

Hacker News Daily — July 1, 2026

30 stories · July 1, 2026

Sendle.app




In this issue


	For first time, a cell built from scratch grows and divides — quantamagazine.org · 585 points

	Asahi Linux 7.1 Progress Report — asahilinux.org · 501 points

	Physical disc production ending in Jan 2028 for new games on PlayStation — blog.playstation.com · 442 points

	Sony Deletes 551 Movies PlayStation Owners Paid For — reclaimthenet.org · 400 points

	Box3D, an open source 3D physics engine — box2d.org · 340 points

	Newly discovered spider builds spring loaded snare to catch ants — phys.org · 236 points · link only

	Internal Combustion Engine — ciechanow.ski · 225 points

	Apple 'Hide My Email' vulnerability reveals peoples' real email addresses — easyoptouts.com · 209 points

	Monetization Gateway — blog.cloudflare.com · 196 points

	ZCode: Claude Code from the Makers of GLM — zcode.z.ai · 190 points

	FFmpeg 9.1's new AAC encoder — hydrogenaudio.org · 181 points · link only

	Fable 5 Is Back — twitter.com · 160 points · link only

	What to Learn to Be a Graphics Programmer — blog.demofox.org · 138 points

	Ask HN: Who is hiring? (July 2026) · 118 points

	How We Made IPFS Content Publishing 10x Faster — probelab.io · 114 points

	1-Bit Pixel Art Emojis — hypertalking.com · 113 points

	Ask HN: Who wants to be hired? (July 2026) · 86 points

	Claude Fable 5 Promotional Access — support.claude.com · 72 points

	Fixing a kubelet memory leak in Kubernetes 1.36 — heyoncall.com · 60 points

	Building Gin: Simple over Easy — manualmeida.dev · 49 points

	Hanami 3.0: In Full Bloom — hanakai.org · 43 points

	Reduce GVisor Cold Starts with GPU Snapshotting — cerebrium.ai · 42 points

	Launch HN: Parsewise (YC P25) – Reason Across Documents with an API · 39 points

	A complete ClickHouse OLAP engine, compiled to WebAssembly — wasm.chdb.io · 34 points · link only

	Mortality associated with non-optimal ambient temperatures from 2000 to 2019 — researchgate.net · 33 points · link only

	Most rewrites serve the engineer, not the business — anatoliybabushka.com · 14 points

	Segmenting Robot Video into Actionable Subtasks — macrodata.co · 14 points

	Show HN: Z-Jail – A 130 KB Linux sandbox-C99 with 7 defense layers and zero deps — github.com · 13 points

	How to organize 3 acquired companies into one coherent website — littlelanguagemodels.com · 13 points

	Conway's Game of Life, in real life — lcamtuf.coredump.cx · 12 points · link only





01

For first time, a cell built from scratch grows and divides

quantamagazine.org · 585 points · Discussion

https://biotic.org/research/spudcell/

Original: https://www.quantamagazine.org/for-the-first-time-a-cell-built-from-scratch-grows-and-divides-20260701/ · Discussion
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Asahi Linux 7.1 Progress Report

asahilinux.org · 501 points · Discussion


Linux 7.1 is now here, and of course with it comes another progress report. We’ve got M3
progress, Apple bugs, and more!
Welcome back Master Boot Record
When you long-press the power button on your Mac to bring up the boot picker (or use the
Startup Disk application), what you see listed as Asahi is not actually the partition
with the operating system on it. Apple’s boot tooling will only work with what it considers
to be a “valid” macOS installation inside an APFS container. So that we can use Apple’s
bootloader and avoid needing users to run commands from Recovery every time they want to
use Asahi, the Asahi Installer creates a small APFS container (2.5 GB) with just enough
of macOS on it to convince Apple’s tools that it is a bootable installation of macOS with
m1n1 as its kernel. This arrangement worked completely unchanged from macOS 12 to macOS 26,
and Apple even fixed a couple of bugs in their tools that are only encountered when attempting
to boot raw binaries that are not a real XNU kernel.
Shortly after the release of the macOS 27 Golden Gate developer beta however, we began
receiving reports that people were no longer able to boot into Linux on their
machines — the option had simply disappeared from both Startup Disk and the boot picker!
Obviously this is quite concerning, and so we made investigating this a priority.
Inspecting the disk using diskutil revealed that all Asahi-related partitions were still
present on the disk after upgrading to macOS 27. No data loss was occurring, which is a
positive sign. Additionally, Asahi was still bootable on the same machine when using the
boot tooling from a second install of macOS 26.
chaos_princess began inspecting Apple’s own macOS Installer and old streams from way back
when we were first poking at Apple’s boot tools. The macOS Installer sets some APFS
metadata before rebooting the machine, which further investigation revealed to be a flag
that marks the volume as bootable. Until macOS 27, the boot tooling simply ignored this
flag entirely. After setting the flag manually on an Asahi APFS container, it becomes
available in the macOS 27 boot picker with no further changes.
Going forward, all new Asahi installs will have this flag set automatically by the
Asahi Installer. We’ve also added an installer mode that will fix existing installations.
If you’ve installed the macOS 27 developer beta and cannot access your Asahi install, please
run the installer again and use the “Fix macOS 27 boot picker compatibility” option.
chaos_princess has also developed a program that can be run from Linux to fix the issue.
While we would eventually like to deploy this fix automatically, we need more testing
data to confirm that it is reliable and will not destroy anyones’ filesystems. That’s where
you come in. If you are willing to help us test this, clone this repo,
then build and run it from Linux before upgrading to macOS 27. If your Asahi volume
is still selectable as a boot target from macOS, it has worked. Do be sure to let us
know how it went by popping in to one of our channels
on OFTC or Matrix, especially if you run in to any issues.
Three bytes forcing shutdowns
macOS 27 also brings firmware updates for all peripherals with global firmware, including
the SMC. One of the SMC’s myriad functions is battery management. Our Linux power supply
driver talks to the SMC to get information such as charge state, voltage, time until empty and
battery health. The driver also uses the SMC’s firmware interface to configure charge
start and stop thresholds to prolong the life of the battery. macOS 27’s SMC firmware
changed one of the battery management interfaces from returning a 32-bit integer to
returning a single byte. This change confuses our driver, which under certain conditions
considers the battery as having failed and initiates an emergency shutdown to protect
the system. We have already patched this in the downstream kernel; starting with version
7.0.12, the power supply driver can deal with both firmware ABIs.
On installing betas
Bugs like these are an important reminder that developer betas are just that, developer
betas. It is ill-advised to install them on production machines. The two issues we
have had so far have luckily minor, but that doesn’t mean that all future issues will
be too. Global firmware updates are effectively permanent too, and can only be rolled
back with a DFU restore of the machine. Please refrain from installing developer betas
going forward. We have sacrificial machines we use to test these things on your behalf,
there is no need to risk your own expensive hardware and important data.
The more things change…
Designing and validating computer platforms and the ICs that go into them is extremely
expensive and time consuming, so it makes very little sense to make changes to existing
designs when they are not necessary. Early on in the project, we made a bet that Apple
would agree and refrain from making constant breaking changes to either. Discounting a
few of the larger SoC blocks like the GPU that are almost required to change every
generation, this bet has largely paid off.
Audio on an Apple Silicon laptop involves a few different ICs and SoC blocks. The
defacto industry standard for audio ICs is I2S, an I2C-based bus
optimised for audio data. Apple’s I2S controller has remained unchanged
since M1. All of these audio ICs also need a stable clock source, which must be
configurable to accommodate the wide variety of audio data rates. Apple’s Numerically
Controlled Oscillator (NCO) has also remained unchanged since M1. Apple have also used
the exact same speaker and headset amplifier chips in almost all Apple Silicon machines.
So, when chaos_princess started adding speaker and headphone jack support to M3 machines,
little more was required than some trivial Devicetree additions and config files for
asahi-audio and speakersafetyd. As such, M3 machines now sport high-quality audio output
on Asahi Linux!
M3 machines have also grown support for both CPU frequency switching and proper big.LITTLE
task scheduling. Apple have not changed how CPU frequency switching works since the base
M2, meaning that all M3 and M3 Pro/Max/Ultra SoCs required nothing more than Devicetree
changes to work with our existing cpufreq driver. Tasks should now be more intelligently
placed on either efficiency or performance cores according to their requirements, and the
CPU cores themselves should clock up and down based on load. This will both save energy
and improve performance!
Adding support for the SMC’s hardware sensors was similarly trivial; the SMC’s firmware is
not materially different across machines, so once again nothing more than a few Devicetree
changes was required here.
On top of the above, we also have PCIe, WiFi, Bluetooth, NVMe, keyboard, trackpad, and
other core SoC block drivers working in Linux for M3 series machines. Most of this work
has come by way of Yureka, who has been very busy hacking
on both m1n1 and Linux with her M3 series machines for a while now. We still have a ways
to go before we can start enabling Asahi Installer support for these machines, but progress
is rapid so watch this space!
We’re writing firmware now?
Most of the complicated hardware on this platform uses complicated firmware blobs. Most
of this is based on RTKit, an RTOS-like firmware framework used by Apple to present a mostly
standardised interface for the kernel to talk to the various bits of hardware. There are
exceptions to this, however. Some blocks, like DCP and AOP, use RTKit as the basis for their
firmware, but layer yet another set of abstractions called EPIC on top of it. Others still,
like the Broadcom WiFi/Bluetooth chipset, use third-party firmware that Apple has no direct
control over. Then, there’s the Apple Video Decoder (AVD).
AVD is special. Its firmware is neither RTKit nor EPIC, it’s a secret third thing. The
hardware itself is essentially an ARM Cortex-M3 controlling a series of fixed-function hardware
units for decoding video frames encoded in AVC (H.264), HEVC (H.265), VP9, and AV1 on more recent
SoCs. The CM3 runs a blob of firmware that exposes an interface for XNU to point it to video
data, and then programs the actual decoder hardware itself. This would normally be fine, however
Apple made the interesting choice of bundling both the AVD’s firmware and a pile of configuration
data inside the AVD kext. Making matters worse, each SoC has a slightly different AVD variant.
This is logistically challenging, as the Asahi Installer would have to constantly be updated
with (and keep track of) Apple’s changes to the offsets of the firmware data in the kext.
We could do this, but what if there’s a better way?
The firmware loaded by XNU is not verified by the CM3. It will begin executing from
its reset vector when signalled, no matter what is actually there. What if we
just… used our own firmware?
Since the firmware is effectively just there to abstract away the underlying video
decoder hardware, it doesn’t actually matter what it does, so long as it installs
interrupt handlers for the various hardware blocks. If we understand what the underlying
hardware expects, we can just program it all from a Linux driver. To do this, we need
to understand how the firmware drives each decoder.
Being standard Cortex-M3 code, it is possible to run the AVD firmware in an emulator.
A number of solutions exist to do this, including QEMU, which allows you to single-step
your program and inspect bus and register operations. The groundwork for this was laid
many years ago by Jamie, R and Eileen, who through a combined effort managed to reverse
engineer the instructions and data formats required by the AVC and VP9 decoders.
The XNU kext also applies a unique set of tunables to each AVD revision. We are not
entirely certain what these do, so applying these essentially needs to be a replay of
MMIO writes made by XNU. We need to keep track of each AVD revision, each set of tunables,
and which revision they need to be applied to. This would be impossible to maintain
satisfactorily in an upstream Linux kernel driver, so this should also probably live
in firmware.
While not much work happened on this front for a long time, new contributor sofus
recently stepped up to fill the gap. With a blob of custom AVD firmware that simply
installs interrupt handlers and applies each variant’s set of tunables, he was able to
write a working V4L2 driver for the AVC hardware! The hardware can decode 10-bit AVC-encoded
video up to 4K, and works well with software that implements the V4L2 Request API.
Keeping the firmware basic and stateless, with userspace and the kernel being responsible
for parsing all video data and programming the decoders themselves, also enables us to
more easily support other video acceleration APIs like VA-API and Vulkan Video at some
point in the future.
There’s still some work to do before we can ship AVD support to users. AVD supports VP9,
HEVC and even AV1 on some SoCs, but we have not implemented support for any of these yet.
Some devices also have quirks that must be tested and accounted for in the driver. We
hope to have something shippable for you all in the not too distant future!
A large m1n1 release
We have also recently tagged version 1.6.0 of m1n1. This is a consequential
release for distros, as it is the first version that requires Rust for stage 2
builds. Previously, m1n1 only made use of Rust when built with chainloading
support. Stage 1 m1n1 replaces the XNU kernel in Apple’s boot tooling, and is used
only to mount the EFI System Partition and chainload Stage 2 m1n1 from there. A
little while ago however, we made the decision to move GPU initialisation into
m1n1. This removed the need for the kernel driver to deal with the floating point
numbers found in Apple’s hardware initialisation data, and also greatly simplified
the Devicetree bindings. The version of the GPU driver we eventually submit to
the Linux Kernel Mailing List will therefore rely on m1n1 to do this initialisation
for it. We also ported the Apple Device Tree parsing code to Rust, which is
consumed by just about every other part of m1n1.
Given that m1n1 is effectively firmware, it uses no_std Rust and targets aarch64-none-softfloat.
To avoid pulling in superfluous dependencies, you can pass BUILDSTD=1 to make to build core
and alloc without requiring a full softfloat toolchain to be installed.
Version 1.6.0 also brings a whole host of improvements to M3 series support, including
support for the SPMI controller and PCIe initialisation. We also now support tunnelling
the SoC’s hardware UART directly over DebugUSB with kisd,
which can be used to achieve much the same functionality as the Central Scrutiniser.
Much of this work is also courtesy of Yureka.
We are also laying the groundwork for M4 and A18 Pro (MacBook Neo) support, with better
handling of Apple’s non-macOS boot mode and support for new power domain metadata found
in the Apple Device Tree.
Thanks again!
As always, we would like to thank our generous supporters on GitHub Sponsors
and Open Collective, without whom we would not be
able to continue working on unfinished M1 and M2 features or work on M3, M4 and A18 Pro
support while supporting our enthusiastic new contributors!
James Calligeros · 2026-06-30




Original: https://asahilinux.org/2026/06/progress-report-7-1/ · Discussion
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Physical disc production ending in Jan 2028 for new games on PlayStation

blog.playstation.com · 442 points · Discussion
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As consumer preferences and the broader entertainment industry continue to shift away from physical discs to digital, physical game disc production for all new games releasing on PlayStation consoles will be discontinued starting January 2028.  Following this date, new games will be available on PlayStation Store and at retailers in digital formats only. This transition has no impact on games that already released, or will be releasing, prior to January 2028 in disc format.  




This is a natural direction for Sony Interactive Entertainment to adapt to consumer trends as the general preference for digital media significantly outpaces physical discs. This transition will enable us to align more closely with how most of our community prefers to access and play games today.  




We’ll continue to prioritize our resources to drive innovation in how players can access games and provide choices as to where players prefer to purchase new games, whether that’s at retailers or PlayStation Store. We remain committed to delivering a world-class gaming experience to our fans and we thank you for your continued support.  




For important updates on PlayStation Store for PS3 and PS Vita announced today, please click here.
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Original: https://blog.playstation.com/2026/07/01/physical-disc-production-ending-in-january-2028-for-new-games-releasing-on-playstation-consoles/ · Discussion
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Sony Deletes 551 Movies PlayStation Owners Paid For

reclaimthenet.org · 400 points · Discussion

Ownership is slowly moving onto servers a few companies control, and the storefront hasn’t admitted it yet. 
Sony plans to wipe 551 movies and TV shows from the PlayStation Store libraries of customers who paid full price for them. The deletion is coming on September 1 and so far the company has said nothing about giving anyone their money back.

The titles all come from StudioCanal, the distributor behind Terminator 2, Total Recall, Rambo: First Blood, The Deer Hunter, Bridget Jones’s Diary, From Dusk Till Dawn, and Cliffhanger.

Anyone who hit “buy” on one of them will open their library that morning and find a hole where it used to be. PlayStation’s notice states it without apology: “You will no longer be able to access your previously purchased content from Studio Canal, and it will be removed from your video library.”

The justification Sony offers runs to six words, “due to our content licensing agreements.”

A licensing deal between Sony and StudioCanal expired or shifted, and the people who paid are the ones losing their films over it. None of them signed that contract and none gets a vote in it.

X user somatyk surfaced the news on June 25, posting the notification they’d received. The message signed off with, “Click here for a full list of affected titles that will no longer be supported. Thank you.” Sony has since reproduced the same warning, and the full roster of 551 titles, on the PlayStation website.

[image: Screenshot of a post showing a PlayStation Store notice that previously purchased Studio Canal content will be removed from video libraries]

Nobody rented these movies. The store put a “buy” button next to them, charged the purchase price, and dropped them into a library it called yours. Sony can empty that library the moment a contract somewhere upstream changes, and the terms of service you scrolled past on first boot already say you agreed to this.

If the movie case feels abstract, the games industry just made the same point with its biggest release in over a decade. GTA 6 arrives November 19, and the boxed copy you can buy at Walmart or GameStop contains no disc. Take-Two confirmed it in a press release: “The physical version of Grand Theft Auto VI, containing a download code inside the box, will be available starting November 12, 2026 to support pre-loading.”

You pay $80 for a cardboard sleeve wrapped around a download code that locks the game to your account. You cannot lend it, resell it, or install it offline. Do you want an actual disc that lives on your shelf and answers to no server? There isn’t one, and if a real physical edition ever ships, you’ll buy the game a second time to get it.

Asked earlier whether Rockstar might hold physical copies back to stop leaks, Take-Two CEO Strauss Zelnick had said, “That’s not the plan.” The plan, it turns out, was to keep the box and throw away the disc. Killing the disc also ends the secondhand market and lending, and it hands the publisher control over access that a physical object never gave them.

Ownership is being pulled back to the center, into accounts and servers a handful of companies control, and the words on the storefront haven’t caught up.

The word “buy” might still sit on the button, but the definition of what that means keeps getting thinner.





Original: https://reclaimthenet.org/sony-deletes-551-studiocanal-movies-playstation-owners-paid-for · Discussion
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Box3D, an open source 3D physics engine

box2d.org · 340 points · Discussion


            

            

            
                I’m happy to announce the release of Box3D, an open source 3D physics engine. It is now available on GitHub.

Box3D repository

You can think of Box3D as a fork of Box2D, extended with many features needed for 3D games. Some additions:


	Triangle mesh collision

	Height-field collision

	Baked compound collision



The core architecture of Box3D remains almost identical to Box2D.


	C API

	All library source is C17

	Sub-stepping solver

	Continuous collision

	Graph coloring for large islands

	Wide SIMD contact solver

	Multi-threading hooks

	Optional internal scheduler

	Large world support with doubles for position

	Cross platform determinism

	Recording and replay



If you want to see Box3D in action, watch this video:



    
    
      
    


There are two main reasons Box3D exists. But there is a lot to unpack. So stay awhile, and listen.

Reason 1: The Legend of California

The first reason I developed Box3D is that the game I’ve been working on needs it. Let me explain.

Problems with native Unreal physics

I’ve been working on The Legend of California at Kintsugiyama since 2022. This game is built using the Unreal engine. We started with version 5.0. Our experiments with the native physics engine (called Chaos) had some problems. There was no support for simulating gyroscopic torques. This means slender shapes could spin for a long time, conserving angular velocity. For example, see this video of a spinning rifle.



    
    
      
    


In 2015 I developed a ~10 line drop-in algorithm for adding gyroscopic torques to any physics engine and presented it at the Game Developer Conference: presentation. So I could have easily added this feature to the Chaos solver. Epic added this feature in late 2024.

However, that was not my biggest problem. Being a survival game, one of the first things I worked on was chopping down trees. The falling trees moved erratically, teleporting around the screen. My best guess is that Chaos was using some sort of continuous collision fallback. This simulation was a large capsule falling on a smooth triangle mesh. This scenario should have been easy to simulate.



    
    
      
    


Another factor is that The Legend of California needs to manage a lot of entities. Hundreds of thousands of entities exist on the server. We need a fast broad-phase for this. This is so central to our game that it seemed risky to hand this off to middleware. I have a lot of experience working on broad-phase data structures. I even did a GDC presentation on the topic.

So we reached a pivot point with our physics tech. All these factors were adding up and I needed to make a decision: try to fix the native solution or replace it with an outside physics engine.

I was considering using an existing open source physics engine, such as Jolt. Being a physics programmer, I was pretty confident that I could at least fork Jolt and get the outcomes we need for our game. However, a good friend suggested another course of action.

Valve to the rescue

My friend Dirk Gregorius is an accomplished physics programmer, having shipped a custom physics engine in Half-Life: Alyx called Rubikon. Dirk maintains a hobby/home version of Rubikon. Let’s call this “Rubikon-Lite”. He suggested that I could fork Rubikon-Lite and modify it to my needs.

So that’s what I did. I hooked Rubikon-Lite directly into Unreal. It worked great! We got gyroscopic torques and trees fell nicely. Everything just worked.

The topic of replacing the physics engine in Unreal is likely a whole blog post (or more) on its own. I was able to make a few shortcuts because:


	we use our own scripting system (not Blueprint)

	we use the Esoterica animation system ported to Unreal

	we have a custom ECS that hooks to Box3D directly



Box2D v3.0 had many optimizations I wanted to bring into my Rubikon-Lite fork. At some point I realized I needed to keep my 2D and 3D efforts as similar as possible, for efficiency and sanity. So I replaced almost all the APIs, data structures, and algorithms in Rubikon-Lite with Box2D code. Fortunately, the data structures for 2D and 3D are largely indifferent to spatial dimensions.

Eventually my Rubikon-Lite fork transformed into Box3D. Today Box3D still has some Rubikon-Lite code in the convex hull generation and some collision algorithms. The rest is code from Box2D and new code I wrote for Box3D.

On the Valve side, Rubikon continues to evolve and Dirk has developed optimizations (similar to those in Box3D) in a new engine called Ragnarok. Look for that in future Valve games.

Custom is better

The Legend of California is an ambitious project with a large open world and server authority. Falling trees, ragdolls, voxels, saloon doors, and tumbleweeds are all simulated on the server. Having a custom physics engine means I can tailor the feature set and performance to the needs of our game.

For performance, I’ve done a lot of work to optimize for falling trees. We have huge redwood trees that fall fast onto a voxel terrain. Getting the mesh collision and CCD working well is a big effort.

I’ve also worked on building collision meshes fast for our voxel system, since they need to be built at runtime. They build well with median split because voxels are grid-like.

Streaming is another critical feature. Our strongholds are built using kitbashing. A large stronghold can easily have around 50,000 separate collision meshes. Loading these into the physics engine one-by-one is inefficient and uses a lot of memory. So I built a compound collision system where the separate collision shapes are cooked into an optimized data structure that can be loaded as a single uber shape. This removes the overhead of creating thousands of bodies and shapes.

Reason 2: Sustaining knowledge (and sanity)

On the personal side, I have been making physics engines for games since 2004. Every time I change jobs, I need to leave that work behind. This is partly the reason I developed Box2D. It is an open source project that captures my knowledge and efforts so I can use it as the basis for future work. However, on the 3D side I keep re-inventing the wheel in many ways. I’m not totally against that, but it is a big tax.

Somehow I convinced the fine folks at Kintsugiyama to allow me to not only make Box3D open source, but also work on it as part of my day job. This means it is something I can feasibly support. So everyone, please give a big thanks to Kintsugiyama for making Box3D possible.

Why use Box3D?

This one is going to be brief. If you like Box2D and its design, then you’ll probably like Box3D. They are siblings after all.

Box3D is open source. I’m not trying to compete with other physics engines. Open source is not a business for me. I develop Box2D and Box3D because I love working on game physics. I’m delighted to see all the amazing games created with Box2D over the years.

Getting started with Box3D

Install vanilla git and CMake, then clone the Box3D repository. You can find the build instructions in the README. After you get a build, run the samples and see the features it has to offer. Look at the sample code to get started with coding.

The engine headers have full Doxygen comments and the written manual is in progress. Here’s the hosted documentation.

You can find minimal example code in the HelloWorld test.

Who is using Box3D?

Box3D is used in a few places already. Besides The Legend of California, it’s used in:


	s&box, a game platform by Facepunch Studios

	Esoterica, an open source game engine led by Bobby Anguelov

	A 1000-player space game, a multiplayer game by Glenn Fiedler



What is the future of Box3D?

Despite usage in a few games now, I still consider Box3D to be alpha software. I will soon tag v0.1 and build from there to the v1.0 release. The engine needs more testing and more complete documentation. However, the feature set is in a good place already. Here are some tasks I’m considering:


	Enhance the character movement features

	Improved ghost collision mitigation

	Optimizations

	Improved joint solver



I expect to support Box3D indefinitely, along with Box2D. However, once it becomes mature, I may take a break from feature work. Unlike Box2D, I expect to open up Box3D to pull requests, probably using a CLA.

I plan to continue blogging about Box3D and making videos. It should be fun!

I won’t be making a separate website or Discord server for Box3D. So look for updates on this site and join the Box2D Discord server to chat with me and the community.

Following The Legend of California

If you want to see Box3D in our game, follow The Legend of California via the home page and Steam.

Supporting Box3D development


	Sponsor Box3D on GitHub

	Sponsor Box3D on Patreon



Thank you for your support!


            

        


Original: https://box2d.org/posts/2026/06/announcing-box3d/ · Discussion
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Newly discovered spider builds spring loaded snare to catch ants

phys.org · 236 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://phys.org/news/2026-06-newly-australian-ballista-spider-snare.html · Discussion
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Internal Combustion Engine

ciechanow.ski · 225 points · Discussion

The invention of the internal combustion engine in the 19th century has revolutionized transportation over land, water, and air. Despite their omnipresence in modern day, the operation of an engine may be cryptic. Over the course of this article I’d like to explain the functionality of all the basic engine parts shown in the demonstration below. You can drag it around to see it from other angles:


It’s hard to talk about a mechanical device without visualizing its motion, so many demonstrations in this blog post are animated. By default all animations are enabled, but if you find them distracting, or if you want to save power, you can globally pause them.disabled, but if you’d prefer to have things moving as you read you can globally unpause them.

An engine like this may seem complicated, but we will build it up from first principles. In fact, we’ll start with a significantly simpler way of generating a rotational motion.

Crank 

Let’s look at a simple crank. It consists of a handle, a crank arm, and a shaft. When a force is applied to the handle the shaft rotates which we can observe by looking at the attached disk:


The force applied at a distance from the shaft generates torque. The harder we push on the handle, the bigger the torque on the shaft. This cranking mechanism is precisely what converts linear force into torque in a manual coffee grinder or a bicycle.

It’s one thing to power something using our own muscles, but the entire point of building an engine is to avoid manual labor and have the device exert the effort instead. To do that we need to find a reliable source of a strong force that is easy to direct. Thankfully, such device was invented hundreds of years ago – a cannon does exactly what we need. In the demonstration below you can observe how a cannon ball is fired from a cannon. The diagonal lines indicate a cross section view – it lets us see what’s going on inside an otherwise obscured region:



As the gun powder is set on fire it quickly produces a huge amount of gases, which push the cannon ball down the barrel. Since the ball snugly fits inside it can only go in one direction. While reliable and easy to direct, a cannon ball won’t be very effective at pushing the crank:



We’ve only been able to do a partial turn of the shaft and the cannon ball is long gone. However, with a few modifications we can harness the pushing power of the explosion in a significantly better way.

Firstly, we’ll replace a cannonball with a piston that has a cylindrical shape and a hole drilled in it. We’ll then use a pin to attach to it a rod that can swing freely on a crankshaft:



As the name implies, the crankshaft consists of both the rotating shaft and the crank on which a force is applied. By putting this assembly inside a simplified cannon shell, a cylinder, we’ve managed to solve the problem of the escaping cannon ball, as the piston is limited in its downward movement and will return up as the crankshaft keeps turning:


Notice that the piston has now a minimum and a maximum position it can reach within the cylinder. A single movement over that length in either up or down direction is called a stroke. If we now trigger the explosion, the combustion gases will push the piston down, which turns the crankshaft:



It’s still not a very exciting machine as it only does useful turning work once. To make it more practical we need to keep repeating the cycle of explosions – we have to add in new fuel, trigger a combustion process, and remove the exhaust gases, over and over again.

Solid fuels like black powder are not very practical for an automated machine. It’s much easier to deal with fuels in fluid forms – their intake can be controlled by various valves. We’ll modify the cylinder we’ve built so far by adding new openings at the top of the combustion chamber:


It may be hard to see how the various openings are laid out, so let’s take a look at the cross section view:


Through the first large curved opening we’ll provide a mixture of gasoline and air and through the second one we’ll remove the exhaust gases. Those two openings will be guarded by the intake valve and the exhaust valve. Finally, to light the mixture, we’ll use an electric spark generated by an exposed ends of a wire. Let’s see how all the pieces fit together:



We’re now ready to use this machine to do useful work. At first we’ll open the intake valve while the piston is moving down letting the air with fuel come in which I’ve symbolized using the yellow color. This is the intake stroke:



Once the piston reaches its lowest position the intake valve closes, and the piston starts to move back which compresses the mixture of air and fuel which increases the thermal efficiency of the combustion. This is the compression stroke:



Voltage runs through the open ends of the wire, generating a spark which ignites the air-fuel mixture. The expanding gases created by the combustion push the piston down, creating torque on the crankshaft. This is the power stroke:



Note that the flame propagation inside a cylinder is quite complex, and what you see here is a simplified visualization. The cylinder is now filled with the exhaust gases which we can vent out through another hole by opening the exhaust valve. This is the exhaust stroke:



We’re now back to where we started and the cycle is complete. Let’s look at those four steps together:


Since the piston moves down twice and up twice, it does a total of four strokes and the engine we’ve built is known as a four-stroke engine. Notice that it takes two revolutions of the crankshaft for the piston to do one full cycle of the work as it goes through the four phases: intake, compression, power, and exhaust.

While functional, the engine we’ve built is more of a toy example that doesn’t show a lot of the engineering ingenuity behind many components of real internal combustion engines. Let’s build on the principles we’ve devised so far by constructing a more realistic machine – an engine that one could find in a car.

Engine Block 

Let’s start with the biggest and heaviest part of an engine – the engine block. It forms the main body and mounting structure for other parts:


Notice that this block contains four large cylindrical openings that define the four cylinders. Recall that a piston exerts a pushing force on the crankshaft only during the power stroke, so only for about a quarter of time. This uneven action creates a lot of vibration. While it’s often acceptable for smaller engines e.g. in a lawn mower, a typical car engine has more than one cylinder to ensure a more even delivery of power. I’ll discuss these concepts in more depth near the end of the article.

Since the four cylinders are inline, the engine we’ll build is known as an inline four cylinder engine. Other engines may use different arrangements of cylinders, usually in a flat or V-shape configuration.

The sides of the block are reinforced by various ribs to improve the rigidity of the structure – the body has to withhold the power of the explosions inside the cylinders. You may also have realized that the top part of the block is perfectly flat – we’ll soon attach another component there. If you look at the cross section of the block you’ll notice that the areas around cylinders are empty:


Those passages are there for the coolant to flow around the cylinders and take the heat of the combustion away. While I’m not going to dive into details of engine cooling, it’s worth noting that engines should run at a specific operating temperature and the coolant pump, thermostats, and radiators make sure that the engine isn’t running too cold or too hot.

Crankshaft 

Let’s look at the first big part we’ll mount onto the engine – the crankshaft:


Notice that the crankshaft has five main cylindrical parts that define its axis of rotation, they’re called the main journals. There are also four rod journals that are positioned off-axis. All the journals are connected via  webs. Note that while the sections have different colors here, the entire crankshaft is made from a single piece of metal.

You may wonder why the two inner rod journals are offset differently than the two outer ones, so let’s pop the piston assemblies on and see how they’ll move on the crankshaft:


Since the rod journals are at different locations each of the four pistons can run at a different phase of the four stroke cycle. Notice that the distance between the center of the main journals and the rod journals  defines how far up and down the piston goes in the cylinder.

A real piston and its connecting rod have some mass so they end up creating a weight imbalance on a rotating crankshaft. To counteract that mass, the webs have elongated shape to form a counterweight that helps to even out the inertial forces on the shaft.

One could assume the installation of the crankshaft in the engine block is as simple as putting it directly in a designated spot at the bottom:


Unfortunately, that wouldn’t really work. During engine operation the pistons exert a lot of force on the crankshaft and the main journals would just rub against the housing creating a lot of friction that would wear the parts down. To fix that we need to firstly put in some bearings that will help to make the rotation of the crankshaft smooth:


These strips of metal don’t look like much, but bearings are usually made from a softer material which causes them to wear first which prevents degradation of the crankshaft itself in case any contact occurs. Most of the time, however, the crankshaft doesn’t actually touch the bearings at all. Notice the small hole in the bearing that matches the corresponding hole inside the engine block:



Through that hole the engine pumps oil under pressure. The crankshaft’s diameter is slightly smaller than the bearings' inner diameter so oil fills the tiny gap between the two surfaces. Presence of oil is critical here as it creates conditions for hydrodynamic lubrication. Oil sticks to the bearings and the crankshaft, but since the crankshaft rotates it creates a variation in velocity of oil between the two surfaces. In the demonstration below the small arrows symbolize the local velocity of the liquid:


The difference of diameters causes a wedge-like shape to develop which then creates an area of increased pressure that lifts the crankshaft journal away from the bearings. Note that the size of the gap in the demonstration is not to scale, but in real running engines the rotating crankshaft should float completely on a very thin surface of oil.

You may have noticed that one half of the bearings also contains a small gutter which creates a small pool of oil under pressure. Moreover, the crankshaft has small holes in it:


Those passages are actually connected inside and the oil from the pool in the bearing travels through the little passages in the crankshaft itself. This brilliant solution distributes the oil from the main journals to the rod journals, which are constantly changing their position inside the engine. The demonstration below shows one of the many typical arrangements of these passages and the presence of oil in and on the crankshaft:


Let’s finally put the crankshaft in. We’ll clamp it down using five end caps that have their corresponding bearings put in and we’ll screw everything together:



Those screws have to be tightened to a precise torque – it has to be high enough so that end caps are able to keep the crankshaft in place despite the force of explosions pushing down on it through the piston rods, but the torque on the screws can’t be too high to avoid any deformation of the circular shape of the final opening in which the crankshaft lies.

Pistons 

The crankshaft itself is there to receive the force from the pistons, so let’s look at one up close:


Firstly, notice all the empty spaces inside the piston. They’re there to reduce the weight – a piston should be as light as possible to minimize the inertial forces created by its reciprocating motion. In this piston the top part known as the piston crown has a dish-like cavity in it. Other pistons may be flat or have more complicated shapes.

Pistons have actually slightly smaller diameter than the cylinders, otherwise they could seize during movement resulting in a catastrophic engine failure. However, the piston still needs to seal the combustion chamber and prevent gases from leaking around the piston. This problem is solved by piston rings that are placed in the grooves on top of the piston:



On their own piston rings have a fairly big gap, but when placed in the cylinder they’re squeezed into a fitting shape. Note that the fitted ring still has a tiny gap:



While the gap shrinks when a ring gets warmer and expands, the gap should never completely close as the ring may break under pressure. The clearances in the sizing of the rings are very precise. Since the ring is squeezed into a smaller shape, it wants to expand and that tension helps it form a tight seal with the walls of the cylinder. That tension is also reinforced by the pressurized gases getting into the piston grooves and pushing the rings further against the cylinder walls.

The pistons in our engine have three rings with the top two primarily helping to keep the pressure inside the combustion chamber. The third one serves a different role – it’s an oil control ring. The walls of a cylinder under a piston are constantly sprayed with a supply of oil to ensure a smooth movement during strokes. On a downstroke the oil ring scrapes the excessive amount of oil which escapes through the openings in the ring and the groove of the piston:


Top of a piston faces the enormous heat of combustion. The rings are in contact with the piston and the cylinder walls so they heavily participate in heat dissipation. Moreover, since the top part of the piston is in closer contact with the hot gases, it reaches a higher temperature than the lower parts and therefore it expands more. To account for that the pistons are tapered on top so that when the different areas of a piston reach their operating temperatures the shape is more even.

The area of the piston below the rings is called a skirt. Parts of the skirt are, through a thin layer of oil, in contact with cylinder walls during stroke which stabilizes the piston. While they look perfectly round, piston skirts are actually slightly oval.

A piston is attached to its rod  via a gudgeon pin. Perhaps you’ve noticed that a piston has tiny grooves near the end of the pin opening. We’ll put snap rings  inside them – they’ll prevent the pin from leaving the hole:



Piston rods themselves are very strong as they have to withstand the force of the explosions pressing on the piston during combustion, while also resisting a stretching and pushing forces due to the inertia of the piston changing its direction of movement.

The pistons with the connecting rods and bearings can be slid down the cylinders and attached to the crankshaft:



Recall that the rod bearings are lubricated by the oil coming in through crankshaft passages. Let’s see how the entire thing rotates:


The movement of a piston as the function of the crankshaft angle deserves a closer look. In the demonstration below I marked the maximum, minimum, and a midpoint traveled distance of a piston during its stroke. You can control the rotation of the crankshaft with a slider:



Notice that when the crank arm has done a 90° turn, i.e. halfway through between top to bottom angle, the piston  has moved up by less than half of its total stroke distance. It’s a simple geometrical consequence of the length of arms of the triangle formed by the crank arm, the connecting rod, and the vertical baseline.

The maximum piston’s position is known as its top dead center, and its lowest position is known as bottom dead center. As the cylinders move up and down between those two extremes they sweep cylindrical volumes:


The area of a cylinder’s circular cross section A times the stroke length of a piston S define the displacement volume of that cylinder, and the displacement V of the entire engine is the sum of displacements of all of its n cylinders:


V = n · A · S


If a single cylinder’s displacement is half a liter, then a four cylinder engine would be known as a 2.0-L engine. In the most basic setup, the bigger the engine displacement, the more air the engine can suck in, and the higher its peak power.

Closing the Lid 

With the parts we’ve assembled so far we’re getting close to completing the combustion chamber. We’ve created the walls with the engine block and the movable bottom with the pistons. We just need to seal it from the top – this is where the cylinder head comes in:


There are a lot of openings there. Firstly, notice four large sections at the bottom – these dome-like cavities will form the top of the combustion chamber. Each of those four sections is the same, so let’s look at the individual segment up close:


In this engine each cylinder has four major openings – through two of them the intake air is sucked in and through the other two the exhaust gases are let out. If you look at the head from a side you’ll notice that each pair of the openings is joined into one elliptical hole that exits on the side of the head. Those passages are known as intake and exhaust ports. Additionally, there is a smaller hole drilled centrally through the axis of each opening – they’re there for the intake and exhaust valves:



Modern engines typically use more than one intake and exhaust valves per cylinder as it increases the flow of gases in and out of the combustion chamber. Moreover, the intake valves are usually a little bigger:


When the piston moves down on an intake stroke, the pressure difference it creates is no larger than that of the incoming air, which, for traditional engines, is roughly equal to the atmospheric pressure. However, at the end of the combustion stroke the pressure inside the cylinder is many times higher than the atmospheric pressure, so it’s significantly easier to expel the combustion gases than to suck the intake air in. For this reason the intake openings and valves are larger.

Let’s look at the operation of those valves up close. Firstly, the seal they form has to be very tight so that the only pathway for the expanding gases created in the combustion is to push the piston down. The edges of a valve and its seat have a conical section so that the seal becomes tighter as the valve is pressed up:



In our toy engine the valves magically opened and closed on their own, so let’s see how it can be actually done in practice. To keep a valve shut we’re going to use a spring to keep tension on a closed valve. We can then lock the spring against the valve using simple locking mechanism that consists of two valve keepers, a spring retainer, and an inverted bucket:



Notice that the top part of a valve has a little groove in it so that the keepers can lock in place. The keepers themselves form a section of a cone that the retainer wedges against:



Since the keepers are locked in the grooves, the retainer can’t move which holds the spring under tension. The bucket provides a big and smooth surface for a force to transfer onto a valve – now whenever we push on the bucket the spring  will push it back in place:



We’ve got the return mechanism all figured out, but this still leaves the problem of actually pressing the valves – they need to be opened at a certain cadence which depends on the movement of the piston inside the cylinder. That periodic nature of the operation implies that we should use some sort of rotary motion to push the valves.

We can shape a piece of metal so that it pushes on the valve at different offsets as it rotates on a shaft – it’s known as a cam. The spring ensures that the bucket is tightly pressed against the cam and follows its shape:



The shape of the cam defines when, for how long, and how much the valve is opened. In the demonstration below you can control the height and angular span of the section of the cam profile that deviates from a circle and see how it affects the position of the bucket and thus valve lift at different angles. The plot in the upper part shows the offset of the bucket relative to its normal position as the function of cam rotation angle:





The shape of the cam is critical for defining the way the engine operates. All cams for a set of intake or exhaust valves are usually placed on a single camshaft:


Most modern engines use two camshafts, one for intake valves and another for exhaust valves. Let’s see how the camshafts open and close valves during a typical engine operation:


All cylinders go through four stages in a predefined order. The timing of the valves is actually not as straightforward as it was in our toy engine so let’s look at it up close:



Firstly, notice that the intake valves close after the piston reaches the bottom end of the intake stroke – the air coming through the valve has some inertia, which, especially at high engine speeds, makes it pile up in the cylinder despite the opposite movement of the piston.

Similarly, the exhaust valves open before the piston reaches the bottom of the power stroke, as the majority of the useful work has already been done by the gases and the pressure surplus in the cylinder should be minimized so that the exhaust stroke doesn’t have to actively compress the exhaust gases.

The intake valves open slightly before the piston reaches the top end of the exhaust stroke. When combustion gases escape through the exhaust valves they help to create a “scavenging” effect that helps to pull the intake air in. For that reason the exhaust valves close after the piston reaches the top of the exhaust stroke.

An engine running at low speed may have a different ideal parameters than an engine running at full speed, so many modern engines use a few methods to vary both the timing and lift of the valves during operation.

We can now assemble the pieces together. While the top surface of the engine block and the bottom surface of the cylinder head are very flat and smooth, they need to form a perfect seal as they have to prevent the combustion gases from leaking through. A gasket, often made from a softer, compressible metal, is placed in-between the two and the head is bolted to the block:



The bolts are tightened to the predetermined torque in multiple steps and in a specific order to ensure that the head doesn’t deform during assembly. The sturdiness of the head bolts is critical as they literally have to contain the force of the explosions inside the cylinder.

The camshafts are then installed – they’re held in place by their caps and bolts:



The only remaining piece of the puzzle is to how to turn the camshafts while ensuring they’re synchronized to the movement of the pistons. To achieve this, most engines use a rubber timing belt that is driven by a gear mounted to the crankshaft itself. The timing belt is teethed so that it locks in the notches on the timing gears, the rollers keep the belt in tension:


Recall that in a four stroke engine a single cycle of operation requires two full revolutions of the crankshaft as the piston goes through intake, compression, power, and exhaust phases. However, the intake and exhaust valves open just once during that cycle so the camshafts should do just a single revolution during that time.

To fulfill this requirement the crankshaft gear is twice as small as the camshaft gears – this ensures that the camshafts rotate just once when the crankshaft rotates twice which you can verify by observing a small black dots at the perimeter of the gears:



Combustion 

In the examples so far we’ve assumed that the intake valve let in a mixture of air and fuel, and that indeed was the case in older engines that used a carburetor to create the mix.

Modern engines, however, use a fuel injection system where the amount and timing of fuel injection is controlled by an electronic Engine Control Unit, often abbreviated as ECU. At appropriate time the solenoid inside the injector is energized which electromagnetically pulls the needle up, which in turns lets the pressurized fuel escape through the tiny outlet holes. When the power to the solenoid is cut, the spring pushes the needle back to seal the nozzle:


In some engines the injection happens in the intake port, very close to the intake valve itself, but in our engine we’ll use a direct injection system in which the fuel is put directly into the cylinder itself.

The fuel and air mixture in the combustion chamber is lit by a spark plug. In a simplified form a spark plug consists of two pieces of metal separated by a ceramic insulator. The outer shell is connected to the engine body which acts as a ground, and the central electrode is connected to a source of voltage high enough to bridge the gap to the tip of the outer shell which creates a spark:


That high voltage is generated by an ignition coil. In older engines there was a single coil that sequentially provided high voltage to individual spark plugs, but in modern engines each spark plug will usually have its own coil with the discharge controlled by the ECU.

With a set of injectors and spark plugs in hand we can finally fill the remaining holes in the engine head. I’ll hide the rest of the engine so that we get a better view as to where they fit:



Let’s see how an injector and a spark plug work together during the strokes. Note that normally the injector is attached to a fuel rail feeding it highly pressurized gasoline and a spark plug is connected to its coil, but for the sake of clarity they’re not being shown here. The air is depicted as a blue gas that turns yellow when mixed with fuel:


You may notice that the spark plug fires before the piston reaches the end of the compression phase – it’s done on purpose since it takes a moment for the burning of the air-fuel mixture to begin. Let’s take a look at all four cylinders firing in sequence:


All the demonstrations in this article run at very slow speeds, but it’s worth mentioning how fast things happen in an actual car. For an engine running at a modest speed of 1500 revolutions per minute there are 25 revolutions of the crankshaft every second. Each cylinder fires once per two revolutions of the crankshaft, but since we have four cylinders, there are actually around 50 explosions per second happening in an engine running at that speed.

The ratio of air to fuel in the combustion chamber is important as simply adding more fuel doesn’t necessarily make the cylinder pressure bigger as we’ll just end up with incompletely burnt gasoline. To actually increase the speed of the engine we need to increase the supply of fuel and air.

Let’s look at the pressure inside the cylinder a bit closer. During the intake stroke the piston creates a negative pressure difference which sucks the air in. During the compression stroke the pressure increases due to shrinking volume, only to increase even more due to combustion. It’s finally reduced by the expanding volume of the chamber as the piston goes down during the power stroke:



The pushing force generated on the piston is proportional to the pressure in the cylinder, however, the torque generated by that force is also affected by other factors. Firstly, observe that during the compression stroke, the pressure inside the chamber pushes on the piston and through the rod against the rotation of the crankshaft:



Secondly, the magnitude of torque depends on the effective length of the arm of force, but that length changes during crankshaft rotation. For instance, when the piston is at the top dead center the gases merely push the crankshaft down, but they don’t turn it because the force arm has the length of zero. In the demonstration below the red dashed line shows the direction of the rod force and the black line show the arm of force on the crank:



If we account for these effects we can calculate that the torque generated by the pressure inside one cylinder is roughly as follows:



However, these are not all the forces that affect the crankshaft. Both piston and its connecting rod have some mass and during crankshaft’s rotation they keep changing their direction of motion. Let’s look at the plot of the velocity of a piston as it moves up and down the cylinder when the crankshaft rotates with a constant angular velocity:



You may be surprised that the plot isn’t symmetrical, but it’s just a consequence of the already discussed behavior of the crank mechanism taking more time to move through the lower half of the stroke compared to the upper half of the stroke.

Let’s consider a piston in a top dead center position – as the piston reaches that point its velocity is 0, so the crankshaft has to drag the piston down. Roughly halfway through its stroke the piston reaches its maximum velocity, and now the crankshaft has to actually slow the piston down so that it stops moving by the time it reaches the bottom dead center position. The piston, however, wants to keep going, so it exerts a pushing force. These inertial forces keep oscillating back and forth creating an inertial torque on the crankshaft:



The magnitude of the inertial forces depends on the speed of the piston and thus on the crankshaft’s rotational velocity. That system is very dynamic since crankshaft’s rotational velocity in turn is affected by the inertial forces acting on it.

The resulting output crankshaft’s torque is a sum of these pressure-based and inertia-based torques. The cumulative diagram of torque on the crankshaft from a single piston looks roughly like this:



As you can see, the torque created by a single piston is very varied. Even when we overlap the resulting torque from all four pistons the total torque is still fairly uneven:



A torque T acting on a shaft creates an angular acceleration α that is proportional to that torque:


T = I · α


This is a rotational equivalent of traditional linear equation that ties force F to mass m and linear acceleration a:


F = m · a


In rotational motion the equivalent of mass m is moment of inertia I. Similarly to how velocity is affected by acceleration, angular velocity is affected by angular acceleration. Let’s see how angular velocity of the crankshaft varies over time under a constant load:



As you can see the value fluctuates a lot. To reduce the angular acceleration and thus variation in angular velocity we have to increase the rotational inertia I of the system. For that purpose a heavy flywheel is attached to the crankshaft with a bunch of  bolts:



Because the flywheel  is heavy and has a large moment of inertia the variation in angular velocity of the crankshaft is reduced which makes the engine work more evenly:



Notice that the flywheel has gear teeth cut on its perimeter. Those teeth mesh with a pinion gear that is powered by an electric starter motor when the engine is being turned on.



Once the flywheel starts moving its inertia helps to keep the crankshaft going which in turn lets the engine continue to operate on its own. Note that while the high inertia of the flywheel helps to smooth out the variation in angular velocity, it also comes at a cost – a very heavy flywheel is difficult to spin up so the engine becomes less responsive to throttle input.

In cars with manual transmission an engaged clutch presses against the flywheel to transfer the rotational motion to the transmission and further down to the wheels. Cars with automatic transmission don’t have a flywheel but instead they use a flexplate which is connected to a torque converter which serves as a source of large inertia to smooth out the engine’s efforts.

The journey through our engine ends here, but there are still many components needed to fully embed an engine in a car. The previously mentioned cooling system ensures the engine is kept at an appropriate operating temperature. The intake and exhaust manifolds direct the flow of gases into and out of the cylinders. An oil pump, oil filter, and oil passages in the engine block and cylinder head ensure all components are properly lubricated. Many modern engines also employ a turbocharger that uses the exhaust gases to increase the amount of air that gets pushed into the cylinders. All those components make sure that the engine can operate at expected level of power and efficiency.

Further Watching 

Engineering Explained is one of the most popular channels dedicated to car technologies enthusiasts. Over the years Jason Fenske has covered a breadth of topics including a comparisons of injection systems, intake manifold design, and even rotary engines.

PapadakisRacing has some great videos on engine assembly and teardowns. If you think you’d enjoy more videos from the latter category I Do Cars does in-depth deconstruction videos of used engines.

How a Car Works is a fantastic video course on the operation of a car. In high quality episodes the presenter goes into a lot more details than what I’ve described here. While the course is paid, there are some free preview videos available on YouTube.

Final Words 

Unchallenged for decades, the internal combustion engines in cars are slowly being supplanted by their electric equivalents, which are simpler, quieter, and more environmentally friendly.

Despite their drawbacks, classic engines still have something mythical about them – their intricate mechanisms are synchronized together to create carefully controlled conditions for harnessing fire in a truly Promethean way.

    



Original: https://ciechanow.ski/internal-combustion-engine/ · Discussion
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Apple 'Hide My Email' vulnerability reveals peoples' real email addresses

easyoptouts.com · 209 points · Discussion
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Monetization Gateway
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Announcing the Monetization Gateway: charge for any resource behind Cloudflare via x402
2026-07-01
7 min read
Today, we are announcing the Cloudflare Monetization Gateway, an engine that will give Cloudflare customers the ability to charge for any asset protected by Cloudflare: web pages, datasets, APIs, or MCP tools. 
It will provide a single control plane to manage payment policies and access controls across your applications, while also protecting your origin from high payment volumes by handling payment verification and enforcement at the edge. At launch, payments will settle in stablecoins over x402, the open protocol we are building with a coalition of more than 25 industry leaders via the x402 Foundation. 

    
      
The evolving business model of the web

      
    

    For 30 years, the web has run on a simple economic bargain: trading content for human attention. That attention has been monetized through advertising, subscriptions, and e-commerce. This bargain funded the Internet as we know it. 
But as agents become the dominant Internet users, the model is breaking. An agent does not look at ads or need to maintain a monthly subscription to all the tools it wants to access. It reads a page or consumes a data feed once, takes what it needs, and moves on. Across the web, AI crawlers already request content anywhere from a hundred to tens of thousands of times for every visitor they send back. 
This reality demands a new model: usage-based pricing for everything. If attention and e-commerce are moving from websites to AI harnesses and AI-written software, then agents should pay for the inputs they need — training data, inference content, developer tooling, and API usage. The natural unit of payment for software is the request, the token, or the outcome, not the seat or the month. A few examples of what that could look like:
	A few cents per web search, billed per call

	\$0.001 base fee plus a \$0.01 per MB charge for an upload endpoint

	\$0.99 per resolved support escalation, paid only when the work succeeds


This is the same shift behind paying creators when an answer engine uses their content — a fair exchange of value whenever content or a resource is used, priced on neutral rails built for the purpose. People often envision an agent buying high-priced assets like web domains, but most of what an agent pays for sits upstream of any checkout, and is priced far lower.
Some of the Internet already works this way. Cloud and APIs have been sold by the call and by the hour for years, but only to a known buyer: a user signs up, they are issued an API key, and they incur usage-based metered billing. Content mostly skipped payment and ran on advertising instead. These business models have never been able to serve unverified buyers for sub-cent transactions because the payment rails cost too much and took too long to settle. Below a certain price, collecting the payment cost more than the payment was worth.
Historically, usage-based billing was difficult to implement. Businesses needed to effectively become payments companies, running their own accounting to track internal usage in a robust and auditable way. Tracking this usage required significant overhauls of backend systems. Many instead chose per-seat pricing because it is simpler and frequently more profitable. 
Agents flip this dynamic. A single agent can do the work of an entire team around the clock, making a flat one-time fee disconnected from actual consumption. At the same time, an agent can make thousands of micropayments without friction, while asking a person to approve each payment would be impossibly burdensome. Usage-based price points are where agents live and where stablecoin-based micropayments shine. That's because stablecoins (such as Open USD and USDC) allow buyers to transfer tiny sums across the Internet, incurring negligible fees and settling in less than a second. This is not feasible with other payment rails today.
Here’s where we can help. Cloudflare has spent years building usage-based accounting for our own billing systems and for our customers’ analytics. We can dramatically simplify the implementation of usage-based billing for web-based assets thanks to our position as a proxy layer between buyers and sellers. As shown below, with Cloudflare supporting usage-based billing, the evidence of payment can move into the request itself, and the payment validation and the request paths merge.

          And here’s the benefit to you: the metering, the payment exchange, and the settlement move off your origin. What stays with you is what matters — your rules, your prices, and your revenue. You will not need to onboard the buyer or stand up a billing system. You will write a rule and agentic buyers will pay for what they use.

    
      
A refresher on x402

      
    

    Last year on Content Independence Day, we gave site owners one-click control over which AI crawlers could reach their content, and with Pay Per Crawl we let them charge crawlers for it. The Monetization Gateway is the next step: instead of only charging crawlers for content, you will be able to charge any caller for any resource, from an API to data to an MCP tool call, and you will not have to build the payment machinery yourself.
x402 is an open protocol that makes it possible to pay over HTTP, named for the 402 status code it finally puts to use. The x402 exchange is simple: a client requests a payment-gated resource. Instead of serving it, the server responds with 402 Payment Required and a small payload that states the price, the accepted asset, and where to pay. The client pays and repeats the request with proof of payment attached. A facilitator verifies, and the server returns the resource. It all happens inside ordinary HTTP requests and responses, with no redirect to a checkout page and no separate payment API to call. Settlement happens peer-to-peer, so any funds that a buyer sends to a seller are directly deposited to the seller’s wallet. We are designing the Monetization Gateway to keep payment overhead low and are aiming for sub-second payment settlement.

          x402 Payment Flow: AI Agent ↔ APIServer ↔ Blockchain, Source: x402 Readme on GitHub 
Two properties make x402 a good fit for machine payments. The payment amounts can be small, down to fractions of a cent, because the protocol adds almost no overhead. And the buyer needs no account with the seller, because the payment itself is the credential. x402 is rail agnostic, but it is a natural fit for stablecoins, which can settle in under a second for a fraction of a cent with zero chargebacks.

    
      
What the Monetization Gateway does

      
    

    The Monetization Gateway will provide a flexible payment rules API that will allow you to express exactly when you want a caller to pay to access your digital resources.

          Here’s how it will work. Tokens, APIs, MCP tool calls, and data already flow through that path. You will decide, as precisely as you want, which of that traffic has to pay. And you will be able to enforce your decisions by writing expressions, similar to expressions that you already write for other Cloudflare rules, in a simple, dedicated product API. The Monetization Gateway will scale with Cloudflare’s global network across 330+ cities, which means that the x402 handshake will occur in close proximity to your buyer. This will reduce request latency and protect your origin. 
A few examples of planned capabilities:
	Charge for specific REST verbs: Require payment on calls to a specific route, for example $0.01 for every GET or POST request to /api/premium/*.

	Variable pricing: Charge variable amounts for tasks of varying complexity, for example, image generation might charge any amount up to $2, depending on the compute used.

	Charge only unauthenticated callers: Intercept HTTP 401 "Unauthorized" responses from your origin and return 402 "Payment Required" instead with pricing and payment instructions.


When a request matches, the Monetization Gateway will verify payment before letting it through. You will be able to set these rules in the dashboard, or manage them as code through the Cloudflare API and Terraform, so a paid endpoint is just another part of your infrastructure config.
The Monetization Gateway will initially allow users to require buyers to pay for services and resources in stablecoins. Sellers will be able to use the stablecoins they accumulate for their own transactions or redeem the stablecoins for equivalent fiat currency in their bank account. Using the Monetization Gateway offers a way to increase the addressable market for your products. With the Gateway, agents can request your resource, be told the price, pay, and get the response. No signup, no API key, no prior relationship required. You will decide how much you need to know about that buyer, and you will have the flexibility to require agents to authenticate with Web Bot Auth and apply usage-based pricing against accounts they already hold.

    
      
Where we see this going

      
    

    The Monetization Gateway will turn the request into a payment and give Cloudflare customers new revenue opportunities, but where this goes is far bigger.
An agent is software that acts autonomously on a user’s behalf, and agents are starting to act on their own. Soon they will carry wallets and buy what they need without a person in the loop: a dataset, an API call, a tool, a block of compute. Some of those resources will be free, and some will require proof of who the agent is and who it acts for, through verified agent identity. Many will require both an identity and a payment, and Cloudflare is one of the few places that will be able to settle all of it inside a single request, by verifying the agent, applying the rule, and checking the payment before the origin ever sees the call. The agent becomes the primary buyer on the Internet, and the request becomes the transaction.
There is an enormous amount of value moving across the Internet today that goes unmonetized or undermonetized, not because no one would pay for it, but because the tools to charge for it have never existed. Every useful API call, every answer, every tool invocation an agent makes has value, and almost none of it is paid for today. That is the opportunity in front of us, and it is what the Monetization Gateway will unlock.
This is what we are building toward: an agent-first Internet with Internet-scale settlement built in. Where the people who make something worth paying for get paid by the software that uses it, automatically. And where the smallest new API can reach the same buyers, on the same terms, as the largest company on the web, and the independent creator is paid by the large language models that use their work. That is the next business model of the Internet, and we are building to power it.

    
      
Sign up for our waitlist

      
    

    The Monetization Gateway waitlist is open now for Cloudflare customers. If you’re interested in monetizing your web page, dataset, API, or MCP tool with usage-based pricing, please join our early access list.

          
  Content Independence DayAI BotsBotsAIx402Payments



Original: https://blog.cloudflare.com/monetization-gateway/ · Discussion
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ZCode: Claude Code from the Makers of GLM

zcode.z.ai · 190 points · Discussion

GLM Coding Plan
使用 GLM Coding Plan 编程
GLM 深度适配 ZCode，让 Agent 编程更稳定、更高效。

查看套餐
适合轻量开发任务
$16.2/ 月$18
包含基础使用额度
	适合轻量迭代与小型仓库
	持续获得最新旗舰模型与功能
	支持 20+ 编程工具，包括 ZCode 深度适配


适合专业开发工作流
$64.8/ 月$72
包含 Lite 全部权益与 5 倍 Lite 额度
	适合中型仓库的日常开发
	优先使用最新旗舰模型与功能
	包含精选 MCP 工具
	更快的生成速度


适合高频与大规模任务
$144/ 月$160
包含 Pro 全部权益与 20 倍 Lite 额度
	适合处理中大型仓库的高级用户
	优先体验最新旗舰模型与功能
	高峰期专属资源保障



价格和权益可能变化，最终信息以 z.ai 订阅页为准。
产品能力
保持在技术前沿
无论是理清遗留系统还是交付实时特性，ZCode 都能让团队保持高效和稳健。

[image: 长程任务]
长程任务
用 Goal 管理复杂目标，持续规划、执行与验证，让多步骤工作稳步推进。


[image: Bot 控制]
Bot 控制
通过微信、飞书或 Telegram 远程唤起 ZCode，让任务随时进入执行状态。


[image: GLM-5.2 深度集成]
GLM-5.2 深度集成
针对 GLM-5.2 模型能力深度优化，在推理、编码和多 Agent 协作中释放更强表现。




MacOS



Windows







Original: https://zcode.z.ai/cn · Discussion
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FFmpeg 9.1's new AAC encoder

hydrogenaudio.org · 181 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://hydrogenaudio.org/index.php/topic,129691.0.html · Discussion
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Fable 5 Is Back

twitter.com · 160 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://twitter.com/claudeai/status/2072402636813607381 · Discussion
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What to Learn to Be a Graphics Programmer

blog.demofox.org · 138 points · Discussion


				
I get asked fairly often what people need to know to be hireable as a graphics programmer. I figured it was time to make a page to link instead of re-typing it each time.




We are in a strange time with LLMs. I think ML as it is right now won’t live up to the hype, and the pendulum will swing away from ML a bit over the next couple years. I think the grifters will move onto quantum computing next or find some other thing to pump and dump. However, ML itself does have a place in the computer science tool box, so learning about the fitting and optimization techniques it offers is valuable IMO.  I made a video you can watch to learn about the bare metal bits, but it’s up to you if you think it’s worth while to learn or not.
Machine Learning For Game Developers
https://www.youtube.com/watch?v=sTAqWRsEiy0





Besides that:




Modern rendering is sort of like two jobs in one.





	Learning the CPU side – Learning DirectX12, Vulkan, Metal, or similar modern “explicit” APIs and the engine programming to support loading assets and other supporting tasks.




	Learning the GPU side – the mathematics of modern lighting and shading, rendering techniques like shadows, ambient occlusion, and post processing effects. Also understanding what is fast and what is slow on the GPU, to know how to make things that run better in real time.






It’s very difficult to learn both things at once. If you want to focus on #2, then you could use a simpler thing for #1, such as opengl, webgl, DirectX11, an engine, or similar. If you want to focus on #1, you should work until you get a first triangle up on the screen, then get a mesh on screen, and so on, but don’t worry about it being very pretty.




Part of #2 is writing a path tracer.  Path tracing is how movies do rendering, and it is what we try to approximate with modern real time rendering techniques. A great place to start with a path tracer is this free book online “Ray Tracing in One Weekend”. A lot of people have used it. It’s really approachable and shows you how to make photo realistic renderings.
https://raytracing.github.io/books/RayTracingInOneWeekend.html












Another part of #2 is learning “Physically based rendering” or PBR, which is a way of applying lighting (mainly specular, when it comes down to it). PBR is “principled,” meaning if you stick to the rules, you get good results.  Before PBR, people wrote random equations for lighting with all sorts of random tweaks and hacks. It made it so you could make an asset that looked good in one situation, but changing the lighting would make it look too dark or would look like it was glowing.  People had to make different versions of the assets for different lighting conditions, which was a lot of time and effort.
PBR lets your assets look better in all lighting conditions by default, and saves the time and effort of having to make different versions.  It was a big win for our industry. Even so, asset creation time, money and effort is still a big bottleneck in game development.





The PBR section (and subsections) on this page are a great intro to PBR:
https://learnopengl.com/PBR/Theory









If at some point you outgrow that and want to go deeper, reading the Filament documentation is a good next step. lots of calculus and statistics as you go deeper into PBR:
https://google.github.io/filament/Filament.md.html




Beyond that is the famous PBRT book “Physically Based Rendering: From Theory To Implementation” which is also free online:
https://pbrt.org/




Ideally you’ll end up with some source code you can share with prospective employers (like on github, linked to on your resume) to show as proof that you know these things. Something like:





	Something that looks vaguely like an engine in that it loads assets (models, textures) and renders them on the screen in real time, with lighting and a couple effects (shadows, depth of field, area lights, tone mapping, ray traced shadows, whatever). Preferably lit using PBR, with a user controllable camera, and is written using DX12, vulkan or similar, and in C++.




	A path tracer that generates a photo realistic image.  Preferably in C++, but it could be a program without a window that just writes a png as output, it doesn’t have to be real time.




	Bonus points if the path tracer is just a separate mode of your “engine-like renderer” and you use it to help verify that your real time PBR rendering is correct, by showing that it matches path traced results. Extra bonus points if you point out where the two renderings don’t match, you can explain why they don’t match, and have thoughts on what you could implement in your real time renderer to make them match more closely while still staying real time.






You might wonder what math you need to know.  If you do the above items, you will encounter the math you need to know but basically linear algebra (matrix multiplication, cross product, dot product), basic trigonometry, and a little bit of calculus is really all you NEED.  The fun thing about graphics (and game development in general), is that while the amount of math you need is fairly minimal, the amount of math you can use is essentially unbounded.




The same is true algorithmically.  You should know the basic abstract data types and algorithms such as linked lists, hash tables, sorting and searching.  Often times, the fastest algorithms are the simplest.  An array is far faster than a linked list. However, knowing more advanced algorithmic concepts can help you when you really do need something novel and custom.




In game development, C++ is the language to learn. Some people use rust, and it’s hard to tell if rust use is growing or not, but it does have a slice of the pie, while not being the standard language that people expect you to know.  WebGPU has a lot of capabilities that WebGL did not have, and it’s becoming more of a serious platform, which lets you work in javascript to do the CPU side of the work.  I haven’t seen a lot of WebGPU jobs posted though, and I don’t see a lot of WebGPU content on the web. Knowing C++ seems to be the thing to learn, by far, for CPU side programming.




For shader languages, hlsl seems most common, but some people work in glsl.  The shaders are often transpiled to other shader languages in multi platform games.








I’ll keep this page updated as things change or as people ask questions not covered here.




Extended ML Commentary Regarding Agents:
I don’t believe current ML technology is “up to task” for most of the things they are selling it’s use on. I do get use out of it by talking to Claude about math, papers, or unfamiliar algorithms. It’s easy to see if it’s making things up or not in those situations, and it’s easy to check other sources for sanity checks. I do not find it very useful for programming however because even when it does what it’s supposed to do, I don’t understand the code without taking the time to understand it. At that point, I should have just written it. There are some smaller things I find useful, such as “do you see any bugs in this file?” which either returns yes and i can investigate, or returns no, and it cost me nothing to ask. These technical things aside, I do believe that at some point humanity will figure out how to make actual human level artificial intelligence and then go beyond that. I don’t know if that will happen in my lifetime, but I do believe it will happen some day, unless we destroy ourselves first. In that way, this age of LLMs is sort of like a dress rehearsal for when “the real stuff” comes later on. I hope we learn the right lessons and are more prepared when it comes.

			



Original: https://blog.demofox.org/2026/07/01/what-to-learn-to-be-a-graphics-programmer/ · Discussion
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Ask HN: Who is hiring? (July 2026)

118 points · Discussion

Please state the location and include REMOTE for remote work, REMOTE (US)
or similar if the country is restricted, and ONSITE when remote work is not an option.Please only post if you personally are part of the hiring company—no
recruiting firms or job boards. One post per company. If it isn't a household name,
explain what your company does.
Please only post if you are actively filling a position and are committed
to replying to applicants.
Commenters: please don't reply to job posts to complain about
something. It's off topic here.
Readers: please only email if you are personally interested in the job.
Searchers: try https://nthesis.ai/public/hn-who-is-hiring, https://dheerajck.github.io/hnwhoishiring/,
http://nchelluri.github.io/hnjobs/, https://hnjobs.emilburzo.com.
Don't miss this other fine thread: Who wants to be hired? https://news.ycombinator.com/item?id=48747975


Original: https://news.ycombinator.com/item?id=48747976
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How We Made IPFS Content Publishing 10x Faster

probelab.io · 114 points · Discussion


                    Introduction

Publishing content in Distributed Hash Tables (DHTs) has traditionally been a slow operation, especially when: i) the network is large, and ii) the nodes participating in the network are churning frequently. The case is no different for IPFS’s Amino DHT, which meets both of these conditions. The ProbeLab team identified this problem years ago, through extensive measurements, and proposed an optimisation that was shown to improve performance, i.e., reduce the content publication time by over one order of magnitude while simultaneously reducing the network overhead by 40%.

The optimisation was named Optimistic Provide and it only recently shipped as a default in IPFS’s Kubo 0.39.0! The study was published in IEEE INFOCOM 2024, and we point readers to the publication for more but denser details.

In this blogpost we provide an overview of the technique proposed by our team, alongside basic technical details and, of course, results that prove the validity of our initial claims regarding its effectiveness.


A big thanks to the IPShipyard team for their support along the way and the final push to get this feature into production. According to the results, it was worth the effort.



TL;DR

The basic ideas behind Optimistic Provide are the following:


	While walking the DHT, immediately store records with peers that are likely among the 20 network-wide closest peers.

	Terminate the DHT walk immediately when the set of the discovered 20 closest peers likely constitute the network-wide closest peers.

	Return control back to the user after most (not all) of the PUT RPCs have succeeded and continue with the remaining ones in the background.



Points 1. and 2. require knowledge of the total network size which we derive from a lightweight estimation method piggy-backing on the routing table refresh mechanism to not incur any additional networking overhead.

Optimistic Provide decreases significantly the upload latency, from more than 13 seconds (often close to 20 seconds) to less than 1 second, and brings tremendous value and impact to the performance of IPFS.

What this means in practice: content publishers can now have their content published almost in real-time, i.e., ~1 second after content has been pushed to the network. This is a major improvement, compared to > 10 seconds before, as developers, users and application providers can re-iterate and debug in real-time.

Traditional Provide Operation

To understand how these optimizations work, we must first look at the traditional "provide" operation. In a Kademlia-based Distributed Hash Table (DHT), such as the Amino network used by IPFS, storing a record requires identifying the k peers closest to that data's identifier where k is set to 20 in the Amino DHT. In this context, "closeness" is not defined by geographical proximity but by the XOR distance metric. This metric calculates the distance between a peer’s unique PeerID and the data’s Content Identifier (CID) by performing a bitwise XOR operation on their IDs.

Starting from a hard-coded set of bootstrap peers, a node fills its local routing table. The process of finding these 20 closest peers is known as a DHT Walk. It is an iterative search where a node queries its local routing table for the closest known peers and asks them for even closer candidates. This cycle continues until the initiator has received successful responses from the three closest peers it has discovered. Once the walk terminates, the Follow-Up phase begins: the initiator pushes the provider record to all 20 of those closest peers to ensure data availability even if some nodes leave the network.

So the takeaway is: a provide process consists of two phases


	DHT Walk Finding the network-wide 20 closest peers

	Follow-Up Pushing the record to these 20 peers



Performance Bottleneck

While this system is robust, it is historically slow, often taking dozens of seconds or even minutes to complete. Our research at ProbeLab identified that the primary delay is the termination condition of the DHT walk.

The "traditional" algorithm is rigid: during the DHT Walk phase it insists on waiting for responses from the three discovered closest peers. In a permissionless network where peers frequently churn, these specific peers are often unreachable. The system then "backtracks," querying more distant peers to fill the gap, while the actual 20 closest peers might have already been discovered.

The graph below shows the cumulative distribution function of the total duration of provide operations from Europe, the traditionally fastest region. The original graph can be found here. The graph shows that the median latency is around ~20s and that in the worst cases a single provide operation can take over two minutes.

[image: CDF chart of IPFS DHT publish latency (0–180 s). ~30% of publishes complete within 5s, ~80% within 20s, and ~95% within 60s, with a long tail reaching up to 180s.]

This performance characteristic is prohibitive for delay-sensitive applications and this is what we attempted to address with Optimistic Provide.

Optimistic Provide

Optimistic Provide addresses slow provide operations by replacing rigid waiting with statistical heuristics. Since Kubo v0.39.0, this is the default behavior, enabling sub-second record storage through three key mechanisms:


	Network Size Estimation: Individual nodes now locally estimate the global network size using a lightweight, bias-corrected proximity model.

	Predictive Termination: During the DHT Walk the initiator uses the network size estimate to calculate the probability that individual peers and its current set of closest peers are "close enough". Once it is 90% certain it has discovered a peer among the network-wide 20 closest peers, it stores the record immediately. Once it is 90% certain it found the target set, it terminates the walk immediately.

	Early Return: In the follow-up phase, the system returns control to the user as soon as a subset (e.g., 15) of the 20 peers confirm storage. The remaining 5 requests continue asynchronously in the background, ensuring the record is fully replicated, without making the user wait.



Network Size Estimation

One seemingly intuitive solution to derive a network size estimation might involve crawling the entire network to derive a number of participating peers. Yet, this approach proves impractical due to the excessive overhead it introduces. Distributing the task to a subset of peers that share the information would require trust in their honesty, which is a challenging proposition in a permissionless network.

Instead, we designed a lightweight estimation algorithm that piggybacks on data the node is already collecting meaning we incur zero additional networking overhead: the routing table refresh. During a refresh, a node looks up a random key for each of the buckets it maintains, where in Kubo's case, this means 16 lookups, plus the node's own ID. Each lookup returns the network-wide closest peers to a random target key, so a single refresh round naturally yields a sample of peer distances spanning the keyspace at different scales.

The core insight is that, assuming peer IDs are uniformly distributed, the distances of the 20 nearest peers to any given key follow a predictable statistical distribution, specifically, Beta distributions for Order Statistics (see this excellent blog post). This lets us treat each peer in a lookup result as an independent network size estimate. A single lookup returning 20 peers therefore yields 20 estimates rather than one if we only considered the keyspace density, and averaging across a handful of lookups produces a result that holds up well against ground-truth counts from our Nebula crawler.

There is one complication: querying within your own keyspace neighborhood, as the routing table refresh mechanism does, introduces a density bias. A peer sitting in a dense keyspace region will overestimate the global network size; one in a sparse region will underestimate it. Our bias correction addresses this by exponentially downweighting data points from non-full buckets. The intuition is that a full bucket indicates the covered keyspace region is well-populated enough to be representative, while a sparse bucket suggests a skewed local view. This correction won't be perfect in every case, but it substantially reduces variance in the estimates across peers.

The graph below shows unweighted versus weighted network size estimates from six independent peers in the IPFS Amino network over three consecutive days, overlaid with the total and dialable peer counts from our Nebula crawler.

[image: Two time-series charts showing IPFS network size estimates (June 9–12, 2023) using unweighted and weighted methods. All estimates remain stable at roughly 28,000–32,000 nodes throughout the period where the weighted graph show less variance.]

For a more detailed discussion of the method we point interested readers at our paper.

Predictive Termination

With a reliable network size estimate in hand, we can now make probabilistic decisions during the DHT walk rather than waiting for the rigid confirmation the traditional algorithm requires.

This happens at two levels. The first is per-peer: each time the initiator encounters a new peer during the walk, it checks whether that peer is already close enough to the target key to be among the network-wide 20 closest. Inverting the corresponding CDF of the order statistics Beta distribution lets us calculate a distance threshold which, if a peer falls within it, we can be 90% confident it belongs to the final target set. When that condition is met, we don't wait but instead store the record with that peer immediately.

The second level operates on the set of 20 currently known closest peers as a whole. After each query response, the initiator checks whether this set is likely already the global closest 20. We observe that the expected average distance of the 20 closest peers to a target key equals the expected distance of the hypothetical 10.5th-closest peer, which gives us a clean scalar to threshold against. Once the average distance of the known set falls below that threshold, again at 90% confidence, the walk terminates without waiting for the three closest peers to confirm, as the classic algorithm would require.


Together, these two conditions eliminate the bulk of the waiting that makes classic provide operations slow. Unreachable peers, which previously caused the walk to backtrack and probe progressively more distant nodes, no longer hold up the process.



Early Return

Predictive termination solves the DHT walk bottleneck, but it introduces a new problem in the follow-up phase. By skipping the classic algorithm's backtracking behavior, we lose the filtering effect it had on unreachable peers and those peers now surface during record storage instead. In practice, at least one of the 20 follow-up requests fails in the vast majority of operations, and a single unresponsive peer can stall the entire phase waiting for a timeout.

The fix is straightforward: rather than waiting for all 20 peers to confirm storage, we return control to the user as soon as 15 have responded. The remaining 5 requests continue asynchronously in the background and are never cancelled. Full replication still happens, just out of view. We chose 15 based on prior work showing that reducing the replication factor from 20 to 15 has a negligible impact on record availability in the IPFS network, so handing back control at that point carries no meaningful reliability cost.

Results

ProbeLab has been monitoring the IPFS Kubo "Upload" performance among many other metrics for a long time through our extensive tooling. We have updated our Kubo version to v0.39.0 in the beginning of February. The following plot shows the sharp drop of the upload latency from an average of ~15s to ~0.7s  right after the deployment of Kubo that includes Optimistic Provide.

[image: Bar chart showing Kubo "upload" performance (avg time in seconds) from mid-January to mid-March 2026. After deploying Kubo v0.39.0 in early February, provide duration dropped dramatically from ~15s to ~1s.]

Record Availability

A natural concern with any optimization that short-circuits the classic algorithm is whether it compromises record availability. Storing records with the wrong peers, or too few of them, could make content harder to find. Our measurements show this is not the case. The peers selected by the optimistic approach are statistically close enough to the target key that retrievability remains intact, with GET error rates comparable to the classic baseline. The approach does result in slightly fewer successful storage confirmations per PUT on average, but this is an acceptable trade-off: our early return threshold was chosen precisely because our prior work established that modest reductions in replication have negligible impact on availability in the IPFS network.

This is further reinforced by Kubo's reprovide sweep, which subsequently performs a precise PUT operation to ensure records are stored with the most accurate set of peers. The initial optimistic provide trades some placement precision for speed; the reprovide sweep quietly corrects for that in the background.

Limitations

The entire optimization rests on a reliable network size estimate. If that estimate is significantly off, the distance thresholds used for peer selection and walk termination will be miscalibrated, and record storage accuracy suffers.

One growing challenge here is the rise of undialable peers in the IPFS Amino DHT. As the graph below shows, roughly 50% of peer identities currently found in the network advertise only private IP addresses and cannot be reached from the public internet. In the current implementation these peers still feed into the network size estimation, inflating the count. This causes an overestimation, which makes the termination threshold more conservative rather than more aggressive. The failure mode is reduced performance rather than broken availability, but it does mean the optimization cannot fully reach its potential.

[image: Time-series chart of IPFS dial error types (share of peers) from late February to mid-March. The error type no_public_ip_addresses dominates at ~50%, while io_timeout holds steady at ~9%. All other error types remain near 0% throughout.]

A second limitation is the cold start problem: a Kubo node needs to complete at least a partial routing table refresh before it has enough data to run the estimation, which can take anywhere from a few seconds to a few minutes after startup.

We propose three incremental improvements:


	peers advertising only private IP addresses will be filtered out of the estimation when the node is operating on the public network. 

	the reprovide sweep, which enumerates the network anyway, will feed an accurate peer count directly back to the optimistic provide algorithm, giving it a high-quality estimate without any additional overhead. 

	the latest network size estimate will be persisted to disk so that on restart, the node can use the last known value immediately rather than waiting for fresh routing table data to accumulate assuming the network hasn’t grown or shrunk significantly since the last run.



Summary

We believe that Optimistic Provide together with Reprovide Sweep fundamentally redefine the experience of publishing content on IPFS. Optimistic Provide delivers the initial fast store, making content immediately discoverable through HTTP Gateways and other Kubo nodes within a second. The Reprovide Sweep then follows up quietly in the background, ensuring all records are accurately placed in the network without placing excessive load on the node.

This is a stark contrast to the pre-0.39.0 world, where record availability could lag up to two minutes after adding content to a local Kubo deployment and where nodes with even a modest number of CIDs could fail to provide all of them within the 24-hour reprovide window entirely.

Beyond the immediate user experience improvement, Optimistic Provide addresses one of IPFS's most longstanding performance bottlenecks in a way that is backwards compatible with the existing network and generalizes to any Kademlia DHT deployment. It achieves a speed-up of over one order of magnitude, enables sub-second PUT operations for 90% of requests from North America and Europe, and does so while maintaining record availability and reducing networking overhead by over 40%. For a protocol that has long been held back from delay-intolerant use cases, this closes a significant gap.

What’s next?

The most immediate action is straightforward: if you are running a Kubo deployment, update to v0.39.0 or later. As the snapshot below shows, only around 17% of publicly reachable Kubo nodes are currently running a version with Optimistic Provide enabled by default — meaning the majority of the network is still paying the full cost of the classic PUT operation (snapshot from 2026-03-20).

[image: Bar chart of Kubo peer versions across 3,801 total peers. Recent versions v0.39.0 and v0.40.1 account for ~17%, while the majority of peers run older versions — led by v0.22.0 (24%) and "other" (28.7%).]

On the development side, we advocate for the work on three incremental improvements outlined in the limitations section: peer filtering, deeper Reprovide Sweep integration, and cached network size estimation on disk. Together they should allow the algorithm to reach its full potential even under adverse network conditions and immediately after node restarts.

Looking further ahead, there are a number of open questions worth investigating. The behavior of Optimistic Provide under severe network conditions like high churn, network partitioning, or Sybil attacks has not yet been characterized. We also see opportunity in exploring whether the same statistical framework could be applied to accelerate GET operations in cases where the DHT walk dominates retrieval latency like in IPNS lookups. Finally, since the technique is not specific to IPFS, we encourage maintainers of other Kademlia-based DHT deployments to evaluate whether Optimistic Provide could bring similar gains to their networks.

If you are working on IPFS tooling or infrastructure and want to contribute, the implementation lives in the go-libp2p-kad-dht repository. Feedback from real-world deployments, particularly in underrepresented regions or under unusual network topologies, is especially valuable.
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1-Bit Pixel Art Emojis

hypertalking.com · 113 points · Discussion

After my first son arrived in 2018, I didn’t have much time to work on the time-intensive Mount Fuji pixel art series any more (again, I hope to get back to this somehow soon).
However, I enjoyed clicking all the pixels on and off and wanted to keep doing it.
So what could I complete fairly quickly rather than a project that drags on?
What was small and could still give me the fun of creating something intricate?
Well one day it hit me — a bit obvious — but emojis are all little tiny works of art. I could recreate them as 1-bit pixel art.
Another neat thing about emojis — they kind of have the same vibe as what icons were like back when all we had was small screen resolutions and 32 x 32 pixel icons. Limited space in which to get across an idea — a great creative constraint!
So, for a few weeks in Summer 2019 I noodled about recreating a bunch of Apple’s emojis.
In the end I drew 42 of them before I got tired of it. Here they are for your amusement:
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.
Feel free to use in your projects, just give me some credit and a link back here please.




Original: https://hypertalking.com/2023/05/15/1-bit-pixel-art-emojis/ · Discussion
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Ask HN: Who wants to be hired? (July 2026)

86 points · Discussion

Share your information if you are looking for work. Please use this format:
  Location:
  Remote:
  Willing to relocate:
  Technologies:
  Résumé/CV:
  Email:


Please only post if you are personally looking for work. Agencies, recruiters, job boards,
and so on, are off topic here.Readers: please only email these addresses to discuss work opportunities.
Searchers: try https://nthesis.ai/public/hn-wants-to-be-hired, https://www.wantstobehired.com.


Original: https://news.ycombinator.com/item?id=48747975
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Claude Fable 5 Promotional Access

support.claude.com · 72 points · Discussion

For a limited time, you can use our newest model—Claude Fable 5—at no extra cost as part of your subscription plan. This article explains what the promotion includes, how to access Claude Fable 5, what happens when you reach your usage limit, and what happens when the promotional period ends.

What’s included

During the promotional period, you can use up to 50% of your weekly subscription limits on Claude Fable 5 at no extra cost. After that, keep using Fable 5 with usage credits, or switch to another model and keep working within your remaining limits. 
There's nothing to claim or activate, and you won't pay anything beyond your existing subscription. Fable 5 draws from your plan's regular weekly usage limit and uses it faster than other Claude models.

Promotional period

The promotion starts July 1, 2026 and ends July 7, 2026 at 11:59:59 PM PT.

How to access Claude Fable 5

You can access Claude Fable 5 on:
In Claude on the web, Claude Desktop, and Claude Mobile, select "Fable 5" from the model picker. In Claude Code, Fable 5 requires version 2.1.170 or later. To use Fable 5 in Claude Cowork, you need to be on the latest version of Claude Desktop.

When you reach your Fable 5 weekly limit

Once you use up to 50% of your weekly limit on Fable 5, you can continue in one of two ways for the rest of the promotional period:
This works the same way across Claude on the web, Claude Mobile, Claude Desktop, Claude Cowork, and Claude Code. Learn more about using usage credits.

What’s not included

The promotion doesn’t apply to:

Seat-based Enterprise plans

If your organization is on a legacy seat-based Enterprise plan, access to Claude Fable 5 depends on your seat type and whether your organization has enabled usage credits:

What happens when the promotion ends

After July 7, 2026, Claude Fable 5 is no longer included in your plan’s weekly usage limits. You can keep using Claude Fable 5 through usage credits, which let you pay for usage beyond what your plan includes. Learn more about using usage credits.

Frequently asked questions


Why can’t I see Claude Fable 5?

Check the following:

Will this use my regular usage limits?

Yes. During the promotion, Claude Fable 5 counts toward your plan's usage limits and you can use up to 50% of your weekly usage limits on Fable 5. You won't be charged anything extra unless and until your Fable 5 usage reaches its weekly limit and you continue using it. After you reach your weekly Fable 5 limit, you can keep using Fable 5 with usage credits, which are billed separately, or switch to another model to stay within your existing plan usage limits. If you have usage credits turned on and continue using Fable 5 after you hit your weekly limit, billing will automatically switch to usage credits.

Will I always get 50% of my weekly limit for Fable 5?

No. You can use up to 50% of your weekly limit on Fable 5, but your use of other models draws from the same usage limits and you can never use more than your weekly limit.  
For example, if you've already used half of your weekly limit on other models, you have half of your overall limit left—so you can use Fable 5 up to that remaining amount, even though Fable 5's own limit is higher. You can track both in your usage settings.

Can my admin disable this?

In Claude on the web, Claude Desktop, and Claude Mobile, promotional access to Claude Fable 5 can't be disabled by your organization's admin, though admins can control which model is set as your default. In Claude Code, admins can manage model availability—including Fable 5—through managed settings, so if you don't see Fable 5 in Claude Code, your admin may have restricted it.

I'm on a legacy seat-based Enterprise plan. Does my team have promotional access to Claude Fable 5?

Yes, but it depends on your seat type:

Related Articles
How large is the context window on paid Claude plans?
What is the Team plan?
Use the Claude Agent SDK with your Claude plan
Claude Enterprise activation promo for Claude Code and Cowork
Why Claude switched models in your conversation with Fable 5




Original: https://support.claude.com/en/articles/15424964-claude-fable-5-promotional-access · Discussion



19

Fixing a kubelet memory leak in Kubernetes 1.36

heyoncall.com · 60 points · Discussion

How I tracked down a tiny Go lifecycle bug in Kubernetes kubelet which leaked a context on every startPodSync.

A few weeks ago, I started getting alerts from a tiny Kubernetes cluster: a single-node Kubernetes test cluster, not running any of our production workload. I’d recently upgraded this cluster to v1.36, hosted on DigitalOcean’s managed DOKS service. My frugality paid unexpected dividends: this tiny (ahem, cheap!) 2 GiB RAM node had so much memory pressure that it quickly revealed a deeper issue in Kubernetes 1.36, which would have taken longer to show up if memory were abundant.


Investigating the alerts revealed that Pods were being restarted, but kubectl top pods didn’t show any unusually-large pods. The applications running on the node weren’t experiencing memory growth and were nowhere near their memory limits.


Peeling back the Kubernetes facade, I opened up a root shell on the node itself, and a short htop and M later, quickly discovered that the kubelet process itself had grown and was growing!


A quick systemctl restart kubelet on the node made the cluster happy again, but the underlying leak was still there, and would come back soon unless I determined the origin of the leak.


Dumping kubelet’s heap


Kubernetes is written in Go, and kubelet is a core component of how Kubernetes works: it runs on every node, and is responsible for keeping that node’s containers in sync with the desired cluster state.


Go’s pprof package lets you capture a heap memory profile from a running process, which I saved to a file:

kubectl get --raw "/api/v1/nodes/${NODE}/proxy/debug/pprof/heap?debug=0" > "kubelet_pprof_heap.pb.gz"


After that, go tool pprof -top can be used to see what’s going on, both by total size and by object count.


By object count:

go tool pprof -top -sample_index=inuse_objects kubelet_pprof_heap.pb.gz

      flat  flat%   sum%        cum   cum%
    642456 45.52% 45.52%     918672 65.09%  context.(*cancelCtx).propagateCancel
    380137 26.93% 72.45%     380195 26.94%  context.withCancel (inline)
    276216 19.57% 92.02%     276216 19.57%  context.(*cancelCtx).Done
     10923  0.77% 92.80%      10923  0.77%  container/list.(*List).insertValue (inline)
     10923  0.77% 93.57%      10923  0.77%  container/list.New (inline)
     10923  0.77% 94.34%      10923  0.77%  golang.org/x/net/http2.(*clientConnReadLoop).handleResponse
     10923  0.77% 95.12%      10923  0.77%  google.golang.org/protobuf/internal/impl.consumeStringValueValidateUTF8
     10923  0.77% 95.89%      10923  0.77%  k8s.io/api/core/v1.(*VolumeMount).Unmarshal
     10923  0.77% 96.67%      10923  0.77%  os.(*File).readdir
      4681  0.33% 97.00%      16833  1.19%  k8s.io/apimachinery/pkg/watch.(*StreamWatcher).receive
        19 0.0013% 97.00%      21865  1.55%  k8s.io/utils/internal/third_party/forked/golang/golang-lru.(*Cache).Add
         0     0% 97.00%      10923  0.77%  container/list.(*List).PushFront (inline)
         0     0% 97.00%     380195 26.94%  context.WithCancel
         0     0% 97.00%     918614 65.08%  context.WithDeadline (inline)
         0     0% 97.00%     918614 65.08%  context.WithDeadlineCause
         0     0% 97.00%     918614 65.08%  context.WithTimeout
...
         0     0% 97.00%     918206 65.06%  k8s.io/apimachinery/pkg/util/wait.PollUntilContextTimeout
...         0     0% 97.00%     918215 65.06%  k8s.io/kubernetes/pkg/kubelet.(*Kubelet).SyncPod
...
         0     0% 97.00%      22742  1.61%  k8s.io/kubernetes/pkg/kubelet.(*Kubelet).syncLoopIteration
         0     0% 97.00%    1309333 92.77%  k8s.io/kubernetes/pkg/kubelet.(*podWorkers).UpdatePod.func1
         0     0% 97.00%    1309333 92.77%  k8s.io/kubernetes/pkg/kubelet.(*podWorkers).podWorkerLoop
         0     0% 97.00%     929138 65.83%  k8s.io/kubernetes/pkg/kubelet.(*podWorkers).podWorkerLoop.func1 (inline)
         0     0% 97.00%     380195 26.94%  k8s.io/kubernetes/pkg/kubelet.(*podWorkers).startPodSync
...
         0     0% 97.00%     907283 64.28%  k8s.io/kubernetes/pkg/kubelet/volumemanager.(*volumeManager).WaitForAttachAndMount


By total heap memory usage:

go tool pprof -top -sample_index=inuse_space kubelet_pprof_heap.pb.gz

      flat  flat%   sum%        cum   cum%
   86.33MB 51.28% 51.28%   115.83MB 68.80%  context.(*cancelCtx).propagateCancel
   29.50MB 17.52% 68.80%    29.50MB 17.52%  context.(*cancelCtx).Done
      29MB 17.23% 86.03%    30.54MB 18.14%  context.withCancel (inline)
    1.66MB  0.99% 87.02%     1.66MB  0.99%  google.golang.org/grpc/mem.(*sizedBufferPool).Get
    1.50MB  0.89% 87.91%     2.50MB  1.49%  github.com/google/cadvisor/container/libcontainer.newContainerStats
       1MB  0.59% 88.50%        1MB  0.59%  reflect.unsafe_New
       1MB  0.59% 89.10%        1MB  0.59%  github.com/google/cadvisor/container/libcontainer.diskStatsCopy
       1MB  0.59% 89.69%        1MB  0.59%  k8s.io/apimachinery/pkg/util/sets.Set[go.shape.string].Insert (inline)
       1MB  0.59% 90.28%        1MB  0.59%  internal/bytealg.MakeNoZero
...
         0     0% 91.48%    30.54MB 18.14%  context.WithCancel
         0     0% 91.48%   114.29MB 67.89%  context.WithDeadline (inline)
         0     0% 91.48%   114.29MB 67.89%  context.WithDeadlineCause
         0     0% 91.48%   114.29MB 67.89%  context.WithTimeout
...
         0     0% 91.48%   103.52MB 61.49%  k8s.io/apimachinery/pkg/util/wait.PollUntilContextTimeout
...
         0     0% 91.48%   104.04MB 61.80%  k8s.io/kubernetes/pkg/kubelet.(*Kubelet).SyncPod
...
         0     0% 91.48%   135.08MB 80.24%  k8s.io/kubernetes/pkg/kubelet.(*podWorkers).UpdatePod.func1
         0     0% 91.48%   135.08MB 80.24%  k8s.io/kubernetes/pkg/kubelet.(*podWorkers).podWorkerLoop
         0     0% 91.48%   104.54MB 62.10%  k8s.io/kubernetes/pkg/kubelet.(*podWorkers).podWorkerLoop.func1 (inline)
...
         0     0% 91.48%   103.02MB 61.19%  k8s.io/kubernetes/pkg/kubelet/volumemanager.(*volumeManager).WaitForAttachAndMount


Despite never before peeking at kubelet’s implementation, I was immediately surprised to find almost a million contexts taking up the majority of its memory usage! That doesn’t sound right.


Codex finds the regression


Jumping into unfamiliar new codebases and being able to ask questions is one of the more powerful superpowers of the recent generation of AI coding tools. While I was suspicious of the kubelet/volumemanager.(*volumeManager).WaitForAttachAndMount line (maybe exec-based readiness and liveness probes were acting up?), Codex immediately steered me to the correct issue: a change in Kubernetes 1.36 introduced on 2026-02-19 in which this code:

    // initialize a context for the worker if one does not exist
    if status.ctx == nil || status.ctx.Err() == context.Canceled {
        status.ctx, status.cancelFn = context.WithCancel(context.Background())
    }
    ctx = status.ctx


was replaced by:

    ctx, status.cancelFn = context.WithCancel(parentCtx)


This runs on every single startPodSync, which is the core reconciliation loop for each Pod. On its own, the new line looks like it might be harmless: it creates a new cancelable context and stores the cancel function.


The problem is what happens on the second pass:


If status.cancelFn already points to the previous cancel function, this assignment overwrites it. If the old cancel function was never called (and it isn’t in the typical success case), the old child context remains attached to its parent. Go’s context docs explicitly say that calling the CancelFunc removes the parent’s reference to the child, and failing to call it leaks the child until the parent is canceled.


This is called for every single Pod reconciliation loop, and so over a few days, it grew to almost a million leaked contexts, and would have been more on a busier cluster!


Reporting and patching


I’d never committed to the Kubernetes project before, but my experience as a newcomer was that they’re running a great process that helped quickly triage the issue and support me in getting patches merged.


Adding another layer of complexity, my original patch attempt passed local tests, but failed on E2E integration tests that run in Kubernetes CI environments. These revealed another issue of how prober workers, which handle readiness and liveness probes, weren’t using contexts quite correctly either! In the interest of solving the memory leak, the team steered me to simplify just toward reverting the immediate issue, leaving broader context fixup for later.


I left a few “Be careful” comments in the code for the next person brave enough to attempt a deeper cleanup:

    // Be careful not to leak contexts (see #139823).
    // Be careful that long-lived goroutines (such as prober workers) outlive
    // the lifetime of a single startPodSync cancellation context.


Timeline



	2026-06-17: memory leak issue reported

	2026-06-18: found the code change responsible in startPodSync

	2026-06-18: Maintainers tagged as accepted, important-soon, regression

	2026-06-18: PR opened

	2026-06-19: PR simplified due to prober workers failures

	2026-06-23: Maintainers tagged as lgtm

	2026-06-25: Maintainers tagged as approved and merged into master branch (which feeds into v1.37)

	2026-06-28: backport PR opened against release-1.36 branch (to get this into a v1.36 patch release)

	(not yet): patch release of Kubernetes v1.36.3




Lessons learned


The Kubernetes team was great to work with.


Heap memory profiling is a superpower.


Memory leaks look different than they used to.


Long-running production systems have a time dimension component that short-running tests often lack.


Sometimes the issue is not the application-level workload, but in all the infrastructure underneath it.


“Turn it off and back on again” remains undefeated. :)





Appendix: one-liner to check kubelet memory use

kubectl get --raw "/api/v1/nodes/${NODE}/proxy/metrics" | grep process_resident_memory_bytes


Before:

# HELP process_resident_memory_bytes Resident memory size in bytes.
# TYPE process_resident_memory_bytes gauge
process_resident_memory_bytes 1.021227008e+09


After a systemctl restart kubelet:

# HELP process_resident_memory_bytes Resident memory size in bytes.
# TYPE process_resident_memory_bytes gauge
process_resident_memory_bytes 1.15019776e+08


That’s a drop from 974 MiB to 110 MiB.






Original: https://heyoncall.com/blog/fixing-kubernetes-kubelet-memory-leak · Discussion
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Building Gin: Simple over Easy

manualmeida.dev · 49 points · Discussion
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Hanami 3.0: In Full Bloom

hanakai.org · 43 points · Discussion

From the very beginning we set out to make Hanami a different kind of Ruby framework: clear, modular, and built to grow. Today it comes into full bloom. We’re thrilled to share Hanami 3.0 with you!

This release rounds out the framework with three big new features: mailers, internationalization, and Minitest. On top of that, your apps are now faster by default, and your developer experience is sharper, from your logs all the way to your assets.


First-class mailers


Our long lost gem is back! Hanami apps now come with integrated mailers, which feel right at home next to your actions, views, and operations.

Mailer classes describe everything you need to deliver an email:


Reduce GVisor Cold Starts with GPU Snapshotting
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Reduce GVisor Cold Starts with GPU Snapshotting

cerebrium.ai · 42 points · Discussion

 Reducing GPU Cold Starts with Memory Snapshots: Restoring CUDA Workloads in Seconds 
   
Launch HN: Parsewise (YC P25) – Reason Across Documents with an API
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Launch HN: Parsewise (YC P25) – Reason Across Documents with an API

39 points · Discussion

Hi all, it’s Greg and Max, founders of Parsewise here (https://www.parsewise.ai/api). Parsewise transforms a bucket of unstructured data into schema compliant data, retaining lineage for values resolved across documents.Imagine giving Claude a bunch of files and asking for a CSV or JSON output. If you have tried this, you know both the system limitations (number of files, type of inputs, cost, latency) but also the human-facing challenge of having no way to validate the results quickly. We solve both.
We help tech teams simplify their unstructured data ETL, and loop in business experts for the definitions and for instant validation.
Here is a video with a few use cases: https://www.youtube.com/watch?v=dbRllnnh47w
Parsewise in the words of someone coming to us:
”I need to extract information from insurance policy PDFs, phone calls that have been transcribed, emails, etc. I am NOT looking for something that would just extract data point by data point, page by page into a structured well-defined schema but more something more agentic that can understand that information might be across documents and that it should reason over what to extract.”
We started the company based on a decade of experience (and pain) in complex data transformation and data analysis / synthesis. Greg was building both classical ETL and implemented AI workflows at Palantir. At Bain, Max did highly complex data analysis in the financial sector, similar to many of our customers.
Parsewise works by taking in a bucket of data (think hundreds or thousands of pdfs, excels etc.), and outputting schema compliant data where every single value is traceable down to word level citations across multiple documents in the bucket. We provide API customers with ways to show the lineage in their own applications, or they can use our platform for internal operations.
At the core of the data processing we have self-improving agent definitions. They define the acceptable sources, the logic for resolving or combining values, and the rule for highlighting uncertainty to the end user.
The underlying tech is model and cloud agnostic and can be deployed in private networks. We have seen the best results with Gemini models for visual reasoning, achieving SOTA (beating Claude Fable) on the strongest grounded reasoning benchmark we have found (Databricks OfficeQA).
Notably, we focused more on the “human harness” rather than the model harness, leaning into the actual friction we saw in uptake, which is around verifiability. That means optimizing the time and clicks required to trust the outcomes.
We use vLLMs for parsing, and then we use small models for efficient large scale exhaustive search. Unlike RAG, we do not sample; instead, we exhaustively find all relevant values for a given query. We use larger models for decision making around resolutions and flagging inconsistencies to users.
This exhaustiveness and explicit value sourcing is unique to our platform, and it goes beyond the first step of data parsing that many existing providers cover.
We would love to welcome builders and tinkerers to try Parsewise on your complex document challenges. We have a ton of ideas on how we can expand the product and make it better, but would appreciate feedback and ideas from the community!


Original: https://news.ycombinator.com/item?id=48746752
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A complete ClickHouse OLAP engine, compiled to WebAssembly

wasm.chdb.io · 34 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://wasm.chdb.io/ · Discussion
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Mortality associated with non-optimal ambient temperatures from 2000 to 2019

researchgate.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://www.researchgate.net/publication/353058947_Global_regional_and_national_burden_of_mortality_associated_with_non-optimal_ambient_temperatures_from_2000_to_2019_a_three-stage_modelling_study · Discussion
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Most rewrites serve the engineer, not the business

anatoliybabushka.com · 14 points · Discussion



            

                

                
                    June 30, 2026 · 5 min read
                


                
                    For a few weeks one summer I woke at 4am to rewrite code my employer
                    had already paid someone to write. It ran in production every day, and
                    it was built on CakePHP. I barely knew CakePHP, so every file looked
                    wrong to me. I knew Laravel, and I loved working in it. So on my own
                    time, unasked, I ported the thing piece by piece, swapping in Illuminate
                    packages until the old framework was gone.
                


                
                    We merged it. We started the next project in Laravel too. And I never
                    once made the case for why it was worth doing, because it wasn't, at
                    least not to the business. The application did the same job for the
                    same users at the same speed as before. The rewrite improved exactly
                    one thing: how the code felt to me.
                


                
                    That is the pattern worth naming. Most rewrites answer to the engineer -
                    what they want to learn, what offends their taste, what looks good in an
                    interview - and not to the company paying the salary.
                


                Working code is a ledger of bugs someone already fixed


                
                    The strongest case against a rewrite is not the effort. It is memory.
                    Code that has run in production for years is a written record of every
                    bug someone hit and quietly fixed. The odd conditional, the retry with
                    the suspicious timeout: most of it is scar tissue, and each scar marks an
                    incident you never saw. Joel Spolsky made this point in 2000, calling the
                    full rewrite
                    the single worst strategic mistake
                    a software company can make.
                


                
                    Throw the code away and you throw away the fixes. Then you meet the same
                    bugs again, in production, in front of the same users.
                


                
                    I have worked on a Perl system that was already more than ten years
                    old, and a homegrown PHP CMS of about the same age. Neither looked
                    anything like what I would write today. Both just ran. The companies
                    never reinvested in them, and that was the right call. The code had
                    paid for itself long ago, and every quiet year it kept serving traffic
                    was pure return.
                


                Unfamiliar is not the same as broken


                
                    Here is the tell I missed in my own story. I was sure the CakePHP code
                    was wrong, but I had never actually learned CakePHP. Unfamiliar is not
                    the same as broken. When you don't know a tool well, everything built
                    with it looks like a mistake, because you can't yet see the reasons
                    behind the choices. That feeling of "this is all wrong" is often just
                    the sound of you not understanding it yet.
                


                
                    Start from the opposite assumption: the people before you were not
                    fools. They made choices that fit the use case and the constraints they
                    had at the time. The code is shaped the way it is for a reason, even
                    when that reason is no longer visible to you.
                


                When touching it is the right call


                
                    None of this means freeze everything. That is the lazy reading of "if
                    it ain't broke," and it is how you end up running an end-of-life runtime
                    in 2026 with no security patches. Some debt really does come due. The
                    honest forcing functions look something like this - not a complete
                    list, just the ones I keep running into:
                


                
                    	The runtime or a key dependency is end-of-life, with open CVEs and no upgrade path.

                    	One person understands the system, and they just gave notice.

                    	Every new feature costs three times what it should because of the design, and you can show the trend.

                    	The business needs a capability the current code was never shaped to grow into.

                


                
                    That last one is where I am right now. I am rewriting a service, with
                    an AI coding agent doing much of the typing, because we need it to do
                    something it was never built for. The code works. The business outgrew
                    it. That is a reason with a number behind it.
                


                
                    The test that sorts a real rewrite from a vanity one is that simple: can
                    you put a figure on the pain? A CVE, a velocity tax, a hire you can't
                    make, a launch you'll miss. If no number shows up, what you have is a
                    preference about style.
                


                AI makes a rewrite cheap to type and just as hard to get right


                
                    AI shifts this math, though not the way most people claim. The new
                    argument is that rewrites are cheap again: the model can port a whole
                    module in an afternoon, so why not let it. But typing was never the
                    expensive part of a rewrite. Rediscovery was.
                


                
                    An agent generates the replacement in minutes. It does not know why the
                    old code carried that strange timeout, because the reason lives in a
                    Slack thread from 2021 and a postmortem nobody linked from the source. So
                    it produces something clean and plausible, with the scar tissue stripped out.
                    You ship it, and you meet the old bugs again, this time without the
                    context the first author had when they fixed them. Fast generation of
                    code that has forgotten its own fixes is not a discount.
                


                
                    The clean version will not stay loved either. The reason today's code
                    reads like a pile of someone else's mistakes is that it survived contact
                    with reality. The AI-written replacement earns the same fate. In two
                    years an engineer opens it, can't see why it is shaped that way, and
                    feels the identical pull to rewrite it "properly."
                


                
                    Cheaper generation doesn't end that loop. It makes the loop easier to
                    start and harder to stop. The way out is not a slower model. It is
                    writing the reasons down in plain language,
                    so the next person, or the next model, gets the why, not just the what.
                


                
                    So before you rewrite something that works, go looking for the number.
                    If you can't find one, the thing that needs maintenance is your
                    patience, not the code.
                


            

        



Original: https://anatoliybabushka.com/blog/when-to-rewrite-working-code.html · Discussion
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Segmenting Robot Video into Actionable Subtasks

macrodata.co · 14 points · Discussion

TL;DR



	We introduce WGO‑Bench, a new benchmark for testing robotics subtask annotation performance across 100 egocentric and robot-video episodes with 743 annotated segments spanning 62 unique high-level task instructions.

	We ran over 60 experiments to find the best subtask annotation pipeline: the best subtask segmentation method reaches 0.306 F1, subtask labeling reaches 61.0% accuracy, and the best end-to-end pipeline reaches 0.168 F1.

	Gemini models are undisputed best for this task, with the best model (Gemini 3.5 Flash) outperforming the best non-Gemini model (GPT-5.5) by 24.5%.

	Our best end-to-end method uses contact sheets to keep inference cheap, costing $2.64 per hour of video (batch pricing), or roughly 19x less than human annotation.

	The full pipeline is open source and implemented in Refiner; see the ready-to-use subtask annotation example to run it on your own videos.



Why annotate subtasks?


Imagine walking into a kitchen you have never seen before with an instruction: "Make me goulash." If you have never cooked it, you will need to learn it. To do so, you need more than the final instruction; you need the steps, the objects, and where to find them: open the left-most shelf, take out the cutting board, place it on the counter, pick up an onion, peel it, put it on the board, chop it, and so on.

Robot learning has a similar problem. To teach robots new long-horizon tasks, we need more than weak high-level instructions. For a robotics demonstration video, the useful signal is which subtask is happening at each moment, and where one subtask ends and the next begins.

Subtasks are becoming a central learning signal in recent robotics work. Zawalski et al. (2025)Michał Zawalski, William Chen, Karl Pertsch, Oier Mees, Chelsea Finn, Sergey Levine. (2025). Robotic Control via Embodied Chain-of-Thought Reasoning. https://arxiv.org/abs/2407.08693 uses subtasks together with chain-of-thought reasoning between plans and actions. The recent π series (⁠Physical Intelligence et al., 2025Physical Intelligence, Kevin Black, Noah Brown, James Darpinian, Karan Dhabalia, Danny Driess, et al. (2025). $\pi_0.5$: a Vision-Language-Action Model with Open-World Generalization. https://arxiv.org/abs/2504.16054⁠) and RT‑H (⁠Belkhale et al., 2024Suneel Belkhale, Tianli Ding, Ted Xiao, Pierre Sermanet, Quon Vuong, Jonathan Tompson, et al. (2024). RT-H: Action Hierarchies Using Language. https://arxiv.org/abs/2403.01823⁠) use semantic subtask prediction alongside low-level action learning, with both showing substantial gains from this extra supervision. Subtasks are also useful beyond direct policy training: SARM (⁠Kim et al., 2025Changyeon Kim, Minho Heo, Doohyun Lee, Jinwoo Shin, Honglak Lee, Joseph J. Lim, et al. (2025). Subtask-Aware Visual Reward Learning from Segmented Demonstrations. https://arxiv.org/abs/2502.20630⁠) uses them for reward modeling.


In π0.5, the VLA first predicts a semantic subtask from the observation and overall prompt, then predicts a low-level action chunk conditioned on that subtask through the flow-matching action expert.As robotics data collection continues to scale, we need annotation pipelines that can keep up. Paying human annotators to watch every hour of video quickly stops being feasible. Despite the promising results, there is little public material on how to mine subtask annotations at scale. The closest public writeup we found is Scale's dense video captioning post (⁠Choghari et al., 2026Choghari, Jade, Sansone, Agustin, Pasqualis, Nicolas, Mader, Conrado, Tiupikov, Aleks, Sivapurapu, Mouli. (2026). The Path to Large Scale Dense Video Captioning. https://labs.scale.com/blog/path-to-large-scale-dense-video-captioning⁠), but it focuses on hand/egocentric manipulation videos only and starts from already separated clips. For robotics, that skips two harder problems: taking a raw episode and deciding where one subtask ends and the next begins, and testing whether the same methods transfer from egocentric video to robot-camera settings.
To fill this gap, we created a scalable pipeline to have models annotate subtasks without any human intervention, costing $2.64 per hour of video (batch pricing), making it roughly 19x cheaper than humans. This post shares the lessons we learned from this effort, including the best end-to-end method we found for mining subtasks from both egocentric and robot videos, as well as our new benchmark for robotics subtask annotation: WGO‑Bench (What's Going On Bench).

The full pipeline is open-sourced in Refiner, our robotics data processing framework. To run it on your own data, see the ready-to-use example code.

Measuring Progress: WGO‑Bench


To iterate and choose the best approach, we needed a benchmark. Instead of directly training and evaluating robot policies on every candidate method, which would be very slow and expensive, we built a new benchmark, WGO‑Bench, to directly measure how close VLMs can get to human annotator performance, which are still employed for most of the current industrial efforts.

Benchmark composition


We collected and manually annotated 100 episodes spanning head-camera recordings from Galaxea World (⁠Jiang et al., 2025Tao Jiang, Tianyuan Yuan, Yicheng Liu, Chenhao Lu, Jianning Cui, Xiao Liu, et al. (2025). Galaxea Open-World Dataset and G0 Dual-System VLA Model. https://arxiv.org/abs/2509.00576⁠), third-person camera views of station-arm manipulation from DROID (⁠Khazatsky et al., 2025Alexander Khazatsky, Karl Pertsch, Suraj Nair, Ashwin Balakrishna, Sudeep Dasari, Siddharth Karamcheti, et al. (2025). DROID: A Large-Scale In-The-Wild Robot Manipulation Dataset. https://arxiv.org/abs/2403.12945⁠), and egocentric videos from HomER (⁠Toloka, 2026Toloka. (2026). HomER v2: Home Egocentric Robotics Dataset. Hugging Face.⁠) to create WGO‑Bench, a diverse subtask annotation benchmark. In total, it contains 743 annotated segments across 62 unique high-level task instructions.

	Section	Type	Viewpoint	Samples	Unique tasks	Total duration	Avg ep len	Resolution	Segments
	HomER	Human	Egocentric	25	17	39.2 min	94.0s	Mixed, mostly 1920x1080 / 848x480	470
	DROID	Robot	External robot camera	50	26	24.9 min	29.9s	320x180	150
	Galaxea	Robot	Robot head camera	25	19	7.4 min	17.7s	1280x720	123
	Total	Mixed	Mixed	100	62	71.5 min	42.9s	Mixed	743


WGO-Bench sample breakdown
Manually annotating subtasks


We manually annotated WGO‑Bench demonstrations following a strict annotation protocol: segments are atomic manipulation events, boundaries follow object-state changes, and labels must be self-contained enough to train policies without relying on previous actions.

Atomic event
One subtask should describe one completed manipulation event.
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clip
002.805.708.1
Wrong
Pick, move, place
Correct
PickPlace

now

Subtasks should be atomic: one completed pick, one completed place, not a combined pick-move-place motion.

Annotation policy examples from galaxea_069
Annotation protocol details+The episodes were segmented into atomic manipulation events rather than motion fragments. A subtask ends when the event is complete, not when the robot hand returns to a neutral pose. Unless there is a clear pause, the next subtask starts immediately after the previous one.

Boundaries are placed at object-manipulation changes: when an object becomes held, is released, reaches a new location, or a door or lid changes state. Camera motion, hesitation, and tiny hand adjustments are not separate subtasks.

Labels are self-contained. They do not refer to previous human or robot actions, and they describe the manipulated object and target location as precisely as possible: not "put the cup on the table", but "put the cup on the table next to the bowl." This prevents ambiguity because most robotic policies do not take past frames or actions as input.

Annotation interface


For the annotations themselves, we first tried existing tools like CVAT and Labelbox, but found them too inflexible. Instead, we built a simple API for manipulating datasets and calling generative models on our platform, then connected it to Codex. Annotators can point it at a dataset, describe what needs to be labeled, and generate a custom interface on demand, with model calls wired in for pre-segmentation or pre-labeling. All edits go through the same data layer, allowing parallel work, while keeping the data consistent. This interface is currently in closed beta; if you would like access, request it here.

WGO-Bench annotation interface in Macrodata Annotations.
Lessons from the annotation trenches


Even with a clear annotation protocol and a purpose-built UI, subtask annotation is difficult and slow for humans. The most obvious issue is time: without prefilled model suggestions, one minute of video easily takes more than ten minutes to annotate carefully.

Egocentric videos are usually the most time-consuming. Hands move quickly, subtasks are often much shorter than in robot videos, and both hands can act at once. For example, picking up a knife with the left hand while moving a tomato with the right. Even deciding where one action ends and the next begins can become ambiguous, such as whether sliding a container across a table should be split into pick -> slide or treated as one slide action.

The labels themselves are also hard to write precisely. Locations can be difficult to describe when there is no clear object to anchor them to, and manipulated objects are not always easy to recognize, especially in lower-resolution video. Fast egocentric motion makes this worse because a pick can happen in only a few frames, leaving little visual evidence for where the pick ends and the next action begins.

Hard localization
Locations are difficult to describe when there is no stable anchor.

1/5

Example
How would you describe which glass is being placed and where it's being placed?

Good labels need enough spatial detail to stand alone, even when the scene does not provide clear names for every location.

Annotation difficulty examples
Grading


For grading, we define three related tasks: segmentation, labeling, and end-to-end annotation. Segmentation tests whether a model can find the right time boundaries. Labeling tests whether a model can name a segment when the correct time window is already given. End‑to‑end annotation tests the full setting: the model must both find the segment and label it correctly.

For segmentation, the model predicts timestamped subtask boundaries. Labels can be included, but they are ignored for this score. We use Segment F1 and count a predicted segment as matching a gold (human annotated) segment when IoU >= 0.75. Before scoring, we snap the first predicted start time and the last predicted end time to the human annotation boundaries, since the outer edges of an episode are often ambiguous (it is not always clear whether the first action starts at the beginning of the video, when the robot first appears, or when the robot starts moving; the same issue applies at the end).

For labeling, the model receives the gold segment boundaries and predicts one label per segment. We use a Scale‑style LLM‑as‑judge rubric, adapted for subtask labels, with gemini-3.5-flash as the judge.
Prompt: Label judge rubric+You are judging whether a predicted subtask label matches a gold subtask label.

Gold label:
{gt_label}

Predicted label:
{pred_label}

Episode instruction:
{instruction}

Accept if:
- It describes the same manipulation event or world-state change.
- The main action is correct.
- The main manipulated object is correct.
- Source, destination, direction, or spatial relation is correct when central to the event.
- Wording can differ; synonyms are fine.
- It may be slightly less detailed than the gold label if it is still useful.

Reject if:
- The action is wrong.
- The main object is wrong.
- Source, destination, or direction is flipped or wrong.
- It describes a different event.
- It is too vague to identify the subtask.
- It hallucinates an important object or action.

Ignore:
- Grammar.
- Minor wording differences.
- Timing; timing is evaluated separately.

Return only JSON:
{"match": true}

Finally, we evaluate the end-to-end setting. It uses the same setup as segmentation, but a predicted segment also has to pass the labeling test in order to be considered a match.

Part I: Finding subtask boundaries


Since we split annotation into boundary detection and labeling, the first question is how to find the subtask boundaries. Some methods can use extra robot state, such as gripper position, joint state, or end-effector motion. We intentionally do not assume access to that signal, because egocentric video and many scraped robot-video datasets only provide pixels.

Fixed‑length baseline


As a sanity-check baseline, we ignore the video content and task instruction entirely. We simply split each episode into consecutive segments that are exactly 5.77s long, the mean gold segment duration in WGO‑Bench, and score the resulting boundaries against the human subtask boundaries. This reaches 0.070 Segment F1 on the full 100-episode benchmark.

Splitting Videos by Similarity


Our first non-trivial approach follows prior work on VLM captioning for subtask segmentation (⁠Suzuki et al., 2026Kanata Suzuki, Shota Shimizu, Tetsuya Ogata. (2026). Proprioception Enhances Vision Language Model in Generating Captions and Subtask Segmentations for Robot Task. https://arxiv.org/abs/2512.20876⁠). We ask a VLM (Gemini 3.5 Flash) to caption frames from the video, embed those captions, then split segments when the cosine similarity between neighboring caption embeddings drops far enough. Unfortunately, the threshold suggested in the paper heavily over-segments, and even after sweeping many similarity thresholds this method only barely beats the fixed-length baseline, reaching 0.081 F1.

One frame through the pipeline
frame > caption > vector

sampled frame


caption from VLM
twist open the pitcher lid

caption embedding
0.18
-0.42
0.77
0.09
-0.31
0.56

dense high-dimensional vector



Similarity to previous caption

keepcut, sim < 0.65


Caption embedding
0.108
Segment F1

Direct frame embeddings
0.109
Segment F1

Fixed-length baseline
0.070
Segment F1




The caption-embedding method converts frames into text, compares neighboring caption embeddings, then cuts whenever adjacent-caption similarity drops below the paper's 0.65 threshold. In our benchmark this over-segmented the episode and reached 0.108 Segment F1.One possible issue is the unnecessary conversion through text: image -> caption -> embedding. In the hope that this was the bottleneck, we skipped captioning and embedded the frames directly with Gemini Embedding 2. Unfortunately, this made things much worse, resulting in 0.007 F1.
Prompt: Gemini embedding+Represent this robot video frame based on the current sub-goal the robot or human is pursuing. Focus on what object is being manipulated, what state change is underway, where the object is moving, and whether the current sub-goal appears different from nearby moments. Do not describe the image; produce an embedding useful for grouping frames that belong to the same ongoing sub-goal.

Asking the Model Directly


Per‑frame timestamped images


Instead of relying on embedding heuristics, we next fed frames directly into the model and asked it to segment the video. The key representation problem was how to represent time, as the model needed to know which frame corresponded to which timestamp.

Most approaches give the model time information through special temporal tokens (⁠Li et al., 2025Zeqian Li, Shangzhe Di, Zhonghua Zhai, Weilin Huang, Yanfeng Wang, Weidi Xie. (2025). Universal Video Temporal Grounding with Generative Multi-modal Large Language Models. https://arxiv.org/abs/2506.18883⁠) or text. We used the simplest text-based version: interleave each sampled frame with its timestamp, use an instruction close to the one given to human annotators, and pack all frames into one prompt.

Because the model is already generating a structured segment list, we also ask it to include a short subtask label for each segment. That adds no meaningful extra cost and makes the outputs easier to inspect, but the experiments in this section are scored on boundary quality.

In this setup, the model receives a long sequence of separate images. Each frame is paired with timestamp text, and the prompt asks the model to use those timestamps when choosing subtask boundaries.

Part 1: prompt text
Total parts
647

Input tokens
361,186


Reconstruct the sequence of manipulation events in this robot video from chronological frame images.
Return only JSON with this shape:{"segments":[{"start_sec":0.0,"end_sec":1.0,"subtask":"short action description"}]}

How to read the images+	The images are individual video frames sampled in chronological order.
	There are no timestamps drawn on the images.
	The first image is at 0.0 seconds.
	Each next image is 0.5 seconds later than the previous image.
	Therefore image number N is at time_sec = (N - 1) * 0.5.
	Use this image-number-to-time mapping for start_sec and end_sec.
	Boundaries should normally land on or near one of those sampled times.

Rules+	Treat each segment as one world-state change.
	Good boundaries happen when objects become held, are released, reach new locations, change open/closed state, or contents visibly move.
	Choose start_sec at the first frame where causal motion is underway, and end_sec at the first frame where the resulting world state is achieved.
	Keep continuous gradual actions as one event.
	Output separate repeated events for the same action on different objects or target locations.
	Skip idle time, camera motion, hesitation, and tiny hand adjustments.


Task instruction
use pitcher to pour water into tall glass and wine glass


Repeated frame text + image pairs
4 pairs shown / 
323
 pairs sent


Frame 000 at time_sec=0.000



Frame 001 at time_sec=0.500



Frame 002 at time_sec=1.000



Frame 003 at time_sec=1.500






The frame-sequence setup sends one instruction text part, then one frame-index timestamp text part before each separate image input. The frames themselves have no timestamp overlay, which makes the request easy to build but expensive for Gemini's visual token accounting.This resulted in a score of 0.193 F1, easily clearing the fixed-length baseline.

Contact Sheets: Better and Cheaper


The frame-based approach has two problems: it is expensive, and the performance is still weak. In our setup the Gemini API cost is $0.188 per minute of video while only reaching 0.193 F1.

We take inspiration from Scale's contact sheets and pack multiple frames into one large image. In our case, each sheet contains 20 frames in a 4-row by 5-column layout, sampled every 0.5 seconds, such that one sheet spans 10 seconds of video.

To encode timestamps, we use the same basic strategy as the frame setup, but describe the contact-sheet map instead of attaching one timestamp to each separate frame.

This contact-sheet setup compresses 10 seconds of video into one image, with timestamps supplied separately in the prompt text.
This only gives a small quality bump to 0.201 F1. The bigger win is cost: roughly 12x cheaper, dropping to $0.0158 per minute of video.

The cost drop from contact sheets mostly comes from how Gemini counts image inputs. Images up to 384 pixels in both dimensions count as 258 tokens, and larger images are split into 768x768 tiles, with each tile also counted as 258 tokens. Sending frames one by one pays that image cost for every sampled frame. Packing frames into one contact sheet pays for the sheet tiles instead, which amortizes the visual token cost across many frames. We also suspect contact sheets can be slightly better for quality because they reduce the number of separate images in the prompt; most models are trained with only a few images at a time, so a single composed image may be closer to the training distribution than a long list of individual frames.

Input budget
sampled frames220
40360

frames per sheet20
630

Contact sheets
12.5x
cheaper

Image reduction
20.0x
220 -> 11


Scaled from measured HomER runs: 
323
 frame inputs vs
 17
 sheets. Token ratio for this setting:
 16.2
x.


Per-frame images
220 separate image inputs

246,009input tokens
$0.1280per minute


Timestamped contact sheets
11 sheet images, 20 frames each

15,154input tokens
$0.0102per minute




Contact sheets reduce the image count by packing many sampled frames into one timestamped image. Move the controls to see how the image count changes the token and price multiplier.Timestamp Cues


The auxiliary labels made the failure mode easy to inspect. Even though label quality is not the metric here, the generated labels are usually reasonable: the model knows that an object was picked up, placed, opened, or moved. The weak point is boundary placement. It can describe the broad event, but still misses finer subtasks and struggles to place the start and end times in the right place.

Boundary comparison / homer_1
now 0s / 42s

Instruction: use pitcher to pour water into tall glass and wine glass

HomER clip used for boundary comparison0s / 42s

Method

The model can often name the broad event while missing finer subtask boundaries. This compares the same HomER clip against the human labels, per-frame inputs, and the simple contact-sheet setup.We initially avoided engraving timestamps directly into the frames because several works (⁠Singh et al., 2019Singh, Amanpreet, Natarajan, Vivek, Shah, Meet, Jiang, Yu, Chen, Xinlei, Batra, Dhruv, et al. (2019). Towards VQA models that can read. The IEEE Conference on Computer Vision and Pattern Recognition (CVPR).; Liu et al., 2024Liu, Yuliang, Li, Zhang, Huang, Mingxin, Yang, Biao, Yu, Wenwen, Li, Chunyuan, et al. (2024). OCRBench: On the Hidden Mystery of OCR in Large Multimodal Models. Science China Information Sciences. 10.1007/s11432-024-4235-6⁠), as well as the Scale blog (⁠Choghari et al., 2026Choghari, Jade, Sansone, Agustin, Pasqualis, Nicolas, Mader, Conrado, Tiupikov, Aleks, Sivapurapu, Mouli. (2026). The Path to Large Scale Dense Video Captioning. https://labs.scale.com/blog/path-to-large-scale-dense-video-captioning⁠), warn against relying on visual text. Still, we decided to try it. Beyond plain timestamps, we also tried different encodings: replacing timestamps with IDs like {A-Z}_{1-20}, where the letter marks the sheet and the number marks the tile inside the sheet, combining textual and visual cues, and changing where the timestamp is rendered.
Timestamp cue rendering
Timestamp cue rendering

[image: Contact sheet without visual timestamp labels, paired with a text timestamp map in the prompt.]
Text timestamp map
tile 01 -> 10.0s
tile 02 -> 10.5s
tile 03 -> 11.0s
...

Prompt payload
No in-image cue; timing only appears in text.



A contact sheet with no visual cue relies on the prompt text to map tile order back to timestamps. This reached F1 0.201.Visual cues worked surprisingly well, pushing segmentation to 0.263 F1. Unfortunately, replacing timestamps with ID codes did not help, and combining visual cues with a text timestamp map made the result worse. So we kept the simple version: visual timestamps directly on the contact sheet.

Because visual cues worked so well, we also tried a few timestamp renderings: a yellow box in the top-right of each frame with black timestamp text, a white side strip with the frame time, and a large black box at the bottom-center with white timestamp text. None of them beat the original in-tile timestamp.

Timestamp rendering style
Style sweep

Timestamp rendering style

[image: Contact sheet with yellow timestamp labels in the top-right of each tile.]

A yellow top-right timestamp box remained readable but did not beat the original in-tile timestamp style.Contact Sheet Sweeps


After the timestamp sweep, the obvious next question was whether the rest of the contact-sheet design mattered too. We therefore swept resolution, sampling rate, and the number of frames per sheet.

Contact sheet design sweep

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

Best setup
224px

F1
0.290



0.264

0.290

0.231

0.237

0.259



The contact-sheet sweep keeps converging on the same compact setting: 224px tiles, 0.5s sampling, and 20 frames per sheet.Resolution

Surprisingly, scaling up the resolution did not help. It is not obvious why. When we resize benchmark videos down to 224px, even humans start to have more trouble annotating them, so we would expect normal-resolution sheets to help much more than they do. One possible explanation is that very large contact sheets hit practical limits in the model image pipeline, such as resizing, cropping, or less reliable attention over huge tiled images.

Sampling rate and sheet size

Again, the sweep did not improve over the original contact-sheet setting. Sampling more densely seemed to add noise or make the prompt harder to parse, while larger sheets did not provide enough extra context to justify the added visual complexity.

Input Decomposition Experiments


One reason we suspected the model might struggle was input size. For the longest episodes in our benchmark, a single full-episode call would send roughly 343 frames across 18 contact sheets, totaling around 20k input tokens. Since increasing context size and the number of separate input images typically degrades performance, we expected splitting segmentation into multiple smaller calls might help.

In each call, we sent one contact sheet with visual cues and additionally asked Gemini to emit whether the first segment was a continuation. We then postprocessed the results by merging continuations if either Gemini emitted the continuation flag or the segments matched exactly. We tried this both with a 2-frame overlap, to improve continuity matching, and with no overlap. To improve continuity further, we also tried adding textual information about the last unfinished segment from the previous call.

The main failure mode was that the model treated those artificial split points as real boundaries, ending segments there far more often than the gold annotations do:

No overlap
Predicted boundary ends
85 / 383 (22.2%)

Gold boundary ends
66 / 743 (8.9%)


Overlap 2
Predicted boundary ends
135 / 410 (32.9%)

Gold boundary ends
92 / 743 (12.4%)


Overlap 2 + last segment
Predicted boundary ends
162 / 417 (38.8%)

Gold boundary ends
92 / 743 (12.4%)



Sequential contact-sheet calls tend to invent boundaries at sheet edges, especially when extra continuity context is added.Unfortunately, none of these methods beat the simple strategy of sending all contact sheets in one call. Still, some form of decomposition will likely matter when scaling to much longer episodes.

The results were fairly surprising: we thought adding overlap or last-segment context would reduce this split-boundary bias, but the opposite happened.

Prompt: Input decomposition+Segment the current timestamped contact sheet from one continuous robot video.

Return only JSON with this shape:
{"segments":[{"start_sec":0.0,"end_sec":1.0,"subtask":"short action description","continues_previous":false}],"end_state":"short description of what may continue after this sheet"}

Context:
- This is sheet {sheet_index} of {sheet_count}.
- Current sheet visible time range: {start_sec:.2f}s to {end_sec:.2f}s.
- Only output segments that overlap emit range: {emit_start_sec:.2f}s to {emit_end_sec:.2f}s.
- Frames before emit_start_sec are overlap context only.
- Each sheet has 4 rows and 5 columns. Time runs left-to-right, then top-to-bottom.
- Every tile has a timestamp in the top-left corner. Use those visible timestamps.
- Episode instruction: {instruction}
- Previous accepted segments: {previous_segments_json}

Rules:
- Treat each segment as one manipulation event that changes the world state.
- Good boundaries happen when an object becomes held, is released, reaches a new location, a lid/door changes state, a tool starts/stops affecting a surface, or contents visibly move.
- If the first visible event continues the final previous accepted segment, set continues_previous=true on that first segment and use the same subtask wording if possible.
- Do not create a boundary just because this contact sheet starts.
- Avoid idle time, camera motion, hesitation, and tiny hand adjustments.

The Model Matters


Given that we had converged on image inputs, we next checked whether the bottleneck was the model itself. We benchmarked Google models alongside other proprietary and open-source models.

Model sweep
F1

Gemini 3.5 Flash baseline

0.290

Gemini Robotics ER 1.6

0.245

GPT-5.5 low

0.233

GPT-5.4 low

0.233

Gemini 3.1 Pro Preview

0.232

Gemini 3 Flash Preview

0.210

Claude Opus 4.8

0.168

Claude Sonnet 4.6

0.146

Gemini 2.5 Pro

0.145

Qwen 3.5 Plus

0.141

Claude Haiku 4.5

0.128

Gemini 3.1 Flash Lite

0.119

Qwen 3.6 Flash

0.110

GPT-5.4 mini

0.106

Gemini 2.5 Flash

0.059

Gemma 4 26B

0.057



The model sweep shows Gemini 3.5 Flash as the strongest setting, while several models either under-segment or produce many extra segments.Gemini was clearly ahead of the other frontier labs in this setup. We were also surprised that Gemini Robotics ER did not do better, given that it should be tuned for spatial and robotics tasks. The open-source models were weaker here and often over-predicted segments.

Prompt Search with GEPA


At this point, the failures had a pattern. The model could often see the manipulation, but it applied the wrong granularity. It treated approach, grasp adjustment, hesitation, retreat, and tiny repositioning as separate events, while our annotations only count completed manipulation events.

Instead of continuing to hand-tune prompts, we used GEPA (⁠Agrawal et al., 2026Lakshya A Agrawal, Shangyin Tan, Dilara Soylu, Noah Ziems, Rishi Khare, Krista Opsahl-Ong, et al. (2026). GEPA: Reflective Prompt Evolution Can Outperform Reinforcement Learning. https://arxiv.org/abs/2507.19457⁠) on a separately annotated 15-episode validation set. The goal was to search for prompts that make the model follow the annotation protocol described above: segment atomic manipulation events, ignore incidental motion, and place boundaries at completed world-state changes.

The base prompt, event_reconstruct_contact_sheets_v1, already described the right kind of boundaries: objects becoming held, released, moved, opened, closed, affected by tools, or visibly changing state. What it did not do strongly enough was constrain granularity. The best GEPA‑found prompt, completed_events_duration_prior_v1, keeps the same event vocabulary but adds stricter counting rules: only completed manipulation events, no separate approach/grasp-adjustment/retreat segments unless the world state changes, no merging of distinct pick/place/open/close/pour/wipe events, and a light duration prior for the expected segment length.
Prompt search trajectory
F1

Prompt: GEPA variantscompleted_events_duration_prior_v1+Reconstruct the sequence of manipulation events in this robot video from the timestamped contact sheets.

Return only JSON with this shape:

{"segments":[{"start_sec":0.0,"end_sec":1.0,"subtask":"short action description"}]}

- Segment only completed robot manipulation events, not every visible movement.

- Good boundaries happen when a held object changes, an object is placed or released, a tool starts/stops changing a surface, a container/door/lid opens or closes, or contents move between containers.

- Do not split approach, grasp adjustment, small repositioning, and retreat unless the world state changes.

- Do not merge separate pick/place/open/close/pour/wipe events when they complete different states.

- Most segments should be 2-10 seconds. Shorter segments are okay only for fast pick, place, open, close, or release events.

- Use the visible timestamps for start_sec and end_sec.

- Ignore label wording quality; prioritize temporally correct boundaries.



GEPA improves the prompt by tightening the event granularity: fewer incidental segments and better F1.The best prompt predicted fewer segments than the base prompt (550 vs. 645) and improved overall F1 by removing many incidental-motion boundaries without losing too many real subtasks.

Final segmentation recipe


After running 54 segmentation experiments, spanning everything from 0.007 F1 to 0.306 F1, we converged on the following recipe:


	sample frames every 0.5s

	render them as 224px tiles

	pack 20 frames per contact sheet in a 5-column layout

	draw visual timestamps directly on the frames

	use Gemini 3.5 Flash with a completed-events prompt



The prompt itself was less about describing the image and more about enforcing the annotation protocol. It asked for completed manipulation events, not every visible movement; it split when objects were picked up, released, moved, opened, closed, affected by tools, or transferred; and it explicitly told the model not to split approach, grasp adjustment, retreat, hesitation, or tiny repositioning unless the world state changed.

Part II: Turning Segments Into Subtasks


The second part of subtask annotation is labeling: given a fixed segment, describe the subtask happening inside it. This is considerably easier than boundary discovery because the model no longer has to reason over the whole episode at once; most subtasks are shorter than 10s.

As described in Measuring Progress: WGO‑Bench, we evaluate labels with an LLM judge rather than exact string matching. A predicted label is correct if it describes the same manipulation event as the human annotation. Unlike boundary detection, this task does not have an obvious trivial baseline: there is no simple way to generate meaningful subtask labels without looking at the video.

We start from what worked best in our boundary experiments, with Scale's dense video captioning post (⁠Choghari et al., 2026Choghari, Jade, Sansone, Agustin, Pasqualis, Nicolas, Mader, Conrado, Tiupikov, Aleks, Sivapurapu, Mouli. (2026). The Path to Large Scale Dense Video Captioning. https://labs.scale.com/blog/path-to-large-scale-dense-video-captioning⁠) as a useful reference point for compact video inputs. Once the segment boundaries are fixed, we only need to figure out how much visual evidence and surrounding context the model needs to name the event correctly.

Input Formatting


As with segmentation, the first question is how to represent the video to the model. Labeling is easier because the input is already a short fixed segment, not a full episode, but it was still worth checking whether the same input-format lessons hold.

For most labeling experiments, we used the following prompt, based on what worked in segmentation.

Prompt: Labeling+Annotate the fixed robot video segment shown in the contact sheet.

Return only JSON:
{"label":"short descriptive subtask label"}

Focus on the state change caused by the segment.

Rules:
- The frames are chronological and timestamped.
- The segment boundaries are fixed; do not create, split, merge, or move segments.
- Compare the beginning and end of the segment, then describe the completed visible change.
- Use one concise imperative phrase.
- Name the manipulated object and the action/state change.
- Include source, destination, side, direction, final placement, opened/closed state, filled/cleaned/cut/drawn/folded part when visible.
- If the segment is a continuous process, describe the process and its target, e.g. "wipe the wooden table with the cloth" or "dice the onion on the cutting board".
- Do not mention timestamps, frame numbers, uncertainty, or invisible intent.

Episode instruction: {instruction}

We treat labeling as a state-change question: given a fixed time window, compare the beginning and end, then name the completed manipulation event. The prompt stayed the same across these runs; only the visual input changed.

We tried different ways to feed visual information to the model: an MP4 video clip of the complete target segment, a single contact sheet made from three sampled frames, and the same three frames sent as separate image inputs.

MP4 clip
One short video file covering the target window.

Accuracy
40.4%

300/743


3-frame contact sheet
Three sampled frames packed into one image.

Accuracy
52.9%

393/743


3 separate frames
The same three frames sent as individual image inputs.

Accuracy
54.1%

402/743



We kept the labeling prompt fixed and changed only the visual payload: video clip, composed contact sheet, or separate image inputs.Surprisingly, separate frame inputs were slightly better than contact sheets for labeling. We still continued with contact sheets because they are about 12x cheaper, and the gap was small enough that cost mattered more.

More Frames Are Not Always Better


The next question was how many frames to put inside the contact sheet. Unlike segmentation, labeling starts from well-bounded segments, so we can sample only a few frames uniformly and still capture most actions. In many cases, the start and end state already carry the useful signal.

We therefore ablated the number of frames per target sheet.

Target sheet frame count
Accuracy

3 frames
Target sheet only
 - 
393 / 743


52.9%

5 frames
Target sheet only
 - 
417 / 743


56.1%

8 frames
Target sheet only
 - 
396 / 743


53.3%

16 frames
Target sheet only
 - 
389 / 743


52.4%



For fixed gold segments, adding more target frames did not improve label accuracy. Five uniformly sampled frames was the best target-only setting.The best target-only setting uses only 5 frames. Beyond that, adding more frames does not meaningfully improve accuracy. However, this depends on how well the segments are split: with noisier or less precise boundaries, the model might need more frames to recover what happened.

Before and After Helps


The third ablation asks whether the model benefits from context beyond the target segment itself. Many actions are easier to name when you see what came immediately before or after: after picking up a cup, the next state often tells you where it was placed; after opening a door, the following segment can clarify whether the action was entering, closing, or repositioning.

We tested the following context variants:


	whole-episode overview (one contact sheet sampled uniformly across the full episode)

	local +/-1s context around the target segment

	local +/-2s context around the target segment

	previous/current/next fixed-segment context

	previous/current/next fixed-segment context plus episode overview



Context ablation

Inserted visual information
Visual payload
Just the target-segment contact sheet, without any extra visual context.



For labeling, the strongest representation is not a denser target sheet; it is structured context from the previous, current, and next segment.Adding context helps, but only when it is structured as whole neighboring segments. A local +/-1s or +/-2s window is often too narrow: boundaries frequently sit near grasp or release events, so the padding does not show enough of the previous or next state. Whole‑episode overview also does not help much, likely because the global instruction already provides most of that high-level context.

Final recipe


For labeling, the final recipe is simple:


	use the fixed segment boundaries

	render three small contact sheets: previous segment, current segment, next segment

	sample up to 5 frames per segment uniformly

	ask Gemini 3.5 Flash to label only the current segment

	use the neighboring segments only to disambiguate what changed



This gave our best raw-labeling result: 453/743 = 61.0% accuracy. This is broadly consistent with Scale's finding that past/current/future visual context is the strongest representation for clip-level labeling (⁠Choghari et al., 2026Choghari, Jade, Sansone, Agustin, Pasqualis, Nicolas, Mader, Conrado, Tiupikov, Aleks, Sivapurapu, Mouli. (2026). The Path to Large Scale Dense Video Captioning. https://labs.scale.com/blog/path-to-large-scale-dense-video-captioning⁠). The main difference is that we use compact contact sheets instead of their hand-collage setup, which keeps the same temporal contrast while making the pipeline substantially cheaper to run.

End‑to‑End Evaluation


After finding the best segmentation and labeling recipes, the final question is whether the full task should be done in one pass or split into two steps: segment first, then relabel the predicted segments.

Our first experiments were just combining the best segmentation setup with the best labeling setup, but to our surprise this performed worse than taking the labels directly from segmentation. Thus we ran one more experiment: use the original segment label as a strong prior, then ask the model to verify and minimally correct it using the previous, current, and next segment images.

	Method					
	best segment -> label	0.302	71.5%	0.184	0.132	0.154
	one-pass segmentation labels	0.302	73.7%	0.190	0.136	0.158
	segment -> seeded relabeling	0.302	78.1%	0.201	0.144	0.168


End-to-end segmentation and labeling results
Prompt: Seeded relabeling+Annotate one fixed segment from a longer video.

{"label":"short descriptive subtask label"}

- The first image is the previous fixed segment, if it exists; otherwise it is blank/context only.

- The second image is the current target segment.

- The third image is the next fixed segment, if it exists; otherwise it is blank/context only.

- Each image is timestamped with absolute video time.

{segment_index} of {segment_count}

{start_sec:.2f}s to {end_sec:.2f}s

Original predicted label for this exact segment:

- Label only the current target segment.

- Use previous/next images only to disambiguate what changed during the current segment.

- Treat the original predicted label as a strong prior, not as ground truth.

- Verify and minimally correct the original label using the current target segment.

- If the original label describes the same action and main object, keep it, only improving grammar or adding clearly visible essential details.

- If it is too vague but directionally correct, make it more specific.

- If it describes the previous/next segment, the wrong action, wrong object, wrong destination, or wrong state change, replace it.

- Do not describe the previous or next segment.

- Do not split or merge the fixed segment.

- Do not introduce a new action unless it is clearly visible in the current target segment.

- Do not make the label broader than the fixed segment.

- Use one concise imperative phrase.

- Include the exact action and manipulated object.

- Include source, destination, side, direction, final location, opened/closed/filled/cleaned state, or affected part when visible and central.

- Do not mention timestamps, frame numbers, uncertainty, candidates, or invisible intent.


That finally beat the one-pass segmentation method and raised label accuracy on temporal matches to 78.1% and semantic E2E F1 to 0.168.

The tradeoff is cost. Seeded relabeling improves semantic accuracy, but it can get expensive because each predicted segment triggers another model call and the relabeling prompt often incurs a lot of thinking tokens. Batch pricing cuts this roughly in half, but segmentation-only is still the cheaper default when cost is the priority. If label quality matters more and the budget allows it, running segmentation followed by seeded relabeling gives the best end-to-end result.

	Stage	Calls	Cost / hour	Batch cost / hour
	segmentation	100	$0.86/h	$0.43/h
	seeded relabeling	532	$4.41/h	$2.21/h
	total end-to-end	632	$5.27/h	$2.64/h


End-to-end cost breakdown for the seeded relabeling pipeline
Failure Mode Breakdown


Table 2 separates the two failure modes: label accuracy on temporal matches reaches 78.1%, while Segment F1 is still only 0.302. Clearly the main bottleneck is segmentation.

The largest segmentation failure mode is short subtasks. This mirrors the human annotation problem described in the manual labeling section: quick pick, place, and adjustment events can span only a few frames or seconds, making their boundaries hard to place. The same issue shows up in the pipeline. Segments shorter than 2s have by far the lowest recall, only 0.074. This is most pronounced in HomER, the egocentric subset with the lowest F1, both because it has the highest concentration of short segments and because it contains the concurrent-subtask issues described in the labeling section.

Temporal bottleneck
Segmentation errors

Recall by duration
Recall


Per dataset F1
F1 / matched




Segmentation failures are dominated by ego-centric HomER and short events.Once the model lands on the correct temporal segment, labeling is much less broken than segmentation. Interestingly, segments with correctly predicted boundaries are easier to label than all gold segments, with label accuracy increasing from 61% to 70.8%. When it comes to errors, the action itself is mostly correct (92.0% slot accuracy), but the problem is grounding. Most error cases come from underspecification of state (pour water into glass vs pour water into glass until it's full) or initial/final location (pick up the plate below the table vs pick up a plate).
Semantic grounding
Labeling errors

Failure mode share
Share

Wrong target or direction
42.5%

failure share

Right verb, wrong object
25.0%

failure share



Slot accuracy
Accuracy




Matched-label failures are mostly grounding errors: object identity, target location, and resulting state.Final end-to-end recipe


Both the segmentation only and segmentation + seed relabeling are open-sourced in Refiner, our robotics data processing framework. To run it on your own videos, see the ready-to-use subtask annotation example.

Refiner end-to-end pipeline
Sampling0.5s
Sheet layout4 x 5
Tile width224px
Defaultone pass


1: episode
Video
Raw robot or egocentric demonstration.

2: sampled input
Timestamped sheets
0s
2.5s
5s
7.5s

Contact sheets carry visual evidence and timing.

3: one call
Gemini prompt
instruction
+ timestamped sheets
+ JSON schema

Boundaries and labels are predicted together.

4: normalized output
Subtask rows
0.000-7.709twist open the pitcher lid
7.709-21.712pour water into the wine glass
21.712-26.514twist the lid to close it

Refiner sorts, validates, and writes the rows.



The default end-to-end pipeline sends timestamped contact sheets to Gemini in one pass, then normalizes the returned segments into start, end, and label rows.Conclusion


We have shown that VLMs can pull useful subtask annotations out of raw robot videos, but the way we show the video to the model matters more than we expected. The best setup was also the simplest one. Timestamped contact sheets were cheaper and worked better than long sequences of individual frames. Prompt wording and model choice still changed the results a lot, and labeling worked best when the model could see what happened just before and just after the segment.

WGO‑Bench is still a small benchmark, but it gives us concrete tools to measure this problem end-to-end, including boundary discovery, segment labeling, and the combined semantic score. We are releasing it because subtask annotations are becoming an important training signal for long-horizon robot learning, and the community needs public evaluation targets for how to produce them at scale.

This is also the broader reason we are building Macrodata Labs: better data for better robots. Robotics teams should be able to turn raw physical-world experience into inspectable, enriched, reusable training signal without rebuilding the same data plumbing for every project or relying on hard-to-scale human annotation. Subtask annotation is one example of that larger problem, and we will keep tackling common robotics-data bottlenecks so more teams can turn real-world demonstrations into real-world progress.

Interested in collaborating on this topic or improving physical AI data pipelines?

Join our DiscordContact us




Original: https://macrodata.co/blog/annotating-robot-video-subtasks · Discussion
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Show HN: Z-Jail – A 130 KB Linux sandbox-C99 with 7 defense layers and zero deps

github.com · 13 points · Discussion


  [image: Z-Jail]

  
    Multi-layer sandbox for native code execution on Linux.

    Seven independent defence layers — no external dependencies, ~130 KiB PIE binary.
  

  
  
  
  





┌──────────────────────────────────────────────────────┐
│                    Z-Jail                            │
├──────────────────────────────────────────────────────┤
│  Truthimatics Public Version  (evidence-based verdict engine)       │
│  Namespaces    (mount, pid, net, ipc, uts)           │
│  pivot_root    (chroot on steroids)                  │
│  Capabilities  (drop all, lock securebits)           │
│  NO_NEW_PRIVS  (no privilege escalation)             │
│  seccomp-BPF   (whitelist: 15 syscalls only)         │
│  Audit         (JSON logging + BLAKE2b hashing)      │
└──────────────────────────────────────────────────────┘
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Quick Start


git clone https://github.com/Division-36/Z-Jail.git
cd Z-Jail
make
sudo ./z_jail --root=/path/to/rootfs --seccomp-enforce -- /bin/ls


The --root directory should contain a minimal filesystem with the target binary and its dependencies (for static binaries, just the binary is enough).




Why Z-Jail


Existing sandboxing solutions make trade-offs:




	
	Z-Jail
	Firecracker
	gVisor
	bwrap
	nsjail





	External deps
	zero
	libc, seccomp
	Go runtime
	libc
	libc, protobuf



	Binary size
	~130 KiB
	20+ MiB
	40+ MiB
	~70 KiB
	~1 MiB



	VM isolation
	no
	yes (microVM)
	no (sandbox)
	no
	no



	seccomp whitelist
	yes
	no
	yes
	optional
	yes



	Content hashing
	yes
	no
	no
	no
	no



	Audit JSON
	yes
	no
	yes
	no
	partial



	Build complexity
	one make
	complex
	complex
	trivial
	moderate





Z-Jail fills the niche between bwrap (minimal, no seccomp-by-default) and nsjail (featureful, heavy deps). It is designed for CI pipelines, CTF jail challenges, and lightweight code evaluation where you need defence-in-depth without pulling in a container runtime.




Architecture



Data Flow



  
      flowchart LR
    CLI[CLI args] --> P[parse_args]
    P --> C{clone namespaces}
    C -->|child| CR[child_run]
    C -->|parent| W[waitpid]
    CR --> RL[setrlimit]
    RL --> FD[close fds >= 3]
    FD --> DUMP[PR_SET_DUMPABLE=0]
    DUMP --> PV[pivot_root]
    PV --> NNP[PR_SET_NO_NEW_PRIVS]
    NNP --> CAP[drop capabilities]
    CAP --> SC[seccomp-BPF]
    SC --> SIG[signal parent]
    SIG --> EX[execve target]
    W --> A[audit JSON]
    A --> EXIT[exit]


    

  
    
      Loading

  



Layer Ordering


Each layer is ordered so that a later layer can't be undone by an earlier one:


	setrlimit — cap CPU, address space, file count, processes before anything else

	fd scrub — close all inherited fds except the report pipe

	PR_SET_DUMPABLE=0 — core dumps disabled, /proc/self/mem locked down

	pivot_root — detach from host filesystem; old root unmounted lazily

	PR_SET_NO_NEW_PRIVS — no setuid, no capset escalation after this point

	drop_caps — zero out all capabilities, lock securebits

	seccomp-BPF — restrict syscalls to whitelist only

	signal parent — tell the parent the sandbox is ready

	execve — replace process with the target binary




  
      sequenceDiagram
    participant P as Parent
    participant C as Child
    P->>C: clone (NEWNS|NEWPID|NEWNET|NEWIPC|NEWUTS)
    Note over C: setrlimit(CPU, AS, NOFILE, NPROC)
    Note over C: close(all fds > 2)
    Note over C: PR_SET_DUMPABLE=0
    Note over C: pivot_root → chdir("/") → umount -l
    Note over C: PR_SET_NO_NEW_PRIVS
    Note over C: capset(all zero) + securebits
    Note over C: seccomp(SECCOMP_MODE_FILTER, whitelist)
    C->>P: write(pipe, ready=1)
    Note over C: execve(target)
    P->>P: waitpid
    P->>P: write audit JSON


    

  
    
      Loading

  





Layers



1. Truthimatics Public Version


Evidence-based verdict engine. Collects weighted observations about the executed binary and determines a final verdict (DETERMINISTIC, REJECT, or UNCERTAIN). Each observation carries a weight; any single observation with weight >50% of total decides the verdict.


2. Namespaces


Five namespaces are created via clone():




	Namespace
	Flag
	Purpose





	Mount
	CLONE_NEWNS
	Isolated filesystem tree



	PID
	CLONE_NEWPID
	Process ID space (child is pid 1)



	Net
	CLONE_NEWNET
	No network interfaces



	IPC
	CLONE_NEWIPC
	No shared memory / semaphores



	UTS
	CLONE_NEWUTS
	Separate hostname





Requires CAP_SYS_ADMIN in the initial namespace.


3. pivot_root


Replaces the mount namespace root with the --root directory:


	Bind-mount the root directory onto itself (MS_BIND|MS_REC)

	pivot_root(new_root, put_old) — swap the mount tree

	chdir("/") — move into the new root

	umount2("/.pivot_old", MNT_DETACH) — detach old root

	rmdir("/.pivot_old") — clean up



This is strictly stronger than chroot(2) — there is no way for the sandboxed process to escape back to the host root, even with CLONE_NEWNS from inside the sandbox (which is already blocked by seccomp).


4. Capabilities


All capabilities are dropped via:

capset(hdr, data)  // data = {0, 0, 0}
prctl(SECBIT_KEEP_CAPS_LOCKED | SECBIT_NO_SETUID_FIXUP | ...)


The process drops setuid/setgid before capset so the uid change takes effect while CAP_SETUID is still held. After capset, all caps are gone and the securebits are locked — no re-enablement is possible.


5. NO_NEW_PRIVS


prctl(PR_SET_NO_NEW_PRIVS, 1, 0, 0, 0);


Prevents the process or its children from gaining new privileges via setuid binaries, file capabilities, or LSM transitions. Irreversible.


6. seccomp-BPF (whitelist-v1)


Allow-list of 15 syscalls — anything not on the list gets SECCOMP_RET_KILL:




	Syscall
	Number
	Notes





	read
	0
	stdin



	write
	1
	stdout/stderr + report pipe



	openat
	257
	file access (not open)



	close
	3
	—



	lseek
	8
	—



	brk
	12
	heap management



	mmap
	9
	arg-restricted: flags & 4 == 0 (no MAP_SHARED), flags == 0x22 (MAP_PRIVATE|MAP_ANONYMOUS)



	munmap
	11
	—



	execve
	59
	single exec at startup



	exit_group
	231
	clean process exit



	rt_sigaction
	13
	signal handlers



	rt_sigprocmask
	14
	signal masking



	getrandom
	318
	random number source



	clock_gettime
	228
	timing



	fstat
	5
	file metadata





The BPF filter is generated dynamically: for each whitelist entry, a jump chain is emitted that either allows (if syscall matches) or falls through to KILL. Architecture is checked first (AUDIT_ARCH_X86_64).

The filter is verified independently by a standalone test (tests/seccomp_filter_test.c, 8/8 pass) that fork+execves test cases against a real prctl(PR_SET_SECCOMP) without needing root.


7. Audit


Every execution produces a JSON audit record:

{
  "schema": "z-jail.audit/v1",
  "build_id": "Z-Jail/v1+dev",
  "timestamp": 1749000000,
  "duration_ns": 8500000,
  "executable": "/bin/ls",
  "verdict": "DETERMINISTIC",
  "exit_code": 0,
  "sandbox": {
    "seccomp_filter": "whitelist-v1",
    "seccomp_whitelist_size": 15,
    "seccomp_arg_rules_size": 2,
    "namespaces": ["mount","pid","net","ipc","uts"],
    "pivot_root": "/var/run/z-jail/roots/default",
    "no_new_privs": true,
    "capabilities_dropped": true
  },
  "content_fingerprint": "0e5751c026e543b2e8ab2eb06099daa1..."
}


Written to build/audits/<binary-name>.audit.json. The content_fingerprint is a BLAKE2b-256 hash of the target binary, computed by the parent after the child finishes.




Usage
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How to organize 3 acquired companies into one coherent website

littlelanguagemodels.com · 13 points · Discussion


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




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




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




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





	day-to-day responsibilities




	previous experiences making IA decisions, positive or negative




	perception of the areas with the highest potential for company growth




	professional goals






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




How Company A plans and delivers items.




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




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




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




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




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




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




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




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




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




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




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




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




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




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




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




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




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




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




Put users into categories




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





	Location (by country, city, district)




	Clinical discipline (nursing, surgery, pharmacy)




	Clinical specialty (dermatology, ethics, pathology)




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




	Role (educator, administrator, researcher)




	Institution (academic, commercial, non-profit)






For patients of healthcare providers, groups may include:





	Insurance type




	Age group




	Risk level






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




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




Test with a small group of users




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





	Do labels match user language?




	Do groupings match users’ mental models?




	Does content hierarchy reflect user goals?




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






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




Think horizontally, not vertically




What do I mean by this?




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




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





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




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






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




Vertical vs horizontal content thinking



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




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




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




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




Key takeaways




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





	Start with user goals




	Identify commonalities across products




	Identify opportunities for consolidation and removal across content




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




	Put users into categories




	Test with a small group of users




	Provide multiple information pathways to improve discoverability




	Be prepared for content discussions to get heated






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





Original: https://littlelanguagemodels.com/how-to-structure-your-sites-after-a-big-acquisition/ · Discussion




Conway's Game of Life, in real life
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Conway's Game of Life, in real life

lcamtuf.coredump.cx · 12 points · Discussion

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

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