working space allows the model to construct much longer chains before losing the thread.
This is important because the difficulty of a problem does not depend only on the difficulty of each individual step. It also depends on how many steps must be coordinated.
A person may be perfectly capable of understanding every local inference in a 100-step argument while still being unable to generate the entire argument unaided. The problem exceeds the person’s ability to maintain the global structure.
AI can potentially compensate by writing down nearly everything.
This may explain why additional “thinking time” often improves model performance. More computation allows the system to produce more intermediate states, examine alternative branches and preserve partial conclusions.
What looks like deeper thought may sometimes be broader search conducted inside a much larger notebook.
Now compare a mathematical problem with a social question:
Why has Maria suddenly stopped replying to my messages?

A larger context window might allow an AI to examine years of correspondence. It could identify changes in tone, timing and vocabulary.
But the decisive information may still be missing.
Perhaps Maria is angry. Perhaps she is busy. Perhaps she is ill. Perhaps she has lost her phone. Perhaps she is avoiding an unrelated problem.
No amount of memory can retrieve facts that were never observed.
The challenge is not simply to preserve a known set of premises and derive their consequences. It is to reason under uncertainty about hidden causes.
Informal reasoning also depends heavily on concepts whose meanings are unstable.
Words such as “fair,” “successful,” “responsible,” “harmful” or “intelligent” do not possess the exactness of mathematical variables. Their meaning depends on culture, goals and context.
A model can remember every sentence in a discussion while still misunderstanding what the participants mean.
The same applies to political analysis, historical interpretation, business strategy and psychological judgment. In these domains, the central problem is often not working-memory capacity. It is identifying the correct causal model when the evidence is incomplete and ambiguous.
A larger notebook helps, but it does not solve the fundamental problem.
Mathematics is different because the reasoning environment is artificially constructed to make assumptions explicit and transformations verifiable.
Mathematical answers can often be checked.
A solution to an equation can be substituted back into the original expression. A proposed identity can be evaluated numerically. A computer program can test hundreds of cases. A formal proof assistant can verify whether every inference follows from accepted rules.
This creates an ideal environment for AI.
The model can use its context not only to produce a solution but also to record alternative approaches, identify contradictions and correct previous mistakes.
In less formal domains, feedback is much weaker.
A persuasive historical explanation may be impossible to verify conclusively. A business strategy may not reveal whether it was correct until years later. A psychological interpretation may remain permanently uncertain.
In such fields, a long and coherent argument can still be completely wrong.
Mathematics rewards systems that can generate, store and verify explicit intermediate states. These are precisely the abilities that context windows, scratchpads, code execution and formal verification amplify.
Some researchers would object to describing a context window as working memory.
They have a point.
Human working memory is not merely a storage buffer. It involves attention, inhibition, continuous updating and the active manipulation of internal representations.
A language model’s context is more passive. Previous tokens remain fixed. The model cannot literally return to an earlier line and replace it. It generates new tokens conditioned on the existing record.
The most accurate description may therefore be augmented symbolic working memory.
The model has weaker private mental memory than a human in some respects, but vastly greater explicit memory in others.
Humans are better at silently maintaining a small internal state. AI is better at operating over an enormous written record.
For mathematics, the second ability may often be more valuable.
Formal reasoning does not require every relevant state to remain private. On the contrary, mathematics improves when assumptions and intermediate steps are made explicit.
The apparent weakness of AI—its tendency to “think out loud”—becomes an advantage when the domain itself is built from written symbols.
This leads to a broader question: what does it mean to say that AI is “better at mathematics” than humans?
Imagine giving two people the same mathematical problem.
One must solve it entirely in their head. The other receives unlimited paper, perfect notes, instant access to every previous calculation, the ability to try several approaches in parallel and a machine that checks each result.
If the second person wins, we would not necessarily conclude that the second person possesses greater raw mathematical intelligence. We might instead conclude that the second person had a much better cognitive architecture for the task.
The same caution should apply when comparing humans and AI.
AI systems are trained on enormous quantities of mathematical material. They can generate many possible solutions, use code, consult tools and preserve long reasoning traces.
Their performance is therefore the product of several factors: mathematical knowledge, reasoning ability, memory capacity, search, and verification.
We tend to focus on reasoning because it is the most philosophically exciting component. But memory may be doing much more of the work than we realize.
The working-memory hypothesis produces clear predictions.
AI’s advantage should be largest on problems that involve:
	many interacting constraints;

	long calculations;

	extensive case analysis;

	repeated reference to previous results;

	exact symbolic bookkeeping;

	large bodies of formal definitions.


Its advantage should be smaller on problems that depend primarily on one short conceptual leap.
A brilliant mathematician may still outperform AI when the crucial challenge is finding an entirely new representation of a problem. Once that representation has been found, however, AI may be superior at exploring all its consequences.
The hypothesis also predicts that reducing a model’s usable context or preventing it from writing intermediate steps should disproportionately damage performance on long mathematical tasks.
Conversely, expanding a human’s external memory—with clear notation, diagrams, software and structured notes—should narrow part of the gap.
The fairest comparison may therefore not be AI against a human thinking unaided. It may be AI with its tools against a human with equally powerful external memory and verification systems.
The rise of mathematical AI is often described as a triumph of machine intelligence over human intelligence.
That interpretation may be premature.
AI certainly appears to be learning better reasoning strategies. It may eventually develop forms of mathematical intuition that equal or exceed our own.
But some of its present advantage may be more prosaic.
The human brain evolved under severe constraints. It has limited working memory, becomes tired, loses intermediate results and struggles to coordinate long chains of unfamiliar symbols.
AI is not bound by the same architecture.
It can turn reasoning into text and use that text as a vast external cognitive workspace. Mathematics, because of its precision and symbolic structure, is the domain where this advantage is most easily converted into superior performance.
The real reason AI is beating humans at mathematics may therefore be less mysterious than we imagine.
Perhaps the most revealing comparison is not between AI and the average human, but between two very different forms of genius.
The physicist Eugene Wigner, who knew both John von Neumann and Albert Einstein, wrote that no one he had encountered possessed a mind as “quick and acute” as von Neumann’s. Von Neumann could absorb vast amounts of information, follow extraordinarily complicated arguments and move between mathematical fields with astonishing speed. Yet Wigner still regarded Einstein’s understanding as deeper, more penetrating and more original. Von Neumann may have had the greater raw intellectual processing capacity, but Einstein was more likely to reconceptualize the problem itself.
Present-day AI appears more like a machine-amplified version of the first set of abilities than the second. It is extraordinarily fast, broad and capable of preserving and manipulating huge quantities of explicit information. It can search many possibilities, remember long chains of deductions and execute formal reasoning at a scale no unaided human can match. But that does not necessarily mean it possesses Einsteinian depth: the ability to discard the accepted framework, identify the hidden conceptual error and invent a radically new way of seeing reality.
The analogy should not be pushed too far. Von Neumann was himself an immensely original thinker, not merely a fast calculator. But Wigner’s distinction captures something important. AI may currently be beating humans at mathematics less by thinking like Einstein than by combining something resembling von Neumann’s speed and breadth with a practically unlimited notebook.
The next great threshold will be reached when AI can do more than solve existing problems faster than humans. It will be reached when AI can recognize that a problem has been framed incorrectly and invent a fundamentally better way of understanding it.
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Ready for more?





Original: https://davidepiffer.com/p/ai-isnt-outthinking-mathematicians · Discussion
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Semaglutide linked to lower predicted dementia risk

alz-journals.onlinelibrary.wiley.com · 254 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://alz-journals.onlinelibrary.wiley.com/doi/10.1002/dad2.70432 · Discussion
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Working with AI Feels More Like Leadership Than Coding

allen.bargi.org · 214 points · Discussion


        allen@bargi:~/notes$ cat working-with-ai.md

        
          

          
            For most of my career, code gave me certainty. A program did what its instructions told it to do. If the same input produced a different result, we called it a bug.


            People were never like that. As a leader, I can explain a task and get exactly what I asked for. I can also get something better because a colleague understood the intent behind the request. Sometimes the result shows that I was not as clear as I thought.


            Working with AI feels closer to the second experience.


            AI runs on software, but working with it is not fully predictable. The same request can produce a different answer. It can make a useful connection, miss an obvious point, or surprise me with an approach I had not considered.


            This is frustrating when I treat AI like a compiler. It becomes more useful when I treat the interaction as a form of collaboration.


            That does not make AI a person. It has no lived experience, accountability, or human judgment. The comparison is about how we work. Good leaders do more than issue instructions. They share context, explain the desired outcome, set boundaries, and respond to what comes back.


            The same habits improve my work with AI. A good prompt helps, but a shared working context helps more. Examples, corrections, and reusable instructions reduce misunderstandings. Over time, the system becomes better aligned with how I think and what I need from it.


            The investment is not in pretending that AI is human. It is in becoming better at expressing intent.


            We spent years learning how to tell computers exactly what to do. Now we also need to explain why the work matters, what a good result looks like, and where judgment is needed.


            For me, that is the shift. AI is making software work less like issuing commands to a machine and more like leading through a conversation. The technology is new. The leadership skills are not.

          

        

        
      



Original: https://allen.bargi.org/notes/working-with-ai-feels-like-leadership/ · Discussion
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At-home test for infected ticks could improve Lyme Disease diagnosis

smithsonianmag.com · 170 points · Discussion


Show HN: Eigendrum - Draw any shape and hear what it sounds like as a drum
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Show HN: Eigendrum - Draw any shape and hear what it sounds like as a drum

baselashraf81.github.io · 167 points · Discussion

Hi HN, I built Eigendrum, a web tool that solves the 2D wave equation for arbitrary shapes so you can hear what they sound like as drums.How it works:
* Solves -∇²u = λu using finite element analysis (Kφ = λMφ) on a triangle mesh.
* Validated to <0.1% error against closed-form solutions for circles (Bessel zeros) and rectangles.
* Sound model factors in strike location, Rayleigh damping, and mallet width.
* Includes Kac drums I & II to demonstrate identical sound spectra from different geometries.
* No frameworks, build steps, or dependencies.
Repo and tests: https://github.com/BaselAshraf81/eigendrum
Happy to answer any questions about the FEM solver or Web Audio setup!
https://eigendrum.com/#p=circle


Original: https://baselashraf81.github.io/eigendrum/ · Discussion
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RISC-V: They Should Have Known Better

dmitry.gr · 162 points · Discussion
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I am often asked to explain my distaste for RISC-V and I often find myself explaining it piecewise. The reactions are often of the form "you just do not understand the brilliance of it all", which is, of course, no argument at all. After being asked for the Nth time to explain, I decided to put it all down in one place so that I could simply link to it when asked next. Plus, if anyone wishes, then, to form a coherent counter-argument, they could refer to my points clearly and in detail by having this text as a reference. All opinions stated here are mine and do not represent the views of my employer, any deity, or my landlord. My cats concurred in part and dissented in part and will publish their opinion later.



Everything for Everyone


RISC-V will own the cheap-as-dirt single-use micro­controller space even­tually. Not due to its ISA design, but despite it.

The first and simplest-to-grasp issue is that one cannot be best for all use cases. RISC-V fans would have you believe that RISC-V will soon own all supercomputers, while also owning all the tiny microcontroller use cases, and all things in between. This is impossible, and would be equally impossible for any ISA. Simply put, the things a high-end CPU needs are diametrically opposed to the things a small cost-saving microcontroller core needs. The design choices are not merely microarchitectural, but actually (and necessarily) impact the CPU architecture itself. For what it is worth, I am 100% sure that RISC-V will own the cheap-as-dirt single-use microcontroller space eventually. Not due to its ISA design, but despite it. It will take this role from 8051 by being an improvement on it -- a bar so low, it is but a speed bump. 


What does a cheap microcontroller core need? Let's inspect what they are used for. Typical use cases are to interface with and quickly reconfigure hardware blocks in a larger chip, eg in an MP3 player, an SD card, or a USB stick. The hard work is done by custom IP and the CPU core is just there to occasionally prod a register or configure something. What matters in this case is interrupt latency (lower is better) and size (smaller is better). Usually you would not expect much math to be done on such a core. Mass-produced cost-reduced devices would have the code running out of real ROM (if non-updateable) or RAM (if updateable); NOR flash costs too much and is not an option for really-mass-produced things. When running out of ROM, code size matters because ROMs are not very compact. When running out of RAM, code size matters because SRAMs also take up a lot of space on the die. Thus, code density matters for these use cases. Since much math is not expected, things like hardware dividers (or even multipliers) can be discarded. Privilege separation is also not needed in such single-use situations -- no external untrusted code is expected to ever be fetched. "But, " you might say, "you just described RV32IC (or RV32EC)!"


So, at basically the only purpose such an embed­ded core has, RISC-V is notably worse than the leading existing competi­tor.

Indeed, it is somewhat close, except really you need RV32I_Zicsr to claim that. Without Zicsr, there is no spec-compliant way to handle interrupts, as there is no temporary place to stash a register to allow you to stash the rest of them. MIPS reserved two kegs for this ($k0 and $k1). Without them, RISC-V needs mscratch/sscratch. Without Zicsr, you do not have those and are stuck with weird other methods to do things. And thus we are back in 8051 territory - it specializes in doing things weirdly. Small embedded cores are not out-of-order monsters. If you get one instruction per cycle out of them, you consider yourself lucky. Given this, let's optimistically count the number of cycles needed for an interrupt handler to stash ABI-required regs and call a handler written in C. First we'll use a CSRRW to stash a reg (let's say t0 for ease of explanation) and get a base address of where we may stash the rest. Then we'll need to stash ra, sp, gp, tp, t1-t6 and a0-a7. We'll then need to use another CSSRW to get back the old t0 value and stash that as well. That's at least 21 cycles. On the way out, the math is similar: one CSRRW to read the address of the stashed regs, and 19 loads to load them. That's at least 20 cycles. But that is not all. Since this needs to be done in assembly, we'll need to actually account for the JAL to our C handler and a RET from there. We'll graciously assume those are each two cycles. Thus each interrupt has at least a 44-cycle cost before any work is done in the C handler. Cortex-M0 (the competing cheap 32-bit core) does an interrupt entry in 15 cycles, exit in 12 cycles, and since it pushes the ABI-clobbered regs in hardware, the handler is written in C directly. Thus each interrupt here has only a 27-cycle cost. Oof... that’s a lot faster! You might protest that I am being unfair by not considering RV32E here. By having half as many regs, it can do the initial push 6 cycles faster and the pop as well, bringing its interrupt overhead to 38 cycles. Still over a third more than the Cortex-M0. Oof... So, at basically the only purpose such an embedded core has, RISC-V is notably worse than the leading existing competitor. The existence of CLIC and various proprietary "fast IRQ" / auto-stacking extensions is an additional indictment. The base ISA forces vendors to invent non-standard silicon to reach parity with a decade-old Cortex-M0. That, in turn, further fragments the "standard" (if it can so be called). Hilariously, even with the compressed extension, the typical IRQ prologue is larger and slower than the Cortex-M0’s zero-byte hardware path.


Now, about those compressed instructions. Let us look at them in detail. They are hilariously poorly designed. Say you want to store a byte to a register plus offset. What range of offsets can a 16-bit instruction encode? Zero through three. Not thirty three, not three hundred and three. Three! Well, maybe it is better for storing a halfword? Nope... zero or two. What even? Why? At least when you store a word, you get a sane range of zero through 124 bytes, but what is going on there with those other ones? Worse, the instruction for storing a halfword is encoded similarly to the one storing a byte, but somehow it has fewer options for offsets? Why? Well, one of the bits that store-byte uses for offset is just hardwired to zero... it could have been used to expand the range to at least go to 6, but it doesn't! By comparison, Cortex-M0 is happy to let you use offsets from zero to 31 for bytes, zero to 62 for halfwords, and zero to 124 for words - clearly this covers a lot more use cases. So what happened here? Truly, I do not know, but it is indeed hard to justify. A typical refrain is to just use full-length instructions for these larger offsets. Sure, but density will suffer - the very density that RISC-V fans were bragging about so recently when trumpeting the C extension. But wait, there is more yet. Those instructions to store a byte and a halfword are not even in the C extension. They are in another one called Zcb so you may not get access to them at all, even if their puny range were good enough to use in your situation. We’ll get to "extensions" later...



What do server cores need? Raw throughput. Here, we are in the world of out-of-order cores where silicon is more or less free, since no matter how big your core is, the caches will dwarf it in size. Modern out-of-order cores are decoding eight or sometimes ten instructions at once, and issuing them to multiple ports concurrently; many modern cores can take more than one branch in the same cycle (think about that for a second, let it sink in ... yes). Code density is really not as much a concern here as it was in the past. It matters, but making a slightly larger L1i is not terribly complicated and, again, Si area is more or less free on the scale of such small things. What you really want is the ability to fetch and decode as many instructions at once as easily as possible. While doing that, it also helps if the instructions tell you as much about their intent as possible, to allow you to merge them with others or split them up into pieces most efficiently. Seemingly, these two desires are at odds with each other, and to some extent it is true. "Easy decoding" is, as is widely known, latin for "fixed length" while "as much as possible" is greek for "long". Obviously we do not want fixed-length very long instructions. Where do we draw the line? Having instructions be a power-of-two in length makes many other things like alignment easier, so then what? Two bytes is too short. Eight bytes is too long. The answer is fixed length 4-byte instructions are a nice middle ground. That provides enough encoding space to encode almost anything you’d want, namely: 3 registers encoded in each instr, long offsets for branches. Why does this sound familiar? Because that is what aarch64 (and A32) have proven to work exceptionally well. MIPS made the same choice for the same reason.


You might now protest that ARM also has Thumb and MIPS has microMIPS. However, in high-performance compute Thumb is dead. When Apple was designing aarch64 with ARM, much modeling and testing showed it to be a net loss for instructions per watt and instructions per second. MIPS would surely have killed microMIPS too, had MIPS lived long enough to reach the current cost-per-transistor regime. The main upshot is that compressed instructions have no business in large cores, they get in the way of fast parallel decoding of many instructions by making it slower to find boundaries. You might protest that "RISC-V makes it easy to find instr lengths", but "easy" is not the same as "instant and free" that fixed-length instructions grant you.


It took them TWO YEARS to realize that arrays exist!

Getting back to our discussion of the raw performance that high-end cores need to demonstrate. What is one of the most common operations performed by any code? Array access. This is why x86 has addressing modes of the form [ebx + esi * 4] and ARM has [R0, R1, LSL #2]. Without it, you are forced, like an idiot, to shift a register left by two, then add it to another register, and only then use that to access memory. Three instructions for a single array access. The usual excuse given for this inexcusable lack of foresight is that "instruction fusion will fuse all those three instructions into one in fast cores". Yeah... if anyone ever pulls that off, they will win many prizes. No core I am aware of fuses more than two  consecutive instructions. None. The reason is quite obvious -- the combinatorial explosion of the number of possible combinations to consider, track, and handle. So now that we’ve established the bullshit excuse is bullshit, what is there to be done? Well, a few YEARS after the spec was written, an extension was proposed to help this issue -- Zba. It provides three instructions of the form SHxADD for x being 1, 2, or 3. This combines a shift with an add, basically shortening our array access from three instructions into two. This is still worse than having register + shifted register addressing mode, but at least now "the core can fuse them" becomes less bullshit and more believable, assuming someone produces such a core. One problem: SHxADD is always 4 bytes long, and the memory access instruction itself will be 2 or 4 bytes, so the array access becomes 6 or 8 bytes of code, to ARM's 4. This is where all those people who were just shouting about the wonderfulness of the C extension for density and how great it is for high-perf cores quietly shut up and look at the floor. Yeah... For extra credit, the Zba extension was only ratified in 2021, over two years after the base spec. It took them TWO YEARS to realize that arrays exist!



You know you really fucked up bad when you manage to make Qual­comm sound like the voice of reason.

Curiously, this would be easy to fix. Currently 3/4 of the encoding space is allocated to compressed instructions (all instructions whose lower 2 bits are not 0b11). Reusing some of that encoding space for better addressing modes is a no-brainer and would produce denser code with better array addressing ability. Unfortunately, it would make too much sense for anyone to actually do. Of all possible champions of sanity, Qualcomm ... proposed doing this, and even prototyped it. It went nowhere... And you know you really fucked up bad when you manage to make Qualcomm sound like the voice of reason. But, back to our SHxADDs. There is no guarantee that you’d get to use them anyways, since Zba is an extension and is thus optional. Are you getting tired of hearing "optional" yet? Let’s talk about that next.



Optionality


What does RISC-V have in common with USB-C and RCS? These things are all ostensibly standards, sure, but the interesting part is that claiming to be in compliance with one of these standards means NOTHING while being technically true. Is my USB-C cable wired only for USB 2.0 valid? Sure, USB 3 twisted pairs are optional. Is my non-e-marked cable valid? Sure, e-markers are optional. Can my USB 3.0 USB-C cable choose to not support 20Gbps? Sure, 20 Gbps support is optional. Can it support 20Gbps but not support 100W charging? Sure, that is optional too. Can my phone’s fully-compliant RCS implementation not support upgrading a text message to a video call? Sure! MIVC is optional. Can it fail to send pictures while I am on a call? Sure, that is optional! Can encryption not be supported? You bet, that is optional too! So what does it even mean to comply with the spec then, if everything is optional? It means the spec writers spent too much time engaging in mental masturbation and too little time in contact with the real world, basically. There are two ways this happens: academics who are not aware that outside their offices, there is such a thing as the real world, and design-by-committee situations, where the real world simply never gets a seat at the table -- having failed to file a motion to be seated there in time for the chairman to bring it to a vote. 


Just scope out this line: "The RISC-V B (Bit-Manipulation) extension is a standard collection of instruction set enhancements designed to improve performance and code density through efficient bit-level operations. It is split into distinct sub-extensions: Zba, Zbb, Zbc, and Zbs." Only a design-by-committee process would ever unironically produce this sequence of words.


When writing a spec, every single thing you make optional, you split the possible implementations into two incompatible groups. Do this enough times and you end up with your spec being meaningless. And boy, did the designers of RISC-V screw the pooch here. Everything is optional! Multiplication -- optional. Division -- optional. Support for a user mode -- optional. Supervisor mode -- optional. CSRs -- optional. Compressed instructions -- optional. "Extra compressed instructions" -- still optional. I bet that if they thought they could get away with it, they’d make addition optional!


Every single thing you make optional, you split the possible imple­menta­tions into two incompa­tible groups.

The basic instruction set of RISC-V, at first publication time, included CSRs, which, as I had mentioned, are required for a standards-compliant method of handling interrupts as well as for support of differing privilege levels. That is not unreasonable; it is sane and not broken. Which is, of course, why they fixed it ... ASAP! CSRs got pulled out into an extension called Zicsr, and now the base ISA lacks ability to handle interrupts or provide privilege separation. But it is actually, and hilariously, much more idiotic than that. Let's say you have a lot of things that are optional. What is the first thing code would want to know? "Is feature X implemented on my hardware?" of course. CPUID is how you answer this question on x86. How do you do it on RISC-V? Well, I have good news and bad news. There is a CSR called misa which can answer some of those questions (not all of course, that would be too sane). Did you spot the problem yet? It is a CSR and CSR support is optional (Zicsr extension is not mandatory). If that was not enough of a crotch punch, misa is not required to be accurate if implemented -- it is allowed to read as all zeroes -- it being meaningful is itself entirely optional. Yup... the only way you have to detect optional features is optional. But wait, there is more!


The "M" in front of "misa" indicates that this is a machine-mode CSR. Machine mode is the highest privilege mode in RISC-V (and the only non-optional one, if you're keeping track). This register is not readable from lower-privileged modes, even if you are lucky enough to (a) be running on hardware that implements Zicsr, (b) be running on hardware where misa is not hardwired to be all zeroes, and (c) running on hardware that implements other privilege modes. This means that tailoring your code to the capabilities of the hardware is not possible for normal user code. If your hardware implements the OPTIONAL supervisor mode, it also cannot detect the core features. The party line is "ask the machine mode supervisor". The problem, obviously, is that you have no idea what that supervisor is or how to "ask" it. There is a common one in use called OpenSBI, but there is, of course, no way to detect if that is what your machine mode runs.


Another fun bit of optionality here is the system timer. RISC-V spec has a timer; it is optional, of course. It is not accessed using CSRs, because of course not! That would be too consistent. The official party lineexcuse is that this was done to conserve the encoding space in the CSRs. I guess this is because they expected to run out of ... 4096 of them‽‽ A bit ambitious if you ask me -- no current architecture comes even close, not even x86. But let's move on. If the timer registers are not CSRs then where are they? They are memory mapped! Where? Well, since a timer is a core peripheral that any OS would need, and since the CPU core spec specified it, it, of course, is at a well defined address that you can rely on. Just kidding! Nothing in this spec is that sane! The address is "implementation defined" and can be anywhere at all. Good luck, have fun, don't crash!


I shall tell you of just one more fun situation here, of the many I could: exception and interrupt vectoring. When an exception or an interrupt occurs (assuming the optional Zicsr is implemented), where does the CPU jump? Depending on a lot of optional and optionally-supported config regs, delegation regs, and all sorts of other overcomplicated nonsense, eventually the core will pick to use machine or supervisor vector register (mtvec or stvec). That CSR points to the handler, except its bottom two bits that determine its "mode". What is a mode? There are two modes documented. The direct mode is when the lower two bits are 0b00, in which case all exception and interrupts just jump to the address in the higher bits. The vectored mode (lower bits 0b01) is meant to simplify and speed up interrupt handling. All exceptions jump to the address in the higher bits of the reg, while all interrupts jump to that address plus 4 times the interrupt number. So what is my problem with this seemingly sane design? That both of the modes are optional!!!! No part of the spec mandates even the simple direct mode! It is possible, at runtime, to detect if a given mode is implemented by writing the lower bits, reading them back, and seeing if they stuck. But it would be entirely valid to implement a core with only vectored mode supported. Or only direct mode supported, or both, or neither, if instead your core vendor invented their own separate mode. This makes writing any sort of a generic kernel very difficult -- you literally have no idea what to expect. Why direct mode was not made mandatory I cannot fathom, but I can surely tell you that the person who decided that wore oversized shoes, had a big red nose, and wore a lot of white face makeup.


It really looks like the authors had heard of Popek & Goldberg, but failed to read past the abstract.

At this point in time you might jump to the defence of this indefensible idiocy by shouting one of two things: "other architectures also have optional features" and/or "hiding misa is needed to support virtualization, haven't you read Popek & Goldberg?". Let's demolish these feeble excuses one at a time. For "other architectures" we'll consider things in common use in the last few decades: x86, ARMv7, and Aarch64. x86, as previously mentioned, has CPUID which will happily tell you which features the current core has. It will do this quite easily in user mode, as one would expect. Arm has ID_AA64PFR0_EL1 and ID_AA64ISAR0_EL1 available to the kernel at least (though not to userspace). But there is a much more important point to be noted here, which explains why ARM's design is not fatal. In both x86 and in ARM, optional features are of two clear classes: (1) high performance compute that is usually programmed using intrinsics or hand-rolled assembly for tight loops in special circumstances (video encoding, fluid simulations) or by libc (memcpy, memset, strlen), and (2) NOP-compatible optional things that can be safely run on hardware that does not support them since it will execute as a NOP and that is safe. For x86 that would be endbr64 and for aarch64 that would be almost all of the PAC instruction set. Note that at no point are things needed in completely normal compiled code optional. Multiplication, division, addressing modes, are always available. This means that a normal C compiler targeting these architectures does not face the impossible choice of: "compile for the lowest possible denominator to allow code to run on all arch versions" or "assume things like multiply and sane addressing modes exist and prepare to crash on a core that chose not to implement them". Yes, of course, this is where people will say "just target your exact core, why don't you?" Yes, I never said that the idiocy of this ISA cannot be overcome with enough contortion. I said that this sort of poor design was acceptable in the 1970s when we did not know better and is inexcusable in the 2000s, as now we do.


Now, on to the virtualization excuse. First of all, Popek & Goldberg talk about an architecture being virtualizable specifically in the context of it lacking special virtualization support. Indeed by trapping every instruction that acts differently in user and supervisor mode, one can virtualize any architecture. But the alternative is just building-in virtualization support. x86 is not virtualizable as per Popek & Goldberg, at least due to POPF instruction. And yet I have VMs running on my x86 box just fine, as x86 added support for virtualization. It was nontrivially difficult to bolt it on post-facto, but it was done. If doing it at architecture design time, it is trivial. Which is to say that ANY mention of Popek & Goldberg to justify decisions made at architecture design time is bullshit. Arch design time is precisely the time to do it right. Popek & Goldberg even mention that trapping everything is theoretically interesting for the proof of virtualization but not practical. NOT PRACTICAL. So what did the designers of RISC-V do? They justify misa being not exposed to supervisor and user mode with "but virtualization... what if the hypervisor wants to hide capabilities from a VM?". Bull ... let it arrive ... shit! x86 and ARM both manage that just fine. And RISC-V could have too, simply by allowing the hypervisor to lie about misa's contents while letting everyone read it still. It really looks like the authors had heard of Popek & Goldberg, but failed to read past the abstract. 


Another thing they excuse by a vague hand wave in the direction of Popek & Goldberg is the inability of the executing code to detect what CPU mode it is in. This is, again, utter nonsense. x86 exposes this indirectly via POPF (for example) and ARM does not even make you trick it, exposing it completely openly in the CurrentEL MSR. Detecting the current mode on RISC-V is an adventure. It is sometimes possible, but not in all cases. Why might you need this? For example, if you are writing a kernel and want it to support all RISC-V cores. I spent a bit of time trying to make this work for my kernel for rePalm, so I can walk you through the decision tree and show where each branch comes to life and whacks you in the gonads. First of all, if the core has no Zicsr, you are guaranteed to be running in machine mode, but, there is no way to know that there is no Zicsr, other than probing by doing a CSR read, but there are two problems: first, without Zicsr, there is no proper generic way to catch the resulting exception when an invalid instruction trap is generated. Second, what CSR to read? Don't forget that likely all of them are optional. One might be tempted to go for misa, but do not forget that you are probing what mode you are in. If you are in supervisor mode, that probe would also fail, even if Zicsr was implemented. Ok, you can try reading sstatus. That one is readable to supervisor mode AND machine mode. You're safe, right? You wish! Supervisor mode is optional, and if your core does not implement it, there is no sstatus register, so ... you trap. Ok. Let's simplify the problem. Let's assume Zicsr exists. Can you then at least tell apart S mode from M mode? Nope! The following seems like a tempting solution: set stvec to point to your handler that simply adjusts sepc forward by 4 and returns (skipping the faulting instruction), then execute a read of misa. If you were in machine mode, it reads fine. If you were in supervisor mode, it traps, and any sane machine monitor would hand you an illegal instruction trap. Then, your handler would skip the instruction, and you'd note this and conclude you were in supervisor mode. You win, right? Almost... Once again: supervisor mode is optional. Let's imagine you were in machine mode on a core without supervisor mode support. You'd trap as soon as you tried to set stvec, since it does not exist. You might be tempted to say: why not just catch that trap too? Because to do that, you need to set mtvec, and you cannot be sure you can do that since you might have been in supervisor mode all along. Thus the intersection of everything being optional and the authors' complete misunderstanding of Popek & Goldberg lands the poor you in a pile of shite.



Missing Obvious Pieces


On average every other function uses or could use an instruction to branch on the value of a bit.

Despite having an extension for seemingly everything, including operations on the common kitchen sink, somehow a number of obviously-useful instructions are missing. I already covered the lack of register + register addressing modes, so we'll not bother returning to that. There are a few other obvious low-hanging fruit that were seemingly ignored. And before you argue that RV32I was designed to be simple, all of the things I am about to suggest are trivial in the extreme, mostly reducing to simple wires on an ASIC.


First and foremost: test a bit and branch based on it. This one instruction replaces two (SLLI + BGEZ/BLTZ), but also it does not require a temporary register. To check how common this would be, if it existed, I grabbed a random aarch64 binary (the latest raspian kernel for raspberry pi, "vmlinuz-6.1.0-49-arm64", sha256: B3B686DE 82CC7B84 EFEB8F6B 309A4E6C 53E7461F 281D3E56 F42E4AA3 B6207075), disassembled it, and counted the number of instances of TBZ/TBNZ. There were 35,393 instances. By comparison, there are 70,109 instances of RET, which means that on average every other function uses or could use an instruction to branch on the value of a bit. Implementing it is trivial in hardware, and indeed branching on a bit is extremely common in dissecting protocols or using bitfields. For big out-of-order cores, renaming is simpler when one fewer register gets clobbered, and also there is no need to try to fuse two instructions when one exists. For smaller MCU cores, where no fusion exists, this is a simple code size and speed win. Why this obvious thing was not done, I do not know.


My next major gripe - bitfield operations - bit field extract and bitfield insert. These are extremely useful for working on things like network packets and hardware registers. Bit field extract can be simulated using two instructions - SLLI + SRLI/SRAI based on the desired signedness. Bitfield insert takes a lot more work to simulate: create the inverse mask, AND with destination reg, shift source reg into place, OR into destination. Depending on the bits, it is 3-6 instructions easily. BFC (bit field clear) is a simpler special case that is also quite useful. It is doable in 2-3 instructions. In hardware though, it is just wires - no complex logic, no nothing! There is no need to be clever like aarch64 is, although the designers of RISC-V could learn a lesson or ten from aarch64 indeed, including clever bitfield handling. I did the same counting exercise using the same kernel image. There are 6,284 bitfield insert instructions and 8,881 bitfield extract instructions -- two out of every 9 functions on average use these bitfield ops. To add insult to injury, there is a bit-ops extension for RISC-V -- Zbs. By looking at it, you can tell the authors were academics. It is clean, simple, easy to explain, elegant, and completely useless. Who the hell ever needs to extract just one bit? Seriously, what a missed opportunity.



Ridiculous encoding




RISC-V is the first architecture I've ever encountered which scatters immediates randomly throughout the instruction with no immediately-clear reason for it. This makes emulating it a huge pain since it takes so very long to recombobulate the immediate values, compared to architectures like MIPS, or ARM. The former simply uses bits 0..15 for immediates, the latter has fancier encodings, but at least there are just a few. RISC-V designers' justifications for this were "the same bits of the immediate come from the same bits of the instruction" -- a justification so idiotic that it physically hurts to attempt to pretend to believe it. It is the sort of thing that a software person who's never written verilog would think helps make things easier. You see, no matter how you spin it, you will need a mux for immediates, since they are of differing lengths and with differing number of trailing zeroes, depending on the instruction. And that mux, well ... it does not care even a little which instruction bits are wired into its inputs, it is all just wires. But even if the reasoning for "why" is idiotic, let us inspect the claim itself, to see if they did accomplish what they claimed to have wanted. Do the same bits of immediates always come from the same place? Let's take a look. For I-type instructions, bit 1 of the immediate comes from instruction bit 21, bit 11 of the immediate comes from instruction bit 31. For S-type instructions, the same bits of immediates come from instruction bits 8 and 31 respectively. For B-type instructions, they come from bits 8 and 7 respectively. And for J-type instructions, they come from bits 21 and 20 respectively. As you see, they indeed always come from the same place, as promised, if we merely ignore the meanings of the words "same" and "place".


But this just barely touches the surface of the insanity of the encodings! For J-type instructions, the immediate value is scattered in the following order: 20 10 9 8 7 6 5 4 3 2 1 11 19 18 17 16 15 14 13 12. What possible justification could you imagine for this insanity, other than that the designers confused the chatter of a bingo parlor for the proper bit order for immediates. And yet, this is nothing compared to the mess that they made of the compressed instruction set...





There are no fewer than 9 (nine!) instruction formats here, and that does not include Zcb, which adds 8 more! But even that is not all! Depending on the instruction, the same format (eg: CI) encodes immediates differently in the same bit positions. Accounting for all of that, it is almost one instruction encoding format per instruction! It did not need to be like this! Thumb and microMIPS both give examples how to not fuck up this badly, and yet, despite easy availability of examples of how to do it right, RISC-V designers bid us hold their collective LSD-laced beers and went at it in the most pessimal way imaginable. Let us first, of course, look at the immediates in C, since "they always come from the same place in the instruction word", you know ;)



When talking about immediate encodings henceforth, I shall use "x" to indicate when the immediate is broken into pieces and there is something else there in the instruction. L.LWSP (which loads a word from the stack) encodes the immediate in this order: 5 x x x x x 4 3 2 7 6, C.SWSP which is its sibling for storing to stack, instead, encodes the immediate as 5 4 3 2 7 6. C.LW (which loads a word from memory addressed by a register) encodes its immediate as: 5 4 3 x x x 2 6, naturally. Its sibling, C.SW uses the same encoding, indicating that the design team missed an opportunity to scramble some bits here. If you wanted to load a byte from memory, you'd use C.LB, whose immediate encoding is, of course, nothing like the above. It uses bit order: 0 1. If you wanted to load a halfword, you'd use C.LHU, whose bit order is just: 1. Because of course it is! I am not even going to touch on CM.PUSH and CM.POP because their encoding is so complex that the spec spends a whole chapter explaining how to decode them. Truly, a sign of a simple and intuitive encoding, if you ask me.


While claiming to make use of all possible encoding space in the 16-bit instruction space, some fruit remain so low-hanging as to require OSHA warnings! A simple example: logical shifts include 6 bits of immediate. The argument is that this is needed for 64-bit instructions, but there are already many encodings in the compressed instruction set that are RV64-only. That is to say that RV64C and RV32C are already incompatible. Given that, why the hell are all shift instructions in RV32C carrying an extra zero bit? You cannot shift a 32-bit register by more than 32 bits. The spec says that bit must be zero, and yet no encoding uses the space opened up by that bit being one. Self delusion is telling yourself you are making good use of encoding space while also carrying around the ability to shift 32-bit registers by 61 bits, my friends. RV32E is even more egregious since many of its compressed instructions carry an extra bit to encode registers that do not exist there. As RV32E is ABI-incompatible with RV32I and they would never share code, giving RV32E more useful encodings by using those extra bits that would have encoded registers x16..x31 would have been an excellent idea. That is probably why it was not done.


Moving on... C.J's bit order could likely pass the NIST Statistical Test Suite for random number generators: 11 4 9 8 10 6 7 3 2 1 5. What even‽ C.BEQZ/C.BNEZ are also jumps, though conditional, so of course their encodings have almost nothing in common with the previous one, they use: 8 4 3 x x x 7 6 2 1 5. When encoding immediates for C.LI, the bit order is 5 x x x x x 4 3 2 1 0. That almost looks sane, but do not despair, more fun is coming. Let us say you wish to adjust the stack pointer. C.ADDI16SP is here for you, with its immediate encoded as: 9 x x x x 4 6 8 7 5. And if you wanted to get an address of a stack variable, C.ADDI4SPN is there, with its immediate encoded as: 5 4 9 8 7 6 2 3. All very logical, sane, and clear, as promised.


Imagine you are a CPU (or an emulator) trying to decide how to decode an instruction. If you are a sane CPU, most likely it goes like this: look at 1-3 bits to determine instruction format, from there look at 2-5 bits to figure out the instruction, and you are done, you are ready to execute. If you are RISC-V, things are a bit ... more complex. First you look at the bottom 2 bits to figure out if the instr is 2 or 4 bytes, for 2-byte instructions, you look at the top three bits to determine what instruction this is. So far, so good. But then... you notice that this instruction has an immediate. You need to reassemble the jigsaw puzzle that that is. And then you recall that some register-register instructions are encoded in the immediate format, with a magic immediate value indicating that they are register-register ops. For example C.NOT is encoded this way, the magic value being 0b111101. C.ZEXT.W (if your hardware implements the proper mishmash of extensions to have it at all) uses the magic immediate 0b111100. Somehow microMIPS and Thumb managed to do without this insanity. How? Ancient secrets that apparently were irrecoverably lost before the RISC-V authors were born.


If this were not enough, it is also notable that there are conflicting encodings in the compressed instruction set, depending on which extensions are implemented. Some extension combinations are simply impossible (eg: Zcmp and D). This is a bigger fuck-up than all the previous ones since it is not merely cosmetic or efficiency-related. Despite DECADES of accumulating backwards-compatibility cruft, even x86 has managed to avoid the obvious trap that is having the same byte sequence mean different things to different implementations of the same architecture. I repeat: the architecture with the famously-terrible encoding managed to preserve semantic stability across almost 50 years, while the clean-sheet architecture designed by people who had decades of hindsight apparently didn't manage to do it across five years. It is OK for an architecture to have unimplemented encodings that become implemented instructions in later versions. It is justifiable to have implemented instructions that become unimplemented later. However, having encodings change meanings (or worse: start off having different meanings) in different implementations of the same architecture is insane! I think I recall seeing a whole chapter on this in the DSM-5! 


Having encodings change meanings [...] in different imple­menta­tions of the same archi­tecture is insane!

Having this happen means that instead of a clearly-understandable crash you get ... well ... anything. Who can predict how their binary will act when a floating point store silently becomes a double-register move or a jump instruction, or vice-versa? This is not a summary of a plot of a B-side programmer-themed horror flick. It could really happen to you! Consider the instruction 0xA002. Depending on your core, it could store a double-precision floating point register 0 to stack offset 0 (C.FSDSP f0, 0(sp)), or it could jump somewhere (CM.JT 0). But at least a random jump might cause a crash soon enough for you to notice. Consider 0xAC66. Depending on your core, it could store a double-precision floating point register to stack (C.FSDSP f25, 0x18(sp)), or it could move a0 into s0 and a1 into s1 (CM.MVA01S s0, s1). No control flow changes. Just two corrupted registers and a value not stored to stack. Some would attempt to argue that this confusion could never happen, since everyone knows (or should know) what their core is and what it does. Those "some" have clearly never encountered the real world. Oftentimes, you get binary blobs from vendors and you just link them into your microcontroller code. MEMS sensor vendors are notorious for shipping their "super proprietary" calibration algorithms like this.  Now, let us imagine that we had such a binary which we linked into shipping code and shipped it on an MCU which had the Zcmp extension. It was all smooth sailing until we upgraded to a larger MCU to have better floating point support for some fancier math our new product needs to do. This new MCU supports double-precision floating point numbers. Suddenly, our binary is crashing randomly in random places and misbehaving. There are no "undefined instruction" traps, no immediately-obvious cause. Turns out, the new core supports the D extension, and thus cannot support Zcmp. But, due to the reused encodings, we did not find out the normal way -- an undefined instruction trap. Instead, we spent weeks debugging random crashes when random registers were getting corrupted. Our disassemblers were no good - they correctly disassembled the instructions in one of two valid ways. Debuggers were of little help too -- they showed some instructions seemingly doing nothing, with a few words on the stack becoming corrupt soon after. Interrupt handlers were overhauled a few times, wasting a lot of engineer time, to make sure they saved and restored contexts correctly. The MCU vendor's FAEs spent days onsite helping our electrical engineers rule out noise in the power supply lines that could have been causing random register and stack corruptions. Also, the sensor calibration has been broken the entire time since the MCU upgrade, but since sensors usually work plausibly well without calibration and nobody noticed among the random crashes. Now, debugging this, IS the plot for a B-side programmer-themed horror flick that I've been shopping around Hollywood for a while. Dear RISC-V committee, you are staying after class today and writing the following on the whiteboard 100 times: upgrading a processor should not turn a valid binary into a semantically different valid binary.



Alleged Fixes


Of all the currently available and recom­mended at time of publication RISC-V SBCs, approx­imately none are actually RVA23 compliant. None of them will ever run Ubuntu LTS or future AOSP builds.

Many RISC-V fans will claim that all the optionality is no longer an issue since the RISC-V foundation created "profiles" which is a list of mandatory optional extensions (yes, do read that again) that when implemented together allows one to claim to comply with a profile. Again: the ecosystem has had to invent a second layer of standardization whose entire purpose is to say which parts of the first standard you are actually allowed to assume exist. Really, if you find yourself having to build a second standard whose purpose is to tell everybody which parts of your first standard they must actually implement, perhaps the first standard wasn't quite finished. Only a design-by-committee process could produce this situation. To avoid having to target the lowest common denominator of RISC-V, or the embarrassment of having to build thousands of slightly different builds of every package so as to target every possible extension combination, most vendors who are delusional enough to hope that RISC-V desktops will actually happen are planning to mandate RVA23. Ubuntu, Red Hat, and Android are all in this group. Fun story: of all the currently available and recommended at time of publication RISC-V SBCs, approximately none are actually RVA23 compliant, not StarFive's VisionFive 2, not the  Banana Pi BPI-F3, not the Lichee Pi 4A, not the Orange Pi RV2, not even the HiFive Premier P550. None of them will ever run Ubuntu LTS or future AOSP builds. Hilariously, some discussions online have taken to talking about "almost RVA23" cores. Again: the profile designed to solve fragmentation isn't backwards-compatible with much of the hardware that is currently sold as "RISC-V", thus fragmenting the RISC-V world into "almost-RVA23" and post-RVA23, with the majority of the current boards being "almost". The fans will call this profile system a win, but I say it is a direct indictment against this crime of infinite optionality and the people who thought it was ever a good idea. Big desktop-type cores do not need the divide instruction, array addressing, and basic SIMD to be optional. And nobody should have needed TEN YEARS to realize this. Additionally, a lot of vendors whose chips will not make the RVA23 cut are likely now screwed, as Android and Linux leave them behind, no matter how "almost" they were. That is what they get for buying into this, I suppose. A lesson to be learned about FOMO and getting in early -- sometimes it only "almost" pays off. As a hilarious side-note, there is one linux distro which is completely and perfectly tuned for this insane RISC-V landscape - Gentoo, since its thing was always: build each package from source to take advantage of the exact host CPU features and optimizations. That is: RISC-V's ideal (read: the only plausible) software distribution model is apparently Gentoo. After I hit "publish" on this article, I shall be off to find myself a contractor to make a Bat-Signal™-style lantern with the Gentoo logo, to aim at the clouds above the RISC-V HQ. Gentoo, you have been summoned to a battle you did not even know you have been preparing for your entire existence!


[image: Bat-Signal style gento logo over the RISC-V headquarters]
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How Did We Get Here and Where to Now?


If you read the RISC-V rationale/excuse doc, and discard all the parts that we've concluded (in the above sections) to be outright lies, exaggerations, or complete misunderstandings of how existing architectures (and the world at large) work, we end up with this one sentence that likely explains it all: "Ultimately, we thought it was best for our purposes to start from a clean slate, rather than modifying OpenRISC accordingly." This is after they explain that OpenRISC does all they wished to do except it has delay slots, and proceed to admit that a version without delay slots already existed. There you have it: why the bits are scattered like bingo, why there are hundreds of conflicting extensions with conflicting encodings, and why obviously useful instructions are nowhere to be found -- simply because they all were "not invented here".


To be fair, another possible explanation for how we got here is that this is how academia and grants work. By their nature, grant proposals tend to oversimplify and overpromise their real-world applicability and impact. Given that a lot of RISC-V "research" was done under various grants, it is plausible that the incentives of the academic world had an influence. Since this hypothesis is unverifiable with the information available to us, we’ll leave it at that.




Does This Mean RISC-V is Doomed?



None of this is to say that RISC-V is doomed. As I said, I fully expect it to take over the space currently occupied by 8051 as a typical cheap embedded core instantiated when some small amount of logic is needed, or some beefy accelerator or DMA engine needs some mild babysitting. Much like the linux kernel -- the price is right. ARM wants licensing fees, while the RISC-V spec is free, and (this part is key) there are cores out there which can be licensed for free. For situations where performance is not a factor and price is, RISC-V will win simply due to its price. "Good-enough" is a low bar in this case, and RISC-V is of the right height to meet it. And look, this market is not glorious, but it matters and it needs new blood. However, it is important that RISC-V not accidentally think it was chosen for being good. It needs to internalize that it was chosen for being cheap. This is not meant as an insult to cheap small cores -- I've written plenty of assembly for all sorts of shitty cores with shittily designed ISAs. RISC-V is an improvement over PIC and 8051, as little of a compliment as that is.


'Good-enough' is a low bar in this case, and RISC-V is of the right height to meet it.

For big compute, there are two separate categories, in my opinion. ML accelerators will likely also end up with RISC-V cores attached to them. This is actually pretty close to the above use case, since most of the computation will be done in specialized blocks of silicon, optimized for many many MATMULS per cycle. The RISC-V core will be configuring DMAs and reconfiguring these large blocks to compute the next layer's outputs. A variant of this design might include a RISC-V core with a very wide vector engine bolted to it. This can be used for element-wise operations which are also common in ML workloads. Again, this core need not be fancy or even out-of-order, it will work simply by being wide enough vector-wise. Its integer pipeline will not be a significant factor for its performance, and RISC-V's warts will be considered the price you pay for not paying to license a Cortex-A55. I expect RISC-V to win this market for the same reason as for small babysitter cores - actual serious per-core CPU perf in the traditional sense is not needed here, so a good-enough core will do. And traditionally, good-enough solutions are always chosen via the "ORDER BY price ASC LIMIT 1;" process.


The second category for big-compute is actual desktops and SBCs that do interactive computation, browsing, gaming, and other such "desktop work". I do not expect RISC-V to be a serious player at the top of this market. Simply put, the architecture is not designed for it, as pointed out above. Additionally, this market has the margins to afford licensing a much-better-designed aarch64 core from ARM, and gain proper support from a much larger corpus of software. Before you get your megaphone to shout about "openness", please note that the openness of the RISC-V spec is not relevant here at all, because an open spec does not magically materialize a well-designed out-of-order core for you for free. And if someone were to design a good out-of-order core, they would not be giving it away for free. An open spec does not mean every implementation is free. The middle and the lower ends of the cheap SBC market will likely remain a mixture of new RISC-V cores and older ARM cores.
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Raph Levien, August 8, 2026

I have for many decades been fascinated by the prospect of a curve family better suited for interactive design than cubic Béziers.
In that search, I have come to a new-found respect for those Béziers.
In particular, though other curves like Euler spirals are better at representing smooth curves, they fall short at representing regions large curvature variation, where cubic Béziers excel.
The great strength of Béziers is their versatility.

So, to find a strictly better curve family, one requirement is clear: the family should contain both smooth curvature variation and higher-tension regions where curvature peaks.
Polynomial spirals, or Spiro curves, the subject of my PhD thesis, fail to achieve this goal.

After considerable search and rejecting a number of candidates, I now bring a proposal for a curve family which I think is a very strong candidate for supplanting cubic Béziers in 2D vector graphic design.

Without further ado, the curve family is represented by the Cesàro equation, specifying curvature as a function of arc length:

$$\kappa(s) = \frac{as+b}{(cs^2+ds+1)^{1.5}}$$

This curve behaves surprisingly similarly to a cubic Bézier, especially at smaller angles, but when pushed has very different behavior.
Overall it has smoother curvature variation and is more likely to have monotonic curvature.
It contains within it a few valuable analytic curves, and is also good at approximating a wide range of others.
The remainder of this blog post is devoted to showing its behavior in a wide range of contexts.

Approximation of cubic Béziers

The hyperbezier closely approximates cubic Béziers at low deflection angles at the endpoints.
I will show rather than try to present mathematic reasoning.
Below is an interactive tester that maps cubic Bézier control points to a corresponding hyperbezier.
The Bézier is shown in gray for comparison.
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At larger angles, and also when the "arm lengths" of the control handles get larger, the fit with the cubic Bézier is not particularly close, but the control scheme is still a useful way of setting the parameters for the hyperbezier curve (setting the polynomial coefficients directly is not at all intuitive).

Note that this parameter mapping is a first usable draft, and may not be the final version.
That said, in an interactive editing context, a perfect mapping is not required, as it's always possible to tweak the control points to reach any desired curve shape.

The details of the mapping can be found in the JavaScript source for this page, but the basic principle is that the arm lengths set the denominator, then the numerator is solved to make the endpoint tangents match.

Exact analytical curves

The most obvious analytical curve contained in the family is the Euler spiral, which is clearly attained when $c == d == 0$.
The Euler spiral has smooth curvature variation (it is a solution to the Minimum Variation Curve problem) and monotonic curvature.
An exact circular arc is also within the parameter space, simply when $a == 0$ as well.
Cubic Béziers, by comparison, only approximate circular arcs.

There a few other log-aesthetic curves lurking in the parameter space, meaning curvature is simply the arclength raised to a particular power.
Reachable exponents include -3, -2, -1.5, and -0.5 (alternatively, using the convention from the log-aesthetic papers, α can be 1/3, 1/2, 2/3, and 2).
The last of these is the circle involute, which is interesting because it is its own parallel curve, among other things.
And the first of these is the evolute of the Euler spiral.


The parameter mapping described above is designed so that when the control points lie on the "double parabola" in my Euler spiral parallel curve blog post, then the result is an exact Euler spiral.

Superellipses and squircles

A cubic Bézier can do superellipses up to a certain point, but does not approach a sharp corner; somewhere before then it starts developing additional inflection points, while a true superellipse or squircle is of course convex.

The hyperbezier can go all the way to a sharp corner, and visually looks pretty close to the superellipse.
It's not incredibly accurate (for moderate exponents like 5, the best cubic Bézier fit is slightly better, in fact), but visually does the right thing.
It's probably best to say that the hyperbezier is a subtly different squircle than the superellipse, neither better nor worse.


Hyperbola

Another fundamental curve is the hyperbola.
It is round at the turn, but curvature tails off and the curve reaches a linear asymptote on both sides.
Cubic Béziers do not fit this curve well, and do not exhibit that asymptotic behavior.
But the hyperbezier fits it naturally and with very high accuracy.


We can also appreciate the relationship mathematically.
In both, the curvature tails off as $\kappa \approx s^{-3}$ asymptotically.
In addition, using the small angle approximation $\sin \theta \approx \theta, \cos \theta \approx 1$, integrating the Whewell equation (see below) of the even-symmetric hyperbezier yields the hyperbola exactly.
This close relationship is one of the inspirations of the name; it is something of a fusion between a hyperbola and a Bézier.
Another inspiration, incidentally, is that the log-aesthetic solutions, including the Euler spiral, are represented by hypergeometric functions.

Elastica

An important curve family to consider is the elastica, an idealized thin flexible strip.
The math behind the elastica has hundreds of years of history, but more to the point it is both a smooth curve (it can be characterized as the exact solution to the Minimum Energy Curve problem) and can exhibit large curvature variation when placed under tension.
To my eyes, it's a more pleasing and natural curve, as it's based in physical reality in a way that cubic Béziers aren't.
Ideally we'd be able to approximate it well, and the fact that Spiro curves can't is a strong case against them.
Fortunately, our hyperbezier does reasonably well.
As in the case of the superellipse, it's a fairly decent visual match, though again not a precise approximation.


Some mathematical properties

This section is a grab-bag of some mathematical properties of the hyperbezier curve.

An appealing property is that the Cesàro equation is easily integrated, yielding a Whewell equation:

$$\theta(s) = \frac{a's+b'}{\sqrt{(cs^2+ds+1)}}$$

Here, the parameters in the numerator aren't the same as the Cesàro equation (though they are readily derived), but the quadratic polynomial in the denominator is the same.
Another round of integration (which I believe will be especially useful for curve fitting) also yields simple analytical equations, revealing that a close relation to trig functions.

The derivation of parameters for the Whewell equation follows fairly straightforwardly from the following integral, which has a pleasing symmetry:

$$\int \frac{as+b}{(cs^2 + 1)^{1.5}} ds = \frac{bs-a/c}{\sqrt{cs^2 + 1}} + C$$

Going in the opposite direction, the derivative is also straightforward, yielding a quadratic over the same polynomial in the denominator, this time with an exponent of 2.5.
To compute roots, identifying the curvature extrema, involves merely solving the quadratic.

Because the denominator is positive, there is at most one inflection point, at $s = -b/a$, when it is in range [0, 1].
That clearly signals that it can't accurately approximate all cubic Béziers, as those can have two inflection points.
In my experience, instances of cubic Béziers with two inflection points are rarely used in designs (it might be interesting to look at a corpus of vector graphics to quantify this).

I have experimented with other values for the exponent than 1.5.
A value of 1 would be appealingly simple, as it would resemble Padé approximation, but I found it cannot represent high-tension curves in a numerically stable way.
I also considered an exponent of 2, but the integrals don't come out as cleanly and overall it didn't match cubic Béziers as closely.
Perhaps this is not surprising, as the exponent of 1.5 resembles the equation for curvature of a parametric curve $\mathbf{x}(t)$:

$$\kappa = \frac{\mathbf{x}' \times \mathbf{x}''}{(\mathbf{x}' \cdot \mathbf{x}')^{1.5}}$$

In general, arc length parametrized curves are in many ways more pleasant to work with than general parametric curves; there's a nontrivial calculation to solve the inverse arc problem for Béziers.

Future work

In this post, I present the curve family to the world.
I welcome and encourage experimentation.
Of course, there is lots to be done to make the mathematical idea into a practical tool.
For one, it should be wired up into a spline.
I expect to follow the ideas in The hyperbezier pen tool by Colin Rofls, which was based on an earlier draft of the hyperbezier math.
This earlier draft had some of the desired behavior of the current proposal, but also some flaws, including not being able to approximate sharp superellipses, and also not being closed under subdivision.
On the other hand, it had a straightforward solution to the problem of mapping Bézier-like control points to the parameters.

One idea from the above spline that I think is worth preserving is making splines G2 continuous by construction.
Such approaches don't work well with cubic Béziers because there are multiple local minima, creating saddle points in the optimization terrain.

Another promising direction is working out curve fitting.
While I haven't gotten deep into it yet, I expect curve fitting to be fairly straightforward, especially compared with cubic Béziers.
I'm especially interested in fitting touch or pen data.
As usual for this problem, a central part of the challenge is finding good subdivision points.

I hope to land better implementations in the spline repository, but make no guarantees how fast that will go.
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 The video opens with a man in his 80s slumped in a hospital bed, his face hollow as he scrunches his eyes. A jump cut advances the scene three days: the man is alert now, words gathering as he identifies his son.
Six months later, he is pictured sitting upright, engaged in conversation. His gaze is animated. At eight months, the man walks briskly down a hospital corridor. He recites a near-century-old Maoist military anthem from memory. He is practically unrecognizable from the withered figure in the opening frame.
China is waging war on Alzheimer’s. What can its approach teach the rest of the world?
The footage records the recovery of a man who, in September 2020, became the first person in the world to undergo a surgery known as deep cervical lymphatic-venous anastomosis (dcLVA) to treat Alzheimer’s disease. The procedure involves connecting tiny lymphatic vessels in the neck — part of the drainage system that carries waste away from the brain — to nearby veins, creating a route that, in theory, allows fluid and waste proteins to flow more easily into the bloodstream.
The treatment was first reported1 in 2022 in a Chinese-language journal by microsurgeon Qingping Xie, president of the Qiushi Hospital in Hangzhou, China. At the time, it drew little notice. But that changed the following year, when Wei Chen, a lymphatic microsurgeon at the Cleveland Clinic in Ohio, began showing the footage (with consent from Xie and the man’s family) at surgical meetings around the world.
“A lot of jaws dropped,” recalls Chen. “It basically started a frenzy of this surgery being performed left and right.”
Almost all of the surgeries took place in China, where hundreds of hospitals were soon offering the experimental procedure. Propelled by viral testimonial videos and aggressive marketing campaigns on social-media platforms such as Douyin and WeChat, it was sought out by thousands — with many people paying more than 200,000 yuan (US$30,000) for a chance of recovery.
The rapid adoption, in the absence of hard evidence, prompted Chinese regulators to intervene. Last year, they restricted the procedure to more-formalized clinical research settings, rather than the ad hoc use that had proliferated previously. And Xie, the pioneer of the technique, has been in detention since September for undisclosed reasons.
The great brain clearance and dementia debate
Now, as controlled studies get under way around the world, the scientific community remains divided over whether or not the procedure actually alters the course of the disease. Mechanistic explanations for why the surgery might work remain hard to square with how quickly some individuals seem to improve, clinicians say. And many researchers remain concerned about the risks, including infection, bleeding and injury to nearby nerves.
Nature spoke to more than two dozen researchers in the field, revealing a mix of qualified enthusiasm and deep scepticism.
“The concept is scientifically valid and biologically plausible,” says Young-Kwon Hong, a lymphatics researcher at the Beth Israel Deaconess Medical Center in Boston, Massachusetts. But he worries that the excitement has outpaced the evidence. “The hope is high,” he says, “and whenever hope is high, the hype also follows.”
Medical maverick
Xie did not set out to reinvent Alzheimer’s treatment. He trained as a reconstructive microsurgeon, and is more at home with reconnecting severed vessels than with troubleshooting brain drainage. But according to interviews Xie gave before his detention, and corroborated by his daughter Angela, who spoke to Nature, a stray case of tinnitus set him on a different path.
In 2019, while performing surgery to relieve pressure on nerves that carry sound signals to the brain, Xie noticed abnormalities in lymphatic structures deep in the neck of a middle-aged woman with persistent ringing in her ears. To bypass the problem area, he connected lymph vessels to nearby veins, adapting a technique first developed in the 1960s to treat painful swelling in the arms and legs that can happen when lymph nodes are removed or damaged during cancer treatment.
After the surgery, the woman reported not only that her tinnitus improved, but so had her mental acuity. Intrigued, Xie dug into the literature and found research that seemed to explain the phenomenon. In 2015, a team led by neuroimmunologist Jonathan Kipnis identified a network of lymphatic vessels in the protective membranes that encase the brain, overturning the long-held idea that the brain lacked a conventional lymphatic system2. Three years later, Kipnis and his colleagues showed that disrupting these vessels in mice impaired clearance of toxic amyloid-β proteins and accelerated cognitive decline3.
[image: Two men wearing surgical caps and protective clothing sit in a training room, discussing the information displayed on laptops in front of them.]Together, the findings pointed to a kind of hidden plumbing keeping the brain clean. This echoed earlier work by neuroscientists Jeff Iliff and Maiken Nedergaard at the University of Rochester Medical Center in New York. In 2012, they described an array of fluid-filled channels, distinct from true lymphatic vessels, that run alongside blood vessels and move fluid through brain tissue to flush out waste4.
For Xie, the pieces clicked: if the brain’s waste ultimately drains through these fluid-clearing pathways into lymphatic vessels in the neck, he reasoned, then improving the outflow there might enhance clearance upstream. And if clogs in that plumbing contribute to disease, then fixing the flow might even help to treat neurodegenerative conditions such as Alzheimer’s. The 84-year-old man in Xie’s video was his first test case.
Weifeng Zeng first stumbled on Xie’s work in February 2023, buried in a China Medical News bulletin listing the “Seven major advances in microsurgery in 2022”; Xie’s dcLVA technique ranked sixth. By then, Xie had performed it on more than 60 people, the bulletin noted.
Keen to learn more, Zeng, a reconstructive microsurgeon at the University of Wisconsin–Madison, tracked down Xie’s report and cold-called the mobile number listed for the corresponding author. Xie picked up on the first ring. He was eager to share his surgical experiences, Zeng recalls, and excited to learn that Chen and Zeng had been considering similar ideas about lymphatic surgery for Alzheimer’s for more than a decade — although they had not performed such an operation at that point.
How to avoid dementia — what the science really says
A formal collaboration ensued. Xie was soon on a plane to Cleveland, demonstrating his dcLVA technique on cadavers for Chen’s team. Chen folded Xie’s clinical findings into his own conference talks, and then the two (with Zeng and others) co-authored a brief report laying out the surgical technique and its early results — the video of the first person Xie treated included — in the official journal of the American Society of Plastic Surgeons5.
Word spread fast, both in China and abroad. Surgeons around the world made pilgrimages to Hangzhou to witness the operation first-hand. Among them was J Mocco, a cerebrovascular neurosurgeon now at Weill Cornell Medicine in New York City, who travelled to Qiushi Hospital in August 2025. “I had never seen anything like it,” Mocco recalls.
“My first thought was: am I seeing a revival-tent preacher experience here?” he says. “But I came away from the visit to China saying: I don’t know if this is real, but it should be investigated in a rigorous and meaningful way to determine if it is.”
Burden of proof
The evidence base so far mainly consists of small studies from China. Most were done at a single site, lacked a comparison group and offered little mechanistic evidence as to how the treatment might produce benefits.
More than a dozen such reports, involving a few hundred participants in total, have been published so far. Collectively, they suggest that the surgery can reduce levels of toxic amyloid-β and tau proteins in the fluid that bathes the brain and spinal cord, and sharpen memory and attention on objective cognitive tests. The gains are typically modest when averaged across large cohorts. But drastic turnarounds like the one in Xie’s original study continue to surface — in China and elsewhere.
“We are seeing some incredibly encouraging data,” says Joon Pio (JP) Hong, a plastic surgeon at the University of Ulsan College of Medicine in Seoul. He has worked with Xie directly, co-authoring another striking report last year involving a 58-year-old woman with severe Alzheimer’s who could barely walk before surgery and was able to move unaided afterwards6. Hong is now running his own trial in South Korea and says that he is finding the same spectacular gains in some individuals, although not in everyone.
Brain’s drain
That echoes what is emerging in larger, more-rigorous studies. In February, clinicians published a study involving more than 100 people — the largest cohort so far — with severe Alzheimer’s, who underwent dcLVA at the First People’s Hospital of Zunyi, in southwestern China. Over several months of follow-up, participants, on average, showed modest improvements in cognitive and functional scores alongside declines in amyloid-β and tau levels in cerebrospinal fluid7.
Independent imaging studies reveal some preliminary backing for those gains. MRI scans taken before and after surgery show increased post-treatment connectivity in the brain’s default mode network, a key hub for memory-related activity8. Ultrasound scans reveal increased blood flow through the neck’s jugular veins and carotid arteries9 — evidence, albeit preliminary, of restored circulation and brain connectivity underlying the clinical and behavioural benefits.
But even those signals leave considerable ambiguity about whether the observed changes reflect true disease modification or just a temporary reprieve — and interviews with caregivers, conducted as part of a formal study10 in China’s Henan province, offer little clarity. If anything, such accounts suggest that perceived benefits are often subtle and inconsistent, shaped as much by expectation and emotional investment as by objective clinical change. And, anecdotally at least, several clinicians say they’ve heard from colleagues in China that the majority of individuals backslide within a year of surgery, echoing broader concerns that any gains might not last.
Lasting impressions
The question of durability now hangs over the entire field.
Kipnis, for one, isn’t convinced that the improvements will last. Just as a road detour doesn’t fix a traffic jam — it only reroutes cars for a while — dcLVA might improve the flow of brain waste for a time. But without addressing whatever caused the blockage in the first place, he says, congestion will inevitably build back up. “The system will get clogged again and again,” warns Kipnis, who is based at Washington University School of Medicine in St. Louis, Missouri.
Still, for families watching a loved one disappear into severe dementia, and with few other treatment options, short-term benefits could be meaningful, notes JP Hong: “If the patient is able to improve even for a year, that’s a whole freaking miracle for the patient and their family.” (Both he and Kipnis consult for Medical Microinstruments (MMI), a surgical robotics company based in Jacksonville, Florida, that is behind a 15-person study of dcLVA now under way in the United States.)
Another thing that is giving scientists pause is the speed with which symptoms begin to shift after the surgery. “The thing that doesn’t fit for me is the fact that the effects seem relatively immediate,” says Iliff, now at the University of Washington School of Medicine in Seattle and a paid consultant for MMI. “I have a hard time understanding how those kinetics work.”
The future of Alzheimer’s treatment
It could be that, by improving drainage from the brain, the surgery simply relieves pressure in fluid-filled spaces, easing stress on surrounding tissue and improving cognitive function. Or it might help to flush out inflammatory molecules and other toxic metabolites that stress neurons and drive synaptic dysfunction. It might even have a rapid effect on amyloid-β and tau, clearing soluble forms of the proteins that can harm neurons, even though the plaques and tangles that define Alzheimer’s pathology are left behind.




Original: https://www.nature.com/articles/d41586-026-02448-x · Discussion
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Here’s what you’ll learn when you read this story:
	Egypt relied on a group of former Nazi scientists to spearhead its missile program. 
	In 1962, a key player in the program—Heinz Krug—left his office, never to be seen again.
	While Heinz’s ultimate fate is merely conjecture among historians, some accounts state that a brutal assassination may be to blame. 


On July 21, 1962, a crowd of journalists gathered in a bleak stretch of desert near Wadi El Natrun, an ancient valley in Egypt. That day Gamal Abdel Nasser, the Egyptian president and military dictator, was determined to prove to the world that his country was a military superpower. Blasting dust everywhere, four surface-to-surface rockets shot off into the skies one after another and fell into the Mediterranean, shocking the media. Afterward, the Egyptian government celebrated with rallies, fireworks, and a plane that rained candy over Cairo as state-owned radio declared the nation had entered the “missile age” after a long effort to build up its long-range firepower.
The balance of power shifted in the Middle East overnight, sparking an arms race between Egypt and Israel, and exposing shadowy networks of former Nazi intelligence officers and rocket technicians selling their services to the highest bidder. Caught in a fierce crossfire between Israel, Egypt, and West Germany, one Nazi rocket scientist disappeared into thin air—crippling a rocket program and stumping historians for decades.
Egypt Desperately Needed Rockets
According to Michael Neufeld, PhD, former senior curator in the space history department of the Smithsonian’s National Air and Space Museum, Egypt’s pursuit of Nazi rocket scientists was par for the course in a global arms race taking place at the time.
“Missile technology was spreading around the world after World War II and the Germans were only a small part of that,” Neufeld says. “Egypt wanted to threaten Israel, notably in the wake of the 1956 attack on the Suez Canal by Israel, Britain, and France. The context for Nasser’s interest in missiles is the Arab world's hostility to Israel that ultimately led to the 1967 and 1973 wars.”
Being that powerful rockets were a natural goal for any aspiring world leader during the Cold War, Nasser—a professional soldier who swept away Egypt’s old political norms with a revolution—had big ambitions. However, he faced several pressing obstacles. Egypt lacked the large-scale factory horsepower to produce rockets. Nasser’s prime option at the time was a rather run-down facility in Heliopolis called Factory 333, a former British hospital converted into an aircraft engine factory. Despite its shortcomings, the factory would become the central node in Egypt’s missile development program.
Another enormous problem was that neither the United States nor the Soviet Union was willing to assist Nasser in developing weapons. Never one to be put off by setbacks, Nasser decided to recruit the original pioneers of missile technology—the Germans. He approached West German Cold War spy chief Reinhard Gehlen, who ran the Gehlen Organization, an intelligence agency staffed in large part by former Nazi and SS officers. According to author and former intelligence analyst Owen L. Sirrs’s book Nasser and the Missile Age in the Middle East, Gehlen connected Nasser with the famous Nazi military commando officer Otto Skorzeny.
The Rocket Science Team—and the Weapons They Built
Skorzeny, an Austrian, achieved fame for his expertise in daring operations behind enemy lines during World War II. Talented at intelligence gathering and speaking different languages, the charismatic Skorzeny successfully pulled off one of the world’s most incredible prison breaks when he snatched Italian dictator Benito Mussolini from a mountain fortress and delivered him safely to Adolf Hitler in 1943. According to Sirrs, Skorzeny trained commandos for Nasser in Egypt for about a year before leaving—only to later reappear as a phantom in rumors about the disappearance of one of Nasser’s leading rocket scientists.
Skorzeny wasn’t the only Nazi who sought new opportunities in Egypt. A group of former Nazi rocket scientists (who refused to work for either the Allies or the Soviet Union after designing weapons for Hitler) arrived in Egypt in the early 1960s to help with Nasser’s missile program. Among them were Wolfgang Pilz, who helped design self-guided V-1 “flying bombs,” and Eugen Sänger, a rocket propulsion engineer. Other technical experts included Hans Kleinwachter and Hans Goercke.
A key linchpin to their success was the rocket scientist Heinz Krug, a close colleague of Sänger. Starting in 1958, Krug worked as a manager at the Research Institute for the Physics of Jet Propulsion in Stuttgart, Germany, and developed ties to the Egyptians. As of 1960, he allegedly became a frontman for a shell company called INTRA Commercial Company with links to the Egyptian War Ministry. Krug used his office in Munich to source, procure, and ship parts for the missiles to Egypt. He was among the staunchest advocates of Nasser’s rocket program and worked hard to fulfill his critical role—not knowing that the job would ultimately lead to his misfortune.
Compensated lavishly, the scientists in 1960 kick-started two surface-to-surface missiles for Nasser with range and payloads to strike Israel. By 1961, they had already begun testing prototypes at Factory 333, the same location in Wadi al-Natrun that Nasser would hold his demonstration a year later. Additionally, teams led by the German rocket scientists began churning out missiles at two additional locations, Site 36 and Site 135, both located farther down the Nile near Memphis and Helwan. In a short time, the Germans had succeeded in producing rockets at speed and scale. Nasser paraded 20 missiles through Cairo in 1962—sparking fears around the Middle East, especially next door in Israel. All the while, Israel was working on its own weapons program and beat Nasser to the punch, successfully launching a suborbital missile, which only added to the military dictator’s paranoia. Even with the advantage, Israel wouldn’t let up.
What Happened to Krug? 
Feeling threatened by Egypt, Israel pressed West Germany to stop the former Nazi scientists, given that the scientists were German citizens. The German spy chief Gehlen opted for closer cooperation with Israel. Sirrs suggests West German intelligence may have directly assisted agents from Mossad—an Israeli intelligence organization—in targeting the missile program. He says evidence suggests that Mossad and the West German government used an intimidation campaign to overtly pressure the scientists to stop helping the Egyptians. German federal officials forced Sänger to resign in November 1961 from his own institute. While many scientists left the team, Krug continued to work on the missile program from his office in Munich.
Israel’s campaign didn’t end there. In 1962, Mossad launched Operation Damocles. Events that followed indicated that its first target was Krug, the effective lead production coordinator for the rockets. On Tuesday, September 11, 1962, Krug was working in his office when a young man came to see him, according to news reports. The man gave his name as “Mr. Saleh” and spent about half an hour chatting with Krug in his office. Then they drove off together in Krug’s car.
Krug never returned, and his terrified wife quickly reported him missing. “My husband has been carried off, for he had absolutely no reason to disappear of his own free will,” she told police, according to the Associated Press.
Police found the scientist’s car on Friday in the Munich suburb of Solln, within driving range of several vast wooded areas. The abandoned car was caked with mud. Soon after, the police allegedly received an anonymous phone call stating that Krug was dead. Nevertheless, the police appealed to the public on television for information and launched an investigation with Interpol to uncover his whereabouts.
In the wake of Krug’s alarming disappearance, more German scientists working in Egypt were targeted. Pilz’s secretary opened a letter bomb that left her blind from the explosion. Another letter bomb killed five Egyptians and wounded six at another rocket factory office the next day. Kleinwachter, a stubborn holdout, barely avoided being shot by a trio of Mossad agents in 1963 in Bavaria, escaping with a bullet hole through his neck scarf. He publicly accused the West German government of deliberately failing to protect him.
The German government, in turn, ended all financial contracts with any companies involved in Egyptian missile parts procurement and sent formal warning letters to all scientists in 1963 urging them to cease their activities. A few scientists persisted until 1964, but they lived in fear—carrying guns for protection and screening all their mail for explosives.
Krug’s fate and the possible whereabouts of his body—if indeed he died—remain unknown, nothing more than conjecture among historians. Some reports allege he was spirited away to Austria and lived out the rest of his life under an assumed name. Other accounts suggest that he met with a merciless fate. For instance, some indicate that a Mossad assassination squad shot Krug and buried him in a forest. Even stranger tales allege that Otto Skorzeny, the ex-Nazi commando affiliated with Gehlen, was blackmailed by Mossad into orchestrating Krug’s death and shot him. To Sirrs, however, Skorzeny is an unlikely culprit when it comes to Krug’s potential assassination.
Still, Skorzeny remains a ghostly figure on the fringes of German and Egyptian intelligence activities. Intelligence sources approached for this article declined to comment on Skorzeny’s potential affiliation with the CIA. Nonetheless, someone walked away from the abandoned car in Munich knowing exactly where Krug was—taking the secret to the grave.
[image: Headshot of Zita Ballinger Fletcher]
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        Using GCC's Nested Functions with Wide Pointers and no Trampolines II

	
	Martin Uecker, 2026-07-14

	

	Introduction

	
	When the address of a nested function is taken, GCC creates at
	trampoline at run-time.  This trampoline is placed
	on the stack, which means that the stack has to be executable.
	This is problematic because a non-executable stack is an important security feature.
	For some time now, GCC has the option to place the trampoline on the heap, 
	which is better but still not ideal as the allocation has a higher cost and the
	trampoline could leak when longjmp is used.
	

	Previously, I pointed out how this could be avoided with a new wide pointer
	type, and also talked about a preliminary patch to GCC that implements 
	some core functionality that would be necessary for this.
	

	Here, I want to give two updates.
	

	GCC 16: Nested Functions Without Capture

	
	First, GCC 16 was released. In GCC 16
	it is guaranteed that a nested function that does not access variables of
	a parent function will not require a trampoline. In practice, this was
	already ensured when optimizing, but now it is also ensured when not
	optimizing and documented.  This also means that you can safely return such a 
	function from its parent and that you will get a warning when trying to return
	a function that does access the local context (at least in simple
	cases where this is obvious to the compiler) as in the following example
	(Godbolt Example) 
	

	typedef int cb_f(int);

	cb_f *foo(int x)
	{  
	  	int worker(int y)
	    	{
        		return x + y;	// capture
    		}

   		return worker;
	}

	cb_f *bar(int _x)
	{
		static int x;
		x = _x;

		int worker(int y)
		{
			return x + y;	// no capture
		}

		return worker;
	}
	

	
	Nested function that do not access variables of the parent function
	can still access static variables, named constants, or types
	(if not variably modified).  This is useful for writing
	callback functions (Godbolt Example).
	

	typedef int cb_f(void *, int y);

	int process(cb_f *cb, void *data)
	{
		return cb(data, 5);
	}

	int foo(int x)
	{
		struct { int x; } data = { .x = x };

		int worker(void *_data, int y)
		{
			typeof(data) *data = _data;
			return data->x + y;
		}

		return process(worker, &data);
	}
	

	
	Still, the true power of nested functions is being able to directly
	access the variables of the parent function. Also, the code above seems
	like we just simulate such functions by manually adding some boilerplate
	code - the compiler should certainly be able to help us with this.
	This is what my second update is about. 
	

	GCC 17: Nested Functions with Capture

	
	Recently, a version of 
	my patch was merged into the development branch of GCC that implements
	the two new built-in functions that can be used together with the existing
	built-in __builtin_call_with_static_chain to write this
	example 
	(Godbolt Example)
	without requiring trampolines.
	

	
	typedef int cb_f(int y);

	static int process(cb_f *cb, void *data)
	{
		return __builtin_call_with_static_chain(cb(5), data);
	}

	int main()
	{
		int x = 7; 
    
		int worker(int y)
    		{
			return x + y;
    		}

		return process(__builtin_call_code_address(worker),
			       __builtin_call_static_chain(worker));
	}
	

	
	In fact, with trampolines out of the picture, all that GCC does under
	the hood is to automatically transform this into the example above!  
	The only difference to the manually written version that the data pointer
	is passed via a special register. This register is used by many other
	programming language for passing the static chain and therefor already
	reserved for this use by the ABI.
	

	Even without proper language support, we can still make this example
	a bit nicer by defining a generic wide pointer type and wrapping 
	the built-ins via macros.
	(Godbolt Example)
	

	#define wide(T) struct wide_##T { typeof(T) *code; void *chain; }

	typedef int cb_f(int y);

	int baz(wide(cb_f) p, int x)
	{
		return CALL(p, (x));
	}

	int foo(int k)
	{
		int bar(int x) { return k + x; }
    		return baz(CLOSURE(cb_f, bar), 2 * k);
	}
	

	The compiler will happily optimize this to a single assembly instruction
	that implements a multiplication by three.

	foo:
        	lea     eax, [rdi+rdi*2]
        	ret
	

	Outlook

	While there are compilers other than GCC that support nested functions, this
	feature is not really portable.  In the future, I will discuss how one can use
	nested functions with both clang and GCC and how one can, with a hack,
	avoid creating trampolines even on older versions of GCC.
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The biggest lie in color photography is that you can
accurately
represent the colors of objects by simply recording the amount of red,
green and blue in them. This technique - the only one in current
mainstream use - gives good results only
when the spectral sensitivity curves of the camera precisely match
those of the human eye, and when the spectrum of the light used to make
the photo is perfectly smooth, and no different kind of light will ever
be used! 



It's clear that the first of these requirements is hard enough to meet,
and that the second one is, simply and plainly, never true.


  

And that's why photographers are always battling to get the right
colors - and never do get them!




Not only in photography is this matter an important one. In daily life
it is, too. Lots of electronic technicians hate that stupid problem of
not being able to correctly read resistors. It happens that old-style
resistors, and some other parts too, are labelled with color bands or
dots, instead of numbers. Under some lighting conditions it can be hard
to tell a red from an orange, or a green from a blue. This leads to the
wrong resistors being installed in equipment, and thus more
troubleshooting work.


  

Housewifes know the same kind of trouble, for example when trying to
color-match a button to a shirt. Indoors under the electrical light
they find the exact right button, that matches the others, sew it on,
and when the dear hubby goes outdoors next day, !BANG!, that button
sticks out like a sore thumb!


 

Well, I have to admit that many housewifes these days don't know how to
sew a button to a shirt, but they tend to have the same kind of
trouble when getting their make-up just right, only that outdoors it
doesn't look right any longer! And that's a big
problem...




To
get a better grip on the problems of light color, I built myself a
spectrograph a few days ago. It has been a lot of fun so far, so I'm
making this colorful web page, both to bring my results into an orderly
shape, and to let other people learn from them.



The spectrograph is a simple attachment for my DSLR camera. Using my
lathe, I made a two-part piece of plastic tubing, that assembles in an
angle of 146.6 degrees. At the junction of the two parts, a diffraction
grating is installed. It's an inexpensive foil-type grating that has
1000 lines per mm, which I bought on eBay. 




Each end of the angled tube screws into the filter thread of a lens. I
used 50mm lenses on both sides, but other arrangements are workable
too. The camera's lens stays focused at infinity, while the additional
lens, uses as a collimator, has a narrow slit installed in the center
of its focal plane. I made that slit by hot-gluing two pieces of hobby
knife blade over a central hole in the cap, on its inside. The blue
pipe is simply PVC water pipe, machined on the lathe to press-fit the
lense's bayonet, and to have 42mm length. This allows using
the
lense's focusing ring to bring the slit into the exact position, and
thus focus the entire spectrograph.




Looks cool, eh?




There are several web sites describing the construction of such
spectrometers in greater detail. Many of them don't use the second
lens, and instead use simply a long tube, placing the slit at a long
distance from the diffraction grating, and focusing the camera's lens
at that distance.




The work being done, let's go and play.

Let's start by
looking at a full,
pretty smooth spectrum of light. It's 1500 pixels wide, so it would be
best to set your browser window wide enough. The left border must be
roughly at 700nm wavelength, maybe a little lower, while the right one
is slightly into the UV range, a little bit shorter than 400nm. I got
this spectrum from a blue-tinted "daylight" incandescent bulb.








The stage being set, let's look at some single-color LEDs. Here is a
red LED dating from roughly 1988. It's pretty far down in the deep red
range. It looks very dim to the eye, just enough to use it as an
indicator light on a front panel.









The following one is a modern, high efficiency red LED. It works much
higher in the spectrum.









Next in the spectrum comes an old (1988) yellow LED. The spectral range
that looks yellow to the eye is pretty narrow, and those old LEDs had a
fairly broad bandwidth. It spans from the red over the orange and
yellow, well into the green. It looks a dirty yellow to the eye.









This instead is a modern "orange" LED. It has a much narrower
bandwidth, allowing a more precise color definition. It looks a
beautiful golden color to the eye.









Then comes an old green LED. As you can see, it's not cleanly green,
 falling into the lower half of the green range, and
a lot
into the yellow and orange. It looks green enough to the eye, partly
thanks to a green tinted housing! Without that tint, I guess this LED
would look rather yellow.









Instead a modern green LED has a far narrower bandwidth, and is better
settled in the green range. I'm not sure where the Moiré interference
in this spectrum came from. I don't think it's an actual ripple in the
spectral response.




 




What you can see here is a historical device, straight out of my
museum: The very first blue LED I bought! It was very expensive, and
gives a very dim glow, but with some goodwill it looks blue
indeed! I bought it just to show off with it, in a time when
most
people still thought that blue LEDs were impossible to make! I
understand it's a silicon carbide LED. 


As you can see, like all old LEDs it's pretty broadbanded, and is
centered in the cyan range rather than the blue. 









This instead is a modern, true blue LED. 









And what follows is a LED that was sold to me as "ultraviolet". I can't
tell how much actual UV output it has, because my camera and my lenses
will cut off any higher UV. But it looks promising that I had to
lengthen the crop of my spectrum image, to fit the far violet part of
the spectrum, which I had cut off before because I though my camera
wouldn't see anything there!


Note that it also has some faint green and red output.









As you can see, there are LEDs for pretty much any part of the visible
spectrum. In my collection I don't have any clean, nice, narrowband
cyan LED, but it surely exists too!




Let's go to actual lamps now. The above LEDs are intended mostly as
indicators, having strong colors. Lamps instead are normally designed
to produce the whitest possible light, or let me say, a light as close
as possible to daylight.This is because the standard for color vision
and reproduction is how it looks in nature, under the open sky. This
can be either a sunny day, with the proper mix of yellowish sun and
blue sky shining down, or a smooth layer of white clouds, which mixes
together the light. Of course, clouds do absorb some wavelengths more
than others, and so the color of cloud light is _not_ the same
as well mixed light of a sunny day. Matters ain't
ever simple!



The smoothest spectrum comes from blackbody radiators. Plain
incandescent glow bulbs are such blackbody radiators - only they aren't
hot enough! To produce the holy grail in perfect lighting, we need a
blackbody heated to about 5000 kelvin, which is pretty close to 4700
degrees Celsius. The problem is: What material can be used, that
survives such temperature while remaining solid?




So we use tungsten, the metal with the highest melting point of all,
and heat it up as much as we possibly can, without
it vaporizing too fast. That's the humble glow bulb. What we get is a
smooth spectrum, but poorly balanced, with intense red and
weak
blue, and almost no violet:


 






The above is a 25W bulb, while the one below is a 100W one. The spectra
of these two are almost identical. Both look very yellow to the eye. 







 

Engineers searched desperately for ways to increase the filament
temperature, to improve the blue end output. This led to the
development of halogen glow bulbs, which use a high pressure halogen
gas to recover tungsten that went off the filament, and re-deposit it
where it belongs. This allows running the filament of a halogen bulb
slightly hotter than that of a common bulb, leading to slightly
stronger output in the blue, and thus an overall better balance:









And there was also a brute-force approach to getting whiter light from
incandescent bulbs, which was simply to add a blue filter, by tinting
the bulb blue. This works not by increasing blue, but by
_decreasing_red! So it does achieve the goal of producing a well
balanced light spectrum, but the efficiency, already very low for any
glow bulb, simply gets ridiculous! This spectrum, the same I displayed
for reference at the beginning,  is of a Philips 60W
blue-tinted
"daylight" glow bulb:









As you can see, it has a little bit more blue light than the halogen
bulb, making it the smoothest light source in my collection, with the
best color rendering and visual impression - but also the least
energy-efficient one!




For comparison, here is the spectrum of true daylight - the sun, plus
blue sky, at mid afternoon, so it should have an average daylight
balance. It can be seen that the "daylight" lightbulb, even with its
blue glass, is significantly redder than real daylight. 


The dark stripes in the sun spectrum are the Fraunhofer
lines.









Now that we have seen the spectrally smoothest light
sources,
let's see the most "adventurous" ones: Gas discharge lamps! They are
essentially pure spectral line radiators.



This is the spectrum of neon, obtained from one of those
little 
neon indicator bulbs, that look - can you guess it? - red/orange:









And here comes the spectrum of of a discharge through mercury vapor,
which is used in many lamps. It looks green/blueish:









The spectrum above was obtained from a metal halide lamp, right after
switching it on, while it was still cold. The other metals in it don't
get excited by the electrical arc, so they don't glow yet. But a few
minutes later the lamp has warmed up, and the other metals in it get
thermally excited, adding a lot of spectral lines of their own. That's
when the light of a metal halide lamp turns white to the eye, and very
intense:









It's no wonder that such lamps just cannot have a very good color
rendering, right? Most of the visible spectrum gets no light at all! An
object reflecting just  narrow ranges of the spectrum might
well
appear completely black in this light, while it would have bright
colors when seen in daylight, or under a glow bulb. And another object
that looks red in daylight might look green under a metal halide lamp,
simply because it has a strong reflectance in the deep red, like
650-700nm, and a weak one in the center of the green range. Under pure
smooth white light, the strong red reflection will dominate over the
weak green one, and the object will look bright red, maybe with a
slight orange tint. Instead in metal halide light it will look green,
because the lamp has no output at all in the deep red range, so that
the weak green reflection of the object makes it look perfectly green
when lit by the lamp's intense green spectral line!


  

It's a philosophical question whether such incorrect and even
unpredictable color rendering is the fault of the lamps, or of any
objects, dyes, and pigments that reflect only narrow bandwidths. But my
view is that we have far more such objects and dyes and pigments, than
we have lamp types, so lamps are easier to control! That's why we
should not use any lamps with strong line spectra, whenever we want
decent color rendering.


   

There is a special kind of gas discharge lamp, very well known to the
photographer: Xenon flash tubes. I made a spectrum of my Pentax AF-280T
flash, and once more, I was surprised. Although there are well defined
lines, they almost blend into a very smooth, even broadband radiation!









For many years, the fluorescent lamp has been the mainstay of lighting.
It's efficient, cheap, long lived, and very versatile. Can one ask for
more? Sure! One could ask for good color rendering, which fluorescent
lamps just don't do. 



A fluorescent lamp is a long glass tube , either straight or bent in
various ways, in which mercury vapor is electrically excited. The
mercury emits its characteristic spectrum, and a coating of special
materials covering the inside of the tube walls converts some of this
radiation into other colors. These special materials
are called
"phosphors" for purely historical reasons, given that modern
"phosphors" don't contain any phosphor (chemical element) at all! 


These lamps come as straight long tubes, or as bent tubes, to be used
with external control circuits (ballasts), or they come as very
compactly bent tubes with integrated ballasts, as "compact fluorescent
lamps", CFLs, or "energy saving lightbulbs" - even if they are no bulbs
but tubes, and they don't save any energy (in absolute terms)
 but
consume  it,
like any lamp does!




Old fluorescent lamps were said (on many websites!) to be "two-color
lamps", combining the blue mercury glow with a yellow phosphor. That
would produce brutally poor color rendering! Like so many things one
can read online, and in books, this is only a half truth. It turns out
that this "yellow phosphor" emits a smooth spectrum over a wide
bandwidth, spanning from pretty deep in the red, all the way into the
cyan and even blue range! The spectrum below, taken from an Oryom 18
watt "warm white" CFL, illustrates this very clearly: The
characteristic spectral lines of mercury ride on a very broadband glow
centered in the yellow range. 









Let's compare this to a more modern, "three-color" CFL, having
the
same "warm white" color temperature of 2700K. This is from an Osram
Dulux Star 8W CFL, that claims a color rendering index better than 80%,
which is pretty good - and hard to believe! Although the intense
blue/violet mercury line is largely absorbed by that lamp's phosphor,
there are many broad areas in the spectrum that get essentially no
light. This is very
far from a smooth, even spectral distribution!









Let's compare this to a Westinghouse 8W CFL, which is of the "daylight"
type, specifiying a color temperature of 6500K.  It's
completely
obvious that it uses the same phosphors as the lamp above, but has
different


quantities of them, so that the red is weaker and the blue is much
stronger. 









And this is from a Philips Ecohome 23W CFL, also having a color
temperature of 6500K. The spectrum is for all practical purposes
identical to that of the lamp above. These lamps were all made in
China,
and even if they weren't made by the same factory, surely the
phosphors are made and mixed by the same company...









The last CFL on this page is a General Electric 20W one, which I bought
because it is of the rather rare neutral white color, having 4000K
color temperature. It's the color I like best, by far. The spectrogram
shows nothing unexpected: It also uses the same kinds of phosphors, in
a mix that is in between that of the 2700K and the 6500K lamps:









I would like to test the spectrum of any fluorescent lamp with
>90%
color rendering specs, specially the ones rated for color 940, which
means 4000K and above 90% color rendering index. Unfortunately there is
no place whithin my reach where I can buy any! I have searched all
electrical and hardware stores in the wider area, and there are none!
But the catalogs of big manufacturers, such as Osram, do list them. I
would expect such high-CRI lamps to fill out the dark areas in the
spectrum, and further dampen down the bright ones. Perhaps they even
extend
their range into the deep red! That would mean less efficiency, of
course, because the human eye is less sensitive at the extremes.
Nothing comes for free in this world.




Until a few days ago, I believed what I had read on several web sites:
That white LEDs are basically blue LEDs coated with a phosphor that
adds either yellow light in the cheap ones, or red and green light in
the better ones. Now that I'm the proud owner of a spectroscope, I was
able to see the truth myself. And here it is, my dear readers! I will
start by showing you the spectra of an assortment of white ("daylight")
LEDs:



Cheap 3mm 20mA LED bought on eBay:









8mm half-watt LED for general lighting, 160 degrees
dispersion, from eBay:









10mm half-watt narrow focused LED, from eBay:









These three seem to use the same kind of phosphor. You could call it
"yellow" phosphor, but it's so nicely broadbanded that we could almost
call it "white minus blue" phosphor! The exact wavelength of the main
blue radiation varies with manufacturer, LED type, and maybe even with
the batch. The biggest spectral defect I find with these LEDs is that
they have a depression in the cyan range, which is deeper in those LEDs
that have their blue output higher up in te spectrum, and narrower. But
they all make pretty decent all-color lamps - very much
better than CFLs, in any case, let alone metal halide lamps!




Now see this 5mm, 20mA, focused LED, bought locally. The blue is
shifted down, it has nothing at the upper edge, and is weak in the mid
red - of course it has no deep red output at all. This one has poorer
color rendering, but looks extremely bright, thanks to concentrating
its output where the human eye is most sensitive:









Let's see the "warm white" LEDs now, those rated generally for color
temperatures around 2700K. First, a 3mm 20mA cheapy from eBay: 









The 8mm half-watt high dispersion one from eBay:









And the 10mm focused one from eBay. These three are the "warm white"
companions to the three eBay LEDs further up.









Clearly these three warm white LEDs follow the same pattern as the
three cold ones, in terms of shifting the blue center around depending
on the exact model, and having a hole in the cyan. And as is logical to
get the low color temperature, they have a lot of red output. But wait
- the red looks more extended too! Could it be that these warm white
LEDs use two phosphors, one being the same wideband yellow the others
use, and the second being an extra deep red phosphor? Or maybe they
use  a wideband red and a wideband green phosphor? I don't
know.
But they are pretty close to being a full-spectrum source, if it were
not for the hole in the cyan range!


 

Let's look at bigger LEDs. This is a 1 watt, warm white LED that comes
mounted on a star board.  It seems to have a similar blue
spectrum, and similar phosphor, as the 5mm LED shown higher in the
page, but with more phosphor to give the lower color temperature. It's
not as widebanded as one would want:









And this is my most powerful single LED: A Cree X-lamp rated for 5
watts, in a tiny SMD format! It has the color temperature I like so
much, 4000K. It has a pretty wideband and very smooth response, almost
without a hole in the cyan range! But in the deep red it's weak, and
the cheapest LED of all in my collection, the 3mm one from China, is
better in that regard... 









Finally, there is also another kind of white LED, that uses no
phosphor, but instead has a red, a green and a blue LED chip in the
same package. Here is the spectrum of one of those. Three narrow bands,
and nothing else. These might be quite efficient, but I wouldn't expect
great color rendering from them: 









Now this is a bit hard to understand for me: I see lots of fluorescent
lamps advertised to have better than 80% color rendering index, and in
catalogs at least I see some rated at better than 90%, while at the
same time white LEDs are typically rated at less than 80%. Judging from
my spectrograms, instead, LEDs seem to be far better than CFLs in this
regard! Is this a case of incorrect hearsay being propagated so much
that it has become an established pseudo-truth, or am I missing
something important enough to turn around the whole
situation?   



It seems to me that among the light sources shown on this page, some of
the white LEDs are the best. Only the blue-tinted incandescent bulb can
top the LEDs in terms of spectral smoothness - but there we would be
comparing the most efficient to the least efficient light source!
Between a modern white LED, and a blue-tinted incandescent, there is
roughly a 20:1 ratio in efficiency! With LEDs being among the most
efficient lamps in existence, and also among the ones with the
smoothest
spectral distribution, and apparently being the only
lamps that combine both, they are the way to go!




Clearly CFLs have very
irregular spectra, and metal halide lamps are even worse.




My home is currently lit almost exlusively by fluorescent lamps of
different types. It seems time now to replace them by LEDs. But not
just by any LEDs. It's probably a good idea to buy a few samples of
several different types and brands, test them all, and then decide
which to buy in quantity for the home.



Back to Homo Ludens
Photographicus
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In much of the world, owning a lakeside home is desirable. But in the Dutch town of Loosdrecht, residents live within the lake itself, with houses on their own impossibly skinny islands:


 
The unique geography is of course manmade, the result of peat mining. In centuries past, boats were used to dredge what was once swampland, in order to mine peat for fuel. Thin strips of land were left behind, for a practical purpose: That's where the peat was unloaded and laid out in the sun to dry.




The area remained a geographical curiosity until the 20th century, when developers realized they could build houses on the leftover strips of land. Today, hundreds of residents live in these boat-access-only homes.


 
You can learn more here:
Enter a caption (optional)
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How does a brain wire itself, starting from a single cell, using only the information encoded in a genome? We pose this as an engineering problem: Write a program that a single cell executes to build itself into a brain. The program must be small enough to fit in a genome, and fast enough to finish within developmental time. A computer scientist who knows little about biology quickly realizes why the obvious strategies, which developmental biology has rejected experimentally, fail at scale: The genome is too small to store per-synapse wiring, and axons searching blindly for targets would take too long. These same algorithmic constraints drive the design toward solutions that resemble the developmental strategies organisms actually use. That the same solution structure falls out of scaling limits as out of evolution suggests that features of neural development can be grounded in computational necessity rather than contingency alone.  Where earlier thought experiments reached discouraging conclusions about the ability of a biologist to fix a radio1, or to understand a microprocessor2, the news here is better: The design of the brain may be recoverable, not from taking it apart, but from asking how a genome must specify it in the first place.



Suppose we hand a computer scientist the complete wiring diagram of a brain and ask: Write a program that a single cell executes to elaborate itself into this network. The program must fit in a genome-sized instruction set of about 1 gigabyte, and it must halt within a developmental time window of at most about a year. The challenge is that the algorithm must scale: It should work for the 302 neurons of C. elegans, the 10510^{5} neurons of a fly, the 10810^{8} neurons of a mouse3, and the 101010^{10} neurons of a human brain4 (Fig. 1). How would someone with no knowledge of developmental biology approach this problem?




  

  Figure 1. The information gap. Brain size versus genome size for a range of organisms. Genome sizes vary only over about one order of magnitude, whereas brain sizes span eight. The dashed line shows where the simplest possible connectivity encoding—an adjacency matrix with one bit per pair of neurons, n2n^2 bits total—just fits within the genome*. In the green region the genome is large enough to afford this encoding. In the red region, the brain is too large. Only C. elegans sits clearly in the feasible region, and may thus be encoded with an adjacency matrix. The brains of the other species must be encoded with a different strategy. The open question is what strategy could encode and construct these despite the computational constraints. Data sources: genome assembly lengths16–21 and neuron counts3,4,22–24.


The computer scientist is, in effect, formalizing a task in the spirit of Turing5, von Neumann6, Waddington7, and Brenner8, who all saw the genome as a set of instructions for making an organism rather than a description of one. Formalizing the task helps to identify the algorithmic strategies that are both feasible and tractable. Working through the exercise, we find that strategies that work for a small nervous system hit hard walls as the network grows, and the constraints narrow the field to a small class of solutions. The convergence between theory and experiment informs both directions. For developmental neuroscientists, it formalizes familiar molecular mechanisms as solutions to a well-defined algorithmic problem and picks out which features of those mechanisms are computational necessities and which are free to vary. For theorists, it presents biological development as a system that solves an as-yet-unsolved computational task. Modern machine learning does not yet know how to generate large functional networks from compact descriptions, relying instead on either a large stored weight matrix copied from disk, or a training set that is orders of magnitude larger9. The initial zygote contains exactly such a description, and analyzing the developmental process may help inspire new algorithms for artificial systems.


The problem and its constraints


What does it mean to write a developmental program10–14? The computer scientist does not get to place neurons and wire them up from the outside, like an engineer soldering a circuit board. Instead, she must write a set of instructions that go into a single initial cell, and then she walks away. This initial cell divides, and each daughter inherits the same program and runs it independently. Each instance of the program can read only what it can sense locally: its own internal state along with molecular signals from its neighbor cells that are themselves running the same program. The cell performs actions that will build the brain: It divides, migrates, extends growth cones that navigate by reading molecular cues and form synapses upon arrival. The entire construction process is distributed and recursive, since every signal a cell reads was produced by another cell executing the same code. The programmer's sole lever is the instruction set she loads into the genome at the start, along with the cell's initial state.


The program needs to yield the correct network while respecting practical constraints. We focus here on two aspects: It needs to be short enough to fit in the genome and finish in a reasonable amount of time. A human brain has n≈1010n{\approx}10^{10} neurons, each of which forms connections with as many as m≈104m{\approx}10^{4} targets15, for a total of as many as  n×m≈1014n \times m\approx10^{14} connections.







The program must satisfy two hard constraints.


The information constraint. The instructions for building the brain must ultimately reside in the genome, which contains approximately 3×1093 \times 10^{9} base pairs21. Each base pair represents 2 bits, because there are four nucleotide bases. The total information content of the genome is therefore roughly 6×1096 \times 10^{9} bits, or about 101010^{10} bits as a generous upper bound. This bound is generous as it assumes the genome has no redundancies, and that every nucleotide is devoted to brain wiring, leaving nothing for the rest of the organism. Any wiring strategy whose instructions exceed this budget cannot be the one biology uses. The budget does not vary much across species: C. elegans and a human differ by less than two orders of magnitude in genome size but by more than eight in neuron count (Fig. 1). Whatever algorithm wires a mammalian brain must scale sub-linearly with the number of neurons.


The time constraint. The wiring process must complete within a developmental time window. With a bounded growth rate25–27, total axon length and developmental time are proportional: A strategy that requires growing too much axon, either transiently or permanently, also takes too long. Any viable strategy must keep both the total axon length and the total developmental time sub-linear in the number of neurons.


Our computer scientist will consider three approaches over the next few sections, illustrated in Figs. 2–5. The computer scientist evaluates each approach against the problem constraints, until she finds a strategy that does not violate any. For now, she restricts herself to deterministic, activity-independent processes: Each cell executes its program without feedback from neural activity, and is not subject to noise. Plasticity, in particular, operates on connections that already exist; the problem of getting axons to the right populations in the first place is the first one she considers. Stochasticity and activity-dependent plasticity are discussed briefly in later sections.





Strategy 1: the identity approach



  

  
    	Time O(n)O(n)

    	Space O(mnlog⁡n)O(mn\log n)

  

  Figure 2. The identity approach. Each neuron stores a list of target identities. Throughout Figures 2–5 a brain has nn neurons, each connecting to mm targets, built from a genome encoding up to 101010^{10} bits, and tt is the number of cell types sharing a common wiring rule. “Time” means total axon length per target, the bottleneck being how fast a neuron can generate a length of axon. “Space” means bits of genomic instruction.


In his 1974 Turing Award Lecture28, Donald Knuth stated that premature optimization is the root of all evil †. Honoring his famous maxim, our computer scientist first pursues the most naive algorithm (Fig. 2): Assign every neuron a unique identity label, store in the genome a list of target labels for each neuron, and have each growth cone iterate through its list, navigating to each target and forming a synapse. But how does a growth cone find a cell with a given label? Without any map or spatial structure to exploit, the best a growth cone can do is search systematically, visiting cells until it finds a match.


The problem is analogous to finding a book from an unsorted library. On average, a search turns up the right book after going through half the shelves; in the worst case, all of them. The search cost grows in proportion to the size of the collection. With nn neurons and no navigable structure, a growth cone must extend past up to nn cells to find one target. The total axon length per target is therefore O(n)O(n), growing linearly with brain size. For a human brain with n≈1010n \approx 10^{10} neurons packed into a volume of about 1,300 cm3^3, some 15 cm across4, the mean cell spacing is ∼\sim50 μ\mum, so an O(n)O(n) search extends roughly 500 km of axon per target, orders of magnitude beyond what a neuron can produce (and prune) in the weeks-to-months of development27,29.


But axon length is not the only problem. The target list must come from the genome, which is the same in every cell. A neuron's genome must therefore contain not only its own targets, but a wiring list for each of the nn neurons. Fig. 1 showed that an adjacency matrix encoding incurs an information cost on the order of O(n2)O(n^2), or 102010^{20} bits. However, this does not exploit the fact that the brain's wiring is very sparse: The vast majority of neuron pairs do not connect. Instead of listing all neuron pairs, it would be much more economical to encode, for each neuron, a list of labels for each adjacent neuron. How many bits does it take to label each neuron uniquely? With 1 bit you can distinguish 2 cells; with 2 bits, 4; with 3 bits, 8. Each additional bit doubles the number of distinct labels, so labeling nn cells requires log⁡2n\log_2 n bits per label, about 33 bits for 101010^{10} neurons. Each of the nn neurons needs a list of mm target labels, and each label is log⁡2n\log_2 n bits long. The total required storage is n×m×log⁡nn \times m \times \log n, or O(nmlog⁡n)O(nm\log n) bits. For a human brain, that comes to roughly 3×10153 \times 10^{15} bits, still orders of magnitude beyond the genome's 101010^{10}-bit capacity (the upper bound, assuming every bit in the genome was devoted to wiring up the brain, which of course it is not).


Strategy 1 fails both constraints: The time required to generate the requisite axon length is too great and the list of instructions is too large.


Developmental neuroscience arrived at the same conclusion. Sperry's chemoaffinity hypothesis proposed that each neuron carries a molecular identity and finds its target by label matching, the central idea of Strategy 130. Reasoning from regeneration experiments, in which severed axons re-found their original targets, Sperry suspected “literally millions, and possibly billions, of chemically differentiated neuron types, each distinguishable from all others”30. The hypothesis was generative and launched a productive search for identity molecules. That search turned up remarkable molecular diversity (Drosophila Dscam1 generates over 10,000 isoforms31, and vertebrate protocadherins create combinatorial identity codes32), but this diversity mediates local self-avoidance rather than global target selection33,34. The field has since moved from precise lock-and-key profiles toward logical recognition rules implemented in molecular machinery34–36, the same shift the scaling argument favors.





Strategy 2: the guidepost approach



  

  
    	Time O(n3)O(\sqrt[3]{n})

    	Space O(kmnlog⁡n)O(kmn\log n)

  

  Figure 3. The guidepost approach. Each neuron stores a sequence of waypoints to each target. Path length scales as n1/3n^{1/3} because nn neurons fill a three-dimensional volume whose linear extent grows as the cube root.


The search problem—finding the right partners efficiently—is the more obvious failure, so the computer scientist attacks it first (Fig. 3). Back in the unsorted library: Instead of wandering the shelves, someone provides a sequence of landmarks. To find Moby Dick, first go to the shelf with War and Peace; from there, look for Pride and Prejudice; from there, find Paradise Lost, which is near your target. Each landmark is a marker the growth cone can recognize when it arrives at that location; the growth cone reads them in sequence along its physical path. The growth cone never searches blindly; it always knows the next step.


This solves the navigation problem. In Strategy 1, without directions, the growth cone had to search cell by cell, producing a path length proportional to the number of neurons nn. Landmarks turn that exhaustive search into a direct walk: The growth cone proceeds straight toward its target, guided at each step. A directed walk through a three-dimensional volume is much shorter than an exhaustive search through it, because nn neurons packed into three dimensions are only O(n3)O(\sqrt[3]{n}) cell-widths apart. The axon length per target drops from O(n)O(n) to O(n3)O(\sqrt[3]{n}).


But the storage problem gets worse. The directions are specific to your starting point. Someone starting from a different shelf needs a completely different set of landmarks. Each neuron starts from a different location, so each needs its own set of directions for each target. If each path requires kk waypoints, the genome must store n×m×kn \times m \times k labels, each costing log⁡n\log n bits as before; the space complexity is O(nmklog⁡n)O(nmk \log n), exceeding Strategy 1 by a factor of kk. The guidepost approach trades one problem for another: It shortens the path but inflates the instructions.


The guidepost model of axon guidance34,37–39, in which long axonal trajectories are broken into short segments bounded by successive molecular choice points, documents the phenomenon Strategy 2 describes. The model has been enormously productive: It accounts for how axons navigate tissue boundaries, cross the midline, and enter target regions. But observing that an axon turns at a series of choice points does not account for how those points are specified. If each cue is independent, posted in the genome one waypoint at a time, the cost grows with every step, and the scaling argument rules this version out. The cheaper alternative is that the cues are not independent but readouts of an underlying order, the move Strategy 3 makes. Just as a reader who does not know the alphabet cannot tell whether a library is sorted or merely signposted shelf by shelf, the trajectory alone cannot tell the two strategies apart.


The computer scientist is on the right track. Navigating by guideposts works; the problem is that the guideposts are arbitrary. Each one is an ad hoc molecular marker that the genome must specify and the growth cone must be taught to recognize. What the computer scientist needs is a systematic set of guideposts, one where every location has a predictable address.





Strategy 3: the coordinate approach



  

  not implementable

  Figure 4. The coordinate approach, on an external grid. Cells have addresses, and wiring rules are compact transformations on those addresses. This version uses an external Cartesian grid with displacement rules. It is not implementable, because it requires a global coordinate system that no cell can read from inside the tissue.



  

  
    	Time O(n3)O(\sqrt[3]{n})

    	Space O(tmlog⁡n)O(tm\log n)

  

  Figure 5. The coordinate approach, on an internal hierarchy. The hierarchy is built by recursive subdivision (see Fig. 6), which cells can generate for themselves as they divide. A bit mask is a binary pattern specifying which bits of a source cell’s address to flip: the mask 1000 applied to any 4-bit address flips the first bit, connecting each cell to its contralateral partner. Every neuron of a given type applies the same mask to its own address, so the rule is stored once per type rather than once per neuron.


The obvious first attempt to bring structure to the guideposts is a coordinate grid. Back in the library: Moby Dick is on the third floor, southeast corner, twelve feet from the wall, second shelf (Fig. 4). With this kind of address, any reader can find any book without custom directions for each starting point. But an external coordinate system has a serious flaw: If the library remodels—moves into a taller building, rearranges the floors—every address has to be rewritten. The labels describe positions in an external frame, and when the frame changes the labels break. This is a Cartesian grid with xx, yy, zz-coordinates, and it has the same flaw for the brain. The brain is built from a single cell, the tissue changes shape as it grows, and any address tied to a fixed external frame would be rewritten every time the frame moved.


But there is a deeper reason the Cartesian grid is not just fragile but outright unimplementable. The argument above is written from the outside. It assumes someone is stamping coordinates onto cells and worries that the stamps will move. From the cell's point of view—the only one that matters, since the computer scientist has walked away—there is nothing to stamp with in the first place. A Cartesian address like (x,y,z)(x, y, z) presupposes a ruler and an origin, and both live outside the cell, even outside the organism. There is no privileged reference frame.


Alphabetical order solves this by providing a reference frame in relative coordinates. No one needs to know which floor or shelf a book occupies. The ordering itself indicates where any book sits relative to any other, without the need to memorize coordinates. The same order that assigns each book a position also enables fast lookup: start near the middle of the rack, check whether your title comes before or after, repeat. Each step halves the remaining shelves. A 1,000-book library requires only about 10 halvings (210=10242^{10} = 1024); a million-book one requires only 20. The number of steps grows as O(log⁡n)O(\log n): very slowly, even as nn gets large. The sorting process builds the coordinate system and the navigation structure in one step. The guideposts are still there—they are the alphabetical identities of the books on each shelf—but they arise from the organization of the library rather than from an external reference frame.


Cell division has the potential to provide this kind of ordering for developing tissue (Fig. 5). Every time a progenitor divides, it produces two daughters. If each daughter inherits a label that encodes its position in the division tree—a binary address, extended by one bit at each division—then after d=log⁡2nd = \log_2 n rounds, every cell has a unique dd-bit address that is lexicographically ordered across space40 (Fig. 6). Consider three rounds of division. The first splits the tissue in two: One daughter is labeled 0, the other 1. The second division splits each half again, appending a second bit: 00, 01, 10, 11. After a third round there are eight cells with 3-bit addresses. Two cells sharing the prefix 01 descend from the same second-round daughter and sit near each other in the tissue. Cells that share a recent ancestor have similar addresses, and the tree mirrors the spatial structure of the tissue. Each bit in the address corresponds to a spatial axis: The first division might separate left from right, the second anterior from posterior, the third medial from lateral. In biological terms, each bit is a molecular distinction between daughter populations—a transcription factor expressed in one lineage but not the other, or a gradient that partitions a domain into two subdomains with different identities41,42. A cell's full address specifies where it sits in the tissue. This coordinate system does not require an external reference; it is inherited at each division, generated for free by the process that creates the cells. The map also continues to grow: Earlier-wired axons serve as scaffolds that later axons follow, extending the navigable structure over time38,43. Wiring rules do not have to be rewritten when the brain changes shape.






  

  Figure 6. Hierarchical tissue structure and compact wiring rules. The tree is an H-tree built by recursive subdivision. Each division extends the binary address by one bit, so after three rounds every leaf has a unique 3-bit label. Each bit encodes a spatial axis: left–right is bit 1, anterior–posterior bit 2, medial–lateral bit 3, and the anatomical labels round the tree are coloured to match. The three coloured panels each draw one single-bit-flip rule on that same tree, with the flipped bit picked out in every address. Flipping bit 1 (red) connects each neuron to its contralateral partner. Flipping bit 2 (green) connects anterior–posterior partners. Flipping bit 3 (cyan) connects medial–lateral partners. Each rule is a compact transformation, shared across all neurons, that a growth cone can evaluate by navigating the tree.


The coordinate system can solve navigation: At each branch point the growth cone checks one bit of its target address and picks the corresponding half of the tissue, reading the full address in O(log⁡n)O(\log n) bit-comparisons. The physical path length is still O(n3)O(\sqrt[3]{n}), the same as Strategy 2; the win over Strategy 2 is in information cost, not time. It also provides a natural language for writing wiring rules.


The simplest rule in this language is “connect to your four nearest neighbors (north, south, east, west),” but that generates only a grid. Structured addresses allow richer rules. A single bit flip in the address can connect a neuron to its contralateral partner, on the opposite side of the brain. A different bit flip can connect it to a cell in a different region or a different layer. Different cell types can carry different rules, enabling the formation of complex circuits44.


The mechanics are straightforward. Because each bit in a cell's address encodes a position in the developmental hierarchy, two cells whose addresses differ in a specific bit position sit on opposite sides of that division. Cells differing in bit 1 are contralateral partners. Cells differing in bit 2 are anterior-posterior partners. So “connect to your contralateral partner” translates to “flip bit 1.” The rule can be written as a bit mask, a binary pattern specifying which bits to flip (Fig. 6). The mask 101 applied to any source address flips the first and third bits, producing the target address. The genome stores this mask once, and every neuron of that type applies it to its own address. The specific transformation is schematic, and real mappings involve multiple molecular signals. The key property still holds: The rule is shared across all neurons of a type, and its length scales as log⁡n\log n, not nn.


Like any language, this one makes some things easy to say and others hard. Contralateral projections, topographic maps, laminar targeting, and region-to-region connections can all be cheaply expressed as transformations on developmental addresses42,45. But a rule like “connect to these 47 arbitrary neurons scattered across the brain” would be just as expensive as in Strategy 1 (but still cheaper than Strategy 2). The coordinate system is a bet that most of the brain's wiring can be described as compact transformations on addresses. If so, the genome's budget is sufficient. If not, no coordinate system can help.


The numbers bear this out. Each rule is log⁡2n\log_2 n bits long, about 33 bits for 101010^{10} neurons. With t≈103t \approx 10^{3} cell types46 and m=104m = 10^{4} targets per type, the total storage is O(tmlog⁡n)≈3×108O(tm\log n) \approx 3 \times 10^{8} bits, comfortably within the genome. By contrast, Strategy 1's per-neuron target lists would require ≈3×1015\approx 3 \times 10^{15} bits, about 300,000 times the genome's capacity, and Strategy 2 is worse by a factor of kk waypoints per path. The path length per target is O(n3)O(\sqrt[3]{n}) for both Strategies 2 and 3; what separates them is information.


The binary addresses correspond to combinatorial patterns of transcription factors and signaling molecules that distinguish one brain region from another. The first division of the neural tube into left and right halves is one “bit”, maintained by differential gene expression across the midline47. Subsequent subdivisions along the anterior-posterior and dorsal-ventral axes add further bits, partitioning the tissue into discrete domains that differ in the transcription factors they express41,48,49. A growth cone navigating this hierarchy reads molecular markers at each boundary, the biological equivalent of checking a bit at each branch point. The resulting coordinate system is not transient: Cells retain a heritable, cell-autonomous memory of their position long after the original patterning signals are gone50, maintained by epigenetic mechanisms such as differential methylation51. This positional memory has functional consequences for wiring: Denervated muscles are preferentially reinnervated by motor axons from positionally matched spinal segments52,53. The coordinate system installed by development becomes a permanent molecular property that axons can read.


The hierarchy likely arises from multiple overlapping mechanisms48,54: morphogen gradients acting upstream of gene regulatory networks49,55–58, and potentially cell lineage itself42,59–62. Recent work suggests lineage may play a direct role: A cell lineage tree can install a global space of molecular addresses that axons read to navigate40, and the predicted hierarchical structure appears in brain-wide gene expression patterns in both mouse and zebrafish63.


Strategy 3 makes a strong prediction. If the brain wires itself using an address system, then that address system is a real map, written in gene expression and spread across the whole brain. It is laid down early and stays in place into adulthood. Two things follow. First, the map should be visible: You should be able to read it off gene expression in an adult brain63. Second, a small set of rules applied to that map should predict which neurons connect to which40.


The role of noise


The problem as formulated so far has been to write a program that generates a specific wiring diagram. That is a fair approximation of the problem statement for C. elegans, whose 302 neurons and roughly 7000 synapses are wired almost identically from animal to animal22,64. But as brains get larger, development allows stochastic outcomes and no longer specifies a single diagram, but rather a distribution65,66. Even the brains of identical twins are not wired alike67,68. Evolution selects for rules whose distribution is mostly good: Most wiring diagrams sampled from it should represent working brains.


Noise can make algorithms faster and simpler69. Suppose every neuron in area A needs to sample about 10 inputs from area B, and each cell in A should get an uncorrelated subset. This goal is achieved easily with the rule “connect to each candidate target with probability 10/n10/n,” for nn candidate targets in B. Each neuron ends up with a different random subset, which is what the circuit requires. The rule is cheap because the thermal and molecular fluctuations it draws on are always present. A deterministic rule like “connect to the closest 10 neurons in B that make an uncorrelated set of inputs” also fulfills the brief. However, without stochastic choices, the neurons in A would have to explicitly negotiate with their neighbors to ensure all sets are uncorrelated. Deterministically removing correlations incurs an overhead that is avoided by the stochastic algorithm, which uses noise as a free resource. In general, noise facilitates algorithms that require independent variables.


But noise is no silver bullet. The same noise that makes variability cheap can also make consistency expensive. Area A can randomly sample 10 inputs from area B, but left unchecked, noise could accidentally sample from area C, or sample too few or too many inputs. A small error left uncorrected in early development often proves fatal at later stages. Von Neumann70 and Waddington7 both considered how noisy processes could yield reliable results. Discretization emerged as a solution for both computers and organisms. A computer's memory has two discrete bins: 0 and 1. The voltage can fluctuate noisily within a bin, but as long as it does not cross the threshold that separates them the calculation is unaffected. Waddington's canalization rests on the same principle. Developmental trajectories are sorted into a discrete number of canals. Noisy variation within a canal yields the same developmental output, as long as the trajectory does not go beyond the canal's banks. The cost of discretization lies in the thresholds and banks. The banks need to be specified in the genome, and higher banks that are robust to heavier fluctuations incur higher costs71,72.


Specifying distributions of wiring diagrams rather than a specific instance has a potential advantage. It can lead to more compact rules. Rules that leave open more possibilities often need less information than those that pin down specifics73,74. A rule that prescribes a specific neuronal target—connect neuron 845845 to target neuron 342342 located in area X—requires more information in bits than one that merely says “navigate to area X and connect to any partner of type Y.” Whether distributions and stochasticity are advantageous or detrimental depends on the particular algorithm and use-case. Evolution may have found the special cases and algorithms that exploit the advantages, and minimize the disadvantages.


Plasticity


Plasticity refines the wiring after the initial rules have run. There are two forms of plasticity. One form, based on spontaneous activity, only uses information that is ultimately derived from the genome. It thus fits neatly into the problem defined in the introduction, namely to find a program that builds a wiring diagram from instructions that fit in a genome. The other—experience-dependent plasticity—goes beyond that problem, as it imports information from the outside world, beyond that found in the genome.


The internal form narrows a distribution that the initial wiring left too broad. An architect draws plans precise enough to place the walls and plumbing, but the contractor adjusts doors and trim on site, because no blueprint anticipates exactly how the lumber warps or the foundation settles. Retinal waves, synaptic competition, and pruning play the contractor's role75–77. The genome specifies a rule such as “strengthen co-active synapses,” or “prune the weakest connections.” Activity determines which specific pattern satisfies it. During development this activity can be generated internally. Retinal waves sweep across the retina before the eyes open75. The pattern the circuit settles into is still one the genome specified, a competition-based rule of the kind discussed above. Feedback of this kind can change how long development takes, or how reliably it converges, but it adds no information beyond what the genome already holds. The circuit refines toward a genome-specified answer using a signal it generates for itself.


Experience-dependent plasticity draws on information from outside the organism. The genome does not contain the vocabulary of one's native language, the faces of one's family, or the locations of fruit trees. Natural selection would not store this information even if it could, because it varies faster than evolution can track. The genome can store priors that make the information easier to absorb, such as the general structure of human language or of natural images78. The genome supplies experience-dependent rules that run on data supplied by the environment, similar to how the stochastic rules from the previous section run on noise supplied by the cell. The connectome results from a genomic program that runs against both the noise it encounters and the environmental input it is exposed to.


The two forms look alike because the machinery is often shared. The plasticity that provides corrective feedback during development is frequently the same apparatus that later supports learning79,80. Their informational roles differ: One converges on an answer the genome already implies, the other fills actual blanks the genome left open. The shared mechanism reflects a shared evolutionary origin. The genome did not invent learning from scratch. It already had a system that adjusted connectivity in response to activity, used to refine circuits against internally generated waves. Repurposing that system for experience-dependent learning may have taken little new molecular apparatus, mainly a change in what supplies the reference point, from spontaneous activity to the sensory world.


Discussion


Two influential thought experiments have asked whether the methods of biology could recover the design of a system whose ground truth is known. Lazebnik asked whether a biologist could fix a radio1; Jonas and Kording asked whether a neuroscientist could understand a microprocessor2. Both came back with the same discouraging answer. Lesion studies, activity correlations, and dimensionality reduction failed to recover the logic of even these simple engineered systems. These thought experiments argue that since these methods cannot recover the logic of a radio or a microprocessor, there is little reason to expect them to explain the brain from its wiring and its activity.


The problem is not confined to analogies with radios and microprocessors. Understanding a trained artificial neural network is an important instance of the same hard problem, addressed by a subfield of artificial intelligence, called “mechanistic interpretability.”81 In artificial networks synaptic weights and activations are known. Yet progress in explaining how the neurons and circuits inside trained artificial networks compute has been slow. Using neuroscience-inspired approaches, researchers have, for example, identified populations of units in a large language model (LLM) that represent the Golden Gate Bridge; artificially activating those units, an intervention reminiscent of optogenetics, pushed the model to steer almost any conversation toward the bridge, yielding many amusing conversations82. But even with complete access to essentially unlimited amounts of data about weights and activations, these methods have yielded only modest progress in understanding how a language model comes to behave as such an impressive simulacrum of human thought, or how to reshape one to be more trustworthy and reliable.


Artificial and biological nets have different description lengths. The recipe for an artificial neural network seems simple: an objective, a learning rule, an architecture, and a data set. But the data set is the training data, which for modern LLMs contains most of the internet9. The act of training compresses these data into a list of weights. The biological analogy to this process is not experience-dependent learning, but evolution, which captured and compressed millions of years of data78. But rather than a long Strategy 1-type list, evolution stored a much shorter developmental program into a genome, which produces those weights when run83. We have had limited success in reading the behavioral and computational strategies that gradient descent and evolution gleaned from their data by inspecting weights and activations. Reading those strategies from the much shorter developmental program may be an easier problem.


Decades of molecular genetics have dissected the developmental program—the morphogens, the transcription factors, the guidance cues and their receptors84,85—in remarkable detail. Here we take a step toward formalizing an algorithmic theory: an account of how a genome specifies brain-wide connectivity within explicit information and time budgets, and of which mechanisms those budgets force. We started with two fundamental constraints: the information a genome can store, and the time development is allowed to take. Working through that exercise, we found the two constraints demanding. Most ways of specifying a brain fail one or the other. The strategies that survive fall into a narrow class: hierarchical coordinates laid down by cell division, wiring rules written as compact transformations on those coordinates, and each rule stored once per cell type rather than once per neuron86. This is close to what development appears to do. Viewed through these constraints, the molecular mechanisms worked out over decades can be cast as steps in an algorithm. For any given mechanism, we can then ask whether the constraints force it, or leave it free to vary.


Evolution, development, and learning are one process operating across multiple time scales. Evolution compresses the experience of a lineage into the genome over hundreds of millions of years. Development unfolds that compressed record into a network over the course of hours to years. Learning fine-tunes the result within a single life. The genome is where the long experience is banked; development is how it is unfolded; plasticity is the fast correction when the world moves faster than evolution can track. To read the developmental program as an algorithm is to see how experience, at every scale, becomes structure.





Notes


  	* Strategy 1 in the text uses a slightly tighter encoding (nmlog⁡nnm\log n bits, smaller than n2n^2 because real brains are sparse; if they were dense, n2n^2 would be cheaper). The feasibility picture is the same, and n2n^2 is a cleaner bound because it depends only on neuron count. ↩

  	† (or at least most of it) in programming. ↩
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Algebraic topology is a field of mathematics which is usually presented as the study of certain amusing shapes, like the Klein bottle or Möbius strip. But this presentation perhaps fails to convey just how vital algebraic topology is to almost all areas of modern mathematics. 




To give the reader a taste of this importance, in today's post we will start by exploring a funny property of the Möbius strip, and then show how the same funny phenomenon creeps up when you try to solve certain differential equations.




So, what is the Möbius strip, and what funny property does it have?



The Möbius strip





Take a sheet of paper. If you tape two opposite edges together, then you will produce a cylinder. If you instead twist one of the edges before gluing, you get a Möbius strip.
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I’ve just published Yadda 3.0.0 to npm.


For anyone unfamiliar with it, Yadda is a BDD library for JavaScript. Like Cucumber, it maps ordinary language specifications to executable code, but it was designed from the ground up to be much less prescriptive about how those specifications are written.


That means that instead of writing something like:


Given a university, The University of East Anglia
And The University of East Anglia offers a degree course in Computer Science with entry requirements of ABB
And an A-Level graduate, Steve
And Steve has a D in Physics
And Steve has a D in Maths
When Steve applies to study Computer Science at The University of Bouvet Island
Then The University of East Anglia rejects the application




you can write:


The University of East Anglia offers a degree course in Computer Science
The entry requirements for which are ABB
Steve is an A-Level graduate
With a D in Physics
And a D in Maths
When Steve applies to study Computer Science at The University of East Anglia
They reject his application




Both are executable specifications. I find the second considerably easier to read.


What’s changed in Yadda 3?


Most of Yadda 3.0 is a modernisation exercise.


Yadda has been around for a long time, and the repository had accumulated integrations and tooling for parts of the JavaScript ecosystem that are now themselves historical curiosities. Yadda 3 is Node-only, removes browser bundling and obsolete integrations such as CasperJS, PhantomJS, Bower and Component, moves the test suite to node:test, adopts Biome and lefthook, modernises the source to ES6 syntax, and adds current examples including Playwright and Puppeteer. It also now ships TypeScript definitions.


All useful, but not especially interesting to write about. There are two things about the release that I think are much more significant.


Claude wrote most of it


I modernised Yadda using Claude Code with Opus 4.8.


The Yadda 3.0 epic, which was itself written by Claude, broke the work into a series of deliberately separated phases: remove obsolete functionality, update the toolchain, perform mechanical formatting separately from behavioural changes, modernise the source, explore API changes, update examples and CI, then finish the metadata, documentation and TypeScript definitions.


We planned each phase before implementing it, and then I largely let Claude get on with the work. It made remarkably few mistakes and, more impressively, identified some fairly subtle edge cases that would have been easy to miss during what initially looked like a mechanical modernisation. I made very few interventions.


One important factor was that Yadda already had a comprehensive test suite. I also deliberately avoided asking Claude to modify production code and the corresponding tests in the same step. If an agent changes both simultaneously, a green test suite becomes weaker evidence because it is free to change the definition of “correct” at the same time as the implementation. Keeping those changes separate gave Claude a much firmer external constraint.


From starting the work to having the package published was roughly a day of elapsed time, and I was doing other things in parallel.


At the beginning of this year I wrote about an experiment asking why experiences of vibe coding were so polarised. My conclusion then was that the results depended enormously on how the agent was used. A tightly constrained and supervised Claude could produce extremely good results very quickly. Left to its own devices, it tended towards architectural drift, unnecessary code and operational debt.


That was only seven months ago, and the capability has moved on enormously. Even so, saying that Claude can now write this code with very little intervention barely scratches the surface of what is changing.


Coding is no longer the bottleneck


To appreciate where this is going, it helps to stop thinking about a single developer having a conversation with a single coding agent and instead consider several agents working in parallel.


There are already several ways to do this. You can simply run multiple Claude Code sessions. Git worktrees let each agent work against an isolated working copy. Tools such as cmux make running a collection of Claude sessions more manageable, while Claude Code Agent View provides another way of seeing what multiple sessions are doing and which ones need attention.


All of these let you build significantly faster than working serially, but I fairly quickly hit another limit: my own ability to manage the parallel work. I can comfortably keep three tasks moving at once, and sometimes four or five. Beyond that, I start losing the context of what each agent is doing, which decisions have been made, which task is waiting for me and what I need to review next.


At that point, the model is not overloaded and the machine is not overloaded. The bottleneck is the human coordinating the work. I’ve become convinced that good orchestration is the next important layer.


I’m not alone in reaching that conclusion. My colleague Marco describes almost exactly this progression in My AI Engineering Journey, moving from AI as autocomplete, through supervised and trusted agents, to parallel agents where cognitive load becomes the constraint. He is further along this journey than I am, and has responded by building Otto, an orchestration UI around Claude Code and worktrees, before moving on to agent pipelines that coordinate implementation, review, feedback and documentation.


The larger point is that AI-assisted software development is still moving extraordinarily quickly. Individual coding capability has improved dramatically, parallel execution is already practical, and the next constraint is increasingly the coordination of all that capability. The tools and approaches for doing so are developing just as quickly, and are now arguably even more important than the model updates.


Which brings me back to Yadda.


Why update a BDD library now?


I’ve always thought BDD was valuable for several reasons.


Firstly, writing requirements in ordinary language forces you to articulate the domain and, more importantly, encourages you to articulate it consistently. If you write those specifications before writing the implementation, that domain language has a habit of propagating through the codebase. The same concepts start appearing in class and function names, API definitions, database schemas, CSS classes and user interfaces. That gives the codebase a coherence that is surprisingly difficult to achieve retrospectively.


Secondly, executable specifications are far more accessible than conventional programmatic tests. A product manager, analyst or domain expert has a realistic chance of understanding:


When Steve applies to study Computer Science
Then the university rejects his application




They are much less likely to extract the same meaning from a Jest test containing fixtures, mocks, builders and assertions.


Thirdly, BDD provides a useful abstraction layer for functional tests. The specification describes intent while the step implementation deals with mechanics such as selectors, navigation and browser interaction. This provides some of the same benefits as the Page Object pattern: changes to the user interface can often be absorbed inside the abstraction instead of leaking through hundreds of tests.


There has always been a cost, though. BDD tests take longer to write initially. You need to think about the language, create reusable steps, and resist the temptation to write procedural scripts disguised as English. The payoff comes later, through better domain modelling, better communication and more maintainable functional tests. That deferred payoff has always made BDD harder to justify, but I think AI changes the economics.


Executable specifications are very good context for agents


Consider an engineering workflow that is becoming increasingly plausible.


Meetings are automatically transcribed and stored as GitHub discussions. Those discussions are analysed and used to update a project wiki. The wiki is mined for requirements and issues. Those issues are then picked up, implemented, reviewed and coordinated by a collection of coding agents.


A wiki can tell you what somebody thought the system should do. It can tell you what the system used to do. It can even tell you what an agent inferred that the system ought to do. It cannot, by itself, tell you whether the system actually does it. An executable specification can. That makes BDD much more interesting in an agentic development environment than it was before.


The expensive part of BDD was producing and maintaining the specification. AI makes much of that work cheap. A transcript, discussion or requirement can be transformed into a candidate specification almost trivially, with a human concentrating on whether the language and behaviour are correct rather than typing it all out. Once accepted, that specification becomes more than documentation. It becomes a contract.


An implementation agent can use it to understand the required behaviour. A testing agent can use it to determine what needs validating. A reviewing agent can use it to challenge an implementation. CI can continuously verify it. Because it is executable, it remains coupled to the behaviour of the software in a way that a wiki page never can.


There is an interesting inversion here. BDD was created partly to make software specifications more useful to humans, but executable specifications may turn out to be even more valuable when much of the software is being written by machines. The natural language gives agents rich domain context, while the executable steps ensure that the specification remains grounded in the behaviour of the system.


One other change (added in Yadda v3.1.0) is support for writing feature specifications as GitHub-flavoured Markdown. This makes them easier to read in the repository and, more importantly, allows them to live naturally alongside the project wiki and the other key knowledge artefacts that humans and agents use to understand the system. The same specification can now be written as:


# Feature: University applications

## Scenario: Applicant does not meet the entry requirements

- The University of East Anglia offers a degree course in Computer Science
- The entry requirements for which are ABB
- Steve is an A-Level graduate
- With a D in Physics
- And a D in Maths
- When Steve applies to study Computer Science at the University of East Anglia
- They reject his application




It remains an executable specification, but when viewed on GitHub it looks and behaves much more like the rest of the project’s documentation.


Yadda 3 is available on npm, and the source, documentation and examples are on GitHub.
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				Vectorization of line art and sketches is an important problem in computer graphics and remains an active area of research. In this paper, we leverage several recent advances in the field to introduce a new state-of-the-art method for line art vectorization. First, we show that it is possible to go beyond heuristics to extract a meaningful set of strokes from a raster image. We leverage both depth prediction and semantic feature extraction models to propose a more principled approach to split the skeleton graph of the sketch into subgraphs to initialize a set of strokes, producing results that better align with artistic intent. Second, we model strokes as Bézier curves with both geometric and appearance components, and employ 2D Gaussian splatting for fast, di erentiable rendering. This formulation enables e cient  tting of strokes to the input while jointly optimizing control points and brush texture.We further demonstrate promising results on video by incorporating temporal tracking and adaptive keyframe introduction. Our evaluation shows that we achieve state-of-the-art results for image reconstruction, while being fast and producing strokes of high quality. More importantly, the  tting is highly compatible with user input, through the correction of the splines and the selection of optimization parameters.
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Hello, Thunderbird community and followers of the blog! This is Jesse from the design team. Today’s post is about our recent journey in redesigning the calendar portion of Thunderbird, and what you can expect us to deliver in the near future.




The calendar is a key part of any productivity toolset, from your PC Desktop to your office wall. There has been a calendar in Thunderbird since early in the project, and like all parts of the application, it’s evolved on its own terms, for better or for worse. It has many layers of functionality, but the experience has lost parity with current UI standards — at this point, it feels stylistically dated and functionally convoluted.




So, with the help of the design team and the developers and the community, we have taken on the task of modernizing and streamlining the calendar. This is my account of the designers’ part of that journey.




The Big Picture




Here are some of our guiding principles for this redesign:




First, we are here to serve the entire user base, not just the technical experts, or the productivity enthusiasts, or the brand new adoptees. For this reason, the dialog with the community is critical: we need to understand as many of the use cases and interaction patterns as possible, and we want to support them broadly, and efficiently, and effectively. Our ideal solution is open and flexible, respecting the broad range of users who rely on Thunderbird.




Second, a key point: Thunderbird is aiming higher than being simply “the other email client.” We are all committed to creating an experience that meets and exceeds expectations, and competes directly with the oliphaunts in the room: the Google Calendars, the Apple and Microsoft application suites, and the many targeted productivity apps that jockey for this space.




And as always, we will do this transparently, with an open source philosophy, in collaboration with our users and contributors.




The Journey




This design journey has been ramping up for several years now, in parallel with other company initiatives (Mobile! Web! Accessibility!). As our design practice has evolved, we have worked on the project from several directions, redesigning dialogs and rethinking patterns and collecting insights. For a while, this meant a lot of partial designs, but without a guiding vision.




Among these early designs, one of our success stories was a visual and functional update of the Event Details dialog, to replace the existing, rather archaic event details window (”archaic” both visually and in terms of code). These were one of the first redesigns to reach a point where it could be implemented — prioritized partly because it’s a self-contained element, able to be tested without reworking the whole calendar code base.




If you use Thunderbird Daily, you may recognize this:








We’ve followed this pattern for several other bits and bobs, including the dialog for editing an event, and the notification for unanswered invitations. In all cases, these changes will create better contrast and visual hierarchy, and improve the visibility and organization of controls:








This alone could provide enough work for several release cycles. But designing isolated elements creates inconsistency and debt, both for design and development. As the design process on Calendar increased in velocity, it became clear that we needed to articulate a unifying vision.




Bringing it together




With these designs setting a direction, we had to step back and decide how all the pieces would fit together. In order to do that, we still had to answer three more questions:





	How does the actual calendar grid look, set to view a day, a week, a month, or a year?




	How does the user change their view and navigate forward and backward?




	How does the user connect to their calendars, and manage them all in one place?






These considerations led us to a lean design, with screen space broken up into three main sections. First is the grid, which provides the main element at the center of the layout — the user’s primary workspace. Second is the navigation bar, directly above the grid. Third is a sidebar for managing calendars — the nerve center for your calendars and data sources. This design, focused on the most important functional areas, provided a great foundation for all the necessary functionality, with low friction and strong fundamentals.




The blueprint for our design (called a “wireframe” in the UX design world) ended up looking like this:








The grid acts as the user’s main workspace, and the header and navigation provide their basic controls.




Here is a final design mock-up, which will provide the basis for development (this one is showing a week view in the main grid):








Given the wide range of our users’ scheduling needs, we decided the calendar sidebar should be collapsible, and useful at both large and small sizes, so that users could decide how much of a footprint they needed to manage their calendar list.Here is the screen with the sidebar in a collapsed state, showing a Month view in the main grid:
 







And here is this screen after the user has pressed “New Event,” showing the Create Event window over the interface:








Where we go from here




As these elements came together, we also turned outward and looked to our community for more feedback. Through the various stages of design, we published two TopicBox posts (here and here), and we ran a short but informative survey, looking for initial reactions to the direction we were taking.




This feedback has been very encouraging, and also enlightening: we have seen a positive response to our designs, and we’ve also gathered lots of insights on what you cite as most important (task integration, platform interoperability, and a re-assessment of agenda, mini-month, and multi-week views, to name a few).




These discussions gave us some additional confidence, but more so, they reminded us that we are still at the beginning of a longer arc. After we develop version 1 of our new calendar design, we will follow signals from our users as we plot a path forward. The new calendar design will clean up and simplify many aspects of the experience, but it will only be a promising first step (sort of the Rivendell stage of the epic). We will have many more cycles of design and iteration to bring our users the toolset they deserve.




For now, we venture forth, from design to implementation, and then from implementation to feedback and engagement. The new calendar will be released gradually, via proper channels, so users can try it and provide feedback — and feedback will be appreciated! We will be looking for usability testers and survey participants as we keep refining the roadmap.




The future of calendar is wide open, and much brighter and less gray than the bygone era. We appreciate all the support we’ve gotten from the community so far, and we hope you’ll continue with us as we keep making Thunderbird awesome.
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Printytron – Type it. 3D Print it

printytron.com · 36 points · Discussion

Tell Printy what you need.
3D print it. Done.
(She has opinions on infill.... don't ask.)
Brackets. Clips. Holders. Name plates. Replacement knobs. Describe what you need in plain English — Printy builds a print-ready STL with real dimensions, then iterates with you until it fits.
No account needed. Free for personal use. Bambu, Prusa, Cura, Orca — any slicer.


HOW IT WORKS
Type a thing. Get a thing.
Plain English in, print-ready STL out. Three steps, no CAD required.
YOU
“I need a hose adapter from a 2" dust collector to a 4" extractor. Smooth walls. PETG.”

Plain English in.

→
[image: 3D model render of a 2-inch to 4-inch dust-collector hose adapter]
AI builds. AI checks itself.

→
Bambu, Prusa, Cura — any slicer.


FRESH FROM THE BENCH
Recent models
Real things real makers made. Real prints. Real units.

★ DON'T KNOW WHERE TO START? ★

Try a sample prompt.
These are real prompts that built real models. Click one to open the builder — or describe your own.
Free for personal use. No account needed to start. Independent project — email with bugs, I read everything.
From the blog.
What shipped, what's next, and how to get more out of Printy.

[image: The five ways to make your own 3D model for printing, side by side]
General

How to make your own 3D models to print — five ways, and where each one hurts
Five real ways to make your own 3D models for printing — download, Tinkercad, Fusion 360, scanning, or plain English. Who each one's for, and where it hurts.
PRINTY · 11 AUGREAD →

[image: Split panel: a rendered spaceship labelled ART, looks right on a screen, next to a yellow printable wall bracket labelled PART, fits the thing it was made for.]
General

AI 3D generators make art. Printy makes parts.
An AI 3D model generator makes art for screens. I build parts that print and fit. Two different jobs — and why your spaceship won't fit your desk.
PRINTY · 10 AUGREAD →

[image: Two 3D printed cookie cutters in teal plastic — a cartoon pickup truck and a car — on a textured printer bed]
General

You don't need to be a 3D printing person
Her first message was four words: “Cartoon car cookie cutter.” Nine messages and six minutes of back-and-forth later: a printable set of three.
PRINTY · 04 AUGREAD →

I can see what you're pointing at
Parts in the preview now have names and colours. Click one, say "make this thicker", and I know which one you meant.
PRINTY · 15 JULREAD →

You can stop halfway now
My Models is live. Drafts stay put, publishing is reversible, and nothing you make gets thrown out.
PRINTY · 30 JUNREAD →


5 SHEETS · UPDATED WHEN THERE'S SOMETHING TO SAYREAD THE BLOG →

★ FIELD NOTES ★
Who uses
Printytron.
Five kinds of people show up here over and over. They almost never describe themselves as designers. They describe themselves by the thing they're trying to make.

	01The functional maker.Owns a Bambu, prints PETG every weekend. Designs brackets, hooks, holders, and cable clips for things around the house. Bounced off Fusion 360 four times.

	02The Etsy side-hustler.Sells custom name plates, cake toppers, party favours. Used to turn down half their requests because modelling time killed the margin. Now turns it around in minutes.

	03The replacement-parts person.Their dryer knob broke. Their printer has been gathering dust since 2021. Now it earns its rent.

	04The reluctant CAD user.Has a printer, prints maybe twice a month. Knows exactly what they want. Doesn't want to spend 90 minutes in Tinkercad to get it.

	05The friend-of-a-maker.Doesn't own a printer. Their friend does. Now they can hand over a ready-to-print file instead of an awkward “could you design something for me?” ask.








Original: https://printytron.com · Discussion
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T3X/0 a Minimal Procedural Language

t3x.org · 33 points · Discussion








A Minimal Procedural Language


[ Download | Book | Reference ]



T3X/0 is a small, portable, procedural, block-structured, recursive,
and almost typeless programming language, and the latest member of
the T3X family of languages. Its compiler is freely available
(0BSD license or public domain). T3X/0 syntax is similar to Pascal,
its semantics resembles BCPL's. Here is a
T3X/0 language cheat sheet (PDF).



[image: NOE editor screenshot]


The T3X/0 package provides two editors (one VI-compatible, one
WordStar-compatible) with built-in compiler support. Compile your
programs by literally pressing three keys. In case of an error the
editors jump to the error. This works even on CP/M!



T3X/0 is used as a teaching language in the books




	
Write Your Own Retro Compiler and

	
Write Your Own Programs




It is formally defined in the book
The T3X Programming Language - Formal Definition.



Here is the simplest "Hello World" program in T3X/0:




USE t3x: t;
DO t.write(T3X.SYSOUT, "Hello, World!\r\n", 15); END



(Of course this program cuts some corners, so here are some
more correct versions.)



Here are some more interesting programs written in T3X/0:




	
Simple Examples

	
More (or Less) Serious Programs




If you want to learn more about the T3X/0 language, here is




	
A Very Short T3X/0 Summary

	
The T3X/0 Language Reference

	
A T3X/0 online compiler




T3X/0 currently runs on




	Unix (386, x86_64, ARMv6, ARMv7)

	FreeBSD-386 (static code backend, LIBC not needed)

	macOS-686

	{PC,MS,DR,etc}-DOS 2.0 and later

	CP/M 2.2 (Z80 only)

	The TCVM (Tcode Virtual Machine) 




It is self-hosting on all supported platforms and can cross-compile
to all supported 16-bit platforms.




	
More details on supported systems

	
Some compiler statistics



[bookmark: dl]
Download the Compiler



	t3x0-47.zip (current version, ~350KB)

	
This is the full source code to the compiler (in T3X/0) and the
runtime libraries (in Z80, 8086, and 386 assembly language, and in
C). The archive also contains an implementation of the Tcode Virtual
Machine in C, a TCVM binary for DOS, additional libraries, example
programs, two editors with built-in compiler support ("IDEs"),
documentation, and pre-compiled compiler binaries for CP/M, DOS,
FreeBSD, and the Tcode machine. What's new since the book version?





	t3x0-12.zip (book version, ~200KB)

	
This is the same as above, but the version frozen at the time when
the book was published.





	t3x0dos.zip (DOS binaries, ~100KB)

	
A pre-compiled T3X/0 compiler for DOS, including all libraries in
DOS text format, the T3X/0 Reference Manual, example programs, the
NOE and VEE editors (including their source code), and a configuration
utility for patching the compiler so that it can be installed in a
directory of your choice.





	t3x0cpm.zip (CP/M binaries, ~310KB)

	
A pre-compiled T3X/0 compiler for CP/M, including all libraries in
CP/M text format, the T3X/0 Reference Manual, example programs, the
NOE and VEE editors (including their source code), and a utility
for patching the compiler so that it can be installed on a disk
drive of your choice.


Warning: ZIP file extracts into the working
directory, because CP/M has no directories. The ZIP file is
uncompressed, so it
should extract under CP/M.





	t3x0agon.zip (CP/M disk image for the Agon Light 2, ~110KB)

	
An 8MB CP/M hard disk image containing all files of t3x0cpm.zip,
above. Intended to be installed on an Agon Light 2 computer
running CP/M.









Original: https://t3x.org/t3x/0/index.html · Discussion
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BriskDB

github.com · 19 points · Discussion








SQLite files. One sharded database.



BriskDB turns ordinary SQLite files into one database with parallel writes,
PostgreSQL compatibility, HTTP access, and embedded Rust/Python APIs. It keeps
SQLite's proven storage engine and tooling; BriskDB adds the routing layer,
shard-safe IDs, cross-shard indexes, protocols, and operational guardrails.


  [image: BriskDB demo: four Python writer threads writing through one engine into four ordinary SQLite WAL shards, with HTTP and PostgreSQL listeners]





	The useful part
	What it means





	Parallel SQLite writes
	Independent shard files have independent WAL writer locks.



	Use existing clients
	PostgreSQL and HTTP work today; MongoDB and MySQL are next.



	Embed or run a service
	The same Rust engine powers the binary, Python wheel, and Rust crate.



	Keep inspectable files
	Every data shard remains a normal SQLite database—no SQLite fork.





Try it without a compiler ·
Download an alpha ·
Open the data browser ·
Follow MongoDB and MySQL

Important
BriskDB is an alpha, not a production-ready database service. The
boundaries are explicit, and measured results are
published even when they are not flattering.




Why developers might care



	No SQLite fork. Each shard is an ordinary SQLite WAL database that normal
tools can inspect.

	No central write lock. Writes to different shards use different WALs and
can progress in parallel.

	No central ID write per row. Native range and hi/lo allocation provide
collision-free generated IDs across shards and processes.

	Safe cross-shard pruning. Global uniqueness is authoritative; asynchronous
indexes use verification, watermarks, Bloom filters, and min/max summaries so
an optimization cannot silently hide a row.

	One engine everywhere. PostgreSQL, HTTP, Rust, and Python share routing,
limits, cancellation, errors, and storage behavior.

	Operations are visible. /health, /metrics, admin JSON, and Rust status
reports expose lag, repairs, rebuilds, contention, and outbox pressure.




One engine, many ways in



  
      flowchart LR
    subgraph Clients
        WEB[Browser + HTTP]
        PG[PostgreSQL clients]
        MONGO[MongoDB clients · planned]
        MYSQL[MySQL clients · planned]
        RUST[Rust embedding]
        PY[Python embedding]
    end

    WEB --> ENGINE
    PG --> ENGINE
    MONGO -.-> ENGINE
    MYSQL -.-> ENGINE
    RUST --> ENGINE
    PY --> ENGINE

    ENGINE[Protocol-neutral Rust engine] --> ROUTER[4,096 virtual buckets]
    ROUTER --> S0[(SQLite WAL · shard 0)]
    ROUTER --> S1[(SQLite WAL · shard 1)]
    ROUTER --> S2[(SQLite WAL · shard 2)]
    ROUTER --> SN[(SQLite WAL · shard N)]


    

  
    
      Loading

  


The protocol adapters do not own database semantics. Routing, limits,
cancellation, values, sessions, and execution live in the shared Rust engine,
leaving room for more protocols and storage adapters later.


Browse the whole logical database




BriskDB serves a responsive, read-only data browser at /admin. It uses the
same bounded HTTP engine paths as other clients, combines sharded rows into one
logical view, reads global tables once, and preserves large integer values.

For the current local alpha:

http://127.0.0.1:7654/admin
username: admin
password: admin



The temporary credentials are a development convenience—not a security
boundary—which is why the server currently refuses non-loopback HTTP addresses.


The unusual part: shard-safe generated IDs


BriskDB has two generated-ID designs for sharded tables:


	native_range_v1 gives every shard a non-overlapping positive 64-bit
range. SQLite's own INTEGER PRIMARY KEY AUTOINCREMENT performs the actual
allocation locally, with no central write for each inserted row.

	hilo_v1 durably leases blocks of 4,096 IDs from the manifest, then
allocates in memory and hash-routes each ID. Crashes may leave gaps, but an ID
is never reused.



Both policies are versioned in the manifest. Generated-key execution is still
experimental and opt-in; the exact contract lives in
Generated keys.


What works now





	Capability
	Alpha status





	Durable virtual-bucket routing over independent SQLite WAL files
	Working



	Exact-key routing and bounded scatter/gather reads
	Working



	HTTP query/write API and admin data browser
	Working, loopback-only



	PostgreSQL wire protocol
	TLS/SCRAM, backpressured row streaming, SQLite-interrupt cancellation, text/binary CRUD, real single-shard transactions, and a live psql/tokio-postgres/psycopg/SQLAlchemy matrix



	Offline import from a standard SQLite database
	Working



	Native-range and hi/lo generated IDs
	Experimental, opt-in



	Cross-shard indexes and global value leases
	Experimental/opt-in: correctness, recovery, and shard pruning pass; current latency/write overhead is documented in the release gate



	Global-index health and Prometheus metrics
	/health, /v1/admin/global-indexes, /metrics, plus Rust operational reports



	Ubuntu/macOS x86-64 and ARM64 release artifacts
	Published



	Debian package and hardened systemd service
	Published



	Rust library entrypoint with optional attached listeners
	Working



	Same-host service and embedded processes sharing one ready root
	Working on local filesystems



	Native MongoDB wire protocol with TinyMongo parity
	Planned



	MySQL wire protocol
	Planned



	Native Python extension
	Sync/async API working; tagged releases build audited macOS/Linux ARM/x86 wheels



	Serverless lifecycle
	Planned






Where BriskDB fits


These projects solve different problems. This table is a compass, not a
benchmark scoreboard.




	Project
	Built for
	Write model
	Access
	Storage shape





	BriskDB
	Same-host sharding, service + embedding
	Parallel across independent shard WALs
	PostgreSQL, HTTP, Rust, Python
	Manifest + ordinary SQLite shard files



	SQLite
	Small, embedded, single-file databases
	One writer per WAL file
	SQLite API and ecosystem
	One ordinary SQLite file



	rqlite
	Simple multi-node availability
	Writes flow through a Raft log; optimized for HA, not write scaling
	HTTP + client libraries
	Replicated SQLite state across nodes



	Turso / libSQL
	Cloud/edge access and local-first sync
	Product-dependent primary or local push/pull model
	SDKs + HTTP
	Turso Database or legacy SQLite-compatible libSQL



	Citus
	Mature distributed PostgreSQL
	Parallel across PostgreSQL worker shards
	PostgreSQL
	PostgreSQL coordinator + worker cluster





Choose BriskDB when you want one local service or embedded engine to spread
write contention across inspectable SQLite files while speaking familiar
database protocols. Choose the others when a single SQLite file, replicated
high availability, managed edge sync, or a mature multi-node PostgreSQL cluster
is the real requirement.


Try it in 30 seconds


Install the published native wheel—no clone and no Rust compiler:

python -m pip install --only-binary=:all: briskdb
curl -fsSLO https://raw.githubusercontent.com/schapman1974/briskdb/main/examples/launch_demo.py
python launch_demo.py


The demo makes 32 routed writes from four Python threads, proves that all four
ordinary SQLite shard files received rows, reads every row back, checks HTTP
health, and starts the PostgreSQL listener. It uses a temporary directory and
cleans up after itself. The GIF renderer executes this exact scenario, and CI
tests it against every published wheel target.

To run the standalone service, download the matching macOS/Linux ARM64 or
x86-64 archive from the latest GitHub release,
then:

./briskdb --data-dir ./briskdb-data --shards 4


Open the data browser or inspect the service:

curl http://127.0.0.1:7654/health
curl http://127.0.0.1:7654/metrics


Enable the PostgreSQL listener explicitly. Simple and parameterized
text/binary prepared queries share the same bounded engine path:

./briskdb --data-dir ./briskdb-data --postgres-listen 127.0.0.1:5433
psql -h 127.0.0.1 -p 5433 -d default


That local development form is unauthenticated and therefore loopback-only.
The PostgreSQL quickstart shows the four settings
for TLS plus SCRAM-SHA-256; secure mode is required for any remote bind.

Registered tables can also be queried over HTTP:

curl -X POST http://127.0.0.1:7654/v1/query \
  -H 'content-type: application/json' \
  -d '{"sql":"SELECT id, name FROM widgets WHERE id = ?1","params":["widget-1"]}'


Have an existing SQLite database? Use the offline
SQLite importer. Linux releases also include .deb
packages with a hardened systemd service.

Embedding in Rust starts with BriskDb::open() or the validated builder. The
embedded Rust guide includes a complete listener-free
example. Choose a shard count when creating data; later opens detect it from
the manifest and reject explicit mismatches. Use default-features = false with the
embedded feature to leave the network and CLI stacks out; see the
crate feature map.

Python runs the same engine directly in-process. It starts no listener by
default, but Database.serve() can attach HTTP/PostgreSQL listeners (remote
PostgreSQL requires its TLS/SCRAM arguments):

with briskdb.open("./data", shards=4) as db:
    with db.serve(postgres="127.0.0.1:0") as server:
        print(server.http_address, server.postgres_address)


See the Python quickstart for sync and asyncio write/read
examples. Tagged releases publish compiler-free cp39-abi3 wheels for the
supported platform matrix; repository checkouts can
still be installed from source with Rust 1.85+. Independently spawned Python,
Rust, and server processes can share a ready local data directory; read the
multi-process contract before deploying that pattern.


Still just inspectable files


briskdb-data/
├── .briskdb-process.lock
├── .briskdb-startup.lock
├── manifest.sqlite
├── global-indexes/
│   └── global.sqlite
└── shards/
    ├── 0000.sqlite
    ├── 0001.sqlite
    ├── 0002.sqlite
    └── 0003.sqlite



The manifest versions routing, catalogs, migrations, generated-ID ownership,
and integrity metadata. Application rows stay in ordinary SQLite files.


Where this is going



	MongoDB: a native Rust Mongo listener with BSON, queries, updates,
indexes, cursors, aggregation, and differential TinyMongo parity.

	More wire protocols: broader PostgreSQL client compatibility and a MySQL
listener, all sharing the same engine behavior.

	Serverless storage: atomic snapshots, object-store adapters, and fenced
single-writer operation beyond today's embedded warm-handler pattern.

	Future storage adapters: SQLite is the first backend, while the engine
boundaries are being kept reusable for other durable backends.



Follow the roadmap or browse the
open issues.


Follow the build


Star BriskDB if you want to follow any of these bets:


	a native MongoDB wire protocol with large-app TinyMongo parity;

	MySQL compatibility over the same protocol-neutral Rust engine;

	serverless snapshots and object-store-backed lifecycle;

	more storage backends without giving up the ordinary SQLite option; or

	honest benchmark and failure evidence as the alpha becomes a real release.



If you try it, an issue with your client, workload, or missing SQL shape is even
more valuable than a star. Start with the
alpha releases, then tell us
what broke or what surprised you.


Honest alpha boundaries



	PostgreSQL has TLS and single-identity SCRAM-SHA-256 authentication, but no
roles or authorization yet. HTTP remains a loopback-only development surface.

	No general atomic transaction across multiple shard files.

	Global ordering/pagination and general aggregate pushdown are still limited.

	The supported backup today is a stopped-server copy of the complete data
directory after every server and embedder exits. Passive checkpoints now
report shards, manifest, and global-index storage, but are not an online
snapshot; online/serverless snapshots are planned.

	Multi-process access is same-host/local-filesystem only. Schema, catalog,
upgrade, and recovery work requires sole-process ownership.

	Pre-1.0 storage and public-library compatibility can change between releases.

	Ubuntu 24.04 x86-64 receives the full required Rust CI suite. Python wheels
receive native build, audit, install, restart, corruption, and concurrency
checks on Linux/macOS x86-64 and ARM64.

	Global-index operational metrics are available, but BriskDB still lacks the
broader production suite for traces, slow-query logs, resource saturation,
alert rules, and long-running capacity validation.




Go deeper



	Architecture

	Global uniqueness and value authority

	Global-index production gate

	Embedded Rust

	Embedded SQL

	Crate features and support tiers

	PostgreSQL quickstart

	Tested PostgreSQL clients

	SQL compatibility

	Generated keys

	Storage format

	Sharing one data directory between processes

	Debian and systemd installation

	Pre-1.0 compatibility policy

	Contributing



BriskDB is available under the MIT License.





Original: https://github.com/schapman1974/briskdb · Discussion
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Israeli PR wants to answer your ChatGPT questions

politico.com · 18 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.politico.com/newsletters/politico-influence/2026/08/14/israeli-pr-wants-to-answer-your-chatgpt-questions-01038138 · 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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Why tech bosses keep sharing their manifestos about AI

bbc.com · 12 points · Discussion

[image: Reuters A close-up of Mark Zuckerberg, wearing a set of Meta Ray-Bans and brown top, walking through a park.]Reuters


Mark Zuckerberg is the latest big tech boss to have penned a lengthy message to enshrine his vision for AI

This past week, Meta CEO Mark Zuckerberg published a 6,500 word open letter entitled "The Future is for Everyone".

To some, it's an expression of hope in AI's promise. To others, it's little more than a verbose public relations exercise.

Zuckerberg's manifesto is the latest example of a tech boss opining on why AI is the next big thing.

His vision echoes what AI leaders have expressed in various forms: the product they are building is among the "most important technologies in history."

Marc Andreessen, co-founder of early web titan Netscape, perhaps started this trend in 2023 with a 5,000-word essay he called "The Techno-Optimist Manifesto", which argued innovation was the way to solve life's problems.

“So they're writing manifestos now?,” I remember thinking to myself.

Andreessen's writing began with him recounting lies he claimed people were spreading, and called for readers to push back against this.

"We believe growth is progress – leading to vitality, expansion of life, increasing knowledge, higher well being," he wrote.

Zuckerberg's recent essay doesn't name names - but the Meta boss mimics Andreessen by questioning those who have warned about the negatives of future tech.

"It is surprising that the discourse from many developing AI is so filled with doom," he writes. 

"I do not understand why anyone who believes that AI will eliminate most jobs and much of humanity's relevance would rush to build that future."

Never mind that Zuckerberg's Meta has cut 10% of its global workforce - about 8,000 jobs - as the company reorganizes to focus on AI.

Zuckerberg's manifesto is the latest to land in our social media feeds in an effort to put a positive spin on AI.

In 2024, ChatGPT-maker OpenAI boss Sam Altman released a manifesto called "The Intelligence Age", a sweeping expression of optimism about the tech's potential.

Human progress was poised to accelerate in dramatic fashion, he promised.

"We need to act wisely but with conviction," he said.

That same year, in a manifesto titled "Machines of Loving Grace", Anthropic CEO Dario Amodei touted the potential of AI to transform everything from healthcare to politics.

He framed it as an attempt to share the potential upsides of AI - and he didn't want to be seen as a doomer.

[image: Getty Images Dario Amodei sitting on-stage at a conference, wearing a blue cardigan and white t-shirt. He is holding his hands clasped in front of him as he speaks.]Getty Images


Anthropic boss Dario Amodei has also set out his vision for AI in a manifesto

He later put pen to paper to explain the company's ill-fated pivot to the metaverse in 2021.

But the stakes are higher in the AI era, argues economics blogger Noah Smith, and the commentary from executives reflects that.

"I think they all feel like it's such an important moment that it's incumbent upon them to do whatever they can to shape the direction that this technology is going," Smith said.

Zuckerberg's new manifesto announced plans to share its artificial intelligence tools more openly, meaning that the design or code behind the tech will be made public, allowing anyone to view, use and change it.

Decisions about whether these tools should be open source carry significant weight given their potential to do harm.

These were the most powerful models, not the ones being made open source - but as the technology develops, it has raised a serious question for Smith.

"Should we open-source something that has the ability to kill humanity?" he asked. 

"If you don't take that seriously, you're just a fool."

It's why he thinks these manifestos are important, even if some online poke fun at them.

And they're gaining additional interest at a time when the open source market is dominated by Chinese AI models like Qwen, DeepSeek and GLM.

[image: Getty Images Google's Gemma logo displayed on a smartphone, against a backdrop of an enlarged, blurred version of the same logo.]Getty Images


Google's Gemma family of models has become a popular open-source rival in the Western market, alongside Meta's Llama and tools from Mistral AI

But the frequency of these corporate manifestos also serves as a way for executives to position themselves and their companies in the marketplace of ideas.

"It's a way of showing how smart you are," said Rob Lalka, a business professor at Tulane University. 

Executives have long used the corporate blog "to expound on ideas in a way where they're sort of this businessman-philosopher, in a sense".

"They're trying to argue for optimism as a way of looking at the future," he said.

Lalka said the timing of Zuckerberg's manifesto coincides with rising anger over AI's impact on everything from jobs to the environment.

And while tech journalists and academics might pore over them trying to glean nuggets of meaning, these executive manifestos are not necessarily landing with the general public.

"They're trying to make the case that the positives will far outweigh some of those negatives that the public backlash is pointing out," he said. 

"But I think a lot of the reasons for optimism are still yet to be seen."

[image: A green promotional banner with black squares and rectangles forming pixels, moving in from the right. The text says: “Tech Decoded: The world’s biggest tech news in your inbox every Monday.”]






Original: https://www.bbc.com/news/articles/cz97ljy91zxo · 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
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Meta will train its AI on Newsmax, a far-right media outlet

popular.info · 11 points · Discussion


News anchors work at Newsmax's booth during the 2024 Republican National Convention in Milwaukee, Wisconsin, July 16, 2024. (PATRICK T. FALLON/AFP via Getty Images)
This week, Newsmax — a far-right news organization with a strong allegiance to President Trump and a history of pushing wild conspiracy theories — announced it had struck a deal with Meta. Under the agreement, Meta will “draw upon Newsmax’s significant current reporting as well as archived content across its platforms to support AI queries across Meta’s apps and devices.” Newsmax CEO Chris Ruddy said the company was “pleased to work with Meta to help ensure users have access to timely, high-quality journalism through AI technologies.”
Although Meta’s AI products are currently less popular than those of OpenAI and other rivals, CEO Mark Zuckerberg is investing hundreds of billions in data centers and other infrastructure to catch up. Zuckerberg is also aggressively integrating AI into Meta’s suite of apps, including Facebook, Instagram, and WhatsApp, which collectively have over 3.9 billion monthly users. In short, how Meta’s AI products are trained could have enormous impacts.
The financial terms of Meta’s deal with Newsmax were not disclosed.
Newsmax is not an objective news source but a far-right organization that routinely distorts reality to suit its ideological goals. NewsGuard, which uses journalists to rank the credibility and reliability of news outlets, gives Newsmax a 20 out of 100. Newsmax “is unreliable because it severely violates basic journalism standards,” NewsGuard concluded. Newsmax received similar ratings from Media Bias/Fact Check (”Low“ for factual reporting) and Ground News (”Very Low“ on factuality.)
Ruddy is a longtime friend and informal advisor of Trump. He is a member of Trump’s Mar-a-Lago club, where the pair frequently dine together. Ruddy was described in the Washington Post as a “pioneer of America’s looming misinformation complex — making a name for himself by pushing stories that badly lacked substantiating evidence.”
After the 2020 election, Ruddy praised Trump for attempting to undermine the credibility of the election, saying it made more people interested in the news. “You know what? At the end of the day, it’s great for news,” Ruddy told the New Yorker in November 2020. “The news cycle is red-hot, and Newsmax is getting one million people per minute, according to Nielsen, tuning into Newsmax TV. I think it’s good.”
Newsmax aggressively promoted the lie that the 2020 election was stolen, using the false claims to bolster ratings. For example, on November 16, 2020, Newsmax played a clip of lawyer Sidney Powell claiming there was “massive election fraud.” According to Powell, the fraud involved “Dominion and its Smartmatic software,” which allowed people to “drag and drop Trump votes to a separate folder and then delete that folder.”
Nearly a month later, Newsmax was still promoting Powell. On December 13, 2020, Mike Huckabee introduced Powell as someone who “says she has evidence of voter fraud on the biggest scale in world history.” Powell then claimed:
We also identified the fact that the Smartmatic Dominion people left VPNs wide open and unencrypted to allow access by all kinds of foreign actors, the night of the election. This election was manipulated by evil nations like China Communist Party, which owns 75% of the investment company that owns Dominion, and then, also by Iran, there were Serbian people in the system at the time. Lichtenstein, I mean, there were hackers all over in our own election system during the election.

Newsmax was ultimately sued by both Smartmatic and Dominion. The cases were settled for over $100 million combined after judges issued several rulings favorable to the plaintiffs. The 2020 election coverage that resulted in these settlements is part of the “archived content” that Meta will apparently be using “to support AI queries across Meta’s apps and devices.”
The AI-training deal with Newsmax is the latest by Meta with a right-wing outlet that pushed pro-Trump conspiracies. Meta has also agreed to train its AI on content from Fox News, which pushed election conspiracies and settled a defamation lawsuit filed by Dominion for $787 million. It has made similar deals with other right-wing outlets with poor reputations for factual accuracy, including The Daily Caller, The Washington Examiner, and News Corp, the parent company of the New York Post. Meta has also included several mainstream outlets that provide centrist coverage, including USA Today, CNN, and People Inc.
Meta has no AI-training partnership with left-leaning outlets. The company did not respond to a request for comment.
Newsmax has promoted misinformation on topics beyond the 2020 election.
In 2019 and 2020, according to the Washington Post, a member of the Qatari royal family invested about $50 million in Newsmax as the network was struggling to keep up with rival Fox News. Senior leadership instructed reporters to soften their coverage of Qatar and Ruddy reprimanded a host for a critical comment on air.
A 2021 report from the Center for Countering Digital Hate identified Newsmax as one of ten sites contributing to 69% of user interaction with climate misinformation on Facebook. According to the report, Newsmax was the third most common site linked to in posts containing climate misinformation. Newsmax has posted articles promoting conspiracy theories about chemtrails and denying that climate change is caused by humans. (Facebook objected to the report’s methodology.)
In 2014, Newsmax aired and promoted a film pushing conspiracy theories about John F. Kennedy’s assassination. An article on the film published by Newsmax states that it “presents compelling forensic and eyewitness evidence, previously unavailable to the public, supporting [Mafia hit man James] Files’ contention that he, and not Lee Harvey Oswald, fired the fatal shot at America’s 35th president.”
In addition to spreading misinformation, Newsmax has also silenced criticism of Trump.
During a September 2021 interview with an Iraq War veteran, Newsmax host Grant Stinchfield abruptly cut off his guest when he started to criticize Trump over his efforts to get U.S. citizens out of Afghanistan. Stinchfield attempted to interrupt the guest, but when he continued speaking, Stinchfield shouted, “Cut him off please, cut him off now!” The guest quickly disappeared from the broadcast.




Original: https://popular.info/p/meta-will-train-its-ai-on-far-right · Discussion
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