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Claude Code is steganographically marking requests

thereallo.dev · 1042 points · Discussion

I was inspecting Claude Code for privacy reasons.
Most devs give their harnesses ridiculous access. FS, shell, git, browser access, even computer use nowadays. That is the whole point. They need enough context to do useful work.
That also means the client itself deserves scrutiny. If a coding agent can read your repo and run commands, the binary that ships it should be boring (ƒor example, pi harness)
So I took a look at my local Claude Code (2.1.196) install.

Inside the Claude Code binary, there is a function that changes the current date string inserted into the system prompt.
The normal string looks like this:
Claude Code can silently change two things:
	The apostrophe in Today's
	The date separator, from - to /

Here is the relevant code, cleaned up from the minified bundle:
This is prompt steganography, a technique used to hide data in plain sight.
The visible sentence still reads like a normal date. The model and the user see something boring. The raw request contains a marker.

The trigger is ANTHROPIC_BASE_URL, Claude Code's API base URL override.
Then it checks if:
	the system timezone is Asia/Shanghai or Asia/Urumqi
	the API base URL hostname matches a decoded domain list
	the hostname contains specific AI lab keywords

The timezone check changes:
into:
The hostname check changes the apostrophe:
	Condition	Apostrophe
	Normal	'
	Known domain	\u2019
	Lab keyword	\u02BC
	Known domain and lab keyword	\u02B9


These are visually tiny changes you would never notice in most mono fonts.

The domain and keyword lists are stored as base64 strings and XOR-decoded with key 91.
The decoded lab keyword list is:
The decoded domain list is much larger. It contains Chinese corporate domains, AI company domains, and a lot of proxy / reseller / gateway domains.
Some examples:

The date function is used when building the agent context:
So the marker becomes part of the system context sent to the model. (Where Anthropic probably parses in their backend)

My installed binary is signed by Anthropic:
My current shell had ANTHROPIC_BASE_URL unset, and my timezone was:
So on my machine, under my current environment, this path would produce the normal apostrophe and the normal YYYY-MM-DD date string.

Anthropic probably wants to detect API resellers, unauthorized Claude Code gateways, and model "distillation attack" pipelines. A custom ANTHROPIC_BASE_URL pointing at a known reseller domain is a useful signal. A hostname containing deepseek or zhipu is also a useful signal.
That part makes sense, but the implementation is weird.
CC silently alters the system prompt using invisible-ish Unicode markers. It encodes proxy / gateway classification into a sentence that looks like plain English. It hides the domain list behind XOR and base64. This is not a malicious feature, but it is a weird choice for a developer tool that asks for trust.
Coding agents already live on the wrong side of a scary boundary. They can inspect code, summarize secrets by accident, run commands, install packages, edit files, and push commits on your local machine. Most developers accept that because the productivity gain is worth the risk.
Trust from real developers depends on the boring behavior.
If the client wants to detect custom API gateways, it can say so plainly. It can send an explicit telemetry field with documentation. It can make the policy visible. It can put the behavior in release notes.
Hiding the signal in the system prompt makes every other privacy claim harder to believe.

For most users, this path probably stays inactive.
If you are using the official Anthropic API endpoint, Crt() returns early. If ANTHROPIC_BASE_URL is unset, Crt() returns early. If you are using a normal setup, the date prompt stays "boring".
The interesting case is people routing CC through a custom base URL. That includes:
	Internal gateways
	Local proxies
	Model routers
	Resellers
	Research setups

In that case, Claude Code classifies the hostname and encodes the result into the prompt.
The bypass is also trivial. Change hostname, change timezone, patch the binary, wrap the process. Any serious adversary can make this signal useless.
So the feature mostly punishes the exact people who are easier to fingerprint: normal developers doing weird but legitimate things.

I think this could have been explicit.
Developer tools can enforce terms. API providers can detect abuse. Companies can protect their models.
When a tool with filesystem and shell access starts hiding classification bits inside invisible prompt punctuation, the correct reaction is scrutiny.
Trust is earned in the boring parts.




Original: https://thereallo.dev/blog/claude-code-prompt-steganography · Discussion
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Claude Sonnet 5

anthropic.com · 625 points · Discussion

Claude Sonnet 5 is built to be the most agentic Sonnet model yet. It can make plans, use tools like browsers and terminals, and run autonomously at a level that, just a few months ago, required larger and more expensive models.
For many developers, the agentic AI era began with Sonnet-class models: Claude Sonnet 3.5, 3.6, and 3.7 were the first models that showed impressive skills in coding and tool use. More recently, though, the clearest gains in agentic capabilities have been in our Opus-class models.
Sonnet 5 narrows the gap: its performance is close to that of Opus 4.8, but at lower prices. It’s a substantial improvement over its predecessor, Sonnet 4.6, on important aspects of agentic performance like reasoning, tool use, coding, and knowledge work:
[image: Claude Sonnet 5 benchmark table]Scores for Sonnet 5 on a variety of evaluations compared to those of Sonnet 4.6 and Opus 4.8 (a more generally capable model, for reference). The Claude Sonnet 5 System Card reports a broader set of evaluations in detail.
Our safety assessments found that Sonnet 5 shows an overall lower rate of undesirable behaviors than Sonnet 4.6, and is generally safer to use in agentic contexts. Evaluations also show that it has a much lower ability to perform cybersecurity tasks than our current Opus models.
From today, Claude Sonnet 5 is available across all plans: it is the default model for Free and Pro plans, and is available to Max, Team, and Enterprise users. It’s also available in Claude Code and on the Claude Platform, where it launches with introductory pricing of $2 per million input tokens and $10 per million output tokens through August 31, 2026, after which it will be priced at $3 per million input tokens and $15 per million output tokens. Developers can use claude-sonnet-5 via the Claude API.
Working with Claude Sonnet 5
The charts below compare the performance of Sonnet 5 with Sonnet 4.6 and Opus 4.8 at different effort levels on the agentic search evaluation BrowseComp and the computer use evaluation OSWorld-Verified. Sonnet 5 (orange line) is a strict improvement over Sonnet 4.6 (gray line). Opus 4.8 (yellow line) is still the model of choice for higher accuracy on these tasks, but Sonnet 5 provides developers with lower-priced options that are of much higher quality than what was previously available. Between Sonnet 5 and Opus 4.8, users can adjust the effort level to find the right balance of cost and performance.
Feedback from our early access partners has been consistent: Sonnet 5 is much more agentic than its predecessors. Testers described how it finishes complex tasks where previous Sonnet models would stop short, how it checks its own output without explicitly being asked, and how it does all this agentic work at an attractive price point:

Claude Sonnet 5 gives our agents a strong execution layer for multi-step software engineering work. It handles sustained coding, tool use, and debugging well across messy technical contexts, and has been especially useful for workflows where follow-through and technical grounding matter.



We handed Claude Sonnet 5 a two-part job—update Salesforce account tiers, send a launch announcement to enterprise contacts—and it finished end to end. That used to stall halfway. For day-to-day automation, it’s a no-brainer.



Claude Sonnet 5 gets more done with less. Same output quality, fewer steps to get there. It refuses unsafe requests cleanly and consistently, too. At Lovable, we’re putting powerful tools in the hands of millions of builders. A model that knows when to say no is just as important as one that knows how to build.



We ran Claude Sonnet 5 against dozens of our most challenging real pull requests, and it carried each one through to a tested, verified result on its own — freeing our engineers to focus on the judgment, the decision, and the final sign-off.



I asked Claude Sonnet 5 to investigate a bug. Unprompted, it wrote a reproducing test, implemented the fix, then stashed it to confirm the bug came back without the change. All in a single pass.



With Claude Sonnet 5, agents stay on plan, follow our conventions, and ship clean multi-step changes, all at an efficient cost.



Claude Sonnet 5 is at its best on brownfield code—race conditions, hidden tests, the parts nobody wants to touch. It traces a failure to its actual root cause and ships a durable fix instead of patching the symptom.



Claude Sonnet 5 sits on the Pareto frontier for Eve’s plaintiff-law tasks. We see the clearest gains in legal research and analysis, at a price-to-performance ratio that made the choice to migrate easy.



ClickHouse agents explore live data and produce insights on the fly, so time-to-insight matters when testing new models. Claude Sonnet 5 reasons in tighter steps and gets our users to answers noticeably faster. That speed is a difference our customers feel.



At Pace, our computer-use agents run insurance workflows—submission intake, FNOL, loss runs—on the systems our operations teams already use. Claude Sonnet 5 consistently takes the right action and does it quickly, which is what real insurance work demands.



Safety evaluations
Our pre-deployment safety evaluations found that Sonnet 5 was overall an improvement on Sonnet 4.6. On agentic safety, the model is better at refusing malicious requests and resisting hijack attempts in prompt injection attacks. The model shows lower rates of hallucination and sycophancy than Sonnet 4.6. On our automated behavioral audit, which tests a wide range of misaligned behaviors such as cooperation with misuse and deception, Sonnet 5 scored lower (that is, safer) overall. However, it did show somewhat higher rates of misaligned behavior on this assessment compared to the more capable Opus 4.8 and Claude Mythos Preview.
Rates of misaligned behavior on our automated behavioral audit, which tests for a very wide range of undesirable behaviors across many situations and contexts (see Section 6.4 of the Sonnet 5 System Card for a complete list and results for each specific behavior). Sonnet 5 shows an overall lower rate of misaligned behavior than Sonnet 4.6, though a higher rate than Mythos Preview and Opus 4.8.
We did not deliberately train Sonnet 5 on cybersecurity tasks. It can perform some routine, non-harmful cyber tasks, but on evaluations testing potentially dangerous cyber skills, such as developing software exploits, it shows substantially poorer performance than models such as Opus 4.8 and Mythos 5. Scores from one evaluation, which tested models’ ability to develop exploits for vulnerabilities in the Firefox browser, are shown in the chart below. Sonnet 5 was never able to develop a full working exploit, but it does show a slightly higher rate of partial success than Sonnet 4.6. This latter change is likely due to improvements in general intelligence rather than specific training.
Scores measuring models’ success at developing exploits for software vulnerabilities in Firefox 147 (this evaluation was developed in collaboration with Mozilla; all vulnerabilities have been patched in Firefox 148). For each model, the left-hand bar shows how often the model (without safeguards) developed a working exploit; the right-hand bar shows how often the model had partial success. Neither of the Sonnet models could successfully develop a working exploit (both scored 0.0%); Sonnet 5 showed a slightly higher partial success rate than Sonnet 4.6. Both Sonnet models have substantially poorer cyber capabilities than Opus 4.8 and Mythos 5. For full details, see Section 3.2.4 of the Sonnet 5 System Card.
Since Sonnet 5 is somewhat stronger than its predecessor on these tasks, we’ve launched it with cyber safeguards enabled by default. These safeguards—which detect and block dangerous cyber usage in real time—are the same as those present in Claude Opus 4.7 and 4.8 (because we judged that the overall level of cybersecurity risk from Sonnet 5 was low, the safeguards are less strict than those launched with Fable 5, which block a much wider range of cybersecurity tasks).1
Our full assessment of Sonnet 5 across many safety and capability evaluations is reported in the Claude Sonnet 5 System Card.
Availability and pricing
Claude Sonnet 5 is available everywhere today at an introductory price of $2 per million input tokens and $10 per million output tokens through August 31, 2026. It then moves to standard pricing at $3 per million input tokens and $15 per million output tokens.2 We’ve increased rate limits across Chat, Cowork, Claude Code, and the Claude Platform3 to accommodate the higher token usage of higher effort levels; users can select whichever level makes sense for their particular project.


Footnotes
1 Sonnet 5 is part of our Cyber Verification Program, which is available today on the native Claude Platform, the Claude Platform on AWS, and Claude in Microsoft Foundry (hosted on Azure and Anthropic), and coming soon on Claude in Google Vertex. Organizations that are already enrolled in the Cyber Verification Program automatically have the same access on Sonnet 5, with no need to reapply. Overall, we recommend Claude Opus 4.8 for cybersecurity work that requires reduced guardrails.
2 Sonnet 5 is an upgrade to Sonnet 4.6, but it uses an updated tokenizer that changes how the model processes text to improve performance (this is similar to the tokenizer change we introduced with Claude Opus 4.7). The tradeoff is that the same input can map to more tokens: roughly 1.0–1.35× depending on the content type. The introductory pricing is set so that the transition to Sonnet 5 is roughly cost-neutral.
3 On April 26, 2026, we raised Sonnet and Haiku rate limits at every usage tier and simplified to three tiers (Start, Build, and Scale) on the native Claude Platform. You can view your tier and current limits in the Claude Console or read the documentation to learn more.
	Humanity’s Last Exam: We updated the grader model for Humanity’s Last Exam and have updated the Sonnet 4.6 score to 34.6% (no tools) and 46.8% (with tools). This is the reason the score differs from that reported in the Sonnet 4.6 launch blog.
	OSWorld-Verified: We made changes to how we run the OSWorld-Verified evaluation to more accurately reflect the model’s performance in the real world, and have updated the Sonnet 4.6 score to 78.5%. This is the reason the score differs from that reported in the Sonnet 4.6 launch blog.



Related content

Claude Science, an AI workbench for scientists, is now available
Claude Science is a customizable app that integrates the tools and packages researchers most often use, produces auditable artifacts, and provides flexible access to computing resources.
Read more

Introducing Claude Tag
Claude Tag is a new way for teams to work with Claude.
Read more

Anthropic opens Seoul office and announces new partnerships across the Korean AI ecosystem
Read more






Original: https://www.anthropic.com/news/claude-sonnet-5 · Discussion
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Open Source Low Tech

opensourcelowtech.org · 600 points · Discussion


        
          My name is Daniel Connell. I prototype and develop basic technologies which anyone can make using recycled
          materials and simple tools.
        

        
          The aim is for everyone everywhere to be able to build and maintain their own infrastructure; producing their
          own energy, food, clean water, communications, and anything else they need.
        

          All designs are open source and license free for any purpose, and full construction tutorials and how-tos are
          available here.
        

        
          The Facebook group is also a
          good place to ask questions and post results from your own builds.
        

        Featured In:

        Al Jazeera ¦
        The Guardian ¦
        New Statesman ¦
        Le Monde ¦
        Makezine
      




Original: https://opensourcelowtech.org/ · Discussion
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County with 37 Data Centers Asks Schools to 'Conserve Electricity'

404media.co · 361 points · Discussion


  



On June 26, the County Manager of Henrico County, Virginia, John Vithoulkas, sent an email to thousands of county employees asking them to help the local government conserve electricity. “Beginning July 1st, the rate we pay for electricity used in all Henrico County government and school facilities will increase dramatically — by 25%, increasing costs by an estimated $5 million next fiscal year. We anticipate more rate increases for electricity in the years ahead,” a copy of the email obtained by 404 Media said (emphasis his).




Henrico County is a community of more than 350,000 people in eastern Virginia just outside of Richmond. It also hosts 37 data centers and there are plans to build 17 more, including plans to convert hundreds of acres of Civil War battlefields into data centers. Thanks to its proximity to DC and vast amounts of land, Henrico County became a data center hub seemingly overnight and its services clients big and small. Meta built a data center there in 2017.



  
    This post is for paid members only

    Become a paid member for unlimited ad-free access to articles, bonus podcast content, and more.

    Subscribe
  


  
    Sign up for free access to this post

    Free members get access to posts like this one along with an email round-up of our week's stories.

    Subscribe
  


  Already have an account? Sign in





Original: https://www.404media.co/henrico-virginia-datacenter-energy-cost-email/ · Discussion
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Building a custom octocopter from scratch with no prior hardware experience

karolina.mgdubiel.com · 284 points · Discussion


            Since posting on X, I've gotten many DMs asking exactly how I want to approach the next phase of this
              project: making the drone fly with RL. Here's the plan I have so far.

            

            Most importantly, the RL policy will directly command all 8 motors at 50 Hz
              over a serial link to the flight controller with no traditional PID loop in the path. This is the only
              architecture that gives the policy full authority to reallocate thrust when motors fail.
I'm focusing
              on six unique failure classes (ignoring rotational equivalence): single motor, adjacent
              pair (45°, mixed CW/CCW), 90° same-type, 135° mixed, 180° same-type, and full ESC loss (each ESC controls
              its own quad). The hardest case is the 90° same-type failure, because it's the only one that hits both
              problems simultaneously: a yaw torque imbalance (the two dead motors were the same spin direction) and a
              spatial asymmetry in the remaining thrust geometry.

            
              
                [image: The circuit diagram that I drew for wiring everything up]
                The single- and dual-motor failures that I want to support, plus ESC loss
                
              
            

            
            Losing two same-spin motors leaves 2 CW and 4
              CCW running (or vice versa), yaw-torque imbalanced 2:1 at equal throttle. Balancing them forces the CW
              motors to run at 2×
              the per-motor thrust of the CCW motors. At 1393 gf max per motor, the yaw-balanced thrust ceiling works
              out to 5,572 gf -- enough to maintain a 2:1 thrust-to-weight ratio up to ~2.8 kg of drone weight (we're at
              1 kg). The remaining 6 motors span a 270° arc, so roll and pitch authority still exists. The worst case is
              survivable -- the drone would be spinning, but it could still hover to a soft landing.

            
              
                
                  
                    	
                    	Full
                      8-motor
                    	90°
                      same-type (6 motors)
                  

                
                
                  
                    	Max total thrust
                    	11,144 gf
                    	5,572 gf (yaw balanced)
                  

                  
                    	CW motor load at hover
                    	~9%
                    	~18%
                  

                  
                    	Max drone weight at 2:1 T/W
                    	~5.6 kg
                    	~2.8 kg
                  

                  
                    	Yaw authority
                    	full
                    	near zero
                  

                
              

            

            
            Simulation

            I'm building the sim in MuJoCo, because it
              runs fast on a CPU and I have a Mac, which rules out Isaac Lab and basically everything else
              NVIDIA-shaped. For a single rigid body with 8 thrust points, MuJoCo is more than enough, and I can run
              ~128 environments in parallel on my laptop.

            The model itself comes from measurements, not the CAD. I'll be gathering data on:

            
              	Total mass

              	Inertia tensor via the bifilar pendulum test

              	Motor thrust curves

              	Motor time constant

              	Hover throttle point

            

            I'm also adding two things to my sim environment that I keep reading are what actually kill sim-to-real
              transfer for motor-level control:

            
              1. Motor lag: real motors take 20–50 ms to reach a commanded speed. In
                sim, thrust changes
                instantly unless you model it. A policy that learns with instant motors learns to twitch.

              2. Loop latency: on the real drone, there's ~15–30 ms between the IMU
                reading and thrust actually
                changing (serial read, inference, serial write, ESC response). If I train with zero latency, the policy
                will oscillate the second it touches hardware. This one scares me the most, so it's getting randomized
                aggressively (the policy trains against a delay that changes every episode and jitters within episodes).
              

            

            
              
                [image: The high-level plan moving forward]
                The high-level plan moving forward
                
              
              
                
                  puffer. just puffer. trust me. you will thank me in about a month from now.

                  — Chris von Csefalvay 🔜 CVPR26 (@epichrisis) June 7, 2026
                

                
              

            

            
Everything else physical gets randomized too: mass ±10%, per-motor thrust constants ±15% (cheap
              motors
              are not identical, I own eight data points proving this), center of mass, battery sag over a flight,
              sensor noise[4].


            Training

            PPO[1] via
              PufferLib. I looked at
              SAC since it's more sample-efficient, but sample efficiency solves a problem I don't have -- my sim steps
              are nearly free. PPO with a pile of parallel environments is what almost every sim-to-real flight paper
              I've read actually shipped, and it scales more simply across parallel envs and is more stable under the
              variance that heavy randomization adds". (Also: an X reply told me
              "puffer. just puffer. trust me.")
            

            Two more decisions I stole from sim-to-real literature:

            
              1. The critic gets to cheat. During training, the value network
                sees ground truth the real
                drone will never have, like which motors are dead, the exact thrust constants, and true velocity. The
                actor only sees what real
                sensors provide. The critic gets thrown away after training, so this costs nothing at deployment. (This
                is
                called asymmetric actor-critic[2], and I've read that it makes a
                huge difference when the physics are randomized this hard.)

              2. No fault detector (for now). The policy sees its last 5
                observation/action
                frames and has to figure out failures on its own, from the gap between what it commanded and what the
                drone did.

            


             Under a
              same-type dual failure the drone physically cannot hold its heading -- the torques don't balance at any
              throttle combination. The right behavior is to give up on yaw, spin slowly about vertical, and stay level.
              If the reward punishes spinning, the policy sacrifices roll and pitch chasing a heading it can't have.
              Mueller & D'Andrea showed the same thing for quads losing a motor[3] --
              their recovering quad spins the whole time. Mine will too, on purpose.


            Deployment

            If the policy shows promising survival rates in sim, it'll get
              exported to ONNX and run on the RPi 4 (I think. Any opinions on this vs other microcontroller options?)
              the network is ~45k parameters, which is under a millisecond of
              inference, so the Pi is not the bottleneck. The 50 Hz loop will read attitude and gyro over serial, run
              the
              policy, and write 8 motor commands.

            Then, the actual experiment: fly, kill motors from the transmitter, and find out if millions of
              simulated crashes taught it anything!

            

            
              	J. Schulman, F. Wolski, P. Dhariwal, A. Radford, and O. Klimov, "Proximal Policy
                Optimization Algorithms," arXiv:1707.06347, 2017.

              	L. Pinto, M. Andrychowicz, P. Welinder, W. Zaremba, and P. Abbeel, "Asymmetric Actor
                Critic for Image-Based Robot Learning," RSS, 2018.

              	M. W. Mueller and R. D'Andrea, "Stability and control of a quadrocopter despite the
                complete loss of one, two, or three propellers," IEEE ICRA, 2014.

              	J. Tobin, R. Fong, A. Ray, J. Schneider, W. Zaremba, and P. Abbeel, "Domain
                Randomization for Transferring Deep Neural Networks from Simulation to the Real World," IROS,
                2017.

            

          



Original: https://karolina.mgdubiel.com/drone/ · Discussion
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Claude Science

claude.com · 255 points · Discussion


Nano Banana 2 Lite
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Nano Banana 2 Lite

deepmind.google · 217 points · Discussion

Create more for less with Nano Banana 2 Lite. Generate and edit images faster and more efficiently than ever before.

	 Capabilities 
	 Hands-on 
	 Comparisons 
	 Showcase 
	 Performance 
	 Safety 
	 Try Nano Banana 2 Lite 


Lightning-fast latency
Explore, iterate, and keep your workflow moving with dramatically reduced latency.


Cost-efficient at scale
Generate thousands of images at a fraction of the cost of heavier production models.


No compromise on quality
The control and accuracy you expect from Nano Banana, accelerated. Maintain character consistency, edit visuals with precision, and lean on real-world knowledge.




Slide 1 of 4
Space Lift
Space Lift is an interior design app that lets you instantly reimagine any room. Upload an image of your space, and watch the app generate a variety of fully realized concepts, from Mid-Century Modern to Bohemian Chic. Swipe through each custom card to find the perfect design scheme for your home.


Gridscape
Gridscape’s infinite canvas lets you explore and learn about any topic. When you ask a question, an informational "node" maps out ideas using text and images generated with Nano Banana 2 Lite and Gemini 3.1 Flash Lite. Dive deeper using clickable pathways that explore related concepts.


Peek-A-Word
Transforming passive reading into an interactive learning journey, Peek-A-Word turns selected text into AI-generated visuals. Concise definitions and contextual imagery are generated in one space, without any distracting tab-switching to disturb flow of learning with Nano Banana 2 Lite and Gemini 3.1 Flash Lite.


Anywhere
Be transported to dream destinations across the world with Anywhere, an interactive 3D globe created with Nano Banana 2 Lite. Attach an image to generate a series of personalized postcards at iconic global landmarks. Spin the globe, click on any photo, and uncover fascinating travel facts about your virtual vacation spots.





Slide 1 of 5
“Nano Banana 2 Lite is fast and reliable, helping designers explore more ideas to craft unique images on Figma Weave's node-based canvas. It's ideal for rapid iteration while staying in the creative flow.”
Itay Schiff
Co-founder & Creative Director, Figma Weave

“We have been testing Nano Banana 2 Lite to power real-time image generation within Manus’s autonomous workflows—from slide decks to web pages. Its speed suits these scenarios well, allowing our AI Agent to iterate on visuals quickly and deliver results in seconds. The image quality is also impressive, coming close to the full Nano Banana 2. We look forward to continuing our partnership and building better experiences together.”
Tao Zhang
Co-Founder & Chief Product Officer, Manus AI

“Speed is no longer a limitation. When generation is faster than imagination, creators can stay inside the idea instead of waiting on the tool. Nano Banana 2 Lite brings that feeling into the creative process, letting thoughts move into visuals almost instantly. For Artlist’s users, it means less time staring at a progress bar and more time creating, iterating, personalizing, and moving at the speed of culture.”
Idan Yonas
 Director of AI Content & Innovation, Artlist

"For our voice-controlled TV game Wit's End, [instant-ramen] delivers consistent, high-quality 1k images ~2.7× faster than Gemini 3.1 Flash Image with incredibly tight latency variance. Its ability to handle text-to-image, edits, and multi-image composition in one drop-in API gives us Flash-Lite speed and cost with Nano-Banana quality. It’s what makes real-time generative play viable at scale."
Max Child
CEO, Weekend

“Our engine generates the world as players explore it, so image speed generation is essential. Instant-ramen is a huge upgrade, enabling accurate visuals, while doing it quick enough to keep up with the player's experience. Instant-ramen's speed and fidelity make on-the-fly art generation something we can use to power living visual worlds.”
Nick Walton
CEO & Co-Founder, Latitude



Slide 1 of 4
Image Editing
Image editing Elo scores against competitors per lmarena.ai


Image Generation
Image generation Elo scores against competitors per lmarena.ai



Price per 1k resolution image




Creating your prompts
Use detailed prompts to take more control over the images you generate. Think about what you want to see – the characters, the setting, and the overall feel. The more detail you add, the closer the image will be to what you’ve imagined.


Visual and text fidelity
Not every image Gemini generates will be perfect – it can still struggle with small faces, accurate spelling, and fine details in images.


Data and factual accuracy
The model's real-world knowledge is extensive but not infallible. When generating infographics, annotating diagrams, or representing complex data, it may misinterpret information or produce factually incorrect results. Always verify data-driven outputs.


Translation and localization
The model is capable of generating and translating text in many languages, but it may struggle with grammar, spelling, cultural nuances, or idiomatic phrases.


Complex edits and image blending
Advanced features like masked editing, major lighting changes (like day to night), or blending multiple images may sometimes produce unnatural results, visual artifacts, or disjointed scenes.


Character features
The model excels at character consistency, but it may not always get it right. We're working to make this consistency even more reliable.





Gemini
Supercharge your creativity and productivity 

*Use the Gemini App’s Flash-Lite mode to access Nano Banana 2 Lite



Google AI Studio
The fastest path from prompt to production 


Gemini API
Get started building with cutting-edge AI models 


Gemini Enterprise Agent Platform
Build, scale, and govern agents








Original: https://deepmind.google/models/gemini-image/flash-lite/ · Discussion
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knopper.net · 199 points · Discussion
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Crypto firms have spent $189M so far on 2026 US election, report says

reuters.com · 185 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/crypto-firms-have-spent-189-million-so-far-2026-us-election-report-says-2026-06-30/ · Discussion
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Tell HN: Installing Cursor on iOS irreversibly changes your privacy settings

147 points · Discussion

Just hit this today and I'm furious. I installed the Cursor iOS app to see what it had.I've been on `Privacy Mode (Legacy)` for a long time, which is the "Do not store my code" setting. A year or so ago they marked this as "Legacy" and hid it under a "Extra options" menu. They added a new Privacy Mode which is significantly more wishy-washy about what it might store - it includes a clause of "Code may be stored for Background Agents or Other Features", so I've never touched it or wanted to enable it.
pic: https://us1.discourse-cdn.com/cursor1/optimized/3X/0/9/09412f800cb07a713d13c034f40eaf28e165e8f4_2_1032x1000.jpeg
Upon installing and logging in to the iOS app, my account was changed to the softer Privacy Mode and the previous setting I was on has disappeared from all menus. I contacted support and they've said:
> Really sorry about this. When you set up the mobile app, the prompt to turn on Cloud Agents switched you from Privacy Mode (Legacy) to our current Privacy Mode,
> without making clear what that meant or that it's hard to undo. That wasn't right, and we're working on making that prompt clearer.
>
> To be straight with you: I'm not able to switch your account back to Privacy Mode (Legacy). The option to move back isn't available in the app today.
So just a PSA I guess; do not install or set up the app if you want to keep your privacy settings.
I honestly don't understand how it's legal to make logging into the iOS app change your privacy settings at all. Making the option then disappear from all menus so you can't get it back is doubly ridiculous.


Original: https://news.ycombinator.com/item?id=48737226
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Memoirs of Extraordinary Popular Delusions and the Madness of Crowds (1852)

gutenberg.org · 146 points · Discussion





"Memoirs of Extraordinary Popular Delusions and the Madness of Crowds" by Charles Mackay is an early study of crowd psychology first published in 1841. This journalistic work examines humanity's susceptibility to collective manias through three volumes exploring financial bubbles, religious crusades, witch trials, alchemy, and countless other follies. Mackay debunks popular delusions with colorful anecdotes and sensational storytelling, from Dutch tulip mania to the influence of politics on beard styles. His analysis






of economic bubbles remains influential, credited with helping financiers predict market crashes and understand modern speculation. (This is an automatically generated summary.)



...  
Read more
Show less










For your e-reader or reading app




Phone, tablet or computer → Open in a reading app






Other formats & older devices








Original: https://www.gutenberg.org/ebooks/24518 · Discussion
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Factorio 2.1 Experimental Release

factorio.com · 133 points · Discussion


        
  Hello,

  we hope your week has been pleasant.





2.1 Experimental



  This week we released the 2.1 experimental. You can read the full changelog on our Forum.
  
Funnily enough, the changelog was too long to post on Reddit, as the limit is 40,000 characters... oops :).




  
    
    
Click to view full resolution
  




  You can opt in to experimental now, and there are some things to bear in mind:
  

    	You get all the 2.1 changes today.

    	2.0 save games will load, but there may be changes that break your factory designs.

    	We recommend backing up any saves and blueprints you care about before switching.

    	Once updated, blueprints and save games cannot be downgraded to 2.0.

    	There may be further gameplay changes and tweaks.

    	Mods you rely on may not be updated yet.

  




  By playing the experimental releases, you can help us improve the game:
  

    	You are our QA, so please report any bugs on our Bugs forum.

    	Any gameplay feedback or suggestions go to Ideas and suggestions.

    	Give your thoughts on any of the discussions in Active topics.

    	You can help us translate the 2.1 update on our Crowdin project.

  




  How to opt in to the Factorio 2.1 experimental:
  

    	Clean download: Download the full experimental package on our Download page.

    	Website version update: Settings → Other → Enable experimental updates.

    	Steam: Right-click Factorio in the library → Properties... → Game Versions & Betas → Experimental.

  



Other details



  As a part of the update of our graphics and audio systems, we have raised the minimum operating system requirement on
  Linux. The minimum version of the system's GLIBC is now 2.36 (released in 2022). If Factorio doesn't launch on your
  system, you may need to update. Headless and Steam versions are not affected.




  We have also raised the minimum requirement for macOS to 10.13 (High Sierra), which officially reached end of support and end-of-life back in 2020, and hasn't been supported on Steam since 2024.



Cracking on



  We are going to be fixing bugs, polishing remaining areas, and listening to your feedback. 2.1 is not finished and we are actively digesting all of your input.




  For now it has been quite a few months of focused work getting the initial experimental releases into a good shape, and we have some vacations planned, so the pace might not be absolutely turbo 100% full throttle. That is to say, please don't expect us to be changing things in too much of a rush, we still have plenty of time before we plan to mark it stable, and we will make any decisions and tweaks thoughtfully.




  Our team isn't done with the project, we aren't all immediately jumping ship and washing our hands of the game. 2.1 may be the last major Factorio update, but that doesn't mean we have lost our passion and love for the game.






Friday Facts Furlough



  With the experimental out, we are going to reduce the pace with the Friday Facts, and not keep to any specific schedule. It is quite fun to do these blog posts, and we have a few more things to share in the future, so these definitely aren't the final facts we will post.







  As always, let us know what you think at the usual places.



        

        
    



Original: https://factorio.com/blog/post/fff-444 · Discussion
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Zluda 6 release (run unmodified CUDA applications on non-Nvidia GPUs)

vosen.github.io · 125 points · Discussion


    
      
      
        ZLUDA allows to run unmodified CUDA applications on non-NVIDIA GPUs

      
    

      

  ZLUDA update Q1&Q2 2026 - back to the roots
  


Hi, and welcome to the latest ZLUDA update! Since I skipped the last update, this special issue covers all the developments made in ZLUDA since the start of the year. We now have two new major workloads: PhysX (PhysX pre-alpha) and Blender (Textures support). Much of this overlaps with Much improved Windows support. Additionally, there has been a steady stream of minor features and improvements to existing workloads (Better ML support). These culminated in a new major release (Version 6). Some of you may also be interested in the The new direction of the project.

Version 6

I am finally marking a new major release. As a reminder, ZLUDA follows a continuous development model. A major release does not represent addition of any particular single feature a compatibility break, but rather signals that significant progress has been made and that it is worth trying it out again. Version 6 is identical to the latest preview build (6-preview.79).

PhysX pre-alpha

With PC component prices as high as they are, we're all being compelled to revisit gaming classics.

ZLUDA has got you covered.

This long-running PR (#651) is not yet comlete, but it adds support for 32-bit PhysX. This means that, in certain older games that relied on PhysX, you will be able to achieve a higher frame rate with an AMD GPU. In some games, AMD GPU owners will also be able to enjoy additional visual effects such as debris and flame for the first time.

Various PhysX samples running on an AMD GPU:


Even more interestingly, here's a screenshot from Mafia II (original 2010 version) built-in benchmark  running on an AMD GPU. All settings are maxed out and PhysX is enabled:

[image: ZLUDA OFF] ZLUDA OFF (click image to view the full screen)

[image: ZLUDA ON] ZLUDA ON (click image to view the full screen)

Support is not yet complete: fluid simulations can be glitchy, and the current method of loading ZLUDA into Steam games is poor. I only tried it on my own PC, which has an unusual GPU setup. Nevertheless, if you are comfortable with editing the source code and building ZLUDA yourself, you can give it a try. For everyone else, I recommend watching the PR and waiting for it to be merged and included in the preview builds. Plese leave your feedback in the PR or on Discord.

PCGamingWiki maintains a list of PhysX games. Just be aware that the list combines 32-bit PhysX and 64-bit GameWorks. These are two completely different technologies.

Textures support

ZLUDA now has a texture support (#625). It's very basic and covers only a few use cases, but it's complete enough to support whatever is used by PhysX and Blender. This also means that Blender is now working on ZLUDA.

Much improved Windows support

Historically, ZLUDA's support for Windows has lagged behind its Linux support. The biggest issue has been the performance libraries (cuBLAS, cuDNN, etc). When you install ROCm on Linux you get everything in one compatible version at once (unless you explicitly opt out): userspace driver, performance  libraries, monitoring libraries, and so on. On Windows, you only get runtime driver with your GPU driver (Adrenalin). As for the rest of ROCm, well, you have to find it yourself. You can either use the outdated, officially supported ROCm SDK, or the fresh but buggy nightly builds. While ZLUDA does not solve the problem for you, it is now much more user-friendly and explictly tells you if you are missing library and instructs you how to install it (#612). ZLUDA Windows loader (zluda.exe), has been made more robust and now handles the loading of performance libraries automatically (instead of expecting the user to pass the right flags).

Better ML support

There's been a trickle of PRs that were driven by ZLUDA traces we've received from users of PyTorch. New instructions in #599, #605, #607, #609, #642, #644, #629. Compiler bugfixes in #583, #588, #585, #596, #610, #601, #603. Improvements to performance libraries in #587, #615, #619, #620, #621, #624. I can't analyze every trace I receive, but I try to look at as many as possible.

The new direction of the project

Some of the newly added features may come as a surprise to those of you who keep a close track of ZLUDA development. Most of them were previously explicitly outside ZLUDA's roadmap. There has been a change of plans. ZLUDA development is no longer commercially funded, so it's back to being my weekend project. This means that the priority is no longer what makes commercial sense, but what I find the most entertaining. That's why the sudden addition of textures, PhysX and better Windows support.

It also means that Violet has become our first Developer Emeritus.

All of this happened roughly three months ago, and ZLUDA has been my fun side project ever since. I still find it interesting, and the development continues. However, I just can't spend as much time on it, so I will probably post updates less frequently than every quarter. However, I hope you will still enjoy new versions of ZLUDA, even if they are released less frequently.





    



Original: https://vosen.github.io/ZLUDA/blog/zluda-update-q1q2-2026/ · Discussion
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1.38 Millimeter Microcontroller

ti.com · 121 points · Discussion
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I built a mmWave material classification radar

gauthier-lechevalier.com · 98 points · Discussion


Software is now a commodity thanks to Claude Code. So the next step is obviously hardware. I spent the last 6 months on building a hardware startup, which was fucking hard.


I made a radar that could classify materials, and this is the story of how I did it as my "end of studies" project. By the way, the project never ended (as you will see down this article, because of a lack of funding)


I live in Europe, where asbestos is a huge and common pain across every country here. That stuff fills walls, and requires people to come at your place to tell you if you have asbestos contaminated materials in your building. If so, you might have been breathing poison since you were a kid. Asbestos gives you cancer, and can fuck you up pretty bad.


The traditional ways of detecting it, is basically to pick a wall sample, send it to a lab, and they tell you if you have asbestos in your walls. Of course, there a lot of intermediaries that come into place to catch a good amount of money based on regulations and your fear of getting poisoned. So a 1$ analysis becomes a 60$ one to the end payer, and when you have to make tens of them, price skyrockets.


So my project was to build a radar that detects asbestos for you. It's based of material sciences, and wave physics, which happens to be my areas of expertise (recent eng grad). There I had my device plan : make an asbestos sensing radar.


Then, I had to design electronics, so because I am not a bozo, and I hope you are not one either, I ordered dev boards to quickly prototype. In my case : a Texas instrument IWRL6432 BOOST, and an ESP32 dev kit. Assembled them, and started tinkering with DSP algorithms to detect materials.


Built this test bench to test out the electromagnetic response of materials to my special material radar. I could hot swap materials and tighten materials to test out my device.


I finalised my approach with capon beamforming to get a density spectre, which I fed out to a neural network. And this allowed me to classify material surfaces, which under the "same surface, same layer" material hypothesis and "material change is sudden and discontinuous", would then allow me to say "hey this entire layer is made out of x,y,z material."


The radar is FMCW : it doesn't emit a single tone, it sweeps its frequency upward over time (chirp). The whole job of the DSP chain is to turn the echoes of those chirps into a material signature. Here is how it works :


The output of all this is a per-range, per-angle density "spectre" the electromagnetic fingerprint of whatever surface sits in front of the radar. That spectre is exactly the tensor I fed to the neural network to classify the material.


[image: scanning a surface with the radar — density spectre]
scanning a surface with the radar — the density spectre, before the AI step



I spent two months on this, getting the toolchain right, and on the infamous compile flash debug loop of embedded firmware.


Since everyone is using AI right now, might as well put some AI in your invention to put new capabilities that you could never before.
So what we did is put neural network that ingests the output of the DSP chain, and outputs a class of material.


This model actually "learns" the electromagnetic properties of materials (epsilon' and epsilon''), it's just a classic CNN.


Then, came the mechanical casings, started making a look-a-like, when I finally came to the conclusion that designing around the devboards was a way better approach.


I also went into the rabbit hole of RF prototyping. Ask anyone, they will tell you that RF is straight up black magic. PDEs, Physics, and Chaotic systems, all packed in a single field. So I started modeling my antennas to capture what was happening in my circuit to reverse engineer it.


Here is how I optimized the antenna shapes so that they would have the same characteristics as the ones in the Texas Instrument's one.


Had a parametric simulation I coded inside OpenEMS, which calculated the antenna's characteristics, and then, by extrapolating the transfer functions from TX to RX (Mimo array), I could use convolution operations to simulate how my chirps were emitted, reflected on the surface, and received by the antennas.


I managed to get simulated signatures that were close enough to real measured outputs. And then, it was just a question of getting my hands on materials that contained asbestos.


Firstly, I used openEMS, an open source alternative to Ansys HFSS (which costs basically a whole kidney to
get a license). It uses FDTD simulation to model how the Maxwell equations propagate in materials.


However, the problem of openEMS is that it doesn't run on GPUs, so you better reduce the size of your simulation (both
in the time and space domain) to get results fast, and iterate on it (notably if you are doing a parametric optimization
to find the dimensions of your antennas :) ).


So how did I make fast simulations ?
I "cheated a bit" : I only calculated the transfer function from TX to RX, and then I used convolution operations to simulate how the
simulation would behave if I emitted a chirp, reflected it on a surface, and received it back. This way, I could reduce the simulation time from 1h to 2 minutes on my PC.


    A little "Gotcha" : when you want to get the transfer function (this is good signal theory), send a dirac pulse, and you
    should get the transfer function of the system you are trying to identify. However, a dirac pulse makes the sim
    go unstable (it just can't converge), therefore, instead of sending a dirac pulse, send a gaussian pulse, and then, in the frequency domain, divide the output by the input to get the transfer function.
    (works in a funny way with MIMO because it's some sort of matricial division, but it works).


    And so, at first I sent out gaussian pulses, and if you did signal theory you know that the fourier transform of a 
    gaussian is a gaussian, but when looking at the output of the simulation, I was getting these weird sinusoidal shapes.
    Well, also according to signal theory, if the gaussian is NOT centered on zero, you actually get a sinusoidal shape, and the gaussian is just the envelope of that sinusoid. 


Used the bode diagram to then convolve the chirp with the transfer function, and get a simulated received signal.


Asbestos is not really a material as a whole, it is a mineral that looks like a fiber, which is tough to define because there is multiple families of asbestos. The essential part to understand is that it is made out of tiny shards that if breathed can cause severe inflammations in your lungs, and damages it very fast.


When asbestos is present in a material, it changes it's electromagnetic properties (it's epsilon' and epsilon''), however the big question to answer was : is the radar sensitive enough to tell the difference consistently between a material, and it's same counterpart with asbestos shards and at what concentration ?


The classifier was trained on the beamforming signatures. Here's how accuracy held up across multiple material layers:


    Here is the dict that states which materials are classified : 
    class_dict = {
    "wood_alu":0,
    "wood_book":1,
    "wood_stone":2,
    "wood_plastique":3,
    "stone_alu":4,
    "stone_wood":5,
    "stone_book":6,
    "stone_plastique":7,
    "stone_plexiglas":8,
 }


    Size of the dataset : 500 Kb of Spectral data in each class, in different environments and orientations.


Unfortunately, due to a lack of funding, we stopped the project there. The details of the story, when I finally had demonstrated a POC, I went up to see customers, but I had a very hard time finding customers that believed in us, they didn't want to sign any LOI before they could get the product in their hands. They also wanted a product that had all European regulation clearances (yes my users were very skeptical). The fact that I had the POC didn't help that much.


However, we achieved a lot of things : making the actual radar work on basic materials (wood, copper, aluminum, plastic, etc), and I also learned a lot about embedded firmware programming, designing a product, and trying to build a hardware startup.




Original: https://gauthier-lechevalier.com/radar · Discussion
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A peek into Reddit's anti-spam internals

lyra.horse · 52 points · Discussion


    
  
  

  

5 years ago, back when I still used Reddit, something unusual happened. My app of choice, Relay for reddit, was bombarding me with a bunch of weird notifications about removed spam.

Getting these notifications wasn’t unusual in and of itself - I was a moderator of a few fairly small subreddits that’d from time to time get posts automatically removed for spam. However, when I went to actually look at the removed spam, I saw something I was never meant to see.

I saw Reddit’s anti-spam internals.




  
    so that's about it.

    
      Removed: spamurai (*Removing potential spam content from unproved user*:

 comment `t1_pupp13` (0.7294469 perspective spam) by u/GoodBoyBacon (0.06 days old, spammy: 11, hosted: false, -1 karma, 4 reports, org: `ComcastCable`, email: gmail.com) in r/GoodBoysOnly (guest) posting nil from `oauth.reddit.com` via `nil` from UA: Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/95.0.4638.54 Safari/537.36 Edg/95.0.1020.30, RHS: oc:ac:kT:lw:bV:aX:af:a6:l5:y3:aT:m9:pt:f3:hZ:az:aR:aQ, LANG: en-US,en,q=0.9, TLS: j7bXVc3l/qer8FRj2aEiqOrx1ro=DDZ0TViWlY5HYgOPw1SZqDxwiO8= - referrer: https://www.reddit.com/, thumbnail: `` -
) • 
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Don't Make Gates Optional, Make Them Flexible

wakamoleguy.com · 42 points · Discussion

Don't Make Gates Optional, Make Them Flexible
June 26, 2026When you need an approval checkpoint but don't want it everywhere, make the gate required but flexible in formality rather than optional but formal. A required gate lowers the stakes of misjudging risk.
The Problem with Optional but Formal Gates
Pam is a product manager driving her team's roadmap. Hopper, the Head of Product, is worried about investing too much into risky or unproven initiatives. A new policy is enacted: all large projects must have a Business Case drafted and presented to him before they land on the roadmap.
Pam sees this and wonders, "What is considered a large project?" Some things fall clearly on either side: a new product offering is large; a refresh of our Settings UI feels small. But then there is a whole list in the middle. Pam worries. "What if I spend time building a formal Business Case for projects that don't need them? Or worse, what if I move forward with a project that leadership decides should have had a Business Case? That seems very risky!"
This type of gate forces an impossible meta-decision on Pam. If she moves forward unilaterally, the risk is on her. If she plays it safe, the whole team slows down waiting for formal approval processes.
Flexible is Better
In an alternate universe, Hopper enacts a different policy: he has approval over all roadmaps but the format of that approval is flexible. For large, risky projects, a Business Case and discussion may still be needed. For smaller or safer projects, a quick DM conversation counts.
At a surface level, this sounds very similar, but consider it from Pam's perspective. The risk has shifted dramatically. Now, Hopper is in the loop even on the smaller decisions. Pam is safe to bias for speed. The worst case is Hopper responds "Actually, I think this warrants deeper discussion; can you set up a Business Case discussion?" And regardless of the nature of the approval, there is an approval. Pam can move forward with her roadmap with confidence.
The flexibility is not incidental here. It's what makes the requirement possible without Hopper becoming an approval bottleneck nor Pam spending long days polishing Business Case documents. Most approvals are lightweight and can be quick (and batched). Attention is reserved for the decisions where it is needed most. A thumbs-up on a DM costs seconds; a missed risky bet costs the team months.
Another Example: Code Review
Software Engineering teams see this approach all the time in a different context: code reviews. Most companies have a policy that any PR needs an approval before it can merge (not optional). The detail in that PR and depth of review is left flexible. Simple bug fixes or dependency updates may have very brief descriptions and a quick stamp ("LGTM!"). More complex PRs warrant more explanation, deeper examination. And if the author misjudges the complexity, the gate catches it: the reviewer says "Hey, can you say more about this change?" or leaves detailed comments, before the code ships.
"Doesn't this just become rubber-stamping?" If your team isn't properly reviewing even when the complexity warrants it, I'm not sure a process change will help. You need to speak to your humans! Alternatively, if the complexity is never high enough to warrant it, hot take: is the approval checkpoint really providing value at all?
There are multiple knobs; use them
The thing to remember is that when a required, formal approval checkpoint feels too heavy, there are multiple knobs you can play with, not just optionality. And in many cases, a required but lightweight checkpoint will help the team move faster and more confidently than removing a checkpoint which leaves the team in an ambiguous, risk-averse state.
Cheers!



Original: https://wakamoleguy.com/p/flexible-gates · Discussion
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Original: https://counterexamples.org/ · Discussion
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Set up your own DoH (DNS over HTTPS) service

nochan.net · 33 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://nochan.net/b/Internet-Crap/20260602-Set-Up-Your-Own-DoH-Service/ · Discussion
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CERN bids farewell to the LHC and enters Long Shutdown 3

home.cern · 32 points · Discussion

https://www.nikhef.nl/en/news/final-run-for-the-current-lhc-...

Original: https://home.cern/cern-bids-farewell-to-the-lhc-and-enters-long-shutdown-3/ · Discussion
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Matrix URIs, a URL syntax from Tim Berners-Lee that never shipped (1996)

w3.org · 27 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.w3.org/DesignIssues/MatrixURIs.html · Discussion
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In SedonaDB 0.4, we taught this Rust database to run spatial joins on your $1,500 gaming GPU's ray tracing cores, and it beats an H100.

[image: SedonaDB 0.4 GPU-Accelerated Spatial Joins — ray tracing cores, repurposed for the database]



The Apache Sedona community released SedonaDB 0.4.0, resolving 187 issues and adding 26 new functions from 15 contributors. SedonaDB is the first open-source, single-node analytical database that treats spatial data as a first-class citizen — the counterpart to the distributed Sedona engines for small-to-medium datasets running on a single machine.

This is the first in a series of posts diving into what's new in SedonaDB 0.4. We'll be covering more of the release — the Python DataFrame API, the R dplyr interface, Geography support, GeoParquet write support, N-dimensional rasters and Zarr, and more — in the posts to come; for the full rundown, see the 0.4.0 release blog post. We're kicking things off with the feature we're most excited about: GPU-accelerated spatial joins.

GPU-Accelerated Spatial Joins¶

[image: Architecture of RayBooster: a storage layer of GPU-friendly geometry arrays, an indexing layer, and a refinement layer feeding the RT shaders and the OptiX ray tracing execution engine]

Gaming GPUs contain dedicated ray tracing cores designed for video game lighting — and they sit idle during database queries. Spatial joins are about finding intersecting geometries, which maps naturally onto ray tracing primitives. We built RayBooster, an extension that brings ray tracing core acceleration into SedonaDB.

The accompanying research paper, "RayBooster: A Ray Tracing Engine to Accelerate SedonaDB," was accepted to VLDB 2026 (Industry Track), developed in collaboration with The Ohio State University.

How it works: four components¶

[image: A single BVH tree is built over the build-side geometries, then probe-side geometries cast rays through it and matched pairs are written back to the intersection buffer]

1. GPU-friendly storage layout. Instead of the stream-oriented WKB format, RayBooster uses a Structure of Arrays organization that separates offsets, vertices, and types, enabling O(1) random access to any geometry.

2. A single monolithic index. Rather than building millions of tiny index trees, it uses Z-stacking — encoding each geometry's ID into the unused Z-axis of the ray tracing scene and building one global BVH for the entire batch.

3. A universal predicate engine. RelateEngine computes the DE-9IM matrix (a topological descriptor) on RT cores, giving one code path that resolves any geometry/predicate combination instead of hardcoding 500+ kernel variants.

4. Memory-aware execution. A scheduling and spilling layer keeps joins within GPU memory budgets on irregular real-world workloads, preventing out-of-memory failures.

[image: Casting rays to test point-in-polygon and polygon intersection, then assembling the DE-9IM intersection matrices that resolve any topological predicate]

Performance¶

Testing on SpatialBench:


	Up to 5.93x speedup on heavy joins, with a 59.02% cost reduction on AWS

	Q11 cross-zone trip join: 7.51s (CPU) → 1.61s on a consumer RTX 3090 — a 4.66x speedup

	10x scale: 53.34s reduced to under 7s

	Heavy joins at scale: 4.93x to 9.68x speedups across GPU models

	Consumer RTX 3090 vs. H100: on some queries the gaming card actually beat the H100 (1.26s vs 1.77s on Q10), despite the H100 lacking RT cores



[image: Cost-effectiveness on SpatialBench across CPU, L40S, A10, and L4: per-query cost and total workload cost on AWS]

Using it¶

On a machine with an NVIDIA GPU, pull the official Docker image and enable the feature with a single command:

ctx.sql("SET gpu.enable = true")



The GPU Acceleration guide walks through launching the Docker image on NVIDIA GPU machines and lists the supported compute capabilities.

Citation¶

Liang Geng, Rubao Lee, Dewey Dunnington, Feng Zhang, Jia Yu, and Xiaodong Zhang. "RayBooster: A Ray Tracing Engine to Accelerate SedonaDB." PVLDB, 2026 (Industry Track).
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I built a 10 inch mini rack from aluminium extrusions

louwrentius.com · 25 points · Discussion


              I built a 10-inch mini rack from aluminium extrusions and I had a lot of fun doing it. I want to share my build in this post.

[image: ![10 inch rack](https://louwrentius.com/static/images/rack/10inchrack01_s.webp)]

In January of 2025, Jeff Geerling released a video about 10-inch mini racks. I was absolutely oblivious to this new trend, and I instantly knew that I wanted to build one for myself some day, although I didn't have a real use for one.

That said, I've been working on a virtualization project recently and I've bought six 1L PC's (three for each simulated datacenter).

Because these 1L PCs are small, they have huge external power bricks. As these mini PCs are also connected to two networks, they create a huge mess on my desk. Finally a reason to build a mini rack, to tidy things up!

[image: ![10 inch rack](https://louwrentius.com/static/images/rack/10inchrack02_s.jpg)]

There are a few different brands of mini rack for sale, but I wanted to make one for myself. Prebuilt racks (kits) are not cheap for what they are so I wanted to try and see if I could build one myself for less money. Turns out you can buy 20mm aluminium extrusions and accompanying components to build your own rack.

[image: ![10 inch rack](https://louwrentius.com/static/images/rack/10inchrack04_s.webp)]
(Aluminium extrusions have a standardized 'groove')

Aluminium extrusions are bars with a groove on all four sides. These bars have a standard format and you can slide all kinds of equipment in there and lock it in place with set screws. It seems to be used a lot for home made 3D printers, CNC machines and whatnot. In the picture above a special corner piece is used to connect three bars together, fixed in place with set screws.

[image: ![10 inch rack](https://louwrentius.com/static/images/rack/10inchrack06_s.webp)]

The L-brackets can be used to create T-sections within a frame to sturdy the structure and provide additional mounting points. In my rack, the middle post carries the back of the shelves holding the mini PCs.

[image: ![10 inch rack](https://louwrentius.com/static/images/rack/10inchrack07_s.webp)]

These sliding cage nuts (M5) can be used to attach anything anywhere. In this example we used four of them to hold the side panels in place. These cage nuts can also be used for their intended purpose: mount 10 inch rack-mount equipment. 

[image: ![10 inch rack](https://louwrentius.com/static/images/rack/10inchrack05_s.webp)]

In this picture below, some cage nuts are left that hold the side panel in place. Also notice in the upper left that I've used cage nuts to attach some black cable tie holders that in turn keep cables in place.

[image: ![10 inch rack](https://louwrentius.com/static/images/rack/10inchrack08_s.webp)]

The computer trays

I planned on ordering 10 inch 1U shelves and be done with it. Unfortunately these metal shelves are too expensive for my taste and would have cost more than the aluminium frame including components (I need 8 shelves).

Many 10-inch rack builds - such as the ones featured by Jeff Geerling - use 3D-printed face plates to mount various kinds of equipment. Jeff showcased some of these models in separate videos. That said, I decided against using 3D printed shelves.

First of all, I don't have a 3D printer and as useful as 3D printing can be, I feel that 3D printers often turn plastic into landfill. I'd probably feel differently if (more) sustainable materials would have been used1. 

So instead, I chose to order cut-to-size aluminium sheets and I used the L-brackets to hold them in place.

[image: ![10 inch rack](https://louwrentius.com/static/images/rack/10inchrack09_s.webp)]

The aluminium shelves turned out OK, but they are not ideal. The 1mm thick plates do bend slightly under the weight of the computers, although it's still fine. Aligning the four L-brackets on the same horizontal plane was a pain. Filing off the sharp corners of each plate was no fun, I should have ordered them with rounded corners.

I think these aluminium plates create an open design that is better for keeping the machines cool. There are many 10-inch self 3D models available for these 1L PCs but they all create a tight collar around the front bezel of the computer, which looks amazing, but I don't think it's great for airflow. Regular metal shelves would also have been fine.

10 inch power distribution

As you can see below, the backside shows the internals of the case are a bit of a mess2. The truth is that I've should made the rack at least 1U higher to accommodate the very lengthy cabling of the power bricks. All the cabling does fit, but it's not easy to make it clean looking and also give the power bricks - which lie at the bottom - some airflow. 

[image: ![10 inch rack](https://louwrentius.com/static/images/rack/10inchrack03_s.webp)]
No price for cabling management and neatness, that's for sure

I've used two 10-inch rack mount power distribution units from Brenenstuhl. They were cheap but they unfortunately didn't fit in a horizontal position. The PDUs are the only actual 10-inch rack-mount component in the entire build and the fact that they didn't fit felt ironic. 

The cause is simple: in a 19-inch or 10-inch rack, the square holes holding the cage nuts are 'flat sheets', so the power cable sticking out of the side of the PDU can flow behind those square holes. If you use the 20mm aluminum extrusions, there is a 20mm bar in the way. This is why I had to mount the PDUs vertically, which did work fine. At the top, the PDUs are kept in place with another L-bracket clamping the PDUs firm against the rail.

The external power bricks of the 1L PCs' are a huge pain. Having six cords and external adapters was absolutely no option for me, I wanted a fully self-contained rack. If you ever build your own rack, try to use computers that have a power supply build-in.

I wish I could power these 1L PCs with a 'power shelf'. In this case, a power supply with enough capacity to sustain these PCs at the required voltage and with the proper brand-correct power jack, maybe like this. 

Cooling

All power sockets are in use by the six 1L PCs and the two network switches, so how are we going to power the two cooling fans3?

Fortunately there exist USB-to-fan-header cables. It feels dirty but it isn't. USB is only 5 volt but these adapters contain a boost converter that outputs 12 volt for the fans. The power draw of these fans (around 1W) is well below the threshold of 4.5W for a USB3 port.

The open backside probably doesn't help with cooling and Ideally I'd fill in the gaps. Due the the irregular shapes, I feel it's too much effort. I do feel a proper airflow at the front of the 1L PCs, so I think it's 'certified good enough4'.

Networking

The 1L PCs have two network connections, one to each switch. The 3Com switch at the top is 1 Gbit, the TRENDnet switch is 2.5 Gbit. I used the Conceptroning ABBY12G USB3-to-2.5Gbe adapter to connect the 1L PCs to the switch. 

The 2.5 Gigabit network is a backend network for live migration of virtual machines amongst other traffic. I'm able to achieve line-speed with both iperf3 and virtual machine migrations.

[image: ![10 inch rack](https://louwrentius.com/static/images/rack/10inchrack10_s.webp)]
The gigabit 3com switch is at least 26, maybe 27 years old!

The rack has become a bit crowded due to all this network connectivity, as seen on earlier pictures. It didn't help that I ordered short UTP cables that are quite stiff. 

Panels

The side panels are sheets of anodized aluminium which look good, in my opinion.
I forgot to order panels for the top and bottom. Therefore, I decided to go with some wood panels instead of aluminium sheet metal. 

A local shop offers scrap wood for peanuts and also cuts it to size for a 'few peanuts more'. Very handy if you don't have the right equipment to make straight, clean cuts of wood. 

Although not pictured, the bottom panel is kept in place with screws locking into cage nuts. These screws also hold the rubber feet in place.

Problems

A lack of access to the VGA/DP ports: 

If I lock myself out of a machine, I need to remove one or more fans and connect a VGA/DP cable to the back of the affected machine. This also means moving a lot of UTP cables to the side. I can attach a keyboard to the front but attaching a monitor is thus a real pain. In more regular rack builds, you can add 'keystones' that extend ports to a panel on the outside of the case, where you can connect to an interface without any issue. 

Cost




	Item
	Total





	Aluminium sheets
	82.95 €



	Aluminium extrusions
	26.22 €



	Rack mount small items
	79.96  €



	wood
	7 €



	shipping costs (over all orders)
	20 €



	USB to 2x 4-pin fan header
	12 €



	10 Inch PDU 2x
	43 €



	Network cables
	42.15 €



	Total Price
	313.28 €





All prices include 21% Dutch sales tax. The total price excludes the two Noctua fans, which would probably add another 40 euros.

The price is a bit inflated because I overbought small items for rack building. If I opted for wood paneling instead of aluminum panels, that would probably also cut the paneling cost in half.

How I use this mini rack

The mini PCs are running Debian and they all act as virtualization hosts, using KVM. The gigabit ports are used for the management and provisioning network (PXE+TFTP+iPXE+HTTP). The 2.5Gbit network is used for virtual machine migration and a VXLAN network that encapsulates all the different virtual machine networks.

By default, this rack is off. When I want to use it, I turn on a Zigbee power adapter and after a delay, wake-on-lan packets are sent to all six machines to power them on. 

Power consumption

The two switches, two fans and six 1L PCs together use around ~90W idle.

Evaluation

I'm quite happy with this build. Cost was acceptable, I think it looks decent enough and it really cleans up my desk. Although cable management is clearly not my strong suit, I feel it's an overall improvement. Maybe a few handles for carrying would be a nice future addition, but for now this rack is finished.

Did I save any money? I'm not so sure.
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I'm delving into Postgres Internals and while doing that I thought it would be better to write my notes to keep me accountable and try to internalize my readings. Thanks Hironobu Suzuki for this great reference and his work on Postgres. Here is the source link https://www.interdb.jp/pg/index.html.

Logical Structure of Database Cluster#

A database cluster is not a collection of database servers in the context of PostgreSQL (SQL standard uses the term catalog cluster). It means a group of databases managed by a single PostgreSQL instance. That is most probably a correct definition in dictionary terms, but usually when you hear database cluster you would assume multiple nodes/instances of databases that act as a single system.

A database is a collection of database objects such as tables, indexes, views, etc. In PostgreSQL, databases are also database objects and they are represented by Oid, which is an unsigned int object identifier.

sql
SELECT oid, datname FROM pg_database ORDER BY oid;


	oid	datname
	1	template1
	4	template0
	5	postgres


(3 rows)


Built-in objects (databases in this query) have hardcoded low values. Other user-created tables/objects start having OIDs from 16384 (OIDs 1-16383 are reserved or used by init objects).


These objects and their relations are stored in system catalogs which are just regular tables in PostgreSQL. Some examples are:

	Table	Description
	pg_class	Tables and other objects that are similar to tables (views, indexes, TOAST tables etc.)
	pg_database	Stores information about available databases.
	pg_index	Index information
	...	...



Some trivia about catalogs:


	pg_database is shared across all databases of a cluster (one table per cluster), whereas most system catalogs are created per database

	pg_class stores indexes and there is a pg_index catalog as well. Well, the reason is that pg_class is for generic relational information. pg_index and other respective catalogs have their own customized schema. This helps with separating concerns and not having a pg_class2 table in the future (overly exaggerated but remembered the famous merchants2 table https://jimmyhmiller.com/ugliest-beautiful-codebase).



As mentioned above, these are just regular tables you can run queries on (at your own risk!). Many built-in objects such as types, functions, and operators are stored in these tables and user-defined ones are added to them the same way.

These OIDs are automatically created when new rows are added to catalog tables. For example, when registering an extension (e.g. pgvector), what happens is that pgvector is added to the pg_extension table with an automatically created OID. This behavior was true for user-defined tables previously. The chronological history is:


	PG <= 8.0: All table rows are created with an OID.

	8.1 <= PG < 12: Automatic OID generation is an opt-in feature. To enable, users need to create the table with CREATE TABLE foo (...) WITH OIDS; or enable GUC default_with_oids.

	PG >= 12: The feature is completely removed.



Physical Structure of DB Cluster#

A Postgres cluster stores everything in the data directory. Its path is set by the PGDATA environment variable. Common default locations are /var/lib/pgsql/data and /var/lib/postgresql/<version>/main.

initdb is responsible for setting up and creating this directory and it is automated by Postgres installers. When brew install postgresql@18 is called, postgres@18.rb runs the line below in its post-install method, after Postgres itself is installed:

system bin/"initdb", "--locale=en_US.UTF-8", "-E", "UTF-8", postgresql_datadir unless pg_version_exists?


Similar logic is implemented across other Postgres installation methods (EDB for Windows, apt/deb, etc.).

Inside $PGDATA there are many subdirectories:

$PGDATA/
├── base/            # one subdirectory per database
│   └── {OID}/       # tables & indexes as files (relfilenode)
├── global/          # cluster-wide catalogs (e.g. pg_class)
├── pg_wal/          # WAL segment files
├── pg_xact/         # transaction commit status (clog)
├── pg_tblspc/       # symlinks to external tablespaces
├── PG_VERSION       # major version number
├── postgresql.conf  # main server configuration
└── ...              # 15+ more 


The full list is in https://www.postgresql.org/docs/current/storage-file-layout.html. Subdirectory changes seem to be very rare. The table here shows some naming changes and new additions in PG9 and PG10. I also checked the Postgres source code and saw that the current_logfiles subdirectory was added in the PG10 release. It is added in 19dc233 which is included starting from PG10:

bash
git tag --contains 19dc233c32f | grep -E '^REL' | sort -V | head


REL_10_0
REL_10_1
REL_10_2
...



Database Subdirectory Layout#

As said above, each database has its own subdirectory in the base directory, named after its OID (/base/{OID}).

Tables and indexes are stored in a single file under the database subdirectory if their size is under 1GB. Similar to OID, physical files are identified by relfilenode and this information is stored in the pg_class row of the table and/or index.

Now let's explore these layouts a bit. I'm using a Mac. I've installed PostgreSQL 18 with brew install postgresql@18 and run it as a service. Then, connect in a terminal with psql -d postgres.

	data_directory
	/opt/homebrew/var/postgresql@18


(1 row)

As described above, the data directory path is /opt/homebrew/var/postgresql@{VERSION}.


Now let's create the shop database and explore it.

sql
CREATE DATABASE shop;

SELECT oid, datname FROM pg_database WHERE datname = 'shop';


CREATE DATABASE
	oid	datname
	16384	shop


(1 row)


A new directory with that OID is now on disk:

bash
ls /opt/homebrew/var/postgresql@18/base/



One surprise is that the shop directory is not empty. The reason is that the CREATE DATABASE command creates the database by copying an existing one, and template1 is the default source database for it. Additional details on templates are in the official documentation.

bash
ls /opt/homebrew/var/postgresql@18/base/16384 | head


112
113
1247
1247_fsm
1247_vm
1249
1249_fsm
1249_vm
1255
1255_fsm



Create a basic table:

sql
\c shop

CREATE TABLE orders (
    id          bigserial   PRIMARY KEY,
    customer_id bigint      NOT NULL,
    total_cents bigint      NOT NULL,
    created_at  timestamptz NOT NULL DEFAULT now()
);



Now, this table will have OID for itself and its index for primary key. Let's examine them by querying pg_class:

sql
SELECT oid, relname, relfilenode, relkind
FROM   pg_class
WHERE  relname IN ('orders', 'orders_pkey');


	oid	relname	relfilenode	relkind
	16386	orders	16386	r
	16395	orders_pkey	16395	i


(2 rows)


As you can see, relfilenodes (identifier for physical location) and OIDs are identical. We can use pg_relation_filepath which is a built-in function to compute paths:

sql
SELECT pg_relation_filepath('orders'),
       pg_relation_filepath('orders_pkey');


	pg_relation_filepath	pg_relation_filepath
	base/16384/16386	base/16384/16395


(1 row)



Our table and index files are stored in base/{database_oid}/{table|index_relfilenode}. Insert some rows and trigger VACUUM:

sql
INSERT INTO orders (customer_id, total_cents)
SELECT (random() * 1000)::bigint, (random() * 100000)::bigint
FROM   generate_series(1, 1000);

VACUUM orders;



VACUUM is mainly used to reclaim storage. Its details can be checked in the documentation, and I'll delve into it in future posts. The resulting files are:

bash
ls -l /opt/homebrew/var/postgresql@18/base/16384/{16386*,16395}


-rw-------@ 1 burak  admin  65536 Jun 15 10:43 .../base/16384/16386
-rw-------@ 1 burak  admin  24576 Jun 15 10:43 .../base/16384/16386_fsm
-rw-------@ 1 burak  admin   8192 Jun 15 10:43 .../base/16384/16386_vm
-rw-------@ 1 burak  admin  40960 Jun 15 10:43 .../base/16384/16395



For our table, 16386 is the main relation data; 16386_fsm and 16386_vm are its forks. They are called auxiliary files and are used for tracking free space in the table's pages (FSM) and the visibility status of each page (VM). Now, to demonstrate that OID == relfilenode does not necessarily hold, trigger a VACUUM FULL, which does the following (simplified):


	get an exclusive lock on the table

	copy rows to new files (new relfilenode/s)

	swap the pointer to the new relfilenode and commit



sql
VACUUM FULL orders;

SELECT oid, relname, relfilenode
FROM   pg_class
WHERE  relname IN ('orders', 'orders_pkey');

SELECT pg_relation_filepath('orders');


VACUUM
	oid	relname	relfilenode
	16386	orders	16397
	16395	orders_pkey	16400


(2 rows)	pg_relation_filepath
	base/16384/16397


(1 row)


The rewrite caused by VACUUM updated the relfilenodes, and they are not equal to the OIDs at the latest state.


Tablespaces#

Postgres also supports tablespaces. With tablespaces, a user can specify other directories to store/use database files. It allows the following:


	extending the partition/volume that Postgres was initially configured on.

	placing frequently-accessed indexes on fast disks and cold tables on slower ones.



We've talked about the base/ and global/ directories. pg_default is the default tablespace for ordinary database objects, and its path is $PGDATA/base, whereas pg_global is the tablespace for cluster-wide objects.

Let's create a directory mkdir -p /Users/burak/pg-tblspc-extra and add it as a tablespace.

sql
CREATE TABLESPACE extra_space LOCATION '/Users/burak/pg-tblspc-extra';
SELECT oid, spcname FROM pg_tablespace WHERE spcname = 'extra_space';


CREATE TABLESPACE
	oid	spcname
	16401	extra_space


(1 row)


As expected, our tablespace has an OID as well, and it's 16401. Now, instead of going to the raw path of this tablespace, Postgres creates a symlink between the file paths.

bash
ls -la /opt/homebrew/var/postgresql@18/pg_tblspc/


lrwx------@ 1 burak  admin  28 Jun 20 15:56 16401 -> /Users/burak/pg-tblspc-extra



When creating a tablespace, Postgres runs symlink("/Users/burak/pg-tblspc-extra","$PGDATA/pg_tblspc/16401"). How does Postgres know if the file it's searching for is in base/, global/, or symlinked in pg_tblspc/? Internally, there is a mapping below:


where spcOid is the tablespace OID. You may have noticed PG_xx_yyy, which is PG_{major version}_{catalog version}, and for my local setup, it's:

bash
ls -la /Users/burak/pg-tblspc-extra/


drwx------@ 2 burak  staff  64 Jun 20 15:56 PG_18_202506291



Create a table in this tablespace with an index and check their paths:

sql
\c shop

CREATE TABLE archived_orders (LIKE orders INCLUDING ALL)
    TABLESPACE extra_space;

SELECT oid, relname, reltablespace, relfilenode
FROM   pg_class
WHERE  relname IN ('archived_orders', 'archived_orders_pkey');


CREATE TABLE
	oid	relname	reltablespace	relfilenode
	16402	archived_orders	16401	16402
	16411	archived_orders_pkey	0	16411


(2 rows)


Our tablespace's OID was 16401, and the table's catalog row reflects that, but the index has reltablespace as 0, which stands for using the database's default tablespace. By default, indexes use the database's default tablespace and need to be overridden with USING INDEX TABLESPACE.

                                            List of tablespaces
	Name	Owner	Location	Access privileges	Options	Size	Description
	extra_space	burak	/Users/burak/pg-tblspc-extra			96 bytes	
	pg_default	burak				30 MB	
	pg_global	burak				548 kB	


(3 rows)

Heap Table Structure#

Previously, we've talked about data hierarchy and where data is actually located in the disk. Now, this section explores how they are stored instead of where. A heap table is an unordered collection of pages with tuples (~= physical representation of rows) that are stored in random order.


Pages are numbered from 0th to Nth in a file, and each is 8192 bytes. This 8192 is configurable only by recompiling Postgres from the source code (--with-blocksize=BLOCKSIZE). A page has the following data:


	Headers: Contain general information about the page that Postgres looks at on every access (free-space pointers, checksum, flags, etc.)

	Line Pointers: Point to tuples. They behave like indexes to tuples and any access to tuples goes through line pointers. They are numbered from 1 to N and sequentially increase.

	Tuples: Where data is actually stored. Tuples are numbered 1 to N as well but they are stored starting from the end of the page. Tuples also have headers, a null bitmap, and user data.



Now let's examine how they work and what the actual values are in a Postgres cluster. To do that, I'll utilize a built-in Postgres extension named pageinspect. It introduces functions to inspect the contents of pages at a low level. Let's create a database, a table, and the extension.

sql
CREATE DATABASE notes_lab;

CREATE EXTENSION pageinspect;

CREATE TABLE notes (
    id      integer GENERATED ALWAYS AS IDENTITY PRIMARY KEY,
    note    text NOT NULL
);

INSERT INTO notes (note)
VALUES ('small row'), ('second row'), ('third row');



First examine where table data is located as we've checked in previous section:

sql
SELECT oid, relname, relfilenode, relkind
FROM   pg_class
WHERE  relname IN ('notes', 'notes_pkey')
ORDER  BY relname;


	oid	relname	relfilenode	relkind
	16461	notes	16461	r
	16468	notes_pkey	16468	i


(2 rows)


Note that relkind r stands for an ordinary table and i stands for an index (docs). Let's check heap table's location and size:

sql
SELECT pg_relation_filepath('notes') AS heap_path,
       pg_relation_size('notes')     AS heap_bytes;


	heap_path	heap_bytes
	base/16413/16461	8192


(1 row)


Location is base/{database_oid}/{relfilenode_oid} as expected, and it consists of 1 page of 8KB at the moment.

We've added three rows to the table and in any SELECT query we can also get the physical location of a row with ctid. ctid is a system column that represents (page|block_number, offset_number) of any row.

sql
SELECT ctid, id, note
FROM   notes
ORDER  BY id;


	ctid	id	note
	(0,1)	1	small row
	(0,2)	2	second row
	(0,3)	3	third row


(3 rows)


Now we've only 3 rows and one 8KB page, and ctid effectively represents this. For the first row, (0,1) means block 0 and line pointer 1.

sql
SELECT *
FROM   page_header(get_raw_page('notes', 0));


	lsn	checksum	flags	lower	upper	special	pagesize	version	prune_xid
	0/20BBC40	0	0	36	8072	8192	8192	4	0


(1 row)



	lower = 36: 24 byte PageHeaderData + 3 × 4 byte line pointers.

	upper = 8072: first byte of tuple storage.

	free space is upper - lower = 8036 bytes.

	special = 8192: no special area since this is a simple heap page.



sql
SELECT lp, lp_off, lp_flags, lp_len, t_ctid
FROM   heap_page_items(get_raw_page('notes', 0));


	lp	lp_off	lp_flags	lp_len	t_ctid
	1	8152	1	38	(0,1)
	2	8112	1	39	(0,2)
	3	8072	1	38	(0,3)


(3 rows)


These columns are defined by ItemIdData 4-byte line pointer (permalink):

c
...
typedef struct ItemIdData
{
	unsigned	lp_off:15,		/* offset to tuple (from start of page) */
				lp_flags:2,		/* state of line pointer, see below */
				lp_len:15;		/* byte length of tuple */
} ItemIdData;
...



lp_off is where our data row is actually located in the page. lp_flags=1 is LP_NORMAL, which means this line pointer points at real/valid data. It could also be 0 (LP_UNUSED), which would've meant the slot is free as a result of VACUUM. What does lp_len consist of? For the first row, it is 38, which breaks down as:

24 Btuple headerHeapTupleHeaderData
4 Bidint4
1 Bvarlena hdr
9 B"small row"

notes row · lp_len = 38 B38 bytes total
TOAST (The Oversized-Attribute Storage Technique)#

Postgres does not allow tuples to overflow into multiple pages and, as mentioned before, page size is a compile-time variable of 8KB. This means that large values cannot be stored in the same way and Postgres uses TOAST to break these values into multiple rows. Only variable-length data types support TOAST since others such as integers cannot exceed their specified sizes. Postgres first compresses the data and if it passes the 2KB threshold it creates a TOAST table and stores the actual data there. The main table field only includes a pointer to that data.

To explore data uncompressed, we set SET STORAGE EXTERNAL. With this, Postgres will not compress the data.

sql
CREATE TABLE toast_demo (
    id   integer GENERATED ALWAYS AS IDENTITY PRIMARY KEY,
    data text NOT NULL
);

ALTER TABLE toast_demo ALTER COLUMN data SET STORAGE EXTERNAL;

INSERT INTO toast_demo (data) VALUES ('abc');

INSERT INTO toast_demo (data)
SELECT repeat('The quick brown fox jumps over the lazy dog. ', 222)
FROM   generate_series(1, 2);

INSERT INTO toast_demo (data)
VALUES ('The quick brown fox jumps over the lazy dog. ');

INSERT INTO toast_demo (data)
SELECT repeat('The quick brown fox jumps over the lazy dog. ', 111);



Insert 5 rows with varying sizes.


Now, our table and its corresponding heap table can be depicted as above. Let's explore what these variables and relations mean step-by-step.

sql
SELECT id, ctid, length(data) AS logical_bytes
FROM   toast_demo
ORDER  BY id;


	id	ctid	logical_bytes
	1	(0,1)	3
	2	(0,2)	9990
	3	(0,3)	9990
	4	(0,4)	45
	5	(0,5)	4995


(5 rows)


Rows 2,3,5 exceed the 2KB TOAST threshold and are stored in the TOAST table. To examine this, we need to find the generated TOAST table, which can be found in the main table's row in pg_class.

sql
SELECT oid, relname, reltoastrelid
FROM   pg_class
WHERE  relname = 'toast_demo';


	oid	relname	reltoastrelid
	16483	toast_demo	16488


(1 row)


Our toast_demo table has a pointer to the TOAST table in the reltoastrelid field, and we see that the TOAST table's oid is 16488. Let's get it as well:

sql
SELECT oid, relname, relfilenode, pg_relation_filepath(oid) AS toast_path
FROM   pg_class
WHERE  oid = 16488;


	oid	relname	relfilenode	toast_path
	16488	pg_toast_16483	16488	base/16413/16488


(1 row)


As above, we've accessed our TOAST table's information in pg_class just like any other table because it simply is a table.

sql
\d+ pg_toast.pg_toast_16483


TOAST table "pg_toast.pg_toast_16483"
	Column	Type	Storage
	chunk_id	oid	plain
	chunk_seq	integer	plain
	chunk_data	bytea	plain



Owning table: "public.toast_demo"
Indexes:
    "pg_toast_16483_index" PRIMARY KEY, btree (chunk_id, chunk_seq)
Access method: heap



This is a PostgreSQL-owned/defined schema, which was introduced 20 years ago by Tom Lane (it's my first time seeing 20 years ago in git blame and I'll probably see a lot in this series):

c
	/* this is pretty painful...  need a tuple descriptor */
	tupdesc = CreateTemplateTupleDesc(3);
	TupleDescInitEntry(tupdesc, (AttrNumber) 1,
					   "chunk_id",
					   OIDOID,
					   -1, 0);
	TupleDescInitEntry(tupdesc, (AttrNumber) 2,
					   "chunk_seq",
					   INT4OID,
					   -1, 0);
	TupleDescInitEntry(tupdesc, (AttrNumber) 3,
					   "chunk_data",
					   BYTEAOID,
					   -1, 0);



Now, at this stage, we know that we've a main table and it points to a TOAST table that was created automatically by Postgres. Let's check the line pointers of these 5 rows to understand the sizes of these items:

sql
SELECT lp, lp_off, lp_flags, lp_len, t_ctid
FROM   heap_page_items(get_raw_page('toast_demo', 0));


	lp	lp_off	lp_flags	lp_len	t_ctid
	1	8160	1	32	(0,1)
	2	8112	1	46	(0,2)
	3	8064	1	46	(0,3)
	4	7984	1	74	(0,4)
	5	7936	1	46	(0,5)


(5 rows)


Keep in mind that rows 2,3,5 were passing the 2KB threshold and coincidentally(?) they have the same item size and it's relatively low. Now, what happens here is that rows 1,4 are stored directly in the table and their line pointers reflect their size. The other rows are exactly 46 bytes, which can be calculated as:


	24 bytes: tuple header

	4 bytes: id integer

	18 bytes: External TOAST pointer



24 Btuple header
4 Bidint4
18 BTOAST pointervaratt_external

toasted row · lp_len = 46 B46 bytes total
And the TOAST pointer consists of VARHDRSZ_EXTERNAL + sizeof(varatt_external). That struct is:

c
typedef struct varatt_external
{
	int32		va_rawsize;		/* Original data size (includes header) */
	uint32		va_extinfo;		/* External saved size (without header) and
								 * compression method */
	Oid			va_valueid;		/* Unique ID of value within TOAST table */
	Oid			va_toastrelid;	/* RelID of TOAST table containing it */
} varatt_external;



sql
SELECT id,
       length(data)                   AS va_extinfo,
       length(data) + 4               AS va_rawsize,
       pg_column_toast_chunk_id(data) AS va_valueid
FROM   toast_demo
WHERE  pg_column_toast_chunk_id(data) IS NOT NULL
ORDER  BY id;


	id	va_extinfo	va_rawsize	va_valueid
	2	9990	9994	16492
	3	9990	9994	16493
	5	4995	4999	16494


(3 rows)


As described in the struct fields, we can check the data size, raw size, and OID of the row in the TOAST table from the pointer of the main table.


	va_rawsize = 9994: original varlena value, including its 4-byte header.

	va_extinfo = 9990: bytes stored externally here, no compression.

	va_valueid: maps to pg_toast.pg_toast_16483.chunk_id so we know where to look in that table.



Now let's check the TOAST table for these 3 rows. The query below is for getting a summary of chunk counts, sequences, and sizes of TOASTs:

sql
SELECT chunk_id,
       count(*) AS chunks,
       min(chunk_seq) AS first_seq,
       max(chunk_seq) AS last_seq,
       sum(length(chunk_data)) AS external_bytes
FROM   pg_toast.pg_toast_16483
GROUP  BY chunk_id
ORDER  BY chunk_id;


	chunk_id	chunks	first_seq	last_seq	external_bytes
	16492	6	0	5	9990
	16493	6	0	5	9990
	16494	3	0	2	4995


(3 rows)


As you can see, each chunk_id has 0-indexed chunks that are sequentially numbered. The sum of each sequence's chunk_data totals up to the expected data size.

sql
SELECT chunk_id, chunk_seq, length(chunk_data) AS chunk_bytes
FROM   pg_toast.pg_toast_16483
ORDER  BY chunk_id, chunk_seq;


	chunk_id	chunk_seq	chunk_bytes
	16492	0	1996
	16492	1	1996
	16492	2	1996
	16492	3	1996
	16492	4	1996
	16492	5	10
	16493	0	1996
	16493	1	1996
	16493	2	1996
	16493	3	1996
	16493	4	1996
	16493	5	10
	16494	0	1996
	16494	1	1996
	16494	2	1003


(15 rows)


As shown previously, the TOAST table has an index "pg_toast_16483_index" PRIMARY KEY, btree (chunk_id, chunk_seq). The retrieval path is by querying the TOAST table by chunk_id, ordering the results by chunk_seq, and finally merging these chunks.

Writing and Reading Tuples#

This section gives a high-level overview of how Postgres writes and reads tuples. First, set up a database and table:

sql
CREATE DATABASE wr_lab;

\c wr_lab
CREATE EXTENSION pageinspect;

CREATE TABLE sampletbl (
    id   integer GENERATED ALWAYS AS IDENTITY,
    data text NOT NULL
);



Writing tuples#

Line pointers start after page headers and are added from the beginning of the page to the end, while tuples are exactly the reverse (they start at the end and are added backwards). pd_lower and pd_upper show the end of the line pointers and tuples, respectively; the page_header() function exposes them as the lower and upper columns shown below. To demonstrate:

sql
INSERT INTO sampletbl (data) VALUES ('AAAAAAAAA');
SELECT lower, upper FROM page_header(get_raw_page('sampletbl', 0));



Headers are 24 bytes and then we've one 4-byte line pointer, so the next line pointer will have offset 28. The tuple is 38 bytes (24-byte tuple header, 4-byte id, and 10 bytes of text), so the next tuple should have offset 8154. But there is padding introduced by Postgres and the tuple offset moves to 8152 instead of 8154 to align the tuple offset to 8 bytes.


sql
INSERT INTO sampletbl (data) VALUES ('BBBBBBBBB');
SELECT lower, upper FROM page_header(get_raw_page('sampletbl', 0));




Inserting another row moves the lp offset by 4 and the heap by 40 (since the text has the same length) as expected. Here is what runs in the background:

c
/*
 * Compute new lower and upper pointers for page, see if it'll fit.
 *
 * Note: do arithmetic as signed ints, to avoid mistakes if, say,
 * alignedSize > pd_upper.
 */
if (offsetNumber == limit || needshuffle)
	lower = phdr->pd_lower + sizeof(ItemIdData);
else
	lower = phdr->pd_lower;
alignedSize = MAXALIGN(size);
upper = (int) phdr->pd_upper - (int) alignedSize;



size is the row's data size and ItemIdData is the line pointer's struct. As you can see, lower is increased by 4 and upper is decreased by the aligned data size. MAXALIGN is a macro that aligns the given length to 8.

Writes also change/add headers (other than pd_lower and pd_upper) at both the page and tuple level. This will be delved into in detail later. Some examples:


	Page:

	pd_lsn - wal position

	pd_flags - page level flags

	...





	Tuple:

	t_xmin - xid (transaction id) that inserted row

	t_xmax - xid that deleted/updated row

	t_infomask - status bits

	...







Reading tuples#

First, drop and recreate our table with an index on data column:

sql
DROP TABLE sampletbl;
CREATE TABLE sampletbl (
    id   integer GENERATED ALWAYS AS IDENTITY,
    data text NOT NULL
);
-- 1,000 random rows so the table spans several 8KB pages...
INSERT INTO sampletbl (data)
SELECT md5(random()::text)
FROM   generate_series(1, 1000);
-- ...plus four rows that are easy to spot in a query
INSERT INTO sampletbl (data)
VALUES ('AAAAAAAAA'), ('BBBBBBBBB'), ('CCCCCCCCC'), ('DDDDDDDDD');
CREATE INDEX sampletbl_data_idx ON sampletbl (data);



The first and most straightforward access method is just sequentially scanning all tuples in all pages. But in most cases, Postgres will use an appropriate index. There are many index types that are supported, but the default is the B-tree index, similar to many other databases. Thus, the CREATE query above creates a B-tree index. For other types, it needs to be specified like USING gist|hash|gin.

sql
EXPLAIN (COSTS OFF) SELECT * FROM sampletbl;


	QUERY PLAN
	Seq Scan on sampletbl






In the above query, Postgres needs to scan all pages and return all of them, so the query plan is to simply sequentially scan the table. Whereas when we've a query that can leverage an index, it changes.

sql
EXPLAIN (COSTS OFF) SELECT id, data FROM sampletbl WHERE data = 'CCCCCCCCC';


	QUERY PLAN
	Index Scan using sampletbl_data_idx on sampletbl
	Index Cond: (data = 'CCCCCCCCC'::text)






As shown, the equality predicate in the query makes Postgres use the index we've created.

Wrapping Up#

We've started from how PostgreSQL sets up local directories, paths, OIDs, tablespaces, TOAST tables and finally writing/reading tuples.

This post covered 1.1-1.4 sections of The Internals of PostgreSQL book. I plan to divide upcoming chapters into several posts since this was a bit longer than I expected.

This is my first personal blog post and thanks for reading. For any wrong information or issue you think of please reach out to me at buraksenb@gmail.com, I would really appreciate it. Stay tuned for more.
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Over the two days we had Fable 5, it made me a music visualizer. This is the realization of something I have daydreamed about for as long as I can remember.

You can see it here: Waveloop

The idea is that a music visualizer should viscerally reveal the harmonic and melodic structure of the music. Most visualizers fail to do this — you get a vague sense of loudness, and maybe the bass/treble split, but that's it.
How can we do better? As we all know, the foundation of Western diatonic music theory is ¹²√2, the ratio between the frequencies of successive semitones. (I ignore other temperaments; they are all close enough to 12-TET.) Twelve of these takes you to the next octave, and notes that are a whole number of octaves apart are considered to be in the same pitch class.
Waveloop captures this cyclic structure in a chromatic circle, 30° per semitone, one revolution per octave. Any instant in the music is captured as a spiral stacked histogram, showing you how much of each pitch class is present. The layers of the histogram are different colors capturing different octaves: muted blues and greens for the bass, fiery orange and red and violet for mid-tones, and sparkly gold and sky for treble, tracing a spiral through oklch.
This representation has some nice properties:
You can read intervals simply as angles. Here are the intervals:

m230°M260°m390°M3120°P4150°TT180°P5210°m6240°M6270°m7300°M7330°
You can tell the quality of a chord from its shape. Transposing rotates the shape; inversion leaves it unchanged. Here are some common chord qualities:

maj0 · 4 · 7min0 · 3 · 7dim0 · 3 · 6aug0 · 4 · 8sus40 · 5 · 7sus20 · 2 · 7dom70 · 4 · 7 · 10maj70 · 4 · 7 · 11min70 · 3 · 7 · 10
Waveloop primarily operates on an offline basis, where it precomputes a CQT for a particular track, but Fable also gave me a live mic mode. When I turn it on, I find that it's able to identify ukulele chords I play pretty quickly and reliably.

We've been without Fable for about week now, and to remind myself of what once was, I took a look at some of the waveloop code.
The thing that struck me first is that it is dense. While previous models wrote code like a perfectly reasonable upwardly mobile engineer at a FAANG who is on their way to receiving a steady stream of promotions until they cap out at L5, this model writes more like how I'd imagine Terry Davis would have written code alone in his room.
Take a look at this comment at the top of the waveloop file. It wastes no words describing in obvious terms the code it just wrote. The comments seem more like maximally information dense recordings of intent, lockfiles from which something resembling the rest of the code could in principle be derived.
/* The visualizer is a pitch-class wheel: angle = fract(log2(f / 440)), so
   every octave of a note lands on the same spoke (A at 12 o'clock, ascending
   clockwise). The CPU keeps ~5 seconds of per-register-band emission history
   and rasterizes it every frame into the RGBA radial trail map sampled here
   (REGS vertically stacked blocks, T axis = radius; rgb = premultiplied
   register color with fade baked in, a = faded energy): each history row
   sits at the radius its own stored amplitude has carried it to, so motion
   is amplitude-driven - the loudest components shoot across the whole window
   while quiet accompaniment and noise linger near the ring, and the main
   line visually outruns everything else (see rasterTrails below).

   Color is continuous Oklch, computed CPU-side per FFT bin (hue encodes
   absolute frequency on a log scale, red at 20 Hz to violet at 20 kHz;
   lightness climbs the register axis - dark bass, fully saturated mids around
   common fundamentals, pale sparkly treble).

   Display energies live in 0..EMAX (loud fundamentals overshoot 1 instead
   of clipping at the old AGC ceiling); the trail map stores sqrt(v / EMAX)
   in alpha (and rgb premultiplied by that encoded alpha) so the u8 texture
   keeps low-end precision while carrying the extra headroom.

   Because the bands stay separate all the way to the screen, a pitch class
   sounding in several octaves renders as a stacked histogram on the rim
   (low register innermost), with color gliding continuously through the
   register ramp up the stack (u_rim carries the inverse CDF of each angle's
   register distribution) instead of cutting between a few band colors;
   register lives in the stack position and hue, never in the speed.

   The field extends past the farthest screen corner, and radius is a concave
   function of age, so material surges off the rim and decelerates as it drifts
   outward. */
The writing is deeply technical. This model doesn't shy away from drawing upon all its knowledge. It casually refers to alpha premultiplication and fundamental frequencies in the same breath. It is fond of acronyms. CDF, FFT, AGC. I can barely keep up.
The writing is also literary. It draws an analogy between the 12 musical pitch classes and the 12 markings on a clock. Noise lingers. Material surges off the rim. Fable doesn't shy away from using its entire vocabulary to tightly and vividly capture whatever it is it is trying to say.
Here is its function for chord detection. It seems thoroughly solid, and it's kind of surprising how little code it is.
const NOTE_NAMES = ['A', 'A#', 'B', 'C', 'C#', 'D', 'D#', 'E', 'F', 'F#', 'G', 'G#'];

const QUALITIES = [
  { name: '',     ivs: [0, 4, 7] },
  { name: 'm',    ivs: [0, 3, 7] },
  { name: 'dim',  ivs: [0, 3, 6] },
  { name: 'aug',  ivs: [0, 4, 8] },
  { name: 'sus4', ivs: [0, 5, 7] },
  { name: 'sus2', ivs: [0, 2, 7] },
  { name: '7',    ivs: [0, 4, 7, 10] },
  { name: 'maj7', ivs: [0, 4, 7, 11] },
  { name: 'm7',   ivs: [0, 3, 7, 10] },
];

function detectChord() {
  let total = 0;
  for (let i = 0; i < 12; i++) total += chroma[i];
  chromaAgc = Math.max(chromaAgc * 0.995, total, 1e-6);
  if (total < 0.15 * chromaAgc || chromaAgc < 1e-3) return null;

  const c = new Array(12);
  for (let i = 0; i < 12; i++) c[i] = chroma[i] / total;

  let best = null, bestScore = 0;
  for (let root = 0; root < 12; root++) {
    for (const q of QUALITIES) {
      let inS = 0;
      for (let k = 0; k < q.ivs.length; k++) {
        inS += c[(root + q.ivs[k]) % 12] * (k === 0 ? 1.15 : 1);
      }
      const score = inS / Math.pow(q.ivs.length, 0.55);
      if (score > bestScore) { bestScore = score; best = { root, q }; }
    }
  }
  if (!best) return null;
  let frac = 0;
  for (const iv of best.q.ivs) frac += c[(best.root + iv) % 12];
  if (frac < 0.5) return null;   // too much energy outside the chord tones
  return {
    name: NOTE_NAMES[best.root] + best.q.name,
    root: best.root,
    pcs: best.q.ivs.map((iv) => (best.root + iv) % 12),
  };
}

I also had Fable make an explainer video.
This was three prompts. My first prompt was this:
ok fuck it let's ball.

let's also make a manim-based video explaining the mathematical principles
behind waveloop, building up from basic "music theory from first principles"
all the way to fft, cqt, all that dsp, the circular stacked histogram, oklch...
i think we should have a tts plugin that lets you voice it over.
And it was, of course, hot garbage. But after providing this feedback:
ok let's iterate on that video.
- one: the voiceover is atrocious. toebeans has a tts server making use of
  qwen3-tts-voicedesign -- please use a similar sorta thing to narrate the
  video in the configured voice.
- there's a lot of very loud noise that punctuates the narration. not sure why.
- let's make far more use of generated sounds that correspond with the visuals
  on screen.
- let's spend far less time on the very basics and dig a bit more into detail
  about the particulars of the more sophisticated math.
- make the script more conversational. make it feel like you're talking to a
  friend, or watching a 3blue1brown or 2swap video.
- the key, and admittedly difficult: don't belabor any individual point to try
  to cram facts into the watcher's head, but make it feel like the user could
  have discovered this all themselves.
- use far less text in the video. make very interesting and illustrative
  visuals to make up for the lack of text. this isn't a slideshow. text should
  only ever be used as part of a diagram; not to reexplain things that the
  narration already explains.
We had, substantially, the video you see above.
I followed up with one more cleanup request:
that is a LOT better. let’s use proper typesetting for the math, keep a
consistent speaker voice by generating one VoiceDesign sample to condition off
of (or however you do this with qwen tts), and make sure our diagrams aren’t
overlapping.
And that's all it took.
And yeah, it's still not a fantastic video. But it was engaging enough to capture my attention for all ten minutes the first time I saw it.

AI usage disclaimer: I used Claude to generate svgs for the diagrams. But all prose is mine.
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I have been working on an efficient toolkit for pangenomics, called FlatGFA.
Relative to other pangenomics tools like odgi, FlatGFA has only one trick:
a zero-copy data format.
The in-memory data format is identical to the on-disk format, so FlatGFA can skip all serialization and deserialization costs;
opening a file consists of an mmap(2).
For unfairly cherry-picked workloads, FlatGFA can be thousands of times faster than odgi.


Now comes the hard part:
I want my genomicist colleagues to actually use FlatGFA.
I want to write an inventory of high-performance operations and let the real scientists compose them into complete workflows.


To let them do that kind of composition, there were two simple options:
we could either
(1) make a command-line interface that exposes all the operators and let the scientists write shell scripts to compose them, or
(2) design a Rust API and have the scientists write Rust code.
Neither option is very compelling:



  	The CLI approach limits the kind of composition you can do.
All intermediates need to be either files or pipes,
which can get awkward and surely comes with some overhead.

  	Our internal Rust API uses, because of all the data-structure tricks we play, an endearingly idiosyncratic style.
Even though our biologist collaborators are great Rust hackers, I can’t in good conscience say that we have a good API that they’d be happy to use.




This post is about the very silly alternative that we recently built:
a fake shell that pretends to offer option 1 but approximates the performance of option 2.


On Ousterhout Dichotomies


For a long time, I thought that the right way to “package” a performance-oriented library like FlatGFA might be with a standard Ousterhout dichotomy.
The performance-sensitive routines stay in Rust, but we build bindings to a higher-level language for composing those routines into whole workflows.
The result would look a lot like PyTorch: it doesn’t matter to ML engineers that Python isn’t very fast because more than 99% of the time is spent in optimized kernel routines written in C++ and CUDA.


Python is the natural choice for the “glue language” part of an Ousterhout dichotomy in the modern era.1
So we started building Python bindings for FlatGFA using the excellent PyO3 project.
We got the basics working reasonably well—for example, try this to see it in action:


$ curl -LO https://raw.githubusercontent.com/pangenome/odgi/refs/heads/master/test/LPA.gfa
$ uv run --with flatgfa python
>>> import flatgfa
>>> graph = flatgfa.parse("LPA.gfa")
>>> [path.name for path in graph.paths]




However, Python bindings had a few serious downsides:



  	Even with PyO3, the bindings are hard to write efficiently. The problem is the fundamental complexity in the mismatch between Rust’s static lifetimes and Python’s dynamically managed heap. FlatGFA’s performance advantages come from eliminating copies, allocations, and pointer-chasing—all things that want to creep back in at the Rust/Python boundary.

  	We don’t get a whole-program view of the workload. Straightforward Python bindings mean that our only opportunity to go fast is within each call to the library, and we can’t do much across multiple calls. For example, the moment that the user writes a Python for loop that iterates over a FlatGFA data structure, we almost certainly lose the performance game. This is the same underlying reason that PyTorch has a separate, optional compiled mode, for example.

  	It turns out that our biologist collaborators aren’t exactly enamored with Python anyway! The traditional, familiar way to compose pangenomic pipelines is via the Unix shell. Personally, I have become too accustomed to Python being the default choice for approachability. Naturally, preferences among domain experts are contextual and varied.




It made sense to reconsider the CLI-oriented approach that odgi and friends all use.


Reconsidering the Shell


Let’s look at an example of shell-based composition in this domain.
One tutorial from the odgi documentation shows how to find repetitive sequences in human chromosome 8 by composing operators from odgi itself and bedtools:


odgi depth -i chr8.pan.og -r chm13#chr8 | \
    bedtools makewindows -b /dev/stdin -w 5000 > chm13.chr8.w5kbps.bed

odgi depth -i chr8.pan.og -b chm13.chr8.w5kbps.bed --threads 2 | \
    bedtools sort > chr8.pan.depth.w5kbps.bed




It might seem odd to prefer shell scripting over a full-featured dynamic scripting language, but
shell scripts like this have some material advantages over Python:



  	Streaming I/O via pipes can be great for large datasets, in the right situation.

  	Simple pipeline parallelism is easy to express.

  	It’s straightforward to persist intermediate results in files.

  	The shell is kinda the ultimate glue language:
you can compose components developed separately, written in different languages, with no special effort on bindings.
(The only “bindings” are the Unix userland APIs.)




This example workflow uses four operators from two different packages, two Unix pipes, and one intermediate file.
I don’t think it matters much in this example, but it’s nice that the shell pipelines let the two pairs of commands run concurrently.
To borrow a phrase from Greenberg et al., the shell is actually good.2


There is, however, one gigantic downside:
the only ways to exchange data between operations are files and pipes.
Files can entail writing stuff to the disk unnecessarily, even when all the bytes fit comfortably in memory.
Pipes can avoid disk I/O and can be a great fit for streaming operators,
but they generally entail serializing everything to text,
and not every producer–consumer relationship naturally supports streaming.
For example, if one command generates a new variation graph (a new GFA file), the next command probably needs to read the whole thing before it can start its work.


In our weekly meeting for a grant about pangenomics, the group got into a slightly heated discussion about these fundamental limits of shell-based composition.
Maybe the OS’s disk cache can mostly mitigate the file I/O cost?
Could you force it by putting the files in a RAM disk?
(What even happens when you mmap a file that’s on a RAM disk?)
Maybe none of that is practical anyway when datasets grow large enough to overflow main memory?
What happens to all these trade-offs if we change all the underlying commands to use zero-copy binary file formats instead of text-based streaming?
Would that approach make scripts messier and sacrifice all the benefits of pipelining?


In that discussion, I realized that there was a ridiculous, impractical, but very fun alternative that could sidestep all these downsides.


Digression: Vectorized Interpreters




[image: a slide from Graydon's talk titled '19th Century Tech Calls', with a picture of a train]



In 2023, Graydon Hoare gave a talk at UCSC about “vectorized interpreters” that made a big impression on me.3
He makes the point that native-code compilers (especially JITs) are an extremely complicated way to extract performance from code.
The idea that stuck with me was that, with suitable cooperation from the programming model, interpreters that operate in bulk can be a simple and fast alternative.
If every instruction in your bytecode represents a big computation on a lot of data (instead of, say, a single scalar integer addition),
then straightforwardly interpreting that bytecode is plenty efficient.
There’s no need to worry about the cost of bytecode instruction dispatch, for example, when 99.99% of the time goes to running the implementation of those chunky instructions.


In Graydon’s presentation, PyTorch and NumPy are both examples of vectorized interpreters.
But as I touched on above, they reuse Python’s program representation and interpreter—so their addressable “instruction window” is limited.


I had been thinking that there must be a way to do better with a bespoke vectorized interpreter for pangenomics operations.
And the problems with shell-script workflows provided an excuse to try doing something about it.


A Fake Shell


The idea is to build a fake shell:
something that supports a tiny fraction of POSIX shell syntax
and “cheats” when running pangenomic operators.
The goal is to run unmodified shell scripts that use traditional CLI tools, like odgi and bedtools, and communicate through pipes and files.
We’ll make the same biologist-authored shell scripts go faster by opportunistically switching to faster implementations and avoiding I/O.


The shell is called Flash (the FlatGFA shell), and if you want to play along, you can find it in our pangenomics monorepo.
Use cargo run to get an interactive prompt.


Shell Basics


The first thing Flash can do is run ordinary commands, just like a real shell would.
This works, for example:


echo llenroc | rev > message.txt ; cat message.txt




To make this work, I borrowed an existing shell syntax parser from a “rewrite it in Rust” shell project.
But instead of interpreting the shell AST directly, Flash first translates it into an instruction-based intermediate representation.
That little script above translates into three instructions, one for each command it runs.
Flash can pretty-print the IR if you give it a --pretend (-p) flag:


$ flash -p -c 'echo llenroc | rev > message.txt ; cat message.txt'
shell("echo", ["llenroc"], input=stdin) -> pipe-0
shell("rev", [], input=pipe-0) -> "message.txt"
shell("cat", ["message.txt"], input=stdin) -> stdout




So far, we’re only using the shell instruction, which actually forks a subprocess (like a real shell would).
Flash’s IR is built around resources: the things that can be inputs and outputs to instructions.
This program uses the stdin and stdout resources, a Unix pipe, and a file.
Flash’s IR evaluator takes care of setting up pipes and opening files on behalf of each instruction.


Faking It


The thing that makes Flash a fake shell is that it special-cases a baked-in set of known pangenomic CLI tools.
Let’s borrow one part of the script we saw above, for example:


$ flash -p -c 'odgi depth -i chr8.pan.gfa -r chm13#chr8'
parse-gfa("chr8.pan.gfa") -> gfa-store-0
path-depth(gfa-store-0, path="chm13#chr8") -> stdout




Flash has recognized our odgi depth invocation and, in place of a shell instruction, has generated some specialized instructions it can run internally.
The path-depth instruction works by directly calling a Rust function in the FlatGFA library, and it never forks a subprocess.


The shell instructions saw above used input and output resources.
These get names like pipe-0 and "message.txt" in the IR listings above.
For shell, the only kinds of resources allowed are byte streams (i.e., pipes and files).
The parse-gfa instruction, however, produces a new type of resource:
a GFA store, which is an efficient in-memory representation of a pangenomic variation graph.
This is a plain Rust value stored in the Flash interpreter’s environment.
When it eventually evaluates the path-depth instruction, the Flash interpreter retrieves the value and feeds it into the relevant library function.


This is the whole reason for inventing a fake shell:
so it can cheat.
Flash opportunistically avoids running real commands in favor of an elaborate library of builtins.


A Complete Example


Let’s see the IR representation of a more complete workflow.
I’ll put this script in a file called wdepth.sh:


#!/bin/sh
odgi depth -i chr8.pan.gfa -r chm13#chr8 \
    | bedtools makewindows -b /dev/stdin -w 5000 > chm13.chr8.w5kbps.bed
odgi depth -i chr8.pan.gfa -b chm13.chr8.w5kbps.bed
rm -f chm13.chr8.w5kbps.bed




Here’s the IR listing:


$ flash -p wdepth.sh
parse-gfa("chr8.pan.gfa") -> gfa-store-0
path-depth(gfa-store-0, path="chm13#chr8") -> pipe-0
parse-bed(pipe-0) -> bed-store-0
make-windows(bed-store-0, size=5000) -> "chm13.chr8.w5kbps.bed"
parse-gfa("chr8.pan.gfa") -> gfa-store-1
parse-bed("chm13.chr8.w5kbps.bed") -> bed-store-1
interval-depth(gfa-store-1, bed-store-1) -> stdout
shell("rm", ["-f", "chm13.chr8.w5kbps.bed"], input=stdin) -> stdout




The thing I like about Flash’s design is that it naturally supports mixing and matching different resource types.
Some instructions interact with the external world through the filesystem or Unix pipes;
others interact with Flash’s internal data structures.
Both kinds of instructions can coexist and exchange data.


This example script can run both under plain ol’ sh and with Flash.
Let’s compare the performance:4





The first two bars are the important comparison:
both odgi (via plain sh) and FlatGFA (via Flash)
read the input graph in their respective efficient binary file format.
The last bar shows how Flash performs when it also has to parse the standard text GFA format for its input.


This particular little shell script runs 28× faster on Flash than when using a “real” shell and odgi underneath.
I find this to be a satisfying speedup already!
It’s also fun to see that Flash can outperform odgi even with the disadvantage of starting from the text GFA format.
(I’ve omitted the bar for odgi reading a text GFA because it takes more than 7 minutes.
I believe, without evidence, that FlatGFA has the world’s fastest GFA parser.)


Optimizations


This all makes for a fun language-implementation pastime, but the real reason for all this setup is to do optimizations.
Flash’s instruction-based IR makes optimizations feasible (I can’t imagine how I’d implement them directly on the shell AST).
Here are the optimizations I’ve implemented so far:



  	When the program produces a BED file and then loads it again with a parse-bed instruction, avoid the round trip through bytes. Just produce an in-memory BED resource and use that directly.

  	Recognize uses of path-depth that actually only need the number of base pairs, and replace them with the cheaper path-length instruction. (This one’s cheesy: it just so happens that odgi depth -r is a convenient CLI way to get path length, even though it also needlessly computes depth.)

  	Find identical map-file instructions that load the same file twice and deduplicate them. (If I were a better man, this would be a general CSE.)

  	The cheesiest one of all: when the program uses parse-gfa("foo.gfa") and a file named foo.flatgfa happens to exist, replace it with map-file("foo.flatgfa"). In other words, assuming that we’ve already converted the text GFA format to our efficient binary format, use that. (This ridiculous optimization mainly just helps with writing shell scripts that remain 100% compatible with a real POSIX shell.)




Here’s the result of optimizing our little script above:


$ flash -O -p wdepth.sh
map-file("chr8.pan.flatgfa") -> mmap-0
path-length(mmap-0, path="chm13#chr8") -> bed-store-0
make-windows(bed-store-0, size=5000) -> bed-store-1
interval-depth(mmap-0, bed-store-1) -> stdout
shell("rm", ["-f", "chm13.chr8.w5kbps.bed"], input=stdin) -> stdout




We’ve cleaned up the code substantially: we use an efficient FlatGFA file directly (and we only open it once), and we skip all the pipes and intermediate files.
Let’s see how it performs:5





An additional 1.7× speedup seems respectable.
Please keep in mind that the optimizations I’ve implemented so far are tragically overfit to this specific workload,
which has been my “hello world” demo while working on Flash.


Is This an Elaborate Prank?


Flash is a little domain-specific language that’s wearing a ridiculous shell-syntax Halloween costume.
I’m pretty excited about the underlying DSL, the vectorized interpreter, and the coarse-grained optimizations that it enables—I think all this machinery could be the way to make FlatGFA practical to use.
The fact that the surface syntax happens to look like a shell is, in the end, not that important, even if it is kinda funny.
But it does mean that we can run existing shell scripts that the biologists have already written and transparently make them go faster.


For now, Flash’s syntax is shell syntax.
It’s a good starting point, it’s familiar, and it lets us do head-to-head comparisons against existing combinations of command-line tools.
We’ll stick with the “fake shell” input language until we outgrow it.





Many thanks to Kevin Laeufer, Ernest Ng, Michael Xing, and Ayaka Yorihiro for their feedback on a draft of this post.
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How does a pull-back car work? Illustrated teardown

mechanical-pencil.com · 17 points · Discussion

Gears are all around us.  Clocks, cars, bikes, even your printer has countless gears!  For the purposes of this analysis, we'll focus on two properties of gears: gears can be used to multiply torque and used to change speeds.
Why is torque important here? Winding the spring in this toy requires significant torque.  But this is product for kids, so how can we make it easier for them? The answer is gears! Gears give the kids a mechanical advantage. Now the kids only need to input a modest force to wind up the stiff spring.  
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Claude Sonnet 5 – benchmark results

artificialanalysis.ai · 15 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.
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I ported Kubernetes to the browser

ngrok.com · 14 points · Discussion

https://github.com/ngrok/weberneteshttps://webernetes-demo.ngrok.app/


Original: https://ngrok.com/blog/i-ported-kubernetes-to-the-browser · Discussion
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RF Hacking My Cloud-Controlled Ceiling Fan

samwilkinson.io · 13 points · Discussion



RF Hacking my Cloud-Controlled Ceiling Fan

2026.06.24 · 8 min read


When we moved into our current place, we knew pretty quickly we'd want to change our bedroom ceiling fan. That thing easily covered a quarter of our ceiling, wobbled like crazy, and I could not figure out what any of the three (!) pull chains did. It had to go.

After some searching, this fan (the CLF513S) from Dreo seemed like a good option. It's reasonably priced, looks quite nice, and most importantly, it's a normal size.

I've been on a smart home kick over the past few years, with Home Assistant as my core platform, so I wanted to be able to add the new fan to my setup. Unfortunately, Dreo's smart home integration is cloud-only out of the box. They do get bonus points, though, for maintaining an official Home Assistant integration.

I really try to avoid cloud-based smart home controls whenever possible, for a number of reasons:


	Internet outages stop them from working.

	You often get locked into ad-filled proprietary apps, and integrations to get around that can be flaky.

	It just generally feels weird to have external servers control physical things in your home?



The fan was sleek and affordable enough that I held my nose and bought it, with the hope of figuring out local control once I had it installed.

Choosing a Path to Local Control

When exploring my options for local control, I found this excellent project by ouaibe on GitHub where they used some very impressive firmware reverse engineering to get ESPHome running on a different Dreo fan. 

While I could try to follow in their footsteps and attempt to replicate their methods on my ceiling fan, the prospect of bricking something hard-wired into my ceiling put me off. 

The fan's only local control mechanism was its remote, so I wanted to try the "universal remote" path: decode the remote's commands and replay them. Universal remotes are famously reliable products, so clearly I was on the right track.



The remote did not require line of sight, so it was not infrared like a TV remote. Looking up the FCC ID listed on the back confirmed it was an RF transmitter.

To enable local control through Home Assistant, there were three steps I needed to take:


	Decode the remote's RF commands.

	Build something to replay those commands.

	Let Home Assistant trigger those replays.



With the approach settled, the first step was understanding what the remote was actually sending.

Decoding Commands

To decode a (simple) RF control scheme, you need to figure out three things:


	The carrier frequency · The base frequency used to communicate.

	The modulation method · How 1s and 0s are being conveyed through that carrier frequency.

	The payload(s) · The actual 1s and 0s being sent by the remote.



Having found the carrier frequency in the manufacturer's FCC documentation (433.92 MHz, a common frequency for remotes), the next step was figuring out the modulation method.

Two common digital modulation methods for remotes are:


	Amplitude Shift Keying (ASK) · The transmitter shifts the amplitude of the carrier up and down to represent 1 and 0. A simple version is On-Off Keying (OOK), where the carrier just turns on and off.

	Frequency Shift Keying (FSK) · The transmitter shifts the signal frequency slightly above and below the carrier frequency to represent 1 and 0.



It's the same basic idea as AM vs FM radio, but with digital signals instead of analog audio. The FCC documentation says the remote uses FSK, but I wanted to verify the actual signal rather than take that at face value. Often these documents use generic values so they aren't the most reliable source.

I used an RTL-SDR (with gqrx) to capture RF spectrum data while pressing some of the remote buttons. This made it clear that the remote was using ASK (OOK specifically): bursts of high amplitude at the carrier frequency with silence in between. Below is a waterfall plot, rotated sideways, showing the spectrum captured when pressing the Fan On/Off button twice.



Looking at the capture in more detail with the plot below, the signal appeared to use short and long bursts of amplitude, kind of like Morse code's dots and dashes.

[image: OOK Bits]

Zooming in on one of the button presses, I saw that a specific pattern was being repeated five times in quick succession. The plot below shows one of those repetitions, which I could then decode into logical 1s and 0s. I repeated this process for each button I wanted to replicate (fan on/off, fan speed presets, light on/off, and brightness up/down).

[image: On Off Command Decoded]

Each command followed the same structure, with a single packet repeated five times with an 8.8 ms gap between repetitions:


	A preamble of 8 logical 0s.

	A shared 20-bit synchronization phrase.

	A unique 13-bit payload specifying the command.



For example, the Fan On/Off button's payload was:

0111110010000

As mentioned above, the logical bits were encoded as short OOK pulse patterns, with 1000 representing a logical 0 and 1110 representing a logical 1. Each pulse in those patterns was transmitted for 300 μs, so each logical bit (four pulses) took 1.2 ms to transmit.

That means the Fan On/Off payload above was transmitted as:

1000 1110 1110 1110 1110 1110 1000 1000 1110 1000 1000 1000 1000

All the decoded commands can be found in the project's repo.

Replaying Commands

To replay these commands, I wired a Xiao ESP32-C6 board to an RFM69HCW 433 MHz RF transceiver. I've been using Seeed Studio's Xiao boards a lot recently; they're absolutely tiny and great for keeping projects compact. The ESP32 is completely covered by the transceiver breakout.



As far as I could tell, the packet structure I had decoded was proprietary and not supported by existing libraries like RadioHead. Rather than asking the radio library to understand the protocol, I used the transceiver in a raw transmit mode and manually toggled its data pin with the pulse timings I had decoded from the original remote.

To replay a command, the microcontroller needs to:


	Configure the radio over SPI: frequency, modulation, power settings, and so on.

	Put the radio into transmit mode.

	Toggle the radio's data pin using the pulse timings for the command.

	Put the radio back to sleep until it is needed again.



This is where the RTL-SDR earned its keep a second time. Without it, debugging was mostly a matter of flashing firmware, walking into the bedroom, and seeing whether the fan had responded. With the SDR, I could actually compare my generated signal against the original remote capture.

The most annoying issue was timing. The fan was surprisingly picky: a command that looked right in code could still be ignored if the pulse timing or inter-packet gap was slightly off.

The last hurdle was a self-inflicted bug in my radio/SPI handling which caused the ESP32 to drop its Wi-Fi connection. Once that was fixed, and after quite a bit of running between my office and bedroom to test commands, the ESP32 was reliably replaying the same commands as the original remote!

Connecting to Home Assistant

Now that I had the ability to replay the commands I wanted to use, I needed a way to trigger them from Home Assistant. A simple solution was MQTT, a lightweight messaging protocol that is widely used in smart home devices. MQTT works by having devices publish messages to named topics, while other devices subscribe to those topics and react when messages arrive.

[image: MQTT Diagram]

I configured the ESP32 to subscribe to a set of MQTT topics, with each topic corresponding to a specific fan or light command. Home Assistant could then publish messages to these topics whenever a user interacted with the fan controls in the dashboard. When the ESP32 receives a message, it replays the appropriate RF command.

Since the fan doesn't send anything back to the transmitter, the ESP32 has no way to tell what the fan is actually doing. To get around this, when the device first powers on, it assumes a default state: light off, medium brightness, and fan off. As it sends commands, it updates this internal state accordingly. The state is saved to persistent storage, so the default state is only needed for the first boot.

Very occasionally the state can go out of sync with the fan, for example if commands are sent while the fan is powered off at the wall. When that happens, I just use the remote to bring the fan back into the state Home Assistant expects.

Wrapping Up



After printing a little case for the transmitter, including the obligatory accent color for the antenna, it was finally ready to go.

The best sign a project like this has worked is that no one has to think about it anymore. I've had the little transmitter sitting on a shelf in my office for nearly a year now, and my partner and I happily control our fan with Siri every day.

If you're interested in replicating this approach, check out the project's repo.




Original: https://samwilkinson.io/posts/2026-06-24-rf-hacking-dreo · Discussion
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