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Anonymous GitHub account mass-dropping undisclosed 0-days

github.com · 508 points · Discussion

New drops today ;) Biggest thing yet

If you wish to collaborate/discuss with me, contact me on discord @ashdfrkl

Sharing this repo keeps me motivated to continue dropping my findings for you all.


A consolidated archive of my public proof-of-concept and vulnerability research writeups.

Most folders contain one of my former standalone PoC repos, preserved with its original README and tracked files. New research entries are added directly here as self-contained folders.


Contents





	Folder
	Source
	Tracked entries





	7zip-rar5-motw-chain-poc
	bd9533f532c1e4ee6af783b9bb49d1133c600e2c
	3



	anydesk-printer-com-impersonation-poc
	7491303301093b2d40bee9dadf6b38f757ce78e0
	4



	c-ares-tcp-uaf-calc-poc
	direct entry, June 24, 2026
	7



	docker-cp-copyout-destination-escape
	d1367b1381736d7f961ac808ce88d4e24a633adc
	5



	firefox-smartwindow-private-url-exfil-poc
	direct entry, June 24, 2026
	3



	floci-apigateway-vtl-rce-poc
	direct entry, June 23, 2026
	3



	flowise-mcp-env-case-bypass-poc
	ed9fab0086674f1b16467990b33bb9299e93429e
	3



	ffmpeg-rasc-dlta-calc-poc
	direct entry, June 26, 2026
	7



	ghidra-12.1.2-rce-ace-calc-poc
	52dee6362990c03c0d753d074c85428824d46368
	9



	gitea-act-runner-container-options-poc
	f06d78fb111732f3e7737f4c07e77ef94c4b64bf
	4



	imagemagick-gs-delegate-hijack-poc
	8140e8ee0ed78beaf5e8303a795b70b138f5891b
	5



	libssh2-cve-2026-55200-poc
	direct entry, June 23, 2026
	3



	libssh2-publickey-list-calc-poc
	direct entry, June 25, 2026
	10



	lunar-modrinth-chain-poc
	ffd02120708b6503f11585858ce3724872f3b7a7
	6



	mybb-limited-acp-to-admin
	1610e0373943c2f6562a99f917d3a3d1fdd9056d
	5



	nghttp2-nghttpx-upgrade-queue-poison-poc
	direct entry, June 26, 2026
	3



	nmap-ipv6-extlen-wrap-poc
	direct entry, June 23, 2026
	4



	objdump-dlx-calc-poc
	7df01e4e20c7375a89e8ccf760526c52eb6ad582
	41



	openvpn-connect-echo-script-ace-poc
	d2f904d9272d4388c9862131d40e32e072e85e38
	8



	php857-streambucket-soap-rce-rpoc
	direct entry, June 26, 2026
	6



	rustdesk-session-permission-pocs
	direct entry, June 25, 2026
	17



	systeminformer-phsvc-trusted-host-lpe-poc
	direct entry, June 24, 2026
	3



	vlc-vp9-reschange-crash-poc
	fae72b82f24d03cf2fb9cb55fbb2e7774f684ff3
	3






Consolidation Check


This section applies to the former standalone repositories listed above by commit hash.

The consolidation was checked from fresh GitHub clones on June 23, 2026 before the old standalone repos were removed.

The check compared each former standalone repo's HEAD tree against the matching folder here using Git tree data rather than a loose filesystem diff. For every tracked entry, the check required:


	the same relative path;

	the same Git object type;

	the same tree mode, including executable bits;

	the same Git blob ID.



Matching Git blob IDs means the tracked file bytes are identical. The check covered 12 repos and 96 tracked entries with zero mismatches.

This repository preserves the contents of those PoCs. Repository-level metadata such as stars, issues, pull requests, releases, and separate Git history remain in the original repository histories.

Direct entries, including c-ares-tcp-uaf-calc-poc, ffmpeg-rasc-dlta-calc-poc, firefox-smartwindow-private-url-exfil-poc, floci-apigateway-vtl-rce-poc, libssh2-cve-2026-55200-poc, libssh2-publickey-list-calc-poc, nghttp2-nghttpx-upgrade-queue-poison-poc, nmap-ipv6-extlen-wrap-poc, php857-streambucket-soap-rce-rpoc, rustdesk-session-permission-pocs, and systeminformer-phsvc-trusted-host-lpe-poc, are tracked by this repository's commit history.


ABUSE


Do NOT, under any circumstances, use any material in this repository maliciously. This is good-faith, open-disclosure vulnerability research intended to get more people interested in exploring this area of cybersecurity.

Cybercrime is cringe.





Original: https://github.com/bikini/exploitarium · Discussion
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Zuckerberg's war on whistleblowers

pluralistic.net · 496 points · Discussion


	

	
	
	
		



Today's links


	Zuckerberg's increasingly bizarre war on whistleblowers: Under no circumstances should you rush out and read the book that prompted Mark Zuckerberg to demand $111m and eternal auctorial silence.


	Hey look at this: Delights to delectate.


	Object permanence: Flame warriors; Cryptography and casinos; TSA v dying 95 year old woman's adult diaper; Neoliberalism and Brexit; Beyond solutionism; How Thiel cheated with his Roth; Inequality's stabilizer; Palm Pilot school; Gillmor on PR flacks; "How I Edited an Agricultural Paper; Conservative judge chokes liberal judge; Hollywoodnomics; Rubber fingertips v fingerprint readers; Snowden's telepresence robot; "Shrill"; Moral hazard, "Three Rocks."


	Upcoming appearances: London, Edinburgh, Sydney, Melbourne, Brighton, London, South Bend.


	Recent appearances: Where I've been.


	Latest books: You keep readin' em, I'll keep writin' 'em.


	Upcoming books: Like I said, I'll keep writin' 'em.


	Colophon: All the rest.







[bookmark: autodisparagement]

[image: Four female chorousters in sumptuous Renaissance robes. Each one's mouth has been stopped up by a Facebook 'thumbs up' icon. Behind them looms Mark Zuckerberg's grinning Metaverse avatar. The book they are reading from has flooded their faces with light. In the background is a sky full of ominous blue/red clouds.]

Zuckerberg's increasingly bizarre war on whistleblowers (permalink)

More than a decade ago, a group of young, internet-connected Belarusian dissidents launched a series of increasingly high-stakes, increasingly surreal confrontations with the corrupt, authoritarian government of Alexander Lukashenka, a man who is often called "the last Soviet dictator."

Lukashenka's secret police – still called the KGB – routinely terrorize and kidnap pro-democracy activists, and all forms of protest are banned. It was against the backdrop of this unrelenting oppression that the activists launched a series of whimsical "flash mobs" that challenged the Lukashenka regime's willingness to crack down on even the most innocuous behavior.

One of these flash mobs was an ice cream social: activists converged on a public square to eat ice cream cones. Lukashenka's thugs beat them and dragged them away:

https://web.archive.org/web/20070609164305/http://pics.livejournal.com/litota_/gallery/0000bcch

The protestors thought that by daring Lukashenka to arrest people for eating ice cream, they could create a win-win situation: either Lukashenka would be revealed as the kind of asshole who thinks it should be illegal to eat ice cream, or he'd be revealed as the kind of weakling who couldn't keep a lid on dissent.

Lukashenka took the bait. And took it. And took it. In the years that followed, protesters would be arrested for smiling, clapping, and just standing silently:

https://www.indexoncensorship.org/2011/07/belarus-protesters-rally-on-the-web/

The world learned that Lukashenka was a buffoon, and Belarusians affirmed their view that this buffoon would not hesitate to mete out the most vicious punishments for the most innocuous actions:

https://sci-hub.st/10.1080/25739638.2021.1928880

Speaking of thin-skinned, paranoid, wildly corrupt buffoons who will stop at nothing to silence their enemies, how about that Mark Zuckerberg, huh? Sure, all the headlines these days are about Zuck's intention to transform Facebook into a sports betting site:

https://www.businessinsider.com/metas-zuckerberg-enters-the-prediction-market-arena-polymarket-2026-6

But in the UK, Zuckerberg's war on whistleblowers keeps finding new, ice cream grade depths of absurdity to plumb. The whistleblower in question is, of course, Sarah Wynn-Williams, author of the internationally bestselling memoir Careless People, which details the criminality she witnesses during her years as the head of Facebook's international relations team:

https://pluralistic.net/2025/04/23/zuckerstreisand/#zdgaf

Careless People is full of revelations about the gross institutional misconduct of Facebook, including its knowing encouragement of a genocide in Myanmar. But it's also full of stories about the severe personal failings of Facebook's executive team, especially Sheryl Sandberg, Joel Kaplan and Mark Zuckerberg.

These three come off as the most colossal of assholes, cruel, petty and predatory. Sandberg comes across as a sexual abuser who dreams of trafficking in poor people's organs. Kaplan is an oaf whose plan to provide paid internet access to refugee camps falls apart once he learns that refugees in camps don't have any money (he also takes points off of Wynn-Williams' workplace evaluation for being "unresponsive" over a period when she was in a near-death coma). Worst of all, though, is Zuckerberg, whose sins range from cheating at Settlers of Catan to endangering the Colombian peace process after a 50-year civil war because he refused to get out of bed before noon. Zuck is also revealed to have given the Chinese state access to all of Facebook and the power to censor content they disliked, as part of a failed bid to get permission to offer a Facebook service in China.

It's a terrible company, with awful products, run by the worst people. Wynn-Williams' conditions of employment required her to sign a contract that bound her to silence (nondisclosure), forbade her from speaking ill of the company (nondisparagement), and denied her access to the legal system in all her dealings with Meta (binding arbitration).

Together, these three clauses – routinely used by Meta to silence would-be whistleblowers – meant that after Wynn-Williams's book was published, Meta got its arbitrator – a lawyer who is paid by Meta to adjudicate contractual disputes instead of an actual judge – to order her to never promote or even speak about her book.

The arbitrator awarded Meta $50,000 for each criticism that Wynn-Williams levied, quickly coming to a total of over $11,000,000. This vastly exceeds the assets and lifetime earning potential of Wynn-Williams and her husband (a reporter with the Financial Times). If this bill ever truly comes due, they will be wiped out.

Which raises an interesting question: what else can they do to her? Once they've secured civil damages that exceeds her net worth several times over, why shouldn't she just flout her agreement? "Freedom's just another word for nothing left to lose," and all that.

Nevertheless, Wynn-Williams has scrupulously hewed to the arbitrator's rules, steadfastly remaining silent about her book, its contents, and her experiences at Facebook/Meta. When she and I appeared onstage together in London for the launch for my book Enshittification last year, she fell silent and assumed a blank expression any time the subject of Meta came up, and she didn't sign or sell books afterward:

https://www.barbican.org.uk/whats-on/2025/event/cory-doctorow-with-sarah-wynn-williams-chris-morris

When she won the British Book Award, she did not speak to accept it, and the cover of her book was blurred out on the overhead screen (she gave an acceptance speech on behalf of her co-winner, the late Virginia Giuffre, who was abused by Jeffrey Epstein and who accused Prince Andrew of sexual assault):

https://www.theguardian.com/books/2026/may/11/sarah-wynn-williams-and-virginia-giuffre-jointly-win-freedom-to-publish-prize-at-british-book-awards

Nevertheless, when she was booked to speak – about a subject other than her book – at the Hay Festival on a stage with Tim Wu and Carole Cadwalladr, Meta sent a legal threat to the festival and Wynn-Williams, claiming that if by speaking about anything in public, she would violate the arbitrator's order. Accordingly, Wynn-Williams maintained total silence and a blank facial expression for an hour on stage, saying not one word, while Wu and Cadwalladr carried on a discussion. Careless People was withdrawn from the festival bookshop on the days she appeared there:

https://www.theguardian.com/technology/2026/may/31/meta-legal-action-forces-facebook-whistleblower-to-stay-silent-at-hay-festival

Nevertheless, Meta has informed Wynn-Williams that her silent, motionless appearance on a stage constitutes a further breach of her "agreement" and that they are going to seek even more damages from her. This act of anti-ice cream thuggery has pushed Wynn-Williams over the edge and now she's sued to invalidate her contract:

https://www.theguardian.com/technology/2026/jun/25/whistleblower-sarah-wynn-williams-sues-meta-attempts-to-silence-her-careless-people

Her lawyers have posted their documents related to the suit, including a 285-page declaration by Wynn-Williams explaining the great lengths she's gone to in order to comply with Meta's demands, and the company's absolute intransigence and arbitrary menace:

https://katzbanks.com/sarah-wynn-williams-meta-lawsuit-documents/

Why would Meta be so intent on destroying this one high-profile whistleblower? Surely they've heard of the Streisand Effect. There is no better way to ensure that Wynn-Williams' book (already a NYT #1 bestseller) continues to attract readers than to continue to escalate these threats.

I think they're perfectly aware that they are convincing more people to read Careless People (you should read it, it's genuinely excellent):

https://us.macmillan.com/books/9781250391230/carelesspeople/

But I think they've decided that this is a price worth paying, because:

a) They've done even worse things since Wynn-Williams parted ways with the company; and

b) They're laying off thousands of workers because their giant bet on AI has been a flop, leaving them with a massive cash crunch; and

c) By destroying Sarah Wynn-Williams, they can terrorize all those thousands of bitter ex-employees into silence about the even graver sins the company has committed.

That's my theory, anyway:

https://www.businessinsider.com/meta-layoffs-managers-software-engineers-ai-spending-2026-6

Lukashenka knew that arresting children for eating ice cream would make him a laughingstock abroad. Zuckerberg knows that threatening Wynn-Williams for standing in wooden silence on a stage makes him look like history's most guillotineable billionaire. But both Lukashenka and Zuckerberg are willing to be thought a thin-skinned bully, so long as that means the people they oppress the most are too terrified to ever challenge their authority.




Hey look at this (permalink)




	You can’t make billions without hurting people https://www.theguardian.com/technology/2026/jun/24/cory-doctorow-on-elon-musk-ai-bubble-bosses-cruel-fantasies


	
Cargo Culture https://www.wheresyoured.at/cargo-culture/



	
How Do You Beat an Oligarchy? One Bite at a Time. https://www.thebignewsletter.com/p/how-do-you-beat-an-oligarchy-one



	
WIKIPEDIA WORKERS TO SEEK UNION RECOGNITION https://www.cwu.org/press_release/wikipedia-workers-to-seek-union-recognition/



	
A Reasonable Analysis of the Social Web https://riverseeber.net/blog/post/a-reasonable-analysis-of-the-social-web/







[bookmark: retro]

[image: A shelf of leatherbound history books with a gilt-stamped series title, 'The World's Famous Events.']

Object permanence (permalink)

#25yrsago Actual music piracy https://www.theguardian.com/uk/2001/jun/13/ukcrime.nickhopkins

#25yrsago Flame warriors https://web.archive.org/web/20010603044914/http://www.winternet.com/~mikelr/flame1.html

#25yrsago World court says Arizona murdered German prisoners by denying them consular access https://www.cnn.com/2001/WORLD/europe/06/27/germany.court/index.html

#25yrsago Private school buys every student a Palm Pilot https://web.archive.org/web/20010709075203/https://www.wired.com/news/school/0,1383,44812,00.html

#25yrsago Dan Gillmor’s guide for PR flacks https://web.archive.org/web/20010626230530/http://web.siliconvalley.com/content/sv/2001/02/20/opinion/dgillmor/weblog/PR.htm

#20yrsago German publisher attacks Bulgarian books-for-blind site https://web.archive.org/web/20060629065445/https://protest.bloghub.org/2006/06/27/fight-for-copyrights-in-bulgaria-turns-ugly/

#20yrsago Photographer calls critic’s boss to complain https://www.flickr.com/photos/thomashawk/176785431/

#20yrsago Daddle: a kid-sized saddle for adults https://web.archive.org/web/20060618012713/https://www.cashelcompany.com/dad.php

#20yrsago More on cryptography and online casinos https://memex.craphound.com/2006/06/26/more-on-crypto-and-online-casinos/

#20yrsago Reasons that HD DVD formats have already failed https://www.audioholics.com/editorials/10-reasons-why-high-definition-dvd-formats-have-already-failed

#15yrsago Undercover video from North Korea: starving children, hungry soldiers https://web.archive.org/web/20110629182200/http://www.abc.net.au/news/stories/2011/06/27/3253979.htm

#15yrsago TSA asked 95 year old woman in a wheelchair in terminal stage of leukemia to remove adult diaper for pat-down https://web.archive.org/web/20110627091434/http://www.nwfdailynews.com/news/mother-41324-search-adult.html

#15yrsago Reading of Mark Twain’s “How I Edited an Agricultural Paper” https://ia801406.us.archive.org/22/items/Cory_Doctorow_Podcast_209/Cory_Doctorow_Podcast_209_Mark_Twain_Editing_an_Agricultural_Paper-fixed.mp3

#15yrsago Paramount sends copyright notice to Shapeways user over 3D printable Super 8 cube https://toddblatt.blogspot.com/2011/06/cease-and-desist.html

#15yrsago Advice Goddess: How much longer must we be subjected to invasive TSA patdowns? https://www.advicegoddess.com/archives/2011/06/24/i_think_youre_c.html

#15yrsago Conservative Wisconsin Supreme Court Justice alleged to have choked liberal colleague https://talkingpointsmemo.com/muckraker/wis-justice-ann-walsh-bradley-justice-prosser-put-his-hands-around-my-neck-in-anger-in-a-chokehold

#15yrsago Hollywoodonomics: how Harry Potter and The Order of the Phoenix “lost” $167M https://deadline.com/2010/07/studio-shame-even-harry-potter-pic-loses-money-because-of-warner-bros-phony-baloney-accounting-51886/

#10yrsago I’m profiled in the Globe and Mail Report on Business magazine https://web.archive.org/web/20160628142940/https://www.theglobeandmail.com/report-on-business/rob-magazine/the-crusader-fighting-lock-happy-entertainment-conglomerates/article30520282/

#10yrsago Rubber fingertips to use with fingerprint-based authentication systems https://www.csmonitor.com/World/Passcode/Security-culture/2016/0627/Fake-fingerprints-The-latest-tactic-for-protecting-privacy

#10yrsago How I grilled the best steaks I’ve ever eaten https://memex.craphound.com/2016/06/27/how-i-grilled-the-best-steaks-ive-ever-eaten/

#10yrsago Supreme Court strikes down Texas abortion law https://www.nbcnews.com/news/us-news/supreme-court-strikes-down-strict-abortion-law-n583001?cid=sm_tw

#10yrsago Snowden’s flesh is trapped in Russia, but his mind roams the world in a robot body https://nymag.com/intelligencer/2016/06/edward-snowden-life-as-a-robot.html

#10yrsago China’s $10B/year PR ministry mired in political fight with anti-corruption/loyalty enforcers https://web.archive.org/web/20160701235749/http://www.economist.com/news/china/21701169-xi-jinping-sends-his-spin-doctors-spinning-who-draws-party-line?fsrc=scn/tw/te/pe/ed/whodrawsthepartyline

#10yrsago Snowden publicly condemns Russia’s proposed surveillance law https://www.theguardian.com/world/2016/jun/26/russia-passes-big-brother-anti-terror-laws

#10yrsago Yes Men punk the NRA with “buy one gun, give one gun” program https://www.youtube.com/watch?v=Ikb66V2rDcw

#10yrsago Shrill: Lindy West’s amazing, laugh-aloud memoir about fatness, abortion, trolls and rape-jokes https://memex.craphound.com/2016/06/27/shrill-lindy-wests-amazing-laugh-aloud-memoir-about-fatness-abortion-trolls-and-rape-jokes/

#10yrsago Neoliberalism, Brexit (and Bernie) https://crookedtimber.org/2016/06/26/tribalism-trumps-neoliberalism/

#10yrsago McDonald’s 1987 fashion catalog is a horrorshow https://www.flickr.com/photos/jasonliebigstuff/3050116620/

#10yrsago Beyond “solutionism”: what role can technology play in solving deep social problems https://ethanzuckerman.com/2016/06/22/the-worst-thing-i-read-this-year-and-what-it-taught-me-or-can-we-design-sociotechnical-systems-that-dont-suck/

#10yrsago Donald Trump’s annotated Walk of Fame star https://dduane.tumblr.com/post/146444083461/someome-spray-painted-the-mute-sign-on-donald

#5yrsago New York City's 100 worst landlords https://pluralistic.net/2021/06/26/wax-rothful/#nyc-landlords

#5yrsago How Peter Thiel gamed the Roth IRA for tax-free billions https://pluralistic.net/2021/06/26/wax-rothful/#thiels-gambit

#5yrsago The Overlapping Infrastructure of Urban Surveillance https://pluralistic.net/2021/06/26/wax-rothful/#surveillance-infographic

#5yrsago The Doctrine of Moral Hazard https://pluralistic.net/2021/06/27/the-doctrine-of-moral-hazard/

#1yrago Bill Griffith's 'Three Rocks' https://pluralistic.net/2025/06/27/the-snapper/#9-to-107-spikes

#1yrago Surveillance is inequality's stabilizer https://pluralistic.net/2025/06/26/autostabilizer/#slicey-bois




Upcoming appearances (permalink)

[image: A photo of me onstage, giving a speech, pounding the podium.]


	London: Idler Festival, Jul 11

https://www.idler.co.uk/festival/


	
Edinburgh International Book Festival with Jimmy Wales, Aug 17

https://www.edbookfest.co.uk/events/the-front-list-cory-doctorow-and-jimmy-wales



	
Sydney: The Festival of Dangerous Ideas, Aug 23-24

https://festivalofdangerousideas.com/cory-doctorow/



	
Melbourne: Enshittification at the Wheeler Centre, Aug 25

https://www.wheelercentre.com/events-tickets/season-2026/cory-doctorow-enshittification



	
Brighton: The Reverse Centaur's Guide to Life After AI with Carole Cadwalladr (Brighton Dome), Sep 8

https://brightondome.org/whats-on/LSC-cory-doctorow-the-reverse-centaurs-guide-to-life-after-ai/



	
London: The Reverse Centaur's Guide to Life After AI with Riley Quinn (Foyle's Picadilly), Sep 9

https://www.foyles.co.uk/events/enshittification-cory-doctorow-riley-quinn



	
South Bend: An Evening With Cory Doctorow (Notre Dame), Oct 6

https://franco.nd.edu/events/2026/10/06/an-evening-with-cory-doctorow/







[bookmark: recent]

[image: A screenshot of me at my desk, doing a livecast.]

Recent appearances (permalink)


	A.I. Enshittifies Everything (Slate)

https://slate.com/podcasts/what-next-tbd/2026/06/cory-doctorow-thinks-a-i-is-overvalued-and-overrated-and-still-a-threat


	
A World That Just Might Work

https://aworldthatjustmightwork.com/2026/06/cory-doctorow-ai-use-it-dont-buy-the-hype-dont-feed-the-bubble/



	
"How to Think About AI" (Democracy Now!)

https://www.youtube.com/watch?v=OBUzl_IaWIw



	
The Data Centers Are Coming (ILSR)

https://ilsr.org/articles/the-data-centers-are-coming-ep-6-closing-arguments/



	
The perils of AI – and how to avoid them (Be Giant)

https://www.begiant.ca/stories/people/cory-doctorow-life-after-ai







[bookmark: latest]

[image: A grid of my books with Will Stahle covers..]

Latest books (permalink)


	"The Reverse-Centaur's Guide to AI," a short book about being a better AI critic, Farrar, Straus and Giroux, June 2026

https://us.macmillan.com/books/9780374621568/thereversecentaursguidetolifeafterai/


	
"Canny Valley": A limited edition collection of the collages I create for Pluralistic, self-published, September 2025 https://pluralistic.net/2025/09/04/illustrious/#chairman-bruce



	
"Enshittification: Why Everything Suddenly Got Worse and What to Do About It," Farrar, Straus, Giroux, October 7 2025

https://us.macmillan.com/books/9780374619329/enshittification/
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    The past year has brought several exciting new developments, which we are happy to share today with a new OpenRA playtest!


The headline new feature in playtest-20260222 are the new random map generators for Red Alert, Tiberian Dawn, and Dune 2000. These work much like you would expect: select a biome, the number of players, and some details about symmetry and resources, then play! Generated maps work both in Skirmish and Multiplayer.



  [image: Random map generator UI]
  The new random map generators can make better maps than me.


Dune 2000 has received a glow-up, featuring new visual effects for the Sonic Tank and damaged structures, along with the long-awaited “bulk purchase” logic for the Starport. The update includes a complete, community-led balance overhaul for skirmish and multiplayer modes. Meanwhile, the single-player campaign receives its own difficulty adjustments to ease the learning curve.



   
  Dune 2000 includes new, more faithful, effects for Sonic Tanks and damaged structures.


Support for the C&C Remastered Collection assets in Tiberian Dawn reached two important milestones in the (currently) standalone Tiberian Dawn HD mod. The mod is now feature-complete, with new HD sprites for the last custom assets plus a new content manager that allows you to select between remastered or classic artwork, audio, and music. Significant progress has been made towards integrating these features into the core OpenRA Tiberian Dawn – while this release still remains a standalone mod, we hope to complete the merge in the next release.



  [image: Tiberian Dawn HD content selector UI]
  Tiberian Dawn HD can now choose between remastered and classic assets.


This is another big release for our map-making community, with further UI improvements to the OpenRA map editor, and new tools that take advantage of the random map generator logic.



  [image: Map Editor UI]
  The new Path Tiler map editor tool makes it easy to place cliffs, beaches, and roads.


Other noteable changes include:



  	Added new “Other RTS” mouse input mode.

  	Added timed auto-save settings for missions/skirmish.

  	Bots will now attempt to build expansion bases.

  	Further progress towards supporting localisation in a future release.

  	Added a new mission each for Red Alert and Tiberium Dawn.

  	Many other bug fixes and minor performance optimisations.




As always, the full changelog is available with more information on the changes and fixes. Stay tuned for more updates and be sure to take part in the playtest. Don’t forget to share your feedback with us on our forum, community Discord server, or GitHub!
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Welcome to the Fintech Engineering Handbook. This resource aims to describe the most important patterns used in software engineering, where money is the primary focus of the system. It can be read in full to get a comprehensive understanding or in parts when dealing with a particular problem.


For whom?


	People joining fintech. To get familiar with the domain and the patterns that make money systems trustworthy.

	People already in fintech. As a reference to reach for when facing a particular problem, and a shared vocabulary to point colleagues at.

	People outside fintech. To understand how building for money differs from what they’re used to, and why.



It’s meant as a living document and contributions are welcomed.



Principles

Everything you will read below is a way to adhere to the three principles:


	No invented data. Money can’t be created out of nowhere, so we can’t tolerate duplicates or arbitrary balance updates. We enforce this with idempotency, deduplication and reconciliation.

	No lost data. Everything that happens to money has to be tracked and persisted. We protect this with full precision, at-least-once deliveries, event sourcing, audit trails and immutability.

	No trust. Trust neither external providers, internal components, nor the world. We uphold this by verifying webhooks, cross-checking data across sources and failing loudly on broken assumptions.





Representing money

Before you can move or record money, you have to represent it. These are the decisions about how a monetary value is modeled, stored, computed and converted. Getting them wrong means every layer above inherits the error.


Precision handling

Money representation is one of the most fundamental decisions in financial systems. There are four primary ways to do it:


	Floating-point. Built-in float or double types. This can create unpredictable precision losses and is almost never a good idea. But it’s the fastest and most memory efficient, and requires no additional libraries or data structures.

	Arbitrary precision. Types like Java’s BigDecimal let you control the precision of a computation precisely. The code is predictable and we get to decide where and how rounding happens. It fits intermediate work like FX or pricing math, where many operations chain together.

	Minor-units precision. For most fiat currencies it’s ok to keep only a fixed precision, the same that is used in the connected central banking system. The number of digits is described by ISO 4217 (don’t assume it’s always 2, it’s not!). In practice this means storing the amount as an integer in its smallest unit - €12.34 becomes 1234. Crypto uses the same integer-smallest-unit idea (satoshis for BTC, wei for ETH), but with two twists: the precision is per-asset and defined by the token itself (e.g. an ERC-20’s decimals), often 18 digits, and the resulting magnitudes overflow 64-bit integers, so you need arbitrary-width integers to hold them.

	Rational numbers. When no precision loss is acceptable. This is the most powerful approach but comes with its own caveats. First, it’s slower than the alternatives. Second, it cannot be converted to other formats without losing precision. Third, it usually requires a custom datatype or a library.



Selecting one or the other depends on the class of the system and its responsibilities. There is no rule of thumb here, other than not using floating points. These representations are not mutually exclusive either - how you store an amount and how you compute with it are separate decisions, and a system often combines them, e.g. integer storage with BigDecimal for intermediate computation.

The same care applies when an amount is being serialized. A bare JSON number is an IEEE-754 double in most parsers, so serializing money as a number reintroduces the floating-point problem at the edge, no matter how carefully you represent it internally. Send money either as a string ("12.34") or as an integer in its smallest unit.

Principles touched:


	No lost data. The wrong representation silently drops precision that can never be recovered.





Rounding strategies


	Rounding is inevitable. It should be done explicitly: any division, currency conversion, fee, interest or rate application, or move between precisions might require rounding.

	It’s a business decision. Different rounding strategies have different implications. Sometimes you have to be conservative (e.g. not to spend what you don’t have) and round down; sometimes you care about statistical effects and use half-even. Deciding who gets the fraction might have legal/tax implications.

	Round as seldom as possible. The longer you keep full precision, the more options you have to make the right decision in the right context. Rounding should usually happen on boundaries, e.g. before numbers are persisted or shown to the user.

	Rounding breaks sums. If a number is split into parts and rounding is applied, the sum of the parts might no longer equal the original number. Depending on the context, this might require explicit handling - e.g. an explicit rounding account.



Principles touched:


	No lost data. Residuals must be tracked, not dropped.

	No invented data. Rounding must never mint money that wasn’t there.





Currency handling

Money can’t be represented as a number alone - it comes paired with a currency. There are a few nuances when it comes to handling currencies.


	Pack amount and currency together. A Money newtype (struct, class, record etc.) minimizes the chance of errors.

	No cross-currency arithmetic. Your system should prohibit adding two amounts in different currencies. Conversion should happen very explicitly with a strictly controlled rate.

	Use a controlled currency set. A custom config entry, JDK database, dedicated service. Never accept arbitrary currency codes; validate at the boundaries of the system.

	Codes identify fiat only. Currency codes are unique and usable as identifiers only for fiat. For crypto currencies you will have to use a more complicated approach like (network, contract address) or similar.

	Currencies carry metadata. Symbol, precision, name, etc. You will usually need those details for display purposes but rarely for business logic.

	Pegged is not the underlying. Pegged, bridged and wrapped crypto currencies are not equivalent to the underlying ones.



Principles touched:


	No trust. Validate currency against the controlled set at the boundary.

	No invented data. Treating distinct currencies/assets as interchangeable conjures value.





FX Rates

FX (Forex, foreign exchange currency market) rates allow us to convert money between currencies.


	A rate is always directional. The EUR/USD rate is not the same thing as the inverted USD/EUR rate. On an exchange, buying and selling are two different orders at different prices (the bid/ask spread), so the two directions don’t simply invert.

	The time of the rate is critical. While you can technically use a rate from any point in time, the most commonly used are:

	Current-time rate. Used to calculate current holdings or the value of a transaction as if it happened right now.

	Value-date rate. Used to calculate change in value or a tax amount.




	Two kinds of rate matter for conversion:

	Transactional rate. The rate a real conversion happened at. You don’t store it directly - it falls out of the original and result amounts.

	Reference rate (mid-market or central bank). One used for valuation and equivalence (what holdings are worth right now, or a tax base at the value date) and not a price anyone actually trades at.




	There is no canonical rate. Rates come from markets and vary between venues or calculation methods. The closest to canonical are central bank rates, which can be used only as a reference rate, and even there we can have alternative sources which are just as valid.



Principles touched:


	No lost data. Keep the amounts (and, for reference rates, a way back to the source).

	No trust. There’s no canonical rate, so the source should be part of the data.






Recording money: the ledger

Once represented, money movements have to be recorded in a way that balances, survives audit and can be reconstructed years later. This is where the books, their timestamps and their history live.


Double-entry bookkeeping

Double-entry bookkeeping is a widely used way to store financial transactions as a list of entries in the form of (credit account, debit account, amount) (this is a compact form; the classic representation uses a separate debit and credit row per movement). Because every entry moves the same amount out of one account and into another, the books always balance - money is only moved, never created or destroyed.


	Money always has a source and a destination. External providers get dedicated accounts too, so money entering/leaving the system is still tracked.

	Balance is never stored. It’s derived from the movements of money.

	Accounts have a type. Assets, liabilities or equity, so the accounting equation (assets = liabilities + equity) holds and each account has a defined side on which it increases. In practice you also need income (revenue) and expense accounts - e.g. to book a fee as revenue or a write-off as a loss (assets = liabilities + equity + revenue - expenses).

	One transaction, many movements. A single transaction will usually create multiple movements, e.g. one for the net amount, another for the fees.

	Posted entries are immutable. By convention, corrections are made by adding new compensating entries that offset the original.



Principles touched:


	No invented data. Money only ever moves between accounts; the total is conserved.





Value time vs booking time vs settlement time

Transactions will usually have at least two, sometimes three timestamps associated:


	Value time. When the transaction occurred.

	Booking time. When the transaction was recorded in the system.

	Settlement time. When money was actually transferred or materialized. Not every transaction has one. Usually expressed as T+X, where X is the number of days after value at which settlement happens (e.g. T+2 means 2 days after value).



The first two will almost always diverge:


	Backdated (booking > value). Technically almost all transactions are backdated, but the term is most impactful when booking and value time fall under different reporting periods, e.g. days, months, years.

	Forward-dated (booking < value). Less frequent, but happens e.g. with scheduled or future-dated payments - a standing order recorded today but effective next week.



Example: a card payment happened at T1 (value time), you recorded it at T2 (booking time), but the payment provider transferred money to your account at T3 (settlement time).

Business and business-consumed reports usually care about value or settlement time, while booking time is useful for traceability.

Principles touched:


	No lost data. Record every relevant timestamp; collapsing them into a single created_at loses information you can’t reconstruct later.





Audits and audit trails

Financial systems are subject to regulatory scrutiny in the form of various audits. Some of the things that might be verified during an audit:


	are company funds not commingled with user funds or used for company expenses?

	are all revenues registered, reported and explainable? E.g. can you pinpoint the transactions that contributed to a particular revenue stream in a particular period?

	is the information provided to the external world (e.g. users or the tax office) matching reality? E.g. does the company hold as much in assets as it owes its users?

	are the funds protected against external threats? (e.g. who can access the funds and how)



To answer those and many other questions, financial systems have to keep track of not only the current state but the full history of how that state came to be. This history is the audit trail: a record of everything that happened, detailed enough that any balance, report or decision can be explained and reproduced from it.

A useful audit trail captures, for every change:


	What happened.

	When it happened (see value time vs booking time).

	Who or what triggered it - a user, an operator, an automated job.

	Why it happened - a reference to the order, instruction or incident that caused it.



Money movements are the obvious subject, but manual interventions, configuration changes (fee schedules, rate sources, limits) and permission changes need trails too.

The why is often itself the output of a decision (e.g. a compliance check or risk score). Recording just the outcome (“blocked”) rarely satisfies an audit because you’ll be asked how that outcome was reached. If that logic lives in a decision table or a rules engine (DMN, Drools, Decisions4s) instead of being buried in imperative code, the decision becomes a structured, replayable artifact that says which rules fired, on which inputs, with what result.

Principles touched:


	No lost data. Current state alone can’t answer an audit’s questions; only the full history can.




Event sourcing

Event sourcing is probably the most principled and systemic approach to building an audit trail. In ES, instead of storing current state with a log next to it, you store only the events and derive state from them. The double-entry ledger is an example of this pattern applied to money - balance is never stored, it is calculated from the stored entries. With this approach the trail is a primary artifact and cannot drift away from reality.

A few practical notes:


	You don’t need it everywhere. The ledger already covers money; for surrounding domains a conventional model with a reliable change log may be enough.

	Derived state can be cached. Balances and projections can be cached or snapshotted for performance.

	Projections are work intensive. You might need a lot of them, and you cannot effectively query your primary data set (events) for anything, so you need to build dedicated or generic projections to look into your data.

	Plan for schema evolution. Events live for years, so today’s code must still read events written long ago.



In other words: event sourcing is a very good solution when an audit trail is required, but it comes with a very high price in terms of system complexity.

Principles touched:


	No lost data. When state is derived from events, the trail can’t drift out of sync with reality because it is the source of truth.





Immutability

An audit trail that can be edited proves nothing, hence records can never be updated or deleted. Our log must be append-only, and every correction should be a new record (see below).

Immutability is an invariant, and the usual toolbox applies:


	By construction. Append-only tables, revoking UPDATE/DELETE at the database-permission level.

	Runtime checks. The application layer exposes no mutating operations on posted records.

	Post-factum. Tamper evidence: checksums or hash chains over the records, periodically verified, so that any after-the-fact modification is detectable.



When building a real system bugs are unavoidable and might require you to fix the event log/audit trail. In those cases it’s sometimes easier to update the trail in place instead of keeping it strictly immutable. To balance those two worlds it’s important to understand your reporting schedule and obligations - usually data has to be kept in stone only once it has been reported, e.g. when the financial statement has been shared at the end of the month. Until then you might still be able to modify your data in place, if you detect the problem and fix it before it leaves your system.

Principles touched:


	No trust. An editable history proves nothing; immutability and tamper evidence make the trail trustworthy to an outsider, including yourself investigating an incident.





Reversals and corrections

Mistakes still happen, for example a wrong amount gets posted or a transaction lands on the wrong account. Immutability means fixing forward - post a new compensating entry and link it to the record it corrects, in both directions.


	Reversal. Negates the original in full, as if it never happened economically - but it stays visible in the history, together with the original.

	Correction (adjustment). Books the difference between what was recorded and what should have been, or reverses and re-posts with the right values.

	Mind the reporting period. Corrections often land in a different reporting period than the original (see value time vs booking time); the linkage is what lets reports attribute them correctly and distinguish real activity from cleanup.



The last point is particularly important - when posting corrections/reversals you will need to decide whether to backdate the event (specify a value time in the past) or not. Here a lot depends on the reporting schedule again - usually you won’t be allowed to backdate anything to an already closed period, because it was already reported to the external world.

Principles touched:


	No invented data. Mistakes are fixed by posting linked compensating entries that offset the original record.








Executing money flows

A money operation is rarely a single write. It spans steps, concurrency and failure, and has to stay correct - never inventing or losing money - through all of it. These are the patterns that keep a single flow correct, from the invariants it must preserve to surviving a crash mid-way.


Invariants

In any system there exist special properties that must always hold - we call them invariants. One such invariant is the accounting equation mentioned above. Your business stakeholders might define many such conditions that then have to be enforced.

There are 3 primary ways to enforce invariants:


	By construction. Make sure that the system allows creating only valid objects, so invalid states are unrepresentable. This can be done through a variety of techniques: factory methods (smart constructors), type-level programming (e.g. refined types), database constraints.

	Runtime checks. Check that invariants hold when executing logic. This can be assertions in production code or tests - property-based testing shines here (e.g. “for any sequence of postings, the books balance”).

	Post-factum. Analyse the data persisted by the system looking for any violations, e.g. reconciliation jobs or nightly checks that ledger balances still satisfy the accounting equation.



What’s important: those methods are complementary and you will usually use all of them side by side to achieve the desired level of trust. By construction is the strongest but cannot express everything (especially cross-aggregate or cross-system invariants), runtime checks catch violations at the point of occurrence, and post-factum is the only one that catches bugs that already shipped - but catches them late.

Principles touched:


	No trust. Invariants are verified, not assumed; even your own code’s output gets checked.





Funds reservation

In most cases your transactions will require interaction with the external world. For example, you might need to run compliance checks before allowing a user to withdraw funds, or you need to register the withdrawal in an external system.

In such cases you also have to avoid race conditions - spending the same money twice, or discovering “insufficient balance” only after the external world interaction already happened.

To address this, systems implement funds reservation (also known as hold-and-release), where funds are first reserved for a particular transaction before the external interaction starts. Once it completes, the reservation is settled and the transaction proceeds; if anything goes wrong, the reservation is released and the funds return to the available balance.

This pattern introduces a distinction between two balances: the total balance (everything the user owns, including reserved funds) and the available balance (available = total - reserved). Balance checks and new reservations are made against the available balance, which is what prevents the same funds from backing two transactions.

A few practical notes:


	The final amount may differ. It’s not always known upfront; fees or rates may differ from the estimate. In that case you reserve the estimated amount, settle the actual one and release the remainder.

	A reservation must always resolve. One that’s never settled nor released locks user funds, so every flow that creates one must guarantee it eventually resolves it. An explicit expiry/timeout can serve as a safety net, but it’s optional - you can rely on internal system discipline instead. Notably, the failure mode is conservative: an orphaned reservation locks money, it never loses or creates it.

	It needs strong consistency. Checking the balance and recording the reservation must be linearizable. On a stale read, two transactions can both pass the check and back their spends with the same funds. So no eventual consistency here, sorry.



Principles touched:


	No invented data. The same funds can never back two transactions; a reservation makes this explicit instead of relying on a racy balance check.





Handling overdrafts

An overdraft happens when an account balance goes negative. Overdrafts come in two kinds:


	Intentional. An overdraft is a credit product the business explicitly offers, with limits and interest. This is a business feature, not an anomaly, and is mostly out of scope here. This will most likely be modeled as a separate overdraft account (liability for the user, receivable for the operator) with a positive balance.

	Unintentional. The balance goes negative even though policy forbids it.



Unintentional overdrafts happen even in correct systems, because the external world doesn’t ask for permission: a settlement comes in higher than the reserved estimate or a reversal lands after the funds already left. Funds reservation reduces the window for overdrafts but cannot eliminate it.

Forbidden is not the same as unrepresentable. It’s tempting to encode “balance is never negative” at the type or storage level as an unsigned integer or a CHECK (balance >= 0) constraint. But when we are forced to accept a negative balance, a system that cannot represent it will either crash mid-flow, silently clamp the balance to zero (inventing money), or do something similarly wrong.

Put differently, “balance >= 0” is just an invariant and the usual toolbox applies: enforce it at runtime when authorizing transactions, detect violations post-factum with monitoring and reconciliation - but don’t force it by construction. When an overdraft is detected, it’s a signal to investigate but not necessarily a bug.

When an overdraft does happen, we have to book it and recover explicitly, e.g. by netting it against future deposits, requesting repayment, or writing it off - as an explicit compensating entry to an expense/loss account.

Principles touched:


	No invented data. Clamping a negative balance to zero mints money.

	No trust. The external world can force an overdraft no matter what your checks say.





Idempotency

In a distributed system it’s impossible to guarantee exactly-once delivery - any call can be interrupted and we won’t know whether it reached the other side or not. To make sure a message is delivered, we have to retry every such call. But in doing so we risk delivering it more than once, hence its processing needs to be idempotent - the same message delivered twice must trigger the processing only once.


	Prefer explicit keys. Idempotency keys vs business-derived idempotency (e.g. deduplicating on the payload). An explicit key is usually the simpler and better solution - deriving it from the data is fragile, e.g. it’s hard to tell whether two transactions with the same amount are a duplicate or two genuine operations. When using idempotency keys make sure they are scoped to a particular operation and client.

	Decide how errors replay. When a call failed the first time, should a retry re-raise the stored error or re-trigger the processing? It’s usually simpler and easier to reason about when we treat the error as the idempotent result and replay it. The client can always retry with a new key. A lot depends on the nature of errors - permanent ones (e.g. validation) should be replayed as-is while temporary ones (e.g. network failure) might be reprocessed.

	Validating the repeated payload. It’s good practice to ensure a repeated call carries the same payload as the original. In practice this gets costly and buys only a little extra confidence, at the cost of a more complex implementation and less flexibility (the caller might change the request for a good reason).

	At scale it’s hard. Building reliable idempotency can be a complex endeavour, so dedicate enough effort to it. Not only might you need to deduplicate billions of requests, but you also have to get the behavior right under concurrent access (e.g. two duplicate calls arriving in the same millisecond). Your idempotency barrier has to be atomic.

	Beware time windows. You might be tempted to rely on an idempotency time window, e.g. dedupe only within 24h. This significantly simplifies the implementation (otherwise the data volume grows forever) but at the cost of correctness. Make this tradeoff only if you absolutely have to, because it will haunt you later.

	Test for retries. One of the better approaches is to bake a generic middleware into your integration or system tests that automatically repeats every call.

	Handle out-of-order retries. Your system needs to stay idempotent even if it already moved to a new state - e.g. keep putting the funds on hold idempotent even if they were already released.



Idempotency matters on both sides - when you make calls and when you receive them. Keep it in mind every time you consume or expose an operation.

Principles touched:


	No invented data. Retries are unavoidable, so processing must collapse duplicate deliveries into a single effect instead of moving money twice.





Full resumability

A money flow rarely happens in a single step. A withdrawal might reserve funds, run compliance checks, register the operation in an external system and finally settle. Such a sequence is stretched across time and can die between any two of those steps, so the safe assumption is that it will: assume failure every two steps. A flow can therefore never assume it runs to completion in one go, and a half-finished one must always land in a recoverable state, never an inconsistent one.


	Persist progress, don’t keep it in memory. Model the flow as an explicit state machine whose state is durably stored, and commit each step’s completion before starting the next. A restart must be able to tell exactly where the flow was.

	Something must resume stalled flows. An independent driver (a scheduler, worker or poller) has to pick up incomplete flows and push them forward. A crash of the orchestrator must not strand a flow forever.

	Every step must be safe to re-run. On resume you may re-execute a step that already partially happened, so each one has to be idempotent (see idempotency).

	Roll forward or compensate. External effects can’t be rolled back. Once you’ve called the outside world you can’t un-call it, and a database rollback won’t undo it. So you either retry forward until the flow completes, or, when a later step fails for good, post compensating actions to unwind the earlier ones (the saga pattern).



You can use a durable-execution engine (e.g. Temporal, Camunda, Workflows4s, AWS Step Functions) or hand-roll your own persistent state machine.

Principles touched:


	No lost data. A crash in the middle of a flow must never lose track of in-flight money; persisted progress is what lets the flow be picked up and finished.

	No invented data. Resuming re-runs steps, so they must re-apply without double-counting - the flow completes exactly once.






The external world

Interacting with the external world - whether in the form of 3rd party providers (payments, KYC, AML, banks, custodians, etc.) or internal services - is unavoidable. Our job is to build a system that stays correct regardless of how unreliable those dependencies become.


Consuming APIs

Sooner or later you will have to call someone else’s API, e.g. a payment provider, a custodian, a blockchain node or a KYC vendor. You don’t control its code, its quality or its uptime, so the safe default is to assume it will misbehave and to build defensively around it.


	Don’t trust the schema. The response will not always match the contract you were given: fields can go missing, types can change, nulls can appear where they shouldn’t. Validate the important pieces at the boundary and fail loudly on anything you didn’t expect, so malformed data cannot leak into the system. At the same time, never validate the pieces you don’t need, as it might cause unnecessary outages when a third party breaks its contract. And they will.

	Expect imperfect engineering. Everything you consider a questionable engineering practice will rear its head given enough time: tokens passed in URLs, lost precision, HTTP codes that don’t mean what they should (a 200 carrying an error body), inconsistent pagination, custom date formats. Don’t get frustrated by it; treat it as the job rather than the exception.

	All calls will fail. Design the system so that it can handle a lack of response. Retries and timeouts are necessary protection.

	Circuit breakers are usually optional. They are mostly a courtesy toward an overloaded server, paid for by you with added complexity on the client side. It’s reasonable to expect the server to handle its own load and drop requests it can’t serve. That being said, a circuit breaker also protects your latency and finite resources (threads, connections, etc.), so employ one when it’s really needed.

	Mind the quotas. Rate limits and usage quotas are easy to forget but can be a source of nasty weekend outages. It’s good to do a bit of napkin math up front (expected call volume against the provider’s limits) so you find out before it causes a problem.

	Store every request and response. It might sound excessive, but it can be a lifesaver during an investigation when an external API starts returning something it never should. Persist what you sent and what came back, in a structured, queryable form (e.g. a Redshift table). This will also be your audit trail and evidence when the provider’s behavior is disputed, and your material for reprocessing after a bug.

	Aim for provider redundancy. For the most critical parts, consider using more than one provider for the same purpose. You can never fully trust the provider, so when the stakes are highest this can mean validating the data against multiple sources (e.g. two blockchain nodes) or having a backup bank partner, crypto custodian or KYC vendor. This approach is extremely expensive (development, fees and complexity-wise) but might be necessary to achieve the desired level of reliability.

	Don’t trust the sandbox. If a provider gives you testing/sandbox access, that’s already a good sign. Those environments are fine for basic scenarios but will usually diverge very significantly from the production setup. Be prepared to test in production (e.g. through canary releases and controlled usage with small impact).



Principles touched:


	No trust. The provider’s code, schema and uptime are all outside your control, so verify facts against independent sources and validate everything at the boundary.

	No lost data. Persisting every request and response keeps a record you can reconcile against and reprocess from.





Handling webhooks

Webhooks are the most common way to receive signals from external systems, but processing them safely is not trivial. While we focus here on webhooks (HTTP endpoints you expose, called by an external system with a payload defined by that system) many of the points apply to other transport methods as well.


	Don’t assume ordering. Messages can arrive out of order or carry stale data, so the last webhook you received is not necessarily the latest truth. Don’t blindly overwrite your state with whatever just arrived; reconcile it against what you already know (e.g. by querying the API for the current state).

	Don’t assume validity. Webhooks might come from a secondary part of the issuer’s system and carry stale or improperly transformed data. A good practice is to ignore the content of the webhook and use it only as a trigger to query the API for the authoritative state. Beware that the API can be eventually consistent and lag behind the webhook, so a query right after the trigger may still return the old state - be ready to retry.

	Don’t assume delivery. Webhooks will get lost sooner or later, regardless of how strong a re-delivery policy the issuer promises. You have to be prepared to handle a missing webhook, which usually means an independent process that fixes the completeness of your data. See reconciliation.

	Don’t assume single delivery. The same webhook will be delivered more than once. Processing must be idempotent. See idempotency.

	Acknowledge fast, process asynchronously. Return a 2xx as soon as you’ve durably stored the raw event, and do the real work asynchronously. If you process inline and are slow, the issuer can time out and retry, multiplying your load.

	Persist the raw payload. Store what you received verbatim before acting on it. It will not only make processing more reliable but will also act as your audit trail of what the provider actually said. It also lets you reprocess the message after a bug without asking the provider to resend.

	Verify the caller. The usual mechanism is for the issuer to attach a signature of the payload, so you can verify the message really came from them. Most commonly this is an HMAC computed with a shared secret; less commonly it’s an asymmetric signature whose public half is published. One caveat: verify the signature over the raw bytes you received, not a re-serialized payload (re-serialization changes bytes and breaks the signature). Even with this, prefer not to trust the content (see point 2).



There is a recurring theme here: don’t trust the webhook. Treat it as a hint that something happened, not a trustworthy account of what happened.

Principles touched:


	No trust. A webhook is an unauthenticated, unordered, possibly-lost, possibly-duplicated hint; verify the source and confirm the actual state against the API.

	No lost data. Persist the raw event and back delivery up with reconciliation so a dropped webhook doesn’t mean a dropped fact.





Notifying reliably (Outbox and CDC)

It’s quite often a requirement to let the external world know about changes in our system in a reliable way - by publishing a Kafka event, dispatching a webhook call or through a plethora of other means. The problematic part is reliably: we have to ensure at-least-once delivery, and those channels don’t fit the usual transactionality model we tend to rely on. Without transactionality we risk either:


	Publish then rollback. The publish succeeded but we didn’t get the response due to a network issue, so we roll back our system’s state.

	State change without publish. The publish genuinely failed but we didn’t roll back.



The textbook answer is a 2-phase commit/distributed transaction, but it’s rarely used due to its complexity and the lack of a good way to standardize and reuse the approach. The practical options:


	Outbox pattern. A “publishing” event is written transactionally (with the state change) into a dedicated store, and from there it’s reliably processed (take a row, retry until success). In other words, we reliably save “publishing intent” and then process it later.

	Change Data Capture (CDC). An automated mechanism that detects changes committed to the database (typically by tailing its write-ahead/replication log) and turns them into a stream of events. Because it reads straight from the log, every committed change is captured and nothing is missed, without any explicit publishing code in the application. Tools like Debezium or AWS DMS implement this off the shelf. The tradeoff is coupling and operational weight: raw CDC emits events shaped like your table rows and needs postprocessing to avoid leaking the internal schema to consumers.

	Listen-to-yourself. Reverse the order and publish the event first (e.g. to Kafka), then rebuild our own state from it.

	Event sourcing. The event log already lives in the database, so publishing is just a matter of reading from it (see Event sourcing).



Whichever mechanism you pick, delivery is at-least-once - the relay or connector can publish and then crash before recording that it did, re-sending on restart. Consumers must therefore be idempotent and deduplicate on a stable event id (see idempotency).

Principles touched:


	No lost data. A committed change must reliably reach its consumers; the outbox (or the log) guarantees the notification can’t be dropped just because a separate publish step failed.

	No invented data. We never publish a notification for a change that didn’t commit, and duplicate deliveries collapse into a single effect.





Reconciliation

Any system that relies on external data is prone to data drift - a situation where one system doesn’t match the other. For example, you might miss a webhook, or a transaction might be posted to the ledger but not reflected in the external provider’s system. In all such cases we need reconciliation: a process that aligns the two systems. While we say “two”, in practice it can be more than that, e.g. ledger, payment processor and the bank, but this doesn’t change anything in how to approach the problem.


	Cadence. Depending on the exact context and constraints, reconciliation might be done hourly, daily, monthly or even yearly.

	Nature of drift. Data can be missing (which is an easy case) or different (e.g. the same transaction with different amounts, which is much more complicated to solve). Timing also matters a lot: if settlements happen at T+3, records will stay unreconciled for 3 days - that logic should be incorporated into the process so that we don’t alert on those cases.

	Matching algorithm. Knowing what to compare between the two systems is the hard part. Usually you want to persist the external provider id within your system so that matching is straightforward. If this is not the case, heuristic algorithms enter the game (e.g. matching by amount and time).

	One-to-many. In some cases you will have to reconcile multiple records on one side with one on the other, e.g. a single settlement transfer might cover a couple of transactions.

	Aligning is not trivial. It goes without saying we can’t simply overwrite the data to make the reconciliation happy. Each discrepancy found should be understood and fixed through first-class support, e.g. a correction record, reprocessing of webhook data etc.



Principles touched:


	No trust. Reconciliation is how we verify across independent sources instead of believing any single one is right.

	No lost data. It’s the safety net that catches the dropped fact - the missing webhook, the unsettled transfer - before it disappears for good.






Controls and access

The patterns so far keep the data correct. But a money system also has to constrain who is allowed to act on it, and prove after the fact that the process was followed. This is where the No trust principle turns inward and your own operators and engineers are a trust boundary too, just like external providers and internal components. An auditor examines these controls alongside the books themselves.


Segregation of duties and four-eyes

Some actions are too sensitive to leave to a single person, regardless of how trusted they are. Splitting them is the oldest control in finance, and it takes two related forms: segregation of duties (no one person owns a whole process) and  four-eyes / maker-checker** (a specific action needs a second person to approve it before it takes effect, also called dual control).


	It applies to money operations. Large or manual withdrawals, manual ledger corrections, treasury and cold-wallet moves, changing a fee schedule or a limit - anything that can move or misstate funds is a candidate for a second approver.

	It applies to engineering too. Merging code, deploying to production and changing infrastructure are sensitive actions in a money system. Hence we usually require review and approval.

	The approval is part of the trail. Record who requested, who approved, and that the two were different people - otherwise the control is unprovable (see Audits and audit trails).

	Break-glass needs a path. Emergencies happen, and a rigid control invites people to route around it. Provide an explicit, heavily-audited override rather than forcing a backdoor.



Principles touched:


	No trust. A single internal actor - even a trusted one - is not sufficient authority for a sensitive or irreversible action.





Access control

Who can do what is itself part of the system’s state, and it changes over time as people join, move teams and leave. It’s not enough to know who can touch funds today; Auditors will also ask how they came to have that access.


	Least privilege. Grant each actor - human or service - the minimum needed, and prefer roles (RBAC) over per-person grants so that access stays reviewable.

	Authorization changes need a trail. Granting or revoking a capability is a sensitive event, exactly like a money movement: record what changed, who changed it and why. The audit-trail discipline from the ledger applies here too (see Audits and audit trails).

	Review access periodically. Permissions become stale or inaccurate. Scheduled access reviews (recertification) are the post-factum check (see Invariants) applied to access so that we can catch the drift.



Principles touched:


	No trust. Standing access quietly accumulates; least privilege and periodic review are what keep it in check.





The change trail (SDLC)

In a regulated environment we usually have to audit how code reaches production and so know who reviewed a change, who approved it, when it shipped, and so on. Your version control and CI/CD systems are a great help here if done right.


	Source control is the record. Commit history attributes every change to an author and ties it - through review and linked tickets - to the reason it was made (it’s the usual what / who / why an audit trail demands). Protect it accordingly via signed commits, protected branches, no force-pushing shared history.

	Reviews and pipelines must be enforced. Required (non-optional) reviews, status checks and “no direct pushes to main” are crucial because discipline doesn’t fly in audits.

	Deployments are traceable. Which version is running, who released it and when, should be reconstructable - this is what lets an incident be tied back to the change that caused it.



Principles touched:


	No lost data. The history of how the system itself came to be is as much a part of the trail as the history of the money it holds.

	No trust. The system enforces the delivery controls - it doesn’t rely on people remembering to follow them.






Testing

Tests matter everywhere, but in a money system they matter more. The difficulty is that you usually can’t enumerate the expected outputs - the space of operation sequences is too large and the interesting failures live in the combinations. The approaches below are ways to gain confidence in the correctness of our system. Treat it as a restaurant menu from which you can choose the techniques with the most impact on your system.


	Property-based testing. Instead of asserting specific outputs, you assert that a property holds for any generated input. This is a natural fit for invariants or money math. The framework generates the awkward cases you wouldn’t think to write by hand.

	Invariant checks between steps. When you generate a sequence of operations, don’t only assert the invariants at the end - assert them after every single step. This is impossible to do manually at scale, so you would need a more sophisticated testing harness that automatically injects the assertions.

	Generative idempotency testing. Since every operation that touches the outside world has to be idempotent (see idempotency), you can make that a property of your system. Using a similar approach to the one above, you can automatically repeat all the declared operations and assert the lack of impact on the system from the second call.

	Crash and resume injection. Long flows must survive dying between any two steps (see full resumability), and we can test exactly that by following the usual approach: inject a failure at every step.

	Round-trip testing. Encode then decode, serialize then deserialize, convert then convert back - and assert you land where you started (or within a known tolerance). It’s a quick way to catch precision loss at boundaries and serialization bugs in your money and currency types. It plays really well with automatic data generation.

	Golden testing. Pin the output of a calculation or projection (a fee breakdown, a statement, a report) to a stored expected result, so any unintended change shows up as a diff. Useful for the gnarly, hard-to-reason-about computations where you trust a reviewed-once result more than a freshly written assertion.

	Backward-compatibility testing. Events and stored records live for years, and today’s code must still read what old code wrote (see event sourcing). Keep a corpus of real, old-format payloads and assert that current code still deserializes and projects them correctly - this is what stops a schema change from silently breaking history.

	Testing in production. Some confidence is only obtainable against the real thing. Provider sandboxes diverge significantly from production (see consuming APIs), so the final proof that an integration works often has to happen live - through a canary release, a controlled rollout with a small blast radius, or synthetic transactions that push small real amounts through the system continuously as a health check. The money-specific caveat is that these are real movements: a test in production moves real money, so it must go through the same ledger, reconciliation and audit trail as everything else, be clearly tagged, and be cleaned up through the normal correction/reversal machinery - never a backdoor that bypasses the books.



Principles touched:


	No trust. Tests are how you verify the patterns actually hold rather than assuming they do; the invariant is the oracle, not a value you happened to expect.

	No invented data. Replaying operations and injecting failures proves that retries and recovery don’t double-count or mint money.

	No lost data. Round-trip and backward-compatibility tests prove that precision and history survive boundaries and the passage of time.





Appendix A: Know your domain

The hardest part of joining fintech is often not the code but the vocabulary and concepts behind it. The field is full of words that sound ordinary but mean something precise, and acronyms that everyone around you uses without ever expanding.

Caveats: terms a layperson already knows (deposit, withdrawal, transfer, currency) are skipped, and so are the exotic corners you can learn when you get there. We try to focus on the most important terms. Where the handbook already covers a concept properly, the entry links to that section instead of repeating it.


Accounting & ledgers


	Ledger - the system of record for money movements; the source of truth from which balances are derived (see Double-entry bookkeeping).

	General ledger vs sub-ledger - the single consolidated book vs a detailed book for one domain (e.g. one per user or product) that rolls up into it.

	Debit / credit - the two sides of every entry. Which one increases an account depends on the account’s type, not on “money in vs money out” (see Double-entry bookkeeping).

	Posting - committing an entry to the ledger; “posted” means recorded and, by convention, immutable.

	Chart of accounts - a catalogue of the accounts that can be posted to; a single system can have several (e.g. per legal entity, per book, or per reporting standard).

	Account type - asset / liability / equity (plus revenue / expense), so the accounting equation holds and each account has a defined side on which it increases (see Double-entry bookkeeping).

	Receivable / payable - money owed to you / money owed by you.

	IOU - informally, a liability: a record that you owe someone money. A user’s balance on a custodial platform is an IOU from the platform to the user, which is why it sits on the liability side of the books.

	Accrual vs cash basis - recognising money when it’s earned or owed vs when it actually moves.

	Trial balance - a check that total debits equal total credits across the books.

	Suspense / clearing account - a temporary holding account for money that’s in transit or not yet attributable.

	Write-off - booking a balance you no longer expect to recover as a loss (see Handling overdrafts).

	Commingling - mixing company funds with user funds; a regulatory red flag (see Audits and audit trails).

	Reconciliation break - a single unmatched discrepancy surfaced by reconciliation.





Money & FX


	Money (as a type) - an amount paired with a currency (see Currency handling).

	Minor units - the smallest indivisible unit of a currency; amounts are often stored as integers of these (€12.34 → 1234) (see Precision handling).

	Basis point (bp / “bip”) - one hundredth of a percent (0.01%); fees and rates are routinely quoted in these.

	Notional - the face value a calculation is based on, which may be far larger than the cash that actually changes hands.

	Fiat vs crypto - state-issued currency vs blockchain-native asset

	Stablecoin - a token pegged to a reference asset, usually a fiat currency like USD.

	Pegged / wrapped / bridged - representations connected to an underlying asset but not equivalent to it (see Currency handling).

	Bid / ask / spread - the buy price, the sell price, and the gap between them.

	Mid-market rate - the midpoint between bid and ask; a reference point, not a price you can actually trade at (see FX Rates).

	Reference rate - a rate used for valuation and equivalence (holdings value, a tax base), not for an actual trade (see FX Rates).

	Mark-to-market - revaluing a holding at the current market rate rather than the price it was acquired at.





Transactions, timing & settlement


	Value date / booking date / settlement date - when it happened / when we recorded it / when money actually moved (see Value time vs booking time vs settlement time).

	T+X - something (e.g. settlement) happens X business days after the value date (e.g. T+2).

	Clearing vs settlement - agreeing who owes what vs actually transferring the money.

	Cut-off time - the daily deadline after which a transaction rolls into the next settlement window.

	Float - money that, mid-transfer, appears to exist in both systems at once (or in neither).

	Netting - offsetting many obligations into a single net transfer instead of settling each one gross.

	Backdating - assigning a value date earlier than the booking date (see Value time vs booking time vs settlement time).

	Reversal / correction - negating a posting in full as if it never happened economically vs booking the difference between what was recorded and what should have been (see Reversals and corrections).





Payments, rails & cards


	Payment rail - the underlying network a payment travels over (SEPA, SWIFT, ACH, card networks, a blockchain).

	IBAN / SWIFT / SEPA / ACH / FPS / CHAPS / wire - identifiers and networks for moving fiat between banks.

	Originator / beneficiary - who sends / who receives a transfer (also remitter / payee, payer / payee).

	PSP (payment service provider) - a vendor that connects you to one or more rails.

	Nostro / vostro account - “our money held at their bank” / “their money held at ours”; the accounts that make cross-bank transfers work.

	Omnibus account - one pooled account holding many users’ funds together, with per-user balances tracked internally. Legitimate pooling, as opposed to commingling.

	FBO (“for benefit of”) account - an account a company holds on behalf of its users.

	Sweep - automatically moving balances between accounts on a schedule (e.g. into cold storage or an interest-bearing account).

	Chargeback - a forced reversal of a card payment, initiated by the cardholder’s bank.

	Issuer / acquirer - the cardholder’s bank / the merchant’s bank.

	Interchange - the fee the acquirer pays the issuer on each card transaction; the bulk of card-processing cost.

	Authorization vs capture - placing a hold on funds vs actually charging them; the card world’s version of funds reservation.

	Dunning - the retry-and-notify process for recovering a failed recurring payment.





Trading & markets


	Order book - the live list of outstanding buy (bid) and sell (ask) orders at each price level.

	Market vs limit order - execute now at the best available price (takes liquidity) vs only at a set price or better (rests on the book, provides liquidity).

	Maker / taker - maker adds a resting order to the book, taker crosses the spread and removes one; fees usually differ.

	Slippage - the difference between the expected price and the price actually filled.

	Liquidity / depth - how much can be traded before the price moves; thin books move more.

	Spot - buying or selling the asset itself for immediate delivery.

	Derivative - a contract whose value derives from an underlying asset rather than the asset itself.

	Futures / perpetual (perp) - a contract to trade at a future date / one with no expiry, kept near spot by a funding rate.

	Funding rate - periodic payment between longs and shorts that tethers a perp’s price to the index.

	Long / short - a position that profits when the price rises / falls.

	Leverage / margin - controlling a position larger than your capital / the collateral posted to open and maintain it.

	Liquidation - forced closing of a position when its margin falls below the maintenance requirement.

	Haircut - a discount applied to the value of collateral to cushion against price moves.

	Counterparty - the other side of a trade or contract; “counterparty risk” is the risk they fail to deliver.

	AUM / AUC - assets under management (client assets the platform actively manages, usually under a fee-bearing mandate) vs assets under custody (client assets it merely safekeeps). The same holdings can be one, the other, or both.





Custody & crypto


	Custody - who controls the assets: self-custody (the user holds the keys) vs custodial (the platform or a custodian holds them).

	Hot / cold wallet - keys kept online for quick access vs kept offline for security.

	Private key / public key / address - the secret that authorises spending / its derived public identifier / where funds are received.

	Seed phrase - the human-readable backup that reconstructs a wallet’s keys.

	Multisig / MPC - requiring several keys (or key-shares) to authorise a transfer, so no single device can move funds alone.

	Gas / network fee - the fee paid to get a transaction included on a blockchain.

	Confirmation / finality - a block built on top of the one containing your transaction / the point at which it can no longer be reversed. More confirmations = more finality.

	Reorg - a blockchain reorganisation that can undo recently confirmed transactions; the reason finality isn’t instant.

	Mempool - the pool of pending transactions waiting to be included in a block.

	UTXO vs account model - Bitcoin-style “spend whole coins, receive change” vs Ethereum-style running balances; the two demand different accounting.

	Token vs coin - an asset issued on top of a chain (e.g. an ERC-20) vs a chain’s native asset (BTC, ETH).

	Dust - an amount so small that the network fee to move it exceeds its value.

	Address whitelisting (allow-listing) - restricting withdrawals to a set of pre-approved addresses.





Compliance & regulation


	KYC - Know Your Customer; verifying a user’s identity.

	AML / CFT - Anti-Money-Laundering / Countering the Financing of Terrorism; controls to detect and prevent illicit funds.

	Sanctions screening - checking parties against sanctioned-entity lists.

	PEP - politically exposed person; a higher-risk customer category requiring extra diligence.

	SoF / SoW - source of funds / source of wealth; evidence of where a customer’s money came from.

	Travel Rule - the requirement to share originator and beneficiary information on transfers above a threshold.

	VASP - Virtual Asset Service Provider; the regulatory label for a crypto business such as an exchange or custodian.

	MiCA - the EU’s Markets in Crypto-Assets regulation.

	Segregation of duties - splitting a sensitive action across people so no single person can complete it alone (see Segregation of duties and four-eyes).

	Four-eyes / maker-checker / dual control - requiring a second person to approve a sensitive action before it takes effect (see Segregation of duties and four-eyes).

	Least privilege / RBAC - granting each actor the minimum access needed / managing it through roles rather than per-person grants (see Access control).

	Change management - the controlled, traceable process (review, approval, deployment) by which code and config reach production (see The change trail (SDLC)).

	Audit / audit trail - external scrutiny that the books and controls reflect reality / the recorded history that lets any balance or decision be reproduced (see Audits and audit trails).





Resources

No single book covers money systems end to end, so the list below is grouped by layer. Each entry notes what it covers and who it’s pitched at, so you can pick by what you’re missing.

Accounting & ledgers


	Accounting for Computer Scientists (essay, free online) - maps double-entry bookkeeping onto a graph/data model, written for engineers rather than accountants.

	The Accounting Game: Basic Accounting Fresh from the Lemonade Stand - accounting from first principles via a running lemonade-stand example; assumes no finance background.

	Modern Treasury, How to Scale a Ledger (article series, free online) - building a production ledger from a software-engineering angle.



Payments & cards


	Payments Systems in the U.S. - a reference-style tour of how money moves between banks (cards, ACH, wires, checks). US-centric; thorough and on the dry side.

	The Anatomy of the Swipe - what happens between tapping a card and the money arriving, pitched at builders and beginners.



Markets & trading


	Trading and Exchanges: Market Microstructure for Practitioners - where order books, makers/takers and spreads come from; a long, detailed practitioner reference.



Crypto


	Mastering Bitcoin and Mastering Ethereum - engineering-level references for the two models a fintech engineer keeps meeting (UTXO and account). Technical; aimed at developers.



The engineering half


	Designing Data-Intensive Applications - idempotency, logs, consistency and the failure modes this handbook keeps returning to, from the systems side.



KYC & AML

These are written for compliance professionals rather than engineers, so reach for them only when you need the domain itself, not the integration.


	Anti-Money Laundering in a Nutshell - a short, awareness-level introduction to what laundering is and how detection and reporting work.

	Mastering Anti-Money Laundering and Counter-Terrorist Financing - a heavier practitioner guide to building an AML/CTF framework, with checklists and example documents.






Appendix B: End to end examples

The body of this handbook takes each pattern on its own, which makes it hard to build holistic understanding and intuition. This appendix walks through common flows that act as simplified but representative examples of what you will see in a real system. A production implementation would have more steps, more failure branches and more bookkeeping, but the simplified version should be enough to get the general idea. They cover the three directions money moves: out of the system (a withdrawal), into it (a card deposit) and within it (a conversion).


Flow 1: A crypto withdrawal

A user asks to withdraw 0.5 ETH to an external address. This is the richest of the three because money is leaving the system through an irreversible external effect - once the chain confirms the send, there is no taking it back.


	The request arrives with an idempotency key. The client may retry the submit (the network ate the response, the user double-clicked), so the very first concern is that two deliveries of the same request create one withdrawal, not two (see Idempotency). The key is scoped to this user and this operation.

	Funds are reserved before anything irreversible happens. You reserve 0.5 ETH plus an estimated network fee against the user’s available balance (see Funds reservation). The balance check and the reservation are a single linearizable step - otherwise two concurrent withdrawals could both pass the check and back their spends with the same coins (see Invariants). From here the user’s total balance still includes the reserved amount, but their available balance does not.

	The compliance gate runs - and the flow may sleep here for days. Before broadcasting, you screen the transaction (sanctions, AML, the destination address). Here we tie several patterns together:

	It is an external call, so it will be slow, fail, or lie, and you build defensively around it (see Consuming APIs).

	It may escalate to manual review that takes hours or days, so the flow has to survive dying between this step and the next (see Full resumability): its state is persisted, an independent driver resumes it, and meanwhile the reservation simply stays in place.

	A daily withdrawal limit is enforced here, and it is nothing more than an invariant (see Invariants). Because it is a time-windowed, stateful invariant evaluated under concurrency, it has the same atomicity problem as the reservation: two withdrawals racing past the limit must not both pass.

	Every decision - passed, blocked, who overrode it - lands in the audit trail (see Audits and audit trails).




	The transaction is broadcast on-chain. Once cleared, you sign and broadcast through a node - another external call subject to all the same caveats. This step must be idempotent: a resume after a crash must re-check the chain, not blindly broadcast a second time (see Idempotency, point 7 on out-of-order retries). The real network fee is not known upfront, which is exactly why you reserved an estimate - you will settle the actual amount and release the remainder.

	You wait for finality, then post to the ledger. A single confirmation is not the end - a reorg can undo a send you declared “done” too early, so you wait for enough confirmations. Only then do you post the double-entry movements: debit the user’s account, credit the external on-chain account (the outside world gets an account too), and book the network fee against an expense account and your service fee against a revenue account ( see Double-entry bookkeeping).

	A nightly job reconciles against the chain. Independently of the flow above, a job compares the ledger with on-chain reality and the node’s view of your transactions (see Reconciliation). It is the safety net that catches a broadcast that never confirmed, or a fee that came out different from what you booked.



Where it gets interesting: suppose the actual network fee comes in higher than the estimate you reserved. The settlement can push the account negative. You book the overdraft and recover it explicitly (see Handling overdrafts). And if the process crashes between broadcast (step 4) and confirmation (step 5), resumability plus idempotency are what let it pick up by querying the chain rather than sending the funds twice.



Flow 2: A card deposit

A user tops up their account with a card payment through a payment service provider (PSP). Money is coming in, which shifts the hard part from “don’t send twice” to “don’t trust what the outside world tells you, and don’t credit money that hasn’t really arrived.”


	The user initiates the deposit. They enter an amount and submit their card details, and you open a deposit transaction with the PSP - again with an idempotency key, since the submit can be retried.

	Authorization places a hold. The PSP authorizes the card, placing a hold without yet capturing the money. This is the card world’s version of funds reservation (authorization vs capture). You do not credit the user’s balance yet - the money is not yours.

	A webhook says “captured” - and you believe none of it. The PSP calls your webhook endpoint (see Handling webhooks). You verify the signature over the raw bytes, persist the raw payload, acknowledge fast with a 2xx, and only then process asynchronously. Crucially you treat the webhook as a hint that something happened, not as truth: you query the PSP’s API for the authoritative state, because webhooks arrive out of order, carry stale data, get duplicated and get lost. Processing is idempotent (see Idempotency) so a re-delivered “captured” credits the user once.

	The credit goes through a clearing account. The money is in flight (float) - captured by the PSP but not yet settled to your bank - so you post it through a suspense/clearing account rather than pretending it has arrived: credit the user’s balance (a liability - their balance is an IOU from you to them) and debit a PSP receivable. The interchange/processing fee is booked as an expense. Booking time is now; settlement time is later, T+X (see Value time vs booking time vs settlement time).

	Settlement arrives as a batch, and reconciliation is one-to-many. Days later the PSP settles a single transfer to your bank covering many deposits at once. You reconcile that batch against the clearing account (see Reconciliation), matching one settlement against many transactions. The T+X delay is baked into the process so you do not alert on transactions that are simply not settled yet - and this same job is what catches a webhook that never arrived at all.

	Weeks later, a chargeback. The cardholder disputes the payment and their bank forces a reversal. You do not edit the original posting - you post a linked compensating entry ( see Reversals and corrections), which will usually land in a later reporting period than the deposit, and which may push the user’s balance negative if they have already spent the funds (back to Handling overdrafts).



Where it gets interesting: the whole flow is built on not believing the happy-path signal. The webhook is a trigger, not a fact; the clearing account refuses to recognize money until it has actually moved; reconciliation verifies the PSP against your own books rather than the other way around. Every step is an application of no trust.



Flow 3: An in-app conversion with cashback

A user converts 1,000 EUR into USDC and earns a small promotional cashback on the trade. Money moves entirely within the system, so there is no unreliable external rail - instead this flow stresses the representation layer (precision, rounding, currencies, rates) and the sharpest form of the no invented data principle.


	A directional quote, and a reservation. You quote a rate for EUR→USDC. That rate is its own price, not the inverse of USDC→EUR - buying and selling sit on opposite sides of the bid/ask spread (see FX Rates). You reserve the 1,000 EUR (see Funds reservation), and the request carries an idempotency key like any other.

	The two sides never get added together. EUR and USDC are distinct currencies - in fact USDC is identified by (network, contract address), not a bare code, and is not interchangeable with the fiat it is pegged to (see Currency handling). The system forbids cross-currency arithmetic; the only bridge between the two amounts is an explicit conversion at the controlled rate.

	Full precision through the math, rounding only at the edge. You compute the conversion keeping full precision and round exactly once, at the boundary, with a deliberately chosen strategy ( see Precision handling and Rounding strategies). The spread you earn is revenue - it must be booked explicitly to a revenue account via double-entry, not allowed to disappear into a rounding residual (see Double-entry bookkeeping). You do not store the transactional rate as a separate field; it falls out of the two amounts. A separate reference rate is what you would use later to value the holding.

	The cashback is the hardest test of “no invented data.” It is tempting to treat a bonus as a free balance bump, but that would mint money from nothing. The cashback is real money: it must be funded - moved out of a company promotional/expense account into the user’s balance via a proper double-entry posting - and the percentage that defines it needs the same explicit rounding decision as everything else ( see Rounding strategies).

	Settle, then notify reliably. You settle the reservation, post all the movements with their timestamps and audit trail, and publish the outcome so the rest of the system - statements, notifications, analytics - learns about it. That publish has to be reliable even though it spans a separate channel, which is what the outbox (or CDC, or the event log) is for (see Notifying reliably (Outbox and CDC)); downstream consumers dedupe on a stable event id because delivery is at-least-once.



Where it gets interesting: the cashback and the spread pull in opposite directions on the same posting. The spread is money the user loses to you (revenue); the cashback is money you give the user (an expense). Both are real, both go through the books, and both round - so the one transaction has to satisfy no invented data (the books still balance, nothing minted) and no lost data (every residual tracked) at the same time.
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The Motion Picture Association, which includes Netflix, Disney, Amazon Prime Video, and Paramount, and the Streaming Innovation Alliance, which includes Netflix, Disney, Peacock, and Pluto TV, opposed the bill. The groups argued that “many” streaming services were already trying to manage the “loudness of advertisements that come from server-side ad insertion that may be inconsistent with the loudness of the programs,” per a state Assembly analysis (PDF) from September 2025. Server-side ads can have differing volumes due to companies using various encoding pipelines.

Additionally, as the opposing groups previously pointed out, streaming services must contend with a broad range of output devices, including TVs, tablets, and phones.

Reporting on how streaming services might follow the California law, trade publication TV Tech in December reported: “Streaming providers will need to integrate file-based and, in some cases, real-time processing and loudness control into their server-side commercial insertion workflow, just as they currently do for their primary programming.”

The obstacles in managing the loudness of ads are underscored when considering the dissatisfaction that remains among broadcast, cable, and satellite viewers. The FCC said it received “at least” 1,700 complaints about this in 2024, about 825 in 2023, and approximately 750 in 2022.
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			Liam’s Desktop UX Brief: I have been reviving old hardware with Linux for the better part of a decade. The machines Windows 11 left behind are not trash. They are waiting for the right operating system. In this guide, I walk you through distro selection, RAM tuning, SSD upgrades, and browser optimization based on real testing, not guesswork.

Why Your Old PC Is Not Dead Yet (2026)

Every year, roughly 62 million metric tons of electronic waste get dumped worldwide. That number keeps climbing, and a surprising chunk of it is perfectly functional hardware that Microsoft simply decided not to support anymore. Windows 11 requires TPM 2.0, Secure Boot, and relatively modern CPUs. Machines from 2014 to 2019 that still run perfectly fine got left out in the cold.

Here is the thing: those machines are not slow because they are old. They are slow because Windows got heavier while the hardware stayed the same. Linux does not have that problem. A fresh Ubuntu install with Xfce uses roughly 650MB of RAM at idle. Windows 11 uses 3 to 4GB before you even open a browser. The math is not complicated.

Three major releases in 2026 prove that lightweight Linux is not a niche interest. BunsenLabs Carbon shipped in February on Debian 13, though it dropped i386 support, which matters if you are working with truly ancient hardware. Xubuntu 26.04 LTS arrived in April with Xfce 4.20 and three years of support. Linux Lite 8.0 landed in June with custom performance kernels, a built-in gaming stack, and a local AI assistant. The ecosystem is active, and it wants your old machine.



Assessing Your Hardware Before Choosing a Distro (2026)

Before you download anything, you need to know what you are working with. I run three commands on every old machine I touch. They tell me everything I need to know about whether the hardware is worth reviving and which direction to go.

fosslinux@ubuntu:~$ free -h
               total        used        free      shared  buff/cache   available
Mem:           3.3Gi       2.1Gi       158Mi       672Ki       1.4Gi       1.2Gi
Swap:          3.8Gi       1.5Gi       2.2Gi
fosslinux@ubuntu:~$ lscpu | head -10
Architecture:                            x86_64
CPU op-mode(s):                          32-bit, 64-bit
CPU(s):                                  4
Model name:                              Intel(R) Core(TM) Ultra 9 285
fosslinux@ubuntu:~$ lsblk
NAME   MAJ:MIN RM   SIZE RO TYPE MOUNTPOINTS
sda      8:0    0   100G  0 disk 
sda2     8:2    0   100G  0 part /


Here is how I interpret those numbers. If you have less than 2GB of RAM, you need the lightest distro available. Between 2 and 4GB opens up most lightweight options. Above 4GB, you can run practically anything. For CPU architecture, 32-bit only means your options are severely limited in 2026. Most modern distros have dropped 32-bit support entirely. BunsenLabs Carbon is one of the few that still offers i386 media, but even that is gone now.

Storage matters more than people think. If you are still running a mechanical hard drive, the single biggest upgrade you can make is switching to an SSD. I cover that in detail later in this guide.

Pro Tip: Before installing anything, boot from a live USB and run those three commands. Live environments give you an honest picture of how the hardware performs without committing to an install. If the live session feels sluggish, the installed version will not magically be faster.



Choosing the Right Lightweight Distro (2026)

I have tested dozens of lightweight distros over the years. The ones that survive are the ones that balance resource usage with actual usability. Here is my tier system based on real-world testing.

Tier 1: Under 2GB RAM

When you are working with less than 2GB, every megabyte counts. These distros are designed for exactly that scenario.

antiX is my top pick for truly constrained hardware. It runs on systemd-free Debian Stable, uses around 256MB at idle, and includes a full desktop experience. The trade-off is a less polished interface compared to Ubuntu-based options. If you need something even lighter, Puppy Linux runs entirely in RAM and can resurrect machines that most distros would reject. The learning curve is steeper, but the performance is unmatched.

BunsenLabs Carbon deserves a mention here. It uses Openbox, an ultra-light window manager, and sits on Debian 13. The desktop is minimalist but highly configurable. The catch: BunsenLabs dropped i386 support with Carbon, so truly old 32-bit machines cannot run it anymore.

Tier 2: 2 to 4GB RAM

This is the sweet spot for most revival projects. You have enough headroom for a proper desktop environment without worrying about every background process.

Lubuntu 26.04 LTS uses LXQt and consumes around 480MB at idle. It is the lightest Ubuntu-based option with full LTS support until 2029. If you want something with more polish, Linux Lite 8.0 ships XFCE with custom performance kernels, a built-in gaming stack, and utilities like Lite Software and Lite Kernel Manager. It uses about 650MB at idle, which is more than Lubuntu, but the extra tools make it a better out-of-the-box experience for most people.

I tested both on a 2014 ThinkPad T440s. Lubuntu felt faster on raw boot time and idle memory. Linux Lite felt snappier during active use because of the BORE scheduler, which prioritizes interactive responsiveness over idle efficiency. For a daily driver, I prefer Linux Lite. For a machine with 2GB or less, Lubuntu is the practical choice.

For a detailed head-to-head comparison, check out my Linux Lite vs Lubuntu (2026) comparison.

Tier 3: 4 to 8GB RAM

With 4GB or more, you can run any lightweight distro comfortably. Xubuntu 26.04 LTS gives you Xfce 4.20 with Ubuntu’s full package ecosystem. Linux Mint Xfce adds a more Windows-like interface with its Cinnamon-inspired layout. Both are excellent choices, and the decision comes down to personal preference rather than hardware constraints.

For a full breakdown of lightweight options, I maintain a regularly updated list in my 10 Best Lightweight Distros 2026 guide.



Desktop Environment Showdown: LXQt vs Xfce vs MATE (2026)

The desktop environment is what you actually interact with every day. It matters more than the underlying distro for daily comfort. I have spent hundreds of hours with all three of these, and here is my honest take.




	Feature
	LXQt
	Xfce
	MATE





	RAM at idle
	~480MB
	~650MB
	~580MB



	Customization depth
	Limited
	Extensive
	Moderate



	Windows-like feel
	XP era
	Windows 10
	Windows 7



	Best for
	Minimalists
	Tinkerers
	Traditional users






I prefer Xfce because of the customization depth. When I want to tweak panel positions, add widgets, or change window behavior, Xfce gives me more options without editing config files. LXQt is faster to configure if you just want a simple taskbar, but it hits a ceiling when you start pushing for a personalized setup. MATE sits in the middle: more polished than LXQt, less configurable than Xfce.

The performance gap between LXQt and Xfce is real but smaller than it used to be. On my test machine, LXQt used about 50 to 80MB less RAM at idle. For machines with 2GB of RAM, that difference matters. For machines with 4GB or more, it is negligible. Pick the one that feels right when you test it from a live USB.

Insight: zram compresses memory contents in RAM instead of writing them to disk. On old hard drives, this eliminates the massive performance penalty of swap hitting a mechanical platter. A machine with 4GB RAM and zram configured can feel like it has 6 to 8GB because compressed memory is still faster than disk-based swap.



RAM Optimization: zram, Swappiness, and Service Trimming (2026)

Once you pick a distro, the next step is squeezing every drop of performance out of your hardware. These three techniques work on any Linux distribution and make a measurable difference on old machines.

Setting Up zram

zram creates a compressed swap device in your RAM. Instead of writing memory contents to a slow hard drive, Linux compresses them and keeps them in memory. The trade-off is a small CPU cost for compression, but on any machine made in the last 15 years, that cost is negligible compared to the disk I/O savings.

fosslinux@ubuntu:~$ echo 'fosslinux' | sudo -S apt-get update
[sudo] password for fosslinux: 
Hit:1 http://archive.ubuntu.com/ubuntu noble InRelease
...
fosslinux@ubuntu:~$ echo 'fosslinux' | sudo -S apt-get install -y zram-tools
Reading package lists... Done
Building dependency tree... Done
zram-tools is already the newest version (0.99.1-4build3).


After installation, the configuration lives at /etc/default/zramswap. The default settings work well for most machines, but you can tune the algorithm and size if needed. On Ubuntu, zram-tools uses lzo-rle compression by default, which offers the best balance of speed and compression ratio.

Tuning Swappiness

Swappiness controls how aggressively Linux moves memory contents to swap. The default value of 60 works fine for most machines, but old hard drives benefit from lowering it. When swap lives on a mechanical disk, every swap operation takes milliseconds instead of nanoseconds.

fosslinux@ubuntu:~$ cat /proc/sys/vm/swappiness
60
fosslinux@ubuntu:~$ echo 'fosslinux' | sudo -S sysctl vm.swappiness=10
vm.swappiness = 10
fosslinux@ubuntu:~$ echo "vm.swappiness=10" | sudo -S tee -a /etc/sysctl.conf
vm.swappiness=10


For machines with SSDs, I leave swappiness at 60. The SSD is fast enough that swap operations do not create a noticeable penalty. For old hard drives, 10 to 20 is the sweet spot. You still get swap when you need it, but the system fights harder to keep everything in RAM.

Disabling Unnecessary Services

Every running service consumes memory and CPU cycles. On a fresh Ubuntu install, several services run by default that you may not need.

fosslinux@ubuntu:~$ systemctl is-enabled bluetooth
enabled
fosslinux@ubuntu:~$ systemctl is-enabled cups
enabled
fosslinux@ubuntu:~$ systemctl is-enabled avahi-daemon
enabled


If you do not use Bluetooth, disable it. If you do not have a printer, CUPS is wasting resources. If you do not need mDNS service discovery, Avahi can go. Each one you disable frees up a small amount of memory, and on constrained hardware, those small amounts add up.

fosslinux@ubuntu:~$ echo 'fosslinux' | sudo -S systemctl disable bluetooth
Synchronizing state of bluetooth.service with SysV service script...
...
fosslinux@ubuntu:~$ echo 'fosslinux' | sudo -S systemctl disable cups
Synchronizing state of cups.service with SysV service script...


I cover more Ubuntu-specific tuning in my How to Speed Up Ubuntu 24.04 LTS guide. For a deeper dive into swappiness mechanics, Brandon Jones wrote an excellent explainer on swappiness in Linux.

Why It Matters: Extending an old PC’s life by two to three years with Linux keeps it out of a landfill. That single machine represents roughly 30 to 50 kilograms of electronic waste, including plastics, metals, and rare earth elements that require enormous energy to extract. Reviving hardware is the most direct form of environmental action most people can take.



The SSD Upgrade: Is It Worth It on Old Hardware? (2026)

If your old machine still runs a mechanical hard drive, an SSD upgrade is the single most impactful change you can make. I have timed boot sequences on the same hardware with HDD and SSD, and the difference is dramatic.

A typical old laptop with a mechanical drive boots Ubuntu in 45 to 60 seconds. The same machine with a SATA SSD boots in 12 to 18 seconds. Application launch times drop from 5 to 8 seconds down to under 2 seconds. The entire system feels like a different machine, and the upgrade usually costs less than 30 dollars for a 256GB SATA drive.

The process is straightforward. Clone your existing drive with dd or Clonezilla, swap the physical drive, and you are done. After the clone, make sure TRIM is enabled so the SSD maintains its performance over time.

fosslinux@ubuntu:~$ systemctl is-enabled fstrim.timer
enabled
fosslinux@ubuntu:~$ echo 'fosslinux' | sudo -S fstrim -av
/boot/efi: 512 MiB (534773760 bytes) trimmed on /dev/sda1
/: 67.4 GiB (72393039872 bytes) trimmed on /dev/sda2


The fstrim.timer runs weekly by default on Ubuntu, which is sufficient for most users. If you want manual control, you can run sudo fstrim -av whenever you like. For a comprehensive guide on TRIM and SSD optimization, check out Arjun’s fstrim guide.

When is the SSD upgrade NOT worth it? If the machine has a failing SATA controller, if the RAM is less than 2GB and cannot be upgraded, or if the CPU is 32-bit only with no 64-bit support. In those cases, the hardware has hit its natural limit, and a software-only approach is more practical.



Browser Optimization for Constrained Hardware (2026)

The browser is the hungriest application on most Linux desktops. Firefox with ten tabs open can easily consume 2 to 3GB of RAM. On a machine with 4GB total, that leaves almost nothing for the operating system. A few configuration changes make a meaningful difference.

Open Firefox and type about:config in the address bar. Accept the risk warning, then search for and modify these settings:

browser.cache.disk.enable: Set to false. This disables the disk cache, which is unnecessary if you have an SSD (RAM cache is fast enough) and actively harmful on old hard drives (constant small writes degrade performance).

browser.sessionhistory.max_entries: Reduce from 50 to 15. This limits the number of pages Firefox remembers in each tab’s history, reducing memory consumption without affecting normal browsing.

browser.sessionstore.interval: Increase from 15000 to 60000. This reduces how often Firefox saves session data, cutting disk writes on old hard drives.

Beyond Firefox configuration, install uBlock Origin. It is not optional on old hardware. Ad-heavy websites consume significant CPU and memory for tracking scripts you never asked for. uBlock Origin blocks those scripts before they load, which can reduce page memory usage by 30 to 50 percent on ad-heavy sites.

If Firefox still feels heavy, consider Falkon or Pale Moon. Both are lighter than Firefox but lack the extension ecosystem. For a full comparison of lightweight browsers, see my lightweight browsers guide.

Worth Knowing: BunsenLabs Carbon dropped i386 support in its February 2026 release. If you are reviving a truly old 32-bit machine, you will need to use an older BunsenLabs release (Beryllium or earlier) or switch to a distro that still supports 32-bit, like Debian 12 with non-free firmware.



Repurposing as a Home Server (2026)

Sometimes the best use for old hardware is not as a desktop at all. If the machine is too slow for daily desktop use but still functional, turning it into a home server gives it a second life with minimal resource demands.

A file server running Ubuntu Server or Debian Minimal can serve your home network with less than 512MB of RAM. A Pi-hole DNS server needs even less. A media server running Jellyfin can stream to your other devices without breaking a sweat on modest hardware. The key insight is that server workloads are typically bursty: the machine sits idle most of the time and only works hard when someone requests something.

If you want to go this route, I recommend Ubuntu Server 26.04 LTS or Debian 12 Minimal. Both are lightweight, stable, and supported for years. For a breakdown of the best server distros for home use, check out John’s Top 5 Linux Server Distros guide.

The transition from desktop to server also teaches you Linux administration skills that are valuable in professional environments. You learn networking, service management, security hardening, and automation. Old hardware becomes a practice lab.



When to Give Up: The Honest Failure Criteria

Not every old machine is worth reviving. I have learned this the hard way, and knowing when to stop saves you time and frustration.

The hard floor: If the machine is 32-bit only with less than 1GB of RAM, you are looking at a very narrow set of options. Puppy Linux and a few Debian derivatives can run, but the experience will be painful for anything beyond basic text editing. At that point, the hardware has reached its natural limit.

Failing hardware indicators: Run a SMART check on the hard drive with sudo smartctl -a /dev/sda. If you see reallocated sectors, pending sectors, or uncorrectable errors, the drive is dying. Replace it or recycle the machine. RAM errors are another red flag. If memtest86+ throws errors, the memory modules are failing and no software fix will help.

Thermal problems: Old laptops with clogged fans and dried thermal paste will throttle constantly. If the CPU hits 90 degrees Celsius under light load, the machine needs physical maintenance before any software optimization will help. Clean the fans, replace the thermal paste, and try again. If that does not help, the cooling system may be physically damaged.

The honest assessment: If the machine cannot run a lightweight Linux desktop at a usable speed after you have applied the optimizations in this guide, it is time to recycle it responsibly. Most municipalities have e-waste collection programs. Do not throw it in the trash. The components contain recyclable metals and toxic materials that need proper handling.



Conclusion

Reviving old hardware with Linux is not just possible. It is practical, sustainable, and often results in a machine that feels faster than it did when it was new. The key is matching the distro to your hardware tier, optimizing RAM usage with zram and service trimming, and being honest about when hardware has reached its limit.

If you have 4GB or more RAM, Linux Lite 8.0 or Xubuntu 26.04 will give you a polished daily driver experience. Between 2 and 4GB, Lubuntu 26.04 LTS is the practical choice. Under 2GB, antiX or BunsenLabs are your best bets, assuming the hardware is 64-bit. An SSD upgrade transforms any old machine, and browser optimization prevents Firefox from eating all your available memory.

The e-waste crisis is real, and every machine we keep running is one less piece of hardware in a landfill. Your old PC is not dead. It just needs the right operating system.
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Summary
	RFIC design is a complex “dark art” that limits progress in wireless technologies like 5G, autonomous vehicles, and satellite communications.
	Princeton researchers use reinforcement learning and inverse design to rapidly create RFICs from scratch.
	Diffusion models rapidly generate novel or human-interpretable RF layouts, achieving record performance and drastically reducing design time.
	Future progress needs large, shared chip design datasets and open ecosystems so AI can learn universal electromagnetic and circuit behaviors.


Take a moment and try to imagine your life without the wireless advances of the past three decades.
Have you lost your luggage? What a shame AirTags have not been invented. The airline representative has promised to call with updates, so settle in for a long wait by the kitchen telephone, because there are no affordable cellphones. You’ll be stuck listening to whatever is on the radio while you wait, because there are no streaming services. That’s not even to speak of all the movie plots that would have been ruined.
This is just a tiny sliver of how wireless technology makes itself felt in your day-to-day existence. The effects it has had on supply chains, infrastructure, and how the economy runs have been world-altering.
None of it would be possible without the radio-frequency integrated circuits that allow all our devices to unobtrusively send and receive information.
Now imagine what the further evolution of this technology will bring: Wide-spread autonomous vehicles, quantum communications, 6G mobile service and satellite communications. Continued momentum will depend on newer and more advanced versions of today’s RF chips.
But there’s the rub. Whereas the design of most of the world’s computing chips has been standardized into its own science, RF design has remained stubbornly in the realm of art. A dark art, even, that is mastered only through years of experience. As any sorcerer will tell you, the dark arts keep their own schedule. And that schedule is impeding progress not just in RF chip design but in every other technology that depends on it.
About seven years ago, in the wake of AlphaGo’s victory over world Go champion Lee Sedol, my students at Princeton and I began to wonder: Could AI be taught this art as well? Recent successes suggest that, to a large extent, it can. Over the last few years, our group and other leaders in the field have started to develop machine-learning-driven algorithmic methods for designing RFICs. Some of the resulting chips look more like modern art than circuit layouts. Yet in many cases, the physical prototypes bested state-of-the art circuits in terms of performance. The real achievement, however, is that it took the AI orders of magnitude less time to conceive a working design than it would a human designer.
This is not about one or two RF chips. AI-enabled design could be the future of all RF design, and maybe much more.
So why do these chips all have to be crafted by hand? Why aren’t RFICs designed with an algorithmic synthesis process, much as CPUs and GPUs are?
The design of RFICs is an exercise in engineering across multiple physical domains. Maxwell’s equations, operating across different spatial and temporal scales, govern how electromagnetic fields interact with active and passive devices that must be carefully codesigned for the chip to function. Alongside these are the laws of thermodynamics, which determine how heat is generated and removed during operation, as well as the mechanics of thermal expansion and contraction that dictate how reliably the chip and its packaging survive temperature changes.
Simultaneously accounting for all the physical constraints these impose makes the design space almost impossibly large. Every decision involves complex priorities that often compete with one another, preventing the optimization of any of them.
To better understand the issue, let’s walk through the steps involved, after which you’ll better understand why a single new chip design takes years and tens to hundreds of millions of dollars.
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 [image: Microscope view of intricate gold microchip circuitry with numbered frame u201c6u201d.]Most of the area of radio-frequency integrated circuits is dominated by complex electromagnetic structures. Human-designed RFICs, like this broadband power amplifier [1], start with templates and follow a symmetric, understandable pattern. But freed from the constraints of human-designed templates and the need for humans to even understand the rationale of electromagnetic structures, power amplifier ICs [2–5] and low-noise amplifiers [6] can take on truly wild-looking yet efficient designs. SENGUPTA LAB
Let’s say you’re an engineer assigned to design a new 28-gigahertz power amplifier for a 5G-millimeter-wave handset. (This is the type of RFIC that boosts the 5G signals on your phone and transmits them to the antenna where they can be picked up by a distant base station). Where do you start?
RFIC design has some features in common with house building. Just as the blueprint for a house dictates the number of bedrooms and bathrooms to be built and the hallways connecting them, the blueprint for an RFIC—called the architecture—establishes the kinds of elements the RFIC needs to fulfill its intended function. Instead of rooms, the architecture includes, for example, the number of stages of amplification your power amplifier needs. Instead of hallways, it shows the paths that signals must take to get through those stages.
The blueprint for RFICs is actually mostly hallway; passive elements, like inductors and transmission lines, take up far more real estate than active elements like transistors.
Here’s why. As you have probably experienced yourself, a typical CPU’s transistors overheat when faced with operating frequencies of just a few gigahertz. The frequencies RFICs can operate at are higher by an order of magnitude—28 and 39 GHz for 5G signals, 26.5 to 40 GHz and even higher for satellite communications, and 77 GHz for automotive radar. Under this onslaught, a CPU’s transistors would fail.
RFIC transistors avoid this fate because these chips cleverly manage the signal’s energy with careful electromagnetic design. This takes the form of byzantine networks of metal elements that dominate the chip’s real estate. These structures are geometrically regular, often symmetrical, and so intricately constructed they sometimes resemble lacelike filigree. But while they may look decorative, they are essential to the chip’s functioning.
Electrically speaking, these “hallways” work more like the chip’s plumbing. Like plumbing, this extensive labyrinth of passives confines electromagnetic energy only to the places it should be traveling around the chip.
The major challenge in RFIC design is putting all these elements together to ensure they work, just as constructing a house from its blueprints demands exact specs for load-bearing beams, pipes, and external walls. On an RFIC, the architecture needs to be realized with physically fabricable transistors and passive components that are connected just so, to permit the signal to travel through the chip and be processed. The way these devices are connected locally is what we call the circuit’s topology.
The RFIC Design Process
To make that power amplifier, then, your first step is to identify a candidate circuit template: The combination of structures that will meet the goals of a particular architecture with a specific circuit topology. Over the years, researchers have eased your burden by developing reusable design templates for specific functions. For example, templates suggest how many amplification stages a circuit needs (because sometimes, combining the output of two smaller amplifiers will result in better bandwidth and efficiency than you would get from a single larger one). And they suggest what the general configuration of the passive structures should be. Today there is an extensive library of such templates.
However, these can’t simply be used off-the-shelf, because each comes with trade-offs. Some have better gain at the expense of stability; some better bandwidth at the expense of efficiency; still others are more energy efficient at the expense of output power, and so on. There is rarely a clear best choice.
To arrive at the “sweet spot” where all these different parameters are balanced into optimal harmony, designers will typically lay out several different versions of the circuit, using intuitions and methods they have picked up in their years of training.
The challenge is that the decision around the architecture, circuit topology, or the electromagnetic passives cannot be done separately. One decision influences the others. So, designing an RF circuit can often feel like trying to fit an oversized carpet into too small a room—press down one corner, and another pops up.
At microwave and millimeter-wave frequencies, even the smallest misstep is the difference between a chip that works and one that doesn’t, and any number of things can go wrong. For example, when an electromagnetic wave encounters a transistor—or any other component —the path it travels must be properly “matched” to what comes next. If it isn’t, some of the energy reflects backward instead of flowing forward. Imagine trying to connect a high-pressure fire hose directly to a narrow garden hose. Without the right adapter, water will splash backward at the junction. Very little will make it through. In electronics, this is called the impedance-matching problem.
To prevent those reflections, engineers design special transitions, essentially microscopic adapters, that smooth the handoff between components. On a chip, these adapters can be surprisingly intricate. They don’t just pass the signal along; they can also split it, combine it, or distribute it across multiple paths with carefully controlled timing and strength.
Once you’ve done the architecture, plumbing, and everything in between comes the moment of truth. Have all the choices you have navigated through the enormous design space resulted in an RFIC that meets its specifications? If the specifications are not met, you will have to go back, either redoing the topology or the entire architecture, and repeat the whole process. So get ready for months of time- and resource-heavy simulation and iteration. Perhaps you now see why, for decades, a core belief has persisted in the RFIC community: “RF design is an art.” It was said that only an experienced designer—with an artisanal understanding of how the pieces make up the whole—could master the subtleties of analog and RF design. Unfortunately, this entrenched notion has long held back algorithmic innovations in the field just when we need them most. Traditional, artisanal RFIC design is hitting its limits as the complexity of these systems inexorably grows.
AI for RFIC Design
While RFIC designers continued their battle against their “oversized carpet” problem, a series of interesting developments emerged in allied disciplines. Across a range of other previously intractable problems like protein folding and climate modeling, AI has been able to successfully navigate multidimensional complex spaces. This gave us the incentive to look deeper into AI for RF. After all, the combinatorial complexity of protein folding is not that different from the nature of the design space in our domain.
We were not the first to think of using artificial intelligence to speed up parts of RFIC design. Researchers had previously trained machine learning algorithms on circuit templates in the hope of speeding up the normal optimization processes. While this approach was undoubtedly faster than humans at optimizing templates, it still relied fundamentally on libraries of existing designs invented by humans.
We didn’t want that. We wanted to break free from the restrictions of prefabricated topologies. Because while a designer’s experience and hard-won heuristics are crucial to building a working design, they also place fundamental limits on it. Furthermore, such an approach would necessarily require simulation steps as part of the optimization cycle, and even the fastest simulations use a lot of computing resources. Worse still, in many advanced cases, such as for broadband designs, there are no existing templates.
But if we didn’t start with templates, where could we start?
The goal here was to allow algorithms to determine—entirely from scratch—every parameter for architecture, constituent circuits, and electromagnetic passives. This approach differs fundamentally from conventional optimization, which is limited to determining the parameters—like transistor dimensions and passive component geometries—that optimize structures originally devised by humans.
In our new approach, the architecture begins essentially from nothing and is progressively assembled through successive iterations. The system explores the design space by generating myriad candidate circuit combinations and mapping the resulting performance trade-offs as it navigates this landscape. Because the process is not biased by prior human design choices, it can produce completely novel circuit topologies that look markedly different from those created by human designers.
In some ways, the approach echoes AI systems such as AlphaGo Zero, which achieved superhuman performance not because it was trained on games played by humans but because it explored the rules by playing against itself. Similarly, our algorithm develops new circuit architectures by exploring and evaluating its own design strategies. In so doing, it learns to understand circuits, electromagnetics, and the close codesign they need to achieve the end-to-end design of RFIC.
Inverse Design for RFICs
To realize this capability, we proceeded in two stages. First, we developed a reinforcement-learning (RL) framework that determines the optimal system architecture, circuit topology, device parameters, and even the properties of the electromagnetic interfaces that connect different circuit elements. In this stage, the algorithm effectively defines how signals should propagate and interact across the system.
The algorithm trains very similarly to how a computer learns to play a game. If you let it play enough times, it can learn to play better by observing the relationship between the actions it took and the score it achieves. In a similar way, the RL agent here learns to design effective circuits by playing with a set of combinations, and over time, it can map the space between the circuit performance to its architecture, topology, and parameters. This training takes a few days to a week, but once trained, the agent can design circuits very quickly
The next step was to determine the physical structure of the IC’s electromagnetics—the plumbing—that can create the desired properties of the passive elements, which are characterized by a set of metrics called scattering parameters. These measure if a signal entering a component actually moves forward—or is reflecting backward, being wasted, as in our previous example with the fire hose and the garden hose.
Deriving the structure from the desired scattering parameters is an example of an approach called inverse design, which appears across many areas of engineering. In structural engineering, for example, one might collaborate with an architect on a physical goal—such as creating large interior spaces with high ceilings—and then determine the arrangement of arches or buttresses that can support it.
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But RF integrated crcuits pose a particular challenge for inverse design: The process must account simultaneously for circuit behavior and the electromagnetic responses of the interconnects and passive elements that link them together. But it has to figure that out without doing a lot of artisanal iterating.
So we replaced our RF circuit simulator with an AI-based emulator. This AI model can predict the behavior of electromagnetic fields going through any structure—even totally arbitrary two-dimensional shapes—without having to compute the underlying physics from scratch, as simulation tools do. It would predict the solution of Maxwell’s equations and tell you the scattering parameters for any structure you showed it, without actually doing the math. With such an AI in hand, what a time-consuming electromagnetic solver normally takes minutes or hours to accomplish is reduced to milliseconds.
We chose to build our emulator around a convolutional neural network—a machine learning model that has been remarkably successful for image processing. Such networks can extract spatial features from any structure, and it turns out that the image of a structure contains a lot of spatial information that can accurately predict its electromagnetic performance. Then we trained it on a vast number of random pixelated structures whose scattering parameters had been labeled.
Once we had our inverse-design RL and suitable AI emulator, we essentially had an end-to-end AI designer. So we asked it to design us a power amplifier.
Unconventional RF Architectures
In 2023, we published this proof of concept—a power amplifier targeting the millimeter-wave band, specifically spanning 30 to 100 GHz, which covers most of the relevant 5G and radar frequencies. The final design achieved the best combination of wide bandwidth, output power, and efficiency then reported for a silicon-based power amplifier—meaning it could amplify a large amount of data across a wide swath of frequencies—while maintaining record efficiency.
The structure of the IC’s electromagnetic pathways was unlike anything any human would ever consider. Since the AI is not trained on human designs, the layout that emerged looked more like an arbitrary pattern or perhaps a QR code than the regular symmetrical structures we are used to seeing.
One unexpected insight revealed by this prototype, and our research generally, is that there’s no evidence that the templates we’ve historically relied on are even close to optimal for modern design goals. It’s not that a human designer can never come up with a better design. But with the removal of the templates and the time to synthesize cycle upon cycle of optimized circuits, it is now clear that AI-driven synthesis could break traditional design barriers and push the limits of RFIC capabilities.
Our 5G amplifier had only one input port and one output port. Adding more inputs and outputs to a design is not straightforward. Every port electromagnetically couples to every other port, so the scattering parameters quickly add up. Two ports give you four scattering parameters. Four ports, 16 scattering parameters. The math gets ugly fast. Could our model keep up?
We next trained our model on larger classes of electromagnetic structures with many input and output ports. In 2024, we published work showing that multiport integrated circuits are no problem for these AI algorithms either. Where previously multiport electromagnetic simulation required days or weeks of toil, this model evolved new structures in minutes. Since then, a plethora of work in the space by research communities across the globe have demonstrated the power of inverse design in RFIC.
Combining the reinforcement learning framework with the inverse design, we now had the ability to create an RFIC from specifications all the way to a fabrication-ready layout. We’ve so far shown this is true for RFICs ranging from low-noise amplifiers to subterahertz and broadband power amplifiers. The hope is that this will work just as well for other circuits.
Making AI Designs Interpretable
Our goal was to make RFIC design better and easier, but we didn’t want to make it beyond human understanding. Chip testing and debugging is a long, arduous process, sometimes even more so than design. Engineers often prefer ICs to have interpretable structures, so that if a problem crops up, they can understand how the chip works well enough to debug it.
To create structures that are more interpretable, we turned to diffusion models, which you may know from their remarkable ability to generate realistic images from text prompts.
AI-driven synthesis could break traditional design barriers and push the limits of RFIC capabilities. 
Imagine you go to your favorite image-generation engine and ask it to create a painting of the sky in the style of Picasso, Van Gogh, or Michelangelo. You will get images that capture the essence of their brushstrokes, their use of colors, and their framing. All are pictures of the sky nonetheless, but in different styles.
Electromagnetic design is similar in that multiple structures can have very similar electromagnetic responses. Instead of using text input, we used scattering parameters as our input, and the electromagnetic structure of an RFIC chip as our output.   As part of the inputs to the diffusion model, we created a dial that sets the spatial frequency of the final structure. By turning the dial, a designer can direct the model to synthesize structures with low (classical-looking and interpretable), medium (mazelike structures), or high (pixelated or arbitrarily-shaped) spatial frequency.
From prompts to output, the entire process took about 6 minutes. With this diffusion model, algorithms can now both discover novel architectures and accelerate the creation of conventional, so-called classical ones.
All an RFIC designer needs to do is specify virtually any valid set of scattering parameters. As long as they are physically realizable under Maxwell’s equations, the model pops out a corresponding structure as if it were a vending machine.
The Future of AI-Driven RFIC Design
The results of our investigations have drawn the attention of the RF community. The traditional bottom-up design process is clearly beginning to reverse.
But there are still questions: How generalizable are these methods? Can they consistently deliver truly high performance? Can we get to a place where AI produces designs that maximize every conceivable trade-off, holistically optimizing every parameter to its most ideal physical state? We want to take this strategy beyond RFIC design and invent other kinds of circuits that are different from anything humans have ever done.
These are exciting and ambitious prospects, but we are not there yet. AI can hallucinate a design that creates bad circuits that don’t work. This means verification methods need to remain under human oversight. And, while hallucinations are rare, it would still be good to reduce their occurrence.
History suggests that meeting these dreams of the future will take much more data than we’ve been using. Before the creation of the ImageNet repository—a repository of 14 million varied, human-annotated images—image-recognition models didn’t function well in the real world. The datasets they had been trained on were too tiny to be effective. ImageNet’s massive amounts of training data ushered in a revolution that led to AI that can generalize and recognize images in the wild. The rest was history.
If the goal for RFIC and analog design is a universal foundational model—something that learns the governing laws of electromagnetics and circuit behavior—then we also need data.
The good news is that this data is plentiful. Around the world, countless engineers at companies and academic labs simulate nearly identical RF circuits and passive structures every day. The bad news is that it’s all locked away behind nondisclosure agreements.
Open ecosystems have propelled other areas, and we think the RFIC community should do the same. There had been some movement toward this. Natcast, the operator of the U.S. CHIPS and Science Act’s R&D program, would have bolstered shared infrastructure and innovation for the next generation of wireless, sensing, and defense technologies. Unfortunately, both the organization and the program it ran specifically for machine learning and RFICs have been closed.
But the momentum Natcast’s effort sparked hasn’t died out. Building on our early work, groups across the community have already demonstrated remarkable advances. AI-driven IC design is part of a much broader technological shift. From biology and materials science to automotive and aerospace engineering, AI is reshaping how complex systems are conceived and optimized. Deeper collaboration between AI researchers and chip designers will unlock the field’s full potential. It’s by no means a foregone conclusion, but if we get this right, this genie won’t stay in its bottle. 
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by Howard Fosdick


During the Second World War, America was united as it never has been since. Everyone had family and friends in the armed forces. Rationing of everyday items like sugar, coffee, fuel, and rubber was wholeheartedly (if often grudgingly) accepted as necessary to the war effort. Scrap drives continually collected metal, paper, rubber, and rags. Blackouts made driving risky at night. 

Embued with this spirit, the US government was determined to do everything it could for “the troops.” Right down to and including their entertainment.

We're all familiar with the USO, but did you know that the government also shipped thousands of flutes to the soldiers?


Selecting the Instrument

To help “our boys” entertain themselves, the Army needed a small, portable instrument. One that was durable and that could tolerate getting wet. It had to be inexpensive to produce. And above all, it had to be very simple to play. (Or to learn, if need be.)

To meet these requirements, the US government selected the plastic ocarina.

As you may know, the ocarina is a vessel flute — a flute in which air resonates inside an enclosed chamber. This is what gives the instrument its uniquely recognizable sound. (The design differs from that of a pipe flute, in which air vibrates through a tube.)

The ocarina's mouthpiece functions like that of a recorder. It automatically directs the player's breath to the sharp edge, or labium, that splits it to create sound waves.

This makes learning and playing an ocarina much easier than learning a transverse flute. And like many keyless plastic flutes, the ocarina's fingering is simplicity itself. Simpler, even, than the recorder.

As it said right on the box the ocarinas came in:

ANYONE! EVERYONE CAN PLAY OCARINA WITH THE ARMY METHOD!

The Army's brag was largely true. I've left the accidentals out of this chart, so that you can see that it's “straight up the ladder” to play the C-major scale:



The Army felt that anyone who had ever touched a musical instrument could quickly pick up the “oc.” As they might have said at the time, you didn't have to play in a “big band” to “catch that train.”

Another advantage: the ocarina is tuned to C major, tying it to much of the sheet music circulating at the time. And, the instrument can be quickly and cheaply produced from plastic molds.


Oc's on the Mind

There was another factor in the ocarina's selection: it had a bit of a profile in the popular culture of the day.

Ocarinas show up in The Wizard of Oz (“If I Only Had a Brain”), and in a number of 1940s movies. For example, several of Bing Crosby's “Road” movies included happy ocarinists. Here Bing, Bob, and Dot toot in step:



Bing Crosby, Bob Hope, and Dorothy Lamour in 1940's Road to Singapore
(Photo from the Bettmann Archive)


Irving Berlin released his hit “Dance to the Music of the Ocarina” a bit later, in 1950. And of course, POW Joey plays an ocarina in a German camp in the 1953 film Stalag 17.


Why Not Recorders?

The modern reader might well ask, “Why didn't they just ship them recorders?” After all, recorders are now ubiquitous in early music education. They're considered easy to play and virtually indestructable.

The answer is that the plastic recorder was only invented in 1946, and it wasn't popularized until the 1970s. In the early 1940s, all recorders were wood. Wood simply could not withstand the water exposure and poor conditions musical instruments would face in the field.

The ocarinas were pressed from two plastic molds, one for each half of the instrument. The two halves were then glued together. Voilà! A simple, cheap, mass-produced instrument that was as robust as possible for adverse conditions.

Another option would have been the harmonica. It's small, pocketable, playable, and inexpensive. Many soldiers did carry harmonicas during the war, a tradition that first started in World War I. But to my knowledge, the military did not distribute free harmonicas during the Second World War.


The Lucky Selections

The military selected two different ocarinas for the troops. One was the Alto C “sweet potato” or “submarine” style made by Gretsch.

Gretsch was a family-run company founded, somewhat ironically, by a German immigrant in Brooklyn in the 1880s. By the 1920s, Gretsh claimed it was the largest musical instruments manufacturer in the country.

Gretsch supplied this somewhat primitive plastic ocarina to the Army:



Gretsch ocarinas (photos from Jack Campin's website)


With 7 holes on top and 1 thumb hole below, this oc could play 9 whole notes plus all accidentals in range.

Note how the lefthand pinky finger rests on a filled-in hole. In the ocarina fingering scheme, you only remove this finger to play the very highest note. Leaving it filled-in makes the instrument easier for the beginner to play. But the owner can always hollow out that hole to attain the highest note after he becomes proficient with the instrument.

This is what the two “optional notes” are about in the above fingering chart. All Army-supplied ocarinas had filled-in holes for both the lefthand pinky finger and the righthand thumb. This way, the player could start with simplified fingerings. Then, after he gains proficiency, he can hollow out those holes with a penknife to gain two more high notes.

This extends the range of the ocarina by two whole notes, giving it a complete range of C5 through F6. That may not seem like a big gain, but expanding from 9 to 11 notes really boosts the instrument's capabilities.


The Tonette

The other ocarina the Army selected was the tonette. Invented in the late 1930s, this little flute took the country by storm. By the 1940s, it's estimated that half the nation's schoolchildren were learning about music by tooting the tonette. This testifies both to the instrument's popularity and its ease of learning.

Here's a 1943 US Army tonette I inherited:



My Army-issued Tonette (photo by the author)


You can see that the tonette is a linear or “inline” ocarina. It extends straight out from your mouth when you play it, just like a recorder. Yet it features the same, dead-simple fingering system as the Gretsch sweet potato.

Tonettes also came with the two filled-in holes for the lefthand pinky finger and righthand thumb. If you look at the above photos, you can see that my relative hollowed out both these holes to achieve the two extra whole notes.

You were lucky if your outfit got tonettes instead of Gretsches. The tonettes are tunable, while the sweet potatoes are not. But more importantly, the war tonettes sound much better than the submarines. (You can learn more about tonettes in my Ultimate Guide to the Tonette.)

My particular tonette traveled on a slow troop ship from California to British India. Then it flew over “the hump” (the Himalayan mountains) in a C-47 Skytrain. As the soldiers got on the plane, my relative asked, “Hey Sarge, where do they keep the parachutes?” The Sarge grimaced and replied, “Son, if this plane goes down, you won't need a 'chute.” Flying over the Himalayas was dangerous in a two-engine propeller plane, and there was no rescue for anyone whose plane failed. Some of the guys didn't make it.

Then my tonette was lugged all over China as the troops fought the soldiers from the Empire of Japan. Fortunately, both my relative and the oc made it back.


Music

Of course, just handing out little flutes would not have met the Army's goal of music for everyone. So the services distributed a 25-page pamphlet along with their free ocarinas. It included simple instruction on how to hold the instrument, blowing, and fingering.

The booklet provides a complete training method. Starting out with tab notation, it works through a few songs. Eventually it brings the student up to reading music and playing popular tunes they know, such as folk and Christmas songs. I find the method book carefully thought out and well-designed. It manages quite a lot in its few pages, yet beginners could reasonably be expected to follow along in it.

The Army also distributed a companion booklet for ocarina quartets and “sweet potato bands.” My understanding is that this booklet was typically sold through Army PX's, rather than given away like the oc and primary method book.

Sample pages from the method books follow this article.


How They Play

Having played war-issue flutes, I find the Gretsch inferior. It lacks in both tone and range compared to modern transverse ocarinas. Yet, for all that, it is still eminently playable. Given that the goal was to bring simple music to the troops, I'd say that it fulfilled that goal.

If you've ever played a modern tonette, you probably think they're airy-sounding kids' toys. That's true of those made since the 1960s. But my old war tonette voices beautifully.

The secret is in the construction. Modern tonettes are lighter, usually with a flat or matte finish. The old war tonettes are made of a tougher, heavier plastic, and have a smooth shiny finish. They project an entirely different sound. Either the thicker plastic or slick flat surface make the difference.

Need convincing? Take a listen to a quality tonette in competent hands.


V-J Day

With the end of the war, a clamor immediately arose to “bring the boys home.” Not surprising, after four long years of war.

The military allowed the troops to keep their “personal gear,” by which they meant their clothing and other incidentals. Of course, soldiers unanimously interpreted this as including their dear instruments.

Today, many of the old Gretsch ocarinas survive. You can frequently find them and the method book on eBay. They make dandy collector items — but poor musical instruments. They don't compare to modern plastic oc's made by companies like Focalink or Night by Noble.

You can easily find old tonettes, too. But it's quite rare to find an Army-issued one. If you do buy a tonette, be careful to find an older one that sounds pure and true rather than one of the late-model kids' toys. My old Army tonette compares favorably even to many modern ocarinas.



YOU, TOO, CAN LEARN OCARINA! (Photos by the author and from eBay)





About the Author

Howard Fosdick is a computer scientist who plays a variety of woodwinds. You might be interested in his companion article that contrasts ocarinas, recorders, tin whistles, and Native American flutes.
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Australia's Trevor Chappell bowls underarm to New Zealand's Brian McKechnie while being observed by keeper Rod Marsh and non-striker Bruce Edgar
The underarm bowling incident of 1981 is a sporting controversy that took place on 1 February 1981, when Australia played New Zealand in a One Day International cricket match, the third in the best-of-five final of the 1980–81 World Series Cup, at the Melbourne Cricket Ground.[1]

With one ball of the final over remaining in the match, New Zealand required a six to tie the match. To ensure that New Zealand were unable to achieve this, the Australian captain Greg Chappell instructed his bowler (and younger brother) Trevor Chappell to deliver the last ball to batsman Brian McKechnie underarm along the ground. Trevor did so, forcing McKechnie to play the ball defensively, meaning Australia won. This action, although legal at the time, was nevertheless widely perceived as being wholly against the traditional spirit of cricketing fair play.

The outrage caused by the incident eventually led to an official amendment to the international laws of cricket to prevent it from occurring again.



Events leading up to the delivery
[edit]


The series was tied 1–1, New Zealand having won the first match and Australia the second. The two umpires for this match were Donald Weser and Peter Cronin, both Australian.

The third match had already seen another moment of controversy, also involving Greg Chappell: with Australia batting, New Zealand's Martin Snedden claimed a low outfield catch off a hit by Greg Chappell when Chappell was on 58.[2] In his live television commentary on Australia's Channel Nine, former Australian cricket captain Richie Benaud exclaimed: "That is one of the best catches I have ever seen in my life". However, Snedden's catch was ruled not out by the umpires. This was some years before TV replays could be used in umpiring decisions; the Channel Nine broadcast did show viewers slow-motion replays of Snedden's catch from various camera angles, including a close-up of Snedden diving to fairly claim the catch. After reviewing several TV replays, Benaud re-affirmed what he had initially seen live, saying: "There is no question in my mind that that was a great catch – clearly caught above the ground, a superb catch."[3]

Some commentators believed that Chappell should have taken Snedden's word that the catch was good, as had been a time-honoured tradition. Chappell maintained he was not sure about the catch and was within his rights to wait for the umpires to rule. Chappell went on to score 90 before he was caught by Bruce Edgar in a similar fashion. This time, Chappell walked after he clearly saw the fielder had cupped his hands under the ball.

Lillee had bowled the penultimate over to complete his allocated 10 overs with his final involvement being the dismissal of John Parker, caught inside the circle by Trevor. Commentator Richie Benaud's post-game commentary accused Greg Chappell of having "got his sums wrong" by not having Lillee, his best bowler, take the final over. Graeme Beard was the other bowler involved in the mix-up, closing out his allocated 10 in the 43rd and 45th overs after a players meeting involving Greg Chappell, Lillee, Kim Hughes and Rod Marsh was unable to count the overs out correctly using hand calculations.

Trevor then bowled the final over (his 10th of the innings) with New Zealand requiring 15 to win.

Bruce Edgar, who was on 102 not out, was stuck at the non-striker's end the entire over. His innings has been called "the most overlooked century of all time".[4]

The first five balls of the over produced a 4, the dismissal of Hadlee via a plumb LBW, 2, 2 and Ian Smith dismissed bowled trying to heave the ball to the outfield. This left New Zealand requiring 7 to win, or 6 to tie off the final ball.[1] In the event of a tie, under rules at the time of the game, the match would have been replayed;[5] incidentally, this later occurred in the finals of the 1983–84 Australian Tri-Series.



New Zealand needed 6 runs to tie the match from the final ball, with eight wickets down. Greg Chappell, the Australian captain, instructed the bowler (his younger brother Trevor) to bowl underarm in a bid to prevent the Number 10 New Zealand batsman (Brian McKechnie) from getting under the delivery with sufficient power and elevation to hit a six. Bowling underarm was within the laws of cricket at the time (although specifically against the rules in certain one-day competitions around the world, such as the Benson & Hedges Cup tournament in England), but was universally considered as archaic, uncompetitive, and not a bowling style that would ever be used seriously at even junior levels of the sport.[6][7]

In accordance with cricket protocol, the umpires and batsmen were informed that the bowler was changing his delivery style and that the final ball would be delivered underarm. Trevor Chappell then rolled the ball along the pitch, in the style of bowls.

McKechnie blocked the ball defensively, then threw his bat away in a show of angry frustration. Australia had achieved victory by 6 runs. The New Zealand batsmen walked off the field in disgust.[8] The New Zealand captain, Geoff Howarth, ran onto the field to plead with the umpires. Howarth believed underarm bowling to be illegal in the competition, as per the rules in the English one-day tournaments with which he was very familiar, specifically the Benson and Hedges Cup.

In the confusion before the final ball was bowled, one of the Australian fielders, Dennis Lillee, did not walk into place, meaning that technically the ball should have been a no-ball on the grounds that Australia had one too many fielders outside the field restriction line.[9] Had the umpires noticed this, New Zealand would have been awarded one run for the no-ball, and the final ball would have had to be re-bowled.



As the ball was being bowled, Ian Chappell (elder brother of Greg and Trevor, and a former Australian captain), who was commentating on the match, was heard to call out "No, Greg, no, you can't do that"[10] in an instinctive reaction to the incident, and he remained critical in a later newspaper article on the incident.[11]

Commentating for Channel 9 at the time, former Australian captain Richie Benaud described the act as "disgraceful" and said it was "one of the worst things I have ever seen done on a cricket field".[12]

New Zealand team member Warren Lees recounted the underarm incident on New Zealand's 20/20 current affairs show in February 2005. He said that immediately after the match there had been a long silence in the New Zealand dressing room, which was broken suddenly and unexpectedly by fellow player Mark Burgess throwing and smashing a tea cup against a wall. "That summed up how we all were feeling, too angry for words. We felt we'd been cheated. We were livid", Lees stated.

After the incident, the then Prime Minister of New Zealand, Robert Muldoon, described it as "the most disgusting incident I can recall in the history of cricket",[13] going on to say that "it was an act of true cowardice and I consider it appropriate that the Australian team were wearing yellow".[14] The Prime Minister of Australia, Malcolm Fraser, called the act "contrary to all the traditions of the game".[13]


Greg Chappell's explanation
[edit]


In later years, Greg Chappell claimed that he had been exhausted and stressed after a demanding season of cricket and that, in hindsight, he was not mentally fit to be captain at the time.[15][16] He had also been on the field through the majority of the match that had been played in stifling hot conditions. At the 40-over mark of the New Zealand innings, Chappell (who had scored 90 in the Australian innings and then bowled 10 overs to the New Zealanders) told wicketkeeper Rod Marsh that he wanted to leave the field. Marsh, who described Chappell as being physically spent and exhausted, said that was not possible, and that Chappell had no choice but to see out the match. Despite being captain and arranging bowling changes and field placings, Chappell spent several overs fielding on the boundary because he felt overwhelmed by the conditions and the pressure of the situation.



As a direct result of the incident, underarm bowling was banned by the International Cricket Council as "not within the spirit of the game".[8][17]

The following year, the Australians went on tour to New Zealand. There was a boisterous crowd of 43,000 at Eden Park, Auckland, for the first One Day International of the tour. As Greg Chappell came out to bat, a crown green bowls wood was rolled from the crowd on to the outfield, mimicking what had happened at the MCG the previous year. That day, he scored a century in a losing cause.[18]

Although both Chappell brothers have publicly stated their embarrassment, McKechnie bears no ill-will over the incident.[19] Greg Chappell says "All my frustrations boiled over on that day", while Trevor Chappell is reluctant to talk about it.[20] Trevor Chappell remains best remembered for the "Underarm '81" incident.[21]

The incident was later used to inspire an instant kiwi lottery ad that humorously depicts a rematch in which exactly the same conditions had arisen and Australia were again bowling the underarm. However, Brian McKechnie instead places his box in the way and subsequently hits a six as the ball deflects off it, resulting in embarrassment for the Australian players.[22]

In 1993, Sir Richard Hadlee bowled the ball underarm during the Allan Border tribute match in Brisbane, causing much laughter from the crowd.

On 17 February 2005, over 24 years after the original underarm delivery, Australian fast bowler Glenn McGrath light-heartedly revisited the incident in the first ever Twenty20 international, played between Australia and New Zealand. In the last over of the match, a grinning McGrath mimed an underarm delivery to Kyle Mills, which prompted New Zealand umpire Billy Bowden to produce a mock red card.[23] As New Zealand needed more than 44 runs to win off the last delivery, the outcome of the game was never in doubt, so it was positively received in the spirit it was intended by the crowd.

In the 2013 Australian movie Backyard Ashes, Spock rolls a can of beer along the ground to Shep before a backyard cricket match as an allusion to the incident.
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                CISOned Opinions
            
                As some of those fears, uncertainties, and doubts about Mythos are starting to feel real, what can we do about it? Paradoxically, I believe that little needs to change in what we’ve been doing for years.


                

            
        

        
            I have seen a lot of distressed debate in the cybersecurity field following the announcement of Claude Mythos Preview. It was announced as a game changer in the field, miles ahead of its league and opening the pandora’s box of fully automated hunting and exploitation of zero-days. 
Since then, Mythos and it’s safeguard-heavy equivalent, Fable 5, got released, only to be taken away shortly after. Let’s take the opportunity to reflect on what this model brings and how impactful it is to the industry.

Fear, uncertainty, and doubt fuels the Cybersecurity industry
Anthropic has always had a taste for dramatic phrasing in its PR. Every major model release is accompanied by concerns on its safety; calling for regulation or for a pause in research before we reach a point of no-return. Mythos makes no exception to this trend and was disclosed in April without a public release. Instead, project Glasswing was announced, gatekeeping access to the model to 50 organisations, later expanded to 150 entities. Some of those lucky few corroborated the alarmist statements from Anthropic. They announced hundreds of vulnerabilities detected thanks to Mythos. One of the most impactful article on the topic was the evaluation from the AI Security Institute from the UK Government. Mythos was the first model to ever succeed in “expert level tasks”. It was also the first of its kind to achieve “The Last One”, a cyber-range testing the entire attack chain from reconnaissance to full network takeover. 
Reading the article in details depicts a less dramatic picture. While a step up from previous models, progress in this area has been very gradual. We can see GPT-5.4, or even Opus 4.6, not so far behind on their Advanced CTF Challenge. The same can be said on their cyber range for Opus. Those benchmarks can also be quite far from realistic enterprise environment, at least for companies with mature cybersecurity programme and dedicated SOC. As the article stresses out, “They lack security features that are often present, such as active defenders and defensive tooling. There are also no penalties for the model for undertaking actions that would trigger security alerts.” No doubt such models would sometimes be extremely noisy and clumsy while attempting reconnaissance tasks or pivoting into the target’s information system. 
“Sure, but what about all those critical vulnerabilities the model can find offline. They could then be exploited by attackers as powerful zero-days”, you may ask? This aspect was the main marketing argument coming with Project Glasswing, with example such as a “27-year-old vulnerability in OpenBSD” or a “16-year-old vulnerability in FFmpeg”. 
Security professionals would probably smirk while reading such statements. Highlighting a vulnerability is old enough to drive is a very common clickbait trick for CVE announcement, only second to the classic “CISA orders feds to patch X”. A vulnerability being decades old is not that uncommon in open source products with hundreds of thousands of lines of code. Most of the time, It just means nobody skilled enough to spot it ever looked in this area before. Old bugs are more valuable as they impact more versions of the supporting software, but that has nothing to do with how difficult they were to find in the first place. What's true, however, is that AI-assisted discovery will increase their prevalence. 
Mythos, only a gradual improvement of the older models?
The biggest change with Mythos is the scalability potential of organisations with deep pockets to afford those exhaustive searches. The blog post from Anthropic red team gives more insight on how they achieve such results, and it would definitely be costly. The model was run, several times, on most source code files individually. It took a thousand runs through their scaffold to get the BSD bug, for a cost of approximately 20,000 USD. The entire Glassing project has an allocated token budget worth a hundred millions dollars. Does it bring new risks? Yes, but for actors who probably already had advanced cybersecurity resources in the first place, not to the average script kiddie.
Earlier models might have spotted a portion of those vulnerabilities, had they benefitted from the same thorough experimentation. It’s hard to make apples-to-apples comparison as the details given by Anthropic on how Mythos was run (or how many times it ran for each finding) are scarce. Some tried to replicate the concept in fair but more cost-efficient alternatives and had some probing results. In a nutshell: in the absence of Mythos or even Opus models, DeepSeek is decent in the cloud hosting world while Gemma 4 and Qwen 3.6 punch well above their weights in the self-hostable category, finding about half the vulnerabilities Mythos spotted in the benchmark.
However, I wouldn’t go as far as Aisle who claimed the secret is in the harness, not the model. While they also did manage to “detect” many vulnerabilities initially discovered by Mythos using much smaller LLM, none of those models were capable of making valid exploits. The capacity not only to raise warnings but to actually prove exploitability is definitely an edge only shared by models of the Mythos class. This also seems to solve one of the biggest downsides of earlier AI-led bug hunting: false positives. This was pointed out in their initial update of Project Glasswing, Mozilla claimed an extremely low rate of false positives in their 271 findings. In the same vein, Cloudflare qualified the false positive rate “better than human testers”. Only time (and broader access) will tell if those claims are verified. Otherwise, the average organisation will inevitably be drowned in a sea of cybersecurity noise while using the tool.
OpenAI catching up while the US gov halts Anthropic in its course
In the middle of this madness, we got an unexpected “break” from the US government as they decided to block Fable/Mythos for all non-US citizens, including those on US soil. An impossible task forcing Anthropic’s hand into turning off the offering altogether. Nobody knows how long this will last. 
As a side note, there is a certain irony in watching Anthropic reap what it has spent years sowing: more government involvement to control usage and slow the AI race. This was delivered in the bluntest possible way.
Meanwhile, OpenAI continues to progress in this area with their GPT5.5-Cyber and the Codex Security plugin. They have their Glasswing equivalent, project “Daybreak” and “Patch the Planet”, but tuned down the fearmongering aspect and focused on the defender side. This is also a controlled release, likely not to poke the US regulatory bear. It’s safe to assume they will not unleash those products to their entire client base before the Anthropic situation settles or a non-US competitor fills the gap first. I can’t help but find this approach frustrating. The average company can’t access 5.5-Cyber but big cybersecurity firms do, only to sell it back to their own clients at premium. In other words, artificial scarcity disguised under the pretence of responsible deployment.
Let’s use this slowdown to regroup and focus on what we can do to hold the fort when the storm comes back.
Update (2026-06-27): 
Things are moving fast. OpenAI is releasing a new family of models: Sol, Terra and Luna, with a strong PR focus on its cybersecurity prowess and comparing it to Mythos. Same as with 5.5-Cyber, the model is made to be biased toward defence instead of building exploits. Those safeguards don't seem to be enough for the U.S. government who still wants to vet which institution get to access the new models. The same now applies to Anthropic, opening Mythos to a hundred US institutions to start with. 

As some of those fears, uncertainties, and doubts are starting to feel real, what can we do about it? Paradoxically, I believe that little needs to change in what we’ve been doing for years.
“We already have AI at home”
Us mere mortals might not have access to Mythos and ChatGPT 5.5-Cyber, but what’s available is not completely useless either. Opus 4 is still very capable on the Anthropic side, same as GPT-5.5 with the Codex Security plugin for the company that can obtain the necessary approval. On the FOSS side, harnesses like Strix can already achieve a lot, either combined with local models like Qwen/Gemma or API based inference providers for beefier ones like DeepSeek and GLM. 
Keep working on your vulnerability management programme
The rate of CVE releases has been steadily increasing across the board for years. It didn’t wait for Mythos to get out of hand. I have yet to see a company that patches every meaningful vulnerability in less time than it would take a motivated attacker to weaponise them. Besides obvious tuning knobs like increasing resources and priority, we now have “no choice but to make choices”, ideally the good ones. Triage and contextual prioritisation is key to keeping VM sustainable, and is also an area where AI assistance could be advantageous. Existing “vulnerability scores” from major providers often lack contextualisation from our own information system. They may know how bad a vulnerability is in theory, if exploits are available and whether the impacted software exist in our environment. Yet they typically ignore other key aspect, like whether it is business-critical, easily reachable, or protected by compensating controls. Making sense of gigantic amounts of inconsistent text and tabular data is exactly where large language models can shine.
Reduce the attack surface
The best way to protect against a vulnerability is to not have it in the first place. Deactivating what you don’t need is a well known hardening techniques but, let’s be honest, vastly underused in all but the most mature corporate environments. Life got easier in recent years with the surge of microservices and, more generally, container-based infrastructure. If you’ve not already looked into this area, I advise you start with initiatives offering minimal, also called “distroless” containers, like the original Google project, docker hardened images (DHI) or Talos Linux for Kubernetes. The Windows side has “Server Core” as a less extreme variant.
Give more layers on the cybersecurity onion for the LLM to peel down
Security-in-depth approach is getting more important than ever, if any security tool guarding the boundaries can fall on the zero-day sword any day, then it’s vital to have additional checkpoints on the critical path to slow down the intrusion. To give a few examples, you can add context-aware proxies and privilege access management gateways to your VPN/network segmentation, phishing resistant MFA to all authentication attempts, etc. 
Another defence in depth strategy worth revisiting are decoy systems like honeypots and canary tokens. If we generalise LLM behaviour from other areas, we can only assume early AI intrusion models to be clumsy, noisy, and candid in their approach, thus very likely to trigger those traps.
Zero Trust to the rescue
The above points could all be encapsulated in a more comprehensive programme toward zero trust principles: verify explicitly, use least-privilege access and assume breach. Fifteen years after Google’s BeyondCorp, those principles have technical implementations accessible to everyone, with most SASE vendors offering their own spin of the concepts. Context Aware Proxies, also called Zero Trust Network Access Gateways, often allow enforcing pre-authentication before getting line of sight to the targeted systems. It doesn’t matter if your software is vulnerable to unauthenticated RCE if the attacker cannot reach the service in the first place.
This mindset should not only apply to technical controls but also any process with human resources in the loop. AI dramatically increased the potential of social engineering attacks, making it trivial to generate convincing messages or impersonate key personnel, even with audio and video. Verifying explicitly can become extremely challenging for your Customer Service or Helpdesk teams if they are not properly trained on those new capabilities.

Wrapping it up
Mythos cybersecurity prowesses are real. The progression from previous models might be more linear than the initial PR implied, but the improvement is indisputably steep, especially when it comes to producing working exploits. Let’s keep a cool head and leverage the unexpected pause in Mythos availability to regroup and prioritise the right projects. Anything reducing the likelihood of a vulnerability to be exploited is good to take:
	Don’t give the exclusivity of LLM to attackers, there are many areas where we could leverage AI for our defence, from incident response support to agent-based security reviews.
	Improve time to patch on what matters by improving vulnerability management processes, especially context-aware prioritisation and triage
	Reduce the attack surface, both on what’s deployed, trimming down our server images, and what’s reachable, by enforcing pre-authentication via zero trust network access
	Keep adopting zero trust mindset when deploying services: assuming breach, verifying explicitly and following least privileges principles
	Add traps on the path for the AI-assisted attackers to trip into and alert your SOC. LLMs have a lot of bias, they tend to repeatedly leverage the same techniques and can be incredibly candid in their approach, let’s use it to our advantage!

Mythos did not invalidate our existing cybersecurity priorities, but it raised the cost of ignoring them.
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Every time I write about particle physics, I encounter a moment of uncertainty about a quantity that, at first glance, ought to be clear. How many kinds of elementary particles should I say there are?

In experiments at the Large Hadron Collider, physicists smash together beams of protons, breaking them up into all possible elementary bits and pieces. Meanwhile, they have an incredibly accurate set of mathematical equations for describing these building blocks and all the ways they fit together. So, since the known particles of nature can be both empirically observed and theoretically described, you would think they could also be counted. But alas not. I knew that, for reasons we’ll see, the census is not so easy as it seems.

        
        
So I recently emailed a few physicists to ask how each of them personally tallies nature’s fundamental constituents. The first indicator of just how complicated the issue is came in a reply from David Tong, the University of Cambridge physicist and textbook author, when we were scheduling a video call: “P.S. I think the true answer to your question is not an integer!”

We’ll get to that (it comes from a mysterious calculation from 2011), but let’s enter this rabbit hole from the top.

The known elementary particles and their interactions obey a set of equations called the Standard Model of particle physics. The Standard Model is a “quantum field theory,” a mathematical description of reality in which entities called quantum fields permeate the universe. Ripples moving through these fields are what we call elementary particles; some behave like matter, while others impart forces. The quantum fields and associated particles in the Standard Model underlie all known physical phenomena other than gravity, dark matter, and dark energy (all of which take unknown forms at a fundamental level).

    
    
    
    
In posters on classroom walls, the Standard Model displays 17 particles. There are 12 matter particles, or fermions: the electron, muon, and tau; three neutrinos; and six quarks. Each of them has a distinct set of sensitivities to various forces. There are also four force-carrying particles, or “bosons”: the photon (which imparts the electromagnetic force), the W and Z bosons (the weak force), and the gluon (the strong force). Finally, there’s the Higgs boson, a so-called scalar particle that’s neither matter nor force; rather, it imbues other particles with mass through its interactions with them.


        

            
            Samuel Velasco/Quanta Magazine

        
    

It may just be this simple. “I think 17 is the right answer,” Melissa Franklin, a professor of particle physics at Harvard University, told me.

But every particle physicist, Franklin included, recognizes that there are caveats.

From 17, you can keep counting. Where you stop depends on your taste for complexity and mystery. The question of how many particles there are brings us to the edge of what’s known about the most basic levels of stuff.



There is one glaring problem with 17. To satisfy special relativity, each of the Standard Model’s matter fields supports both a particle and an “antiparticle,” which is identical to the particle except for having the opposite electric charge. This is what we popularly know as antimatter. So instead of 12 matter particles, there are really 24. Likewise, W bosons come in oppositely charged types known as W+ and W−. (This doesn’t happen to the Z bosons, photons, or gluons; they’re electrically neutral.)


Franklin excludes antiparticles from her census, she said, because mathematically they more or less mirror their particle versions. (Bizarrely, antiparticles are equivalent to particles moving backward in time, and vice versa.) Neither is possible without the other, so they shouldn’t be counted twice.

But I find that rationale unconvincing. Particles and antiparticles are undeniably distinct, even if they are secret twins. They can’t transform into each other (with the possible exception of neutrinos, which may or may not be their own antiparticles), and far from being functionally equivalent, they play totally different roles in reality. Matter is so dominant in our universe that any antimatter typically encounters matter quickly and annihilates. The reason for the cosmos’s matter-antimatter asymmetry is a major physics mystery.

Antiparticles bring the total up to 30.

But the notion that there’s only one gluon is another oversimplification. Really, the strong force is conveyed by eight gluons (and their associated fields), each possessing a distinct blend of charges known as “colors” and “anticolors.” The different gluons are impossible to distinguish experimentally, so Franklin, being an experimentalist, scoffed and shook her head when I asked if all eight should be tallied individually. Yet in the mathematical equations that define the Standard Model, the eight gluons are distinct from one another in the same way that the W and Z bosons differ. For consistency’s sake, we probably have to count all eight. So now we’re at 37.


Quarks come in colors, too — the three possibilities are dubbed red, green, and blue — and antiquarks have anticolors, called anti-red, anti-green, and anti-blue. (Don’t try too hard to picture anti-red; these aren’t our familiar optical colors, though they combine in a manner that’s analogous mathematically.) The colors reflect how gluons and quarks interact with each other.

For matter to exist in stable isolation, it must be color-neutral. So, just as red light, green light, and blue light blend to make white, so do red, blue, and green quarks form color-neutral protons and neutrons (the building blocks of atoms).

So there aren’t six quarks and six antiquarks but rather 36 in total. And that makes 61 elementary particles. But there’s more.



Matter particles also come in left-handed and right-handed varieties, a quality known as chirality — arguably a crucial distinction. “I insist on left- and right-handed particles,” Chris Quigg, a senior particle theorist at the Fermi National Accelerator Laboratory, told me. “I can’t account for this. Blame my parents.” (Far more idiosyncratically, Quigg leaves the force-carrying particles off his list, as he considers them to be transformations of matter particles rather than particles themselves.)


Chirality is a quantum version of the handedness that chemists see in molecules or that we see at the ends of our arms. It is not a geometric arrangement like those, but mathematically the two states are mirror images of one another; you can’t rotate one to turn it into the other, any more than you can with left and right hands. The force-carrying particles have an analogous distinction, known as a polarization state. Photons and gluons can be either left- or right-polarized, while the W+, W−, and Z bosons have a third, “longitudinal” polarization state as well. (That extra state has a complicated origin connected to the Higgs field and events during the Big Bang.)

Not everyone counts these different chiral and polarization states as distinct particle types. Yet it’s logical to do so, because they affect how particles behave and interact. The weak force, for example, affects only left-handed matter particles. For related reasons, neutrinos appear only in a left-handed form in the Standard Model. These are physically distinct states with different roles in nature. Counting each chirality and polarization state separately gets us to 118 particles — from a right-handed, anti-red, anti-charm quark to a green–anti-blue, left-polarized gluon, to a longitudinal W− boson.

“Now,” Tong said, “comes the weird stuff.”



Physicists call all the ways that particles can vary “degrees of freedom” — with a different degree of freedom for each state a particle can hold. Color, for example, comprises three degrees of freedom: red, green, and blue. But those differences go beyond the states we have already described. We might consider the tally of all these degrees of freedom as a more precise, mathematical version of the question of how many elementary particles there can be.


Physicists have long noticed a pattern in the degrees of freedom: The number of them depends on the scale at which you count them. On the scale of our everyday reality, objects are describable with fewer variables than it takes to specify the states of all the microscopic constituents. When you zoom in on, say, a proton, and reveal its constituent quarks with their colors and various other properties, you’ll observe more ways of moving or varying — more degrees of freedom. This is one of the main reasons it’s so difficult to pin down the particle population. The closer you get, the more their categories splinter.

Furthermore, the beginning of the Big Bang might have abounded with additional, high-energy particles that can’t form in our current, low-energy universe and aren’t part of the Standard Model. For instance, many extensions of the model to the high-energy early universe posit the existence of heavy right-handed neutrinos, but these would never arise now. “As you go down in energy scale,” Tong said, “you’re losing particles as you go, because they’re so heavy,” and therefore only possible at much higher energies. “As you go down in energy scale you lose knowledge of those particles.” If we continue to follow this idea, at very low energies only one particle is left: the photon. Because they’re massless, photons can approach zero energy.

It’s natural to wonder if a full accounting is possible. How many fundamental degrees of freedom are there, including all of those at the very highest energies and most microscopic distances that we can’t possibly detect? This brings us to the fascinating 2011 calculation Tong told me about, by Adam Schwimmer and Zohar Komargodski.

        
        
Komargodski, a theoretical physicist at Stony Brook University, walked me through it. I just mentioned the trend in which, as we zoom out in the universe, we’re able to detect fewer effective degrees of freedom. In 1989, the physicist John Cardy conjectured that this is an inviolable rule that any quantum field theory must follow. The rule had already been mathematically proved true of quantum field theories with one space and one time dimension, which describe particles moving along lines. But what about theories like the Standard Model, which involves three spatial dimensions plus time (called 3 + 1D)?

Schwimmer, an emeritus professor of physics at the Weizmann Institute of Science, and Komargodski proved Cardy’s conjecture. Their “a theorem,” acclaimed among quantum field theorists, says that in 3 + 1D quantum field theories, the number of effective degrees of freedom must always decrease as you zoom out. They showed that this is universally true by exploring how quantum fields must respond to gravity tugging on them in four different places.

Their proof also yielded a strange conclusion about how many fundamental degrees of freedom there must be in 3 + 1D quantum field theories such as the Standard Model. Quantum fields, the proof showed, cannot have just any number of variations. To the contrary, only specific values are allowed: Scalar fields such as the Higgs field have just one degree of freedom. Matter fields must each have 5.5 degrees of freedom. And force fields each have 62 degrees of freedom. These figures emerge mathematically, without regard to the specific particle states we’ve been discussing to this point. “And nothing else works,” Komargodski said.

    
    
    
    
“One, 5½, 62 — they pop out of the theorem,” he added. “I have no idea why this is what nature chose.”

Tong explained that fractional degrees of freedom (like that extra half degree possessed by matter fields) are variations that aren’t fully independent from those of other fields. What’s possible with one particle might depend on the state of another. “You kick that way, and suddenly all hell breaks loose, and the field is oscillating all over the place,” he said.

So assuming the respective number of degrees of freedom for each scalar, matter, and force field in the Standard Model, how many does that make? Komargodski paused our conversation to ask ChatGPT, providing the relevant numbers, and then checked its work. The answer: 995.5. That’s apparently how many degrees of freedom there are in the Standard Model.

I can’t help but feel flummoxed. And apparently that’s the general reaction.

“Underlying all of this is the statement that quantum field theory is unbelievably hard and we’re not very good at it,” Tong said. “There’s still a lot we don’t understand.”

Personally, I find myself to be a maximalist on the question of how many particles there are, even though (or because) it is a path to mystery. But I also see the appeal of 17.
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On Wednesday, Chinese cybersecurity firm 360 reportedly unveiled Tulongfeng, an AI tool it says can go head-to-head with Anthropic’s Mythos. That’s the cybersecurity-focused AI model that is reportedly so powerful, the Trump Administration has currently banned it and its more restricted version, Fable 5, from the hands of non-Americans.


Earlier the same week Sakana AI, a Tokyo-based AI startup launched Fugu, a model named after the Japanese word for blowfish. The company says this frontier AI model “stands shoulder-to-shoulder with leading models like Anthropic’s Fable 5 and Mythos Preview.” It is also designed for agents, with an ability to orchestrate access to other models though their APIs.








The two new Asian model products come as the U.S. government’s ban drags on. It’s order that prevents Anthropic from global access to Mythos and Fable occurred two weeks ago. 


A spokesperson at Sakana AI told TechCrunch that release of its new model was “entirely coincidental,” yet that hasn’t stopped it from capitalizing on the moment.  It’s website advertises “delivering frontier capability without the risk of export controls.”


“Sakana Fugu is something we have been building since last year — the research behind it was presented at ICLR this spring, and it reflects an approach that is central to how we deliver frontier-level value at Sakana AI. We were confident in the product on its own merits; the timing simply happened to coincide with a moment that brought it more attention than we expected,” the spokesperson said about launching during the Mythos/Fable export ban.


Sakana, co-founded in 2023 by former Google researchers Ren Ito,  Llion Jones and David Ha, makes affordable generative AI models that work well with small datasets and are optimized for the Japanese language and culture. 


While the company is targeting Fugu at Japanese businesses and government agencies looking to reduce their exposure to tightening export controls, it isn’t yet proclaiming a lasting shift away from U.S. AI in Asia.



“U.S. models remain important to Asia,” the spokesperson said, a view consistent with remarks co-founder Ren Ito made at the G7 summit in Evian last week, where AI access and export controls were one of the central topics. “We’d characterize the current moment in those terms rather than as a permanent realignment toward any one set of players.”


Sakana co-founder Ren Ito elaborated on that view in an op-ed published in the Project Syndicate last week. He urged the US federal government, that consider that its “first priority should be to preserve access,” for America’s closest allies, and argued that “AI should not become a technology that is hoarded; it should be one that is developed together.”


David Ha, co-founder and CEO of Sakana, described Fugu as more than just a land grab during a vulnerable moment for a US competitors. It is designed to coordinate agent usage among many models.








“Orchestration Models are the next frontier, beyond bigger models,” he wrote on X. Relying on a single provider for national infrastructure, he argued, is a risk the recent export controls made impossible to ignore. 


“Access to top models can disappear overnight,” he wrote. “Collective intelligence is the practical hedge against this concentration of power.”


While Tokyo-based Sakana positioned Fugu as a hedge strategy, a way to preserve access to frontier AI, not replace it, China’s 360 wasn’t hedging.


The Chinese firm reportedly unveiled two AI security tools. Tulongfeng is designed to automatically discover software vulnerabilities, and Yitianzhen is built to automate cyber defence and incident response.


The product launch, however, came with a message. According to Reuters, 360’s founder Zhou Hongyi described vulnerability-finding AI as a national strategic asset, and flagged what he called the risk of “one-way transparency”, a situation in which some actors could access advanced vulnerability-detection capabilities while others could not.


Anthropic had been on a historic growth trajectory. The US AI lab said its run-rate revenue crossed $47 billion in May 2026. How much of that depends on Asian enterprise customers is not publicly known. 


But in the weeks since the export order took effect, at least two companies, one in Tokyo, one in Beijing, have stepped into the space it left behind. Even if US companies could win back trust should this ban ever end, local alternatives, trained to better understand local language and nuance, are already filling the gap.


360 did not respond to a request for comment.


When you purchase through links in our articles, we may earn a small commission. This doesn’t affect our editorial independence.
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    Yuri Zaporozhets of QRV Systems is a busy chap. He's built a new RISC-V-based personal computer, a mainframe on an FPGA, and rewritten QNX – twice.
Seemingly every month or two, The Reg FOSS desk gets an email telling us about some astonishing project that he has just got working. We're delighted to see that his most recent one, a new OS called QSOE, is winning some attention in the FOSS world at present.
But first, we thought we could tell a more complete story of how he got here by describing some of his previous projects.

(By way of a disclaimer, we feel that we should say up front that he does use Anthropic's Claude LLM to help. To his credit, he does clearly state this.)

GateMate Personal Computer
At the end of 2025, Zaporozhets wrote to tell us about his GateMate Personal Computer. The GateMate PC is something similar to a fairly high-end late-1980s IBM PC-compatible, but instead of a 286 or 386 CPU, it has a 25 MHz RISC-V core.
He told us the main inspiration for the GateMate PC: "The very first computer I saw in my life: an IBM PS/2 Model 30, in 1992. It also started in text mode." We worked on a few of those, and they were not great machines. The GateMate machine should easily outperform the later, faster Model 30-286. He also acknowledges another project: "the NeoRV32 softCPU by Stefan Nolting is great."
It has a VGA port that can output 80x30-character text in what back then we used to call Hi-Color, 8 KB of ROM containing a BIOS, and – although it's still in the early stages – its own OS, which he calls GMDOS. The characters are double-byte ones using UCS-2 Unicode. 
The GateMate gets its name from the host hardware because the design is mostly software: it's implemented on an inexpensive FPGA board, the €50 Olimex GateMate A1-EVB (that's about £42 or $57). Its video controller is an original design, and he has added extra RAM: the machine has 8 MB of additional PSRAM on two chips, via a QSPI interface.
He blogged about the project, from receiving the board last August to getting a PLL working, to getting video out of it.
The Olimex GateMate board can do a lot more, though – which leads us to his next project.
GateMate System/359

Also implemented on the same FPGA board is Zaporozhets' miniature mainframe, the System/359. This isn't a clone of the IBM System/360 mainframe series, the machines that introduced the idea of different computers being software compatible – it’s more of a tribute to it. For starters, the S/359 is a little-endian machine, while the S/390 is big-endian.
So it's not binary-compatible with the mainframe architecture, but it's similar. He started the project in January, and later that month, writing about its assembler, said: "GMS/359 keeps what's beautiful about S/360 – the channel I/O model, the clean instruction formats, the PSW concept – while quietly modernizing the rest. Little-endian bytes. Opcode-first encoding. PC-relative addressing. No more base register juggling. The '/359' isn't a typo. It's a declaration: inspired by, not compatible with."
Zaporozhets told The Register: "There is a working assembler with the POWERFUL macroprocessor – from NASM. I was a NASM contributor from 1999 to 2004 and maintained its RDOFF2 part. Now RDOFF2 is removed from NASM 3.0, but it continues to live in my asm359 project.
"Currently the processor can execute the simple IPL; channel I/O controller works (PS/2 kbd, UART, SYSINFO, even crypto processor (!)). Once I finish the PSRAM module, I will start working with SYS1.NUCLEUS."
So we can take it that as well as RISC-V and FPGAs, he has some familiarity with low-level systems design. His next project was with an OS that a lot of folks admire: QNX.
Porting QNX 6.4 to RISC-V
Although Zaporozhets wrote to us about this back in March, he also went public with it in a Reddit post: QNX 6.4 kernel ported to RISC-V; petition to BlackBerry to relicense old QNX sources under Apache 2.0.
QNX has an on-again-off-again relationship with FOSS. QNX has been around since the 1980s, as we reported when the company made QNX 8 non-commercial freeware in 2024. In that article, we mentioned that QNX published the source code of an earlier version back in 2007. Back then, QNX was self-hosting and had its own desktop environment – we showed a screenshot of its Neutrino GUI in our roundup of non-Linux PC OSes back in 2013, and GUIdebook has a whole screenshot gallery.

The next year, that QNX 6.4 source code was mirrored from SourceForge over to GitHub, and it's still there. Zaporozhets took this long-obsolete codebase and ported it to RISC-V, targeting his own FU740 "workstation." It's not the whole OS, just "the kernel, the process manager, the C library, the runtime linker." And the license is very restrictive: you can study it and compile it, but not redistribute it.
He started this effort over Christmas 2020. "The timing made sense in a particular way. RISC-V had matured. The toolchains were stable. The original QNX sources were 32-bit ILP32, targeting x86, ARM, MIPS, SH, and PPC – no 64-bit port existed, let alone RISC-V. Doing the LP64 transition and the architecture port in a single effort seemed like exactly the kind of large, difficult, satisfying project that a long holiday lockdown invites."
But after the initial effort, it languished for five years. When he came back to it, he ended up with a substantial rewrite. He calls the result QRV.
In March, he described this in a blog post, QRV Operating System: First Publication. As he puts it: "For clarity: QRV is not a patch on the original QNX sources. It is a ground-up reworking of the 32-bit ILP32 codebase into a 64-bit LP64 system for RISC-V, with deliberate simplifications."
By the end of April, QRV v0.27 could boot to multi-user login. A month later, he declared the project finished with version 0.43: "This is the last development post for QRV. The project set out to port QNX Neutrino 6.4 to RISC-V 64-bit, run it on real hardware, and explore what it would take to bring a clean microkernel architecture to a modern open ISA. Those goals are met. v0.43 is the final release."

Where next? Well, as the QNX kernel is not truly open source, then the only path forward is to switch to another kernel, one that is truly FOSS. Well, we say "one"… ¿Por qué no los dos?
QSOE – Quick and Secure Operating Environment
The result is QSOE: "QSOE ships in two variants that share one userspace and one build system. QSOE/N runs on Skimmer, a microkernel written from scratch for this project (SMP by design); QSOE/L runs on seL4 as its kernel."
As The Register covered back in 2014, Secure Embedded L4 is a formally verified microkernel OS. We have written about other OSes that use it before: in 2022, we described the new Neptune OS project, which is a combination of seL4, ReactOS, and Wine. Then, in 2025, we looked at Ironclad, which combines seL4 with the C-based Gloire and an Ada layer.
There are some very serious precedents for building around seL4, but QSOE doesn't stop there: it also has its own homegrown kernel, called Skimmer, that’s designed for multiprocessor machines. Zaporozhets has been working in this area for a long time. On the QSOE site, he mentions his effort to build a free QNX-like operating system back in 2003. It's still online – it is called RadiOS. 
In How QSOE started, he describes the inspiration: as a fallback option, a Plan B, if his petition to BlackBerry did not succeed. We sympathize. When we wrote about QNX 8, we got nothing useful back from the company either.
Instead, he took all he learned from writing RadiOS and building QRV – via the GateMate PC and mini-mainframe – and did it himself instead. Now he has released QSOE version 0.1. It's under the Apache 2.0 license, and its source code is on GitLab. He also has a new development blog.
Yes, Claude may be involved, but he was already developing these ideas 20 years before ChatGPT launched. ®
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H-E-B’s quiet acts of kindness are preserving communities and cementing the grocery giant as Texas’ most beloved brand

            By Michael J. Mooney

            Illustrations by Chris Gash

        

    






When the lights went out at his neighborhood grocery store, Tim Hennessy knew he didn’t have much time. He told his wife, Deb, they should split up to cover more ground before the customers were inevitably asked to leave the premises.




This was the fifth day of the catastrophic freeze that pummeled almost every part of Texas in February 2021. As the state’s energy grid failed to keep up with demand, millions of homes and businesses lost power. Hundreds of people died, and property damage estimates reached the hundreds of billions. The power at the Hennessy house in Leander, just north of Austin, had flickered on and off since the first storm hit on Feb. 13, and—like so many other residents across the state—the family had gone several days without running water.




They’d stocked up on groceries before the roads iced, but Tim, a 63-year-old IT worker, noticed some fresh snow had fallen and figured driving might be slightly less treacherous in the first few hours of the storm. Not knowing when they’d get another opportunity, they had decided to make a quick run to the local H-E-B.




Because of the congestion inside, and a subsequent shortage of carts, the Hennessys couldn’t even enter the store for 20 minutes. Then, just as they’d started piling fruit, eggs, milk, and protein bars into their basket, they heard the jarring ZERRRP sound of the power shutting off. Sure enough, it didn’t take long for a store employee to come by and ask them to head toward the registers.




Even with 20 cashiers on hand, a battalion of carts curled down every aisle. Hundreds of shoppers, clad in layered sweatshirts and puffy winter coats, were all wondering: If the power is out, how are they ringing anyone up?




Tim couldn’t see through the crowd, but he thought there might be employees at the front of each line resorting to pencil and paper. He doesn’t usually do the grocery shopping in the family, so he turned to Deb and joked, “The one time I come shopping, this is what I get!”




A few minutes later, the line started moving. Tim, still thinking there might be employees typing into battery-powered calculators, noticed that the lines were shrinking quickly.




“Wow,” he told Deb. “These guys are fast!”




When it was their turn at the register, the Hennessys started loading their groceries on the conveyor belt but were told to put the groceries back in the cart. The woman at the register asked if they had alcohol. They didn’t. Then she waved them toward the exits.




“Go home and be safe,” she said.




As the Hennessys looked around at the hundreds of customers—all carrying untold sums of diapers, milk, cans, and jars—it dawned on them what was happening. Deb immediately started tearing up. And when Deb gets emotional, Tim gets emotional.




“It’s not like we needed it,” Tim tells me. “But just the gesture, to let people leave like that—it was very touching.”





[image: A group of people walk toward the exit of an H-E-B with shopping carts]Tim HennessyTim Hennessy’s photo from H-E-B in Leander during the 2021 winter freeze went viral online.  





The store exit, Tim remembers, suddenly felt like the end of a wedding, with eight or so H-E-B employees forming a tunnel by the door, smiling, waving, and wishing everyone a safe journey. Between the dropping temperatures and the power loss and the hundreds of confused, hungry strangers, the situation could have been bedlam. But the mood heading out to the frozen parking lot was, Tim recalls, “festive.”




H-E-B verified the story on Twitter, but otherwise the company didn’t mention what happened that afternoon in Leander. No press release. No social media videos promoting the store’s incredible generosity or commitment to its community.




Nothing.




It turns out, that’s typical. The San Antonio-based grocery chain has a zealous fandom built on the foundation of products like warm store-made tortillas, Creamy Creations ice cream, and a poblano-green tomato salsa simply called That Green Sauce. Food & Wine magazine annointed H-E-B America’s best supermarket in 2023, and, that same year, the grocery chain topped a list of 64 iconic Texas brands in a March Madness-style bracket run by Texas Monthly. It’s no wonder then that the store’s motto, repeated in commercials across the state, is: “Here Everything’s Better.” Yet there’s something else that makes the chain popular. Something more than the quality of its produce or private-label offerings.




Enjoying this article?





The humanity the Hennessys and hundreds of other customers witnessed in Leander is hardly an isolated incident. In fact, it doesn’t take much effort to drum up dozens of examples of H-E-B’s remarkable benevolence all over the state. These include grand gestures that have attracted international attention as well as smaller, quieter acts of kindness that have turned casual shoppers into lifelong H-E-B evangelists.




But the company doesn’t spend a lot of time publicizing these good deeds. In an era rife with shameless self-promotion, the grocery giant’s motivation, it seems, is more complex.




I reached out to their headquarters in San Antonio to inquire about their moment of largesse in Leander, as well as several other examples of unpublicized altruism. H-E-B has more than 400 stores and 154,000 employees. In an Amazon addicted society reliant upon online commerce—where public interfacing has all but vanished—it’s rare to see a chain of this size care so much about its customers. And it’s rarer still to see a for-profit company that doesn’t want to spin its generosity into some marketing opportunity. So, I went to the them with a simple question: What is it about the culture at H-E-B that sets it apart?




After a few weeks, I was told that the company had discussed the matter internally and decided not to comment for this story.




Of course.
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Blues on the Green had gotten too big. The massive, free concert series, hosted by Austin City Limits Radio, had never been a lucrative venture. Some years it didn’t even break even. But it’s a beloved summer tradition, and maybe the most Austin gathering in Austin. Not long after the series started 35 years ago at the Arboretum, it moved to Zilker Park, the gem of the city’s park system. It has since featured local acts including Shakey Graves, Jamestown Revival, Jimmie Vaughan, and Gary Clark Jr. For decades, families have come out with picnic blankets and coolers and basked beneath the glorious Hill Country night skies while listening to local music of all genres. There are no tickets, no gates—just good vibes, great music, and lasting memories.




As the annual crowds grew, though, the logistics of the concerts got more expensive. Bigger staging, more signage, additional police officers hired for security. Without admission fees or beverage sales, putting on the shows became a bigger and more daunting challenge. Traditionally, most of the sponsors and vendors were local mom and pop companies selling ice cream and kombucha—not the national beer and automobile brands typically attached to bigger live music ventures. Unwilling to upend that dynamic, organizers announced in 2024 they wouldn’t be renewing Blues on the Green after more than three decades.




Longtime fans of the series were heartbroken. Following in the wake of closures like Dart Bowl and Threadgill’s in 2020, local newscasts were filled with Austinites lamenting the loss of yet another iconic institution. Plenty even dreaded what a resurrected version of the series might entail: Expensive tickets? Drunken debauchery resulting from the introduction of alcohol sales? Or even worse, some soulless out-of-state corporate sponsorship?




That’s when the organizers got a call from H-E-B.




“They were interested immediately in helping save Blues on the Green,” says Andy Langer, a longtime ACL Radio host and Blues on the Green concert booker. “They came to the table and said, ‘What can we do?’”




The grocery giant not only wanted to save the concert series for a year—it sought to find a way to sustain Blues on the Green in perpetuity. According to Langer, H-E-B initiated conversations with city leaders in Austin, convincing officials to waive certain costs including some permits and security. At no point during the negotiations did the company insist on any self-aggrandizing contingencies.




“They didn’t come in and say, ‘We need the whole stage backdrop to say H-E-B,’” Langer says. “They didn’t make it about them.”




This is the sort of selfless magnanimity I found over and over. And not just with free concerts or groceries.
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As Hurricane Harvey made landfall in Texas in August 2017, causing massive flooding, power loss, and at least 100 deaths—H-E-B was there to help staunch the damage. Not only did the company fight to keep nearly every store open in areas affected by the storm, H-E-B flew in truckers from other parts of the state and dispatched a convoy of water tankers, mobile pharmacies, kitchens, and business centers. Anyone in the afflicted communities—from Houston to Kingsville—could use the internet to contact relatives; get free, clean water; and have a hot meal served by H-E-B employees.




We do everything we can to not only recover our stores but also recover our communities,” Justen Noakes, H-E-B’s director of emergency preparedness, told Texas Monthly at the time. “Because that’s where we’re from as well. It’s not only a matter of bringing our stores up as quickly as possible, but the sooner that we can provide relief and the comfort and the items that people need to return themselves to normalcy, the better off the whole community is.”




After the Uvalde tragedy in 2022, when a gunman killed 19 students and two teachers at Robb Elementary School, CEO Charles Butt, the Butt family, and H-E-B collectively donated at least $10 million to build a new school so students and faculty wouldn’t have to return to the traumatic scene.




“Our first store in Uvalde opened in 1959, and Uvalde people are our people,” Butt announced in a rare public statement. “As we continue to mourn tremendous loss, I join with my family and H-E-B in working to ensure the Uvalde community can move forward from this tragic event. Our children are this country’s future, and our schools should be a safe place where children can thrive and envision new possibilities.”




The donation made headlines at the time, but Mickey Gerdes, the board treasurer of the Uvalde CISD Moving Forward Foundation, a nonprofit arm of the school district, says the Butt family has played an important role in the community’s recovery out of the public eye.




“Their support for Uvalde runs deeper than the work to build a new elementary school,” Gerdes says. “They have stood by and with our community, and their continued support demonstrates their true care for Texas and Texans.”




H-E-B was also ahead of the curve in nearly every way during COVID, forming a tactical plan weeks before the country shut down. The company reduced store hours to give employees more time to stock the shelves and imposed purchase limits on essentials like toilet paper to prevent hoarding. Even as most of the American economy froze, H-E-B’s hourly store, warehouse, manufacturing, and transportation employees received $2 per hour raises. Arnold Schwarzenegger was so impressed, he tweeted that the company’s planning was a “masterclass in preparation and being able to support your community.”




There are a litany of other examples of H-E-B’s generosity—from a program that gives discounts to retired store employees to the company’s Kerrville-based H. E. Butt Foundation, which has served Texans in need since 1933. Those initiatives include buying houses for veterans and giving millions to help children’s literacy. And, to be clear, Texas’ cherished grocery brand provides plenty of press releases touting its charitable contributions on its own website.




But once you start digging, it’s apparent how many they don’t post, too.
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Think about the role a good grocery store plays in a community. It’s an outgrowth of the old general stores that dotted the American landscape starting in the late 1700s. If you needed something you couldn’t build or grow yourself, the shopkeeper would figure out a way to get it for you at a fair price. A good general store was the fulcrum of a town.




What we think of as the modern grocery store evolved from that over the last century. Instead of catering to individualized orders, store owners tried to stock the necessities—fresh produce, dairy products, and butchered meat all in the same place. Piggly Wiggly famously instituted self-service stores in 1916, allowing customers to gather items themselves. Retail titans like Walmart and Target even got into the game around the turn of the century.




H-E-B’s history follows a similar trajectory, with Florence Butt opening Mrs. C.C. Butt’s Staple and Fancy Grocery on the ground floor of her family’s Kerrville home in 1905. After Florence’s youngest son, Howard Edward Butt, returned from World War I in 1919, he took over, eventually expanding across South Texas and changing the name on the sign to his own initials. By the 1950s, H-E-B locations included bakeries and pharmacies, and within another two decades, the chain was bringing in $250 million annually.




In 1971, Howard’s younger son, Charles Butt, became president of H-E-B, a position he still holds at age 86. Which means that in this company’s nearly 120-year history, it’s remained family-owned and operated. Even as it draws in tens of billions of dollars in business every year—it’s now the fifth-largest private business in the country—the company has somehow been able to maintain some of that
historical fabric.




Those modest roots have led to a company culture that empowers employees to minister to a customer’s individual needs. These encapsulate a vast array of shopping scenarios, from the mundane to miserable. In a YouTube video, one mom divulged the story of what could have been a birthday disaster. When a preordered custom cake included a misspelling of her child’s name, H-E-B immediately compensated her with a replacement cake, as well as a cart full of free groceries.




Langer, the Blues on the Green booker, spoke of another anecdote that had nothing to do with music. During an Austin boil water notice in 2021, his neighborhood store in the Allandale Village Shopping Center was completely cleaned out of bottled water. But a sign posted on the desolate shelves directed customers to a temporary Twitter account that would alert guests when they had received new stock.




“They weren’t putting it out on the main H-E-B account,” Langer told me. “They were looking out for me and my neighbors so that we got the water that was being delivered to our store.”




There are countless examples along these lines, posted by social media accounts from all over the state. It’s obviously out of the ordinary for modern corporate America, but for the cost of a few briskets or a jar of pasta sauce, the company is creating an army of fervent advocates.




That kindness is contagious, too. Tim Hennessy told me that after he left the H-E-B in Leander, people were helping each other load groceries in the icy parking lot. When he got home and told the story to his neighbors, he watched that sense of goodwill spread even further. In the end, he says his family donated twice what they would have spent on groceries that day to the H. E. Butt Foundation.




Friendliness is a Texas ethic. But even other Texas brands known for positive corporate culture—think Southwest Airlines, Tito’s Handmade Vodka, and Buc-ee’s—aren’t building schools or saving beloved local cultural institutions.




So, why H-E-B?




Recently, I went to an H-E-B close to my house in the booming suburbs north of Dallas. For decades, H-E-B served Central and South Texas, but—with the exception of H-E-B-owned Central Market and a few other spinoff stores—the company mostly avoided the Dallas-Fort Worth area. The grocery industry has long been a hyper-regional business, mainly due to warehousing logistics, but also territorial entrenchment. Until recently, DFW was firmly in the dominion of Kroger and Albertson’s.




When I lived in Austin 20 years ago, I was addicted to the store’s flour tortillas, house-baked bolillo rolls, and its unsung banana pudding. So I was looking forward to the company’s northern expansion in Texas. But as I walked around that giant new market edifice, I thought about what makes H-E-B so different. Because it’s certainly more than the brand’s butter tortilla-scented candles, Mi Tienda refried beans, and exemplary private-label potato chips in flavors like Korean BBQ and Mexican street corn.




There’s a certain vibe at H-E-B. For instance, the woman working the register at the on-site barbecue restaurant making easy conversation with a loquacious customer. Or the cashier overseeing the self-check stations handing out H-E-Buddy Bucks to children ecstatic to play the free spin-and-win game.




I also felt a small degree of Tim Hennessy’s kindness contagion walking among the Texas-themed furniture and backyard games in Dallas. I caught myself nodding to strangers, enamored to witness so many people clearly enjoying themselves as they did something as mundane as knocking out their weekly shopping list.




Then I thought about all the people H-E-B has affected over the years. The kids who won’t have to go to school in a building tainted by horror. The families who were able to obtain water and food in the wake of a devastating storm. The neighbors who could procure milk and produce in the middle of a cataclysmic winter freeze.




If you only saw the store’s commercials, you might think H-E-B stands for “Here Everything’s Better,” the company’s marketing tagline introduced in the 1990s. I’d heard this slogan for years and never really thought much about it. But upon reflection, it rang true.




Sure, H-E-B’s glowing reputation likely drives sales far beyond what the company allocates to any good deeds. And the company’s donations and charity work are undoubtedly a savvy tax write-off. But that certainly doesn’t discount the impact H-E-B has had on so many individuals and communities across the state.




Perhaps the real question isn’t: Why does H-E-B do so many nice things for the state? But: Why aren’t more companies like H-E-B?




Tim has wondered the same thing. When he got home he logged on to Facebook and posted a photo Deb took of the crowd with some notes chronicling his experience. The post was shared tens of thousands of times and picked up by national news outlets like CNN and the Washington Post. Within days, he was getting messages and cards from as far away as Austria. Before then, Tim didn’t think much about where his groceries came from. Now, he’s a customer for life.




“Whenever we leave the state,” he says, “we really miss H-E-B.”

                



Original: https://texashighways.com/culture/how-heb-became-texas-most-beloved-brand/ · Discussion
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Screen time can damage under-twos' development, landmark study suggests

theguardian.com · 57 points · Discussion

Screen time for babies and toddlers under the age of two has been linked with long-term negative effects on health and quality of life and should be avoided, according to a landmark study.
It warns that using screens during that period may lead to wide-ranging developmental concerns and calls for further urgent investigation of the risks smartphones, tablets and other digital devices pose to infants.
With the focus on teenagers’ digital habits and government plans to ban under-16s from social media, researchers are concerned about a “baby blind spot” in policy at a time when screen use has become embedded in everyday parenting.
Rafe Clayton, a senior lecturer in media and communication at the University of Leeds, who co-led the research, said parents – lacking guidance on their own screen use – were “inadvertently teaching children and babies to develop unhealthy habits and relationships with screen devices”.
“This has to change,” he said.
The study, described as the most comprehensive review yet of all available global research on the subject, calls on the government to reconsider its recently published guidance on screen time for under-fives.
That recommends avoiding screen time for the under-twos but caveats the advice by adding, “other than shared activities that encourage bonding, interaction and conversation”.
The new study, however, lays bare a wide range of potential harms associated with screen time for babies, including reduced opportunities to bond with parents and caregivers, less time for physical play with other children and limited language development.
It says screen use at such a young age may increase overstimulation and difficulty sleeping, and have implications for eye health and childhood obesity. There are also concerns that infants are turning to digital devices for comfort and soothing, rather than to a parent.
The review, conducted by researchers from four UK universities known as the Action on Digital Device Immersive Conditions Team, did not establish causal links between screen use and specific developmental conditions. However, it was emphatic that “no under-twos should receive regular intentional screen time. Passive exposure is societally unavoidable, so adding deliberate use compounds risk without any meaningful benefit.”
It recommends that any official guidance that points under-twos towards regular “shared screen time, screen time for learning, screen time for communication and/or screen time for children experiencing disabilities/learning difficulties, should be reconsidered, since it may be misinterpreted by parents and caregivers to indicate safety or even encouragement.
“This could potentially lead caregivers to believe that screen time for the under-twos is without developmental harm, which may result in an exacerbation of developmental delays and isolating behaviours for those who are already at greater risk.”
As a result of their findings, the research team – from the universities of Leeds, Leeds Trinity, Loughborough and Aston – are calling for a “baby screen-time risk assessment” to help services provide targeted support for families where developmental vulnerabilities may be emerging.
Carmen Clayton, professor of family and cultural dynamics at Leeds Trinity University and co-lead of the research, said: “The government must consider how to engage with families better about problematic screen use, whilst being sensitive to the fear of judgment that many parents face when opening up about such issues.”
Andrea Leadsom, a former Conservative minister and founder of the 1,001 Critical Days Foundation, said: “This landmark review is a wake-up call. The evidence increasingly suggests that screens offer limited benefits for babies and may carry significant risks during the first 1,001 days, the most important period of human development.”
She said parents should not be blamed for a problem they did not create. “The responsibility cannot rest solely on their shoulders. That is why every family should have access to a Best Start family hub, where they could access trusted advice and practical help during their baby’s earliest years.”
Leadsom said technology companies should play their part. “Parents should not be presented with content that is labelled or promoted as suitable for babies when the evidence points to the contrary.”
The children’s commissioner for England, Rachel de Souza, who helped draw up the government guidance, said it was intended to support – not replace – parental judgment.
“For children under two, the recommendation to avoid screen time is clear, but acknowledges the realities of our world today and that some shared screen use in a limited number of circumstances, such as video-calling relatives or supported learning, is perfectly normal.”
A Department for Education spokesperson said: “We’re proud of our first-of-its-kind screen time guidance for parents of under-fives, which provides clear, trusted support on an issue we know can be challenging for families.”




Original: https://www.theguardian.com/society/2026/jun/27/screen-time-damage-under-twos-development-study · Discussion
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A Farmer Arrested for Going 5 Seconds over His Time Limit at Data Center Meeting

gadgetreview.com · 31 points · Discussion

Claremore resident Darren Blanchard faced trespass charges after speaking past a three-minute timer at a February council meeting on the 300-acre Project Mustang campus
When bodycam footage from a February city council meeting in Claremore, Oklahoma, surfaced online, it didn’t show a brawl or a threat. It showed a man asking if he could hand over documents. Then an officer’s voice, flat and final: “Arrest him.” Darren Blanchard had committed the offense of speaking slightly past a three-minute public-comment timer — at a meeting about a 270-to-300-acre data center campus proposed for his community. What a trespass charge over a few extra seconds reveals about how towns handle dissent when big infrastructure money arrives is worth your attention.
Three Minutes, One Arrest, One Bodycam
Getting the footage was its own story — and the arrest sequence it captured raises questions that won’t disappear.
At the February 17 Claremore City Council meeting, residents packed the room to address Project Mustang. Blanchard exceeded the comment limit. Officers told him to leave. The bodycam captured him asking to present documents before handcuffs went on. Getting that footage wasn’t straightforward — a local requester was initially quoted $1,750 for the video, then ultimately paid $120.
Here’s what the footage and reporting reveal:
	Blanchard asked to submit documents before being arrested; the bodycam captures the officer’s order in real time.
	His legal team reportedly filed a motion to dismiss and requested the city attorney recuse himself, citing the attorney’s presence as a witness at the meeting — a claim not yet independently verified in court filings.
	The city’s initial $1,750 price tag for bodycam footage dropped to $120 to obtain.
	Blanchard has said publicly the arrest amounts to retaliation for protected speech and has chilled community participation.

What Project Mustang Actually Is
Behind the arrest is a 300-acre data center proposal that many residents say they learned about too late to meaningfully shape.
Project Mustang, developed by Beale Infrastructure, is planned as a multi-building data center campus in Claremore Industrial Park, with Phase 1 targeting 2028. City officials say it advances through standard economic-development channels and won’t raise local taxes or utility rates, with some infrastructure costs covered by the developer. Project Mustang’s terms — acreage, incentives, utility impacts — were substantially set before any public comment session was scheduled.
Residents disagree with that framing. They cite unanswered questions about water consumption, power demand, farmland loss, and tax incentives negotiated before meaningful public input happened. Officials call it economic development. Opponents call it a high-impact industrial project with costs still unaccounted for.
The Right to Speak — And What It Costs
Whether a few extra seconds at a public podium justifies a trespass arrest is a legal question — but it’s also a civic one.
Public-comment periods exist for one reason: letting residents address elected officials directly. Whether exceeding a timer by seconds justifies a trespass arrest sits in genuinely contested legal territory. Blanchard’s team requesting the city attorney’s recusal adds another layer — the official weighing the charge witnessed the arrest firsthand.
Project Mustang may or may not get built. Public-comment clocks will keep running at council meetings nationwide. What happened in Claremore on February 17 is on tape now, and that tape has a way of traveling further than any press release.




Original: https://www.gadgetreview.com/arrest-him-the-moment-police-handcuffed-a-farmer-for-going-5-seconds-over-his-time-limit-at-data-center-meeting · Discussion
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Researchers have developed pixels that can emit and analyse light together

ethz.ch · 30 points · Discussion


                
                    
    
    
    

    
    
    
    
        
    

    
    
    
            Researchers at ETH Zurich have developed pixels that can not only create images, but also analyse them. In the future, this could lead to the development of devices that function as camera and display at the same time.  
        

    




    
    

    
    

    
    
        
            
            [image: E is red. T is green, and H is blue.]
			
			    
			      The coloured logo was created using the new ETH researchers‘ Fourier pixels. The letter “E” is roughly 1 millimetre tall on the camera.  (Image: Glauser YM, Vonk SJW, et al., Nature 2026)

			  
			
    
          

    

    
    


                
                	In brief

                
                
                 
 	Pixels create images on screens or capture them in cameras. Until now, however, there have been no pixels that could do both.  
 
 


 
 	Researchers have now developed a new kind of pixel that can both create and analyse images and patterns. 
 
 


 
 	In the future, these pixels could be used to realise two-way camera–displays. 
 
 


            


                
                
                In 1927, the term „picture element“, later abbreviated to „pixel“, appeared for the first time in the American technology magazine Wireless World. Today, pixels are everywhere: in computer screens and television sets, where they create colourful images; but also in cameras, where they capture images. In any case, however, they do one or the other—either they control light, as in the case of a display, or they analyse it in a camera sensor. Until now, there have been no pixels that could do both. 
 
A research team led by David Norris, Professor at the Optical Materials Engineering Laboratory at ETH Zurich, has now developed such pixels for the first time. These pixels can both steer light and analyse it. Not only the intensity of the light, but also its oscillation phase and polarisation can be controlled and analysed. In the future, such so-called bidirectional pixels could lead, for instance, to the development of camera–displays that combine the two functions in a single device.  
 
Patters and images from overlapping light waves 
 
The new results, which have recently been published in the scientific journal external page Nature, are based on a fundamental physical effect: the so-called interference of light waves. When light is scattered by a surface, the waves originating from different points on the surface overlap. The shape of the surface determines the oscillation phases with which the waves propagate further. If the phases are equal, the light waves reinforce each other, but if they are opposed, the waves cancel out.  
 
Norris and his collaborators use this effect to precisely control light with wave-shaped sculpted surfaces. They developed this processing method, which is precise to within a few nanometres, already a few years ago. For steering, the pixel—that is, the area on the chip where the material has been processed—first transforms the incoming light into a surface wave (a so-called surface plasmon polariton) propagating along the surface of the chip. 
 
At a different position within the pixel, the surface wave is scattered back out of the material as a light wave. Through interference of the light waves, patterns and images can be created. Using mathematical Fourier analysis, the researchers can calculate what these images will look like and what kind of surface pattern is needed for a specific image. 

            


                        
            [image: A graphic shows how surface waves behave]
			
			    
			      Fourier pixel use surface waves, which are scattered out as light waves. These light waves interfere with each other and thus create patterns and images. Conversely, the same pixel can be used to analyse the intensity, phase and polarisation of incoming light waves. (Image: Glauser YM, Vonk SJW, et al., Nature 2026)

			  
			
    
                    


                
                	Controlling phase and polarisation 

                
                
                “In addition to light intensity, meaning the bright and dark areas from which images are created, our Fourier pixels can also control other properties of the light waves, for example their polarisation”, says doctoral student Yannik Glauser. Polarisation indicates the direction in which the electric field of the light wave oscillates. To generate light with an arbitrary polarisation direction, they use surface waves with different polarisations, which overlap on the Fourier pixel. The polarisation of the scattered light then depends on the surface shape of the pixel. 

They can also precisely control the oscillation phase and thus, for instance, create light beams that have a hole in the middle—doughnut-shaped light beams, as it were. All of this even works with light of different wavelengths, so that coloured images can also be generated.  

“We can also, however, apply the principle of interference and Fourier analysis in the opposite direction to analyse light using the Fourier pixel”, says postdoctoral researcher Sander Vonk. For instance, the researchers can make the oscillation phase of the light visible by superimposing the light wave and a reference wave on the pixel. They capture the interference pattern of the scattered light from both waves with a camera. From this pattern, they can then calculate the phase of the light. In a similar way they can also analyse its polarisation state. 

Several functions combined in a single pixel 

“Thanks to the fact that the relevant surface profiles of the pixels can be determined using Fourier analysis, we can combine the control and analysis of amplitude, phase and polarisation on a single pixel”, says Vonk. Furthermore, Fourier analysis is mathematically simple and does not require complex models.  

            



                
                
                Light is used in many technologies ranging from television to mobile phone cameras to fibre-optic cables for the internet. “Our new pixels for control and analysis could, therefore, become a useful tool in many areas”, says Norris. 
 
As the surface waves can be used to perform mathematical calculations directly on the pixel material, it is even conceivable that Norris’s pixels could react to a captured image and, without going through a computer, produce corresponding light patterns. According to Norris, a more short-term goal is the extension of the method to a matrix made of many Fourier pixels. Such a matrix could then be used to realise more complex cameradisplay devices that, just like conventional cameras or displays, operate with a multitude of pixels. 
 
This research has led to a patent application that has been nominated for this year's Spark Award.

            





    
    
    
        
            
            
            
        
        
    


    
    

    
    

    
    
        
            
        
    

    
    
    	
	    
    

                
                
            


Original: https://ethz.ch/en/news-and-events/eth-news/news/2026/06/a-new-type-of-pixel.html · Discussion
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A History of Menus Is a Menu of History

pudding.cool · 24 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://pudding.cool/2026/06/menu-story/ · Discussion
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Running a software jam in a world of slop

foxmoss.com · 20 points · Discussion

I'm Fox. I'm a 16 year old, and I've been working mostly working on making projects I thought were cool & would do well on the internet over the last year. You can check out my other blog posts if you want to get a sense of what that means: <https://foxmoss.com/blog>.Hack Club noticed these projects and thought I would be well suited to run an event. This was my reaction, I wanted to make something that could encourage the same competition as well the feedback I get from places like HN and appreciate well made projects. Hack Club does a good job at throwing money at people who make projects, but a iffy job at rewarding hard work. I wanted to change that. Radish Jam <https://radish.hackclub.com/> was my reaction to that, and this blog post goes through my thought processes in logistics. How something similar could be run again either by another Hack Clubber or an adult looking to run something for similar for adults :)


Original: https://foxmoss.com/blog/radish/ · Discussion
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How to organize 3 acquired companies into one coherent website

littlelanguagemodels.com · 13 points · Discussion


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




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




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




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





	day-to-day responsibilities




	previous experiences making IA decisions, positive or negative




	perception of the areas with the highest potential for company growth




	professional goals






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




How Company A plans and delivers items.




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




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




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




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




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




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




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




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




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




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




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




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




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




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




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




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




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




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




Put users into categories




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





	Location (by country, city, district)




	Clinical discipline (nursing, surgery, pharmacy)




	Clinical specialty (dermatology, ethics, pathology)




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




	Role (educator, administrator, researcher)




	Institution (academic, commercial, non-profit)






For patients of healthcare providers, groups may include:





	Insurance type




	Age group




	Risk level






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




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




Test with a small group of users




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





	Do labels match user language?




	Do groupings match users’ mental models?




	Does content hierarchy reflect user goals?




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






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




Think horizontally, not vertically




What do I mean by this?




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




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





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




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






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




Vertical vs horizontal content thinking



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




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




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




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




Key takeaways




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





	Start with user goals




	Identify commonalities across products




	Identify opportunities for consolidation and removal across content




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




	Put users into categories




	Test with a small group of users




	Provide multiple information pathways to improve discoverability




	Be prepared for content discussions to get heated






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





Original: https://littlelanguagemodels.com/how-to-structure-your-sites-after-a-big-acquisition/ · Discussion
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Conway's Game of Life, in real life

lcamtuf.coredump.cx · 12 points · Discussion

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

Original: https://lcamtuf.coredump.cx/blog/conway/ · Discussion
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The eerie interface of man and machine (Life Magazine, October 1967)

blog.jgc.org · 11 points · Discussion


The October 1967 edition of Life Magazine covered the ongoing Vietnam War but also contained a long article helping readers understand how "man's most complex machine" (the computer) worked. There's a scan available on Google Life archive here, but I've rescanned it to keep the full two and three page spreads intact.




The final part of the special is entitled The eerie interface of man and machine and begins by speculating on whether a learning machine could be built: 
Can a computing machine be taught to "think" in the broadest sense, as the human brain can think and learn? Efforts have been made in this direction, based on accumulating knowledge of how the human brain works. The brain is, in effect, a whole hierarchy of computers with much of its basic input provided by ranks of lesser computers down the line. The information gathered by the retina of the eye, for instance, is not simply shunted along to the brain. Instead, the retina acts like a tiny, highly sophisticated computer, analyzing the visual data one passing on only the significant results. In the brain itself further analysis takes place as information moves from one level to another and is processed in computerlike fashion all along the way until a unified perception results.
In a computer. electric pulses travel specific places along specific conduits to produce their own version of a unified perception in the form of an answer. Not so in the brain. One brain cell, or neuron, may pulse another, as the electronic switches in a computer pulse each other, but the similarity ends there. Each neuron has inputs from a number of other nerve cells, so that in one way or another all the 10 billion or so neurons in the brain are interconnected directly or indirectly. (The system provides whole arrays of incredibly complex feedback loops in which some cells qualify the operations of others, stimulating them to respond to certain incoming signals and inhibiting their responses to others. 
Theoretically it would be possible, as one computer scientist has noted, to hook together hierarchies of computers to simulate the complex layers of the brain. The gear necessary to give this supercomputer even 1/20th human brain's capacity would fill several barns. And the fact is that no one would really know how to hook together such an array. Scientists have a general idea about how the brain functions, but a wiring diagram, or anything like is totally lacking and seems likely to remain elusive for a long time to come. Even if a wiring diagram came to hand, the problem of writing a program for such a contraption would present an equally enormous obstacle. Reflecting on the difficulties, a veteran programmer said, "It takes us 15 to 20 years to program our children. And they can really learn-sometimes. But with the kind of machine you're talking about, you would have to feed in millions of separate little things every day to equal what a child takes in. And after three years of this kind of business, it still might not have learned to reason or work out its own programs. You ask it to add 2 and 2, and maybe it says 5.

 The article also mentions something that any programmer will recognize immediately:

Fast forward to 2026 and... just one more prompt and then I'll sleep, honest!






Original: https://blog.jgc.org/2026/06/the-eerie-interface-of-man-and-machine.html · Discussion
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Show HN: I rewrote my 2012 self-signed cert generator in Go – cert-depot.com

9 points · Discussion

Back in 2012 I built https://cert-depot.com as a weekend project. Node.js + Express + jQuery, shelling out to OpenSSL for certificate generation. It worked but I eventually let it rot. https://news.ycombinator.com/item?id=4766743Rewrote it from scratch in Go. The entire thing is a single binary with no external dependencies:
1. Certificate generation uses Go's crypto/x509 (no OpenSSL)
2. Certificates are generated in memory and streamed directly — nothing is stored on the server
3. RSA 2048/4096 and ECDSA P-256/P-384
4. Subject Alternative Names (required by browsers since Chrome 58)
5. ZIP (PEM files) or PFX/PKCS#12 output
You comments / suggestions / bug reports are very welcome. Thanks.
Source: https://github.com/dimastopel/certdepot


Original: https://news.ycombinator.com/item?id=47613622
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with these qualities, finding in the
computer a kind of alter ego.
“Sometimes programmers  just
won’t go home, take a bath or any-
thing,” reports a computer man
who has got over it himself.
“They're like a kid falling in love
with a hot rod. They'll sit there
working with their newfound
‘friend’ 20 hours a day, just watch-
ing the lights and drinking cof-
fee. After a while they get to
looking pale and unhealthy. They
sit there fascinated and just for-
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		Screen time can damage under-twos' development, landmark study suggests

		A Farmer Arrested for Going 5 Seconds over His Time Limit at Data Center Meeting		Three Minutes, One Arrest, One Bodycam

		What Project Mustang Actually Is

		The Right to Speak — And What It Costs





		Researchers have developed pixels that can emit and analyse light together		In brief

		Patters and images from overlapping light waves

		Controlling phase and polarisation

		Several functions combined in a single pixel





		A History of Menus Is a Menu of History

		Running a software jam in a world of slop

		How to organize 3 acquired companies into one coherent website		What I recommend to clients is formalizing user goals before making rebranding decisions.

		Key takeaways





		Conway's Game of Life, in real life

		The eerie interface of man