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Noise infusion banned from statistical products published by Census Bureau

desfontain.es · 572 points · Discussion


    Last week, the United States Department of Commerce issued an order
declaring that "noise infusion" will be banned from all statistical products
published by the Census Bureau and the Bureau of Economic Analysis.


[image: A screenshot of the order mentioned in the article. It reads: a. The Department shall, as a primary objective, aim to fulfill its statistical obligations by providing the public with accurate and objective information. b. The Department is firmly committed to striking a balance of accuracy, confidentiality, objectivity, and relevance for each statistical product that is consistent with its statistical obligations and the applicable legal requirements. c. Any use of noise infusion is inconsistent with the Department’s policies. 02 The Census Bureau and the Bureau of Economic Analysis shall adhere to the following order of priority when considering and applying Disclosure Avoidance: a. Coarsening shall be the preferred category of Disclosure Avoidance methods for all statistical products. b. Suppression shall be permitted as a last resort, only to be used when coarsening is prohibited by law or would substantially defeat the accuracy or usability of a statistical product. c. Noise infusion shall not be used for any statistical product.]


What does it mean, and why should you care?

Context

Statistical products are a bunch of numbers published from a secret dataset.
Often, that dataset contains confidential information, and it is important that
the numbers don't reveal that information. The U.S.
Census is a well-known
example: the statistics are made public, but the contents of each form filled by
individual U.S. residents must stay secret.

Scientists have developed a number of techniques that can be used to publish
useful statistics while protecting the privacy of the original data. This field
is called disclosure avoidance in statistical communities. Here are a few of
these techniques.


	Suppression: removing data that doesn't pass certain thresholds (e.g. if a
  count of people is below 5, we don't publish it).

	Coarsening (or generalization): making data attributes less precise (e.g.
  transform a county into its state, a date of birth into an age range, etc.).

	Sampling: randomly removing some records from the dataset.

	Swapping: taking attributes from different records and exchanging them
  randomly.

	Contribution bounding: making sure that a single individual cannot
  contribute "too much" to a statistic by limiting their maximum impact.

	Noise addition: adding a random number to statistics to hide their true
  value.



Some of these techniques, when combined, achieve a definition called
differential privacy. This
definition has a lot of nice fundamental
properties and is widely considered the
gold standard of privacy protection among scientists. To achieve it, scientists
typically rely on a combination of contribution bounding and
carefully-calibrated noise addition.

From 1990 to 2010, the U.S. Census Bureau primarily relied on swapping for the
decennial census. Then, they realized that this technique was actually very
unsafe, and that it was pretty easy to
reconstruct individual records using the published statistics. This is bad,
because the Bureau is required by federal law to keep these records
confidential. So they tried a few alternative approaches, and decided to adopt
differential privacy for the 2020 Census: this was the one that kept the
statistics most useful, while preventing these attacks.

It bears repeating: differential privacy wasn't chosen because the math was nice
and compelling1. It was selected because among the different options that
mitigated the attack, it was the one that preserved the most utility. Its exact
privacy parameters were chosen not because they provided rock-solid provable
guarantees, but because they squeezed most usefulness out of the data while
reaching an acceptable level of privacy protection.

Sadly, "preserved the most utility under newly-discovered privacy constraints"
did not mean "preserved as much utility as the 2010 Census": the numbers got
less accurate, and the inaccuracies got a lot more transparent, and therefore
impossible to ignore. This made a number of people very angry.


	Demographers and social scientists could no longer ignore that the data they
  were working with was noisy data. This required a major
  shift in how they
  conceptualized and worked with this data.

	People who were using Census data to actually reconstruct records could no
  longer do so. Demographers admitted that this was common
  practice. It's also an open secret that
  this was done by political operatives as part of
  gerrymandering efforts.



Phew, that was a lot of context.

What does the order say?

The administration has now decided that noise infusion was no longer an
acceptable disclosure avoidance technique. 

The order clearly targets differential privacy, but also seems to impact other
techniques that involve randomness: the text explicitly mentions that coarsening
should always be preferred, falling back to suppression as a "last resort". I
have no idea why the order is so specific. Maybe they wanted to make sure the
scientists working at the U.S. Census couldn't still use similar techniques
without calling them differential privacy?

The order also carefully says it "shall not be interpreted to conflict with any
constitutional, statutory, regulatory, or other legal provision". So the
confidentiality obligations surrounding these statistical products still apply.

What will it mean in practice?

The consequences will be dire for utility or for privacy, and possibly both.
It's hard to understate this point: future statistical releases will either be
useless compared to past ones, or they will be incredibly unsafe.

For starters, taking away useful tools from the disclosure avoidance toolbox
will always lead to more painful privacy/utility trade-offs. The whole point of
this research field is to better understand and quantify privacy risk, and
develop better tools to mitigate this risk while preserving utility.

For statistical releases, differential privacy is simply the best tool we have
right now. It provides a finer way of quantifying trade-offs, and allows us to
get more utility out of the data than competing techniques at similar privacy
levels. If you take it away, you're left with techniques that either have worse
utility at similar levels of privacy, or worse privacy for the same utility.

But all competing techniques also rely on noise addition. The Cell Key
method,
used at other statistical agencies, adds noise to statistics. Swapping, used
from 1990 to 2010 for the U.S. Census, also injects randomness into the process.
Sampling is everywhere in statistical work2. Hell, even
imputation technically
adds noise to the data3!

By contrast, coarsening and suppression are very blunt instruments. They only
work in situations where the statistics are already very coarse, and not too
many of them are published. For complex data products with many statistics about
small groups of people (like the U.S. Census), they either destroy all utility
of the data (especially for minority populations), or are very vulnerable to
privacy attacks.

It makes sense: privacy attacks on statistical releases are about solving a
system of equations. It is such an easier task
when you know for sure that the statistics are all perfectly accurate. Noise
forces you to compute probabilities, quantify the uncertainty, carefully
consider baselines, and so on. That's why randomness is such a useful tool for
disclosure avoidance! Even without formal guarantees, it makes attakcs a lot
harder. Take it away and attacks become trivial.

Why is it happening?

I mean, who knows.

Maybe the goal is to force the U.S. Census to publish statistics that actually
enable re-identification, to help with future gerrymandering efforts? Or on the
contrary, maybe the idea is to stop the publication of useful demographic data,
to prevent researchers from showing unfair disparities among the population?

Hanlon's razor provides an
alternative explanation. The fundamental privacy/utility trade-off inherent to
statistical data releases is annoying. It would be a lot easier if publishing
many statistics didn't automatically come with a high privacy risk. Differential
privacy makes this trade-off explicit, and thus impossible to ignore. Maybe
banning it is a way of pretending that the problem doesn't exist, in the hope
that it will go away?



Thanks to Adam Sealfon, Aloni Cohen, Ben Jacobsen, and Gautam Kamath for
helpful comments on earlier drafts of this post.


  



Original: https://desfontain.es/blog/banning-noise.html · Discussion
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Israeli firm BlackCore suspected of meddling in New York and Scotland votes

reuters.com · 402 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.reuters.com/world/israeli-firm-blackcore-also-suspected-meddling-nyc-scotland-votes-french-2026-06-11/ · Discussion
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Every Frame Perfect

tonsky.me · 378 points · Discussion


        
        A while ago I was reading about Wayland and this quote stuck with me:

        
          A stated goal of Wayland is “every frame is perfect”.

        

        And I think this is a goal we should all aspire to. Wayland is talking about the technical side of things (modern GPU stacks are very complex and Wayland is trying to take control back) but it could be applied to UI too.

        The rule of thumb is:

        If I take a screenshot of your app at any moment, it must make sense

        Why care about every frame? It builds trust. Users can’t see the code, so UI is the only way for them to judge the quality of the app. If UI looks good, that means developers had time to polish it, which means that they probably spent a comparable amount of time to iron out the code. It’s a heuristic, but a reasonable one.

        Now, what does it mean in practice? I can think of a few things:

        
          	No white flashes between screens.

          	No partially loaded content.

          	No relayout while content loads.

          	Internally consistent. If one part of the UI says “1 update available”, another part should not say “Checking for updates...”

          	Precise animations.

        

        Animations often end up being forgotten. A UI might look great in both start and end states but very janky in between. Like this:

        
        If you feel like there are weird things going on there, there are! Look at slowed down version:

        
        Now let’s apply our rule and take screenshots in the middle of the animation. This doesn’t look right:

        
        
        Neither does this:

        
        
        Both of these frames are not perfect.

        Let’s look at another example. Safari:

        
        Placeholder text here moves from the center but cursor animates from the left position:

        
        Not the end of the world by any means, but it does create a feeling that these two components are not in sync with each other. Next thought: maybe they weren’t designed together? If so, then they might not work well together. That’s how trust is lost.

        This desynchronization can lead to a lot of confusion. For example, in Photos, when switching between Crop and Adjust mode, picture snaps into place immediately but the crop border is animated:

        
        This creates a false feeling that something subtly changes when you switch between modes. And you know what? I don’t want my UI to give me false feelings. I want it to be a precise instrument, not an animated toy.

        Sometimes animations are supposed to help you understand a transition, so it’s doubly sad when they make it harder. Follow the magnifying glass:

        
        Same with Youtube. They had the simplest task in the world: move a rectangle from one position to another! Yet they decided to do something very strange:

        
        Can you explain this? Does it make sense?

        
        
        Probably a technical limitation of the DOM architecture they decided earlier on. I call these situations “The technology has outsmarted the programmer”. But no matter the reason, the result is an imperfect frame.

        Sometimes animations are left out as an afterthought. Whatever happens, happens. Then we get this:

        
        The details are fascinating to watch:

        
        So yeah. Please pay attention not only to the start and end states, but also to everything in between. Every frame matters.

        I’ll leave you with this unprovoked zoom animation from Preview app. Take care!

        
        
      


Original: https://tonsky.me/blog/every-frame-perfect/ · Discussion
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Amazon CEO's talks with U.S. officials triggered crackdown on Anthropic models

wsj.com · 310 points · Discussion

https://www.wsj.com/tech/ai/amazon-ceos-talks-with-u-s-offic...

Original: https://www.wsj.com/tech/ai/amazon-ceos-talks-with-u-s-officials-triggered-crackdown-on-anthropic-models-dcc90578?st=Yct6gx&reflink=desktopwebshare_permalink · Discussion
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Arch Linux Now Believes Malware Incident Under Control: More Than 1,500 Packages

phoronix.com · 258 points · Discussion


[image: ARCH LINUX]

The day started out with Arch Linux's AUR user-contributed repository seeing more than 400 packages compromised with malware. Now in ending out the day they believe all affected commits have been addressed. But it ended up being more than 1,500 affected packages.


It was bad enough when finding out more than 400 AUR packages for Arch Linux users had been infected with malware but now that number has risen to around 900 a few hours ago and now in the end at more than 1,500 user-contributed packages.


In an update a few hours ago, it was believed around 900 packages were infected by malware in this week's incident.


Then as of writing now, the last message in the thread over this security incident is noting that Arch Linux developers have deleted all the malicious commits they are aware of. Cited was this list that puts the number of malware-affected packages at 1,579! Tons of software in this user-maintained Arch Linux user repository were impacted by this nasty security incident.


Even at 1,579 packages listed, that final updated noted, it's a "list containing many (but not all) of the affected packages". Ouch.




Original: https://www.phoronix.com/news/Arch-Linux-AUR-More-Than-1500 · Discussion
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Treating pancreatic tumours may have revealed cancer's master switch

economist.com · 219 points · Discussion

A promising drug could be the first of an entirely new class of treatments
[image: illustration of a green snake shaped like an infinity symbol, holding a white pill in its mouth, on a coral-pink background.]Photograph: Cristina SpanòScientists are not usually an excitable bunch. So when many thousands of them recently gave a spontaneous standing ovation (with cheering) in the middle of a lecture, it meant something special happened. At a conference in Chicago at the end of May oncologists went wild over the results of a drug called daraxonrasib, which treats pancreatic cancer. The drug almost doubled median survival times from 6.7 months to 13.2 months. This victory over one of the most challenging cancers was an emotional moment for some.










Original: https://economist.com/science-and-technology/2026/06/12/treating-pancreatic-tumours-may-have-revealed-cancers-master-switch · Discussion
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AI OSS tool repo goes archived over night after raising $7.3M Seed

github.com · 214 points · Discussion






TensorZero is an open-source LLMOps platform that unifies:


	Gateway: access every LLM provider through a unified API, built for performance (<1ms p99 latency)

	Observability: store inferences and feedback in your database, available programmatically or in the UI

	Evaluation: benchmark individual inferences or end-to-end workflows using heuristics, LLM judges, etc.

	Optimization: collect metrics and human feedback to optimize prompts, models, and inference strategies

	Experimentation: ship with confidence with built-in A/B testing, routing, fallbacks, retries, etc.



You can take what you need, adopt incrementally, and complement with other tools.
It plays nicely with the OpenAI SDK, OpenTelemetry, and every major LLM provider.

TensorZero is used by companies ranging from frontier AI startups to the Fortune 10 and fuels ~1% of global LLM API spend today.




Demo
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A low-carbon computing platform from your retired phones

research.google · 205 points · Discussion


                    
                    
    



The computer science degree isn’t dead


09

The computer science degree isn’t dead

spectrum.ieee.org · 204 points · Discussion

This article is crossposted from IEEE Spectrum’s careers newsletter. Sign up now to get insider tips, expert advice, and practical strategies, written in partnership with tech career development company Parsity and delivered to your inbox for free!
The CS Degree Isn’t Dead. The Entry-Level Pipeline Is
There is no shortage of people telling recent engineering graduates that their degree was a mistake and that AI is coming for their jobs before they even land one. I respectfully disagree.
I have been a software engineer for 12 years, done well over 100 interviews on both sides of the table, and run Parsity, an AI engineering program. A few patterns emerge consistently in who actually breaks through in today’s job market. Here’s why I think the job market isn’t as dire as it looks, and what I would do if I were looking for my first tech job.
The Numbers Need Context
The Federal Reserve Bank of New York recently placed unemployment for recent CS graduates in the United States at 6.1 percent, with computer engineering graduates at 7.5 percent. Compared to philosophy majors at 3.2 percent and art history graduates at 3.0 percent, those figures look alarming. They require more context than most headlines provide.
When researchers factor in underemployment (graduates working jobs that don’t require a college degree), then engineers are doing relatively well, coming in below 20 percent, against a 42 percent average across all recent graduates. Many majors reporting lower unemployment are achieving that figure by accepting work entirely unrelated to their field. Scored across unemployment, underemployment, and early-career earnings together, CS and computer engineering still rank among the top fields for overall labor market outcomes.
The degree is not the problem. The hiring pipeline is. Job postings labeled “entry-level software engineer” grew roughly 47 percent between late 2023 and late 2024, while actual hiring into those roles dropped approximately 73 percent in the same window. So-called “ghost jobs,” used to create an illusion of company growth, are everywhere. This makes the front door harder to find, but it exists.
Here Is What To Do About It
Do a broad search of your (real-life) network. Roughly 26 percent of job offers come through referrals. Look at your actual network—classmates, professors, past internship contacts, relatives—and identify people at companies that might be hiring. The goal is a warm introduction to someone who is or knows a decision maker. One introduction carries more weight than a hundred cold applications through a portal.
Find symmetric risk. A junior engineer is a risky hire by definition. A startup carries a matching risk profile, meaning potentially lower compensation, no certainty of longevity, and higher performance expectations. But that shared risk creates mutual interest. The learning curve is steep, the exposure is broad, and the track record transfers directly. For engineers whose longer-term goal is a large organization, a startup is not a detour. It can be how you build the experience those organizations eventually want to see. The first job is for validation and learning. It is not a life sentence.
Manufacture experience rather than waiting for it. Employers want experience but will not hire you to get it. The way through is to create it: a deployed project, an open-source contribution, building something real for a small business or family member. Recruiters are skeptical of toy projects. A deployed application solving a real problem, combined with the ability to talk clearly about the decisions you made and why, still moves the needle.
Gain practical AI engineering skills, not just AI tool fluency. Using Cursor or Copilot is now a baseline expectation. What differentiates candidates is going one level deeper. Most working engineers, including senior ones, have not built a RAG pipeline or designed a multi-agent system. Understanding how to chunk documents, generate embeddings, store and query them from a vector database, and wire it into a production application puts a candidate ahead of a significant portion of the market on a skill in rapidly growing demand. AI and data science roles grew 163 percent in job postings in 2025. The engineers who understand how these systems actually work, not just how to prompt them, are in the shortest supply.
Stop optimizing around conditions you cannot predict. Nobody anticipated the 2021 hiring boom. Nobody predicted this correction. Build durable skills. The demand for engineers who can reason clearly about systems is not going away. Where you start is not where you end.
—Brian
Meta and Microsoft have joined the layoff tsunami. Is AI really to blame?
More major workforce reductions are on the horizon at Big Tech companies: Meta announced it will cut 10 percent of its workforce, or about 8,000 employees, and Microsoft plans to offer buyouts for 7 percent of its U.S. employees in a voluntary retirement program. The cuts are understood by many to be linked to AI. But is AI really to blame? For The Conversation, two academics at the University of Sydney give their two cents.
Read more here. 
This Roboticist-Turned-Teacher Built a Life-Size Replica of ENIAC
Tom Burick got his start as a roboticist. But when a financial downturn forced him to close his robotics business, he thought of the effect teachers had on his life and decided to pay it forward. Burick now works as a technology instructor at a school for students with autism, where he recently led a project building a full-scale replica of ENIAC, an historic computer celebrating its 80th anniversary this year. 
Read more here. 
Proposed Chinese Robot Ban is Latest U.S. Tech Sovereignty Move
Across several industries, the United States has been moving toward limiting the use of sensitive technology made in China. Now, legislation has been introduced to extend the trend to ground robots, including humanoids, dogs, and crawlers. This could benefit some U.S.-based robotics firms—but many of these companies still rely on Chinese-made components. “The U.S. robotics industry is in a pickle,” writes Spectrum tech policy editor Lucas Laursen. 
Read more here. 




Original: https://spectrum.ieee.org/computer-science-degree-isnt-dead · Discussion
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GLM 5.2 Is Out

twitter.com · 191 points · Discussion

https://digg.com/tech/ii9xibgn

Original: https://twitter.com/jietang/status/2065784751345287314 · Discussion
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AI coding at home without going broke

stephen.bochinski.dev · 168 points · Discussion


        
  
  
    There are three ways to do AI coding at home without spending like a company, and which one fits depends mostly on how much you trust the next year of hardware and model releases. The first is to self host. You buy the machine, run open source models locally, and pay nothing per token after that. The upfront cost is steep and the models you can actually run at home are weaker than what the frontier labs ship, so this only pays off if you can keep the rig busy with long running tasks where a slower, cheaper model grinds away overnight. Most people can’t keep a home machine that loaded, and the hardware you buy today may look like a bad bet in a year.


The second is to skip the hardware and rent those same open source models from a provider at API rates. For most people this is the right call. You avoid putting thousands of dollars on one GPU setup while configurations are still in flux, you skip the work of squeezing long running performance out of an open model, and you can switch to whatever is cheaper or better next month without reselling a box. Something like OpenRouter makes the move close to a one line change.


The third is to min-max the frontier subscriptions from OpenAI and Anthropic. Around $400 a month of plans buys roughly $2800 of API usage at list prices, which is a real bargain right up until you hit the ceiling. The plans are metered, and any large AI native workflow will chew through the included tokens fast. They shine for the work you drive by hand and fall short as the engine for an agent running all day.


What I’ve seen work best is a blend of the last two. Keep a couple of frontier subscriptions for the hard thinking and the spec writing, and pay API rates for open source models to handle the small mechanical pieces. Lean on spec driven development so the expensive models produce the plan and the cheap ones fill it in. Do that well and you can build what a team of twenty engineers would put out in a month for around a thousand dollars.


  

  


      



Original: https://stephen.bochinski.dev/blog/2026/06/13/ai-coding-at-home-without-going-broke/ · Discussion
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RTX 5080 and RTX 3090 Setup: 80 Tok/s on Qwen 3.6 27B Q8

imil.net · 154 points · Discussion


			

	
		
		
			A year ago, I bought an RTX 5080 for both gaming and AI experiments. Little did I know back then that I would be giving into the joys of local LLM setups.

Fast forward 2026, Qwen 3.5, Gemma, Qwen 3.6, I needed more than 16GB. So I got myself a refurbished RTX 3090 with 24GB. I could then run Qwen 3.6 Q4 quants, first at ~30 tok/s, then 50-60 with MTP. Not bad. But still felt limited while my 5080 was barely used.

So I began digging what kind of setup could take profit of those 2 cards together. I already had DDR4 sticks and SSD disks ready, I only needed a mobo capable of handling the two cards.

Enters the Asus Prime X570-Pro, the “Pro” is important, it is what ensures the 16x PCIe can be splitted in 2x8.

The 5080 being the monster it is I bought a good quality PCIe 4 riser to plug it on the second slot.

BIOS

The BIOS part was more complex than I anticipated. First and foremost: you CAN’T boot the OS in BIOS/MBR mode, this will forbid the use of both cards and implies kernel parameters unnecessary trickery even for one of them.

The parameters that should be set:


	Go to the Boot tab and set CSM (Compatibility Support Module) to Disabled

	Go to the Advanced tab -> PCI Subsystem Settings

	Set Above 4G Decoding to Enabled

	Set ReSize BAR Support to Auto or Enabled.

	Still on the Advanced tab -> PCIEX16_1 Link Mode: Gen 4

	PCIEX16_2 Link Mode: Gen 4



kernel

NVidia documentation is a mess, here’s the link to driver’s installation procedure, yes, with /tesla in the URL, because why not: https://docs.nvidia.com/datacenter/tesla/driver-installation-guide/introduction.html

The two GPUs being different models, I unfortunately can’t setup this beauty https://github.com/aikitoria/open-gpu-kernel-modules
I tested it, the feature is enabled, but it was clear from the start it will likely to fail with different GPUs, moreover different generations.

Nevertheless for the lucky readers owning 2 cards of the same type, once the patched driver is built / installed, don’t forget to:


	Uninstall nvidia-dkms-open

	blacklist the new nova driver



Only then the freshly patched driver will load at boot. You should see the following:

$ nvidia-smi topo -p2p r
 	GPU0	GPU1	
 GPU0	X	OK	
 GPU1	OK	X	

Legend:

  X    = Self
  OK   = Status Ok
  CNS  = Chipset not supported
  GNS  = GPU not supported
  TNS  = Topology not supported
  NS   = Not supported
  DR   = Disabled by regkey
  U    = Unknown


If like me you own different NVidia cards, just use the nvidia-open driver.

Once rebooted with the nvidia driver loaded, check that the cards are well seen by it:

$ nvidia-smi 
Sat Jun 13 09:29:23 2026       
+-----------------------------------------------------------------------------------------+
| NVIDIA-SMI 610.43.02              KMD Version: 610.43.02     CUDA UMD Version: 13.3     |
+-----------------------------------------+------------------------+----------------------+
| GPU  Name                 Persistence-M | Bus-Id          Disp.A | Volatile Uncorr. ECC |
| Fan  Temp   Perf          Pwr:Usage/Cap |           Memory-Usage | GPU-Util  Compute M. |
|                                         |                        |               MIG M. |
|=========================================+========================+======================|
|   0  NVIDIA GeForce RTX 3090        On  |   00000000:07:00.0  On |                  N/A |
|  0%   34C    P8             17W /  350W |   23646MiB /  24576MiB |      0%      Default |
|                                         |                        |                  N/A |
+-----------------------------------------+------------------------+----------------------+
|   1  NVIDIA GeForce RTX 5080        On  |   00000000:08:00.0 Off |                  N/A |
|  0%   31C    P8             15W /  360W |   15861MiB /  16303MiB |      0%      Default |
|                                         |                        |                  N/A |
+-----------------------------------------+------------------------+----------------------+

+-----------------------------------------------------------------------------------------+
| Processes:                                                                              |
|  GPU   GI   CI              PID   Type   Process name                        GPU Memory |
|        ID   ID                                                               Usage      |
|=========================================================================================|
+-----------------------------------------------------------------------------------------+


llama.cpp

Those are the build flags I use to support both cards generation:

# cmake -B build -DBUILD_SHARED_LIBS=OFF -DGGML_CUDA=ON -DGGML_NATIVE=ON -DGGML_CUDA_FA=ON -DGGML_CUDA_FA_ALL_QUANTS=ON -DCMAKE_CUDA_ARCHITECTURES="86;120" -DCMAKE_CUDA_COMPILER=/usr/local/cuda/bin/nvcc -DGGML_CUDA_NCCL=OFF


The relevant flag is CMAKE_CUDA_ARCHITECTURES="86;120" which enables both Ampere and Blackwell architectures. Note the -DGGML_CUDA_NCCL=OFF flag, I found out nccl was actually counter productive, even if llama-server logs say otherwise.

Now to startup options:

llama-server -m ./models/Huihui-Qwen3.6-27B-abliterated-ggml-model-Q8_0.gguf \
    -c 229376 \
    -np 1 -fa on -ngl 99 -ub 512 -t 6 --no-mmap \
    --temp 0.7 --top-p 0.8 --top-k 20 --min-p 0.0 --presence-penalty 0.0 --repeat-penalty 1.0 \
    -ctk q8_0 -ctv q8_0 --kv-unified \
    --chat-template-kwargs {"preserve_thinking": true} \
    --spec-type ngram-mod,draft-mtp --spec-draft-n-max 3 \
    -sm tensor -ts 2,3 \
    --port 8001 --host 0.0.0.0


The sauce:


	Huihui-Qwen3.6-27B-abliterated-ggml-model-Q8_0.gguf this model’s q8 quantization fits in the overall 39GB with a 230k context and KV-cache quant at q8!

	--spec-type ngram-mod,draft-mtp --spec-draft-n-max 3 the MTP speculative boost with a hint from ngram

	-sm tensor from llama.cpp multi-GPUs documentation

	-ts 2,3 cards usage ratio, important to be able to fill up every VRAM corner!



Result

With this setup, I am able to run a full Qwen3.6 model quantized at q8, at a whooping 80+ tokens/sec, depending on the task it can go as high as 90+.

2673.12.803.689 I slot create_check: id  0 | task 45808 | created context checkpoint 1 of 32 (pos_min = 12, pos_max = 12, n_tokens = 13, size = 149.677 MiB)
2673.13.869.654 I reasoning-budget: deactivated (natural end)
2673.14.095.592 I slot print_timing: id  0 | task 45808 | n_decoded =    100, tg =  81.84 t/s
2673.17.131.165 I slot print_timing: id  0 | task 45808 | n_decoded =    388, tg =  91.13 t/s
2673.18.058.712 I slot print_timing: id  0 | task 45808 | prompt eval time =     219.76 ms /    17 tokens (   12.93 ms per token,    77.36 tokens per second)
2673.18.058.714 I slot print_timing: id  0 | task 45808 |        eval time =    5185.10 ms /   457 tokens (   11.35 ms per token,    88.14 tokens per second)
2673.18.058.715 I slot print_timing: id  0 | task 45808 |       total time =    5404.85 ms /   474 tokens
2673.18.058.716 I slot print_timing: id  0 | task 45808 |    graphs reused =      41669
2673.18.058.717 I slot print_timing: id  0 | task 45808 | draft acceptance = 0.77295 (  320 accepted /   414 generated)
2673.18.058.728 I statistics        ngram-mod: #calls(b,g,a) =  341  43646   1169, #gen drafts =   1169, #acc drafts =  1169, #gen tokens =  74496, #acc tokens = 44050, dur(b,g,a) = 1403.794, 706.959, 134.904 ms
2673.18.058.731 I statistics        draft-mtp: #calls(b,g,a) =  341  42477  42477, #gen drafts =  42477, #acc drafts = 36208, #gen tokens = 127431, #acc tokens = 86553, dur(b,g,a) = 0.158, 264947.885, 44.505 ms


While your cards are computing, check they are actually running at full speed with the following command:

$ sudo lspci -vvv -s 07:00.0 | grep "LnkSta:"


For each PCIe port, you should see:

LnkSta:	Speed 16GT/s, Width x8 (downgraded)


If you’re running the workload on a 16x/2 split.


		

		
	






			



Original: https://imil.net/blog/posts/2026/rtx-5080-+-rtx-3090-setup-80+-tok-s-on-qwen-3.6-27b-q8/ · Discussion
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The state of building user interfaces in Rust

areweguiyet.com · 142 points · Discussion


    The roots aren't deep but the seeds are planted.

    As a low level language, Rust is perfectly suitable for making user
        interfaces the old fashioned way, with native APIs. However, competing
        in today's world typically means supporting many platforms, and
        that makes using native APIs an unattractive option for many.

    Rust's expressiveness and high level abstractions make it ideal for
        building intricate and complex user interfaces. Unfortunately, there
        is little consensus on what the best abstractions are.

    There are a number of bindings available today to existing frameworks,
        but those looking for a mature, easy to use, and completely Rust-based
        solution will most likely find themselves out of luck.

    Current approaches to building GUIs in Rust include interfacing with
        Electron and building GUIs with HTML (or a framework on top of it), while
        others have taken to using graphics APIs and various wrappers to emulate
        classical widgets. The cross platform parallel rendering engine Webrender,
        built for Servo and usable in Firefox Nightly, takes this latter approach
        and is multi-platform, but is more of a base for a GUI framework than one
        in itself.


    Stay in the loop.

    Below are recent community links submitted to the site. If you're working on or writing about GUIs in Rust, please contribute! Each
        news entry can be a link back to your blog, Reddit thread, etc. See the
        
        README for details.

    
    
    

    See more posts

    
    
    
        
            
        
        
            
                
                    
                        Azul
                    
                

                [crate · repo · docs]
            
            
                    
                        Azul GUI is a free, functional, reactive GUI framework
    for rapid development of desktop applications written in Rust and C,
    using the Mozilla WebRender rendering engine.
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                [crate · repo · docs]
            
            
                    
                        Blinc application framework with clean layout and rendering API.
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                [crate · repo · docs]
            
            
                    
                        Rust bindings for AppKit (macOS/Airyx/GNUStep, beta) and UIKit (iOS/tvOS, alpha).
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                [crate · repo · docs]
            
            
                    
                        Bindings to Core Foundation for macOS.
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                [crate · repo · docs]
            
            
                    
                        Cross-platform app development in Rust.
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                [crate · repo · docs]
            
            
                    
                        A wgpu-powered graphical user interface (GUI) library with a reactive data model.
                    
                

            
            
            

            
            
                
            
        

    
        
            
        
        
            
                
                    
                        CXX-Qt
                    
                

                [crate · repo · docs]
            
            
                    
                        CXX-Qt is a library that automatically generates code to transfer data between Rust and C++ through common interfaces such as QObjects that can be exposed directly into QML. It uses the cxx crate for safe interaction between Rust and C++.
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The experience of rendering Arabic typography and its technical debt

lr0.org · 142 points · Discussion

This post was discussed in Lobsters
Once upon a time, a frontend ticket landed on my queue which was not properly mine, but the only other Arabic reader on the team was on leave. It went roughly as follows; a block of mixed-content Arabic prose on the customer-facing dashboard was rendering with a ragged left edge (the rag falls on the left in Arabic, since the lines set out from the right margin; the ticket said "ragged right") when the design team had explicitly specified justified text. Attached were three screenshots from three browsers and a polite note from the product manager observing that the Latin-script version of the same block looked, I quote, "fine."
The same six months I had closed three other tickets against the same product, each of which had presented to its filer as the only bug. A customer's name had appeared with its letters unjoined on a printed agreement, the way a sign-painter would have laid them out in 1962, because the PDF library on the receipt server pre-dated the existence of a shaping engine in its language runtime. A search index had been returning empty for accounts the customer service team could see in the database because a 2017 import had encoded twelve thousand names using fossil Unicode codepoints from 1991 instead of regular ones from 1995, and the index, very reasonably, treated the two encodings as different strings, So, that ragged-left ticket was the smallest of the four, HOWEVER, it sat on top of the same iceberg and pointed at the same thing.
Here is the disagreement, reproduced live. I used random text, the original had more spacing, I'm too lazy to pick words to maximize the ragging and spacing.
PRODUCTION, ANY BROWSER
الخط هندسة روحانية ظهرت بآلة جسمانية، وهو لسان اليد ورسول العقل، وسفير الضمير ووحي الفكر، وسلاح المعرفة وأنس الإخوان عند الفرقة.
 apply the fix the ticket asks for

THE MOCKUP, AS DESIGN APPROVED IT
الخـــــط هندســـــة روحانيـــــة ظهــــرت
بآلــــة جسمانيــــة، وهــــو لســـان اليــــد
ورســـــول العقـــــل، وسفيــــر الضميــــر
ووحـــــي الفكـــــر، وســـــلاح المعــــرفة
وأنـــــس الإخـــــوان عنــــد الفــــرقــــة.



On the right, the agreed design: both margins flush, every line filled by elongating the strokes inside the words, never the spaces between them. It renders in your browser only because I placed every elongation by hand, a confession I will expand on below. On the left, what production ships. Tick the box to apply the one tool CSS offers, text-align: justify

(For these demonstrations this site ships its first webfont ever: Amiri, self-hosted, a hundred and fifty kilobytes of one man's unpaid evenings, redistributed under the OFL. That this is what it takes to show you something your operating system cannot do on its own is, I want to be clear, part of the argument. I think it is a delightful hundred and fifty kilobytes.)
It did look fine. I spent about half an hour with it, I walked the rendered DOM, I set text-align: justify in so many different combinations of font-family and direction declarations, and at the end of the exercise I wrote a reply explaining, more or less honestly, that the problem was not a bug in our stylesheet but the state of Arabic typography on the web.
The reply took and the closure of the ticket took half an hour or so. The reasons behind it took five hundred years to pile up, and they involve a twice-mutilated vizier, a Qurʾān that vanished for four centuries, a Beirut newspaperman with a deadline, and an Egyptian physician who taught himself font engineering for fun (or that what I imagine about him). Walking through these, ended up to be the most enjoyable couple of weeks in that job, and I want to go through it here too.
What the scribes solved
The history deserves recording because most people outside the small world of Arabic font engineering don't know it, and it is wonderful. Classical Arabic typography, by which I mean the manuscript tradition that the early printers of Istanbul and Bulaq spent their careers chasing, justifies a line of text without stretching the spaces between words at all. Stretched spaces are the Latin convention, and in Arabic they produce an effect the scribes would have found simply ugly. Instead the scribe extends the letterforms themselves along the baseline, using what is called taṭwīl or, in the modern technical vocabulary, kashida: the connecting strokes between certain pairs of letters can be lengthened, sometimes lavishly, to carry a line out to the margin. A well-set page of Naskh from the seventeenth century has every line flush at both margins, and the result is the dense, regular weave that anyone who has spent time with a good manuscript Qurʾān will recognise on sight.
[image: A fourteenth-century Qurʾān folio in naskh-family script, every line flush at both margins]Fig. 1. A Qurʾān folio, fourteenth century, now in the Metropolitan Museum of Art. Run your eye down the left edge: every line lands flush, and not one word-space was stretched to get it there. The justification lives inside the words. (Public domain, via Wikimedia Commons.)And this was not improvisation but a system, with a paper trail. The system was written down by Ibn Muqla, Abbasid vizier and chief calligrapher, who served three caliphs in succession and was imprisoned by two of them; the third had his right hand amputated on a charge of treasonous correspondence, and Ibn Muqla then kept writing for the next several months by lashing a reed pen to the stump of his wrist, and was rewarded for what he wrote by having his tongue cut out, and died in prison around the year 940. His body was buried three times in three different places, his daughter moving it after each interment to keep the grave out of police hands. The system he wrote down outlasted everybody who hurt him by a thousand years. It is called al-khaṭṭ al-mansūb, the proportional script; every letterform measured in rhombic dots of the reed nib, every curve a defined arc of a defined circle, the alif a fixed number of dots high and anything else derived from the alif. Within that system the elongation is a drawn stroke with its own rules, which letter pairs accept it, how the curve swells and tapers, how many elongations a line may carry, where they may sit. The scribes also justified by choosing different shapes, because most letters have alternate forms of different widths, and a skilled hand selects among them as the margin approaches. Justification, in this tradition, is not a spacing problem rather a shaping problem.
The tradition Ibn Muqla started did not stay with him; it was refined, in writing, by named human beings over the following six hundred years. Ibn al-Bawwāb in Baghdad, around the year 1022, smoothed out the proportions and produced the manuscript that defined Naskh for the rest of the millennium; a single Qurʾān in his hand survives in the Chester Beatty Library in Dublin, and you can date the Persian, Ottoman, and Mamluk traditions by how closely they follow it. Yāqūt al-Mustaʿṣimī, who survived the Mongol sack of Baghdad in 1258 by climbing a minaret and continuing to write, codified what later scholars called the Six Pens, the canonical hands of Naskh, Thuluth, Muḥaqqaq, Rayḥān, Tawqīʿ, Riqāʿ, each with its own metrics, each with its own justification grammar. Then the Persian scribes invented Nastaʿlīq in the fourteenth century, a hanging script that justifies by sloping the baseline downward at the end of each phrase, which is to ordinary justification roughly what a vertical garden is to a lawn. The Ottomans developed Dīwānī for the chancery and a tightly knotted Dīwānī Jalī for the sultanic seal, both of which fill space by interleaving letters at heights ordinary baselines never visit. All of these are the same alphabet of twenty-eight letters; all of them have their own rules about which letters accept the kashida, which never do, and how the line breathes.
Latin typesetting never needed any of this, because Latin letters do not hold hands. Arabic letters do, and the web, in 2026, looks at them holding hands and stretches the air between the words anyway. So now you know what the mockup card at the top of the page was doing: it was faking a page of this manuscript tradition in HTML, every line carried to the measure by the strokes and not the spaces. The fakery, since I promised a confession, is U+0640 TATWEEL characters that I placed and sized by hand.


Four shapes for every letter
To understand why every machine since Gutenberg has wrestled this script and mostly lost, you need one structural fact: Arabic is cursive always. There is no print-versus-handwriting distinction, no block letters. The letters connect in stone inscriptions, in manuscripts, in metal, on screens. Each letter therefore changes shape depending on its neighbours (an isolated form, an initial, a medial, a final), and six letters refuse to connect forward at all, which breaks words into joined clusters and gives the script its rhythm. The shapes are not costumes over some underlying "real" letter. The positional variation is the letter.
And the alphabet is bigger than Arabic the language. Persian extends it with four letters Arabic does not have (پ pe, چ che, ژ zhe, گ gaf) and uses two of the existing letters in subtly different forms (ی for the final yāʾ, ک for kaf). Urdu adds an aspirated do-chashmī he (ھ), a retroflex set (ٹ ڈ ڑ), and a hanging ye barree (ے), and writes most of its everyday text in Nastaʿlīq, which a Naskh-shaped font will produce as a phonetically correct but visually unrecognisable approximation. Sindhi has more again. Pashto, Kurdish, Uyghur, Kashmiri, and Punjabi each take the alphabet, add what their phonology requires, and ship. Any font that calls itself "Arabic" without consulting the Persian and Urdu communities will produce, for hundreds of millions of readers in Iran and South Asia, text that is technically rendered but functionally wrong: the kaf has the wrong terminal, the heh fuses where it shouldn't, the digits are from the wrong belt. The Noto Sans Arabic family ships separate sub-fonts to cover these (NotoNaskhArabic, NotoNastaliqUrdu, NotoSansArabicUI), and OS font fallback chains usually get it right. Usually.
	stored codepoint	isolated	initial	medial	final
	U+0639 ʿAYN	ع	عـ	ـعـ	ـع
	U+0647 HEH	ه	هـ	ـهـ	ـه

One codepoint, four shapes, chosen at render time by the shaping engine. The medial heh and the isolated heh are, to an untrained eye, different letters; I have watched students of Arabic meet the medial heh in week three and file a complaint with management. A Latin font that ships 26 lowercase shapes needs no opinion about any of this. An Arabic font is wrong unless it has opinions about all of it.

The arrangement we eventually settled on, after decades of wrong answers, is this: the encoding stores the abstract letter, and the font supplies the shapes. Unicode gives you one codepoint for ʿayn; the font carries the four positional glyphs; a shaping engine applies the OpenType features (isol, init, medi, fina, plus rlig for the ligatures the script requires, plus mark and mkmk for stacking the vowel signs) at render time. An Arabic font is a small program. The text you store is its input, not its output. The word is performed fresh every time you look at it, like music from a score.
The cleanest way to feel this is to assemble a word one letter at a time and watch every prior letter renegotiate its shape as the next one arrives:
click letters to add them to the word, in the order they appear in the codepoint stream:
RENDERED BY THE SHAPING ENGINE
—

Try م, then ح, then م, then د: build the name Muḥammad. The first م drops into its initial form the moment you add the ح, the ح goes medial when the next م arrives, and so on through to the د, one of the six non-joining letters, which interrupts the flow and forces what would have been the third م into a final form. Four codepoints in storage, one continuous stroke on screen. None of it happens without a shaping engine; a PDF generator that lacks one will render the same four codepoints as four disconnected isolated forms.

The wrong answers are still in the standard, fossilised, and they make excellent souvenirs. Before shaping engines existed, the 8-bit code pages of the DOS and early Windows era encoded the shapes themselves: a separate character for initial ʿayn, medial ʿayn, and so on. Unicode, which promised round-trip compatibility with anything else, had to swallow those sets whole, and they live on at U+FB50 through U+FEFF under the name Arabic Presentation Forms: several hundred codepoints that no new document should ever contain and that PDF text extractors merrily emit to this day, which is one of the reasons searching an Arabic PDF so often fails in silence. The haystack is encoded as shapes and your needle is encoded as letters. My favourite resident of the block, and one of my favourite characters in all of Unicode, is U+FDFD, ﷽ : four-word invocation, bismillāh ar-raḥmān ar-raḥīm, as a single codepoint. A monument from the era when rendering was baked into the encoding because nobody trusted the renderer to do anything, preserved forever, like a fly in amber that recites.
This bites because the two encodings render identically and compare differently. The customer search bug I mentioned at the top of this article was, specifically, this:
a small customer database. Some names were entered through a modern Arabic keyboard. Others were migrated in 2017 from a legacy system that stored them in Arabic Presentation Forms. Look identical, don't they?
	NAME (as rendered)	ENCODING IN STORAGE	ACCOUNT
	محمد علي	modern Unicode	EGP-9341-0021
	ﻣﺤﻤﺪ ﻋﻠﻲ	presentation forms	EGP-2014-7732
	سارة أحمد	modern Unicode	EGP-9341-0044
	ﺳﺎﺭﺓ ﺃﺣﻤﺪ	presentation forms	EGP-2014-8810

search by name:

 apply NFKC normalisation
Type a name into the search. Or click the seed button below to paste a query that exactly matches one of the records, the way a customer-service agent might copy the name from an SMS. Without normalisation, you get the records that share your query's encoding and miss the others. Tick the box and the search runs after NFKC, which collapses the presentation forms back to their abstract letters. The fix is one Unicode call. It took a quarter to find because the bug presents as "customer not in system", and customer-service tickets do not arrive with codepoint dumps attached.

And if you want to know what the world looks like when software skips all of this, the shaping engine, the bidi algorithm, the whole apparatus, you do not have to imagine it, because an enormous amount of software still skips all of it:
 render it the way software outside the text stack does
مرحبا بالعالم، هذا نص عربي
The text says "hello, world, this is Arabic text." Tick the box for the version every Arabic reader has met in the wild: on a shop sign, a boarding pass, a watermark, an old film title. Every letter drops into its isolated form and the line is laid out left to right, backwards. This is what a program produces when it draws characters one at a time and never consults a shaping engine: old Photoshop did it, matplotlib still does it out of the box, many of the PDF generators on npm do it, receipt printers do it with conviction. The standard Python workaround, arabic_reshaper plus python-bidi, fixes it by pre-baking the shaped forms into the string using that fossil block from the paragraph above.



Three sets of digits, one continuous belt
The numerals deserve their own room. Every Arabic-rendering project I have worked on has tripped on them, and most of those projects invented a private vocabulary for what went wrong instead of asking why. Most readers of this article have only ever met one set of digits and are about to meet three.
The glyphs the world calls "Arabic numerals", 0 through 9, are not in fact what most Arabic readers use day to day. Egypt, Sudan, the Levant, Iraq, and the Gulf use what Unicode files under ARABIC-INDIC DIGITS (٠١٢٣٤٥٦٧٨٩, U+0660–U+0669), which look nothing like the Latin glyphs and ship in any serious Arabic font as a separate set. The Maghreb (Morocco, Algeria, Tunisia, often Libya) uses the Latin glyphs and has done so since the colonial period; an Arabic newspaper in Casablanca and an Arabic newspaper in Cairo will print today's date in two visually different scripts and consider it unremarkable. Iran, Afghanistan, and Pakistan use a third set, the EXTENDED ARABIC-INDIC DIGITS (۰۱۲۳۴۵۶۷۸۹, U+06F0–U+06F9), four of whose glyphs (4, 5, 6, 7) differ visibly from the Arabic-Indic set despite encoding the same numbers. Any banking platform that operates from Rabat to Karachi will, at some point, render the same balance three ways:
render the digits as:
 Western (0–9)
 Arabic-Indic (٠–٩)
 Extended (۰–۹)
رصيد الحساب 12,345.67 جنيه، تاريخ آخر معاملة 2026-06-08، رقم الحساب 4071-9923.
"Account balance 12,345.67 pounds, last transaction date 2026-06-08, account number 4071-9923." Note the trailing period: a strong-LTR run sits inside the RTL paragraph for the numbers, and the punctuation slides around it depending on its neighbours, which the bidi section below is about.

The rendering choice is the easy half. The bidirectional behaviour is where the platform starts to creak, because digits are not strong characters in the algorithm. They are weak, neither strongly left-to-right like a Latin letter nor strongly right-to-left like an Arabic one, and what they do depends on whoever stood next to them most recently. The relevant rule, W2 of UAX #9, reclassifies a digit as an ARABIC NUMBER if any of the previous strong characters in the paragraph were Arabic letters, and as a EUROPEAN NUMBER otherwise. Both render their internal digits left-to-right, which is correct: numbers everywhere on Earth are read most-significant-first. But the punctuation between digits behaves differently across the two classes. A hyphen between European numbers stays glued. A hyphen between Arabic numbers floats neutral and gets reclassified again by the rules for neutrals, which look at the strong context, which is right-to-left, and the two number runs swap places around the hyphen. That is how a phone number stored as "010-1234-5678" arrives on screen as "5678-1234-010", per spec, in every browser, identically wrong.
 add an Arabic word before the number
+20-100-1234-5678
A phone number, stored exactly as written. Tick the box to prepend the Arabic word رقم ("number"). Nothing about the digits changes in storage; W2 simply re-decides what kind of digits they are now that an Arabic letter has appeared earlier in the paragraph, and the hyphens, deprived of their European-number context, hand the runs back to the surrounding right-to-left frame. The only fix the platform offers is to wrap the number in &lrm; or <bdi>.

The third twist, and the one that most directly costs money, is that the decimal mark and thousands separator have local conventions too. The Arabic world uses U+066B ARABIC DECIMAL SEPARATOR and U+066C ARABIC THOUSANDS SEPARATOR (`٫` and `٬`), which look like a comma and an apostrophe but are different codepoints with different bidi properties. A price formatted by `Intl.NumberFormat('ar-EG')` in modern Node will use them. A price formatted by an older library, or by a backend in a language whose locale support stops at French, will use ASCII `.` and `,`. Both render. Both look almost the same. Only one of them sorts and parses correctly in the next system downstream, and you find out which one when reconciliation breaks on a Sunday morning.


Five centuries of workarounds
Print and the Arabic script met badly, and that meeting set the pattern for almost everything since: when the machine cannot do the script, simplify the script, ship it, and call it progress.
The first book printed in movable Arabic type was a book of hours, Kitāb Ṣalāt al-Sawāʿī, produced in 1514 in Fano, in the Papal States, by the Venetian printer Gregorio de' Gregori. It was set by craftsmen who could not read a word of what they were setting, and you can tell: letters detach at the joints, dots drift away from their letters, final forms turn up in the middle of words.
[image: A page of the 1514 Kitab Salat al-Sawai, the first book printed in movable Arabic type, with crude detached letterforms]Fig. 2. A page of the Kitāb Ṣalāt al-Sawāʿī, Fano, 1514: the first book ever printed in movable Arabic type. (Public domain, via Wikimedia Commons.)Two decades later the Paganini press in Venice printed the first Qurʾān in movable type, a commercial venture aimed at the Ottoman market, and it failed so completely (typographic errors compounded by textual ones, in the one book whose point is textual fidelity) that every copy vanished and scholars spent four centuries politely doubting the edition had ever existed. Then in 1987 a single copy surfaced in the library of a Venetian friary, where it had been sitting the whole time.
The Ottoman side of the story is usually told in one sentence, "the sultans banned printing," and the sentence is doing suspicious amounts of work. The standard account has Bayezid II prohibiting printing in Arabic characters in 1485 and Selim I renewing the ban in 1515 on pain of death. The inconvenient detail, which the historian Kathryn Schwartz laid out in 2017, is that no text of either edict survives, and the story traces back to the reports of European travellers. Which does not mean it is false; it means the favourite explanation for why the Islamic world "missed" printing rests on evidence that would not survive a code review. What is actually documented is that the first Ottoman Muslim press, İbrahim Müteferrika's in Istanbul, opened in 1727, and that the deeper resistance was professional and aesthetic rather than theological: an empire employing tens of thousands of calligraphers in a refined, thousand-year-old craft looked at Fano-quality output and saw, quite reasonably, a downgrade. They were the only people in this story with working quality assurance.
The press that finally did the script justice was the Bulaq Press, founded in Cairo by Muhammad Ali in 1820 and later renamed al-Maṭbaʿa al-Amīriyya, the state press. Doing it justice was gloriously expensive. Where a Latin fount needs somewhere around a hundred sorts, a serious naskh fount needed many hundreds: positional forms, ligatures, vowel marks, every one a separately cut piece of metal, and a compositor who could navigate that case fast enough to keep his job. The summit of the tradition is the 1924 Cairo Qurʾān, set at the Amiria Press, which standardised the text for the twentieth century and proved that metal could, with enough sorts and enough patience, walk right up to the manuscript page and look it in the eye.
[image: A page of the 1924 Cairo Quran, set in metal type at the Amiria Press, with kashida elongations carrying the justification]Fig. 3. A page of the 1924 Cairo Qurʾān, set in metal at the Amiria Press, whose typeface the Amiri font revives. Look at the elongated strokes carrying the justification, four hundred and ten years after Fano. Metal got there in the end; it just needed a government behind it. (Public domain, via Wikimedia Commons.)Then the newspapers arrived, and the economics ran the other way. A Linotype machine's magazine had ninety channels; the script, honestly counted, needed several times that. So in the late 1950s Kamel Mrowa, publisher of the Beirut daily al-Hayat, worked with Linotype on the obvious surgery: merge the initial form into the medial, the final into the isolated, drop the ligatures, and the whole script collapses to two shapes per letter and fits the machine. They called it Simplified Arabic, and it conquered the world's Arabic newsrooms inside a generation, because it was cheap and fast and the alternative was not being a daily newspaper. The typewriter performed the same surgery for the same reasons.
Laid end to end, the eleven centuries that follow Ibn Muqla read like nothing so much as a slow, badly-maintained changelog:
	940
	Ibn Muqla finishes writing down al-khaṭṭ al-mansūb. (See above for what happened to him while writing it.) The system runs without a major patch for the next thousand years.
	1001
	Ibn al-Bawwāb, in Baghdad, finishes the Qurʾān manuscript that becomes the reference implementation for Naskh. It sits today in the Chester Beatty Library in Dublin, where you can book an appointment to see it.
	1258
	Mongols sack Baghdad. The libraries burn. Yāqūt al-Mustaʿṣimī, the chief court calligrapher, survives by hiding in a minaret with his pens. He lives another forty years and refines the canonical hands his students eventually formalise as the Six Pens.
	1485
	Bayezid II is reported to ban printing in Arabic on pain of death. Reported; see above for how thin the sourcing is. The bug report has no repro and the issue has been open for 541 years.
	1514
	First book printed in movable Arabic type: Kitāb Ṣalāt al-Sawāʿī, a book of hours, set in Fano by men who had never learned the alphabet they were casting. Every joint a small accident. Shipped.
	1537
	Paganini Qurʾān, Venice. Riddled with errors of every kind. Recalled by reality, lost for four and a half centuries, rediscovered in 1987 behind other books in a Venetian friary.
	1727
	İbrahim Müteferrika, a Hungarian convert to Islam, opens the first Ottoman Muslim press in Istanbul. Two centuries behind the rest of Europe. He prints seventeen books in his lifetime, all carefully secular (atlases, dictionaries, histories) because he is not permitted to print religious texts. The empire of tens of thousands of calligraphers tolerates him at arm's length.
	1820
	Muhammad Ali of Egypt founds the Bulaq Press in Cairo. State-funded, no expense spared. Hundreds of sorts per fount: positional forms, ligatures, vowel marks, every one a separately cut piece of metal. For the first time in human history, a government takes Arabic typography seriously.
	1924
	The Cairo Qurʾān comes off the metal type at Bulaq's successor, the Amiria Press, after twelve years in production under a committee of Al-Azhar scholars. It standardises the text and the typography for the twentieth century. Eighty-seven years later, an Egyptian doctor named Khaled Hosny revives its typeface as a free font and calls it Amiri after the press.
	1958
	Kamel Mrowa, publisher of al-Hayat in Beirut, has a deadline. He asks Linotype: can we make Arabic fit a ninety-channel magazine? Linotype says yes if you cut the script in half. He says yes. The result is "Simplified Arabic": initial fused into medial, final into isolated, ligatures dropped. It conquers the Arab newsroom in a generation. Mrowa is assassinated at his desk eight years later, by an unrelated faction, in an unrelated dispute.
	1984
	Sakhr (a Kuwait-and-Saudi computer venture) ships its first Arabic MSX home computer, Arabic in ROM. A generation of Arab children types on it; more on this below.
	1985
	Thomas Milo and Mirjam Somers found DecoType in Amsterdam and start designing shaping engines that respect the script's actual grammar. They are about twenty years ahead of everyone. They self-fund the whole research programme.
	1991
	Unicode 1.0. Letters in, shapes out. The right architecture finally has a standards document. The same release ships UAX #9, the bidirectional algorithm.
	1994
	InPage 1.0 ships out of Karachi, written by a small team at Concept Software. Before that afternoon, Urdu newspapers were lettered by hand: a guild of calligraphers called katibs wrote each daily edition with a reed pen, the pages were photographed, the photographs were printed. Daily Jang switches over to InPage and stops paying the katibs. A profession ends in about six months.
	1995
	Unicode adds the Arabic Presentation Forms blocks for round-trip compatibility with 8-bit code pages. Nobody should produce these codepoints in new text. Therefore every PDF text-extractor produces them by default.
	1997
	OpenType 1.0. init, medi, fina, rlig, mark, mkmk, jstf: the right hooks for an Arabic font finally exist in a font format that ships everywhere. Twenty-nine years later the jstf table sits unread by engines and unshipped by foundries.
	2000
	Internet Explorer 5.5 implements text-justify: kashida. For one brief, weird browser-quarter Microsoft is the only software vendor on earth that can justify Arabic correctly on a screen. Nobody copies them, and the value is eventually deleted from the spec for lack of implementations.
	2006
	DecoType ships its Tasmeem engine inside InDesign Middle East Edition. It is the existence proof: the problem is solved, retail, on a laptop. Twenty years later no browser engineer has wandered over to look.
	2011
	Khaled Hosny releases the Amiri font under the OFL. It is, in 2026, still the best free Arabic font there is, IMHO.
	2012
	HarfBuzz lands in Chrome and Android. (The name: ḥarf, "letter", plus a transliteration joke.) Correct shaping becomes the default experience of reading Arabic on a screen for the first time anywhere. Most readers do not notice the upgrade because they have nothing to compare it to.
	2012
	Unicode 6.1 adds the Arabic Mathematical Alphabetic Symbols block (U+1EE00–U+1EEFF): 143 codepoints for mathematical Arabic, championed for years by the Moroccan mathematician Azzeddine Lazrek. Almost nobody knows it exists. Approximately two fonts on earth render it.
	2015
	W3C charters the Arabic Layout Requirements task force. The CSSWG opens its issue on Arabic justification. Both are still open in 2026. The documents the task force produced are world-class. Their effect on shipped browsers is zero.
	2022
	Amiri 1.0.
	2026
	Won't Fix.



The kashida the web cannot draw
Back to the ticket, then. The early drafts of the CSS Text Module Level 3 specification did list kashida as a value of text-justify, and Internet Explorer, of all things, implemented it: version 5.5, in the year 2000, complete with a text-kashida-space property for tuning the ratio of elongation to word-spacing. The results were surprisingly decent for the era. Then the value was quietly dropped from the specification on the reasonable and perfectly circular grounds that only one browser had ever implemented it. No modern browser implements it. Chrome's text-align: justify on Arabic falls back to inter-word spacing, with the rivers you opened yourself at the top of this page. Firefox does the same. Safari does the same. The CSS Working Group has had an open issue on Arabic justification since at least 2015, the same year the W3C chartered a task force to document Arabic layout requirements. The documents that effort produced are very good. Browsers mostly shrugged.
The reason no browser ships it is structural. Good Latin justification already does more than pour slack into the gaps as it hyphenates, and a Knuth-Plass-style layout engine chooses break points across the whole paragraph at once, weighing each candidate line against how far its spaces would have to stretch. But in Latin the places you can break and the places you can stretch are the same places, the inter-word spaces, so the engine choosing where to end a line is choosing from the very set of positions that will later absorb the slack. Arabic pulls those two sets apart. You still break between words, but you stretch inside them, at the kashida joins, and a line's capacity to stretch depends on the letters of the words that happened to land on it rather than on how many words it holds. A line can offer many break points and almost no stretch, or the reverse.
That capacity is also bounded as a line dense with joinable pairs can stretch a long way and stay beautiful, a line of mostly non-joining letters can barely stretch at all. So you cannot simply break the paragraph and fill each line afterward and trust them all to reach the margin gracefully; some lines will not be able to, and the only fix is to reconsider the breaks so the elongation each line needs stays within what that particular line can supply. The break points and the elongation have to be chosen together, against a cost function that depends on the actual glyphs, which is the part Latin never had to do. OpenType has actually had a mechanism for the font's side of this negotiation since the nineties, the jstf table, in which a font may declare its own justification priorities, and the state of that mechanism after thirty years is a perfect little standoff, virtually no shaping engine reads it, so virtually no foundry ships it, so no engine acquires a reason to start. Nobody has prioritised breaking the standoff, because the users affected by it do not, as a population, contain any advertisers.
None of this is exotic outside the browser. Microsoft Word has shipped a kashida justification setting since the late nineties, crude and straight-barred but present. InDesign's Middle East edition does the job properly. The awkward bit is that the renderers that cannot stretch a letter are the ones everyone now reads everything in.
So people hack it, and the standard hack is the one the mockup card at the top of this page runs on: insert U+0640 TATWEEL characters into the text itself. As a publishing technique this sits somewhere between kludge and vandalism, and I say that with affection, having just done it. The tatweel is content. It changes the string, so search stops matching; copy-paste carries the padding along; screen readers do what screen readers do with garbage input; reflow the column and every elongation is now in the wrong place. The stroke it draws is also the typewriter bar, placed wherever the author guessed rather than where the script's rules allow. The maddening part is that proper Arabic justification is not an unsolved research problem. Thomas Milo's DecoType in Amsterdam built an engine around the script's own grammar decades ago; it shipped to the public as Tasmeem, inside the Middle East edition of InDesign, and it sets Naskh that calligraphers will sign off on.


The ligature swamp
The ligature situation is its own swamp, and a lively one. OpenType sorts ligatures into castes: rlig for the required ones, without which the script is simply broken (the lām-alif is the famous case; writing those two letters unfused is not ugly, it is illiterate), then liga for the standard ones, on by default, and dlig for the discretionary ones, off by default. Naskh done properly wants a great many of the middle and upper castes: the allāh ligature that fuses four letters and a shadda into a single glyph, the stacked lām-mīm combinations, dozens of vertical pairings that pull the line's weave tight. Most free Arabic fonts ship the required set and nothing else, which produces text that is correct in the same sense that a phonebook is literature.
 required ligatures (rlig/liga)
 disconnect the letters (insert U+200C)
لمحمد ولإبراهيم، لا والله لا أكتمكم حديثاً
Set in Amiri. Uncheck the first box and you turn off the ligatures the script requires; no sane stylesheet would, but it is a rare chance to watch the shaping engine's quiet labour become visible, the lām-alif falls apart and the allāh ligature loses its stacked marks. The second box inserts U+200C ZERO WIDTH NON-JOINER between every pair of letters, forcing each into its isolated form. The stored letters are unchanged, and what renders is every letter set side by side like sorts in a compositor's case, Fano, 1514, faithfully reproduced with one invisible Unicode character.

(If you are in Safari, the first box will do nothing: WebKit refuses to let CSS switch off required ligatures. Hell!)
The one great exception is Amiri, the Naskh face that Khaled Hosny, an Egyptian doctor by training who taught himself OpenType tooling over the course of about a decade, built and released under the SIL Open Font License in 2011 and has polished continuously since. The name is the lineage: Amiri revives the typeface of al-Maṭbaʿa al-Amīriyya, the Bulaq Press face that set the 1924 Cairo Qurʾān, which means the best free Arabic font of the digital era is a one-man reconstruction of the best government-funded font of the metal era, and I never get tired of saying that sentence. And it is engineered, not merely drawn. The required ligatures are done with care; the 1.0 rewrite, in 2022, reimplemented the allāh ligature to be more cautious about when it fires. The mark stacking holds up under fully vowelled text. And since that rewrite the font carries a curvilinear kashida: feed it elongations and it substitutes graded, swelling curved strokes, in four sizes, the way the pen would. Scroll back to the mockup card at the top of the page; those curves are Amiri's own work, performed live in your browser. If you are reading an Arabic text rendered well on the open web in 2026, there is a respectable chance you are reading Amiri. The rest of the ecosystem (Scheherazade New from SIL International, Reem Kufi also by Hosny, the various Noto Arabic faces Google commissioned) fills in around it.
Since I bragged about the mark stacking a moment ago, here it is earning its keep, along with the cheapest way to ruin it that the web platform offers:
 apply the card component (line-height: 1; overflow: hidden)
نَصٌّ حَكِيمٌ لَهُ سِرٌّ قَاطِعٌ وَذُو شَأْنٍ عَظِيمٍ
A fully vowelled line, set in Amiri with the mark-stacking machinery at work; the text is the first half of the classic Arabic pangram, "a wise text with a decisive secret and great significance." Tick the box and a perfectly ordinary card component, the kind every design system ships by the dozen, beheads it, the line box tightens, the overflow clips, and the vowels fall off the top. Nobody files a ticket when this happens, because the text stays legible the way "th qck brwn fx" stays legible. Readers cope, the platform never hears about it, and I have fixed this bug at three companies so far.



Bidi, or the cursor that lies
Then comes bidi, my favourite swamp of all. Mixed-content Arabic (a paragraph of Arabic prose containing a version number, an English identifier, a URL, an inline switch into French) invokes the Unicode Bidirectional Algorithm, defined in UAX #9, in the standard since 1991 and one of the most complicated specifications Unicode publishes. The core idea is that characters carry directional personalities. Arabic letters are strongly right-to-left. Latin letters are strongly left-to-right. Digits are weak: they travel with their context. Spaces and punctuation are neutral and take their direction from whoever is standing next to them, like guests at a wedding who know nobody. The algorithm resolves all of this into runs, reorders the runs for display, and the text on screen ends up in a different order from the text in memory.
in memory (logical order, first byte on the left):
النسخة
v2.4
جاهزة
جاهزة
v2.4
النسخة
on screen (visual order, line read from the right):
"The version v2.4 is ready." Three runs. The outer two flip into the right-to-left frame, the Latin run stays internally left-to-right, and the first word in memory renders at the opposite end of the line from the last. Hover a box and watch its crossing. Every caret movement, mouse click, and selection in this little sentence has to be translated between the two orders, and the translation has edge cases at every run boundary.

The algorithm is not magic, and a reader who walks through it once is permanently inoculated against the surprise of its output. It runs in stages. First it assigns every character a bidirectional class drawn from a fixed list of about twenty (L, R, AL, EN, AN, ES, ET, ON, BN, and so on). Then it resolves the weak classes, the digits and the punctuation that travels with them, in seven sub-stages numbered W1 through W7. Then it resolves the neutrals, the spaces and the common punctuation that has no opinion of its own, in two more (N1 and N2). Then it assigns each character an embedding level, an integer where even means left-to-right and odd means right-to-left. Then it reverses the runs of equal level so the line displays in the order a human eye expects. The whole apparatus is forty pages of specification doing work no Latin paragraph has ever needed done, and you can step through it on a sample sentence here:
Every text-input control in every major framework implements that translation, in detail, slightly differently, and this is where the fun begins. The visible failure mode is the cursor. At a run boundary there are two legitimate places for the caret, the logical position and the visual one, and the input handler has to pick. Chrome picks differently from Firefox, which picks differently from Qt, which picks differently from whatever Outlook is this year. Old Mac OS used to draw two carets at boundary positions, one for each direction, which was perfectly honest and which everyone abandoned because users found the honesty alarming. I think about that often: the one interface that told the truth was retired for telling it. You can feel the seams yourself, right here:
النسخة v2.4 من المحرك جاهزة للاختبار منذ 3 أيام
Editable; go on, click in. Place the caret at the start of the line, hold the Left arrow, and enjoy the moment it reaches the version number, where it will jump, double back, or sail through depending on your browser. The readout below is the caret's logical index into the stored string: arrow keys that move steadily across the screen produce indices that leap around like a scratched record, because screen order and storage order are different orders. Caret logical index: –

I have watched senior engineers, fluent in both Arabic and English, give up on writing a long email in Outlook on a Wednesday afternoon because the cursor would not behave, and switch to Arabic-only or English-only because the cognitive cost of fighting the editor exceeded the cost of monolingual phrasing. Actually I remember very well suffering this while using Facebook for the first time in my life, and I could not register; I was very slow typer that when I reached the moment the cursor does this weird thing, I would just stare at it and never progress.
This is the ordinary experience of writing mixed Arabic-English text in 2026, in every major editor, email client, and chat application I know of. The pettier cousins are everywhere too, and I collect them: a range like 10–20 silently reading as twenty-to-ten, because digits are weak and the dash is neutral; a trailing exclamation mark teleporting to the far end of the line; a password, toggled visible, displaying in an order that does not match what was typed. None of these are anyone's bug, exactly.
The range flip deserves to be seen live, because unlike the cursor it is not even an inconsistency; it is what the spec orders, everywhere:
Stored, in this exact order: the word الصفحات ("the pages"), a space, then 1 0 - 2 0. Rendered by your browser, live:
الصفحات 10-20
Pages twenty to ten, by the mechanism from the numerals section: W2 strips the digits of their European context, the hyphen goes neutral, the runs swap. The cure is a single invisible character, U+200E LEFT-TO-RIGHT MARK, slipped in before the first digit.
الصفحات ‎10-20
Pages ten to twenty. Multilingual typesetters carry a small pocketful of these invisible characters everywhere they go, like exorcists.



Some thanks, and some overdue acknowledgments
Khaled.Khaled Hosny, whom I hope to meet someday (he was recently nearby in Cairo, and I somehow missed the talk), wrote Amiri. He also wrote hb-shape, the HarfBuzz command-line tool. He co-maintains HarfBuzz, maintains several other free Arabic fonts, works on the Arabic Unicode block, has filed dozens of CLDR bugs, and is one of the reasons your operating system formats Arabic dates correctly. I respect him a lot and I wish to meet him soon.
Behdad Esfahbod, who wrote much of HarfBuzz before Hosny, is Iranian-Canadian. In 2017 he was detained for ten hours at the US border on suspicion of being Iranian, which he was. He was working at Google at the time. The shaping engine running in your browser at this moment, which paints every Arabic letter you see correctly, was for years carried by an engineer the US government considered a security risk.
Behdad.Brill, the four-hundred-year-old Dutch academic publisher, spent the better part of a decade and a reported $750,000 commissioning the Brill typeface from John Hudson, because no existing font covered all the transliteration characters their Semitic-studies catalogue required. They released it free for non-commercial use in 2011, the same year as Amiri. Independently, on the same continent, in the same calendar year, two of the best digital faces for Arabic-adjacent typography were released to the public for free, because no commercial path could possibly justify either of them.
The first computer ever to display Arabic in ROM, the Sakhr AX-170 of around 1984 (a Saudi-Kuwaiti MSX), shipped with a children's typing tutor and a built-in BASIC dialect that accepted Arabic identifiers, written right-to-left, in source code. You could write متغير = 5 and the interpreter parsed it. The language called itself Sakhr BASIC. Some of the children using it became, twenty years later, the engineers fighting bidi bugs in everyone else's software.
Everything in this story that actually works was paid for by almost nobody. HarfBuzz, the shaping engine that finally made correct Arabic rendering routine in free software (it is applying init and medi and rlig in your browser right now, as you read this) was carried for years substantially by Behdad Esfahbod, and its co-maintainer today is the same Khaled Hosny who built Amiri, which gives you some sense of how few shoulders this particular sky rests on. Amiri itself: evenings and weekends, a physician teaching himself font engineering to rebuild what the Bulaq Press had and the digital era misplaced. Scheherazade and friends: SIL International, missionary linguists who needed the fonts for translation work and gave them to everyone. The GNU Unifont coverage of the Presentation Forms blocks that nobody should use but everybody must render: volunteers. The Noto Arabic faces: a Google i18n budget that has always been, by that company's standards, a rounding error. The W3C Arabic layout documents: volunteers again. The whole stack stands on a small number of people who decided, against the grain of every incentive their professional environment offered them, that the script a few hundred million people read deserved infrastructure, and then sat down and built it for free.
No commercial actor funded the unglamorous parts, because no quarterly report has a line item for "Arabic users can now justify a paragraph." The browser vendors took HarfBuzz when it was free and finished, and have contributed approximately nothing toward the justification work that would let the scribes' system finally run on a screen; the standoff around the jstf table enters its fourth decade, and the CSSWG issue enters its second, both in excellent health. The user-facing result, the ragged left margin on the customer dashboard I closed this morning as Won't Fix, is what the absence of that funding looks like when you multiply it across every browser and editor and renderer in the world. The scribes solved this in the tenth century and the volunteers have, between them, already rebuilt the letters, the typefaces, the shaping, and the specifications, on weekends, for love. The remaining gap is one well-understood algorithm in a handful of layout engines. Somebody will close it, probably unpaid, possibly reading this (or writing it? who knows).
Credits;
Thanks to jay, for doing a helpful QA work by pointing out issues both in the representation form of the timeline history, a grammatical mistake, an ambiguous paragraph and a bug in one of the demos.
Thanks to ralfj for pointing out that the claims regarding Latin script typesetting is not very precise:
However, what the article says about Latin script typesetting is not entirely correct. At least historically, justified Latin script text does not just involve adding spaces. In the era of the Gutenberg press, typesetters had multiple variants of letters like "m" that had a different width, which allowed for justifying text without introducing awkwardly large amounts of space. The Luther bible is a beautiful example of what that can look like. Sadly, that technique got lost pretty much entirely in the digital era. The "microtype" LaTeX package has an approximation of that with its character protrusion; I am not sure if any other system even tries to replicate it. It's not nearly as visible as what happens in Arab scripts, so losing it is not nearly as impactful, but it still feels like a small version of the same issue.

Thanks to Dr. Nawal Hadeed for reviewing the post, and contributing the section on Kashida.
Thanks to fanf for pointing out ambiguity and an error I wrote on the justification algorithms details.




Further reading
A short reading list for whoever wants to follow any of these threads further. Where a single best source exists for a claim I made above, it is on this list. I have not linked everything because half the canonical sources are paywalled academic journals or library-only manuscripts; the search terms are reliable.
The software:
	Amiri, the font, by Khaled Hosny. The home page is amirifont.org, the source is on GitHub, the licence is OFL.
	HarfBuzz. harfbuzz.github.io for docs; the source is in the Linux Foundation's repos. The hb-shape command-line tool is the cheapest way to see what your text is doing under the hood.
	Tasmeem and DecoType, by Thomas Milo and Mirjam Somers. decotype.com. Their published papers, especially Milo's "Towards Arabic Historical Script Grammar", are the deepest theoretical writing on the script anywhere.

The specifications:
	UAX #9, the Unicode Bidirectional Algorithm. unicode.org/reports/tr9.
	W3C Arabic Layout Requirements (alreq). w3.org/TR/alreq. The most thorough English-language description of what Arabic typography needs from software. Excellent, almost unimplemented.
	The OpenType specification, on Microsoft Typography's docs. The script-tags section names every feature this article touches.

The history:
	Kathryn A. Schwartz, "Did Ottoman Sultans Ban Print?", Book History vol. 20 (2017). The paper that demolished the printing-ban story most textbooks still repeat.
	Huda Smitshuijzen AbiFarès, Arabic Typography: A Comprehensive Sourcebook (2001). The closest thing to a textbook the field has. Out of print; libraries have it.
	Abdelkebir Khatibi and Mohammed Sijelmassi, The Splendour of Islamic Calligraphy (1976). The book that taught a generation of Western designers what they were looking at.
	Yasin Hamid Safadi, Islamic Calligraphy (Thames & Hudson, 1978). Brief, classical, well illustrated.
	Geoffrey Roper, "Arabic Printing and Publishing", the standard short history of pre-twentieth-century Arabic print.
	For the Mrowa years at al-Hayat: any decent history of twentieth-century Arab journalism; Ami Ayalon, The Press in the Arab Middle East (1995), is the standard.

The manuscripts:
	The Ibn al-Bawwāb Qurʾān (1001 CE) is in the Chester Beatty Library, Dublin. Most folios are also viewable online through the library's catalogue.
	The 1924 Cairo Qurʾān is reproduced in many editions; high-resolution scans of the original Amiria Press impression are intermittently available through the Internet Archive and the Bibliothèque Orientale at the Université Saint-Joseph in Beirut.
	The Fano Kitāb Ṣalāt al-Sawāʿī (1514) survives in a small number of copies; the British Library and the Vatican Library both have one.
	The Paganini Qurʾān (1537/8) survives in the single copy rediscovered in 1987 at the Franciscan convent of San Michele in Isola, Venice.

#Programming #hisotry #20:10 Khaled Hosny
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Show HN: I am building a map of people who lived in the Roman Empire

new.roman-names.com · 123 points · Discussion

Driving home from work one day, I wanted to know how many people we knew the names of who lived during the Roman era. Searching around, I found lists of Consuls and officials, but nothing that covered ordinary people or even most people like freedmen and slaves. So I ended up building a pipeline to process the more than 500k Latin inscriptions in the Epigraphic Database Clauss-Slaby https://edcs.hist.uzh.ch/en/ and extract the names of people (and attempt to cluster them, but this is a work in progress).There are databases where Classicists have done this manually for specific regions, Trismegistos https://www.trismegistos.org/ and Latin Inscriptions of the Roman Empire (LIRE) https://pure.au.dk/portal/en/publications/latin-inscriptions... are two major efforts I found. But there doesn't seem to be a project that did what I set out to do, although I have read in some places that it was believed to be possible.
I am not a classicist or a web developer, but I have Claude and Gemini and I can sort of read basic Latin - so I set to work. I used LIRE and another database as ground truth and built a pipeline to extract and process the inscriptions to recover the names. The process I developed uses a high end LLM like Sonnet or Gemini Pro to supervise the extraction and tuning process on a regional basis until the obvious error rate is reasonable. For this, so far, reasonable to me means less than 1-2% in the smaller initial samples of 100-500 and no observed systemic issues. The different regions often need different prompts, so this basically became an exercise in letting the higher level AI tune the prompt for the lower level AI. The extraction when measured against LIRE produces an F1 score between 0.64 and 0.87, but take this with a grain of salt.
Once I had done a few regions, I wanted to see the work, so I threw together a pretty crude website but as I am not a web developer, it was crude in how it accessed its data. It does look cool and I also added summarization, and machine translation to each entry. I wanted to eventually get feedback from an actual team of classicists and make the website work better, so I am rewriting it as we speak but it is broadly functional now with a few extra bugs but substantially improved performance compared to the old one. All entries link back to the proper sources, and the old web app linked to several additional sources where the data was present, but I haven't gotten that working again just yet on the new one. (The old web interface is still available at https://roman-names.com, but I will warn you it is clunky and not mobile friendly at all)
Key findings so far:
AI supervised AI extraction saved me time. I was manually tuning things for a while and then the runbook became an idea that I feed my instructions in and let the big AI go with sparse oversight from me.
The extraction improved significantly (by about 10 F1 points) when I fed the model the raw text including the markers, vs a cleaned up version of the text.
I just thought it was a cool little project and wanted to share. If you happen to work in any adjacent space and there is something I could do better etc let me know.


Original: https://new.roman-names.com/ · Discussion
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Show HN: Paca – Lightweight Jira alternative for human-AI collaboration

github.com · 118 points · Discussion

I built Paca out of pure passion—a free and lightweight Jira alternative written in Go where humans and AI agents work together as equal teammates to plan sprints and assign tasks to each other. It is fully customizable with custom views, fields, and a WASM-based plugin architecture. My team uses it daily for our own development, so it will be continuously maintained and completely free forever

Original: https://github.com/Paca-AI/paca · Discussion
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GameBoy Workboy

tcrf.net · 106 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://tcrf.net/Workboy · Discussion
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Appreciating Exif

brentfitzgerald.com · 99 points · Discussion

  I recently was writing some code to apply a mask to an image input. The mask had no Exif metadata, but the image did, so I had to adjust for the orientation of the image by reading it from Exif.

This isn’t hard with libraries, and I knew the gist of the problem: images can have Exif, Exif is optional, phones and cameras use it for orientation, and you need to account for that when processing pixels directly. But I did not have a clear mental model of how Exif actually is represented in files.

I was curious. I had questions:

Where exactly is that orientation value stored? When should I rotate pixels instead of preserving a tag? What else might be hiding in the metadata? When is it typically stripped?

So this is a little random walk guide to Exif.

What is Exif?

Exif is short for Exchangeable Image File Format. The current standard comes from CIPA, which lists it as “Exchangeable image file format for digital still cameras: Exif Version 3.1.”
Automating myself out of development
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Automating myself out of development

thoughtfultechnologist.com · 80 points · Discussion

I want to start by saying that I’m neither an AI-fanatic, nor an AI-doomer and you can read about my conflicted relationships with it in my previous article. What I really like, is creating something and I’ve come to terms with the fact that it’s impossible to create anything, before making a mess first. And as any tool, AI-assisted development, and Claude Code in particular require usage to figure our possibilities, limitations and finding “my” flow.
Plenty of people are already writing about how to use Claude Code well (some references below) and today I’m sharing how I originally started with Claude Code and how it looks now, before I forgot all the steps in-between. Because once you are in the tunnel of automation, you get that vision...what was it called... ah yeah tunnel :)
So at first it was a now-simple “synchronous” session with Claude Code on my local, where we would brainstorm together in an active session, implementing it in an active session, then reviewing the result PR(s) and then merging it at my own time. A lot of Claude.md files, a lot of generally .md files with notes and memories of things I found important. Skills, MCPs, sub-agents - all useful elements to make particular task at hand easier.
Then, of course, there were moments of waiting, and in the moments I was waiting, I started opening multiple windows and chatting about multiple features that can be worked in parallel. More leveraging of worktrees (although took some steps to make it work for multiple repos together) and even sometimes working on different projects at the same time so that the implementations don’t overlap. Same multi-tab craziness that has become meme-worthy.
Here superpowers plugin has been really helpful, with the workflow of brainstorming -> spec -> plan -> implementations. Give that a couple of extra subagents to focus on review, testing, and instruct it to “follow task the plan and tick it off tasks one by one” and you have a pretty good automation. A lot of what Lina Edwards wrote in her Be the Gate piece helped acknowledge that brainstorming, spec creation, plan creation, implementation, review, etc - all need their own context, so they don’t influence each other in a wrong way. In the meantime, Claude Code itself has gotten better at this to be fair.
I was quite happy at first, you know? I took the satisfaction of development during brainstorming and then waited for the “boring” parts to be done by AI.
But of course then came the context-switch fatigue. There could be only 2-3 features I could be really attentive about and not just mindlessly choose “yes”, “yes”, “yes”, “looks good, go ahead”. Ah and I forgot to say that I wasn’t very trusting, so I had to press enter a lot of times DURING the implementation as well.
Around this time OpenClaw/Clawdbot/Moltbot came out, which I honestly hated(yes, without trying...) and dreaded to try because of the enormous amount of security scares. A lot of the “accepting” that such thing exists and is popular came also with AWS making it a one-click deployment on Lightsail..so essentially “trusting” it enough to make it usable for their customers. (BTW Tobias Schmidtwrote about it and he is generally who I find myself getting my AWS news lately from)
I also had several enlightening conversations with Sergey Rysev, who pushed me to “take myself out of the equation”, because it’s impossible to sustain the load of following every single detail that is being done on those 3-4 terminal windows. And I think for people coming from longer management experience, it’s sometimes even easier to leverage AI-tools “smarter”, because they have learned how and what to delegate over so many years, with humans. So it took me a while, but I decided to try to “take myself out of the equation”, while attempting to stay as secure as possible.
So I took an EC2 instance, set up an SSM connection to it, and decided to only use Claude Code native ways (so I also stay within legal realm of using claude credentials), and started to work my way to “removing” myself.
The rest of this article is the diary of how that workflow evolved, in roughly the order it actually happened. Nothing here is “the” answer. And is not an encouragement to follow :D
The first move was small and frustrating. Since I found myself clicking enter way too many times during the implementation, that part had to go into automated mode, but in order to trust claude code in “allow all changes” model, I wanted to at least reduce the blast radius of things that could go wrong, by isolating and moving project specific things to a single ec2. Funny how in order to go faster, one has to think about security and actually slow down.
The move revealed how the context of one repository had leaked into another, how my CLAUDE.md files, and other memory/skill/direction MD files have been too inter-connected and messy. I felt slower again, and I felt claude “being stupid” again just because it was missing context of previous conversations (I didn’t migrate those to new EC2).
But yeah, automation makes you slower at first. Plus this gave me some peace of mind that the blast radius of things that can go wrong is at least now scoped to a single project, instead of my whole developer machine.
I did have a lot of struggles with the sandbox mode, and I still don’t have peace of mind regarding possible leaking credentials, but that’s another story and a lot of people now are working on “Agent-env-as-a-service” environments. And making secure virtual envs for that (latest opensource one I saw was from Artavazd Balaian) - that’s not the point here. The point is to go through it yourself and understand how thing works FOR YOU ! :)
Eventually I came to this flow:


The win was the time not watching it implement what we already brainstormed and planned thoroughly and the cleaned “not-on-my-local” state.
For a while I tried to keep an interactive session open to the EC2 instance from my phone, through a remote terminal. That worked technically. It didn’t work for me as a human. Two reasons:
	I wanted claude code to run on a schedule - exactly removing myself from the loop. An interactive session over a phone is the opposite of that. It still requires me to babysit.

	When I’m not at the computer, I don’t want to be working. Even if “working” is just glancing at a chat with claude. If I’m going to delegate, I want to delegate. Not get a Slack-like trickle of questions all evening.


So I gave up on the phone idea pretty quickly and started thinking about the problem differently. What I actually wanted was a checkpoint-style communication: claude does a chunk of work, leaves me a clear artifact and a clear question, and I come back to it the next morning on my own terms.
That meant I needed:
	A persistent place to store state between runs (because the session ends, but the work shouldn’t reset).

	A way for the schedule to know “what to pick up next” without me having to tell it.

	Clear “stops” where the AI hands work back to me, with enough context that I can answer in 5 minutes instead of re-loading the whole problem.


I didn’t have any of that yet. I just had a skill that could implement things if I babysat it. I really wanted a “PROCESS”.
After some attempts to make it work through .MD files and daemons reading those, and piggy-backing on our conversations with Sergey again, who mentioned “giving his agents a planning board to work with”, I handed over that to a github issue tracker. (to be honest I thought of JIRA, but Atlassian MCP is very “heavy” and with github applications I have short-lived credentials I can use to at least yeah, again, lower the blast radius).
GitHub issues turned out to be a surprisingly good fit. They have:
	Labels - perfect for state machines.

	Comments - great for “the daemon left you a note”.

	A clean web UI I can read on a train.

	A CLI (gh) that scripts well from a cron job.


So I migrated the workflow onto GitHub. A backlog repo holds issues; each issue’s labels represent its phase; spec/plan artifacts live in a dedicated specs/issue-N/ directory in that same repo. The skill became /feature-gh, which knows how to:
	Brainstorm (interactively) starting from an issue number.

	Run spec review, plan creation, plan review as isolated subagent passes.

	Stop at hard gates and wait for me to flip a label.

	Resume from state.json if interrupted.

	At the very end, merge the per-repo feature branches into base branches when I tell it to.


The important property is that each phase has its own context window. The brainstorm subagent doesn’t see the implementation noise. The reviewer doesn’t see the brainstorm rambling. This was the bit Lina Edwards wrote about that I had been ignoring at my own expense - keeping one giant chat for everything makes the AI worse, not better.


At this point everything still ran when I typed a command. The skill was good, the labels were honest, but I was still pressing the buttons.
Without ever using OpenClaw I came to the same conclusion I need a tick.sh. It is a small bash script that runs on cron every 15 minutes on the EC2 instance. It does roughly this:
	Take a lock so two ticks can’t run on top of each other.

	Refresh the gh token if it expired, pull the backlog repo.

	Look for issues that have been stuck on a “daemon working” label too long, and reset them to retry.

	Find the oldest issue labeled ready. If none, exit.

	Claim it (swap the label, leave a comment).

	Spawn claude -p non-interactively with a prompt that says “implement this feature using /feature-gh“.

	Wait. When the subprocess exits, look at what it wrote, decide whether it succeeded, hit a rate limit, or died.

	Update the issue label accordingly: branches-ready, leave it on implementing to resume next tick, or flip to needs-attention.


That’s it. Dumb on purpose. The actual intelligence of the implementation is inside the Claude subprocess running /feature-gh. The shell script is just a babysitter.


For a while my role looked like this. I would have an active session in front of me. I’d brainstorm a feature with claude, write the spec, write or accept the plan, get to the point where everything was approved and the issue was at ready. Then I’d close the laptop. The next morning I’d open GitHub and read what had happened overnight.
The morning routine was something like:
	Scan for needs-attention (something broke - read the comment, decide if it’s worth retrying or fixing manually).

	Scan for branches-ready (overnight implementation done - pull the branches, look at the diff, decide if it’s good).

	Add the merge label to the ones I’m happy with.

	Queue up the next batch for the upcoming night.


This was the first time it really felt different from my old workflow. The night-time was used to code the features. The day-time to review and think about them. Of course there was a lot of back and forth on putting in the safety failures on claude being out of tokens, and a lot of time spent on developing the process itself. And you know, every time you make a change, you have to test it again. Was I more productive? It didn’t feel that way, because of the delayes between thinking about a feature, and seeing it work. But it was definitely helping me cleanup the endlessly growing smaller items from the backlog.
I still don’t think this part scales infinitely. The bottleneck just shifts. I went from “I don’t have time to write the code” to “I don’t have time to brainstorm and review thoroughly enough”, which is, honestly, a more productive bottleneck for me to be against. But it’s still a bottleneck. (Or load bearing wall. Seriously, from now on those two terms are just the same for me.).
The next thing to bother me was that the brainstorming step was eating my morning. A lot of the brainstorm conversation was claude asking me things I either didn’t know yet or could have looked up by reading the existing code and docs. So I added another daemon pass: an enrichment step.
The idea is small: I open a GitHub issue with one or two sentences. I label it needs-enrichment. The daemon picks it up on its next tick and runs a separate claude session whose only job is to expand that brief - read the relevant parts of the codebase, find prior art for similar features, surface the questions that are likely to come up, and rewrite the issue body with all of that context.
Then it stops, leaving the issue on enrichment:needs-review for me. I read the rewritten body in the morning. If it looks reasonable, I remove the review label and decide whether to push it further automatically, or to brainstorm interactively from there with the now much-richer issue body.
Practically what this gave me: brainstorming sessions in the morning that started from “here’s the code area, here’s prior art, here are the open questions” instead of “tell me about your project”. Context-gathering had been moved from human time to background time.


This is the step I was most cautious about. Brainstorming is where you decide what the feature actually is. Delegating it feels like delegating thinking, which I really don’t want to do. So I added it carefully.
The auto-brainstorm pass only runs if I explicitly opt in by labeling the issue. It produces three artifacts:
	A frozen baseline spec (a snapshot of what claude originally drafted).

	An editable working spec.

	A “brainstorm log” - a Q&A receipt for every section, with a confidence level and a source for each answer. Low-confidence answers are flagged.


That brainstorm log is the bit that earned my trust. It means I can scan the simulated brainstorm in a few minutes and see exactly where the model was guessing, what it was guessing based on, and where I disagree. I either accept the spec as-is, or open an interactive /continue-spec session to edit it, then flip the label to approved.
When I flip to approved, a third daemon pass kicks in: it distills my edits - diffs the editable spec against the frozen baseline, cross-references each change with the brainstorm log’s confidences, and writes the corrections both as principles for future runs and as the input to plan creation. Then it drafts a plan and a plan review, and stops.
So now there are three human gates left in the auto path:
	Look at the enriched issue body and confirm it.

	Look at the simulated spec and either accept or edit.

	Look at the auto-drafted plan and either accept or edit.


Implementation and merge are still daemon-driven. If I never touch the merge step, it doesn’t happen - that one stays opt-in per issue, by adding a merge label after I’ve reviewed the diff.
The full happy path looks like this:


Five human touch points. So I am safe. Or so I think :)
When something fails - conflict, broken build, exhausted token budget, weird unrecoverable state - the daemon stops, labels the issue needs-attention, and leaves a comment with enough breadcrumbs (logs, recovery branch refs) for me to pick it up. That’s how I find out things broke. Not push notifications. Just an extra label in my morning triage.
Honestly, I’m not sure if implementing things this way will take longer and cost more than actually sitting and f-in implementing that feature myself. The promise is, if you clone this workflow, you are endlessly productive. I don’t buy that quite myself yet. Same as I am bad at delegating to humans I think I’m bad at delegating to agents. But only time will tell...
Some things I see clearly will come:
QA is the next bottleneck. This was true before AI and it’s getting more true now. The daemon writes tests where the per-repo plan asks it to (TDD where the stack supports it), but the quality of those tests is uneven and they tend to over-mock. I expect the next batch of work to be around test design - reviewer agents that specifically look at what’s not being tested, integration coverage that doesn’t trust the unit suite, regression checks against real behavior. This is going to be the most expensive thing to get right.
More reviewer/cleanup agents. Right now the per-repo and cross-repo review passes are decent at catching obvious things and bad at catching subtle architectural drift. I want a tech-debt-suggester that looks at the whole repo over time, not just the diff. I want an architecture reviewer that knows what we’re trying to build and notices when a feature is being implemented against the grain. And I want a security review pass that’s actually thorough, not just lint-with-vibes.
Better Categorisation of features Some features are small and don’t require 100 different reviews and the orchestrator should be able to bucket them better and adjust the flow accordingly. Similarly, probably a separate bugfix flow makes sense.
More Meta And then one could go even more meta - an agent that suggest features itself. Suggest an order to implement them based on the isolation level it requires. But this is the “broken telephone” area Adrian Hornsby wrote about in his recent article.
I want to be very clear about something. I remain a firm believer that one must not delegate thinking to AI. Even this much delegation, which is what I’ve described here, is dangerous. It will produce technical debt. It already does. Some of the tests this pipeline writes are bad. Some of the architectural choices it makes I have to fix myself.
The pipeline does not remove the need for static code analysis, code review, architecture review, recurring reworks to keep things clean, or security audits. If anything it makes those more important, because the rate at which mediocre code can land has gone up. The throughput is higher, the average quality is not.
I keep going because I want to see how far this goes - what’s still possible to delegate without crossing the line into “the model is doing the thinking and I’m just signing off”. I genuinely don’t know where that line is. I expect to find out by overshooting it at some point and walking back.
If anyone tells you with 100% confidence how AI must be used in your development process or organisation, run. They haven’t tried it themselves.
Besides the people who I already mentioned, I’d like to point you to following also Mae Capozzi (and frankly a lot of the Honeycomb team) who writes a lot about which skills and orchestrators are useful, and in which tasks AI-assistance has been successful, Sean Miller who often questions very hands-on how to use AI-assisted coding and Eric Lubow who writes a lot how it affects organisation dynamics in general.
Checkout the Part 2 as well:
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Codex for open source

openai.com · 78 points · Discussion

Codex for Open Source⁠(opens in a new window) is a program to support the maintainers behind critical open-source software. 
Maintainers carry significant responsibility by reviewing pull requests, triaging issues, maintaining releases, and preserving security and code quality across widely used projects.
This program helps  reduce coding and review load with tools built for real maintenance workflows.
Selected maintainers receive:
	6 months of ChatGPT Pro, which includes Codex
	Conditional access to Codex Security
	API credits for coding, maintainer automation, release workflows, and core open source work






Original: https://openai.com/form/codex-for-oss/ · Discussion
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The adder at the heart of Intel's 8087 floating-point chip

righto.com · 59 points · Discussion


In 1980, Intel released the Intel 8087 floating-point coprocessor, a chip that could make math up to 100 times faster.
As well as arithmetic and square roots, the 8087 computed
transcendental functions including tangent, exponentiation, and logarithms.
But it all depended on a 69-bit adder:
"The arithmetic heart of the floating-point
execution unit is centered about a nanomachine comprised of the adder and its related registers, shifters and control circuitry,"
as the patent describes it.
In this article, I explain the circuitry of this adder.

The photo below shows the 8087 die under a microscope.
Around the edges of the die, hair-thin bond wires connect the chip to its 40 external pins.
The complex patterns on the die are formed by its metal wiring, as well as the polysilicon and silicon underneath.
At the top of the chip, the Bus Interface Unit connects to the rest of the system: coordinating with the main 8086 processor and 
memory.
The chip's instructions are defined by the large microcode ROM in the middle.

[image: Die of the Intel 8087 floating-point unit chip, with relevant functional blocks labeled. The die is 5mm×6mm.  Click for a larger image.]
Die of the Intel 8087 floating-point unit chip, with relevant functional blocks labeled. The die is 5mm×6mm.  Click for a larger image.

The bottom half of the die is the "datapath", the circuitry that performs calculations; it is split into the exponent datapath,
which handles the exponent of a floating-point number, and the fraction datapath, which handles the fractional part (or significand).
The adder (red) sits in the middle of the fraction datapath; to perform addition on the exponent, the exponent must be copied over to
the fraction datapath.

Structure of the adder

Building a binary adder is easy; the hard part is making it fast.
The key problem is how to handle the carries from a bit position to the next.
Each carry potentially depends on all the lower carries, but you don't want
to wait as a carry ripples through the logic for all 69 bits.
(It's similar to doing 999999+1 with long addition: you need to carry the one, carry the one, ...)

The 8087's adder speeds up performance by breaking addition into 4-bit blocks, using two techniques to make computation inside each
block fast. The carry needs to ripple from block to block, but this reduces the number of carry steps by a factor of four.

[image: Simplified diagram of a four-bit block in the 8087's adder.]
Simplified diagram of a four-bit block in the 8087's adder.

The diagram above shows the structure of one 4-bit block, with the carry generation circuits abstraced out for now.
The adder takes two inputs: one (F) is from the chip's fraction bus, a bus that connects the components of the fraction datapath.
The second input (B) comes from a register called the B register.
Each bit of the sum is produced by XORing a F input, a B input, and the carry into that bit position.1
For reasons that will be explained below, the intermediate value (F XOR B) is called "propagate". 
The carry-out from each block is tied to the carry-in of the next block.
But what happens inside the carry circuits?

In 1959, researchers at the University of Manchester developed a fast carry technique for a computer called Atlas.
This technique, named the Manchester carry chain,
computes the carry values by setting up switches in parallel and then letting the
carry quickly propagate through the wires, controlled by the switches.
Although the carry still needs to travel from bit to bit, it travels at the speed of a signal in a wire, not slowed by logic gates.2

The Manchester carry chain is built around the concepts of Generate, Propagate, and Delete (also known as Kill), which arise when
adding two bits and a carry.
If you add 1+1, a carry-out is generated, whether there is a carry-in or not.
In contrast, if you add 0+0, there is no carry-out, regardless of the carry-in; any carry-in is deleted.
The interesting case is if you add 0+1: a carry-out results only if there is a carry-in; that is, the carry-in is propagated to the carry-out.
In logic terms,
the generate signal is the AND of the two input bits, the delete signal is the NOR, and the propagate signal is the XOR.
The important thing is that these signals can be computed for all bit positions in parallel, in constant time.

[image: The idea behind the Manchester carry chain. Note that the low bit is on the left, so the carry flows left to right.]
The idea behind the Manchester carry chain. Note that the low bit is on the left, so the carry flows left to right.

The Manchester carry chain is constructed as above, with the switches at each bit set according to the Generate/Propagate/Delete values.
Once the switches are set, the carry status quickly flows through the circuit, producing the carry value at each position without any
logic delays. If the propagate switch is closed, the previous carry passes through. But if the generate or delete switch is closed,
the carry is set or cleared, respectively.
Once the carry values are available, the final sum can be computed in parallel with XORs.

The 8087 uses an optimized circuit for the Manchester carry chain, combining the Generate and Delete cases.
One stage of the adder's carry chain is shown below.
For the propagate case, the carry-in Cin passes through the top switch, propagated to the carry out Cout.
For the generate and delete cases, the bottom switch is closed, passing the input bit F.
The trick is that the generate case corresponds to 1+1, so F is 1, resulting in Cout getting set.
The delete case corresponds to 0+0, so F is 0, and Cout is cleared.
(Note that both inputs, F and B, are the same in these cases, so using F instead of B is arbitrary.)

[image: One stage of the Manchester carry chain.]
One stage of the Manchester carry chain.

The middle of the diagram shows how the switches correspond to a multiplexer (mux) selecting the top signal Cin if prop is set, or
the bottom signal F if prop is clear.
The right side of the diagram shows the physical implementation with two NMOS transistors.
These transistors function as switches (pass transistors), controlled by the prop signals on the gate.

The problem is that pass transistors aren't perfect switches, but lose a bit of voltage at
 each step.
To fix this, the carry chain is broken into blocks of four bits (as shown earlier) and each block produces a "fresh" carry.
This refresh is done by a "carry-skip" circuit, which can skip the carry processing inside the block.
Specifically, the carry-skip mechanism checks if all positions inside the block are Propagate.
In this case, the carry-out will have the same value as the carry-in (since the carry-in propagates through all the bit positions of the block).
The carry-skip circuit detects this case and produces a carry-out signal matching the carry-in.

Putting this all together,
the schematic below shows the adder circuitry for a typical block of four bits.
The four multiplexers form the Manchester carry chain, while the NOR gate detects the carry-skip case.

[image: Reverse-engineered schematic for a 4-bit block of the adder.]
Reverse-engineered schematic for a 4-bit block of the adder.

To optimize performance, there is a complication for electrical reasons.3
The 8087 uses NMOS transistors, which are much faster to pull a signal low than to pull a signal high.
To improve performance, the carry lines are precharged to 5V at the start of an addition, and then the circuitry pulls the lines
low if needed.
In order to start in the no-carry state, the carry lines are all negated, so the initial 5V state corresponds to no carry, and the ground
state corresponds to a carry.

The last multiplexer in the block has four inputs instead of two4. The third input pulls the (inverted) carry line low for the carry skip
case.5
The fourth input is the precharge signal; it puts 5V on the carry line to precharge it. (A control circuit activates the precharge signal
at the start of an addition cycle.) Note that this only precharges one of the carry lines;
to precharge the rest, the propagate signal is forced high during precharge.

[image: Reverse-engineered schematic for the propagate circuit. This shows an arbitrary bit n.]
Reverse-engineered schematic for the propagate circuit. This shows an arbitrary bit n.

The circuit to generate the propagate signal (above) is
conceptually the XOR of the two inputs, but there are (of course) complications.
When the precharge signal is high, propagate is forced high, tying all the carry lines together so the precharge can
propagate to all of them.
The second feature is that the B inputs can be blocked by the forceZero signal, so the value 0 is added instead of the B value.

To summarize, the adder is divided into blocks of four bits. Each block uses a Manchester carry chain and a carry-skip circuit to
optimize the performance.
Even with these optimizations, though, the large number of blocks requires the 8087 to take two clock cycles to complete an addition.

The adder in silicon

The image below shows how the circuitry for a block of four bits appears on the die.
These blocks are stacked vertically to create the complete adder as seen in the earlier die photo.
In this image, the metal layer is visible as white lines, mostly obscuring the circuitry underneath.
The 8087 has a single metal layer, which constrains the layout. Note that metal wiring is tightly packed, occupying almost the complete
area.
The thick vertical metal trace at the left is ground, while the thick metal trace at the right is power, supplying the adder circuitry.
The horizontal traces provide wiring inside the adder block, as well as allowing the fraction bus to pass across the adder.
The vertical lines on either side are control signals for the adder (precharge and forceZero) as well as connections to
circuitry at the bottom of the chip.

[image: A block of four bits in the adder.]
A block of four bits in the adder.

The photo below shows the 
silicon and polysilicon circuitry underneath the metal layer.
(To take this photo, I dissolved the metal layer with acid.)
The thin lines are polysilicon wiring, while the pinkish areas that appear raised are doped silicon.
A transistor is formed when polysilicon crosses doped silicon.
The circuitry is complex and irregular, connected by the horizontal metal wires above.
The white circuits are contacts between the silicon and the metal wiring, while the white squares are contacts between the polysilicon
and metal.
Roughly speaking, if you divide the circuitry above into quarters, each quarter adds one bit.
The carry-skip circuitry is in the middle.

[image: A block of four bits in the adder with the metal layer removed.]
A block of four bits in the adder with the metal layer removed.

The left and the right sides of the image don't have any transistors, just polysilicon lines that pass under the vertical metal wiring.
Many of these polysilicon lines are widened to reduce their resistance and thus tune performance.
The silicon in these regions is "wasted", just providing a channel for the vertical wiring.


Although the 8087 nominally has 64-bit values for the fraction (significand),
the adder is slightly larger:
it takes 69 bits as input and generates 70 output bits.
One reason is that the 8087 uses three extra low-order bits for rounding, called Guard,
Round, and Sticky. These bits ensure that a value is always rounded in the right direction.
Handling of the rounding bits is fairly complicated, with multiple modes, but from the adder's perspective they are just three
input bits.6

As will be explained below, the value from the B register can be doubled, requiring one more bit.
Finally, the fraction bus and the B value can be negated. (This is used for subtraction, among other things.)
A negative value is represented in two's complement, requiring one more bit.
In total, the inputs to the adder are 69 bits wide.

When adding two large numbers, the result can require one additional bit.
Thus, the output of the adder is 70 bits wide.
The Sum Shifter (explained below) can shift the output two bits to the right, cutting the result down to 68 bits.
This is still one bit larger than 64 bits with 3 rounding bits; the "extra" bit is supported by a few special-purpose
registers, such as the tmpC register7 and the Skip Shifter.

The surrounding circuitry

The inputs and outputs of the adder are tied to some special registers and circuits. I'll leave a detailed explanation of
this circuitry to another post, but I'll provide a brief description here.8
The adder has two inputs: one input is from the fraction bus and the other input is from the B register.
The adder's output is stored in the Sum Register.
To make multiplication faster, the 8087 uses radix-4 Booth multiplication,
which multiplies by two bits at a time. 
The multiplier is stored in the Skip Shifter, a register that allows two bits to be shifted out at a time.
Based on these bits, one of the values 2B, B, 0, or -B is added.
(The -B path is also used for subtraction.)
The adder's output is shifted right two bits by the Sum Shifter (not to be confused with the Skip Shifter) and stored in the Sum Register.

[image: The adder and associated registers. Based on the patent.]
The adder and associated registers. Based on the patent.

Division is implemented by repeated subtraction, addition, and shifting. The bits of the result are accumulated in the quotient register.
The implementation of square root is similar to the pencil-and-paper long square root, except in binary.
The skip shifter provides two bits from the left, which are appended to the right side of the adder input. A subtract or add takes
place, similar to division, and the square root is formed in the B register.

Multiplication, division, and square root require multiple steps to process all the bits.
For performance, this looping is implemented in hardware, not in microcode.
These instructions require a lot of microcode to prepare the arguments, handle exponents, handle special cases, and store the results,
but the inner loop is hardware.

Conclusions

The 8087 patent expresses the importance of the adder: "Ultimately, all arithmetical operations are reduced at one point to a binary addition."
Thus, the performance of the adder is vital to the performance of the 8087.
There are faster ways to add, such as the Kogge-Stone adder in the Pentium, but these approaches require much more hardware, too much for the constrained transistor count of the 8087.
The 8087 balanced complexity against performance, using the Manchester carry chain with a carry-skip adder.

I plan to write more about the 8087;
for updates, follow me on
 Bluesky (@righto.com),
Mastodon (@[email protected]),
or RSS.
Thanks to the members of the "Opcode Collective" for their hard work, especially Smartest Blob and Gloriouscow.

AI statement: I didn't use AI to write this article; the em-dashes are natural (details).

Notes and references
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fortune.com · 48 points · Discussion

TL;DR: You might have expected AI to cut healthcare costs, whether it’s by reducing paperwork, automating the doctor’s notes, or thinning out hospital staff. But a new 60-page PwC report suggests the reverse: So far, one of its most widespread uses is making medical bills bigger. It’s an example of how AI isn’t only good at making tasks more efficient—it’s also very good at finding more granular ways to boost a sector’s bottom line.




What happened: AI is one of five potential drivers of health costs climbing up to 9% in 2027—matching this year’s rate, the highest since 2010–11—per PwC. The key reason: AI note-taking tools are documenting more specifics about diagnoses and medical complications that a rushed human clinician might have lumped into one broad “code”—a standardized billing label that tells insurers what to pay. Those extra details can justify a higher severity (read: higher paying) code, even if the actual care a patient receives is the same as before.




The devil is in the billing details: One Blue Cross Blue Shield analysis found that some hospitals saw the billing code for acute posthemorrhagic anemia in new mothers jump from 4% to 12.3% of maternity admissions between 2022 and 2025. The number of blood transfusions (a common treatment for this condition), meanwhile, barely budged. An audit of the hospital system with the steepest rise in this code found that fewer than 20% of the cases actually met the clinical criteria for a diagnosis. The rise in higher-intensity coding coincides with hospitals’ growing use of AI for billing. According to BCBS, “coding intensity” added $22 million to maternity spending at the hospitals studied in three years.




The big but: AI is the report’s top-ranked new pressure, but it’s not the biggest driver of costs overall—old standbys like labor and supply costs still account for more of the increase, one of the report’s authors told Healthcare Dive. And AI tools could eventually push the other way, driving down costs by automating hospital administrative work or catching diagnoses earlier.




Bottom line: AI is often pitched as a way to optimize whatever industry it touches—trimming waste and making systems faster and cheaper. But in healthcare, one of the first things it has optimized is how to charge you more. As one health insurance exec put it: Companies “will take AI and say, ‘How can I use this to further my self-interest?’” —WK




This report was originally published by Tech Brew.


Subscribe to Fortune Gulf Brief. Every Tuesday, this new newsletter delivers clear-eyed, authoritative intelligence on the deals, decisions, policies, and power shifts shaping one of the world’s most consequential regions, written for the people who need to act on it. Sign up here.
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An Interview with Intel's Kira Boyko: Xeon 6's Product Director

chipsandcheese.com · 48 points · Discussion

Hello you fine Internet folks, today we have an interview with Kira Boyko, the Product Director of Intel Xeon 6+. Hope y’all enjoy!
Transcript below has been edited for conciseness:
George Cozma: Hello, you fine internet folks. We’re here at Computex 2026 at the Intel booth, or booth-room-floor area, whatever you want to...
Kira Boyko: Call it Intel space.
George Cozma: Yeah, well, whatever you want to call it. And I’m here with...
Kira Boyko: I’m Kira Boyko, and I am the product director for Intel Xeon 6+, which we have just launched at the event this week.
George Cozma: Now, starting off with a kind of simple question: what is a product director?
Kira Boyko: That is a good question. Actually, I get asked that somewhat frequently. A product director is someone who defines what the product is going to look like. So we look at the market requirements, what segments you want to target, how you want the product to perform, the different KPIs, and then you work all the way through to execution and delivery to make sure we are staying on track to our customers’ needs.
George Cozma: So are you actively saying, okay, this product needs to have at least X number of cores at X clock speed for X performance?
Kira Boyko: With X frequency, X application for this segment is going to need this KPI of performance. It needs to be able to support this and that, and this other part doesn’t matter. And then, working with our customers, of course, to answer those and understand their various applications, we build out models to ensure that we are supporting those appropriately.
George Cozma: Cool. And speaking of models, I assume you also are part of the SKU-ing, the people who decide what goes into, let’s say, the 6990...90+...E-Plus?...
Kira Boyko: 6990E+.
George Cozma: Okay, thank you.
Kira Boyko: Very confusing, yes.
George Cozma: And then, like, the SKUs down there, all the way down to the, I believe, the 6960E+.
Kira Boyko: Yes.
George Cozma: And so you determine what the gaps are and all that, or...?
Kira Boyko: Absolutely.
George Cozma: Okay. How are you doing all that? Are you just asking your customers what they want, or are you sort of just deciding through what can be cut down from different yields and whatnot?
Kira Boyko: It’s a combination of all the above. So it’s looking at all of our segments, understanding what those segments are going to need from an application perspective, and then determining how we best create SKUs to fit that. And then, of course, to your point, there is a lot of looking at the overall utilization to ensure that we are hitting our marks in terms of demand on a per-SKU basis.
But yeah, we try to keep it as simple as possible. Xeon 6+ has a simpler roadmap, which I’m particularly proud of, because Xeon honestly has a huge number. Yes. And we’re going to see a lot of crossover and application between some of our segments there, which is also going to help with the overall build and supply so that we have more material available for folks down the road to choose from.
George Cozma: Okay, excellent. And sort of, I guess, since you’re working with your customers, where in the design segment do you come in? Do you come in sort of as the product is being defined? So I guess before launch, how far back are you sort of involved?
Kira Boyko: Oh, years.
George Cozma: Okay, okay. So you’re sort of at the beginning.
Kira Boyko: Yes. Okay, yeah. The product manager actually starts out with the full product concept, or product kickoff, as well, right? So you start by saying, hey, this is what we need to deliver in this time frame. This is what we’re hearing from our customers. And then you start working with an architect and various other engineers to actually figure out how you’re going to build this and achieve it.
George Cozma: Okay. Now, sort of moving into Xeon 6+, the thing that really interested me the most was AET. Could you talk a little bit more about what that is, what the acronym is, and what that gives you over standard performance counters?
Kira Boyko: And we love a really good acronym. It is Intel Application Energy Telemetry, which you hopefully have, like, a sub-caption below this saying that, because...
George Cozma: I was like, when I first wrote it, I thought it was Advanced Energy Telemetry. I was like, wait...
Kira Boyko: I like that. I mean, sure, we can go with that too. I like that.
George Cozma: Should be XET. It didn’t just sort of fall into the everybody-has-an-X stuff.
Kira Boyko: That, and maybe a plus at the end, you know, just to make it super fun.
George Cozma: Or throw Ultra in the box as well.
Kira Boyko: Yeah, exactly. So it’s a new feature that we are introducing with 6+ that will be rolling out on all of our Xeons moving forward. So that’s important to know because, while 6+ is very focused on specific scalar workloads, we will have other CPUs, of course, that are focused on others, where this is going to be equally applicable. It is a feature that was highly requested by some of our customers.
So we developed that alongside feedback throughout the process. And it allows them to track, at a hardware core level, the actual energy usage of their workload as it’s moving from core to core. With that information, they can orchestrate differently so they’re using less energy. They can provide end-customer applications like visible chargeback to the actual energy utilized, or incentives with rebates to get them to utilize differently in order to reduce their energy consumption as well.
Previously, I believe there have been similar offerings that are on a software level, which adds additional tax and leaves space for misapplications, because it’s always different workloads that they’re tested on versus actually utilized by an end customer. So we’re really excited about this one. And it is available on all of our SKUs, which is great. And it works out of the box, so everyone can take advantage of it.
George Cozma: Cool. I assume it’s plumbed straight into perf?
Kira Boyko: Perf, from a metrics standpoint?
George Cozma: Yeah. Well, the performance counter suite, perf, in Linux.
Kira Boyko: Yes, yes, okay, yes. And it’s also compatible with all of our tools as well. Okay. So no additional work needed to be done to utilize that.
George Cozma: Are these hardware-level sensors, or is this like software modeling? So I know, for example, on laptops, instead of sometimes what you do is you actually just sort of model what the power should be instead of having an actual counter. Is this like hardware sensors embedded into the Xeon processor for this?
Kira Boyko: It is. It is a hardware-level hook into the core that allows tracking.
George Cozma: Okay. And then how, I guess, so Xeon 6 is you have effectively 72 clusters of four cores. How is it at the core level, or is it at the cluster level? Okay. Can you also get cluster-level monitoring as well?
Kira Boyko: I would have to check. I imagine that can certainly be viewed through it, but we’ll check and we’ll get back to you, okay.
George Cozma: Because, I’m sorry, zooming out from there, it’s not only do you have that cluster, you then have the whole SoC, you have the uncore and stuff. So I was asking if you could monitor the power of the entire system, sort of.
Kira Boyko: Oh, yes.
George Cozma: Okay. So all the way from the package level straight down into the single-core level. Okay, cool. It’s always great. You get more data points.
Kira Boyko: Yeah, yeah.
George Cozma: And more hardware sensors as well, also really fun to measure. What power differences can you get from an integer workload versus an FP workload and all that fun stuff? And you said moving forward, next-generation Xeons and continuing on will have this, are you thinking about potentially, I know this may not be your area, bringing that down into the consumer realm and sort of plumbing that into consumer devices as well?
Kira Boyko: Yeah, not my realm on the consumer side. But we do usually share information about our features that we’re building on the datacenter side to see if there’s application and use for clients.
George Cozma: Okay, awesome. Because I guess another question is, sort of continuing on that, how much do server and client talk to each other in terms of not just technology, but the sharing of different written knowledge?
Kira Boyko: Oh, quite a bit. Yeah, we’re very transparent. If they’re doing something super cool over there, we want to know if it can be applied to our space, and vice versa. We also have a lot of open dialogue around new features that we have coming out to support specific cores that are going to cross over. For example, 6+ is the first 18A Xeon. There’s also an 18A client that already launched.
George Cozma: Which just so happens to be in my bag.
Kira Boyko: Awesome. So we do a lot of cross-pollination to see where we can best leverage our resources and make sure that we are supporting the feature sets that are right for both of our audiences, as well as separately too.
George Cozma: Okay. I guess that leaves me with one final question, the most important question of this interview: what’s your favorite type of cheese?
Kira Boyko: I love blue cheese, specifically because I am a blue-cheese-stuffed-olive-in-a-martini person, so I’ll say that.
George Cozma: Blue cheese is not my personal favorite, but I have to respect people who enjoy it.
Kira Boyko: Are you going to share your [favorite cheese]?
George Cozma: It’s cheddar and my favorite as of late has been, because I just got it, somebody from Oregon just sent it to me, Tillamook 12-year cheddar. Oh, so good. But I have been getting into Manchego, so sheep’s cheese, so sheep’s milk cheese, which is a lot more sort of fatty, and...
Kira Boyko: Have you tried goat milk cheddar?
George Cozma: Cheddar? Yes, I have. Goat milk cheese, for me, is a bit hit or miss. It depends on how it’s been done. But I really like Humboldt Fog from Cypress Grove.
Kira Boyko: I know that one. Yep, delicious.
George Cozma: Yep, yep, I’m with you. Well, thank you so much for sitting down to interview sort of last minute. But thank you so much for watching. If you like interviews like this, hit like, hit subscribe. It does help, as much as it pains me to say it, to show the like and subscribe buttons. But if you would like a transcript of this, that will be on the Chips and Cheese Substack, along with links to our Patreon and PayPal. Thank you so much, folks. Have a good one.
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Full text couldn't be fetched for this one (paywall, anti-bot, or not an article page). Read it via the links below.
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In 1994 I got my first computer: an Intel i486 DX2-66 with 4 MB RAM and a 512MB harddisk. The software was IBMs OS/2 and Microsofts Windows 3.11. In the next four years I was upgrading this machine every few months with more RAM (up to 16MB), a CD-ROM-drive and a soundblaster card. So I learned upgrading this machine, installing new software and finally learned how to program new software using BASIC. But I never got in touch with the boot-process or the details of MS-DOS.




In 2026, 32 years later, I learned from some screenshots of the DDX3216, that Behringer used a real 386 processor within this machine. Immediately, some of my neurons fired in my head and I pondered if I could boot software and even a full operating system on this device. My goal was to learn how an x86-system is booting, how DOS takes over and what is necessary to get into the shell.
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Technical Details of the Behringer DDX3216








The DDX3216 uses the following hardware-components:





	Main-Processor: AMD Elan SC300 386 SoC (386SX with integrated UART, PCMCIA, GPIO, etc.)




	27C512 64k x 8bit ROM IC (for BIOS)




	8x HYB5117400BJ60 4M x 4bit RAM for total of 16MB DRAM




	1x UM61256 SRAM (as Video-RAM)




	4x 29C040-120 Flash-ICs for the main-software




	4-bit LCD on SC300-internal LCD-interface (with 3x Toshiba T6A39 Col- and 1x T6A40 Row-Controller)




	Toshiba TLC16C552 external UART (2 Serial-ports and 1x parallel port)




	PCMCIA-Connector for external CF-card-connection (with adapter)




	unassembled Intel 82078 FDC (Floppy Disk Controller) connected to a spare 34-pin connector











So in summary the hardware around the AMD Elan SC300 is pretty nice and should be compatible to a regular x86-system. Lets deep dive into the x86-system in detail.








For most computers you can download a ready-to-use BIOS from the internet. So I searched for a BIOS for the AMD ELAN SC and found a promising device in switzerland: the company PC Engines developed BIOS-programs for the AMD ELAN SC400 and 520 as well as some more SoC-devices. So I got in contact with the main-developer and first he gave a promising answer that he still has the sourcecode for the SC300. But a couple of days later he had to admit, that he only has sources from the SC400 upwards. My next try was to get in contact with the compancy “General Software” that offered the “Embedded BIOS” with support for the SC300. But General Software, founded in 1989, has been aquired by Phoenix in 2008. So I got in contact with one of the responsible persons of Phoenix in Germany. He tried to get some information about an SC300-compatible BIOS-package, but after a couple of weeks he had to tell me that its not possible anymore – 32 years are a long time.




So, I rolled up my sleeves and started reading some documentations about the x86-system and made some notes on programming my own BIOS for the SC300. Even the most-modern x86-compatible CPUs like Intels Core i9 or the AMDs Threadripper have an 8086-compatible boot-process. Directly after the reset, the CPU jumps to the end of the memory-space at the position 0xFFF0 and expects some executable x86 code here – the so called reset-vector. From this reset-vector we have to jump to the desired code that should be executed next – somewhere in the ROM of the BIOS.




Here is my attempt of implementing a valid x86-reset-vector:




ASM
reset_vector:
    nop                         // no-operation
    cli                         // disable interrupts
    jmp start                   // jump to beginning of current segment

    // Padding to the end and add date
    .zero (0x10 - (. - reset_vector) - 8)
    .ascii "06/04/26"           // MM/DD/YY






This code disables the hardware-interrupts and then jumps to more code in the start-function. By executing this jump-command, the CPU leaves the startup-state and enters the so called “real-mode”, the original 16-bit mode of the 8086. The code of the reset vector is placed by the linker-script to the position 0xFFF0 of the final ROM. As you can see in the list above, the DDX3216 uses a 64k x 8bit ROM-Chip, so code and data can be stored somewhere between 0x0000 and 0xFFFF, while the reset-vector has to be placed at 0xFFF0 to be compatible to the x86-cpecifications. Here is the linker-script to tell GCC how to place the code in the final binary-file:




Plaintext
OUTPUT_FORMAT("elf32-i386")
OUTPUT_ARCH(i386)
ENTRY(reset_vector)

MEMORY {
    ROM (rx)  : ORIGIN = 0x0000, LENGTH = 64K
}

SECTIONS {
    .text : {
        __text_start = .;
        KEEP(*(.text))
        *(.text.*)
        . = ALIGN(2);
        __text_end = .;
    } > ROM

    .reset 0xFFF0 : {
        KEEP(*(.reset))
    } > ROM
}





Finally, the compiled binary looks like this:




Plaintext
0000ffa0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ................
0000ffb0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ................
0000ffc0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ................
0000ffd0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ................
0000ffe0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ................
0000fff0 90 fa e9 0b 00 00 00 00 30 36 2f 30 34 2f 32 36 .úé.....06/04/26





So we see a 0x90 at 0xFFF0 which is a “nop” (No Operation), an 0xFA, which is the “cli” to disable all interrupts followed by an 0xE9 which is the jump-instruction. 0x0B is the near-address the jump-command has to jump to. “Near” means, this address is within the current segment. Well, segments are a special thing in the x86-system: as we have only 16-bits, we could address only 65535 bytes. To address more addresses, the x86 uses 64k-Segments to address more data. The problem: to stay backwards-compatible, the segment-address-pointers overlap each other by 16 bytes. This allows addressing of 0xFFFF segments every 16 bytes, resulting in an address-room of 0x00000 to 0xFFFF0, hence 1 MB. The physical address is calculated by the following equation:




Plaintext
Physical Address = (SEGMENT << 4) + OFFSET

// maximum physical address
Physical Address = (0xFFFF << 4) + 0x000F = 0xFFFFF = 1048575 = 1 MB





Well, finally I learned the reason why DOS and its games had a problem with the conventional memory, which has to be within the 1MB-range. Even more limiting: only the first 640kB can be used as conventional memory, the higher addresses are reserved for the video-memory, the expansion-ROMs and the BIOS itself. This results in the following memory-map for a regular x86 system in real-mode:




Plaintext
+--------------------------------------------------+ 0x100000 (1 MB)
|                                                  |
|   SYSTEM-BIOS                                    | 64 KB ROM
|                                                  |
+--------------------------------------------------+ 0xF0000  (960 KB)
|                                                  |
|   Option-ROMs or free high-memory                | 160 KB
|                                                  |
+--------------------------------------------------+ 0xC8000  (800 KB)
|   Video-BIOS (Grafikkarten-ROM)                  | 32 KB ROM
+--------------------------------------------------+ 0xC0000  (768 KB)
|   Video-RAM (VRAM für Textmodi & VGA-Grafik)     | 128 KB RAM
+==================================================+ 0xA0000  (640 KB)
|                                                  |
|                                                  |
|                                                  |
|                                                  |
|   CONVENTIONAL MEMORY (RAM)                      |
|   Free space for DOS, Programs, Drivers, etc.    | ca. 605 KB
|                                                  |
|                                                  |
|                                                  |
+--------------------------------------------------+ 0x07E00
|   Bootsector (loaded from boot-drive)            | 512 Bytes
+--------------------------------------------------+ 0x07C00
|   Free DOS-Memory / DOS-Kernel                   | ~29 KB
+--------------------------------------------------+ 0x00500
|   BDA (BIOS Data Area)                           | 256 Bytes
+--------------------------------------------------+ 0x00400
|   IVT (Interrupt-Vector-Tables)                  | 1 KB
+--------------------------------------------------+ 0x00000





So instead of 640kB we can only use 605kB of free RAM for our code as the IVT, BDA and the bootsector takes some memory. Between 0x0500 and 0x7C00 we have some space for the kernel and in the upper memory between 0xC8000 and 0xF0000 we have 160kB of high-memory that can be used if no option ROMs are available.




But enought about memory-maps for now, first I was unsure how to test my compiled code. Sure, the most common way is to use an EEPROM-programmer to burn the BIOS-image onto a EEPROM-IC. But this would prevent a fast development-cycle. So I searched for a better solution and found the PicoROM-project as well as the OneROM-project. Both projects use a RaspberryPi Pico-Controller that has enough memory available to emulate a ROM-IC. I ordered both devices from the USA and Great Britain, but after a while I was ready to test the code. First I uploaded the original ROM of the DDX3216 to see if the audio-mixing-console is booting without problems.




TODO: PICTURE OF DDX3216




So I was sure that the ROM-Emulator was working well as the original software booted up. To see if my code is working or not I wanted to get the external UART up and running. As you can see in the picture below, the DDX3216 has a RS232 9-pin-connector:









The problem: Behringer did not use the internal UART of the SC300 for this connector, but an external Toshiba TLC16C552 IC. The external UART is connected to address-lines SA0 to SA2 (blue circle) and the data-lines D0 to D7. The TLC16C552 consists of two serial-ports and a single parallel-port, while each function can be enabled using one of the three chip-select-signals CS0# to CS2# (green circle). These chip-select-signals are connected to some logic-ICs and here connected to SA3, SA4, SA12, SA13, SA14 and  SA15:








Looking into the datasheets of the connected address-lines release that the CS0# is asserted when IO-address 0x1000 to 0x1007 is used, CS1# is asserted when IO-address 0x1008 to 0x100F is used and the final CS#2 is asserted with IO-addresses 0x1010 to 0x1017. Before we can use the 9-pin UART-connector at the back, we have to make sure, that the logic-IC “IC110” is enabled to pass the TxD signals. This IC is an 74HCT125 and the RS232# signal has to be asserted to enable the output of this IC. RS232# is connected to SLIN# of the TLC16C552 which is connected to the parallel output. So first we have to program the parallel-port, assert SLIN#, than initialize the serial-output for the debugging:




ASM
; enable clock for external UART
out 0x0022, 0xBA          ; set config-address
out 0x0023, 0b00001000    ; set config-data

; now program the external UART via IO-writes
; first the parallel-port interface at BASE-Address 0x1010
out 0x1012, 0x00001000    ; enable SLIN# = RS232# via parallel port

; now the serial-port interface at BASE-Address 0x1000
out 0x1003, 0x80          ; enable access to div-latches
out 0x1000, 0x5D          ; set baud-divider (LSB)
out 0x1001, 0x00          ; set baud-divider (MSB)
out 0x1003, 0x03          ; reset DLAB-bit and set 8N1 mode
out 0x1001, 0x00          ; disable all interrupts
out 0x1002, 0x00          ; disable FIFO
out 0x1004, 0x03          ; set DTR and RTS





This should be enought to enable the external UART and let the TxD-signals pass to the 9-pin-connector at the back. From the Programmers Reference Manual I learned the most important registers that have to be set after the boot-reset to bring the SoC in an operational state. So I programmed around 20 more configuration-registers of the ELAN SC300 to bring the SoC to 33MHz and up and running.




To output some debug-message via the terminal I sent some characters to the serial-transceiver:




ASM
out 0x1000, 'A'            ; output character via RS232





Well, after a couple of hours reading the manual and more datasheets of the integrated devices, I was able to upload my ROM-image and successfully received characters at 9600 baud on my connected computer:








Getting the LCD up and running – and struggling with Segments




After a while I managed to initialize the stack and jump into my main-C-function. From then on it was quite easy to initialize the other components like the display as it is connected directly to the 4-bit LCD-interface of the AMD Elan SC300. This interface implements an CGA/HGA compatible video-card. For this the SC300 uses the memory-segment 0xB800 to store the characters when using the text-mode. In the text-mode the SC300 expects two bytes per displayed character: the first byte is the displayed character, while the second byte contains an attribute-byte. This attribute-byte contains the contast and color of this specific character. So far so good, but… we cannot write directly into the segment 0xB800. Looking at the above memory-map, the BIOS is working in the segment 0xF000. Together with the offset we can access the full 16-bit range of the ROM. – so all 64kB. But when trying to write into the segment 0xB800, the memory-access fails.




The x86-system uses several registers to access data or code. In real-mode we have the register CS (CodeSegment) and DS (DataSegment) to access code and variables in a specific segment. Currently both segments are set to 0xF000. But there are more registers, like the register ES. We can set this register to the desired destination-segment and copy the data. I’m using inline-assembler to realize this: “value” is written to ES, the “offset” is set to register BX and the “value” is written to the desired destination:




C
static inline void writeFarByte(uint16_t segment, uint16_t offset, uint8_t value) {
	__asm__ __volatile__(
        "pushw %%es\n\t"
        "movw  %w0, %%es\n\t"
        "movb  %b2, %%es:(%%bx)\n\t"
        "popw  %%es\n\t"
        :
        : "r"(segment), "b"(offset), "q"(value)
        : "memory"
    );
}





We can read variables as well:




C
static inline uint8_t readFarByte(uint16_t segment, uint16_t offset) {
    uint8_t value;

    __asm__ __volatile__(
        "pushw %%es\n\t"
        "movw  %w1, %%es\n\t"
        "movb  %%es:(%%bx), %b0\n\t"
        "popw  %%es\n\t"
        : "=q"(value)
        : "r"(segment), "b"(offset)
        : "memory"
    );

    return value;
}





With these two inline-functions I should be able to write characters to the display – well. No, not yet. It turns out, that the SC300 has support for one ore more fonts for the LCD, but no ROM with stored fonts. So I had to implement the full ASCII-table byte by byte as the SC300 takes 8×8 pixel-characters. So 8 bytes form a single character. In total my final font-header-file is about 22kB but it was a great relief to use AI for this dumb task. Google Gemini produced a nice font for my BIOS. On individual characters I had to fix some pixel-errors, but in general the font was very usable from the beginning. Here is an example of parts of the font:




C
static const uint8_t bios_font_8x8[256][8] = {
    // ...
    ['a']  = {0x00, 0x00, 0x78, 0x0C, 0x7C, 0xCC, 0x76, 0x00},
    ['b']  = {0xE0, 0x60, 0x7C, 0x66, 0x66, 0x66, 0xDC, 0x00},
    ['c']  = {0x00, 0x00, 0x78, 0xCC, 0xC0, 0xCC, 0x78, 0x00},
    ['d']  = {0x1C, 0x0C, 0x7C, 0xCC, 0xCC, 0xCC, 0x76, 0x00},
    ['e']  = {0x00, 0x00, 0x78, 0xCC, 0xFC, 0xC0, 0x78, 0x00},
    ['f']  = {0x38, 0x6C, 0x60, 0xF0, 0x60, 0x60, 0xF0, 0x00},
    ['g']  = {0x00, 0x00, 0x76, 0xCC, 0xCC, 0x7C, 0x0C, 0xF8},
    ['h']  = {0xE0, 0x60, 0x6C, 0x76, 0x66, 0x66, 0xE6, 0x00},
    ['i']  = {0x18, 0x00, 0x38, 0x18, 0x18, 0x18, 0x3C, 0x00},
    ['j']  = {0x06, 0x00, 0x16, 0x06, 0x06, 0x06, 0x66, 0x3C},
    ['k']  = {0xE0, 0x60, 0x6C, 0x78, 0x70, 0x78, 0x6C, 0xC6},
    ['l']  = {0x38, 0x18, 0x18, 0x18, 0x18, 0x18, 0x3C, 0x00},
    ['m']  = {0x00, 0x00, 0xEC, 0xFE, 0xD6, 0xD6, 0xC6, 0x00},
    // ....
}





Implementing a full-featured x86 BIOS for the SC300




I spent a bit more time on initializing more components of the SC300 like the Interrupt Vector Table (IVT), the BIOS Data Area (BDA), the internal keyboard-controller, the timer and the CF-Card-interface. The first two things are just an area within the conventional memory. Looking again at part of the memory-map, you can find both sections at the bottom of the memory:




Plaintext
+--------------------------------------------------+ 0x07E00
|   Bootsector (loaded from boot-drive)            | 512 Bytes
+--------------------------------------------------+ 0x07C00
|   Free DOS-Memory / DOS-Kernel                   | ~29 KB
+--------------------------------------------------+ 0x00500
|   BDA (BIOS Data Area)                           | 256 Bytes
+--------------------------------------------------+ 0x00400
|   IVT (Interrupt-Vector-Tables)                  | 1 KB
+--------------------------------------------------+ 0x00000





The IVT-Area is read by the x86-CPU to get the pointer of the responsible Interrupt Service Function when an Interrupt Reqeust has been set either by hardware or by software. So its simply a list of 16-bit pointers followed by another 16-bit value containing the segment-address where the 16-bit pointer is directing. So in short, we are storing up to 256 32-bit-“ish” addresses for each interrupt.




The BDA is comparable to a configuration-space. Here the BIOS contains things like the base-addresses of the COM-ports, LPT-ports, total conventional memory-size, cursor-positions, video-modes, timer-ticks, keyboard-data and so on. DOS is using some of the 16-bit values to interact with the BIOS next to the interrupt-functions.




From the Programmers Reference Manual I learned, that the internal timer-IC of the type 8254, the reference x86-timer-IC. The only difference is, that this timer-IC is clocked by a 1.1892 MHz clock instead of the more common AT-standard 1.19318 MHz. To achieve the common 18.207 Hz clock-interrupt, I had to configure the timer-counter to 0xFF23, resulting in 18,20715 Hz counter, close enough.




The SC300-keyboard-controller is a standard XT-controller that receives 8-bit data from an external XT-keyboard. So here I have to create an adapter, that converts my AT/PS2-keyboard-data to XT.




The CF-Card-interface was another big thing and took more time to get through. The SC300 has two native PCMCIA-card-connectors. So in theory, two CF-cards or other PCMCIA-cards could be connected, but only port A is routed to the external card-slot. Luckily eBay still has lot of different PCMCIA-adapters and so I bought a PCMCIA-2-CF-Card-Adapter. CF-Cards are basically IDE-drives with the common ATA-command-interface and the PCMCIA directly routes to the CF-card without any electronics. Pretty neat. But my CF-card had more than 500MB. From the story with the segments I learned that I can only address up to 1MB in real-mode. So how on earth can I read data from my CF-card with those limits? It turns out, that the SC300 has a powerful memory-mapping-unit – or two of them. On the SC300 they are called “MMS” for MemoryMappingSystem A and B.




The MMSA is capable of mapping 8 pages of 64kB to an address between 0xD0000 and 0xEFFFF, the MMSB only capable of mapping 4 pages of 64kB between 0xA0000 and 0xAFFFF. From the next picture you can see a possible mapping of different parts of the system. So DRAM, PCMCIA CardA or B, the ROM-BIOS or the ROM-DOS can be mapped to the mentioned 64kB-areas. ROM-DOS means one of the 4 flash-ICs listed in the first table. Here the original firmware is placed and I’m not using these ICs at the moment. But the MMS could be used to perform a memory-check of the upper 15MB DRAM-modules using this mapping.








I wasn’t entirely honest. The CF card can be written and read without the MMS as the ATA-commands support LBA access or at least the access using CHS, to address cylinders, heads and sectors with each 512 bytes per sector. So in total we could access around 8GB:




Plaintext
C * H * S * 512 Byte = x

1024 * 255 * 63 * 512 Bytes = 8422686720 Bytes = 8032,50 MB





But the problem is that my CF-card is not starting in the TrueIDE-mode and cannot be accessed via ATA-commands at the moment. This is related to the hardware-configuration of the CF-card-slot where the important pin is set for PCMCIA-memory-mode first. So we have to initialize the CF-card, use the MMS to access the so called CIS, the Card Information Structure and switch the CF-card from PCMCIA-memory-mode to the TrueIDE-mode:




C
// set REGA# to LOW to access Attribute Memory
outb(REGA_BASE, 0x01);

// set COR to switch from memory-mapped-mode into I/O-mapped mode
// we are using Polling-Mode (0x1F0...0x1F7 / 0x3F6...0x3F7)
// b7=SoftReset, b6=Interrupt-Mode, b5=CardReset, b4..0=ConfigIndex
writeFarByte(PCMCIA_BASE, 0x0200, 0b00000010);

// set REGA# to HIGH to access Common Memory
outb(REGA_BASE, 0x00);

// do a CF-card reset via IDE-register
outb(IDE_DEV_CTRL, 0x06); // CF-Card software-reset via IDE-Register
for (volatile uint16_t i = 0; i < 10000; i++);
outb(IDE_DEV_CTRL, 0x02); // SRST=0, nIEN=1 (IRQ stays disabled)
for (volatile uint16_t i = 0; i < 10000; i++);

// select drive 0 (master)
outb(IDE_DRIVE_HEAD, 0xA0);
for (volatile uint32_t i = 0; i < 10000; i++);





From now on we can use regular ATA-commands to IO-addresses 0x1F0 to 0x1F7 or 0x3F6 and 0x3F7. Here is an example for my read-function for a whole sector (512 bytes) into the RAM. I’m not using the CHS-addressing but converting CHS into LBA for simplicity and calling this read-function. Sure, this is not the fastest way, but I’d like to have fun and not optimizing my code to the optimum:




C
uint8_t ide_read_sector(uint32_t lba, uint16_t dest_seg, uint16_t offset) {
    // wait until drive is ready
    if (!ide_wait_ready()) {
        return 0xAA; // ERROR: Drive not ready
    }

    // set LBA-Address and send command
    outb(IDE_SECT_COUNT,  1);  // 0x1F2
    outb(IDE_LBA_LOW,     (uint8_t)( lba        & 0xFF));  // 0x1F3
    outb(IDE_LBA_MID,     (uint8_t)((lba >>  8) & 0xFF));  // 0x1F4
    outb(IDE_LBA_HIGH,    (uint8_t)((lba >> 16) & 0xFF));  // 0x1F5
    outb(IDE_DRIVE_HEAD,  0xE0 | ((lba >> 24) & 0x0F));    // 0x1F6
    outb(IDE_COMMAND,     IDE_CMD_READ);  // 0x1F7

    // wait until data is ready (DRQ set)
    if (!ide_wait_drq()) {
        return 0xBB;  // ERROR: DRQ timeout
    }

    // read 512 bytes data (one full sector)
    // is delivered at IO-address 0x1F0 (IDE_DATA-register)
    for (uint16_t i = 0; i < 512; i++) {
        uint8_t data = inb(IDE_DATA);
        writeFarByte(dest_seg, offset + i, data);
    }

    return 0x00; // no error
}





With this function we have most functions together to interact with most components. Finally, one of my attempts of booting the machine ends up in this screen:








Up to now it took me around 2.5 weeks to get here, but not allone by reading the technical documentation of the x86-system but partly supported by AI. Maybe its a good time to tell you how I’m using AI: I never used AI-agents to manage my code. I feel unsafe when loosing control of my code. So I’m using a mix of Googles Gemini and the ChatAI-system of my university (most of the time using Claude Sonnet 4.6). The AI is not writing or altering my code, but I’m asking for specific questions. For instance: I’ve uploaded the Programmers Reference Manuel of the AMD Elan SC300 to ChatAI and asked for the initialization for the DRAM using my specific DRAM-Chips. Finally I checked the set registers against the manual, but 95% of the set registers were fine. Then I’m implementing this checked code in my project. With this method even complex ideas can be solved quite fast.




Interrupt-functions and trying to boot MS-DOS 6.22




My goal was to start DOS at the end. But before trying this I had a lot of work. DOS is interacting with the BIOS in a very special way: DOS partly interacts with the BIOS Data Area, but most of the time the interaction with the BIOS is done using interrupts. The most important interrupts are:




C
INT 0x08: Timer-Interrupt
INT 0x09: external Keyboard-Interrupt
INT 0x0C: external UART-Interrupt
INT 0x10: Video-Interrupt
INT 0x11: Equipment-List
INT 0x12: Memory Size
INT 0x13: Disk-Interrupt
INT 0x14: UART-Interrupt
INT 0x15: Multi-Purpose Interrupt
INT 0x16: Keyboard-Interrupt
INT 0x17: Parallel-Port-Interrupt
INT 0x19: Boot-Interrupt
INT 0x1A: RTC-Interrupt





So if DOS wants to display data on the LCD, it does not call specific LCD-functions, but simply sets register AX with 0x0Ecc with cc containing the character to be displayed. The BIOS has to deal with the LCD-specific-interface, but DOS simply interacts with interrupt 0x10. The same is for data from the disk: if DOS wants to read a specific sector from the disk, it calls interrupt 0x13 with some data on the registers AX, BX and more. For reading AX must be 0x02ss with ss the number of sectors to be read. Register BX contains the offset with the destination-segment and register ES contains the destination-segment. CX and DX contain the specific cylinder, head and sector of the disk. My BIOS is converting this CHS-address to an 48-bit-LBA-address and reads the specific sector.




Some of the interrupt-functions took a while to implement, but finally I was ready to try a boot of MS-DOS 6.22: since I know that DOS is quite picky when it comes to bootsectors and data in the first sector, I booted up my old 486 computer with a DOS 6.22 bootdisk. I used fdisk to partition my CF-card and format c: to format it with FAT16. Then I transferred the system files to the CF-card. This means it copies IO.SYS to the very beginning of the CF-card as well as MSDOS.SYS and COMMAND.COM.




To boot DOS some steps have to be done before:




Plaintext
Phase 1:
BIOS loads Master Boot Record (MBR) of selected disk into RAM at 0x7C00 (total of 512 Bytes)

Phase 2:
MBR reads partitiontable, selects the active partition and load first sector into RAM at 0x7C00
For MS-DOS the file IO.SYS must be the first(!) file in root-directory

Phase 3:
First three sectors of IO.SYS are loaded to RAM and system jumps to IO.SYS

Phase 4:
IO.SYS requests conventional memory via INT12h and loads more sectors to Segment 0x0000:0x0500 and later last segment at end of conv. memory

Phase 5:
IO.SYS loads MSDOS.SYS (60 - 80 sectors)

Phase 6:
MSDOS.SYS loads COMMAND.COM and starts the shell





So I had to copy the bootsector (MBR) into the segment 0x7C00, which is dedicated for the bootsector and had to far-jump to this address:




C
void boot_dos() {
    uint8_t status = 0xFF;
    uint8_t retries = 3;
    
    // reading bootsector
    while (retries-- > 0) {
        if (ide_read_bootsector() == 0x00) {
            status = 0; // success
            break;
        }
        // error reading -> retry
    }

    if (status != 0) {
        // ERROR: read after 3 retrys
        return;
    }

    // check boot-signature at the end of the MBR
    uint16_t signature = readFarWord(BASE_SEG, 0x7C00 + 510);
    if (signature != 0xAA55) {
        // ERROR: no valid magic word
        return;
    }
    
    // bootsector seems to be fine -> jump to bootsector
    launch_bootsector();
}





The function launch_bootsector() is an assembler-function and looks like this – it simply resets the segment-registers, sets an initial stack right below the bootsector, selects the bootdrive using register DX and performs a far-jump to the begin of the bootsector:




ASM
launch_bootsector:
    cli                         ; disable interrupts
    
    ; clear all segments to 0x0000
    xor ax, ax                  ; set ax to 0x0000
    mov ds, ax
    mov es, ax
    
    ; set stack-pointer for initial DOS
    ; right below bootsector at 0x0000:0x7C00
    mov ss, ax                  ; set Stack-Segment to 0x0000
    mov sp, 0x7C00  

    ; write the boot-drive to DL
    mov dl, 0x80

    sti                         ; enable interrupts again

    ; far-jump to bootsector
    jmp 0x0000:0x7C00





After compiling and uploading everything, I plugged in the CF card and booted the system.. but nothing happened. I debugged the interrupt-calls using the UART-interface and found that some of my interrupt-functions had some troubles with wrong function-codes and responses back to DOS. I fixed the specific interrupts and then booted up again. Still the LCD did not show any information from DOS, but much more INT 0x13 get called. But suddenly the system crashed again.




On the UART-interface I printed the stackpointer and found out, that the stack went very low – even though I started the stack right below 0x7C00. The reason is that the stack is growing from top to bottom, but when the stackpointer is getting too low this means the stack has some trouble. Obviously DOS is either rearranging the stack or is using huge amount of the stack (turns out DOS is moving the stack to a lower part in memory to get more free RAM). So I spent some hours reorganizing my memory-model and spent a separate BIOS-stack at the top of the conventional memory just for the BIOS-interrupt-calls. This did the trick and DOS went much further. As you can see in the next picture “Starting MS-DOS…” is showing up, followed by some more interrupt-calls:








After the “Starting MS-DOS…” text, interrupt 0x15 is called, following by some INT 0x1A (RTC-clock). The dots indicates calls to INT 0x13 (disk-reading) but the system hangs after calling INT 0x15 a last time with AX = 0x4101, which is not a regular function-call. So DOS seems to give up after trying to read some sectors. I tried several days to get this under control, but at some point I gave up… I was so close to the DOS-shell. Looking into the MS-DOS 4.0 sourcecode, IO.SYS and MSDOS.SYS seems to be loaded successfully as the RTC-interrupt already get called. So somewhere between MSDOS.SYS and COMMAND.COM the system get stuck. Even by looking at the sourcecode of MS-DOS 4.0 which has been published by Microsoft, I couldn’t find the culprit up to now. So I gave up on MS-DOS 6.22 for now.




Successfully booting FreeDOS v1.4




As MS-DOS 6.22 was not starting I downloaded the most recent version of FreeDOS which was version 1.4. I fired up QEMU and created a small virtual environment to install FreeDOS:




BAT (Batchfile)
rem Create new virtual image for FreeDOS
qemu-img create -f raw freedos.img 100M

rem Start the system with FreeDOS LiveCD
rem virtual disk with 203 cylinders, 16 heads and 63 sectors
qemu-system-i386 -machine isapc -cpu 486 -m 8 -device isa-vga,vgamem_mb=1 -rtc base=localtime -drive file=freedos.img,format=raw,if=none,id=d1 -device ide-hd,drive=d1,cyls=203,heads=16,secs=63 -cdrom FD14LIVE.iso -boot d

rem Alternative:
rem Start the system with MS-DOS 6.22 Boot-Floppy
rem virtual disk with 203 cylinders, 16 heads and 63 sectors
qemu-system-i386 -machine isapc -cpu 486 -m 8 -device isa-vga,vgamem_mb=1 -rtc base=localtime -drive file=freedos.img,format=raw,if=none,id=d1 -device ide-hd,drive=d1,cyls=203,heads=16,secs=63 -fda dos622.img -boot a





After the install-process I used Rufus to copy the virtual image sector by sector to the real CF-card. I then moved to the Behringer DDX3216 audiomixing console and booted the system:








Wow – FreeDOS did finally the trick. After a total of three weeks I managed to create a DIY BIOS compatible enough with real x86-software that I was able to boot a real operating system. I still have to implement some more code for interrupt 0x16 (keyboard-access) as well as some minor stuff, but in general the system is up and running.




More internal hardware and next steps




Lot of components in the DDX3216 are strictly based on logic ICs. For instance all LEDs are controlled using a basic shift-register connected to the IO-interface of the SC300. First the control-signals are fed into IC5A and IC6A while IC5A controls signals VULTCH, LSSELR, UCSELR and SPTESR and IC6A controls signals VUSELW, LSSELW, UCSELW, LSLTCH, FLSET1, FLSET0. The Addressbits SA12..15 of the SC300 are used on the IO-bus, resulting in an address-space between 0x1000 and 0xF000. 0x3000 will enable VUSELW on writing and VULTCH on reading the IO bus. So LEDs 1 and 9 of Audio-Channel 1-4 are controlled at address 0x3000 bit 0, LEDs 8 and 16 of Channel 1-4 at address 0x3000 bit 7. Four more shift-registers are connected to the 9th bit of the previous shift-register so that the bits are shifted through multiple logic ICs as well.




Furthermore to limit the maximum current of the VCC or GND pins of the LED-drivers, the even and odd LEDs are connected to GND and VCC alternately:








So, we have to send 0 and 1 depending on the selected LED in the shift-register. The following code sets all VU-meter-LEDs of all channels to HIGH:




C
bool even = false;
for (uint8_t i = 0; i < (8 * 5); i++) {
    if (even) {
        outb(0x3000, 0b11111111);
    }else{
        outb(0x3000, 0b00000000);
    }
    inb(0x3000);

    even = !even;
}





The code works because we have five concatenated 8-bit-shift-registers with alternating LEDs on each output. Each bit of the above byte is connected to a specific LED. Here is a full list of the VU-meter LEDs:




C
// DL30..37
outb(0x3000, 0b00000000); inb(0x3000); // led 1, Left   led 2, Left     led 3, Left
outb(0x3000, 0b11111111); inb(0x3000); // led 9, Left   led 10, Left    led 11, Left
outb(0x3000, 0b00000000); inb(0x3000); // led 1, Right  led 2, Right    led 3, Right
outb(0x3000, 0b11111111); inb(0x3000); // led 9, Right  led 10, Right   led 11, Right
outb(0x3000, 0b00000000); inb(0x3000); // LED-segment
outb(0x3000, 0b00000000); inb(0x3000); // LED-segment
outb(0x3000, 0b00000000); inb(0x3000); // LED-segment
outb(0x3000, 0b00000000); inb(0x3000); // free

// DL20..27
outb(0x3000, 0b00000000); inb(0x3000); // led 1, ch 13   led 2, ch 13    led 3, ch 13
outb(0x3000, 0b11111111); inb(0x3000); // led 9, ch 13   led 10, ch 13   led 11, ch 13
outb(0x3000, 0b00000000); inb(0x3000); // led 1, ch 14   led 2, ch 14    led 3, ch 14
outb(0x3000, 0b11111111); inb(0x3000); // led 9, ch 14   led 10, ch 14   led 11, ch 14
outb(0x3000, 0b00000000); inb(0x3000); // led 1, ch 15   led 2, ch 15    led 3, ch 15
outb(0x3000, 0b11111111); inb(0x3000); // led 9, ch 15   led 10, ch 15   led 11, ch 15
outb(0x3000, 0b00000000); inb(0x3000); // led 1, ch 16   led 2, ch 16    led 3, ch 16
outb(0x3000, 0b11111111); inb(0x3000); // led 9, ch 16   led 10, ch 16   led 11, ch 16

// DL10..17
outb(0x3000, 0b00000000); inb(0x3000); // led 1, ch 9    led 2, ch 9     led 3, ch 9
outb(0x3000, 0b11111111); inb(0x3000); // led 9, ch 9    led 10, ch 9    led 11, ch 9
outb(0x3000, 0b00000000); inb(0x3000); // led 1, ch 10   led 2, ch 10    led 3, ch 10
outb(0x3000, 0b11111111); inb(0x3000); // led 9, ch 10   led 10, ch 10   led 11, ch 10
outb(0x3000, 0b00000000); inb(0x3000); // led 1, ch 11   led 2, ch 11    led 3, ch 11
outb(0x3000, 0b11111111); inb(0x3000); // led 9, ch 11   led 10, ch 11   led 11, ch 11
outb(0x3000, 0b00000000); inb(0x3000); // led 1, ch 12   led 2, ch 12    led 3, ch 12
outb(0x3000, 0b11111111); inb(0x3000); // led 9, ch 12   led 10, ch 12   led 11, ch 12

// DL00..07
outb(0x3000, 0b00000000); inb(0x3000); // led 1, ch 5    led 2, ch 5     led 3, ch 5
outb(0x3000, 0b11111111); inb(0x3000); // led 9, ch 5    led 10, ch 5    led 11, ch 5
outb(0x3000, 0b00000000); inb(0x3000); // led 1, ch 6    led 2, ch 6     led 3, ch 6
outb(0x3000, 0b11111111); inb(0x3000); // led 9, ch 6    led 10, ch 6    led 11, ch 6
outb(0x3000, 0b00000000); inb(0x3000); // led 1, ch 7    led 2, ch 7     led 3, ch 7
outb(0x3000, 0b11111111); inb(0x3000); // led 9, ch 7    led 10, ch 7    led 11, ch 7
outb(0x3000, 0b00000000); inb(0x3000); // led 1, ch 8    led 2, ch 8     led 3, ch 8
outb(0x3000, 0b11111111); inb(0x3000); // led 9, ch 8    led 10, ch 8    led 11, ch 8

// DL0..7
outb(0x3000, 0b00000000); inb(0x3000); // led 1, ch 1    led 2, ch 1     led 3, ch 1
outb(0x3000, 0b11111111); inb(0x3000); // led 9, ch 1    led 10, ch 1    led 11, ch 1
outb(0x3000, 0b00000000); inb(0x3000); // led 1, ch 2    led 2, ch 2     led 3, ch 2
outb(0x3000, 0b11111111); inb(0x3000); // led 9, ch 2    led 10, ch 2    led 11, ch 2
outb(0x3000, 0b00000000); inb(0x3000); // led 1, ch 3    led 2, ch 3     led 3, ch 3
outb(0x3000, 0b11111111); inb(0x3000); // led 9, ch 3    led 10, ch 3    led 11, ch 3
outb(0x3000, 0b00000000); inb(0x3000); // led 1, ch 4    led 2, ch 4     led 3, ch 4
outb(0x3000, 0b11111111); inb(0x3000); // led 9, ch 4    led 10, ch 4    led 11, ch 4






So, the next steps could be to program a function that updates the LEDs depending on a part of the RAM that contains the state of the LEDs, like a pixel-buffer. The faders and the rotary-knobs could be than be programmed as well.




As the DDX3216 has several PIC16-microcontrollers with proprietary firmwares, we probably will not be able to get all parts up and running. I thought about bringing the AnalogDevices SHARC DSPs under my control as I gained some experiences on the Behringer X32 with the 21379 DSPs, but the four SHARC DSPs are connected to proprietary logic-device, comparable to an FPGA, but only on-time-programmable. Without specific information about this device, the connection to the DSPs will be quite hard.






So, I think I will play with FreeDOS a bit more, connect the AT-XT-keyboard-converter and maybe implement the graphic-video-mode to test Windows 2.0 or 3.0 with this device, but only when I have lot of time.




The full sourcecode can be found here on GitHub: https://github.com/xn--nding-jua/DDX3216. There I prepared some DIY bootsector-programs that are able to switch to the protected mode as well to use flat 32-bit-pointers to address the full memory much easier. But with these bootsectors you could not boot DOS as it requires the real-mode of the x86 CPU.

		


		

		
				
					
	
				
				
			

		



Original: https://chrisdevblog.com/2026/06/08/running-dos-on-behringers-ddx3216-using-a-diy-x86-bios/ · Discussion
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Police officer investigated for using AI to 'create evidence' in multiple cases

news.sky.com · 20 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://news.sky.com/story/derbyshire-police-officer-investigated-for-using-ai-to-create-evidence-in-multiple-cases-13553661 · Discussion
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The MilkV Jupiter 2/SpacemiT K3 (RISC-V vector compute)

taoofmac.com · 17 points · Discussion


Jun 11th 2026 · 22 min read
 · 
#ai 
#hardware 
#homelab 
#linux 
#reviews 
#riscv 
#sbc 
#spacemit 



    
    
    This is a fascinating box–so much so that after almost three weeks playing with it, I amassed so much material that I nearly decided to split my review into two parts, but in the end I decided to condense it a bit and post a longer piece than usual, even if that means almost half of it is a fairly wide-ranging exploration of how to get AI workloads on it.

[image: The MilkV Jupiter 2 in its metal case]The MilkV Jupiter 2 in its metal case
Spoiler: We’re tantalizingly close to having usable non-GPU inference on SBCs, and surprisingly enough, RISC-V is more interesting than ARM right now.

I’ve tested a lot of ARM boards over the past few years, but only a couple of RISC-V machines–and the MilkV Jupiter 2 is quite a substantial system: Sixteen cores (with a twist), a refreshingly roomy 32GB of RAM, a 10GbE SFP, Wi-Fi 6, a GPU with actual DRM nodes, all in a Pico ITX form factor.


Disclaimer: my contacts at Radxa supplied me with a Jupiter 2 free of charge, and as usual, this article follows my review policy.



On paper, this is the first RISC-V board that doesn’t feel like a science project.

In person, and unlike most of the SBCs I get, the Jupiter 2 is a finished product, and came in a neat little box, fully assembled and contained in an unassuming metal case with external antennae as the only extra parts. No power brick, but since it has a USB-C PD port, I had zero trouble powering it from one of my monitors.

Hardware
After some careful disassembly, the board itself is pretty dense: 1× DP out, 1× eDP ribbon, 1× USB-C PD power input, 3× USB-A 3.0, 1× GbE RJ-45, 1× 10GbE SFP+ cage, an M.2 slot and what looks like a second M.2 for storage. There are also MIPI/eDP ribbon connectors I haven’t tested.
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The SoC is SpacemiT’s K3–a big.LITTLE style arrangement with 8×A100 cores at 2GHz and 8×X100 cores at 2.4GHz, which makes it the first RISC-V chip I’ve handled that has asymmetric core clusters. And since there are a few other devices out there with the same reference design, I will henceforth refer to the Jupiter as the K3 for short.

Specs
The machine I’m testing has a nice assortment of features:


	16 RISC-V cores (8× Spacemit A100 + 8× Spacemit X100)

	32GB RAM

	128GB UFS

	RTL8852BE Wi-Fi 6 + Bluetooth

	1 GbE RJ-45 + 10 GbE SFP (RTL8127 10GbE via PCIe)

	An IMG (PowerVR) GPU

	NOR flash for bootloader (SPI, 8MB: bootinfo + FSBL + env + eSOS + OpenSBI + U-Boot)

	PWM fan

	Pico ITX form factor



The ISA
If you’ve never come across SpacemiT’s stuff before (I had only a bare inkling of the K1), I heartily recommend the public SpacemiT K3 documentation and their GitHub repository since the architecture is laid out there, and it was fairly easy to get a high level grasp. In particular, the K3 SoC datasheet has a pretty good overview:
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A key thing that needs to be taken into account is that the A100 cores are fundamentally different from the X100 ones. They have extended vector instruction sets, dedicated transactional memory, and, well… AI.

That documentation also seems to be the original source of the marketing claims that the K3 provides 60 TOPS of AI compute and can run 30B models at over 10 tokens/s. Well, sort of– as another spoiler, I can share that I hit a hard cap at an effective 3B (which seemed to be the practical limit), but we’ll get there…

Hardware Info
The board identifies itself as “SpacemiT K3 Pico ITX” in the device tree, and cores are reported like so:

Architecture:                            riscv64
Byte Order:                              Little Endian
CPU(s):                                  16
Vendor ID:                               0x710
Model name:                              Spacemit(R) A100
  Thread(s) per core:                    1
  Core(s) per socket:                    8
  CPU max MHz:                           2000.0000
  CPU min MHz:                           614.4000
Model name:                              Spacemit(R) X100
  Thread(s) per core:                    1
  Core(s) per socket:                    8
  CPU max MHz:                           2400.0000
  CPU min MHz:                           614.4000
L1d cache:                               1 MiB (16 instances)
L1i cache:                               1 MiB (16 instances)
L2 cache:                                10 MiB (4 instances)




One of the nice things about this box is that it comes with a 10GbE Realtek NIC. I wasn’t able to test that at full speed yet since my 10GbE interfaces are all in my server closet, but the 802.11ax reported below worked flawlessly with my Wi-Fi 6 setup:

# lspci
0000:00:00.0 PCI bridge: SpacemiT X100 PCIe Root Complex (rev 01)
0002:00:00.0 PCI bridge: SpacemiT X100 PCIe Root Complex (rev 01)
0002:01:00.0 Ethernet controller: Realtek Semiconductor Co., Ltd. RTL8127 10GbE Controller (rev 08)
0004:00:00.0 PCI bridge: SpacemiT X100 PCIe Root Complex (rev 01)
0004:01:00.0 Network controller: Realtek Semiconductor Co., Ltd. RTL8852BE PCIe 802.11ax Wireless Network Controller




There isn’t a lot to report on the USB front (most of the below is what is plugged into my LG Ultrafine):

# lsusb
Bus 005 Device 002: ID 043e:9a46 LG Electronics USA, Inc. USB2.1 Hub
Bus 005 Device 003: ID 043e:9a48 LG Electronics USA, Inc.
Bus 005 Device 004: ID 043e:9a42 LG Electronics USA, Inc. USB Audio
Bus 005 Device 009: ID 046d:085e Logitech, Inc. BRIO Ultra HD Webcam
Bus 005 Device 010: ID 043e:9a40 LG Electronics USA, Inc. USB Controls
Bus 007 Device 004: ID 04d9:0006 Holtek Semiconductor, Inc. Wired Keyboard
Bus 007 Device 005: ID 093a:2510 Pixart Imaging, Inc. Optical Mouse




The flash storage it ships with is also sensibly organized:

# lsblk
NAME        SIZE TYPE MOUNTPOINT MODEL
sda       119.3G disk            TY7B-128
├─sda1      256M part
├─sda2      256M part /boot
└─sda3    118.8G part /
mtdblock0     8M disk
mtdblock1   128K disk
mtdblock2   512K disk
mtdblock3    64K disk
mtdblock4     1M disk
mtdblock5   384K disk
mtdblock6   5.9M disk




That sda (model TY7B-128) initially fooled me into thinking it was a SATA SSD–but there’s no SATA controller on this board, and the 3.4 GB/s reads I measured later are well past anything SATA III can do (~600 MB/s). It’s actually 128GB of onboard UFS, which rides the kernel’s SCSI layer and so enumerates as sda exactly like a SATA disk would (NVMe would be nvme0n1, eMMC mmcblk*). The mtdblock devices are the 8 MB NOR flash partitions (bootinfo, FSBL, env, eSOS, OpenSBI, U-Boot).

# sensors
pwmfan-isa-0000
Adapter: ISA adapter
pwm1: 60% MANUAL CONTROL

thermal_cluster3-virtual-0
Adapter: Virtual device
temp1: +60.0°C

thermal_cluster1-virtual-0
Adapter: Virtual device
temp1: +60.0°C

thermal_gpu-virtual-0
Adapter: Virtual device
temp1: +63.0°C

thermal_top-virtual-0
Adapter: Virtual device
temp1: +62.0°C

cros_ec-isa-000c
Adapter: ISA adapter
fan1: 3208 RPM

thermal_cluster2-virtual-0
Adapter: Virtual device
temp1: +63.0°C

thermal_cluster0-virtual-0
Adapter: Virtual device
temp1: +64.0°C

thermal_vpu-virtual-0
Adapter: Virtual device
temp1: +60.0°C




The sensors output is a bit weird, but it does cover all the CPU cores (A100 are clusters 0 and 1, X100 are 2 and 3). And I will have a bit more to say about the fan.

But I’m ahead of myself here–these were gathered after plugging it in, obviously, and it’s worth rewinding and going over that part:

First Boot
This was a first-class experience, and I wish all SBCs worked this way: I plugged the DP port into my ancient LG Ultrafine, powered on the monitor, and got a Bianbu first-boot wizard in less than 5 seconds after the initial logo.

Clicked through it–language, timezone, user account–and landed on a working accelerated desktop. That’s it. No GRUB patching, no DTB hunting, no resize-filesystem bugs, no serial console required. The smoothest first boot I’ve had with an SBC all year.

The board ships with Bianbu 4.0 (“Resolute Raccoon”)–a Debian-based distribution from SpacemiT, which, unlike most ARM boards I’ve used recently, is actually running a modern 6.18.3 kernel.
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The desktop runs LXQt on Wayland, SDDM as the display manager, and the whole thing felt responsive enough that I didn’t immediately reach for the terminal. That is not something I say about SBC desktops often, and even though I then spent most of the past three weeks accessing it via ssh, I would likely have zero issues using it.

Standard apt works (repos seem to be at spacemit.com), Debian toolchain is present, and the kernel command line includes some interesting RISC-V-specific hints: unaligned_scalar_speed=fast and unaligned_vector_speed=fast, which I think are related to the RVV extended vector instruction set and the way the kernel does thread allocation.

I dug around a bit more and the boot chain goes through NOR flash (OpenSBI + U-Boot) → UFS, which is cleaner than the SD-card-based setups on most SBCs I’ve tested, and it was able to update itself without any issues:

Setting up spacemit-ec-firmware (1:0.0.22)… spacemit-ec-firmware: payload installed successfully. Current EC firmware 'SPACEMIT_PICO_ITX-V00.14' is older than packaged firmware 'SPACEMIT_PICO_ITX-V00.16'. Starting automatic EC firmware update during package installation...

[INFO] Automatic EC firmware update triggered during package installation.
[INFO] Current RW: SPACEMIT_PICO_ITX-V00.14
[INFO] Target FW : SPACEMIT_PICO_ITX-V00.16
[WARN] Do not remove power, reset the system, or interrupt the tool while flashing.
[INFO] 1. Erasing flash region... Erasing 262144 bytes at offset 0... done.
[ OK ] Erase completed.
[INFO] 2. Writing firmware image... Reading 242688 bytes from /lib/firmware/k3-pico-itx/ec.bin... Writing to offset 0... Writing: [########################################] 100% done.
[ OK ] Write completed.
[INFO] 3. Reading back flash contents for MD5 verification... Reading 242688 bytes at offset 0... Reading: [########################################] 100% done.
[ OK ] MD5 verification passed.
[ OK ] Automatic EC firmware update finished successfully.
[INFO] This reboots the EC firmware only. Linux is not rebooted automatically.
[WARN] The power LED may blink and ectool may be unavailable briefly after the command.
[INFO] Sending EC reboot command...
[ OK ] EC reboot command sent.
[INFO] Waiting 10 seconds for EC reboot to settle...
[WARN] Reboot Linux manually now to restore EC communication.
[INFO] After Linux reboots, verify with: ectool version Automatic EC firmware update completed.




Not UEFI, but compared to the U-Boot-on-SD-card experience that most ARM SBCs inflict on you, having a proper NOR flash boot chain with OpenSBI → U-Boot → onboard UFS is a step up, because it means you can brick the OS partition and still recover without reflashing an SD card on another machine (and yes, Rockchip, I’m looking at you).

And since it all worked out of the box, I did not try adding an NVMe (there’s an M.2 M-Key slot for one) or booting from it (yet), although since there is official Ubuntu support I fully intend to try that out in the future.

Toolchains
Developer tooling for RISC-V will be foremost on most of my readers’ minds, so I can tell you right away that I am currently making extensive use of these:


	GCC 15.2 (riscv64)

	Go 1.25.7 – works out of the box, which is significant for me

	Python 3.14.3

	Make 4.4.1



Sadly (for me), Bun isn’t available, since there’s no official riscv64 build available yet, but node works OK. I focused mostly on Go, though.

Performance
To get started, I ran a small battery of tests to get a feel for where this sits relative to the Orange Pi 6 Plus (CIX P1, 12 ARM cores) I’ve been living with for months.

CPU



	Test
	MilkV Jupiter 2 (16× RISC-V)
	Orange Pi 6 Plus (12× ARM)
	Notes





	7-Zip multi-thread
	17,547 MIPS
	42,346 MIPS
	ARM is 2.4× total



	sysbench CPU (1 thread)
	2,329 ev/s
	2,800 ev/s
	ARM 1.2× per-core IPC



	sysbench CPU (all cores)
	16,980 ev/s (8 usable)
	25,746 ev/s (12t)
	7.3× vs 9.2× scaling



	fib(42) GCC -O2
	1.110s
	0.649s
	ARM 1.7× faster



	Go 50M trig ops
	2.68s
	0.483s
	ARM 5.5× (Go arm64 mature)



	Python 10M loop
	4.74s
	1.07s
	ARM 4.4×





Note that these benchmarks only ran on the X100 cluster (cores 0–7). The A100 cores (8–15) are kernel-fenced for AI work–htop shows them sitting idle, and sched_setaffinity silently refuses to pin anything there from a normal shell. The reasons for that are various and fascinating, and I’ll get into them below.

The sysbench single-thread number is the interesting one here: 2,329 versus 2,800. That’s only a 1.2× gap per X100 core. The 7-Zip figures (17.5k vs 42.3k MIPS) look damning until you realize that the A100 cores weren’t used at all, so the Jupiter 2 is really running 8 general-purpose threads against the P1’s 12.

The real gap shows up in Go and Python (4-5×), which probably says more about how young the riscv64 runtime backends are than about the hardware itself.

Memory Bandwidth



	Test
	MilkV Jupiter 2
	Orange Pi 6 Plus (A720 best)





	sysbench memory read
	3,051 MiB/s
	15-17 GB/s (libc memcpy)



	sysbench memory write
	2,694 MiB/s
	35-47 GB/s (memset)





I went back and ran this in parallel on the CIX P1, and the K3’s memory bandwidth is much lower–roughly a fifth for reads. This is likely the biggest single performance gap and puts an upper cap on whatever the CPU can do regardless of how much it packs into each cycle. For inference workloads that are memory-bound, this matters a lot. The K3 has a few workarounds, though, as we’ll see later.

Storage



	Test
	MilkV Jupiter 2





	Sequential write
	1.2 GB/s



	Sequential read
	3.4 GB/s



	4K random write
	113 MB/s (~28K IOPS)





The built-in UFS storage is very nice–NVMe-class speeds, better than what I saw on the Orange Pi 6 Plus’s NVMe setup with my own (underused) PCIe 4 SSD. No complaints here.

Thermals under Load
The board stays well-behaved under sustained 8-core stress-ng:


	Idle: 59-64°C, fan at 45% / 2335 RPM

	Full load (30s sustained): 62-68°C, fan ramps to 60% / 3194 RPM

	No throttling observed, which made my usual CPU/thermal charts kind of pointless



Again, stress-ng --cpu 0 ran on the 8 available X100 cores, but even when I ran both CPU and AI loads that used the A100 cores, the fan was audible but not objectionable–noticeably quieter than the Orange Pi 6 Plus’s cix-ec-fan in quiet mode, and the fan controller API is much saner.

Since I had a few tussles with the Orange Pi 6 Plus’s fan controller limitations, I let an LLM loose on /sys/devices, and it found out that the Jupiter’s fan is managed by a CrosEC controller over eSPI (/sys/devices/platform/soc/cac8c000.espi/84000000.ec). That exposes a standard hwmon interface with fan1_input and (surprisingly) fan1_fault that standard Linux utilities can read (and the built-in cooler does seem to have the right number of wires to provide fan sensing, which is a nice touch).

There’s also a separate pwm-fan platform device at /sys/devices/platform/pwm-fan/hwmon/hwmon8/pwm1 that accepts values 0-255 for direct duty-cycle control, with pwm1_enable=1 when thermal management is active, with a pwm-fan cooling device linked to thermal_zone0. In practice, you never need to touch any of this–the board keeps itself at 60-68°C under sustained load with the fan barely audible, even when using all 16 cores and at an ambient temperature of nearly 28°C in my office.

Power Consumption
I stuck a USB PD power monitor between the PSU and the K3, and the figures were pretty stable: 11W idle, an oddly symmetrical 22W under load. I suspect using an SFP for networking will add significantly to that, but most of my testing was actually done by ssh over Wi-Fi.

GPU
Unlike the Orange Pi 6 Plus, where the GPU required driver rebinding and vendor package archaeology, the Jupiter 2’s PowerVR GPU works out of the box.

No module loading, no blacklisting, no package hunting. I ran vulkaninfo and got a conformant Vulkan 1.3 device on the first try, although I am not sure how far I can go with Vulkan compute on this board yet since I explored other avenues.

The hardware is an IMG PowerVR B-Series BXM-4-64 MC1, and Vulkan reports it cleanly:


	deviceName = PowerVR B-Series BXM-4-64 MC1

	driverID = DRIVER_ID_IMAGINATION_PROPRIETARY

	apiVersion = 1.3.277

	driverVersion = 1.588.1135 (24.2@6603887)

	conformanceVersion = 1.3.8.1



Doing the usual barrel-scraping YouTube influencer “testing” of firing up a 4K video in the browser is… absurdly fluid, really, since the K3 has a dedicated video decode unit (/dev/video-dec0, V4L2 “mvx” driver–decode only, no hardware encode that I can find) and that seems to be properly stitched together on the Bianbu packages.

OpenCL 3.0 is also present, with cl_khr_fp16 and cl_khr_integer_dot_product – the latter suggesting hardware support for int8 dot products, which is exactly what you want for basic vision processing. I tried poking at it with my Vulkan tooling, and the Vulkan side exposes shaderFloat16 and shaderInt8, 16KB shared memory, and 2 compute queues.

In short, I had zero issues with desktop acceleration, and I expect the K3 to be well supported going forward. I do intend to explore Vulkan on this a bit more, but as you’ll see below, I got completely sidetracked by the ISA and how it does vector compute…

NPU Vs A100 CPU Cores
The device tree shows an Arm China Linlon V5 (Zhouyi AIPU) at c0500000, status okay.

Okay, then, but… the device-tree lacked the obvious NPU plumbing I am sort of used to from ARM:


	/proc/device-tree/soc/linlon-v5@c0500000/compatible says arm china,linlon-v5

	there are no /dev/aipu*, /dev/npu*, /dev/linlon* or /dev/zhouyi* nodes

	there are no aipu, linlon or zhouyi kernel modules under /lib/modules/6.18.3-generic

	dmesg is silent for those names

	web searches for linlon-v5, arm china,linlon-v5, Zhouyi AIPU and SpacemiT K3 NPU drivers turned up no public driver or SDK that matches this node



The Linlon V5 block is effectively opaque–no driver, no SDK, no kernel module. So it’s a dead end for now, although I suspect there are drivers for it somewhere.

What is interesting is what’s hiding in Bianbu’s apt repository: a SpacemiT ONNX Runtime stack (spacemit-onnxruntime, python3-spacemit-ort) and a spacemit-tcm package. The latter ships libspine_tcm.so, spacemit-tcm-smi and a public spine_tcm.h, and it talks to /dev/tcm rather than to a classic /dev/npu device. That’s not an NPU path at all–it’s targeting the A100 RISC-V cores and their tightly-coupled memory directly.

The ISA, Again
After the first evening of poking around, I decided to do what most people would do and read some actual documentation–which wasn’t hard to come by.

The CPU chapter in SpacemiT’s documentation gave me a few hints: the A100 cores run SpacemiT-IME (Inference Matrix Engine), a set of custom RISC-V vector extensions for quantised matrix arithmetic, with a programming model that gave me a bit of a flashback to my FORTRAN and VAX days–matrices in registers, explicit tiling and core synchronisation–but as a crash course in what RISC-V vector extensions can actually do, it made for a fun read.

The short version, if you’re in a hurry, is that this is a “unified memory” RISCv system where the CPU itself can do some interesting quasi-GPU math:
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Go-ing Places
The long version is that this is almost tailor made for go-pherence, my pet inference library. I’ve been trying to do mostly MLX-like FP16 stuff with it, but my intent is to do non-GPU stuff with it, and even though AVX2 and NEON are interesting, I was completely nerd-swiped by the idea of using this RISC-V RVV variant to do “proper” inference.

And Codex was able to sort out how to map this to useful steps and identify parts of the instruction set that could do just that:


The custom instructions (vmadotsu.hp, vmadotu.hp, vnpack4.vv, vupack.vv, vpack.vv) perform fused int4×int8 dot products with FP16 accumulation. Each vmadot dispatch processes 128 bytes of activation against 512 bytes of 4-bit weights, producing 32 partial results. The data layout treats VS1 as copies×(M, K) matrices and VS2 as copies×(K, N) matrices, with the result stored across VD(L) and VD(H).



The “hard” part was to map this to Go assembler, but, again, Codex had no trouble churning out code for vector operations by just lining up the right bits:

// func rvvMulVecVec(a *float32, b *float32, out *float32, n int)
TEXT ·rvvMulVecVec(SB), NOSPLIT, $0-32
    MOV  a+0(FP), X10
    MOV  b+8(FP), X11
    MOV  out+16(FP), X12
    MOV  n+24(FP), X13
    WORD $0x012072d7            // vsetvli t0, zero, e32, m4, tu, mu
loop:
    BEQ  X13, X0, done
    WORD $0x0126f2d7            // vsetvli t0, a3, e32, m4, tu, mu
    WORD $0x02056007            // vle32.v v0, (a0)
    WORD $0x0205e207            // vle32.v v4, (a1)
    WORD $0x92021057            // vfmul.vv v0, v0, v4
    WORD $0x02066027            // vse32.v v0, (a2)
    SLL  $2, X5, X6
    ADD  X6, X10, X10
    ADD  X6, X11, X11
    ADD  X6, X12, X12
    SUB  X5, X13, X13
    JMP  loop
done:
    RET




All it needed was this page (and a couple of others):

[image: The instruction format page]The instruction format page
TCM (Tightly Coupled Memory)
I had some trouble figuring out how this mapped to the TCM memory device that I had found, but a few more pages into the ISA doc it became clear:

TCM is 3 MB of on-chip SRAM (8 × 384 KB blocks), meant as a low-latency scratchpad for the IME2 matrix engine. According to the docs, both sets of cores can access it in pairs:


	From the X100 cores (VLEN=256), TCM reads at 1.14 GB/s (uncacheable device memory)

	From the A100 cores (VLEN=1024), it reads at 5.4 GB/s via a direct SRAM path for wide vector loads



This is a pretty dramatic difference from the RAM bandwidth I measured earlier, and even more so if you consider that the A100 cores can access it four times faster than X100 cores. And there’s more:


	Cores are organised in pairs sharing TCM blocks, so they can exchange results much faster

	I later found that SpacemiT’s own reference code uses paired-worker barriers to overlap DMA (weight prefetch from DRAM into TCM) with compute on the partner core



If you’ve ever done double-buffering, well, this is it applied to vector compute.

Armed with this knowledge, I distilled it into a SPEC and went to town on the K3 with Codex to see if we could port some of the go-pherence SIMD inference kernels, but there was a serious kink: I couldn’t for the life of me figure out how to schedule code on the A100 cores.

Thread Scheduling Weirdness
So I asked Codex to get out Capstone and disassemble the TCM libraries. Turns out getting a thread onto the A100 cores requires a two-step handshake:


	write the thread’s TID to /proc/set_ai_thread (a kernel interface that unlocks scheduling on cores 8–15 for that specific thread)

	then call sched_setaffinity to pin it.



Without the registration the kernel silently refuses the affinity change–those cores are fenced off from normal userspace entirely (which explains the oddities in the early benchmarking).

SpacemiT’s own llama.cpp fork (PR #22863) uses this pattern: six pthreads permanently pinned to cores 8–13, synchronised with spine_barrier_t (an atomic spinlock barrier), sitting in a persistent work loop that processes matrix tiles from a shared queue.

The workers never return to the OS scheduler between operations–barriers replace dispatch overhead entirely. I later realized that a) this is how the K3 can hit 35–40 tok/s on Qwen3-0.6B Q4_K_M b) Go scheduling has a lot more overhead.

Disassembling the ONNX runtime I’d found (SpaceMITExecutionProvider) showed it used the same cores with SPACEMIT_EP_* settings for thread count, profiling, and operator filtering.

The Actual AI Bit
So where does this leave us in terms of usable inference? Well, a lot of people like speed, and if you want speed, you can install llama.cpp-tools-spacemit 0.0.8 and run TinyLlama 1.1B Chat Q2_K (which is just 459MiB) with 8 threads:




	Test
	Result





	Prompt processing pp128
	137.47 ± 0.05 t/s



	Token generation tg64
	36.60 ± 0.01 t/s





This is pretty impressive as SBCs go, and no wonder I am starting to see YouTube videos demoing it—it fills up a screen impressively fast if you do a one-shot prompt, but is fundamentally useless.

Running Real Models
The more interesting question is whether the K3 can host a usable local coding endpoint, so I worked through a spread of current models on a fork of the SpacemiT llama.cpp tree, all at Q4_K_M with f16/f16 KV and 8 threads.

I cranked out a Pi session and had it draft a realistic agentic coding turn: a system prompt with tool definitions, a prior read tool call, the file returned as context, and a request to produce an edit tool call - roughly 700-900 prompt tokens in, 700 generated out.

The results were… Interesting. And slow to achieve, not just because of the turn times but also because I had to patch llama.cpp to match minor changes in the Bianbu libraries:




	Model
	Type / active
	RAM
	Prefill (t/s)
	Decode (t/s)
	Overall† (t/s)
	Turn





	Qwen3.6-28B-REAP-A3B
	MoE / A3B
	17.3 GB
	29.1
	6.5
	11.5
	140s



	Gemma 4 E4B
	dense / 4B
	4.9 GB
	28.9
	5.7
	9.5
	147s



	Gemma 4 E2B QAT UD-Q4_K_XL
	dense / 2B-ish
	2.5 GB
	99.6
	12.9
	-
	18s/128 tok



	Gemma 4 26B-A4B
	MoE / A4B
	16.9 GB
	38.8
	5.1
	9.1
	154s



	Qwen 3.5-9B
	dense / 9B
	5.6 GB
	22.5
	4.5
	8.2
	195s



	Gemma 4 12B
	dense / 12B
	7.3 GB
	18.7
	2.46
	4.3
	322s



	Gemma 4 12B QAT UD-Q4_K_XL
	dense / 12B
	6.3 GB
	25.0
	3.6
	4.2
	~86s/300 tok





†Overall = (prompt + completion tokens) ÷ total compute time - blends prefill and decode for the turn.

So yes, it can run fairly decent models, but at slightly over 2 minutes a turn, not in a usable way. That doesn’t mean it can’t run LLMs, just that it can’t run moderately serious ones at speed (still, I’m pretty sure you can stuff a smaller Qwen variant in there and do simple things like home automation).

Since I happened to be playing with a few of these models on my RTX3060 (where they work at 4-8x the speed, making them quite usable), I copied the weights across and had Codex script out the same run across them with a few variations in settings:




	Model
	Note
	Prefill t/s
	Decode t/s





	Qwen3.6-28B-REAP + ngram spec
	copy-heavy task, 81% accept
	29
	15.5 (2× peak)



	Qwen3.6-28B-REAP @ 64K ctx
	light context
	33.1
	7.8



	Qwen3.6-28B-REAP @ 262K ctx
	full native context
	21.5
	9.8



	Qwen3 0.6B
	tiny model
	293
	55



	Qwen3.6-28B Q4_0 (requant)
	deep 9K ctx
	21.7
	3.5



	Qwen3.6-35B-REAP + MTP
	non-viable on this CPU backend
	-
	- (stalled)





The pattern is somewhat clear: on this memory-bandwidth-bound board, decode rate tracks 1 / active parameters – or something. Sparse mixtures-of-experts and sub-4B dense models “work”, but anything above 3B just doesn’t, really. And Multi-token prediction (MTP), which I had gotten to work pretty well on my 3060 under go-pherence, stalls completely.

Since Gemma 4 just came out (again, for what, the third time?) with QAT, I also tried both its MTP and QAT variants by patching llama.cpp a bit further (by this time I was really hooked).

And splitting the workload across core types actually “worked”: sticking drafters on the slower X100 and the rest on A100 was feasible, but… there’s no fast memory exchange between core types, so it was (verifiably) useless:




	Gemma 4 E4B run
	Thread placement
	Prefill t/s
	Decode t/s





	No drafter
	target on A100 8-15
	26.36
	5.99



	Assistant MTP, 4 draft threads
	drafter on X100 0-7, target on A100 8-15
	26.35
	5.99



	Assistant MTP, 8 draft threads
	drafter on X100 0-7, target on A100 8-15
	26.30
	5.97





QAT
Gemma 4 E2B QAT was, however, “useful”, for a rather slow definition of it (~13t/s), and it is technically multimodal, but on the K3… not usable either. I tossed a 224×224 test image into it, which took roughly 39–47 seconds just to process through the projector, and even though it could identify a solid red square an equally simple red square/blue circle image came back as “yellow and white”. Might be my code, but by this time I had already started eating into my vacation days and I decided to call it quits.

The numbers are interesting, though, and make me wonder what a K3-like CPU can do with other kinds of models:




	Model / route
	Params (M)
	RAM / file
	Prefill t/s
	Decode t/s
	Notes





	Qwen 3 0.6B
	596
	373 MB
	37.5
	43.5
	Great demo, zero substance



	Gemma 4 E2B QAT
	4,630
	2.5 GB
	99.6
	12.9
	decent prose/code without toy-model speedups; can use tools, will keep it around



	Qwen3.6-28B-REAP-A3B
	28,240
	17.3 GB
	28.9
	7.15
	quality anchor; large context and actual coding



	Gemma 4 E4B
	7,520
	4.9 GB
	27.5
	6.01
	twice as big as E2B, and twice as slow



	Gemma 4 12B QAT UD-Q4_K_XL
	11,910
	6.3 GB
	25.0
	3.6
	sort of worked, but unusable





In practice, none of the model, quant, or speculative tricks break the ~7 t/s decode wall for genuinely useful generation on the quality models, and we’re stuck shuffling ~3B of active weights per token out of LPDDR.

I was able to get very close to the C numbers with the E2B QAT, so I will be playing with that a bit more–in fact, I think that the Gemma 4 models are the most interesting thing out there if, like me, you’re stuck with an RTX 3060 and a 36GB RAM M3 Mac as your top inference hardware…

Where This Leaves Me
I am quite taken by the K3, to the point where I just got Whisper going on it using go-pherence and am now trying to shoehorn various other things into it, but the summary is as follows:


	Software maturity is surprisingly good – Bianbu 4.0 has a modern kernel (6.18), modern tooling, and has had zero papercuts (so far). This is not the “barely boots” RISC-V experience from two years ago, when Go barely worked out of the box on riscv64 without a full rebuild. And no, I didn’t try Rust yet, but I will, eventually.

	Thermals are well-managed – never exceeded 68°C even under sustained 16-core load, fan ramps smoothly and is much quieter than the CIX P1.

	The shipping storage is great – NVMe-class speeds from the onboard UFS (didn’t feel the need to add an NVMe), no SD card in sight

	GPU and video decoding story is better than expected – PowerVR Vulkan 1.3 and hardware decoding both work out of the box.

	The “normal” CPU cores (and memory bandwidth) are middling – per-core IPC is roughly half an A720, but the A100 RVV sort of makes up for it.



And even if it can’t do “real” LLMs, I am pretty sure the K3 can handle standard image recognition swimmingly. YOLOv5 has just come out even as I am putting this post together, so I haven’t tested it, but the key thing is that RISC-V is really interesting as a CPU platform now (at least for me). Of course, it has to come with enough RAM (and those 32GB RAM are probably the bare minimum any AI SBC should have for any realistic use), and times are tough, but I look forward to testing its descendant(s).

Right now I’ve embarked on the rather quixotic quest of getting Ideogram 4 on it (and yes, I know it won’t really “work”, but I wanted to have a go and have another “working” implementation besides the RTX back-end), and I expect I will spend a bit of time trying to tweak Qwen or Gemma 4 on it to see if I can have a permanent “house LLM” that doesn’t suck and can do basic automation (even if slowly) – and I’ll update this post (or add a link to it at the bottom) with any positive results.

    




Original: https://taoofmac.com/space/reviews/2026/06/11/1830 · Discussion
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Trophic memory, deer, and a unique scientific object

thoughtforms.life · 14 points · Discussion


I collect weird scientific objects.  This post is about some truly unique material, which will likely never be made again:




		
		


Between the 1960’s and the 1990’s, a father-son team of Anthony B. Bubenik and George A. Bubenik made and explored a remarkable discovery. They studied deer antlers – huge structures which drop off every year and re-grow. This process is amazing in its own right, because it shows that large, adult mammals are capable of massive regeneration, growing bone, vasculature, innervation, and velvet (skin) at a rate of up to 1-1.5cm per day. Note that antlers are not horns, which are a much simpler structure and does not regenerate. This has massive implications for regenerative medicine and puts to bed the common idea that mammals simply can’t regenerate complex structures in adulthood.




But what the Bubeniks discovered is even more profound: trophic memory. What they found was that if an injury occurs at a particular point in the branched structure of the antler, it makes a small callus and heals; the rack will be shed as normal, and next year, a new rack will grow, with an ectopic tine (branch) at the location where the damage occurred in the previous year.  This is one of my favorite examples when I teach developmental biology students, on the topic of “here are some things not in your developmental biology textbook”. Using the tools we normally use in the field – chemical gradients, gene-regulatory networks, molecular pathways – try to come up with a model of how the point of damage is sensed at one location of a complex structure, then the whole thing falls off, and the memory is somehow kept – where – in the growth plate on the scalp? And then months later, a new structure appears, with a pattern dictated not just by the emergent result of genetically-encoded protein production (hard enough to explain) but also by the previous physiological experience of cells that are no longer here, which tells bone growth dynamics to take an extra turn and grow out in a very specific place. The effect disappears after a few years and they go back to normal. Here’s an image from Daniel Lobo‘s and my paper on this topic which also discusses some other examples like crab claws etc.








This kind of pattern memory – what my group studies as a kind of learning process in the collective intelligence of cells operating in physiological and morphogenetic spaces, is a fascinating and highly important result because it reveals the dynamic, physiological plasticity of genetically-encoded hardware. Amazingly, almost no one talks, teaches, or writes about it. 




In 2005, I emailed George A. Bubenik, then at the University of Guelph in Ontario, Canada, to discuss this phenomenon. Eventually he emailed me saying he needed to get rid of his collection of antlers – would I be interested in inheriting it?  You bet I would!  We received 13 boxes of meticulously labeled antlers. Here is a post-doc in my group, organizing the first batch:








Just think of how difficult and time-consuming each experiment was: you need to track each animal (and these are deer, not Drosophila!) and get a baseline for a few years, then make the notch in the bone and document the next 5-6 years of the trophic memory, and then a few years of normal growth after that. And it has to be done for many animals, to get statistical significance. The boxes were full of sets labeled “Lenny 1986” and the like. Imagine trying to get funding for this kind of study now – given the modern emphasis on rapid results, whose career could possibly support such a dataset? It will likely never be able to be duplicated. We had all the antlers CT-scanned by the Tufts Veterinary School. Some of them are hanging in the front hall of my lab. At that time, we had many discussions about the bioelectric, symmetry, hormonal, behavioral, and other aspects of deer antlers. He was an encyclopedic, enthusiastic, profound scholar, always happy to share his wisdom and extend into new directions. Sadly, George passed in 2018, but his legacy lives on, and I predict, will have a lot of impact.




We created a more tractable model system for the study of trophic memory, in planarian flatworms, which regenerate their entire body. In 2008, I asked Laryssa Wozniak, a Boston University student doing research in my lab, to re-cut in plain water the two-headed animals we created by a brief modulation of their bioelectric pattern memory. To my knowledge this hadn’t been done before (even though Thomas Hunt Morgan and others saw 2-headed planaria as early as 1903 or so), likely because it seemed so obvious that with a normal genome, if the ectopic head was removed, surely it would just go back to normal. By taking the notion of morphogenetic memory seriously we were able to find that their fragments once again regenerate as two-headed, despite their un-edited genetics, and Nestor Oviedo and Junji Morokuma in my lab subsequently studied this phenomenon, across many rounds of cutting. The 2-headedness is persistent across the animals’ normal reproductive mode (fission + regeneration) which means that it is stable across generations – a kind of unconventional inheritance. The reviewers made us take out discussions of the implications of this for evolution out of the primary paper, but I discussed it a bit here and more broadly, the importance for evolution of the competencies of living, agential medium (cell collectives) here.




That work was followed up by Fallon Durant in 2019 who actually discovered a third type of worm we can make, besides 1-headed and 2-headed: destabilized cryptic worms that can’t make up their mind and, like a bistable visual illusion, randomly make 1 or 2 heads when cut into pieces (in perpetuity); in fact, multiple pieces cut from the same worm flip a coin and make 1 or 2 heads: the cells within each organ share the same story of what they are building, but cells across multiple worms do not, and can disagree about whether they are part of a 1- or 2-headed animal. 




Like in the deer, the large-scale target morphology can be revised – the pattern memory re-written – by transient physiological experience. The genetics sets the hardware with a default pattern outcome, but like any good cognitive system, it has a re-writable memory that learns from experience. 








The memory for “how many heads should I have?” is stored in a bioelectric circuit (see here and here, characterized by Wendy Beane, Fallon Durant, and others in my group). Using voltage-sensitive dye imaging, we can now literally see the bioelectric pattern encoded in the tissue for what future regeneration must build – a basic kind of counterfactual memory that may serve as the evolutionary basis of advanced brains’ capacity for mental time travel – the ability to think about and remember things that are not true right now. Just like neuroscientists try to read out and decode the memories inside a living brain, we can now read and write (a little bit…) the anatomical goals and memories of the collective intelligence of morphogenesis.




The first time I presented this at a conference – genetically wild-type worms with a drastically different, rewritten, permanent, target morphology – someone stood up and said that this was impossible and “those animals can’t exist”.  Here’s a video taken by Junji Morokuma, of them hanging out. Sometimes the 2 heads cooperate, sometimes they don’t; many behavioral neuroscience research programs can be envisioned about what information they share and what it’s like to be a creature with multiple brains.




		
		


While the 2-headed animals were permanently changed, our other example – planaria that can be made to grow heads belonging to a different species 100-150 million years in evolutionary distance – do go back to normal after a few months, like the deer antlers. See this paper for a discussion of this topic.




There is also a vertebrate model of this, found in our work with Jessica Whited: axolotl limbs, amputated multiple times, eventually stop regenerating. We don’t yet know if this has a canonical explanation (they run out of some kind of rate-limiting and non-renewing cell population) or a more interesting one based on learning mechanisms and revision of the target morphology in light of experience.




This kind of work, starting from observations (and meticulous follow-up) made of a random deer in a field who injured their antlers on a metal fence, and moving toward the molecular biophysics of pattern memory in cellular collectives, has huge implications for understanding the relationship between the genomic hardware and the (reprogrammable) physiological software that determines policies for the collective intelligence navigating anatomical spaces. Future regenerative medicine approaches will surely benefit from exploiting this capacity and targeting its many disorders.





Original: https://thoughtforms.life/trophic-memory-deer-and-a-truly-unique-scientific-object/ · Discussion
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Figure 1. Deer antler variable regenerative morphology. () Using computed tomography scans, we reconstructed in three dimensions the shed antlers from a
‘white-tailed buck from years 5 to 8. In year 6, the left antler suffered an injury during the early developmental stages of antlerogenesis, producing a ‘royal’ instead
of the usual single tine (red arrow). This injury caused the ateration of the regenerative target morphology: in the following years, the left antlers regenerated the
ectopic royal in the same location as the original injury (green arrows), and the right antlers (which were never injured) developed a less developed royal in the
redprocal location (blue arrows). (b) On a Siberian wapiti, a cut offthe dorsal portion of the germinative bud when the antler had reached nearly 40% of its normal
length produced a slight cicatrize in that year (red arrow). The injury altered the target morphology, producing during the following 2 years a new tine (green
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Chapter 2. Programmer’s Model

This extension is based on the standard RISCV vector registers and does not add any state control
registers and matrix registers, ensuring that the programming model remains as similar as possible to
the standard RVV programming model. It includes the usage of rounding modes, configuration
instructions such as vsetvli/vsetivli/vsetvl, etc. Unlike the standard RISCV Vector 1.0, the matrix
extension instructions will select the corresponding matrix multiply and accumulate (MAC) unit
based on the vl and SEW values obtained from the configuration instructions.

Df This extension instructions only support cases where LMUL is less than or equal to 1.

The VLEN supported by this extension is from 128 to 4096, while SEW is only supported 4, 8 and 16.
And a new variable called Copy is introduced. It refers to the number of copies of the MAC unit. In
other words, when copy is 1, one instruction can only perform one MAC computation for a pair of
input data. And when copy is 2, one instruction can perform two MAC computation for two pairs of
input data.

The MAC (M*N*K[x Copies]) unit corresponding to different vl and SEW are as follows:

Table 1. MAC unit for different vl and SEW

vI*SEW 128 256 512 1024 2048 4096

SEW=4 2x2x8[x2] 4x4x16 4x4x16[x2] 8x8x32 8X8x32[x2] 16x16x64
SEW=8 2x2x4[x2] 4x4x8 4x4x8[x2] 8x8x16 8x8x16[x2] 16x16x32
SEW=16 ZXZXZ[XZ] 4x4x4 4x4x4[x2] 8x8x8 8x8x8[x2] 16x16x16

For different VLEN of different hardware, the supported vl configuration are in the following table.

Table 2. Vl supported for different VLEN

VLEN 128 256 512 1024 2048 4096
VI*SEW 128 128/256 128/256/512 128/256/512/10  128/256/512/10  28/256/512/102
24 24/2048 4/2048/4096

For example, when VLEN is 1024 and SEW is 8, the selection of the MAC unit:

Example of selection of MAC unit:
let VLEN = 1024, then:
vsetvli t0, x0, e8, ml1, ta, ma # select the 8x8x16 MAC unit, whose SEW is 8.

1li t0, 256
vsetvli t0, t0, e8, ml1, ta, ma # select the 4x4x8 MAC unit, whose SEW is 8

As mentioned before, LMUL is only support less than or equal to 1. The max MAC unit implemented
by hardware should not exceed the configuration of vI*SEW equalling to VLEN. For example, when
VLEN is 1024 and SEW is 8, the hardware can select the MAC units from 2x2x4[x2], 4x4x8, 4x4x8[x2]
and 8x8x16.

When the MAC unit select by configure instruction is not support by the hardware, an

| yl illegal instruction will occur during execution. And the hardware need not to check the
overlap of vd.
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Formats for matrix extention instructions is under OPMMA and OPFMMA major opcode

For integr extension, the func3 field is used to distinguish the difference of input data type. UU
denotes unsigned integer multiply with unsigned integer, US represents unsigned integer multiply

with signed integer, SU indicates signed integer multiply with unsigned integer, SS signifies signed
integer multiply with signed integer.
31 26 25 24 20 19 15 14 12 11 8 7 6 0
func7 1 vs2 vs1 func3 vd 0 Custom-1
OPMMA uu, SS IME
SU, US
31 26 25 24 20 19 16 15 14 12 11 8 7 6 0
func7 1 vs2 vs1 0| func3 vd 0 Custom-1
OPMMA-1 Uy, SS IME
SU, US
31 26 25 24 20 19 16 15 14 12 11 8 7 6 0
func7 1 vs2 vs1 0| func3 vd 0 Custom-1
OPMMA-2 uu, SS IME
SU, US
31 26 25 24 20 19 16 15 14 1211 8 7 6 0
func7 1 vs2 vs1 1 func3 vd 0 Custom-1
OPMMA-3 UU, SS IME
SU, US

The vm field is used to indicate the instructions with n sliding value.

31 26 25 24 20 19 16 15 14 12 11 8 7 6 0
func7 0 vs2 vs1 0| func3 vd 0 Custom-1
OPMMA-n uuy, SS IME
SuU, US
For floating-point extension, the func3 field is used to distinguish the difference of sliding value.
3 26 25 24 20 19 16 15 14 211 8 7 6 0
unc?7 vs2 vs1 0 unc3 vd 0 Custom-
OPFMMA ME
3 26 25 24 20 19 16 15 14 211 8 6 0
unc?7 vs2 vs1 0 unc3 vd 0 Custom-
OPFMMA-1 slide: ME
3 26 25 24 20 19 16 15 14 211 8 6 0
unc?7 vs2 vs1 0 unc3 vd 0 Custom-
OPFMMA-2 slide: 2 ME
3 26 25 24 20 19 16 15 14 211 8 6 0
unc?7 vs2 vs1 0 unc3 vd 0 Custom-
OPFMMA-3 slide: 3 ME
The vm field is also used to indicate the instructions with n sliding value.
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