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If you are asking for human attention, demonstrate human effort

tombedor.dev · 1425 points · Discussion

An ever-increasing volume of debug investigations, document writing, and code is written by robots. This has created a new etiquette question when working with a team - when is it OK to forward the output of an AI to another human to read?

On one hand, an AI with robust integration to internal code bases and documentation often produces genuinely1 useful output.

On the other, as an increasing amount of a software engineer's day is spent reading AI text, a fatigue sets in. If I can have a robot say something, so can you. It reads as inconsiderate to post un-digested AI output as though it's your own writing.

I remember the first time I experienced this annoyance. I proposed a design, and a teammate prompted an AI to critique it. The teammate sent an AI document to me, with the disclaimer: "I didn't read this, so it might not be entirely accurate". My thought was, if reading this wasn't worth your time, why is it worth mine?"

Therefore, I've adopted this principle in my work:

If you are requesting human attention, demonstrate human effort.

If useful, I send AI generated content to teammates. But when doing so, I take care to clearly label what is AI generated, and I add my own commentary alongside it. For human code review requests, I always review my AI-generated code first.

Attention was already a scarce resource before AI, and it is even more so now. Keeping AI generated content clearly labeled and demonstrating human effort helps show consideration for teammates, and keeps a touch of humanity alive in our work.




	
I promise I wrote this (and all the words in this post) with my meat fingers! 
Nobody ever gets credit for fixing problems that never happened (2001) [pdf]
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Nobody ever gets credit for fixing problems that never happened (2001) [pdf]

web.mit.edu · 705 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://web.mit.edu/nelsonr/www/Repenning=Sterman_CMR_su01_.pdf · Discussion
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CRISPR tech selectively shreds cancer cells, including "undruggable" cancers

innovativegenomics.org · 499 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://innovativegenomics.org/news/crispr-technique-selectively-shreds-cancer-cells/ · Discussion
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Kimi K2.7-Code: open-source coding model with better token efficiency

huggingface.co · 382 points · Discussion
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		1. Model Introduction
	


Kimi K2.7 Code is a coding-focused agentic model built upon Kimi K2.6. With substantial improvements on real-world long-horizon coding tasks, it strengthens end-to-end task completion across complex software engineering workflows while improving token efficiency, reducing thinking-token usage by approximately 30% compared with Kimi K2.6.


	
		
	
	
		2. Model Summary
	



	
		
	
	



		
	Architecture
	Mixture-of-Experts (MoE)



	Total Parameters
	1T



	Activated Parameters
	32B



	Number of Layers (Dense layer included)
	61



	Number of Dense Layers
	1



	Attention Hidden Dimension
	7168



	MoE Hidden Dimension (per Expert)
	2048



	Number of Attention Heads
	64



	Number of Experts
	384



	Selected Experts per Token
	8



	Number of Shared Experts
	1



	Vocabulary Size
	160K



	Context Length
	256K



	Attention Mechanism
	MLA



	Activation Function
	SwiGLU



	Vision Encoder
	MoonViT



	Parameters of Vision Encoder
	400M



	





	
		
	
	
		3. Evaluation Results
	






	Benchmark
	Kimi K2.6
	Kimi K2.7 Code
	GPT-5.5
	Claude Opus 4.8





	Coding



	Kimi Code Bench v2
	50.9
	62.0
	69.0
	67.4



	Program Bench
	48.3
	53.6
	69.1
	63.8



	MLS Bench Lite
	26.7
	35.1
	35.5
	42.8



	Agentic



	Kimi Claw 24/7 Bench
	42.9
	46.9
	52.8
	50.4



	MCP Atlas
	69.4
	76.0
	79.4
	81.3



	MCP Mark Verified
	72.8
	81.1
	92.9
	76.4









Footnotes


	General Testing Details
	Unless stated otherwise, Kimi K2.7 Code and K2.6 were tested with thinking mode enabled via Kimi Code CLI at temperature = 1.0, top-p = 0.95, and a 262,144-token context length; GPT-5.5 ran in Codex with xhigh mode, and Opus 4.8 in Claude Code with xhigh mode. Aside from these differences, all benchmarks were evaluated under the same conditions.





	Coding Benchmarks
	Kimi Code Bench V2 is our in-house benchmark designed to evaluate coding agents on realistic tasks. It has diversed software engineering tasks across 10+ mainstream programming languages and a full production tech stack covering tasks from internal engineering use cases, production incidents, and real-world open-source projects, with emphasis on backend services, infrastructure, performance engineering, systems programming, security, frontend development, and ML/data engineering.

	Program Bench evaluates code-generation agents by asking them to recreate a program’s behavior from only a compiled binary and its documentation. It spans 200 tasks, from small CLI tools to large systems like FFmpeg and SQLite. Submissions are judged against over 248,000 fuzz-generated behavioral tests. In each task, the agent is given an executable and its documentation, but no source code, decompilation, or internet access. It must choose its own implementation language, build the full program from scratch, and pass a behavioral test suite comparing its output against the original binary.

	MLS-Bench evaluates whether AI systems can invent generalizable and scalable ML methods. MLS-Bench-Lite is the official 30-task subset of MLS-Bench, covering LLM pretraining and post-training, robotics, world models, computer vision, reinforcement learning, optimization, ML systems, AI for Science, and more. Agents are given 5 hours to explore before submitting their solutions. Opus 4.8 is evaluated with the max effort setting in Claude Code.





	Agentic Benchmarks
	Kimi Claw 24/7 Bench is our in-house benchmark for evaluating long-horizon agentic performance in persistent, multi-day coworking tasks. It spans 17 professional scenarios across 610 evaluation points, covering domains such as software engineering, ML research, recruiting, trading, marketing. All tasks are executed through the OpenClaw harness. The final score is the average pass rate across all evaluation points, and is averaged over 3 runs.

	MCP-Atlas evaluates LLM performance on realistic tool-use tasks through the scalable MCPs. We followed the official MCP-Atlas evaluation configuration with a 100 tool-call budget, and with 32k max tokens per step. The final result is averaged over 3 runs.

	MCPMark-Verified is a human-verified edition of MCPMark, a benchmark for evaluating MCP tool use across five real server environments — Notion, GitHub, Filesystem, Postgres, and Playwright. Each task has been re-checked by our team and the benchmark offical and will be open-sourced soon. We followed the official MCPMark evaluation configuration with a 100-step tool-call budget and 32k max tokens per step. The final result is averaged over 3 runs.











	
		
	
	
		4. Native INT4 Quantization
	


Kimi-K2.7-Code adopts the same native int4 quantization method as Kimi-K2-Thinking.


	
		
	
	
		5. Deployment
	



You can access Kimi-K2.7-Code's API on https://platform.moonshot.ai and we provide OpenAI/Anthropic-compatible API for you.
Currently, Kimi-K2.7-Code is recommended to run on the following inference engines:




	vLLM

	SGLang

	KTransformers



Kimi-K2.7-Code has the same architecture as Kimi-K2.5/Kimi-K2.6, and the deployment method can be directly reused.

The version requirement for transformers is >=4.57.1, <5.0.0.

Deployment examples can be found in the Model Deployment Guide.




	
		
	
	
		6. Model Usage
	


The usage demos below demonstrate how to call our official API. Note that Kimi-K2.7-Code forces thinking and preserve_thinking as True.

For third-party APIs deployed with vLLM or SGLang, please note that:




	Chat with video content is an experimental feature and is only supported in our official API for now.



	The recommended temperature will be 1.0 for Thinking mode.



	The recommended top_p is 0.95.



	Instant mode is not supported.








	
		
	
	
		Chat Completion
	


This is a simple chat completion script which shows how to call K2.7-Code API in Thinking mode.

import openai
import base64
import requests
def simple_chat(client: openai.OpenAI, model_name: str):
    messages = [
        {'role': 'system', 'content': 'You are Kimi, an AI assistant created by Moonshot AI.'},
        {
            'role': 'user',
            'content': [
                {'type': 'text', 'text': 'which one is bigger, 9.11 or 9.9? think carefully.'}
            ],
        },
    ]
    response = client.chat.completions.create(
        model=model_name, messages=messages, stream=False, max_tokens=4096
    )
    print('====== Below is reasoning content in Thinking Mode ======')
    print(f'reasoning content: {response.choices[0].message.reasoning}')
    print('====== Below is response in Thinking Mode ======')
    print(f'response: {response.choices[0].message.content}')



	
		
	
	
		Chat Completion with visual content
	


K2.7-Code supports Image and Video input.

The following example demonstrates how to call K2.7-Code API with image input:

import openai
import base64
import requests

def chat_with_image(client: openai.OpenAI, model_name: str):
    url = 'https://huggingface.co/moonshotai/Kimi-K2.7-Code/resolve/main/figures/kimi-logo.png'
    image_base64 = base64.b64encode(requests.get(url).content).decode()
    messages = [
        {
            'role': 'user',
            'content': [
                {'type': 'text', 'text': 'Describe this image in detail.'},
                {
                    'type': 'image_url',
                    'image_url': {'url': f'data:image/png;base64,{image_base64}'},
                },
            ],
        }
    ]

    response = client.chat.completions.create(
        model=model_name, messages=messages, stream=False, max_tokens=8192
    )
    print('====== Below is reasoning content in Thinking Mode ======')
    print(f'reasoning content: {response.choices[0].message.reasoning}')
    print('====== Below is response in Thinking Mode ======')
    print(f'response: {response.choices[0].message.content}')


The following example demonstrates how to call K2.7-Code API with video input:

import openai
import base64
import requests

def chat_with_video(client: openai.OpenAI, model_name:str):
    url = 'https://huggingface.co/moonshotai/Kimi-K2.7-Code/resolve/main/figures/demo_video.mp4'
    video_base64 = base64.b64encode(requests.get(url).content).decode()
    messages = [
        {
            "role": "user",
            "content": [
                {"type": "text","text": "Describe the video in detail."},
                {
                    "type": "video_url",
                    "video_url": {"url": f"data:video/mp4;base64,{video_base64}"},
                },
            ],
        }
    ]

    response = client.chat.completions.create(model=model_name, messages=messages)
    print('====== Below is reasoning content in Thinking Mode ======')
    print(f'reasoning content: {response.choices[0].message.reasoning}')
    print('====== Below is response in Thinking Mode ======')
    print(f'response: {response.choices[0].message.content}')



	
		
	
	
		Preserve Thinking
	


Kimi K2.7 Code forces preserve_thinking mode, which retains full reasoning content across multi-turn interactions and enhances performance in coding agent scenarios.

This feature is enabled by default and can't be disabled. The following example demonstrates how to call K2.7-Code API in preserve_thinking mode:

def chat_with_preserve_thinking(client: openai.OpenAI, model_name: str):
    messages = [
        {
            "role": "user",
            "content": "Tell me three random numbers."
        },
        {
            "role": "assistant",
            "reasoning_content": "I'll start by listing five numbers: 473, 921, 235, 215, 222, and I'll tell you the first three.",
            # Some API (e.g. vLLM) may not support reasoning_content, you can try reasoning instead
            "content": "473, 921, 235"
        },
        {
            "role": "user",
            "content": "What are the other two numbers you have in mind?"
        }
    ]

    response = client.chat.completions.create(
        model=model_name,
        messages=messages,
        stream=False,
        max_tokens=4096,
    )
    # the assistant should mention 215 and 222 that appear in the prior reasoning content
    print(f"response: {response.choices[0].message.reasoning}")
    return response.choices[0].message.content



	
		
	
	
		Interleaved Thinking and Multi-Step Tool Call
	


K2.7-Code shares the same design of Interleaved Thinking and Multi-Step Tool Call as K2 Thinking. For usage example, please refer to the K2 Thinking documentation.


	
		
	
	
		Coding Agent Framework
	


Kimi K2.7-Code works best with Kimi Code CLI as its agent framework — give it a try at https://www.kimi.com/code.




	
		
	
	
		7. License
	


Both the code repository and the model weights are released under the Modified MIT License.




	
		
	
	
		8. Third Party Notices
	


See THIRD PARTY NOTICES




	
		
	
	
		9. Contact Us
	


If you have any questions, please reach out at support@moonshot.ai.





Original: https://huggingface.co/moonshotai/Kimi-K2.7-Code · Discussion
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A Call to Action: Stop the FCC's KYC Regime

blog.lopp.net · 290 points · Discussion


        Robocalls are really annoying. Everyone knows the misery of scam calls, spoofed numbers, fake warranty pitches, fraudulent bank alerts, and automated political spam. The FCC is correct to claim that illegal calls erode trust in the phone system and cost Americans time, money, and security. But this problem does not justify a dragnet solution. Under the guise of fighting robocallers, the FCC is now considering “Know Your Customer” rules that could force phone providers to collect identity information from ordinary people before they can acquire or renew service with a phone carrier.
The proposal is being sold as consumer protection, but the surveillance regime it would create is something else entirely.
On April 30, 2026, the FCC adopted a Further Notice of Proposed Rulemaking seeking stronger KYC rules for voice service providers. The agency says possible measures include requiring providers to verify customer identities before enabling service, including name, address, government ID, and alternate phone numbers. The item was approved by Chairman Brendan Carr and Commissioners Gomez and Trusty.
That should alarm anyone who believes phone access is basic infrastructure, not a privilege conditioned on identity verification. The danger is not that the FCC wants to punish robocall scammers. The danger is that the FCC is contemplating rules that would put millions of innocent people into telecom identity databases in the hope that criminals will be inconvenienced. We've seen this playbook before. Such measures take more privacy from lawful users while determined criminals will adapt and find ways around the "gate."
KYC rules seen stopping determined criminalsKYC does not reliably stop determined criminals. We know this to be true simply from looking at KYC requirements in the financial system. There's no shortage of money laundering that occurs through regulated venues, in part because criminals don't have much trouble providing the required documentation to pass KYC checks. Why is this easy to route around? Mainly because so much personally identifiable information gets leaked on an ongoing basis that entire markets exist to trade this information. Buying a new identity and the associated documents to go along with it is cheap.
The proposal also reaches directly into prepaid service. The FCC is asking whether KYC requirements should vary between prepaid and postpaid plans, what information wireless providers currently obtain from prepaid SIM customers, and whether KYC measures should be imposed for prepaid service purchased through third-party vendors. That is the heart of the burner-phone issue. A prepaid phone is not just a movie prop for criminals. It can be a lifeline for a domestic violence survivor, a worker reporting misconduct, a journalist protecting a source, a protester avoiding retaliation, or someone who simply does not want every communication account tied to a government ID.
ACLU senior policy analyst Jay Stanley warned that the rulemaking contemplates taking away people’s ability to get a burner phone and could harm low-income people, domestic violence victims, and anyone who values privacy. That is the point the public needs to understand: anonymous or pseudonymous communication is not suspicious by default.
I've used KYC-free phone services for many years both as a security and privacy protection tactic. I, like anyone who might be suspected of having access to significant amounts of bitcoin, need strong privacy in order to protect myself from wrench attacks. This is not a theoretical threat; hundreds of Bitcoiners have been physically attacked and I myself have been swatted and extorted.
The most chilling parts of the FCC’s proposal go beyond ordinary ID collection. In its section on risk-based KYC differences, the FCC even asks whether providers should consult lists of terrorists, terrorist organizations, and “criminal persons” maintained by law enforcement entities. We've also seen this before and such lists would surely lead to false positives, abuse of innocent people being opaquely added to said lists, and the possibility that people could be denied basic communication infrastructure without a conviction or meaningful due process. Even though the FCC frames this as a question rather than a final decision, it is a dangerous question for a communications regulator to normalize.
The proposal also contemplates long retention periods. The FCC asks about requiring providers to retain KYC information and supporting records for four years after the customer relationship ends. That means the risk does not end when someone cancels service. A person’s identifying information could remain in carrier databases for years, exposed to breach, misuse, subpoena, sale, or mission creep.
Mission creep is already visible in the FCC’s own words. The agency asks whether enhanced KYC rules could help law enforcement investigate crimes beyond illegal calls, including organized crime, trafficking, espionage, influence operations, and other national-security concerns. That is a very different pitch from “we are stopping robocalls.” Once telecom providers are required to verify, retain, re-verify, and possibly screen customers, the phone system starts looking less like an open communications network and more like a chokepoint.
The FCC also proposes a per-call enforcement structure. It asks about assessing KYC violations on a per-call basis and specifically proposes a $2,500 per-call base forfeiture. That creates an obvious incentive: providers will protect themselves by over-verifying, over-retaining, and over-denying. When the penalty for under-screening can multiply by call volume, the safest corporate choice is not the one that protects consumer privacy, but rather the one that intrudes upon it greatly.
Privacy Is Not a Crime
A free society does not require citizens to continually fight to retain their privacy. The burden should be on the government to justify eroding the rights of citizens via surveillance, data retention, and denial of access to essential communications tools.
We have seen this playbook before, oh so many times, to the point that it has become a meme. Those who seek to control the channels of communication must first be able to identify anyone who is using a network so that they can then send their thugs to silence the undesirable speaker.
There is a better path. The FCC can target high-volume commercial origination, negligent providers, spoofing infrastructure, SIM-box abuse, and repeat bad actors without forcing every ordinary person to surrender identity documents to get a phone number. It can strengthen enforcement against carriers that knowingly enable illegal call traffic. It can require narrow, risk-based due diligence for bulk callers. What it should not do is make every phone user prove who they are before they can communicate.
This is not a partisan issue. The average citizen does not want the government compiling lists of people who are conducting completely normal activities. They do not want “consumer protection” turned into surveillance. They do not want privacy treated as a loophole. And they do not want to find out later that a rule meant to stop robocalls quietly ended the last practical way to access the telephone system without government permission.
KYC Is the Real Crime
I often refer to KYC as Kill Your Customer, because the very act of collecting sensitive personally identifiable information about a customer puts them at risk. The KYC regime has made itself into a joke by resulting in massive data leaks over the years, which now undermine the reliability of KYC since criminals can easily obtain fresh documents to bypass KYC checks with stolen identities.
Specific to phone service, KYC will actively degrade the security of your phone account because tying your account to an identity means that a criminal who obtains enough of your PII becomes better positioned to impersonate you to your phone provider and attempt to transfer your number to a SIM under the criminal's control. This "SIM swapping" / "SIM jacking" issue has been a problem for over a decade now and is only getting worse as more and more of our lives are going digital and most of our important online accounts are tied to phone numbers and email addresses. The common attack vector for SIM jacking is:
	Take over the victim's phone number.
	Use the phone number to reset access to the victim's primary email account.
	Use the email account and phone number to reset access to financial accounts.

KYC is a laughable regime put in place under the claim of "stopping criminals" but the reality is that it is security theater that actually weakens the privacy and security of consumers rather than protecting them from bad actors. We should not double down on this broken system by implementing it in even more aspects of our lives.
It's Not Too Late
This is not yet a final rule. It is a proposed rule, which means the public still has a chance to push back. In the Federal Register, the FCC says it is seeking comment on this proposed change. That means we can give them a piece of our minds.
The comment deadline is June 25, 2026, with reply comments due July 27, 2026.
I urge you to submit a public comment to the FCC before June 25, 2026 opposing mandatory KYC identity checks for ordinary phone users. You can use the form at this link to submit a comment on this matter. Just click the link right now and submit a comment before you close this post! Yes, you, dear reader!
Remember that FCC comments are public. Assume that anything you submit, including personal information in the comment text or attachments, may become publicly viewable online. Don't include personal details you can't safely reveal to the world.
Feel free to use the following template to save yourself some time. Add / remove / edit whatever you wish to personalize it to your view.
I oppose any FCC rule that would require ordinary phone users, including prepaid users, to provide government-issued identification numbers, identity documents, physical addresses, alternate phone numbers, or similar personal information as a condition of obtaining or renewing phone service.Robocalls and scam calls are serious problems, but mandatory identity collection for all users is overly broad, privacy-invasive, and likely to harm lawful users who need privacy, including domestic violence survivors, journalists, whistleblowers, low-income citizens, political organizers, and people facing retaliation or stalking.
The FCC should reject any requirement that voice providers consult law-enforcement watchlists or lists of “criminal persons” before granting service. Access to basic communications infrastructure should not depend on opaque lists, screening systems prone to abuse and false positives, or processes lacking transparency.
The FCC should also reject multi-year retention of KYC records for ordinary customers. Retaining identity information and supporting records after a customer leaves service creates unnecessary breach, misuse, and surveillance risks.
The Commission should instead focus on narrow, evidence-based enforcement against high-volume illegal callers, spoofing abuse, SIM-box operations, and providers that knowingly or recklessly enable illegal traffic. Any new rules should be targeted, privacy-protective, data-minimizing, and should preserve access to prepaid and privacy-protective phone service for lawful users.
Please do not turn phone service into an identity checkpoint. Reject mandatory KYC requirements for ordinary telephone users.


Now is the time for all Americans who are concerned about the constant erosion of their privacy to speak out.

    



Original: https://blog.lopp.net/call-to-action-stop-the-fcc-kyc-regime/ · Discussion
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WASI 0.3

bytecodealliance.org · 207 points · Discussion

https://github.com/WebAssembly/WASI/releases/tag/v0.3.0

Original: https://bytecodealliance.org/articles/WASI-0.3 · Discussion
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Malware developers added nuclear and biological weapons text to to their spyware

twitter.com · 189 points · Discussion

https://socket.dev/blog/mini-shai-hulud-miasma-and-hades-wor...

Original: https://twitter.com/jsrailton/status/2064661778978533571 · Discussion
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I Am Not a Reverse Centaur

blog.miguelgrinberg.com · 178 points · Discussion

About a year ago I wrote on this blog about how coding with LLMs would not work for me, even if there were no ethical or environmental concerns preventing me to use them. I'm not going to repeat the arguments I made that time because my views on the subject haven' t changed. What has changed, however, is that the number of contributions I receive on my open source projects has gone up, and nearly all are now made with LLMs.

The other day I had a very depressing thought regarding this. All these people who submit drive-by pull requests to my projects are pushing me to spend more and more of my time reviewing and merging code that was extruded by machines. Cory Doctorow refers to people that perform this function as reverse centaurs. He calls these "frail and vulnerable people being puppeteered by uncaring, relentless machines." Ouch!

Am I a reverse centaur now? Is my new purpose as a seasoned software engineer and open source developer to spend my days reviewing LLM code, in spite of having decided that I do not need nor want this technology myself? As you can guess from the title, I'm never going to become a reverse centaur. Let me tell you how I resist the forces that want me to be one.

No more unsolicited pull requests

Back in pre-LLM days, receiving an unexpected pull request (PR) from a fellow coder was a source of excitement and pride. It meant that some random person decided it was worthwhile to invest their time and effort to improve a project of mine and share the result, not just with me but with all of its users.

Today, an unsolicited PR is a red flag. Too many people lazily prompt an LLM code generation tool and ask it to alter the behavior of one of my open source projects to meet their specific needs, without any care or consideration for what is being changed or how it might affect other users. Sometimes these changes make sense and improve the project, but often enough they do not. The submitters rarely care though, they just slap a long LLM generated description and send the PR over, leaving me with the task of figuring out if the change makes any sense at all or is pure slop.

I have decided that I have more important things to do with my life than to spend my days reviewing code produced by LLMs. If you want to contribute to one of my projects, I expect you to be the direct contributor, and to have a genuine interest in improving my project.

The contribution guidelines I include in all my open source projects have these instructions for contributors.


If you are interested in contributing a change to this project, please first introduce the change you wish to make to the maintainer in an issue. Pull requests that are submitted without a previous discussion in an issue may be closed at the maintainer's discretion.

Once the maintainer accepts your proposed change and allows you to work on it, feel free to submit a pull request.



With this process I get to know the contributor and their proposal before there is a big time investment on either side, so it is a win-win for everyone.

In spite of this I still get unsolicited PRs, so clearly some users (or more likely their LLMs) do not read contribution guidelines. My initial task when a new unexpected PR arrives is to determine if there is a person behind it or not, and luckily this is easy to figure out in just a few seconds. If I don't see proof of human involvement, then I'm not interested, so the PR gets immediately closed with no questions asked.

You may argue that with this attitude I'm likely to miss useful improvements or bug fixes to my projects, and I guess that is possible. I really have no way to know without spending time reviewing these unsolicited PRs to separate the good from the bad. When I was sure that every contribution had the effort of a person behind it this review work was justified and I even enjoyed it. In today's slop-filled world this is reverse centaur work and it is not for me, so I only pay attention to PRs that come from engaged contributors.

My advice if you can only code with the help of an LLM and need fixes or improvements in a project of mine is that you don't waste your tokens on a PR, since I will ignore it. Instead, describe the problem in an issue, and let me handle the work. I do not want an LLM-generated novel with chapters, bullet points and emojis, just a simple description of the problem in your own voice. Since you will be saving some of those expensive tokens, you could also consider a donation, which will likely motivate me to prioritize your problem!

Does open source matter anymore?

This is a question that I constantly ask myself, and I do not have a clear answer yet. I still do a lot of coding, both for work and for fun, but in the last few years I have been less interested in sharing the things that I make. I still have enough interest to keep my current open source projects updated, but I have a bunch of recent projects that I can't bring myself to make public.

My perception is that there is less interest in open source, and in coding in general. The main reason I love coding is that it is a challenge, and I think this is actually the same reason why a lot of people prefer to give money to an AI lab and get a machine to spit out code for them, even with the risk of the code being subpar.

Will this trend continue to the point that nobody codes anymore and it is only machines doing it? I hope not, but we'll have to wait and see. I will continue to oppose a future in which we all have to be reverse centaurs, with the machines (and their billionaire owners) calling the shots.

Thank you for visiting my blog! If you enjoyed this article, please consider supporting my work and keeping me caffeinated with a small one-time donation through Buy me a coffee. Thanks!
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In my Ottawa life, every Tuesday evening, I take two gym classes back to back—boxing and the pompously named “body sculpt,” which makes me discover muscles I didn’t know I had.




It’s fun. I love it.




But a couple of weeks ago, I ended up cancelling my second class—one of those nights when the first assignment landed in my inbox at 4 p.m., another one arrived while I was on my way to the gym, and a third one popped up right as I was standing in the locker room. All due the following morning, obviously. Welcome to the life of a freelance translator.




Work takes priority over muscles. I headed for the lockers at the end of boxing class.




“Are you leaving? You’re always taking this class!”




I turned around. I was changing into my translator clothes—jeans and a T-shirt—and she was presumably changing into her gym clothes, except first, she was busy taking off her jewelry.




Her look was very polished—the kind of polished that screams office day. Over the past few months, the generous pandemic work-from-home policy had been tightened, scaled back, amended and more or less rescinded in a desperate attempt to have employees single-handedly save downtown Ottawa’s many small businesses and general gloom by their mere on-site hot-desking presence.




If you ask me, nothing can save downtown Ottawa or North American public transit.




“I see you there every week!”




Apparently, I owed her an explanation and possibly an apology. I didn’t remember her, but it’s a very full class and we all more or less look the same in gym clothes.




“I’ve just received some work,” I explained. “I’m a translator and I have three deadlines by tomorrow morning, so I should probably get started.”




“But… it won’t take long. Don’t you just upload the documents to ChatGPT?”




I paused for a split second. Surely, she was joking.




I looked up at her.




She was not.




“It… doesn’t exactly work like that.”




“You should try it, it’s so much quicker!”




Oh. My. Fucking. God.




But hey, I parent a teen. I can recognize a teachable moment when I see one.




“It’s not that easy, you know. Technically, ChatGPT will spit out a translated document. But first, there may be formatting issues. And most importantly, the translation will be questionable.”




“Why?”




“Because AI isn’t human, and it takes an actual person to understand what another human is trying to say—and how to say it so someone else understands it. I don’t just make grammatically correct sentences in another language. I adapt, I localize, and I find the best way to convey the original message so it makes sense and feels natural. I research terminology. I make sure it’s consistent throughout. I’m sorry, I’m better than AI.”




We’re all better than AI. AI is just better at pretending it can do the job.




Go ahead, ask me how I know.




Yes, obviously, I tried translating with AI.




Ah, you can’t fire me, I’m self-employed!




I’ve been playing with AI since the fall, when it started stealing my job for real. I could either declare it evil and turn into one of those people who will never get a smartphone, or use it to my advantage.




I’m practical. I chose the second option.




AI can’t translate for me. It can’t write either—unfortunately, ChatGPT can’t vouch for the fact that this article is my idea, that it’s my gym, my ignorant civil servant and my punchline. Just take my word for it, pun slightly intended.




And while this article is written by yours truly, you bet I’m going to spell-check it. I probably won’t use AI; I have Antidote. But maybe I will ask Claude’s opinion, and if one of the suggestions is smart—cutting a paragraph, for instance, or clarifying a sentence—I might accept it.




When I started translating 15 years ago, we used to paste uncooperative sentences into Google Translate to see if it had interesting ways to phrase things differently. Then came DeepL—same idea.




What do you think? That we’re translating with pen and pencil? That your accountant doesn’t use fancy Excel formulas? That your manager formatted the PowerPoint alone? That your favourite restaurant doesn’t Google trendy recipes?




We are professionals using tools.




But that’s just what they are—tools.




One of my clients has insane style guides, plural. I’m talking about 500-page documents detailing the proper way to format quotes and the one true way to insert footnotes. I fed them to ChatGPT for the final checks—it can kind of flag when I break a rule. I’ve also used AI to extract specialized terminology from reference documents and build my own glossaries. It’s faster than Ctrl+F, and less likely to make me scream.




But everything has to be double-checked, triple-checked. It’s another way of working, not a magic button.




AI isn’t replacing me. Like a toddler, it needs to be constantly coached. It invents acronyms and organization names, forgets to translate entire sentences, ignores the provided terminology unless repeatedly threatened, and occasionally misses the point completely.




Which is why we—translators, writers, editors, and other professionals—shouldn’t suddenly be paid less because AI exists. Should you pay your roofer less because he uses a hammer instead of his bare hands?




But judging by her amused smile, my civil servant wasn’t getting the point.




“But AI is getting better all the time!”




“What do you do?” I asked, changing tack.




“I’m the Director General, Human Resources and Corporate Services, but I’m currently in an acting position for Workforce Planning and Resources Management.”




This actually made sense to my Ottawa brain. Told you, I’m a translator.




“Great. So, do you use AI a lot at work?”




“Oh, I can’t! It’s really not reliable enough.”




For fuck’s sake.




And she works in human resources!
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                  The advance in fabric technology comes alongside a new benchmark for atmospheric water harvesting.

                              

      
      

            
      [image: Researcher wears a black jacket in a lab while holding a beige-colored woven textile]

                  
            
                        The textile incorporated into the jacket collects moisture and funnels it to detachable harvesting units. 

                      
              
          

              Engineers at The University of Texas at Austin have developed a jacket that harvests drinking water directly from the air. The technology could benefit anyone who spends much time in areas without easy access to drinking water, from hobbyist hikers, campers and runners to agricultural workers, emergency responders and soldiers.

“Water harvesting from air is usually imagined as a stationary device such as a box, a panel or a large sorbent bed,” said Guihua Yu, chair professor of the Cockrell School of Engineering’s Walker Department of Mechanical Engineering and Texas Materials Institute and one of the leaders of the new research in Science Advances. “Here, we wanted to rethink the form of the technology. If the fabric itself can collect water from air, it opens a new direction for personal and portable water access.”

The textile incorporated into the jacket collects moisture and funnels it to detachable harvesting units. Those units are placed in a foldable collector piece and heated to produce the water.

[image: Researcher stands in a lab wearing a black jacket with a water-collecting textile in the front pocket. ]The detachable harvesting units are placed in a foldable collector piece and heated to produce the water.
The jacket produced between 400 and 900 milliliters of drinkable water per day, about 14 to 30 ounces, depending on humidity levels.

Compared with conventional water-harvesting materials, the textile showed a three- to 10-fold improvement at scale. By focusing on the fibers rather than building another bulky device, the researchers overcame a common problem in the field.

“The important advance here is that the team did not simply make another material that absorbs water,” said Keith Johnston, co-author and chair professor of the Cockrell School of Engineering’s McKetta Department of Chemical Engineering. “They designed a pathway for water to move quickly, from vapor in the air, to liquid on the fiber surface, and then into the textile. That transport design is what allows the material to work not just in a small lab test, but in a wearable system.”

The researchers are eyeing applications beyond clothing, including backpacks, tents, emergency shelters and other outdoor gear, allowing items people carry every day to help collect water from the air. Soon, they will look at applying the technology to outdoor activities, remote field operations, disaster response, and water access in arid or infrastructure-limited regions.

The textile work comes as a separate device from the same research team pulled a record amount of drinking water from the air in the hot, arid climate of the Chihuahuan Desert of New Mexico and the more humid environment of Austin, demonstrating the real-world potential to use atmospheric moisture to address drinking water shortages.

In tests, the researchers captured 1.3 liters of clean water per day in both arid and semi-humid areas. That equates to 4.3

[image: A device with solar panels sits in white-colored sand in the Chihuahuan Desert with a blue sky in the background. ]The solar water-harvesting device pulled a record amount of drinking water from the arid climate of the Chihuahuan Desert in New Mexico and the humid climate of Austin, Texas.
liters of water per kilogram of moisture-capturing materials per day, more than any other research group has achieved.

“This is a big stride toward practical atmospheric water harvesting,” said Weixin Guan, one of the lead authors of a new paper published in Nature Water. “This goal has been incubated over years of work, from molecular design to real-world operation, and it is especially meaningful to see those pieces finally come together in a field-ready system.”

At the center of the device is a specially engineered hydrogel fabric made from biomass-derived materials. The fabric absorbs moisture from the air, then releases it when heated by sunlight, so the water can be condensed and collected.

The regions where the device should perform best overlap with many of the world’s most water-stressed areas, including parts of North Africa, the Middle East, South Asia and sub-Saharan Africa. That makes this technology especially promising as a decentralized water solution for remote communities, emergency response and other settings where conventional water systems are difficult to build or maintain.

The device is part of the team’s broader AirGel invention, which won the top prize in the graduate category of the 2025 National Collegiate Inventors Competition.
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            What happened when a dumpster arrived behind my university's library

        
    



                        

            
            
                                                                                                
                    
                Preserving the library alone will not rescue reading, Sheila Liming writes, but it is a good place to begin. Getty Images
    
                                                                                                                                                                
    on a june day in 2018, I watched a construction loader pour thousands of books into a big green dumpster. It had appeared overnight, parked behind the library at the university where I taught English. I heard the books before I saw them; the terrible crashing sound reached me in my un-air-conditioned basement office, interrupting my own work on the manuscript of my first book, by then nearly finished. The volumes in the dumpster were being “deaccessioned,” as the practice is known in information science. The library was being renovated. Large open lounge areas would be created. And so the shelves were being cleared to make space—not for more books but for space itself.

A few months before the dumpster arrived, I had been drawn into a bitter dispute over the imperiled books. It had started with a spreadsheet from library staff naming several thousand titles that were to be eliminated from the collection due to low checkout rates. My colleagues and I were given a few weeks to identify any books we thought worth keeping. This resulted, at first, in a burst of energy. We added comments. We wrote impassioned defenses directed at the librarians doing the culling. We shared the list with our students, who checked out titles that were slated for removal—a last-ditch attempt to boost their circulation. And we agreed to take some of the rejected books ourselves, to house them in our offices or classrooms or shared campus spaces, since a state university’s property, even if it’s been deemed trash, cannot be transferred to private individuals. 

My investment in the fight was personal as much as professional: the manuscript I was working on that June day was about a library—or half a library. The books it held once belonged to the writer Edith Wharton. Half of the volumes still exist today, but the other half is a ghost, with titles such as Louis Couperus’s novel Eline Vere, perhaps the chief source of inspiration for Wharton’s House of Mirth, reduced to mere entries in a spreadsheet. As I watched the big green dumpster fill with books, I saw another ghost library in the making.




                                                                                                                                                                                                                                                
    There were times when the missing half seemed to speak louder than the books I held in my hands.
    

                                                                                                                                                
    My obsession with Wharton’s library had emerged five years earlier, and somewhat by accident. As a graduate student in English, I had received a fellowship to the Mount, Wharton’s home in Lenox, Massachusetts, where I became convinced that to know and understand her as a writer, I had to understand her as a reader. Paging through nearly three thousand library books, I saw her talk back to them, disagree with them, question and antagonize and struggle with them. In one, she penciled the word succotash—the nineteenth-century equivalent of nonsense; on the fly of another, inscribed to her lover William Morton Fullerton, she composed a four-stanza poem that does not exist anywhere else in her own hand. These physical traces allowed me to see how she had read her books, but they also showed me where she had wilted under another writer’s power. Her underlinings and exclamation points and squiggles became an atlas by which I discerned both her evolution as a writer and her battles as a reader to understand texts written in six different languages.

I spent five summers working at the Mount, cataloguing and digitizing Wharton’s library and, all the while, learning from it. The stories it told were not just about Edith Wharton. They were also about what it means to try to know something—to arrive at knowing, to fumble for it with the help of books. Though Wharton became known as a writer of fiction, she was a reader of everything: her books spanned not just languages but subjects ranging from botany to ancient Rome. One of them, Francis Meynell’s The Week-End Book, contained instructions for lawn games and a recipe for peanut-butter-and-olive sandwiches. 

But I had to keep reminding myself that the volumes I saw on the shelves comprised only half of her collection. There were times when the missing half seemed to speak louder than the books I held in my hands. When Wharton died in 1937, without any children, her will bequeathed her library to the sons of two friends of hers. The first, William Royall Tyler, Jr., stored his half in a warehouse on the outskirts of London. The other half went to Colin Clark, who let the books molder for decades at his family castle in Kent until financial troubles prompted his brother to begin selling off chunks of it to various dealers in rare books. Clark’s half was painstakingly recovered and brought back to the Mount, but the other half was destroyed in 1941, during the London Blitz.

As I researched how the library came to be and all the many ways that Wharton used it, questions about the other half lingered. In her correspondence, she would thank a friend for the gift of a volume I could not pull off any shelf. She kept long lists of publications to be shuttled between her various homes in Massachusetts, Provence, and the Parisian suburbs, and I pored over those mini inventories, glimpsing a library I would never get to see. For even if I could reconstruct the ghost half using those documents, I couldn’t access Wharton’s engagement with it: all those penciled questions, comments, and squiggly lines—the whole record of her interactions, which had lit up the pages of her remaining books for me—would still be lost. 



                                                                                                                                                                                                
    
it was those haunting gaps in Wharton’s library that led me back to the work of the French philosopher Jacques Derrida. I had first learned about Derrida’s notoriously difficult literary theories as an undergraduate and had been pretending to understand them ever since. In Of Grammatology (1967), Derrida concentrates on the idea of the text
(a collection of ideas expressed as chains of words, or “signifiers,” as the structuralists would call them) as opposed to the book (the physical apparatus that houses the text). Both are instantiations of the process that we call writing, but the book is material, while the text is merely conceptual. The book can be destroyed; it can be burned, torn apart, or loaded into a dumpster and carted off to a landfill. But the text cannot be destroyed in the same way; it persists through interpretation and reinterpretation, always producing new meanings. By studying Wharton’s physical books, I could see from the annotations how she interpreted those texts, incorporating them into her own writing. The writer writes, according to Derrida, in order to discover what they think, including what they think about what they have read. That same writer then tries to convey those ideas to a new reader, who reads to discover what they think about what the writer thinks. But both writer and reader are playing (another favorite word of Derrida’s). Both are engaged in a game that has no end, and the text is the field or pitch or court on which it is played. Derrida calls that game deconstruction.



                                                                                                                                                                                                                                                
    Without the medium, the connection between speaker and listener is broken, and the line goes dead.
    

                                                                                                                                                
    But though he is best known for it, Derrida didn’t invent the process. Deconstruction is not something that one does to a text; it’s something the text does to itself. It’s an inherent feature of highly volatile processes, and one that turns physical books into objects of fantasy. Books exist to impose dreams of stability and order on the processes of reading and writing that are attached to them. The author might be living or dead. In either case, the book contains the event that is or was the text, to keep it alive and make it cohere. Or, to put it another way, the text is the ghost, while the book is the medium through which the ghost speaks. Without the medium, the connection between speaker and listener is broken, and the line goes dead.

This is why, Derrida says, there is no history without language. We humans communicate knowledge about the past through language—through conversation, through storytelling, through education, and, yes, most of all through writing, which creates a semi-coherent, semi-anchored record of that language. We present that record in the form of a book, something that can be turned to and consulted over and over again. And then, finally, we store that book in a place where we can get at it: a library. For someone like Wharton, that can mean a personal library, filled with the remnants of one’s own engagement with those texts. But since few of us can afford to build a three-thousand-volume personal library, there are also shared libraries, the public ones in our towns and schools. 

That’s how a library becomes a final and crucial step on a chain of accessibility that permits contact with the text. There are, of course, other ways to gain access to the text: bookstores and classrooms and PDF files that can be downloaded, legally or not, from the internet. But those other ways place barriers—often financial, sometimes technical, sometimes physical—between the reader and the text. They introduce friction. Reading a bootleg PDF isn’t the same as reading a print book. Twenty years ago, UX researchers were already noting that in online reading, large sections of a text are skipped or scanned in accordance with digital scrolling habits. The eye, for example, tends to follow an F-shaped pattern across the screen. In 2023, researchers at the University of Valencia published the results of a study showing that print reading over sustained periods can yield a six- to eightfold increase in comprehension. From these examples, and countless others like them, we know that reading digital texts does not simply replicate the experience of reading print ones. Yet we still discount the tools that deepen comprehension in favor of those that are more convenient.



                                                                                                                                                                                                
    a few months after I watched the big green dumpster fill up with books, I was teaching an intro to literary theory course that included excerpts from Derrida’s Of Grammatology. At the time, I had three copies of the book in my campus office. The first was a Christmas present from my dad, given to me when I was still in graduate school; I had requested it because my professors kept talking about it, and up to that point, I had read only excerpts—the same excerpts, no doubt, that I was to later share with my own students. But in my attempts to decipher Derrida’s prose, I had filled the margins with notes that encroached on the text and made it hard to read. The second was a copy I’d bought for myself to replace the scrawled-all-over one. And the third was one I borrowed from my campus library, to save it from the dumpster. 

On their first encounter with Derrida’s work, my students were as baffled as I had been. Also like me, they were intrigued; one of them decided to write her final paper on Derrida, and she went to the library to access Of Grammatology in full. But it wasn’t there; the third volume, the one I’d set aside in hopes of saving it from the dumpster, was seemingly the library’s sole copy. I gave the student my spare. But private lending is a recourse, not an answer, to the problem of access. Books in shared libraries can be moved around in accordance with borrowers’ needs, so their movement reflects the circulation of ideas that is an important facet of Derrida’s theories about the text. Books that are privately owned serve more humble and more limited objectives, and a handful of readers at most.




                                                                                                                                                                                                                                                
    Our devices keep us texting, posting, and liking our lives away.
    

                                                                                                                                                
    The decline of books—of their value, ubiquity, or availability—is the decline of the effort to push ideas into circulation and make knowledge matter. I left the university where I taught Derrida in 2020 and now teach at a different institute, where I am constantly under pressure to ditch the technology of the book—to give up on it. When I began my new job, I was assigned to an office that had no bookshelves. The building was new, LEED-certified, and the architects who designed it, I was told, assumed that professors no longer need or use books. I had just moved across the country with almost three thousand books, and I couldn’t fit all of them into my apartment. So I did what I had to do: I used my own money to purchase crappy particleboard bookcases, and I installed them myself. I can’t think without my books, but more importantly, I wouldn’t want to try. This is something I aim to convey to the students who visit me in my office, the ones who ask Have you really read all those books? The answer is no, I haven’t, but that’s not the point. Books are fantasies. They’re there to remind me of my own desire for more knowledge.

Most of the undergraduates in my writing classes don’t read very well. They F-pattern scroll through a Hawthorne novel or a Wharton short story. I don’t blame them, though; circumstances have conspired against them. It is much harder to read today than it was a generation ago, thanks to the omnipresence of digital distractions, and it keeps getting harder. Our devices keep us texting, posting, and liking our lives away. It looks like we’re reading, but in reality, literacy rates are in free fall. One of the biggest factors behind this trend may well be the turn away from books. At my new university, we are encouraged to adopt open educational resources (OERs), meaning open-license texts that are usually digitally accessible, in a move that is supposed to save students money. The principle here is a worthy one, and yet it simultaneously sends a message that diminishes their learning. It teaches students to discount the tools of their education and, likewise, the products of it: what they write and think in response to what they have read. What value does that work hold if books themselves have been judged as valueless?

In my classes, I try to create the kind of intellectual conditions that will allow my students to read better, meaning both more actively and more closely. That includes modeling attention to the text in class, showing them what it says on a literal level and how it works, so that they can then engage in the work of interpretation for themselves. Many of my students, including the ones who want to be writers, arrive at college having read few print books in their entirety. Sometimes they haven’t read any. But I try to train them for the futures they desire instead of maligning a past they’ve had little control over. And I invite them to stop in and see me during my office hours, where they can also see a few hundred of the books that have made me the writer I’m still becoming.



                                                                                                                                                                                                
    a few years ago, I attended the retirement party of an old colleague at my former university. With time to kill before the event, I made my way to the library. The renovations that had begun when I left were now complete. In place of the building I once knew was a gleaming glass-walled enclosure. The reading room, once lined with shelves, had been exsanguinated. The books were all gone, and so were the textures and colors they had once lent to the space, leaving only cold, cadaverous white.

The new library has four floors. Two of them feature books. This makes it look a lot like the library at my current university, which is so insecure about its relationship with physical books that it calls itself an “information commons.” The word commons summons a political ideal yet doesn’t disguise the fact that private space is expensive. And information offers a more neutral idea about knowledge: knowledge is something you carry with you; information is something you retrieve only if you need it.

The speed of the digital world connives to make us feel ashamed of certain sorts of slowly won knowledge. But to persist in caring about books, and to do so in the face of those who tell us not to, is to fight for a world that takes knowledge seriously. That fight will have to happen on many fronts; preserving the library alone will not rescue reading. But it is a good place to begin. After all, it is easier to preserve than it is to create. Wharton spent a lifetime building her personal library, and it took mere minutes for violence to destroy half of it.

When I revisited my former university’s library, I went looking for Of Grammatology. I spotted it on the third floor, among other books packed into a transparent cube that looms over the former reading room. It looked like the same 1976 hardback edition that I had fought to save, checked out during the deaccessioning, and then passed along to my student. Had she donated it before graduating? Or had the library changed its mind about Derrida? It was a mystery. But I hoped, given my experiences with ghost libraries, that someone would come and borrow it before too long—or before too late.



                                                                                                                                                            
                                
                    Sheila Liming is an associate professor at Champlain College in Burlington, Vermont. She is the author of several books, including Hanging Out (2023), and her essays have appeared elsewhere in venues like The Atlantic and The New York Review of Books.
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    I've been trying to make progress on a herculean task; I want decent looking 
programs for personal use which I can generate quickly using AI agents yet I'm
a person without taste controlling an AI without taste. I found "one weird
trick" that does enough for me, the results are not extra nice but it doesn't
make me gag and I'll take what I can.

Style of Slop

I took a simple single web page app (more context below) and kept on asking the
agent1 to generate it in different styles. I found that there can be many different 
styles, all of which feel like slop. Slop is not a
distinct style, it can be overlaid on top of many others. Even when I got it to
make a page to look like X, it looked like X with slop. 

Qt

Only one generation stuck out to me. Simply asking
it to make it look like a Qt app - to my tasteless eyes - removed almost all
feeling of slop. You can check some of the results out here.
This is obviously subjective, hard to convince anyone of and I'd like feedback.
I'd also like to see more experimentation in this area, are there any other styles or design guidelines
which an AI can generate without adding slop on top?

App context

I read this article from Axios
-- a forecast of how the electoral college will change in 2030 and I wanted to
visualize it. I dumped a picture in to chatgpt and asked it for a 270-to-win
style program with the forecast changes so I can see which routes open or close for R's vs D's.

Other apps

It does translate well outside of this example. I've now gotten codex to
translate all the other personal software I have to "Qt style" and I think they
look much better.
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I'd had my internet fail a few times recently leaving me stranded without a coding agent, and so when I saw the "Gemma 4 now runs 2x faster with MTP" Multi-Token Prediction update for Gemma 4 I decided to have a go at getting it running.

I wanted a local coding agent setup that:


	was fast enough to actually use on my Mac

	worked through an OpenAI compatible API (so I could use it in other tools)

	and preferably could handle screenshots/images when needed, so I can feed it screenshots of what it has made.



And I did! This video is realtime. And shows the agent responding at a perfectly usable speed.



After a bit of testing the final setup I ended up with is:


	llama.cpp built with Metal on macOS

	Gemma 4 26B-A4B in GGUF format

	A Q8 MTP draft model for speculative decoding

	The Gemma 4 multimodal projector

	Pi as the terminal coding agent



This was tested on an Apple M1 Max with 64 GB unified memory, running macOS 15.7.7.

The Model

The main model is: gemma-4-26B-A4B-it-UD-Q4_K_XL.gguf.

Link on Huggingface: models/unsloth-gemma-4-26B-A4B-it-GGUF/gemma-4-26B-A4B-it-UD-Q4_K_XL.gguf

That file is about 16 GB. With the MTP draft head and multimodal projector the model folder is about 17 GB.

The benchmark prompt was:

Write a compact Python function that parses a unified diff and returns the changed file paths. Then explain two edge cases.




Each benchmark generated about 128 tokens.

Baseline: llama.cpp + Metal

First I ran the main model directly through llama.cpp with Metal acceleration:

repos/llama.cpp/build/bin/llama-cli \
  -m models/unsloth-gemma-4-26B-A4B-it-GGUF/gemma-4-26B-A4B-it-UD-Q4_K_XL.gguf \
  -ngl 999 \
  -fa on \
  -c 4096 \
  -n 128




Result:




	Setup
	Prompt tok/s
	Generation tok/s





	Gemma 4 26B-A4B Q4, llama.cpp Metal
	298.0
	58.2





58 tokens/second is not fast, but is usable, but for coding-agent work you want it to be as fast as possible, especially when the agent is making many tool calls.

Adding the MTP Draft Model

Gemma 4 now has the MTP draft model available:

MTP/gemma-4-26B-A4B-it-Q8_0-MTP.gguf




This can be loaded by llama.cpp as a speculative draft model:

repos/llama.cpp/build/bin/llama-cli \
  -m models/unsloth-gemma-4-26B-A4B-it-GGUF/gemma-4-26B-A4B-it-UD-Q4_K_XL.gguf \
  --model-draft models/unsloth-gemma-4-26B-A4B-it-GGUF/MTP/gemma-4-26B-A4B-it-Q8_0-MTP.gguf \
  --spec-type draft-mtp \
  --spec-draft-n-max 3 \
  -ngl 999 \
  -fa on \
  -c 4096 \
  -n 128




The first run with MTP came in at 69.2 tokens/second using 4 draft tokens. However, Unsloth's guide on How to Run MTP Models includes this note:


"We found --spec-draft-n-max 2 is the best starting point however, do not assume 2 is optimal, as performance is hardware-dependent. Try any value from 1 through 6 and use whichever is fastest for your system."



After sweeping --spec-draft-n-max, the best result was 72.2 tokens/second with 3 draft tokens.




	Setup
	Prompt tok/s
	Generation tok/s
	Speedup





	Main model only
	298.0
	58.2
	1.00x



	Main model + Q8 MTP draft
	295.6
	72.2
	1.24x





The useful part is that prompt processing stayed basically the same, while generation improved by about 24%.

Tuning MTP

I tested --spec-draft-n-max values from 1 to 6.




	--spec-draft-n-max
	Prompt tok/s
	Generation tok/s





	1
	295.5
	68.4



	2
	299.1
	72.0



	3
	295.6
	72.2



	4
	297.3
	70.7



	5
	297.9
	63.7



	6
	296.3
	61.2





On my M1 Max machine, 3 was the fastest, with 2 close enough that either would be fine. Values above that got slower.

MLX Comparison

I also tested MLX models through mlx-lm, to find out which is the faster way to run the model on a Mac, llama.cpp or mlx.




	Runtime
	Model
	Generation tok/s





	llama.cpp Metal + MTP
	Unsloth GGUF Q4 + Q8 MTP
	72.2



	llama.cpp Metal
	Unsloth GGUF Q4
	58.2



	MLX-LM
	Unsloth UD MLX 4-bit
	45.8



	MLX-LM
	mlx-community 4-bit
	43.9



	MLX-LM
	mlx-community OptiQ 4-bit
	38.1





I thought MLX (being optimised for the Mac) would be fastest.

However, for this specific setup, llama.cpp was faster than MLX, and llama.cpp with MTP was clearly the best option.

I guess all the effort and tweaking which has gone into llama.cpp over time means it quite well optimised fr macOS despite being cross platform.

I also tried Gemma 4 MTP through gemma-4-swift-mlx, but the tested 26B 4-bit MLX checkpoints did not match the loader's expected weight keys, and I already had the previous MLX tests, so moved on rather than redownload new models and try to tweak things to match.

Adding Image Support

For Pi, I also wanted to be able to attach screenshots. The local model entry I setup for it originally declared the model as text-only:



That meant Pi did not send image tool output through to the model properly.

The llama.cpp server also needs the Gemma 4 multimodal projector in order for the multi-modal part to work (only the 12B is natively multi-modal):



When loaded with --mmproj, llama.cpp advertises multimodal support, and Pi can send images.

I re-ran the text benchmark with the projector loaded, just to check it didn't change the speed:




	Setup
	Projector
	Prompt tok/s
	Generation tok/s





	llama.cpp Metal + MTP
	none
	120.3
	71.4



	llama.cpp Metal + MTP
	mmproj-BF16.gguf
	297.4
	72.2





The final run with the projector did not show a text-generation slowdown.



Now for setup instructions:

Install llama.cpp

Install dependencies:

brew install cmake git tmux python@3.11




Clone and build llama.cpp:

mkdir -p ~/Developer/ML-Models/Gemma4/repos
cd ~/Developer/ML-Models/Gemma4

git clone https://github.com/ggml-org/llama.cpp repos/llama.cpp

cd repos/llama.cpp
cmake -B build \
  -DCMAKE_BUILD_TYPE=Release \
  -DGGML_METAL=ON \
  -DGGML_ACCELERATE=ON

cmake --build build --config Release -j




The build I tested had:

GGML_METAL=ON
GGML_ACCELERATE=ON
GGML_BLAS=ON
GGML_BLAS_VENDOR=Apple




Download the Model Files

Create a Python environment:

cd ~/Developer/ML-Models/Gemma4
python3.11 -m venv .venv
source .venv/bin/activate
pip install -U huggingface_hub hf_xet




Download the files:

mkdir -p models/unsloth-gemma-4-26B-A4B-it-GGUF

huggingface-cli download unsloth/gemma-4-26B-A4B-it-GGUF \
  gemma-4-26B-A4B-it-UD-Q4_K_XL.gguf \
  mmproj-BF16.gguf \
  MTP/gemma-4-26B-A4B-it-Q8_0-MTP.gguf \
  --local-dir models/unsloth-gemma-4-26B-A4B-it-GGUF




You should end up with:

models/unsloth-gemma-4-26B-A4B-it-GGUF/
  gemma-4-26B-A4B-it-UD-Q4_K_XL.gguf
  mmproj-BF16.gguf
  MTP/gemma-4-26B-A4B-it-Q8_0-MTP.gguf




Start the Local Server

This is the final server command:

repos/llama.cpp/build/bin/llama-server \
  -m models/unsloth-gemma-4-26B-A4B-it-GGUF/gemma-4-26B-A4B-it-UD-Q4_K_XL.gguf \
  --model-draft models/unsloth-gemma-4-26B-A4B-it-GGUF/MTP/gemma-4-26B-A4B-it-Q8_0-MTP.gguf \
  --mmproj models/unsloth-gemma-4-26B-A4B-it-GGUF/mmproj-BF16.gguf \
  --spec-type draft-mtp \
  --spec-draft-n-max 3 \
  -ngl 999 \
  -fa on \
  -c 65536 \
  --parallel 1 \
  --host 127.0.0.1 \
  --port 8080




The OpenAI-compatible endpoint is:



I used a small start_server.sh wrapper so it runs inside tmux:

#!/usr/bin/env bash
set -euo pipefail

ROOT_DIR="$(cd "$(dirname "${BASH_SOURCE[0]}")" && pwd)"
SESSION_NAME="${SESSION_NAME:-gemma4-server}"
HOST="${HOST:-127.0.0.1}"
PORT="${PORT:-8080}"
CTX_SIZE="${CTX_SIZE:-65536}"
PARALLEL="${PARALLEL:-1}"

LLAMA_SERVER="$ROOT_DIR/repos/llama.cpp/build/bin/llama-server"
MODEL="$ROOT_DIR/models/unsloth-gemma-4-26B-A4B-it-GGUF/gemma-4-26B-A4B-it-UD-Q4_K_XL.gguf"
DRAFT_MODEL="$ROOT_DIR/models/unsloth-gemma-4-26B-A4B-it-GGUF/MTP/gemma-4-26B-A4B-it-Q8_0-MTP.gguf"
MMPROJ="$ROOT_DIR/models/unsloth-gemma-4-26B-A4B-it-GGUF/mmproj-BF16.gguf"
LOG_FILE="$ROOT_DIR/logs/llama-server-mtp.log"

mkdir -p "$ROOT_DIR/logs"

tmux new-session -d -s "$SESSION_NAME" -c "$ROOT_DIR" \
  "$LLAMA_SERVER \
    -m '$MODEL' \
    --model-draft '$DRAFT_MODEL' \
    --mmproj '$MMPROJ' \
    --spec-type draft-mtp \
    --spec-draft-n-max 3 \
    -ngl 999 \
    -fa on \
    -c '$CTX_SIZE' \
    --parallel '$PARALLEL' \
    --host '$HOST' \
    --port '$PORT' \
    2>&1 | tee -a '$LOG_FILE'"




Start it:

chmod +x start_server.sh
./start_server.sh




Check that the server is running:

curl http://127.0.0.1:8080/v1/models




Configure Pi

Pi reads model providers from:



Add a local provider:

{
  "providers": {
    "gemma4-local": {
      "name": "Gemma 4 Local",
      "baseUrl": "http://127.0.0.1:8080/v1",
      "api": "openai-completions",
      "apiKey": "local",
      "authHeader": false,
      "compat": {
        "supportsDeveloperRole": false,
        "supportsReasoningEffort": false
      },
      "models": [
        {
          "id": "gemma-4-26B-A4B-it-UD-Q4_K_XL.gguf",
          "name": "Gemma 4 26B-A4B Q4 + MTP",
          "reasoning": false,
          "input": ["text", "image"],
          "contextWindow": 65536,
          "maxTokens": 8192,
          "cost": {
            "input": 0,
            "output": 0,
            "cacheRead": 0,
            "cacheWrite": 0
          }
        }
      ]
    }
  }
}




The important pieces are:


	baseUrl points to the llama.cpp OpenAI-compatible server.

	api is openai-completions.

	authHeader is false, because this is a local server.

	input includes both text and image, otherwise Pi treats it as text-only.



Optionally make it the default in:

~/.pi/agent/settings.json




{
  "defaultProvider": "gemma4-local",
  "defaultModel": "gemma-4-26B-A4B-it-UD-Q4_K_XL.gguf",
  "defaultThinkingLevel": "minimal"
}




Then check Pi can see it:

pi --offline --list-models gemma




Expected:

provider      model                               context  max-out  thinking  images
gemma4-local  gemma-4-26B-A4B-it-UD-Q4_K_XL.gguf  65.5K    8.2K     no        yes




Run Pi using the local model:

pi --provider gemma4-local --model gemma-4-26B-A4B-it-UD-Q4_K_XL.gguf




Or use non-interactive mode:

pi -p --provider gemma4-local --model gemma-4-26B-A4B-it-UD-Q4_K_XL.gguf \
  "Explain what this repository does"




For screenshots:

pi -p @"/path/to/screenshot.png" "Describe this image and point out anything relevant to the UI"




Final Setup

The final local coding-agent stack was:




	Layer
	Choice





	Inference runtime
	llama.cpp



	macOS acceleration
	Metal + Accelerate



	Main model
	gemma-4-26B-A4B-it-UD-Q4_K_XL.gguf



	Draft model
	gemma-4-26B-A4B-it-Q8_0-MTP.gguf



	MTP setting
	--spec-draft-n-max 3



	Multimodal projector
	mmproj-BF16.gguf



	Server
	llama-server on 127.0.0.1:8080



	API
	OpenAI-compatible /v1



	Coding agent
	Pi



	Pi model input
	["text", "image"]





The main conclusion was that the MTP draft model is worth using. On this machine it took Gemma 4 from 58.2 tokens/second to 72.2 tokens/second, while keeping the setup simple enough to run as a local OpenAI-compatible server.





P.S: Some suggested using Qwen3.6 35B-A3B instead of Gemma 4 26B-A4B. According to the benchmarks I can find, Qwen is a much better coding agent than Gemma 4.

However, it is also slower. Qwen3.6-35B-A3B-UD-Q4_K_XL.gguf + unsloth-Qwen3.6-35B-A3B-MTP-GGUF + mmproj-BF16.gguf results in 55 tk/s, instead of 72 tk/s. Which is quite significant when you are sitting waiting for it.

Download the models:

mkdir -p models/unsloth-Qwen3.6-35B-A3B-MTP-GGUF

huggingface-cli download unsloth/Qwen3.6-35B-A3B-MTP-GGUF \
  Qwen3.6-35B-A3B-UD-Q4_K_XL.gguf \
  mmproj-BF16.gguf \
  --local-dir models/unsloth-Qwen3.6-35B-A3B-MTP-GGUF




Start the server:

LLAMA_SERVER=/Users/kylehowells/Developer/ML-Models/Gemma4/repos/llama.cpp/build/bin/llama-server

$LLAMA_SERVER \
  -m models/unsloth-Qwen3.6-35B-A3B-MTP-GGUF/Qwen3.6-35B-A3B-UD-Q4_K_XL.gguf \
  --mmproj models/unsloth-Qwen3.6-35B-A3B-MTP-GGUF/mmproj-BF16.gguf \
  --spec-type draft-mtp \
  --spec-draft-n-max 3 \
  -ngl 999 \
  -fa on \
  -c 65536 \
  --parallel 1 \
  --host 127.0.0.1 \
  --port 8081




Pi Config:

{
  "providers": {
    "qwen36-local": {
      "name": "Qwen3.6 Local",
      "baseUrl": "http://127.0.0.1:8081/v1",
      "api": "openai-completions",
      "apiKey": "local",
      "authHeader": false,
      "compat": {
        "supportsDeveloperRole": false,
        "supportsReasoningEffort": false
      },
      "models": [
        {
          "id": "Qwen3.6-35B-A3B-UD-Q4_K_XL.gguf",
          "name": "Qwen3.6 35B-A3B Q4 + MTP",
          "reasoning": true,
          "input": ["text", "image"],
          "contextWindow": 65536,
          "maxTokens": 8192,
          "cost": {
            "input": 0,
            "output": 0,
            "cacheRead": 0,
            "cacheWrite": 0
          }
        }
      ]
    }
  }
}
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Looking Forward to Postgres 19: It's About Time

pgedge.com · 103 points · Discussion

Recently, a new type of question has entered the database arena: what did this data look like last Tuesday? Maybe it's the price of a product before the holiday sale kicked in, or which department an employee belonged to before that reorg nobody asked for. Short of adding an entire audit trigger system, how can we know what data looked like before and after a change at that exact date?
The SQL:2011 standard formalized a proper solution over a decade ago with temporal tables. Other database engines adopted pieces of it relatively quickly. Characteristically, Postgres took its time. But Postgres 19 is finally bringing native temporal table support to the party — and it's been well worth the wait.
Let’s see what we’re working with.
The Old-Fashioned Way
Before we get to the shiny new stuff, let’s check out the crusty old approach for some perspective. Suppose we want to track product pricing over time. A reasonable first attempt might look like this:
CREATE EXTENSION IF NOT EXISTS btree_gist;

CREATE TABLE products (
    product_id   INT NOT NULL,
    product_name TEXT NOT NULL,
    price        NUMERIC(10,2) NOT NULL,
    valid_from   DATE NOT NULL,
    valid_to     DATE NOT NULL,
    CONSTRAINT no_time_travel CHECK (valid_from < valid_to)
);
Simple enough. We've got a product, a price, and a valid date range for the price. Unfortunately, nothing stops us from inserting two rows for the same product with overlapping date ranges. Product number 42 could be $9.99 and $14.99 on the same Tuesday. Your accountant might have some choice words upon discovering that.
The traditional Postgres answer here is the btree_gist extension and an exclusion constraint:
ALTER TABLE products
  ADD CONSTRAINT no_overlapping_prices
  EXCLUDE USING gist (
    product_id WITH =,
    daterange(valid_from, valid_to) WITH &&
  );
This works. If we try to insert a conflicting row, Postgres catches it:
INSERT INTO products VALUES (1, 'Widget', 9.99, '2025-01-01', '2025-07-01');
INSERT INTO products VALUES (1, 'Widget', 12.99, '2025-06-01', '2026-01-01');

ERROR:  conflicting key value violates exclusion constraint
    "no_overlapping_prices"
A problem solved by using btree_gist! So what’s the problem? Well, a few things:
	Everyone knows BTREE and indexing in general, but GiST is specific to Postgres and thus requires experience to understand. This goes double for being an optional extension.

	The exclusion constraint syntax is quite non-intuitive. It’s in the documentation, but there’s no reason anyone would think of this as the standard approach otherwise.

	There’s no temporal awareness baked into the table itself.


Basically, Postgres doesn't understand that this is temporal data. It's just columns and an esoteric constraint using a fancy index type. Every update that changes the time range requires manual splitting and stitching of rows, which means applications must carry the full burden of temporal correctness.
It’s the barest of minimums, and frankly we can do better.
A Brief History of Time
The desire for proper temporal support in Postgres isn’t new. The SQL:2011 standard introduced APPLICATION TIME periods, WITHOUT OVERLAPS constraints, and FOR PORTION OF syntax for temporal DML. 2011 was a long time ago.
Henrietta Dombrovskaya (Hetti to her friends) was one of the earliest champions of temporal data in the Postgres ecosystem. Along with Chad Slaughter, she developed the pg_bitemporal extension. It's a framework for managing bitemporal tables entirely within Postgres using PL/pgSQL. She presented the concepts at multiple conferences since 2015, demonstrating how to track both valid time (when was this fact true in the real world?) and transaction time (when did the database record this fact?) simultaneously.
The distinction matters. Valid time says "this price is effective from January through June." Transaction time is the database perspective, saying "this row was inserted at 3:47 PM on March 12th and superseded at 9:01 AM on April 3rd." Combining both produces a bitemporal table that can answer questions like "what did we think the price was last Tuesday, based on what we knew at the time?"
The pg_bitemporal approach leaned heavily on the same EXCLUDE USING gist mechanism we discussed earlier, but doubled up: one exclusion for the effective range (valid time) and another for the asserted range (transaction time). A table definition looked something like this:
CREATE TABLE bi_temporal.customers (
    cust_nbr        INTEGER,
    cust_nm         TEXT,
    cust_type       TEXT,
    effective_range TSTZRANGE,
    asserted_range  TSTZRANGE,
    row_created_at  TIMESTAMPTZ,
    EXCLUDE USING gist (
        cust_nbr WITH =,
        effective_range WITH &&,
        asserted_range WITH &&
    )
);
That's two temporal dimensions enforced by a single exclusion constraint. The extension also introduced functions for bitemporal inserts, updates, corrections, inactivations, and deletes, plus implementations of Allen's interval relationships for temporal reasoning. It was a lot of machinery built on top of what Postgres offered at the time.
And it worked! But an extension can only go so far. It can't change how the query planner sees temporal predicates, can't integrate with the constraint system at the engine level, and can't provide native DML syntax. For that, the feature needed to land in core.
Now Postgres 19 accommodates the application-time half of a bi-temporal system. It's not the full picture, but that's still a huge step in the right direction.
Ranges to the Rescue
Let’s rebuild our products table the Postgres 19 way. Instead of separate valid_from and valid_to columns, we use a single range type column:
CREATE TABLE products (
    product_id   INT NOT NULL,
    product_name TEXT NOT NULL,
    price        NUMERIC(10,2) NOT NULL,
    valid_at     DATERANGE NOT NULL,
    PRIMARY KEY (product_id, valid_at WITHOUT OVERLAPS)
);
That’s it. No btree_gist extension needed. No exclusion constraint. The WITHOUT OVERLAPS clause in the primary key tells Postgres that product_id must be unique at any given point in time, but the same product can have multiple rows as long as their valid_at ranges don’t overlap.
How does this compare to our old approach? Let’s put them side by side. The old way:
CREATE EXTENSION IF NOT EXISTS btree_gist;

-- Two separate columns for the range
valid_from DATE NOT NULL,
valid_to   DATE NOT NULL,

-- Manual range construction in the constraint
EXCLUDE USING gist (
    product_id WITH =,
    daterange(valid_from, valid_to) WITH &&
)
The new way:
-- Single range column, no extension
valid_at DATERANGE NOT NULL,

-- Temporal awareness built into the primary key
PRIMARY KEY (product_id, valid_at WITHOUT OVERLAPS)
It's cleaner, more expressive, and Postgres actually understands what we're doing. Under the hood, the WITHOUT OVERLAPS constraint still uses a GiST index, and it still requires btree_gist for the non-temporal columns in the key. But Postgres handles that dependency automatically when initializing the constraint. Very convenient.
Let’s populate our table with some data to work with throughout the rest of this article:
INSERT INTO products VALUES
    (1, 'Widget',    9.99, '[2025-01-01, 2025-07-01)'),
    (1, 'Widget',   12.99, '[2025-07-01, 2026-01-01)'),
    (1, 'Widget',   11.99, '[2026-01-01, 2026-07-01)'),
    (2, 'Gadget',   24.99, '[2025-01-01, 2025-04-01)'),
    (2, 'Gadget',   22.99, '[2025-04-01, 2026-01-01)'),
    (2, 'Gadget',   26.99, '[2026-01-01,)');

SELECT * FROM products ORDER BY product_id, valid_at;

 product_id | product_name | price |        valid_at
------------+--------------+-------+-------------------------
          1 | Widget       |  9.99 | [2025-01-01,2025-07-01)
          1 | Widget       | 12.99 | [2025-07-01,2026-01-01)
          1 | Widget       | 11.99 | [2026-01-01,2026-07-01)
          2 | Gadget       | 24.99 | [2025-01-01,2025-04-01)
          2 | Gadget       | 22.99 | [2025-04-01,2026-01-01)
          2 | Gadget       | 26.99 | [2026-01-01,)
Notice the range notation: [ means inclusive, ) means exclusive. So [2025-01-01, 2025-07-01) includes January 1st but not July 1st. The final Gadget row has an open-ended range [2026-01-01,), meaning the current price has no defined end date. And the overlap protection works exactly as we'd expect:
-- Try to add an invalid range
INSERT INTO products VALUES (1, 'Widget', 99.99, '[2025-03-01, 2025-01-01)');

ERROR:  range lower bound must be less than or equal to range upper bound
LINE 1: INSERT INTO products VALUES (1, 'Widget', 99.99, '[2025-03-0...'

-- Try to add an overlap
INSERT INTO products VALUES (1, 'Widget', 99.99, '[2025-03-01, 2025-09-01)');

ERROR:  conflicting key value violates exclusion constraint "products_pkey"
DETAIL:  Key (product_id, valid_at)=(1, [2025-03-01,2025-09-01))
  conflicts with existing key (product_id, valid_at)=(1, [2025-01-01,2025-07-01)).
Two validation checks for the price of one! That’s what we get for working with ranges rather than two separate unrelated columns.
Slicing and Dicing
Now for the really fun stuff. Let's say Widget's price needs to change to $10.99, but only from March through September of 2025. In the old world, we'd have to manually split the existing row into pieces: delete or update the original, insert the new price range, and insert leftover rows for the portions we didn't change. Get any of that wrong, and we've got gaps or overlaps in our timeline.
With temporal tables, we just say what we mean:
UPDATE products
   FOR PORTION OF valid_at FROM '2025-03-01' TO '2025-09-01'
   SET price = 10.99
 WHERE product_id = 1;
Let’s see what the rows look like now:
SELECT * FROM products WHERE product_id = 1 ORDER BY valid_at;

 product_id | product_name | price |        valid_at
------------+--------------+-------+-------------------------
          1 | Widget       |  9.99 | [2025-01-01,2025-03-01)
          1 | Widget       | 10.99 | [2025-03-01,2025-07-01)
          1 | Widget       | 10.99 | [2025-07-01,2025-09-01)
          1 | Widget       | 12.99 | [2025-09-01,2026-01-01)
          1 | Widget       | 11.99 | [2026-01-01,2026-07-01)
Wait... what happened here? We started with three Widget rows and now we have five!
Well, Postgres sees the tuples at range [2025-01-01, 2025-07-01) for $9.99 and range [2024-07-01, 2025-01-01) at $12.99 and needs to correct the overlaps to accommodate the new row. Several things happen as a result:
	Postgres modifies the existing $9.99 row to only cover the [2025-01-01, 2025-03-01) range.

	Then it adds a new row for $10.99 over the remaining [2025-03-01, 2024-07-01) range.

	Then it modifies the existing $12.99 row to only cover the [2025-09-01, 2026-01-01) range.

	Finally, it adds another new row for $10.99 over the remaining [2025-07-01, 2025-09-01) range.


Why two rows at $10.99 instead of one over the merged [2024-03-01, 2024-09-01) range? Because FOR PORTION OF operates on each matching row independently. It doesn’t coalesce adjacent ranges afterward.The end result is gap-free and overlap-free, and that's something we didn't have using pure exclusion logic.
That’s a lot of power packed into a single UPDATE statement.
What about the edge cases? If the FOR PORTION OF range falls entirely within a single existing row, Postgres creates up to two leftovers (one before, one after). If it aligns perfectly with existing boundaries, no leftovers are needed. It just works.
Interestingly, the newly introduced temporal leftovers don't require INSERT privileges. They're preserving existing data, not adding new information. But they do fire existing INSERT triggers. That's something to keep in mind for audit logging or SECURITY DEFINER trigger functions.
Erasing History
The FOR PORTION OF clause also works with DELETE statements. Let’s say Gadget was temporarily pulled from the catalog between June and October of 2025:
DELETE FROM products
   FOR PORTION OF valid_at FROM '2025-06-01' TO '2025-10-01'
 WHERE product_id = 2;
Let’s check the damage:
SELECT * FROM products WHERE product_id = 2 ORDER BY valid_at;

 product_id | product_name | price |        valid_at
------------+--------------+-------+-------------------------
          2 | Gadget       | 24.99 | [2025-01-01,2025-04-01)
          2 | Gadget       | 22.99 | [2025-04-01,2025-06-01)
          2 | Gadget       | 22.99 | [2025-10-01,2026-01-01)
          2 | Gadget       | 26.99 | [2026-01-01,)
The delete carved out the June-to-October window. The $22.99 row that originally covered [2025-04-01, 2026-01-01) was split into two leftovers: one ending in June and one starting in October. The pricing data before and after the gap is preserved with its original values. It's kind of hard to wrap my mind around a DELETE causing the row count to increase, but here we are.
Either way, the mechanisms underlying temporal table management mean it’s all handled automatically. There’s no more risk of accidentally deleting too much or leaving orphaned fragments behind at the application layer.
Truth in Advertising
Temporal tables wouldn’t be complete without temporal foreign keys. Postgres 19 supports these using the PERIOD keyword:
CREATE TABLE variants (
    variant_id   INT NOT NULL,
    product_id   INT NOT NULL,
    variant_name TEXT NOT NULL,
    valid_at     DATERANGE NOT NULL,
    PRIMARY KEY (variant_id, valid_at WITHOUT OVERLAPS),
    FOREIGN KEY (product_id, PERIOD valid_at)
        REFERENCES products (product_id, PERIOD valid_at)
);
The PERIOD keyword tells Postgres that the foreign key itself is temporal. As a result, the referenced product must exist for the entire duration of the variant’s valid_at range. It's not enough for a matching product row to exist somewhere in time. The combination of all matching rows in the referenced table must fully cover the referencing row's period.
If we try to create a variant that extends beyond the product’s known timeline:
INSERT INTO variants VALUES
    (100, 1, 'Widget Deluxe', '[2025-01-01, 2027-01-01)');

ERROR:  insert or update on table "variants" violates foreign key constraint
    "variants_product_id_valid_at_fkey"
DETAIL:  Key (product_id, valid_at)=(1, [2025-01-01,2027-01-01))
    is not present in table "products".
The Widget only has pricing defined through mid-2026, so a variant claiming validity through 2027 is rejected. Postgres checked the full temporal coverage, verifying that matching rows in the parent table span the variant's entire validity period.
There’s one significant limitation here: temporal foreign keys only support NO ACTION for referential actions. That leaves out CASCADE, SET NULL, and SET DEFAULT. That means deleting a product row that a variant depends on always results in an error. This is understandable given the complexity of cascading temporal operations, but it does mean applications need to handle these cases explicitly. For now.
Baby Steps
So we’ve got application-time temporal tables with overlap prevention, temporal DML, and temporal foreign keys. What else is left?
The big omission is system time, sometimes called transaction time. We already mentioned that application time tracks when facts are true in the real world, and system time tracks when the database knows about those facts. Systems that rely on temporal tables often make use of both. This is exactly the space that the pg_bitemporal extension has filled since 2015. It's possible to emulate system time with triggers, but it's not the same as having the engine manage it transparently like it does with the other new temporal features.
The temporal table documentation acknowledges this directly, noting that system time is not natively supported but can be emulated. Whether it arrives in Postgres 20 or later is anyone’s guess, but the groundwork is already there.
Final Thoughts
Temporal tables have been missing in action for a while now. The EXCLUDE USING gist approach works, but it’s a crude work-around by comparison. Extensions like pg_bitemporal proved the concept and kept the conversation alive. Now we're one step closer to the dream of deprecating the need for it.
It’s also a much more intuitive approach than using GiST exclusion constraints. WITHOUT OVERLAPS in a primary key reads like plain English as proper SQL should. FOR PORTION OF says exactly what it does. The automatic row splitting during temporal updates and deletes eliminates an entire class of potential bugs. Anyone who's ever had to debug a gap in a temporal timeline knows how valuable that is.
The road from SQL:2011 to Postgres 19 was a long one. Hetti and others in the community spent years proving these patterns were needed and workable. Now they're in core, and they'll only get better from here. Keep an eye on system-time support in future releases, because all bets are off once Postgres has both halves of the bitemporal equation.
For now, go experiment with WITHOUT OVERLAPS and FOR PORTION OF on a test instance. There’s no (temporal) time like the present!
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PDF is a visual format. It stores instructions for where to draw glyphs on a page. The spec does support Tagged PDF, a structure tree that marks headings, paragraphs, lists. Some domains use it like government accessibility mandates, enterprise publishing pipelines. But most PDFs you actually encounter are untagged. LaTeX, Chrome's print-to-PDF, most export tools don't produce tags. So what you get is coordinates and font sizes. Text extractors read the draw commands left to right, top to bottom, and hope for the best.

This didn't matter when humans were the only readers. But now most PDFs end up in an LLM. We upload them to ChatGPT, ask Claude to summarize them, pipe them through parsers. And every single one of these tools is fighting the same problem: reconstructing structure from a format that never carried it. An LLM sees Project Alpha\nLed a team of 5 engineers\nto deliver the and has to guess where the heading ends and the sentence continues. Sometimes it gets it right. Often it doesn't.

I wanted to make a PDF where humans see the formatted document but machines extract clean markdown. Same file with no new extension. Just a .pdf.

How It Works

There is a property in the PDF spec (since PDF 1.4, 2001) that lets you define replacement text for marked content. Renderers ignore it, they draw whatever the content stream says. But text extractors that support it return the replacement instead of the visual text. In my testing, PyMuPDF and Poppler both honored it. Support varies across tools and versions, but the major open source extractors handle it.

It was designed for things like ligatures and characters that don't naturally map to Unicode. A visual glyph "fi" should extract as two characters "f" and "i" It never got adopted for anything larger.

We use it at the document level. We attach replacement text to the content stream via marked-content sequences, so extractors that support the property return structured markdown instead of raw visual text. The PDF renders identically one file, two completely different outputs depending on who's reading it.

What Extractors Actually See

Same PDF, same visual appearance. Here's what PyMuPDF extracts from each.

Normal PDF:

Quarterly Infrastructure Report
Overview
Cloud migration completed ahead of sch
edule. Three critical services were
moved to the new cluster.
Key Metrics
Uptime: 99.97%
Latency: 42ms avg (down from 68ms)
Cost: $12,400/mo (down 34%)
Action Items
Migrate remaining batch jobs by Q3
Set up automated failover for db-west
Review cost allocation per team


Smart PDF:

# Quarterly Infrastructure Report

## Overview

Cloud migration completed ahead of schedule. Three critical services were moved to the new cluster.

## Key Metrics

| Metric  | Value                     |
|---------|---------------------------|
| Uptime  | 99.97%                    |
| Latency | 42ms avg (down from 68ms) |
| Cost    | $12,400/mo (down 34%)     |

## Action Items

- Migrate remaining batch jobs by Q3
- Set up automated failover for db-west
- Review cost allocation per team


Both files look identical in Preview, Adobe, any PDF viewer. But the normal extraction has no hierarchy, broken line wraps mid-sentence, bullet points indistinguishable from paragraphs, and a table flattened into lines. The smart extraction has # headings, markdown tables, - bullets, and sentences that don't break mid-word. An LLM doesn't have to guess that "Key Metrics" is a section header or that those three lines are a list. It's explicit.

Benchmarks

Converted several PDFs to smart PDFs using our tool, then extracted text from both versions using PyMuPDF's get_text() and https://www.pdf2go.com/ seaparately, both returned markdown. Token counts via tiktoken (cl100k_base). Benchmark script is in the repo.









































	Document	Pages	Size Δ	Normal Token	Smart Token
	Resume	1	+15.7%	650	668
	Textbook	417	-8.5%	193,064	195,858
	Novel Chapter	38	+4.7%	16,472	15,958
	Research paper	18	+2.5%	8,082	7,897



Token counts are roughly the same. The advantage isn't fewer tokens. It's that the same tokens now carry structure. ## Overview and Overview cost the same, but one tells the machine what it's looking at. The information density per token goes up without the token count going up.

Size overhead is single digit percent for most files. The textbook shrunk because PyMuPDF's save with garbage=3 removes unused PDF objects, that's a general optimization, not specific to the technique.

Uploaded smart PDFs to both ChatGPT and Claude. Asked them to copy-paste the exact raw text they see, character for character. Both returned markdown : #, ##, - bullets. This isn't fully conclusive on its own since LLMs do structural inference and tools like Docling can produce markdown from normal PDFs via layout analysis. But the output matched our embedded layer exactly, including formatting choices no layout heuristic would reproduce identically.

An Adaptive Document

What you end up with is a document that adapts to its reader. A human opens it and sees the formatted PDF they're used to. Fonts, layout, spacing, everything normal. A machine reads it and gets clean markdown. Headings, lists, structure. One file, no separate versions, no conversion step. It just works depending on who's looking.

You don't manage this. You don't maintain two copies. The document itself decides what to present based on how it's being consumed.

I'm actively exploring more about this and looking towards developing an extension for google doc to streamline this. This was my very first iteration on this idea.

Find code at: github.com/iminoaru/adaptivepdf
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            At first, scientists thought Earth’s water came from comets. Then, asteroids. Now, they wonder if Earth’s water is homegrown.        

        
    

            Introduction

            
    At this moment, a spacecraft is headed from Earth to Europa, an ice-veiled moon of Jupiter thought to contain an ocean similar in some ways to one of our own. NASA engraved a metal plate affixed to the spacecraft with a poem, commissioned from Ada Limón during her time as poet laureate of the United States. It reads, in part:

And it is not darkness that unites us,

not the cold distance of space, but

the offering of water, each drop of rain,

each rivulet, each pulse, each vein.

For decades, NASA’s exploration of the solar system has been dominated by the search for water in places like Europa, because as far as we know, water is essential for life.

It may come as a surprise, then, that scientists don’t really know how water first arrived here on Earth.

For years, the top theory was that water came to our planet via comets — objects made of frozen matter that orbit the sun, often decorated with sparkling tails. In all likelihood, these icy relics, which came into being at the dawn of the solar system, did bring water with them when they rained down on a primeval Earth. But in recent years, several spacecraft caught up to comets to examine them. What they found was that cometary water didn’t match ours; the chemical signatures were different.

After that, “comets sort of fell out of favor,” said Ashley King, a meteoriticist at the Natural History Museum in London. Asteroids — rockier and more metal-rich than comets — then became the most popular choice. Asteroids impact Earth far more frequently than comets do, and their water reserves (while not as voluminous as those of comets) look a lot more like those on our planet.

But asteroids have their own problems, and a radical new idea about planetary water is gaining steam. Through careful observation of worlds orbiting other stars, along with some explosive laboratory experiments involving diamond anvils and lasers, scientists have realized that rocky planets like Earth have a way to make water all by themselves. All you need is an ocean of magma, a whole lot of hydrogen, and a little bit of geological alchemy.

A Showdown Between Comets and Asteroids

Earth formed about 4.54 billion years ago. Through geologic fire and brimstone, much about its earliest eon has been lost to history, but the basics are agreed upon: It began as a ball of mostly molten rock. Then it became a blue marble. How?

Comets provided a well-motivated answer. They often linger far from Earth in a doughnut-shaped highway of icy objects beyond Neptune called the Kuiper Belt, or in the even more distant and nebulous Oort cloud. But when a comet passes close enough to the sun, its ice and frozen gases turn to vapor, creating a tail that can stretch for hundreds of millions of kilometers (in one known case, more than a billion). Compared to asteroids, comets give you “a lot of bang for your buck,” said James Bryson, a meteoriticist at the University of Oxford.

Scientists thought comets could have crashed to the Earth and provided its water. But nobody could prove that comets contained Earth-like water — until the 1980s, when the European Space Agency (ESA) decided to check. Giotto, their first deep-space mission, was truly ambitious: It would be the first spacecraft to get an up-close-and-personal look at a comet’s icy heart.

In 1986, it caught up to Halley’s comet, famous for appearing in Earth’s sky as our paths intersect roughly every 76 years. Giotto managed to send home both dramatic images of the comet’s nucleus and measurements of the cloud of material around it. What raised scientific eyebrows was Giotto’s measurement of something called the D/H ratio.



    

    Almost all the water on Earth is made up of two hydrogen atoms and one oxygen atom: H2O. But there is another form of water, called heavy water, made up of one oxygen atom and two atoms of a heavier form of hydrogen called deuterium.

If comets are responsible for our oceans, one might expect Giotto to have found that the water on Halley’s comet had a similar ratio of deuterium to hydrogen as the water on Earth. That’s not what it found. “It didn’t match at all,” said Karen Meech, a planetary astronomer at the University of Hawai‘i. In fact, Halley’s D/H ratio was twice that of most of the water on Earth.

More cracks appeared in the comet theory during the 1990s and 2000s, when spectroscopic observations of other comets, like Hale-Bopp, also found evidence of heavy water. But the hammer blow arrived in 2014 when the spiritual successor to Giotto, ESA’s Rosetta mission, made history by orbiting and sending a lander to the surface of 67P/Churyumov-Gerasimenko, a comet shaped like a giant rubber duck. During its orbits of 67P, Rosetta made the most precise measurements of a comet’s composition to date — and found that it contained the highest concentration of deuterium of any comet we’ve measured.

If Earth’s water didn’t come from comets, perhaps it came from asteroids. These rocky objects mostly hang out between Mars and Jupiter, and they impact our planet all the time as meteorites, though most of their material burns up in the atmosphere or lands in the ocean. Scientists have collected tens of thousands of meteorites and found that the water molecules contained in a particular group closely resemble those in our world. One meteor that plunged into the sleepy British town of Winchcombe in 2021 — leaving a sizable dent in a family’s driveway — was found to have a D/H ratio that almost perfectly matched that of Earth’s oceans.



    Meteorites, though, can be contaminated during their fiery dives and crash landings. That’s why scientists have flown spacecraft out to asteroids and collected material in orbit for forensic analysis. In some cases, they have found that asteroids still moving through space also seem to have Earth-like water. A study published in 2023 revealed that water from the asteroid Ryugu, which Japan’s space agency visited in 2018, had a D/H ratio similar to that of most water on Earth. When it comes to the provenance of Earth’s water, “the community is probably more favorable of asteroids than comets these days,” King said.

But the D/H ratios of asteroids did not close the book on the question of Earth’s water. Asteroids also contain small amounts of noble gases like argon, krypton, and xenon — inert elements that act as tracers of various geologic processes — and scientists have found that those mixtures do not usually correspond to what we find on our planet. In addition, theories based on comets and asteroids have the same fundamental problem: The ability of either type of object to give the planet its oceans relies on luck. Multiple asteroids or comets would have had to impact Earth after its superhot magma ocean phase to produce the inundated world we live on today. This was taken for granted in the past, but the existence of this late-in-the-day bombardment is heavily debated in the scientific community.

There is another possibility, one that relies not on cosmic chance, but on our planet’s own industriousness: Earth made most of its water by itself.



    Hydrogen, Meet Magma 

When astronomers look at exoplanets — worlds outside our solar system — they see a diversity of atmospheres. But when they simulate the ways the planets took shape, scientists find that many of them could have started out brimming with hydrogen. Could Earth’s formative years have been similar?

Scientists used to think that the early Earth had little hydrogen. They reached this conclusion after examining meteorites called enstatite chondrites that have a suspiciously similar chemical makeup to Earth. Because of this similarity, scientists think the two probably formed from the same material, Bryson said. These meteorites seemed to lack hydrogen, so scientists thought the same went for our planet.

But some studies, including one co-authored by Bryson, found that there was hydrogen in the meteorites all along. It was just hidden in their organic molecules, silicate glasses, and sulfur compounds. Perhaps, then, Earth was also awash in hydrogen in its early days.

Earth’s ocean of magma was full of oxygen. In a paper published in 2023, three scientists wondered what might happen if the hydrogen in a planet’s atmosphere and the oxygen in its magma were to mix — somehow. Hydrogen doesn’t just spontaneously bind to oxygen, so they aren’t the most willing chemical partners. Still, the researchers concluded that such a process would let a planet make its own water; they just weren’t sure how much.

Two years later, they were thrown a lifeline by an ambitious set of experiments built by the researchers Harrison Horn, a physicist at Lawrence Livermore National Laboratory; S.-H. Dan Shim, a geophysicist at Arizona State University; and others.


Among other things, they wanted to know how sub-Neptunes, commonplace exoplanets two to four times the diameter of Earth, can have atmospheres rich in water, as telescopic observations suggest, even when they hew close to their scorching-hot host stars. Could a reaction between a hydrogen atmosphere and a magma ocean be enough?

They suspected it could, but only if a huge amount of hydrogen put the magma under a sufficient amount of pressure. “That higher pressure is a big part of what facilitates the water production,” Horn said. “It actually enhances the chemical reactions.”

To test their model, the team wanted to re-create the extreme (and extremely dangerous) conditions present on adolescent sub-Neptunes. They needed to put hydrogen, a highly flammable gas, under intense pressure using special tools called diamond anvils, and then combine it with rock samples melted with lasers. It took them five years to develop the techniques they needed to conduct these experiments safely and effectively. “We broke a lot of diamonds,” Shim said. “It was an exciting journey.”

They had hoped the hydrogen and oxygen would react to make water. And that’s what happened, to the extreme: The reaction of high-pressure hydrogen and laser-melted rock was so efficient that it made up to 1,000 times more water than scientists predicted. (A second laboratory study, published around the same time, reported similar results.) “It doesn’t seem unreasonable [that you could] produce a huge amount of water quite quickly,” said Paul Byrne, a planetary scientist at Washington University in St. Louis. And “this is all homegrown, indigenous water”— no comets or asteroids required. 

Does that mean Earth created its own oceans? This is where the waters get a little murky. “The paper doesn’t make strong claims about Earth,” Horn said. But both he and Shim think it’s a valid link to make. “It could happen,” Shim said.

Other scientists agree that some amount of water could have formed on Earth — but perhaps not nearly enough to produce its oceans. “I’d say it’s certainly possible that some water could be generated by reaction with hydrogen early on,” said Quentin Williams, an experimental geophysicist at the University of California, Santa Cruz. “How much might be generated is, however, pretty enigmatic.”


The issue is that nobody knows if there was enough hydrogen in Earth’s early atmosphere to create the pressure the reaction seems to need. Sub-Neptunes are far more massive than Earth, and their intense gravity is better at holding on to hydrogen. “Earth is right on the edge of where that kind of thing can start happening,” Horn said.

Some scientists don’t think Earth had the heft to manufacture its own water at scale. “I’m a little bit doubtful whether you can have this for an Earth-mass planet,” said Anders Johansen, an astrophysicist at the University of Copenhagen in Denmark and at Lund University in Sweden. But, Byrne said, the sub-Neptune experiments suggest that the reaction wouldn’t need to last long to create an enormous quantity of water. Earth might have been a water factory for only a moment, but that moment may have been enough to forge oceans.

If that’s the case, then the implications stretch far beyond our own solar system. Perhaps countless planets meet what may be a necessary condition for hosting life because, as Byrne said, they “are born water-rich.”

Drowning in a Sea of Possibilities 

It’s possible that at least some of Earth’s water came from processes on the planet. But that’s not the end of the story: Comets are making a comeback.

By the time Rosetta met the duck-shaped comet 67P in 2014, scientists had studied the water of 11 other comets. All had D/H ratios unlike Earth’s — except one. In 2011, ESA’s Herschel Space Observatory found that the water in the comet Hartley 2 had a much more Earth-like signature.



    The observation seemed anomalous. But in a paper published in 2024, scientists reinvestigated Rosetta’s analysis of comet 67P — and found that space may have tampered with the data. At the time of the sample collection, Rosetta had been flying through dust that contained heavy water. The icy comet body itself, surrounded by this dust, may have been fairly Earth-like after all. Then, in a paper published in 2025, observations of comet 12P/Pons-Brooks detected a D/H ratio much like that of Earth’s oceans.

        
        
So, was it comets all along? Or asteroids? Or did Earth turn on the taps independently? “I suspect it was a combination of all of them,” Meech said. Perhaps it’s hard to find a perfect extraterrestrial match for our planet’s watery chemistry because it’s such a diverse cocktail — one that’s also been tweaked and filtered over time by Earth’s geologic, atmospheric, and biologic processes. “We may never know,” Meech said.

But that doesn’t mean scientists will stop trying to answer one of the most fundamental questions about Earth and, ultimately, our own existence. “It’s like asking, what’s the origin of life?” Meech said. “The more you learn, the less you know — but the story becomes richer and more exciting.”
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Full text couldn't be fetched for this one (paywall, anti-bot, or not an article page). Read it via the links below.
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Within law enforcement, few things are more venerated than the concept of the Warrior.  Officers are trained to cultivate a “warrior mindset,” the virtues of which are extolled in books, articles,1 interviews,2 and seminars3 intended for a law enforcement audience.  An article in Police Magazine opens with a sentence that demonstrates with notable nonchalance just how ubiquitous the concept is: “[Officers] probably hear about needing to have a warrior mindset almost daily.”4  Modern policing has so thoroughly assimilated the warrior mythos that, at some law enforcement agencies, it has become a point of professional pride to refer to the “police warrior.”5  This is more than a relatively minor change in terminology.  Though adopted with the best of intentions, the warrior concept has created substantial obstacles to improving police/community relations.  In short, law enforcement has developed a “warrior” problem.




In this Commentary, I first describe how law enforcement training and tactics reflect the warrior concept, identifying aspects of modern policing that, if not addressed, will continue to prevent or undermine efforts to improve public perceptions of police legitimacy.  I join a growing chorus of voices contending that it is the Guardian, not the Warrior, that offers the appropriate metaphor for modern officers.6  Drawing on that principle, I offer two practical changes to police training that have the potential to advance the ultimate police mission — promoting public security — in a way that fosters, rather than thwarts, public trust: requiring non-enforcement contacts and emphasizing tactical restraint.




What is the warrior mindset?  In its most restrictive sense, it refers to the mental tenacity and attitude that officers, like soldiers, are taught to adopt in the face of a life-threatening struggle.  In this context, the warrior mindset refers to a bone-deep commitment to survive a bad situation no matter the odds or difficulty, to not give up even when it is mentally and physically easier to do so.7  So narrowly defined, the concept is difficult for anyone to criticize.  Unfortunately, the homage paid to the Warrior has expanded that uncontroversial definition beyond all recognition.




The warrior mindset has mutated into the warrior mentality.  Like the restrictive version, the broad definition is motivated by the undeniable importance of officer safety.  But where the restrictive version represents an attitude that officers should display in the most physically dangerous and psychologically precarious situations, the broad definition instructs officers on how to approach every aspect of their job.  From their earliest days in the academy, would-be officers are told that their prime objective, the proverbial “first rule of law enforcement,”8 is to go home at the end of every shift.9  But they are taught that they live in an intensely hostile world.  A world that is, quite literally, gunning for them.  As early as the first day of the police academy, the dangers officers face are depicted in graphic and heart-wrenching recordings that capture a fallen officer’s last moments.10  Death, they are told, is constantly a single, small misstep away.  A recent article written by an officer for Police Magazine opens with this description: “The dangers we expose ourselves to every time we go [on duty] are almost immeasurable.  We know this the day we sign up and the academy certainly does a good job of hammering the point home.”11  For example, training materials at the New Mexico Police Academy hammer that point quite explicitly, informing recruits that the suspects they will be dealing with “are mentally prepared to react violently.”12  Each recruit is told, in these words, “[Y]ou could die today, tomorrow, or next Friday.”13




Under this warrior worldview, officers are locked in intermittent and unpredictable combat with unknown but highly lethal enemies.  As a result, officers learn to be afraid.  That isn’t the word used in law enforcement circles, of course.  Vigilant, attentive, cautious, alert, or observant are the terms that appear most often in police publications.  But make no mistake, officers don’t learn to be vigilant, attentive, cautious, alert, and observant just because it’s fun.  They do so because they are afraid.  Fear is ubiquitous in law enforcement.  As I’ve written elsewhere, officers are:




constantly barraged with the message that that they should be afraid, that their survival depends on it.  Not only do officers hear it in formal training, they also hear it informally from supervisors and older officers.  They talk about it with their peers.  They see it on police forums and law enforcement publications.14




For Warriors, hypervigilance offers the best chance for survival.15  Officers learn to treat every individual they interact with as an armed threat and every situation as a deadly force encounter in the making.16  Every individual, every situation — no exceptions.  Because the enemies’ identities are unknown, everyone is a threat until conclusively proven otherwise.  A popular police training text offers this advice: “As you approach any situation, you want to be in the habit of looking for cover[] so you can react automatically to reach it should trouble erupt.”17  A more recent article puts it even more bluntly: “Remain humble and compassionate; be professional and courteous — and have a plan to kill everyone you meet.”18  That plan is necessary, officers are told, because everyone they meet may have a plan to kill them.




This approach inevitably affects the way that officers interact with civilians.  First, it creates a substantial, if invisible, barrier to true community policing.  Although now a painfully nebulous phrase — the victim of expansive overuse19 — community policing is, at its core, a strategy that relies on building “[c]ollaborative partnerships” between police agencies and communities so as to better identify problems and “develop and evaluate effective responses.”20  To fulfill the promises of community policing, officers must establish meaningful short- and long-term relationships with individual community members.  To see the friction between relationship building and the warrior mentality, with its hypervigilant focus on preserving officer safety at all costs, consider this thought experiment: Imagine that you are a rookie police officer driving down the street, windows down,21 and looking for people in the community with whom you can begin building positive relationships.  But you have been told (repeatedly) that your survival depends on believing that everyone you see — literally everyone — is capable of, and may very well be interested in, killing you.  Put in that position, would you actually get out of your car and approach someone?  And if you did, would you stroll up to start a casual conversation or would you advance cautiously, ask for identification, run a criminal background check, and request consent to search . . . and then, maybe, try to start that casual conversation?  The latter, of course, is what many officers are taught to do.  It is what I was taught to do as a rookie officer.  My first ever “consensual encounter,” only hours into my first day of field training, followed exactly that pattern.  It takes no great imagination to recognize how badly that approach, repeated over hundreds or thousands of police/civilian interactions in any given jurisdiction, hinders the creation of meaningful, collaborative relationships.




Counterintuitively, the warrior mentality also makes policing less safe for both officers and civilians.  Either through formal training or informal example, officers learn to both verbally and physically control the space they operate in.22  It is essential to set the proper tone for an encounter,23 and the tone that best preserves officer safety is widely thought to be one of “unquestioned command.”24  Even acting friendly, officers may be told, can make them a target.25  But like the use of physical force,26 the assertive manner in which officers set the tone of encounter can also set the stage for a negative response or a violent interaction that was, from the start, avoidable.  From the warrior perspective, the solution is simple: the people with whom officers interact must accede, respecting officers’ authority by doing what they are told.  The failure to comply is confirmation that the individual is an enemy for the Warrior to vanquish, physically if necessary.  And this creates avoidable violence.  Sue Rahr, a former sheriff and currently both the Director of the Washington State Criminal Justice Training Commission and a member of President Obama’s Task Force on Twenty-First Century Policing, put it this way: “We do our recruits no favor if we train them to approach every situation as a war.  To do so sets them up to create unnecessary resistance and risk of injury.”27




Admittedly, violence is relatively uncommon in police/civilian encounters and most uses of physical force involve relatively low-level violence, with injuries to both officers and civilians being correspondingly uncommon,28 but an officer who needlessly aggravates a situation doesn’t just increase the risk he faces in that encounter.  He also increases the risk that other officers face in other encounters.  Consider that of the ten most destructive and violent riots in United States history, fully half were responses to perceived police abuses.29  An aggressive approach in individual interactions can exacerbate underlying social tensions in a way that fuels a dangerous fire.  This is not a new observation.  The Wickersham Commission, which investigated the failures of Prohibition enforcement, made exactly this point in its 1931 report: “High-handed methods, shootings and killings, even where justified, alienate[] thoughtful citizens, believers in law and order.  Unfortunate public expressions . . . approving killings and promiscuous shootings and lawless raids and seizures and deprecating the constitutional guarantees involved[] aggravate[] this effect.”30  The expansive version of the warrior mentality promotes the use of tactics that needlessly create use of force situations, and the fierce rhetoric that follows further fans the flames.




The Warrior has created problems for law enforcement, but the Guardian may offer some solutions that enhance both officer and civilian safety in ways that increase public trust in the police.  This has not gone entirely unrecognized in law enforcement circles, and I add my voice to others that have called for precisely this change.31  Of course, the guardian concept is no more inherently self defining than “warrior mindset” or “community policing,” raising questions about what exactly it entails.  Both Warriors and Guardians seek to protect the communities they serve, of course, but the guardian mindset takes both a broader view and a longer view of how to achieve that goal.  Put simply, the guardian mindset prioritizes service over crimefighting, and it values the dynamics of short-term encounters as a way to create long-term relationships.  As a result, it instructs officers that their interactions with community members must be more than legally justified, they must also be empowering, fair, respectful, and considerate.32The guardian mindset emphasizes communication over commands, cooperation over compliance, and legitimacy over authority.  And in the use-of-force context, the Guardian emphasizes patience and restraint over control, stability over action.




To flesh out the changes that could promote guardian policing, I offer two practical suggestions for police training.33  The first can be addressed very quickly.  To encourage officers to connect with community members, law enforcement agencies should require would-be officers to initiate non-enforcement contacts with members of their community.  Both early in field training and near its conclusion, rookie officers should have to spend a certain set amount of time — perhaps one day a week, perhaps a block of two weeks or longer — approaching civilians just to have meaningful conversations.  Building on the “Good Strangers” and “Tact, Tactics and Trust” training that grew out of the Defense Advanced Research Projects Agency’s Strategic Social Interaction Modules training,34 a “non-enforcement contact” requirement means officers would have to interact with their constituents while being prohibited from taking enforcement actions: no asking for identification, no running criminal history checks, no issuing tickets, and no making arrests.35  Further, the law enforcement agency should emphasize that officers are expected to continue making regular non-enforcement contacts even after completing field training.  The purpose is threefold: giving officers and community members the chance to get to know each other as individuals, emphasizing the agencies’ commitment to community policing for both internal and external audiences, and teaching officers the valuable communication skills that they will use countless times over the course of their careers.




The second suggestion is to emphasize tactical restraint through both training and after-action review of use-of-force incidents.  Tactical restraint has received significant attention and criticism recently, and so requires slightly more explanation.  Simply put, tactical restraint instructs officers to avoid avoidable risks when doing so is consistent with the police mission.  Tactical restraint doesn’t teach officers to run away from violent confrontations; it teaches them to approach every situation in a way that minimizes the threat of having it turn violent in the first place.  To be clear, not all violence is avoidable.  The use of force, including deadly force, will sometimes be necessary.  But when violence is avoidable and when avoiding it doesn’t sacrifice the police mission, officers should be required to use tactical restraint even when that means holding their position or temporarily withdrawing.36  From the guardian perspective, the value of this approach is that it minimizes the risk to civilians by reducing the chances that the officer will find himself in a situation that requires a high level of force.  In short, because officers are safer, civilians are safer.




Nothing that I’ve suggested is entirely new to policing, and tactical restraint is no exception.  Officers are already taught to use tactical restraint in certain situations.  For example, many agencies instruct officers not to make an arrest without a second officer present.  Why not?  Why not allow an officer, working alone, to loudly issue verbal commands (perhaps even emphasizing the seriousness of commands with profanity) or charge in and go hands on?  Because having backup on scene reduces the chance the suspect will resist and, in the event the suspect does resist, it gives officers an advantage.  When officers are in a tactically superior position — here, having the advantage of numbers — it is easier for them to overcome resistance with less force.  And using less force is ultimately more protective of the suspect that the officers are called upon to arrest.




Foot pursuits offer another example of how officers and agencies already employ tactical restraint.  Most departments instruct officers, through policies or training, to keep a fleeing suspect in sight but to not physically engage until backup is on scene.37  Why?  Because a suspect who runs is more likely to be a suspect who fights.  A fight is more dangerous for a single officer than it is for multiple officers, which means that a single officer might need to use more force than two officers would need to use to deal with the situation.  That means that by waiting for other officers to arrive, the chasing officer reduces the amount of force that may be necessary to take the suspect into custody.  By delaying, the officer can reduce the risk to both himself and the suspect.  Some officers take a slightly different approach to tactical restraint.  An officer I worked with used to encourage fleeing suspects to keep running.  He’d stay behind them and shout, “Keep going!  I’ve almost got you!”  He did so because he didn’t want to have to fight the suspect — which would have endangered both of them — so he made sure that the suspect was physically exhausted.  From a crime-fighting standpoint, this approach had costs: the suspect could not be charged with resisting because he had never ordered the suspect to stop (in fact, the suspect was doing exactly what he had been told to do!).  But avoiding violence was well worth it.  In some cases, it can be safer and just as effective to not pursue.  As Chuck Wexler, Executive Director of the Police Executive Research Forum, wrote, “If the suspect’s identity is known, it may be safer if police arrest the person later, rather than engaging in a foot pursuit.”38  The Denver Police Chief adopted a similar approach in the context of a recent protest, ordering his officers to not immediately arrest two protestors who defaced a police memorial by pouring red paint on it.39  Rather than move in right then and there, which might have sparked a confrontation between officers and the crowd of protestors, Denver officers waited to arrest the two vandals, safely apprehending them after the protest and away from the crowds.40  What all of those approaches have in common is a commitment to not rushing in recklessly when officers can use a safer option to accomplish the mission.  That’s tactical restraint.




Tactical restraint is a valuable concept precisely because it offers a principled way to broadly apply the lessons that officers have already learned in some contexts.  Using restraint doesn’t give suspects any more of an opportunity to resist than they already have.  It gives officers a way to reduce both the probability of resistance and the amount of force that may be necessary to overcome that resistance.  It encourages officers to work smarter, not harder, by relying more on good tactics and communication than on violence.  It protects officers and civilians alike, which is exactly what so many of our officers already do and exactly why all of our officers should be expected to exercise tactical restraint.




It will take more than a couple of isolated changes to heal the longstanding divide between law enforcement agencies and the communities they police, particularly communities of color.  Earning public trust will take decades and require rethinking how officers are trained as well as the legal and administrative standards used to review police violence.  It will require changing the very culture of policing by reaffirming that policing must be done with a community, not to a community.  There is deep tension between community policing and the warrior identity that has become so prevalent in modern law enforcement.  We can resolve that tension and improve policing, in part, by replacing the concept of the police warrior with that of the guardian officer.
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The historic go-to solution for network booting is PXE. PXE is based on DHCP and
TFTP. It is tricky to correctly configure, even trickier to make it highly available and
good luck with the security with this clear-text unsigned protocol.
The modern web has long standardized on HTTPS with TLS certificates for server authentication,
integrity and confidentiality. Moreover, highly available setups are a solved problem when
it comes to HTTPS. Even better, the encryption layer makes it practical to boot over the
Internet without immediately facing the threat of a man-in-the-middle attack that would be
trivial with TFTP (remember, the leading t stands for “trivial”, not “secure”).
The good news is, most modern UEFI-based system support booting over HTTP(S).
In this post, we’ll boot the snponly variant of netboot.xyz directly
from the official website. Be prepared for some fun with HTTPS.
All these tests were performed on Ubuntu 26.04 with the provided 1:10.2.1+ds-1ubuntu3 Qemu
and 2025.11-3ubuntu7 OVMF packages, unless otherwise stated. Note that, for reasons that will
become clear later in this post, older versions might actually work better 🙃.
Starting with the simple case: HTTP boot discovered over DHCP
(Righteously) Suspecting that the HTTPS variant would be a tough beast to beat, I started
this journey with a first test that side steps the certificate trust and other quirks at the
beginning.
The URL for the boot firmware is: http://boot.netboot.xyz/ipxe/netboot.xyz-snponly.efi.
The aim here is to demonstrate a minimal setup to make it easier to integrate it in your own
environment. We’ll use a non-root Qemu machine with userland-based SLIRP networking and no
additional devices like storage for instance. The whole system will run in-memory.
Let’s start with a first iteration based on:
	The OVMF firmware, without secure boot to keep things simple
	A network card that will emulate a DHCP server and point the UEFI to the HTTP boot target
	Output on the console

1qemu-system-x86_64 \
2    -drive if=pflash,format=raw,readonly=on,file=/usr/share/OVMF/OVMF_CODE_4M.fd \
3    -nic user,bootfile=http://boot.netboot.xyz/ipxe/netboot.xyz-snponly.efi \
4    -nographic


This is promising, but it fails to boot over the network:
1BdsDxe: No bootable option or device was found.
2BdsDxe: Press any key to enter the Boot Manager Menu.


This is because the network stack in the OVMF requires a random number generator device to
work. When you think about it, this is almost obvious. Pretty much each layer of the network
stack requires randomness, from Ethernet collision avoidance to TLS through DHCP itself.
This can be enabled very easily by adding the following flag to the Qemu command line:
Any other configuration change that would provide a random number generator would work equally
well. For example, one could enable KVM and use -cpu host which would grant access to the CPU’s
random number generation instructions.
While somewhat obvious, this is pretty hard to figure out without help because of the lack of
error logs. In this case, I was helped by asking the free version of Claude.
I was wondering how one could figure this out by induction/deduction rather than brute-forcing
it with a (very helpful) LLM. It turns out the dependency is declared in the [Depex] section
of NetworkPkg/Library/DxeNetLib/DxeNetLib.inf:
1[Depex]
2  gEfiRngProtocolGuid


Under the hood, this pushes the GUID of the EFI random number generation protocol on the
dependency stack so that any EFI package linking against the DxeNetLib will implicitly require
it when the dispatcher evaluates the dependencies at runtime.
For future reference (to myself), one could work out the dependency at runtime from the
debug logs by enabling the “DEBUG_DISPATCH” flag of gEfiMdePkgTokenSpaceGuid.PcdDebugPrintErrorLevel
in OvmfPkg/OvmfPkgX64.dsc. Be prepared for a world of GUID based debugging!
(If you are frustrated by the brute-force approach and would rather see a log-based approach,
stay tuned for the HTTPS part.)
With this in place, tadaa!
 1>>Start PXE over IPv4.
 2  Station IP address is 10.0.2.15
 3
 4  Server IP address is 10.0.2.2
 5  NBP filename is http://boot.netboot.xyz/ipxe/netboot.xyz-snponly.efi
 6  NBP filesize is 0 Bytes
 7  PXE-E23: Client received TFTP error from server.
 8BdsDxe: failed to load Boot0002 "UEFI PXEv4 (MAC:525400123456)" from PciRoot(0x0)/Pci(0x3,0x0)/MAC(525400123456,0x1)/IPv4(0.0.0.0,0x0,DHCP,0.0.0.0,0.0.0.0,0.0.0.0): Not Found
 9
10>>Start PXE over IPv6.
11  PXE-E16: No valid offer received.
12BdsDxe: failed to load Boot0003 "UEFI PXEv6 (MAC:525400123456)" from PciRoot(0x0)/Pci(0x3,0x0)/MAC(525400123456,0x1)/IPv6(0000:0000:0000:0000:0000:0000:0000:0000,0x0,Static,0000:0000:0000:0000:0000:0000:0000:0000,0x40,0000:0000:0000:0000:0000:0000:0000:0000): Not Found
13
14>>Start HTTP Boot over IPv4....
15  Station IP address is 10.0.2.15
16
17  URI: http://boot.netboot.xyz/ipxe/netboot.xyz-snponly.efi
18  File Size: 310784 Bytes
19  Downloading...100%BdsDxe: loading Boot0004 "UEFI HTTPv4 (MAC:525400123456)" from PciRoot(0x0)/Pci(0x3,0x0)/MAC(525400123456,0x1)/IPv4(0.0.0.0,0x0,DHCP,0.0.0.0,0.0.0.0,0.0.0.0)/Uri()
20BdsDxe: starting Boot0004 "UEFI HTTPv4 (MAC:525400123456)" from PciRoot(0x0)/Pci(0x3,0x0)/MAC(525400123456,0x1)/IPv4(0.0.0.0,0x0,DHCP,0.0.0.0,0.0.0.0,0.0.0.0)/Uri()
21iPXE initialising devices...
22autoexec.ipxe... ok
23
24
25
26iPXE 2.0.0+ (g36e8c) -- Open Source Network Boot Firmware -- https://ipxe.org
27Features: DNS HTTP HTTPS iSCSI NFS TFTP VLAN AoE EFI Menu
28netboot.xyz - v3.x
29Hit the m key to open failsafe menu...


Did I mention that reaching this point takes ~1m 15s? 🐌
Speeding up HTTP boot, through configuration
One minute just to reach the one boot attempt we are interested in is horribly long and
not anywhere near an acceptable target. Now that it works, we can try to make it fast.
The good news is that it is relatively easy.
The UEFI network stack sequentially tries:
	IPv4 PXE: The IPv4 part works, but the HTTP URL is invalid, a TFTP reference is expected.
	IPv6 PXE: Nothing works as no IPv6 is configured.
	IPv4 HTTP: This finally works.
	IPv6 HTTP: This would have been the following attempt.

Ideally, we would need a mechanism to instruct the OVMF to avoid losing time on the legacy
PXE stuff.
Fortunately, Qemu has a way to pass options to the firmware using the -fw_cfg flag and
(some) documentation of the available OVMF settings is even available here:
https://github.com/tianocore/edk2/blob/master/OvmfPkg/RUNTIME_CONFIG.md
From the documentation, we can find good candidates:
	opt/org.tianocore/IPv4PXESupport
	opt/org.tianocore/IPv6PXESupport

We can even see etc/edk2/https/cacerts. This might come in handy for the next part. Who knows?
Wiring it all together, the final Qemu command line for HTTP boot looks like:
1qemu-system-x86_64 \
2    -device virtio-rng-pci \
3    -drive if=pflash,format=raw,readonly=on,file=/usr/share/OVMF/OVMF_CODE_4M.fd \
4    -nic user,bootfile=http://boot.netboot.xyz/ipxe/netboot.xyz-snponly.efi \
5    -fw_cfg name=opt/org.tianocore/IPv4PXESupport,string=no \
6    -fw_cfg name=opt/org.tianocore/IPv6PXESupport,string=no \
7    -nographic


This will boot to netboot.xyz in roughly 5 seconds, which is far more acceptable.
Another way to HTTP boot, through UEFI variables
We have reached a point that works but is hard to transpose to real hardware. On real
hardware, we do not have these convenient OVMF runtime tunables. What we have instead
are UEFI variables. Could we achieve the same replacing Qemu trickery with UEFI variables?
Ideally, we would need to pre-generate the variables before the first start of the VM
to reach parity with the previous approach.
(OK, OK, the real reason for this alternative is to smooth the path a bit to the HTTPS
variant.)
Ideally, we’d place the variables in a human-readable configuration file
would be the dream solution. Wait, did I say human-readable? Yes, Qemu has it since
10.0 and we have 10.2.1. See https://github.com/tianocore/edk2/blob/master/OvmfPkg/QEMU_PV_VARS.md.
Of course, the option is not enabled in the OVMF build in Ubuntu and I do not want to
rebuild the OVMF. That’s too much of a hassle. (Remember, we are only at the easy HTTP step).
Fortunately, virt-fw-vars from https://gitlab.com/kraxel/virt-firmware can inject a “Next
Boot URI” directly into an OVMF_VARS_4M.fd EFI variable store:
 1# Install firmware tools
 2sudo apt install python3-virt-firmware
 3
 4# Inject the "Next Boot entry" in a fresh variable store
 5virt-fw-vars --input /usr/share/OVMF/OVMF_VARS_4M.fd --set-boot-uri http://boot.netboot.xyz/ipxe/netboot.xyz-snponly.efi --output ./OVMF_VARS_4M.fd
 6
 7# Boot the VM
 8qemu-system-x86_64 \
 9    -device virtio-rng-pci \
10    -drive if=pflash,format=raw,readonly=on,file=/usr/share/OVMF/OVMF_CODE_4M.fd \
11    -drive if=pflash,format=raw,file=./OVMF_VARS_4M.fd \
12    -nic user \
13    -nographic


With this, we can boot a VM over HTTP with two methods:
	The first, using DHCP bootfile.
	The second by crafting the next boot UEFI variable.

Ready for adding the “S” in HTTPS?
UEFI HTTPS boot: Merely a matter of adding an “s”?
Surely, this is as simple as replacing “http://” with “https://” in at least one of the variants?
Not quite.
The DHCP/bootfile-based approach fails after a horribly long ~1m timeout with the
following message:
1>>Start HTTP Boot over IPv4.....
2  Error: Could not retrieve NBP file size from HTTP server.
3
4  Error: Server response timeout.
5BdsDxe: failed to load Boot0004 "UEFI HTTPv4 (MAC:525400123456)" from PciRoot(0x0)/Pci(0x3,0x0)/MAC(525400123456,0x1)/IPv4(0.0.0.0,0x0,DHCP,0.0.0.0,0.0.0.0,0.0.0.0)/Uri(): Not Found


At least the var store variant is faster to fail, roughly 5s:
1>>Start HTTP Boot over IPv4....
2  Station IP address is 10.0.2.15
3
4  URI: https://boot.netboot.xyz/ipxe/netboot.xyz-snponly.efi
5
6  Error: Could not retrieve NBP file size from HTTP server.
7
8  Error: Unexpected network error.


None of these error messages are actionable. The only valuable hint here is that the var store
variant at least succeeds in getting an IP address and finding the next boot URL. Regarding the
failure of the DHCP-based approach, I honestly have no clue why it failed.
This will clearly not only be a matter of adding the “s” in “https”.
The hunt for logs
EDK II/OVMF firmware conveniently produce debug logs on a specific virtual serial port. Fortunately,
Gerd Hoffmann (incidentally also the author/maintainer of virt-fw-vars we used earlier) recently
documented the correct incantation on his blog: https://www.kraxel.org/blog/2025/10/firmware-logging/.
Let’s do this, add -device isa-debugcon,iobase=0x402,chardev=fw -chardev file,id=fw,path=debug.log
to the Qemu command line and check the logs.
Here is the full output:
Yes, you read it correctly. There is no mistake. There is nothing. At all.
This is because this only works with DEBUG builds of OVMF and we have a RELEASE build. This makes
sense, but Ubuntu does not ship such a build. We have no choice but to rebuild it ourselves.
For this, I took the easy path. I fetched the package sources and re-used the debian/rules
Makefile. Deb packages can be a painful beast, but building OVMF correctly is also an
interesting experience. If others did the hard job of doing the correct setup and finding a good
combination of build flags, I will surely not second-guess them.
1sudo apt install devscripts
2sudo apt build-dep ovmf
3apt-get source ovmf
4cd edk2-2025.11
5make -f debian/rules build-ovmf-no-secboot BUILD_TYPE=DEBUG


The important part above is BUILD_TYPE=DEBUG. This is a variable specific to the Debian packaging
but it is then forwarded as needed to the OVMF build system.
Let’s plug this firmware in our Qemu command line and check how it goes:
 1# Initialize the var store (always needed, as this is next boot only)
 2virt-fw-vars --input /usr/share/OVMF/OVMF_VARS_4M.fd --set-boot-uri https://boot.netboot.xyz/ipxe/netboot.xyz-snponly.efi --output ./OVMF_VARS_4M.fd
 3
 4# Boot with the debug FW and flags
 5qemu-system-x86_64 \
 6    -device virtio-rng-pci \
 7    -drive if=pflash,format=raw,readonly=on,file=edk2-2025.11/debian/build/ovmf/no-secboot/Build/OvmfX64/DEBUG_GCC5/FV/OVMF_CODE.fd \
 8    -drive if=pflash,format=raw,file=./OVMF_VARS_4M.fd \
 9    -nic user \
10    -device isa-debugcon,iobase=0x402,chardev=fw \
11    -chardev file,id=fw,path=debug.log \
12    -nographic


Habemus logs!
Let’s grep them for ’tls':
1Loading driver at 0x0000672A000 EntryPoint=0x00006730B3B TlsAuthConfigDxe.efi
2Loading driver at 0x00006397000 EntryPoint=0x0000646255F TlsDxe.efi
3TLS Certificate is not found on the system!
4TlsDoHandshake SSL_HANDSHAKE_ERROR State=0x4 SSL_ERROR_SSL
5TlsDoHandshake ERROR 0xA000086=L14:R86 tls_post_process_server_certificate():


The elephant in the room is right in the middle: We have not provided any CA certificates to
trust and OVMF does not bundle its own list like a network browser would.
Providing a list of CA certificates to trust
In retrospect, this part is surprisingly easy. The first control knob in the
RUNTIME_CONFIG.md
we saw earlier happened to be etc/edk2/https/cacerts. Granted, we will have to get back
to some fw_cfg trickery, but this could also (maybe?) be done by setting the TlsCaCertificate
UEFI variable (see TlsAuthConfigLib.c).
This variable is not part of the UEFI specification, which I find puzzling because providing
a controlled list of trusted CA certificates looks like a very valid need in a secure boot
environment. At least, the main layer of defense with the EFI signature is still there. But,
I honestly wonder how firmware implementation in the field really handles this (and I’m not
crazy enough to test it on my main laptop).
Indeed, one of the rare resource about this variable seems to be spread over two text
files in edk2. Both hint at a different way to generate a valid bundle, respectively
addressing a different use case:
	OvmfPkg/RUNTIME_CONFIG.md
suggests to use virt-fw-sigdb to generate a tailored list with only a specific list of
trusted certificates.
	OvmfPkg/README on the other
hand suggests to use p11-kit to convert the whole list of certificates trusted by system a
re-use it as-is.

Let’s go with the brutal approach, convert the whole bundle and try again:
 1# Convert the system bundle to a format suitable for OVMF
 2p11-kit extract --format=edk2-cacerts --filter=ca-anchors --overwrite --purpose=server-auth cacerts.bin
 3
 4# Wire it in the Qemu command line
 5virt-fw-vars --input /usr/share/OVMF/OVMF_VARS_4M.fd --set-boot-uri https://boot.netboot.xyz/ipxe/netboot.xyz-snponly.efi --output ./OVMF_VARS_4M.fd
 6qemu-system-x86_64 \
 7    -device virtio-rng-pci \
 8    -drive if=pflash,format=raw,readonly=on,file=edk2-2025.11/debian/build/ovmf/no-secboot/Build/OvmfX64/DEBUG_GCC5/FV/OVMF_CODE.fd \
 9    -drive if=pflash,format=raw,file=./OVMF_VARS_4M.fd \
10    -nic user \
11    -fw_cfg name=etc/edk2/https/cacerts,file=cacerts.bin \
12    -device isa-debugcon,iobase=0x402,chardev=fw \
13    -chardev file,id=fw,path=debug.log \
14    -nographic


Of course this still does not work, but at least this first warning is gone. We have the certificates.
Here is a grep of ’tls’ in the debug logs:
1Loading driver at 0x0000672A000 EntryPoint=0x00006730B3B TlsAuthConfigDxe.efi
2Loading driver at 0x00006397000 EntryPoint=0x0000646255F TlsDxe.efi
3TlsDoHandshake SSL_HANDSHAKE_ERROR State=0x4 SSL_ERROR_SSL
4TlsDoHandshake ERROR 0xA000086=L14:R86 tls_post_process_server_certificate():


Making sense of the TLS error
TlsDoHandshake produces two log lines. The first one basically tells that there was an error
— no kidding. The second one is a bit cryptic but tells more. Let’s check the source code for clues:
 1// from CryptoPkg/Library/TlsLib/TlsProcess.c
 2  if (Ret < 1) {
 3    Ret = SSL_get_error (TlsConn->Ssl, (int)Ret);
 4    if ((Ret == SSL_ERROR_SSL) ||
 5        (Ret == SSL_ERROR_SYSCALL) ||
 6        (Ret == SSL_ERROR_ZERO_RETURN))
 7    {
 8      DEBUG ((
 9        DEBUG_ERROR,
10        "%a SSL_HANDSHAKE_ERROR State=0x%x SSL_ERROR_%a\n",
11        __func__,
12        SSL_get_state (TlsConn->Ssl),
13        Ret == SSL_ERROR_SSL ? "SSL" : Ret == SSL_ERROR_SYSCALL ? "SYSCALL" : "ZERO_RETURN"
14        ));
15      DEBUG_CODE_BEGIN ();
16      while (TRUE) {
17        unsigned long  ErrorCode;
18        const char     *Func;
19        const char     *Data;
20
21        ErrorCode = ERR_get_error_all (NULL, NULL, &Func, &Data, NULL);
22        if (ErrorCode == 0) {
23          break;
24        }
25
26        DEBUG ((
27          DEBUG_ERROR,
28          "%a ERROR 0x%x=L%x:R%x %a(): %a\n",
29          __func__,
30          ErrorCode,
31          ERR_GET_LIB (ErrorCode),
32          ERR_GET_REASON (ErrorCode),
33          Func,
34          Data
35          ));
36      }
37
38      DEBUG_CODE_END ();
39      return EFI_ABORTED;
40    }
41  }


This snippet produces the two log lines. The second line decomposes as:
	Error code: 0xA000086
	Library ID: 0x14 (20)
	Reason code: 0x86 (134)

The library ID is defined as follows in the vendored OpenSSL lib:
1// CryptoPkg/Library/OpensslLib/OpensslGen/include/openssl/err.h
2# define ERR_LIB_SSL             20


In this context, the reason codes is defined as:
1// CryptoPkg/Library/OpensslLib/openssl/include/openssl/sslerr.h
2# define SSL_R_CERTIFICATE_VERIFY_FAILED                  134


Great. So this tells us what we already knew. Or if we try to see the half-full glass, it
tells us that nothing fancy is fundamentally broken. We still have to figure out what’s wrong
in the certificate validation though.
I turned to Claude to generate the missing logs. I could have fallen back to gdb based debugging
but I was not desperate enough to debug a firmware in Qemu. Here is the suggested code that I
inserted right after the last log line:
 1        if (ERR_GET_LIB (ErrorCode) == ERR_LIB_SSL && ERR_GET_REASON (ErrorCode) == SSL_R_CERTIFICATE_VERIFY_FAILED)
 2        {
 3          long  X509Err = SSL_get_verify_result (TlsConn->Ssl);
 4          DEBUG ((
 5            DEBUG_ERROR,
 6            "%a X509_verify_result: %d (%a)\n",
 7            __func__,
 8            X509Err,
 9            X509_verify_cert_error_string (X509Err)
10            ));
11        }


A rebuild, Qemu restart and grep in the logs later, we have it:
1TlsDoHandshake X509_verify_result: 66 (EE certificate key too weak)


EDK II considers the server key as “too weak” while my brand-new Ubuntu 26.04 and Firefox Nightly
browser are both perfectly fine. Frustrating…
Fixing EDK II / OVMF
OpenSSL has a concept of “Security Levels”. This security level controls accepted ciphers and key
lengths. The OpenSSL library bundled in Ubuntu 26.04 defaults to level 2. This level allows any RSA
key longer than 2048 bits, which happens to be the key type/size of the AWS-provisioned certificates
for https://boot.netboot.xyz/. Any higher level would require a longer/stronger key and thus reject
netboot’s certificate.
Ironically, the OpenSSL library bundled in EDK II also defaults to security level 2. Unfortunately,
EDK II explicitly upgrades to level 3 by default in CryptoPkg/Library/TlsLib/TlsInit.c:
1  SSL_set_security_level (TlsConn->Ssl, 3);


This was changed from security level 0 approximately 9 months ago by https://github.com/tianocore/edk2/pull/11534.
Moving away from security level 2 IS a good idea. But it feels like the jump was a bit too high, especially
after notifying the community about a jump to level 2, not level 3.
In a world where everything were be possible, options could be:
	Upgrade https://boot.netboot.xyz/ to any other AWS CA. (All other CAs are compatible with security
level 3, see https://www.amazontrust.com/repository). Unfortunately, this might break legacy applications.
	Mirror all needed binaries to a controlled domain. Probably a good idea for serious production, anyway.
	Patch EDK II.

Of course, since this is a hobby/discovery blog post, I went for the patch option. Indeed, I have
no control over netboot.xyz hosting and I absolutely do not want to craft a mirror with HTTPS just
for this. Did I mention I’m lazy?
Let’s remove the snippet above, rebuild and test and…
Tadaaa!
 1>>Start HTTP Boot over IPv4....
 2  Station IP address is 10.0.2.15
 3
 4  URI: https://boot.netboot.xyz/ipxe/netboot.xyz-snponly.efi
 5  File Size: 310784 Bytes
 6  Downloading...100%BdsDxe: loading Boot0099 "netboot netboot.xyz-snponly.efi" from Uri(https://boot.netboot.xyz/ipxe/netboot.xyz-snponly.efi)
 7BdsDxe: starting Boot0099 "netboot netboot.xyz-snponly.efi" from Uri(https://boot.netboot.xyz/ipxe/netboot.xyz-snponly.efi)
 8iPXE initialising devices...
 9autoexec.ipxe... ok
10
11
12
13iPXE 2.0.0+ (g05a45) -- Open Source Network Boot Firmware -- https://ipxe.org
14Features: DNS HTTP HTTPS iSCSI NFS TFTP VLAN AoE EFI Menu
15netboot.xyz - v3.x
16Hit the m key to open failsafe menu...


Getting further in the boot process is left as an exercise for the reader.
Putting it all together
As a quick summary for those only interested in how to get it to work rather than the long post
(i.e., my future self), this section contains the minimal Qemu invocation for UEFI HTTP(S) booting.
HTTP Boot - SLIRP/DHCP:
1qemu-system-x86_64 \
2    -device virtio-rng-pci \
3    -drive if=pflash,format=raw,readonly=on,file=/usr/share/OVMF/OVMF_CODE_4M.fd \
4    -nic user,bootfile=http://boot.netboot.xyz/ipxe/netboot.xyz-snponly.efi \
5    -fw_cfg name=opt/org.tianocore/IPv4PXESupport,string=no \
6    -fw_cfg name=opt/org.tianocore/IPv6PXESupport,string=no \
7    -nographic


Having a random number generator device is a hard requirement to load OVMF’s network stack. This
is what -device virtio-rng-pci does. Use whichever device suits you need. Another way would be
-cpu host for instance.
The -nic user,bootfile=... can be replaced by any other network setup suiting your need where a
DHCP server would provide the bootfile. This example is just a quick mock.
The fw_cfg options are not strictly needed, but are essential to remove ~1 min worth of timeouts
from the boot. Similarly, -nographic is just here to ease the tests by staying in the console.
HTTP Boot - Injecting UEFI VARS:
 1# Inject the "Next Boot entry" in a fresh variable store
 2virt-fw-vars --input /usr/share/OVMF/OVMF_VARS_4M.fd --set-boot-uri http://boot.netboot.xyz/ipxe/netboot.xyz-snponly.efi --output ./OVMF_VARS_4M.fd
 3
 4# Boot the VM
 5qemu-system-x86_64 \
 6    -device virtio-rng-pci \
 7    -drive if=pflash,format=raw,readonly=on,file=/usr/share/OVMF/OVMF_CODE_4M.fd \
 8    -drive if=pflash,format=raw,file=./OVMF_VARS_4M.fd \
 9    -nic user \
10    -nographic


Most comments from the previous example apply.
The important difference here is that the bootfile=... is replaced by the injection of a Boot0099
UEFI variable along with an override of the BootNext variable. More advanced variants could inject
persistent configuration; however, this would require a bit more tooling.
HTTPS Boot - Injecting UEFI VARS
 1# Inject the "Next Boot entry" in a fresh variable store
 2virt-fw-vars --input /usr/share/OVMF/OVMF_VARS_4M.fd --set-boot-uri https://boot.netboot.xyz/ipxe/netboot.xyz-snponly.efi --output ./OVMF_VARS_4M.fd
 3
 4# Convert the system bundle to a format suitable for OVMF
 5p11-kit extract --format=edk2-cacerts --filter=ca-anchors --overwrite --purpose=server-auth cacerts.bin
 6
 7# Boot the VM
 8qemu-system-x86_64 \
 9    -device virtio-rng-pci \
10    -drive if=pflash,format=raw,readonly=on,file=/usr/share/OVMF/OVMF_CODE_4M.fd \
11    -drive if=pflash,format=raw,file=./OVMF_VARS_4M.fd \
12    -nic user \
13    -fw_cfg name=etc/edk2/https/cacerts,file=cacerts.bin \
14    -nographic


Most comments from the two previous examples apply.
Two additional important caveats apply.
First, a trusted certificate store is required. The OVMF does not come with a CA certificate store.
The easiest way to build one is by converting the system trust store with p11-kit as shown above.
An alternative is to create a tailored one with virt-fw-sigdb.
Second, out of the box and at the time of writing, OVMF requires certificates with a security level
of 3 and above. Most Linux distributions and OpenSSL itself currently default to level 2 so that the
download may work on the host and fail in the VM. If this is the case, make sure to check if the
server meets the proper requirements (see
OpenSSL man page
for details). Alternatively, you can patch the firmware as done in this post.
Conclusion
UEFI HTTPS boot is definitely possible, at least with a modern Qemu/OVMF. The only real quirk here
is the undocumented requirement of a Security Level 3 compliant TLS certificate on the server side.
This is probably a very good practice from a security perspective anyway.
This is really great news. Switching from TFTP that has been historically used for network booting
to HTTP already removes a lot of operational hurdles and eases building highly available setups
by leveraging existing tooling. Additionally, adding the TLS layer brings back the missing integrity
and confidentiality guarantees and thus paves the way to move critical boot components out of the trusted
network, possibly even to a remote location/Cloud.
Some parts I did not explore in this post are:
	Injecting the TlsCaCertificate in OVMF_VARS_4M.fd to avoid the fw_cfg. Beware of the “flash”
size though.
	Injecting a persistent boot configuration rather than a BootNext-based configuration, essentially
because it was way easier to follow this path.
	Checking why the SLIRP/DHCP variant did not work with HTTPS. Maybe it would with a real DHCP
server.
	Trying to fully bypass the DHCP discovery and instead inject a static network configuration based
on UEFI Device Path Protocol.
Might be a good topic for another post. Who knows?

Qemu/OVMF proved a great way to experiment with UEFI HTTP boot and an unexpected occasion to dive
into OVMF code. And I’m very grateful for that.



Original: https://blog.yadutaf.fr/2026/06/12/introduction-to-uefi-https-boot-qemu-ovmf/ · Discussion
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encryptedspaces.org · 52 points · Discussion

Research preview
An architecture for collaborative applications where data is encrypted and operations are cryptographically verifiable.
Encrypted Spaces are part of a research effort to explore collaboration tools where servers store data but are able to inspect and process only the data that we choose.

The cloud has transformed collaboration.
Tools that were once private, local, and single-user (e.g., word processors, spreadsheets, and design editors) are now multi-user systems built on centralized backends. Centralized, cloud-accessible servers make collaboration easy, but force users to trust the servers that store and manipulate sensitive data.

Risks
For journalists, activists, patients, and social-service organizations, these risks are not theoretical—they shape what can safely be said, shared, or built.

A trustworthy collaborative application can run on untrusted servers. Through careful use of cryptography, the application can ensure confidentiality and let users verify that servers act correctly.  Through careful application design, neither users nor developers need to be exposed to low-level cryptographic details.
An encrypted space is a shared, persistent data system where:
	01The server acts as a centralized data store and synchronization point, but is not trusted with plaintext user data.
	02An application data schema defines what is encrypted, and what the server can see to support rich queries.
	03Users verify cryptographic proofs to ensure that servers behave properly.
	04The system enforces membership and access control, and handles key management and encryption.
	05Participants know who can read and modify data, and all changes are attributed to their author.


Change logs and zero-knowledge proofs.
Encrypted Spaces keeps a change log — a record of every change to encrypted data that the users make over time. […] Encrypted Spaces can use a kind of “roll-up” property of zero-knowledge proofs to ensure that every user has the latest version of their group’s data without actually applying every change in the whole change log.

Andy Greenberg · WIRED · June 11, 2026
A sync engine designed for untrusted infrastructure.
To demonstrate the practicality of applications using encrypted spaces, we are prototyping a sync engine (like Firebase or Supabase) that stores data in an encrypted space. The low-level space code handles verifiable inserts, updates, and deletions of shared encrypted data.
The sync engine provides implementations of higher-level data structures to applications (e.g., Tables, Lists, and TextAreas). To clients, those structures appear like local data, but behind the scenes, the sync engine backs the structures with an encrypted space, and coordinates updates to provide clients with a shared, synchronized view.

A read/write against a space — the same SDK surface a Firebase or Supabase developer expects, with verification underneath.



Encrypted Spaces is developed by a small group of researchers and engineers.

This work has been developed with close collaboration and support from the Cryptography Group at Microsoft Research and the Applied Social Media Lab at Harvard’s Berkman Klein Center for Internet & Society.


Encrypted Spaces is active research, not a finished system.
Read the whitepaper, try the prototype, or get in touch if you want to work on this with us. We’re building a broader constellation of research around these ideas.

Email the team[email protected]
For collaboration, questions, and other inquiries, reach us directly.
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    Disclosures


    🧠 This post is 100% human-written. Claude was used for feedback and to assist with the linker symbol diagram. Cursor was used for feedback and to ensure examples were compilable.


    The author of this post is deeply interested in the topic of life-before-main: he is the author of the ctor crate, and the creator of the linktime project that we’ll be using in the examples below.

  


Every Rust binary has one thing in common: fn main(). If you come from the C world, that might be more familiar as int main(argc, argv). Some platforms might obfuscate it a bit more, but under the hood, every binary has an entrypoint.


We’re going to discuss what happens before main and what interesting things we can do there. In addition, we’ll be showing some novel techniques for mutable data that aren’t in common use in the Rust ecosystem today.


This post is a deep dive into some technical details of how Rust source becomes a Rust binary. Some background knowledge may be helpful to the reader, including:



  	References in Rust

  	Unsafe Rust






What might not be familiar to most developers is how you get into the main function. You see, under the hood for every language is the runtime. C has one: the C runtime that you might recognize as libc. Rust also has its own runtime: the Rust standard library. And because C is the lingua franca of runtimes for most executable code 1, Rust builds its own runtime atop of C’s, effectively building its own higher-level abstraction encapsulating C’s.


A runtime is a bit fuzzy to define. It’s both the executable code that lives on disk and compilable headers and libraries used at compile time. But the purpose of a runtime is always the same: integrating developer code with the platform’s operating system.


There’s an entire ecosystem of processing that happens before the function you declared as main starts up. C uses this to configure allocation, file access, thread-local storage and other C runtime services. Rust uses this time to configure parts of its own language and runtime. Specifically, Rust has infrastructure to handle panics and unwinding. Rust also needs to translate the C-style program arguments 2 into its own std::env::args interface. The machinery for all this is visible in the Rust compiler project.


Runtimes make use of this pre-main phase because it guarantees (1) running before user code, and (2) a single-threaded, highly-consistent and predictably-ordered environment, which allow for reliable and deterministic initialization.


By not taking advantage of this environment, you are missing out on a very useful bootstrapping phase. We’ll see later on in this post how we can build some useful primitives making use of life before main.


Entry Points


A binary starts when the operating system’s loader 3 - the part of the OS that loads the binary into memory and sets up the environment - hands off control. The runtime is responsible for accepting the hand-off from the loader. There’s a platform-specific hook on every OS that accepts the hand-off - to some extent this is the real main. On Linux, the entry point is stored in the e_entry field of the ELF header, and by default, the linker places the address of a symbol named _start there. A similar hook exists on Windows, and boots the executable in a function named _WinMainCRTStartup. At this point the C runtime has a chance to configure itself, and the way that all runtimes do this is via initialization functions.


In early iterations of runtimes, bootstrapping was a static tree of function calls: initialize file I/O, initialize the allocator, etc. As runtimes became more complex, this tree of function calls became more complex, and binary sizes increased to absorb more C runtime functionality that they may or may not need.


Over time, linkers developed the ability to discard unused code before even writing the binary to disk (including unused parts of the C runtime), and with that came a need for a replacement for the static init call trees.


The most popular method 4 of declaring init code came from GCC: __attribute__((constructor)). The way this worked was to place a list of init functions into a contiguous chunk of the binary on disk. When the C runtime started, it could walk through each of these functions and call them, allowing various bits of the C runtime to request initialization without strongly coupling subsystems, and allowing the linker to jettison unused subsystems, init code and all.


Eventually the need for constructor ordering became important enough that constructors could be given a priority and run in a specific order, allowing the runtime to initialize subsystems before and after each other. E.g., the memory allocation (malloc) subsystem might be needed for buffered file I/O.


On most platforms 5, the linker was called in to do the priority work: each platform ended up with a way to prioritize the order in which data gets written to sections, which allowed for the C runtime to end up with a well-ordered list of function pointers 6.


We can even build an example of this by hand in Rust using the #[unsafe(link_section = "...")] attribute (try it in the Rust Playground):


/// Linux example: the modern glibc runtime uses `.init_array` to hold function
/// pointers, and a numeric suffix allows them to be ordered. Note that priorities
/// less than or equal to 100 are reserved for the runtime itself, so any code that
/// wants to use the C runtime must use a priority of 101 or higher.

// On Linux, `.init_array` holds _function pointers_, not functions.
// We can convert a function to a function pointer with one of the below
// blocks which is equivalent to this:
//
// #[used] // <-- without this, Rust might decide the init function is unused and remove it
// #[unsafe(link_section = ".init_array.NNNNN")] // <-- the section where we place the function pointer
// static INIT_ARRAY_FN_PTR: extern "C" fn() 
//     = function; // <-- the function pointer data: we assign the function to it
//
// extern "C" fn function() { ... } // <-- the function itself

#[used]
#[unsafe(link_section = ".init_array.101")]
static INIT_FN_FIRST: extern "C" fn() = const {
    extern "C" fn init() {
        println!("Initializing (first!)");
    }
    init
};

#[used]
#[unsafe(link_section = ".init_array.201")]
static INIT_FN_SECOND: extern "C" fn() = const {
    extern "C" fn init() {
        println!("Initializing (second!)");
    }
    init
};

fn main() {
    println!("Main!")
}




linktime: ctor, link-section and more



    The examples in this post will work on Linux and various BSDs, but are not designed to be cross-platform examples. For example, macOS has start and stop symbols, but they are named differently 7. Windows does not support start and stop symbols, but has a set of rules for sorting sections that is effectively equivalent.


    Because platforms are so widely variable, we’ll be introducing the ctor and link-section crates (from the linktime project) as a way to abstract away platform-specific differences and hide the general complexity of linker work.


    The excellent inventory and linkme are two other very popular crates built on the same principles, but have limitations 8 that make them less suitable for the examples in this post.


    If you’d like to learn more, the link-section crate contains a detailed report on platform-specific behaviour.

  


The ctor crate is designed to handle all of the boilerplate of registering constructors in a cross-platform way. This allows us to simplify our examples above to:


use ctor::ctor;

#[ctor(unsafe, priority = 101)]
fn init1() {
    println!("Initializing (first)!");
}

#[ctor(unsafe, priority = 201)]
fn init2() {
    println!("Initializing (second)!");
}

fn main() {
    println!("Main!")
}




Note that neither example explicitly calls the init functions. The linker organized them in a way that the C runtime called them for us!


Sections and Linker Scripts


The process in which constructors are linked isn’t mysterious, though. In fact, compilers allow you to name the location in the binary (on most platforms called a “section”) you want to place any of your data and/or code. And by extension, and as we saw above, Rust allows this as well. The challenge, as we will see, is making use of this organizational feature.


Linkers have been the key to C’s ability to target any form of binary for some time. Most linkers allow for developers to provide linker scripts - text files that live alongside your source code (which is compiled to object files) and instruct the linker on how those object files are assembled. Using a linker script, a single C file might become a Linux executable, or a block of raw assembly that lives in the boot sector of a hard drive.


Linker scripts also allow for defining virtual symbols - that is, symbols that don’t exist in any source file but can be used by C code to access pointers to the underlying data in the loaded binary.


Linker scripts are a complex topic and beyond the scope of this post, but we can easily find examples of them in the wild:


// Adapted from https://wiki.osdev.org/Linker_Scripts
SECTIONS
{
  .text.start (_KERNEL_BASE_) : {
    startup.o( .text )
  }

  .text : ALIGN(CONSTANT(MAXPAGESIZE)) {
_TEXT_START_ = .;
    *(.text)
_TEXT_END_ = .;
  }

  .data : ALIGN(CONSTANT(MAXPAGESIZE)) {
_DATA_START_ = .;
    *(.data)
_DATA_END_ = .;
  }
}




In the above example, the virtual symbols _TEXT_START_ and _TEXT_END_ are explicitly defined to point to the beginning and end of the .text section, respectively. The period in _TEXT_START_ = .; is a special syntax that refers to a location counter that resolves roughly to the current output address in the binary.


Linker Symbols


This trips up most developers that encounter it for the first time, but the linker is setting the address of the start and end symbols, and therefore where the static with the same name is placed, and not setting the value of symbols that are pointers. That is to say: the start and stop symbols aren’t a *const Type. The start and stop symbols carry no data themselves and are used for their addresses only! The section consists of the range of data between the start (inclusive) and stop (exclusive) symbols.





  
    
      	Section
      	Static
      	Value
      	
      	Linker symbol(s)
    

  
  
    
      	my_numbers
      	_DATA_1
      	11
      	⎫
⎬
⎭
      	_DATA_1, _start_my_numbers
    

    
      	_DATA_2
      	22
      	_DATA_2
    

    
      	_DATA_3
      	33
      	_DATA_3
    

    
      	_DATA_4
      	44
      	_DATA_4
    

    
      	
      	(past the end)
      	↤
      	_stop_my_numbers
    

  



Specifying start and end symbols for every section can be complex and tedious in linker scripts, so many linkers 9 eventually gained a feature where they could automatically define symbols bounding all sections in the executable. E.g., for GNU toolchains, a section named MY_SECTION will automatically have symbols __start_MY_SECTION and __stop_MY_SECTION defined. macOS has a similar pattern where it synthesizes a section$start and section$end symbol for each section.


In the GNU linker, those sections not explicitly defined in the linker script are called “orphan sections” 10. One important thing to note: if (and only if!) a section’s name is compatible with a C symbol name, the linker will automatically define a _start- and _stop-prefixed symbol for the section. In the example you’ll see below, the section name our_strings that we used works, but if we had chosen our.strings or .our_strings it would not have!



You’ll see in the example below that the start and stop symbols are MaybeUninit<()>. The boundary symbols contain no data, and only their address is significant.


The ideal Rust type for these would be an “opaque external type” (this would be implemented by the extern_types feature). As these are not currently implemented in Stable Rust, MaybeUninit is a stand-in. It signifies to the compiler that the data is uninitialized, and generally not safe to read via reference. Since taking a &raw const pointer to a static item is always valid, however, we can still safely capture its address without ever reading its value.



Try it in the Rust Playground:


use std::mem::MaybeUninit;

#[used]
#[unsafe(link_section = "our_strings")]
static FIRST_STRING: &'static str = "Hello, ";

#[used]
#[unsafe(link_section = "our_strings")]
static SECOND_STRING: &'static str = "world!";

// Note: these are not pointers. Instead, the linker has placed
// the boundary symbols STATIC_STRING_START and STATIC_STRING_END at
// the start and end of the section!
unsafe extern "C" {
    #[link_name = "__start_our_strings"]
    static STATIC_STRING_START: MaybeUninit<()>;
    #[link_name = "__stop_our_strings"]
    static STATIC_STRING_END: MaybeUninit<()>;
}

fn main() {
    let strings: &'static [&'static str] = unsafe {
        // SAFETY: get the addresses of the start and end symbols without
        // reading them.
        let start = &raw const STATIC_STRING_START as *const &'static str;
        let end = &raw const STATIC_STRING_END as *const &'static str;
        std::slice::from_raw_parts(start, end.offset_from(start) as usize)
    };
    
    // "Hello, world!"
    println!("String: {}", strings.join(""));
}




The link-section crate is designed to abstract away the details of these linker sections and convert them into traditional Rust slices with all standard slice operations available. We can use it to simplify the example above to:


use link_section::{in_section, section};

#[section(typed)]
static OUR_STRINGS: link_section::TypedSection<&'static str>;

#[in_section(OUR_STRINGS)]
static FIRST_STRING: &'static str = "Hello, ";

#[in_section(OUR_STRINGS)]
static SECOND_STRING: &'static str = "world!";

fn main() {
    println!("String: {}", OUR_STRINGS.join(""));
}




In these examples we’re submitting items to the link section in a single module within a single crate, but that’s not a requirement. In fact, the power of link sections is that you can submit items to a link section from any crate that contributes code to a binary - the linker will gather them all together just before writing the final binary.


Dependency Injection


The registration pattern we’re about to build is Dependency Injection by another name. This is a well-known pattern: frameworks like Dagger and Spring are built on the same principle that consumers of registration data should not be coupled to the providers of that data. A provider registers data at its definition site, a consumer simply reads the registry.


What’s somewhat different with linker sections versus traditional DI is that in DI the framework often needs to walk the module graph or scan loaded classes at startup to discover both providers and consumer sites. With linker sections, this magic is handled when the binary is written. The linker is the one that gathers all of the provider data and makes it trivially available to the consumer.


The example below uses a link_section::section to register CLI subcommands and is an instance of this pattern. More complex projects like Turbopack use this pattern to register string-pool constants, and the registration machinery used for serialization/deserialization and turbotask incremental compilation functions. A hypothetical webserver could make use of this pattern to register routes and middleware that are automatically collected at build time. The core mechanism is the same: the contributors place data into a shared registration system from any crate in the dependency tree, and the consumer reads the collected data without having to know where it was provided from.


Using Sections for Registration


One advantage we have in doing work before main is that it is well-behaved. No threads are running unless we start them. This means we are able to avoid the complexity of locks and other synchronization primitives in many cases, and that we can explicitly split our writable and immutable phase of our data’s lifecycle clearly: before and after main. And because of that, accessing data in the running program can become both simpler and more efficient by avoiding the need to acquire and release locks.


First, we’ll define our subcommand, a const constructor function, and a #[section] to collect them:


use std::collections::VecDeque;
use std::path::Path;

use link_section::{in_section, section};

struct CliSubcommand {
    is_default: bool,
    name: &'static str,
    description: &'static str,
    f: fn(&Path, &[String]),
}

impl CliSubcommand {
    const fn new(name: &'static str,
                 description: &'static str, 
                 f: fn(&Path, &[String])) -> Self {
        Self { is_default: false, name, description, f }
    }

    const fn new_default(name: &'static str,
                        description: &'static str, 
                        f: fn(&Path, &[String])) -> Self {
        Self { is_default: true, name, description, f }
    }
}

#[section(typed)]
static CLI_SUBCOMMANDS: link_section::TypedSection<CliSubcommand>;




Then we’ll register subcommands - these can live anywhere in your code:


mod list {
    #[in_section(CLI_SUBCOMMANDS)]
    static CLI_SUBCOMMAND_LIST: CliSubcommand = 
        CliSubcommand::new("list", "List all items", |_exe, _args| {
            println!("Listing all items");
        });
}

mod add {
    #[in_section(CLI_SUBCOMMANDS)]
    static CLI_SUBCOMMAND_ADD: CliSubcommand = 
        CliSubcommand::new("add", "Add a new item", |_exe, _args| {
            println!("Adding a new item");
        });
}

mod help {
    #[in_section(CLI_SUBCOMMANDS)]
    static CLI_SUBCOMMAND_HELP: CliSubcommand = 
        CliSubcommand::new_default("help", "Show help", |exe, _args| {
            println!("Usage: {} <subcommand> [options]", exe.display());
            println!();
            println!("Subcommands:");
            for subcommand in CLI_SUBCOMMANDS {
                println!("  {}: {}", subcommand.name, subcommand.description);
            }
        });
}




And then in our main function we can dynamically dispatch to any registered subcommand without ever having to know what they are or where they live. It only needs to be able to see the CLI_SUBCOMMANDS section definition:


fn main() {
    let mut args: VecDeque<String> = std::env::args().collect();
    let exe = args.pop_front().expect("No executable name provided");
    let exe = Path::new(&exe);
    let subcommand_name = args.pop_front().unwrap_or_default();
    let rest: Vec<String> = args.into();

    // Try to find the subcommand by name
    for cmd in CLI_SUBCOMMANDS {
        if cmd.name == subcommand_name {
            (cmd.f)(exe, &rest);
            return;
        }
    }
    // If no subcommand was found, fall back to the default subcommand
    for cmd in CLI_SUBCOMMANDS {
        if cmd.is_default {
            (cmd.f)(exe, &rest);
            return;
        }
    }
}




Running the code above works as you’d expect:


$ ./cli
Usage: ./cli <subcommand> [options]

Subcommands:
  list: List all items
  add: Add a new item
  help: Show help

$ ./cli list
Listing all items




Beyond Immutable Data


This section deals with some more advanced topics. Familiarity with Rust Atomics and Locks, or at least reading the first chapter on the basics of Rust concurrency, is recommended!


The example above assumes that the linked data is immutable. But that’s only half the power of using linker organization for data. Mutability in global static data is a common problem with well-known solutions in standard Rust. We could potentially use Rust’s built-in tools for interior mutability like mutexes, or atomic types, for example. Each of those comes with some runtime cost. If they are “uncontended” they aren’t expensive, but they are not necessarily free. 11


But what if we want to minimize the overhead of runtime data access? Immutable data is trivial: Rust allows safe concurrent access to immutable data by default 12. Rust has strict requirements for mutable data, however. There are two requirements to safely mutate data: (1) the modifications must be done in a thread-safe manner, and (2), there must never be more than one reference to the data if a mutable reference exists.


At the beginning of this post, we mentioned that life-before-main is a useful place to bootstrap because no threads are running unless we start them. And the solution to (1) is trivial if the data is currently accessible to a single thread only! We don’t need to do anything atomically; we only need to ensure that all of the changes we make to that data “happen before” any reads to the data. In a single-threaded environment, “happens before” is automatic 13. This means that we can mutate data in a link-section before main and it will be safe to access, lock free, from any thread after main.


The resolution for (2) is similar: as long as we only ever take a mutable reference (and only a mutable reference!) before main, there will never be more than one reference to the data when a mutable reference exists.


The pre-main environment satisfies both (1) and (2), without needing to reach for locks or other synchronization primitives.


There’s also one additional gotcha with linker sections we need to be very careful with: the slice that contains all of the items in a section is an alias to the static item that lives in the section. The rules about aliasing apply to both the slice and the static item, and you must ensure that static items are placed in UnsafeCell to safely mutate them from the slice 14. Rust does not allow a static item to be modified through other means. With static items that aren’t wrapped in an UnsafeCell, LLVM may consider itself free to cache, reorder or otherwise make assumptions about the data itself. UnsafeCell itself is not Sync, so you’ll need to add your own wrapper types on top of this!



    Note that in the example below, we’re now using MaybeUninit<SyncUnsafeCell<...>> for the boundary symbols and SyncUnsafeCell<...> for the items.


    Because we’re planning on sorting the slice, we need to tell Rust that the slice items are not immutable so the data doesn’t end up in read-only memory. By using a type that includes UnsafeCell - a semantic signal that Rust uses to indicate interior mutability - the Rust compiler will then know to place that data in a part of the binary that can be written.


    On some platforms (Windows in particular), omitting this from the data items will cause segmentation faults when trying to sort the slice. On other platforms (AIX for example), section mutability is part of a section’s identifier, so the boundary symbols’ mutability needs to match the section’s mutability!

  


Let’s walk through an example of how we might otherwise do something like this. We’re going to build a string interning pool defined entirely at link-time, and add a wrinkle: we want to be able to sort the slice of interned strings at runtime so we can quickly intern a string by value if needed via binary search (try it in the Rust Playground):


use std::cell::UnsafeCell;
use std::mem::MaybeUninit;
#[cfg(debug_assertions)]
use std::sync::atomic::{AtomicBool, Ordering};

/// Nightly Rust offers a built-in `SyncUnsafeCell`. This is a minimal
/// reimplementation of that: 
/// <https://doc.rust-lang.org/std/cell/struct.SyncUnsafeCell.html>
#[repr(transparent)]
struct SyncUnsafeCell<T: ?Sized>(UnsafeCell<T>);
// SAFETY: safety burden of UnsafeCell is placed entirely on the user
unsafe impl<T: ?Sized + Sync> Sync for SyncUnsafeCell<T> {}

macro_rules! intern_string {
    ($name:ident, $string:literal) => {
        #[allow(unused)]
        const $name: &'static str = const {
            // This is not a common pattern, but it's entirely valid
            // to nest static items inside of const blocks. 
            // You can think of this as a way to hide the symbols
            // in a completely anonymous namespace.
            const VALUE: &str = $string;
            // Safety note: this static must _never_ be used. This is
            // purely a submission to the linker and _any_ access to it
            // may be UB.
            #[used]
            #[unsafe(link_section = "our_strings")]
            static ITEM: SyncUnsafeCell<&'static str> = 
                SyncUnsafeCell(UnsafeCell::new(VALUE));
            VALUE
        };
    };
}

intern_string!(WORLD, "world");
intern_string!(EXCLAMATION, "!");
intern_string!(HELLO, "hello");
intern_string!(FROM, "from");
intern_string!(RUST, "Rust");

unsafe extern "C" {
    #[link_name = "__start_our_strings"]
    static STATIC_STRING_START: MaybeUninit<SyncUnsafeCell<()>>;
    #[link_name = "__stop_our_strings"]
    static STATIC_STRING_END: MaybeUninit<SyncUnsafeCell<()>>;
}

/// Debug check to make sure the slice is sorted once and only once. This _could_
/// be enabled in release mode without any major performance impact, but we have enough
/// guarantees in place. Note that atomic access _does_ establish some memory ordering
/// guarantees, but the soundness guarantees are upheld with or without this atomic check.
#[cfg(debug_assertions)]
static SLICE_IS_SORTED: AtomicBool = AtomicBool::new(false);

// Implementation note: this function must not be called before `SORT_STRINGS_CTOR` has
// run.
fn interned_strings() -> &'static [&'static str] {
    // We use Acquire/Release pairing as a double-initialization check
    #[cfg(debug_assertions)]
    debug_assert!(SLICE_IS_SORTED.load(Ordering::Acquire), "Oh no! Slice was not sorted!");

    // SAFETY: we are calling this after main and we can guarantee that no
    // mutable reference is still alive. Since we know that no other code
    // is running before main, and that `SORT_STRINGS_CTOR` will run before main,
    // we can guarantee creating these slices is safe as 1) the sort "happens-before"
    // any access and 2) the mutable reference has been closed before any read-reference
    // access (satisfying aliasing XOR mutability requirement).
    let strings: &'static [&'static str] = unsafe {
        let start = &raw const STATIC_STRING_START as *const &'static str;
        let end = &raw const STATIC_STRING_END as *const &'static str;
        std::slice::from_raw_parts(start, end.offset_from(start) as usize)
    };
    strings
}

// Implementation note: this function assumes the slice has been sorted. See
// the guarantee above on `interned_strings` for reasoning.
fn maybe_intern_string(s: impl AsRef<str>) -> Option<&'static str> {
    let s = s.as_ref();
    let strings = interned_strings();
    strings.binary_search(&s).ok().map(|index| strings[index])
}

// SAFETY: We use the reserved `.init_array.0` priority because we do not
// access any C runtime functions (sort_unstable does not allocate) and we
// want to run before all other code. `.init_array.101` would work in our
// case, but this prevents other early-init code from accidentally running
// in the wrong order. `SLICE_IS_SORTED` is a debug check to make sure that
// doesn't happen. Note that all early-init code is tagged with `unsafe` so
// it always needs to be aware of safety guarantees of all APIs it touches.
#[used]
#[unsafe(link_section = ".init_array.0")]
static SORT_STRINGS_CTOR: extern "C" fn() = const {
    extern "C" fn sort_strings() {
        // We use Acquire/Release pairing as a double-initialization check
        #[cfg(debug_assertions)]
        debug_assert!(!SLICE_IS_SORTED.load(Ordering::Acquire), "Oh no! Sorted twice?!?");
        // SAFETY: we are calling this before main and we can guarantee that no
        // reference from `interned_strings` exists yet because we know no other
        // threads will be running, and we're not calling `interned_strings` yet.
        let strings: &mut [&'static str] = unsafe {
            // SAFETY: the bounds markers are not mutable, but we can safely
            // cast them to mutable pointers because we know the data behind
            // them is stored within `UnsafeCell` which is Rust's way of 
            // giving us interior mutability.
            let start = &raw const STATIC_STRING_START as *mut &'static str;
            let end = &raw const STATIC_STRING_END as *mut &'static str;
            std::slice::from_raw_parts_mut(start, end.offset_from(start) as usize)
        };
        strings.sort_unstable();
        #[cfg(debug_assertions)]
        SLICE_IS_SORTED.store(true, Ordering::Release);
    }
    sort_strings
};

fn main() {
    for (i, s) in interned_strings().iter().enumerate() {
        println!("[{i}]: {s}");
    }

    println!("{}, {}{}", HELLO, WORLD, EXCLAMATION);
    println!(
        "{}, {}{}",
        maybe_intern_string("hello").unwrap(),
        maybe_intern_string("world").unwrap(),
        maybe_intern_string("!").unwrap()
    );
}




The above example is pretty heavy (and a bit thicker thanks to the generous commentary), but it’s a good example of how much boilerplate crates like ctor and link-section can save you.


The equivalent using those crates can make use of the TypedMutableSection and a ctor to ensure the items are sorted before main. Note that the requirements for TypedMutableSection are that the items must be const - the reason is that the mutable section uses a similar style of code to the manually-implemented example above.


//! String interning pool using `ctor` and `link-section`.
use ctor::ctor;
use link_section::{in_section, section};

#[section(mutable)]
static INTERNED_STRINGS: link_section::TypedMutableSection<&'static str>;

#[in_section(INTERNED_STRINGS)]
const WORLD: &'static str = "world";

#[in_section(INTERNED_STRINGS)]
const EXCLAMATION: &'static str = "!";

#[in_section(INTERNED_STRINGS)]
const HELLO: &'static str = "hello";

#[in_section(INTERNED_STRINGS)]
const FROM: &'static str = "from";

#[in_section(INTERNED_STRINGS)]
const RUST: &'static str = "Rust";

#[ctor(unsafe)]
fn sort_strings() {
    let strings: &mut [&'static str] = unsafe { INTERNED_STRINGS.as_mut_slice() };
    strings.sort_unstable();
}

fn maybe_intern_string(s: impl AsRef<str>) -> Option<&'static str> {
    let s = s.as_ref();
    let strings = INTERNED_STRINGS.as_slice();
    strings.binary_search(&s).ok().map(|index| strings[index])
}

fn main() {
    for (i, s) in INTERNED_STRINGS.iter().enumerate() {
        println!("[{i}]: {s}");
    }

    println!("{}, {}{}", HELLO, WORLD, EXCLAMATION);
    println!(
        "{}, {}{}",
        maybe_intern_string("hello").unwrap(),
        maybe_intern_string("world").unwrap(),
        maybe_intern_string("!").unwrap()
    );
}




This particular example isn’t impossible without link sections, of course. What we get from the patterns we’ve discussed in this post are three things: (1) the guaranteed aggregation of tagged items, with all data pre-allocated and contiguous in memory; (2) the ability to distribute registrations anywhere in the code; and (3) a guaranteed count of the items in the section.


One major benefit that falls out of the three advantages above is that link sections require no allocations. If we were to rewrite this without link sections we’d be allocating a HashMap, Vec or other data structure, and potentially resizing it a number of times as we gather items (because we don’t actually know how many items we’ll have until runtime!).


The second major benefit that falls out is the Inversion of Control. The dependency graph for a traditional “collection” approach looks like below, with shared types deeply nested in the dependency graph, modules depending on that shared types module, and then a collector module that depends on all those modules to collect their types:




The change doesn’t seem large, but there is a large impact: the collector can now live anywhere and no longer needs to care what modules are contributing data:






    And of course, we aren’t just limited to slices: you’ll find that there are analogues to many data-structures with link-time support in the scattered-collect crate:

    
      	Scattered*Slice: Various Vec-like structures that provide slices (and optionally sorting).

      	ScatteredMap/ScatteredSet: An analogue to HashMap/HashSet that provides hashed key-to-value lookup with some minimal pre-main initialization.

    

  



But Seriously: When Not to Use This


Link-time computation is fun and powerful, and it’s not always the right tool for the job. There is often a non-link-time equivalent: manually collecting data in crates that have visibility into each crate that wishes to contribute data. This can be inconvenient at times - instead of the contributors seeing a single contribution point “upstream” in a core crate, a “collector” crate with lots of crate references is required to collect them all.


Dead-code elimination becomes challenging: the link-section crate (and the linkme equivalent) both decorate all items using #[used], so the linker is disallowed from pruning unused data. Figuring out how to make link-time collection and dead-code elimination work well together is a complex problem beyond the scope of this post. For smaller bits of data like interned string atoms this might not be a problem, but if a program wants to intern larger chunks of data like chunks of raw JSON/JavaScript, or extensive data structures, this may add up to a lot of dead-code that may be difficult to identify.


Pre-main constructor functions have limitations: they cannot panic 15, Rust does not guarantee that all stdlib functions are available, and the order that the initialization functions are called within a given priority level is not guaranteed and highly platform-dependent. With careful planning, these limitations may be worked around but life-before-main may not be correct for subtle and difficult-to-debug reasons.


At this time, Miri is not fully compatible with all pre-main constructors and link-section constructions: it has a very basic view of pre-main execution, and does not model link sections at all. This may improve over time, but as of the time of writing, LLVM sanitizers (ASan, TSan, and others) are the recommended way to test for undefined behaviour.


The Inversion of Control pattern also has a cost: it makes it potentially harder to audit all the places that contribute data to a link section.


In reality, many widely-deployed and heavily-used Rust programs already rely on pre-main functionality: the ctor, link-section, inventory and linkme crates are used by many downstream crates today.



    Briefly, on WASM


    The examples above omitted a fairly important platform, though for good reason. WASM does not currently support linker sections natively because of an inconvenient choice many years back (51088 and 52353 for more details). Instead of allowing the #[link_section] annotation to place items in a true code section, the items are placed in a WASM custom section which is inaccessible to the WASM code itself!


    The linktime crates do support WASM and have an emulation workaround that makes the approaches work for WASM binaries, but the author of this post hopes to make a suggestion in the near future on how proper WASM support could be added!

  


Conclusions


You can do a lot before main, and the benefits of doing so are pretty significant for certain cases. It’s a highly-ordered, highly-controllable environment that lets you more confidently do a lot of work without locks, atomics and other synchronization primitives. Link sections give you arbitrary aggregation and co-location of related data across your whole binary without awkward crate dependency order. In a lot of cases you can even avoid allocations completely which helps keep you away from one of the worst allocator sins: churn of allocations leading to fragmentation.


For further reading, check out the various crates discussed in this post:



  	ctor: Module initialization functions that run before main

  	dtor: Not discussed in this post, but the shutdown analogue to ctor

  	link-section: Linker-managed typed (slices) and untyped sections, with mutability support.

  	scattered-collect: Linker-managed higher-level collections: slices, sorted slices, maps
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Show HN: Script to bulk delete Claude chats from the web UI

github.com · 47 points · Discussion

I haven't found a way to delete all chats in bulk like you can on Chatgpt. With Claude, you have to scroll to the bottom, select everything, and delete. The problem is, if you have a lot of chats, it becomes impossible. I created this script. It does it alone. I hope it helps someone.(conversations disappear from the UI slowly, over several minutes, and remember to keep the tab open until the console shows "Finished", refreshing away from the page can stop the deletion process.)


Original: https://github.com/MatteoLeonesi/bulk-delete-claude-chat · Discussion
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Show HN: StackScope – I crawled over 40k indie launches to see what they ship

stackscope.dev · 35 points · Discussion

Hey all, I built StackScope, a crawler/catalogue that looks at new product launches and shows what they were built with.It watches launches from Product Hunt, Show HN, and PeerPush, then crawls the public site behind each one. The goal is to show what people actually launched with: hosting, frameworks, analytics, DNS, security headers, legal pages, AI-builder signals, and other public clues.
I started building it because most stack-detection sites look at the web as a whole. I was more interested in the current indie launch scene: what people are choosing right now, at the point they first put something in public.
A few implementation details: it runs on .NET, uses Playwright for rendered pages, and has a first-party fingerprint catalogue rather than one copied from Wappalyzer/etc. robots.txt is honoured, and the bot identifies itself.
Frustratingly, I am still waiting for verified bot status from Cloudflare and currently that knocks out about 10% of all sites.
There is also a private readiness check: paste a URL, get the same style of report, fix things, and recrawl. No account or email needed.
I'd be interested in feedback on the usefulness of this, the methodology, and any obvious false positives.
Jonathan.
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EV demand up 50% in France and Germany since Iran war

reuters.com · 28 points · Discussion

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

Original: https://www.reuters.com/business/renault-electric-vehicle-orders-have-surged-since-start-iran-war-says-ceo-2026-06-10/ · Discussion
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Launch HN: BitBoard (YC P25) – Analytics Workspace for Agents

bitboard.work · 26 points · Discussion

We’re Connor and Ambar from BitBoard (https://bitboard.work). BitBoard is an agentic analytics workspace. We give you the infrastructure and visualization layer to analyze data with AI.Today, we’re launching dashboards that you and your agents can work on together. You can connect your coding agent or AI chat to BitBoard and build live reporting. Here’s a demo: https://www.youtube.com/watch?v=HPl0K565a7c.
AI tools treat data analysis as ephemeral, making it hard to report or collaborate. Legacy BI tools weren’t intended for AI users, so they bolt on chatbots and can’t offer meaningful control to your agents. Software can now make far more of a business legible than BI ever could, but neither legacy BI nor chat bots are built to handle it.
Our original product was AI agents for administrative tasks in healthcare (https://news.ycombinator.com/item?id=44237769), but customers kept pulling us toward their data analysis problems: queries scattered across disparate sources, spreadsheets floating everywhere. We kept building tooling for addressing that, and at a certain point those tools were becoming our product.
We ran into several problems. Agents made bad inferences because they had no context on the business. They couldn't be trusted to make decisions because nothing checked their work. And anything one agent or one person figured out was invisible to everyone else. In BitBoard, humans and agents interact with the same data primitives but get tools designed for their own work.
We’re building dashboards to make the human reading experience better. These dashboards progressively use intelligence - starting from code or SQL queries and leading to full embedded apps. Humans and agents will need to agree on methods to interpret data, so we’re letting both contribute to canonical sources, entities, and measures (using your favorite semantic model or ours). Every answer comes with provenance, and the same call with the same parameters returns the same number.
Looking ahead, these shared primitives let long-running agents operate inside a business, and we're building those agents too. An agent needs a measurable goal and a way to verify its work. BitBoard gives it both. The agent takes a problem like a metric drifting or a funnel leaking and figures out what to do next. Its work becomes datasets, dashboards, and traces that the team can observe and sign off on.
Technically, we’re building a collaboration engine with isomorphic updates for humans and AI, columnar analysis (we use DuckDB and Apache Arrow), grounding and verification infrastructure, and enabling long running tasks with agent containers and traces. For agentic work we’re big fans of applying LLM judgement to discover problems, and then generating deterministic software to automate them.
Try it out at https://app.bitboard.work. (We require an email so we can set up your account).
We’re excited about how data analysis and science can change in the age of LLMs, and welcome all your thoughts!
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You can power on a Mac remotely

jeffgeerling.com · 22 points · Discussion

Apple FINALLY lets you turn on your Mac remotely, without having to press the power button. In the media, articles suggest it's a reaction to Mac mini power button complaints.
[image: Turning on an M4 Mac mini remotely using Home Assistant on a Framework 12]While I agree the M4 mini's power button is in a really dumb spot, that's not why I care about this feature. The two bigger use cases for me have been a pain for years:
	Remote Macs in a lab/CI environment, where I don't need them running 24x7, especially when someone accidentally shuts one down.
	Macs mounted in road cases or portable racks. It'd be a godsend for them to turn on automatically as I set up for the event (e.g. at a concert or in live broadcast environments).

Macs gained 'Wake on LAN' support in Mac OS X 10.4, released in 2005. Here's the setting as it appears on my Power Macintosh G4 MDD:
[image: Energy Saver options in Mac OS X 10.4 include WoL and Power on after power failure]This setting allows you to wake a Mac from sleep remotely, by sending it a magic packet. They also added 'reboot after power failure' in 10.4, which is great if you're okay hard-cutting power to your Mac so it'll boot when you turn power back on. That's fine for emergencies or when your UPS dies, but it's risky since it's not a safe shutdown scenario.
PCs had the ability to boot from power off (regardless of shutdown state) on most systems complying with Intel's ATX standard, since 1995.
Three decades later, with the release of macOS 26.5, Apple caught up: you can finally set your Mac to 'Always' boot whenever power is restored, regardless of how it was shut down.
I tested this feature on my M4 Mac mini, which is in the limited set of Macs supporting this feature:
	Mac mini introduced in 2024 or later
	Mac Studio introduced in 2025 or later
	iMac introduced in 2024 or later

I made a short video going through everything in this post, if you'd like to watch:
Like blogs more than videos? Read on!
Remote Power Control
[image: Zigbee smart outlets for power monitoring and control in server rack]Rather than rehash the details of how I use these Zigbee Smart Outlets to monitor and control power for most of my servers, I'll link you to the blog post: How I monitor and control all my powered devices (Zigbee + HA).
Configuring macOS to Always power on
To configure macOS to Always boot when power is applied (whether from an outage or a planned shutdown):
	Open System Settings, and go to 'Energy'
	Select "Always" for the 'Start up when power is connected' option

[image: macOS Energy setting for Always starting when power is connected]I tested the feature by shutting down my Mac, plugging it into the smart outlet, and toggling power on the smart outlet. The M4 mini booted up within 2 seconds, though it didn't make the normal startup chime that happens when I cold boot with the power button1.
Two Caveats
There are two things you should know if you operate your Mac remotely:
	If you're using FileVault (most people are), and want to log in remotely after the Mac boots, you will first need to log in via SSH and enter the password for an admin account. This will unlock the Mac, after which you can log in with a normal session (via SSH or Screen Sharing). This feature was added in macOS 26.0 and I covered it in this post: Remote login via SSH with FileVault
	If you use Screen Sharing to log into a remote Mac, and then you close the Screen Sharing session without logging out on a Mac with a display attached, the remote Mac will 'wake up' to a logged-in desktop, as if you were just using it. If you're in a shared office space or something, that could be quite a problem! I try to remember to log out before closing a Screen Sharing session.

And a Bug
In the course of making a video on this, I was testing a few different boot scenarios. Everything worked, except for one:
[image: macOS Shut Down command in login window]If I booted up the Mac (either with the power button or by switching on the outlet), but did not log in, and chose the 'Shut Down' option in the login window to power off the Mac, it would not power back on when power was connected. I had to physically press the power button.
I tested this four times, and also tested logging in and shutting down normally, and in all cases this bug was confirmed.
I was going to file a bug in Apple's 'Radar' system, but I don't have an 'AppleConnect' account. So then I found macOS has a built in 'Feedback Assistant' app, so I used that instead. I created report FB23071345: Boot after power restore fails if Mac is shut down from login screen in case anyone at Apple is listening :)
[image: Submitting my bug report to Apple Feedback]Conclusion
Special thanks to Redditor prodigalAvian, whose comment was the first place I found out about this feature. I've been using smart outlets to control power for my PCs for years—I'm glad I can finally do the same thing for Macs—at least the newer ones.




Original: https://www.jeffgeerling.com/blog/2026/power-on-your-mac-remotely/ · Discussion
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Cosmodial Sky Atlas

killedbyapixel.github.io · 19 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://killedbyapixel.github.io/Cosmodial/ · Discussion
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Colophon

Sent by sendle.app

Long reads, delivered to your reader.
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