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QuadRF can spot drones and see WiFi through my wall

jeffgeerling.com · 335 points · Discussion

[image: QuadRF antenna array from front]The QuadRF (pictured above) a phased-array radio built around a Raspberry Pi 5 and an FPGA board with picosecond-level timing. It does advanced signal processing and beamforming.
It can see WiFi through walls and track drones in flight.
If the open source community can come up with something like this, just imagine what governments are capable of.
When you plug a computer into a network, tools like Wireshark can show all the hidden traffic you might not even know is there. WiFi packets are the same, but those travel through the air, allowing snooping without physical access.
The QuadRF has built-in software that can stream and decode RF, and you can pipe it out to a more powerful computer for things like WiFi traffic analysis.
I mention this not to scare you—governments have had tools like these for years. It's just better to know what's possible and expose bad security practices than to ban useful tools like these. So if you're in the CIA, don't get any ideas.
To the Moon
[image: ScaleRF Moon Array with large apeture]After spotting QuadRF on Hackaday, I reached out to Martin McCormick, who's been working on QuadRF as part of a bigger project: a Moon-scale antenna array, capable of EME (Earth-Moon-Earth) radio experiments and radio astronomy.
I think Martin took inspiration from Dishy, SpaceX's original Starlink terminal. (Makes sense, since Martin worked at SpaceX on the team that built Dishy!)
Instead of locking this phased array antenna system into a proprietary satellite system, licensed operators will ideally be able to chain multiple QuadRF modules together for interesting radio experiments, with up to 1.15 MW EIRP—basically, a massive amount of directional antenna gain, for high power RF fun.
But QuadRF is scaled down to handheld-size, and while it isn't powerful enough to send a signal to the moon, it's still quite useful in local SDR applications and visualizing the RF environment—at least in its frequency range of 4.9-6 GHz.
Testing QuadRF
But I specifically asked Martin if he'd be willing to send over a prototype QuadRF for my Dad (a retired broadcast radio engineer) and I to test.
I had already placed a pre-order on Crowd Supply (where a basic kit is $499), but I wanted to see if QuadRF was really as useful or intuitive as it seemed from the videos ScaleRF posted.
Spoilers: it's still a little rough in the UI department, but I was blown away by how well it works. Especially considering everything's running on a Raspberry Pi 5.
When you turn it on, the Pi boots up and creates a WiFi hotspot. You connect to that, and visit http://quadrf/. That page runs a VNC session in your browser, where you can launch apps from GNU Radio to SDR software, and even their custom AR (Augmented Reality) RF visualizer.
The AR visualizer is the most interesting included software, despite being less useful for real-world SDR applications.
[image: QuadRF showing augmented reality WiFi signal overlay on laptop]The UI is a little rough, but you can adjust the alignment between your camera and the phased array, and the gain of the receiver.
Then it will visualize frequencies from 4.9-6 GHz as colorful 'blobs'. The scale is not shown on the display in this early version, but from my testing around the studio, my 5 GHz WiFi network (which was running on Channel 100, or around 5.5 GHz) showed up light blue. Neighboring WiFi networks were showing up red or green.
If you order the Mobile Expansion Pack, it incorporates a battery power pack, and a handheld phone mount, so you can walk around analyzing part of the C-band in real-time.
[image: QuadRF showing 5 GHz signal over drone in augmented reality mode]My Dad and I flew his DJI Mini Pro 4 behind the studio, and the QuadRF had no trouble picking it out of the sky. As it flew away, I had to increase the gain to keep seeing it; it would be nice to have AGC or an easier gain control as the UI was a little clunky when carrying around the contraption.
It sounds like the crowdfunding campaign is already beyond expectations, and they'll be switching the enclosure to an injection mold (the version I have is 3D printed).
Raspberry Pi 5 MIPI for high-bandwidth RF
[image: QuadRF open showing Raspberry Pi 5 and MIPI connection to FPGA antenna board inside]One aspect that intrigued me was the use of the Raspberry Pi's MIPI lanes for low latency SDR streaming I/Q (In-phase/Quadrature) at data rates over 5 Gbps. From the QuadRF Documentation:
The novel approach of streaming I/Q over the Pi’s camera and display FFC MIPI connectors has many benefits. MIPI can handle >5 Gbps, low-latency, full-duplex data transfer through the Pi’s RP1 chip. It is simpler and more reliable than USB, adds almost zero hardware cost to the RF board, and can sustain hundreds of MSPS of I/Q with no hiccups or sample loss. Considering cameras and displays are the ultimate form of high-bandwidth signal streaming, it makes sense their standard digital interface is a great match for SDR! We think the industry should adopt it more widely!

It sounds like they had to reverse-engineer the MIPI protocol used on the Pi 5 to do this (since it goes through the RP1 chip), and the way it's architected, you can daisy-chain multiple QuadRF modules together, letting each module calculate its own phase shift.
I'm not sure how that will work in practice, but it sounds pretty neat. PCIe could probably work in a pinch, too, but this implementation frees up the PCIe connector in case you want high speed storage or even higher speed networking than the Pi offers.
Conclusion
As with all pre-production gear I test, take everything I've shown with a grain of salt. And with any crowdfunding campaign, if you back it, don't expect the QuadRF to show up on your doorstep overnight.
I was initially skeptical about how useful and fun this little handheld phased array could be, but after using it for a week, I can't wait until the one I pre-ordered ships!



Original: https://www.jeffgeerling.com/blog/2026/quadrf-can-spot-drones-and-see-wifi-through-my-wall/ · Discussion
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Write code like a human will maintain it

unstack.io · 299 points · Discussion

One of the best things about LLMs is that they'll write code for you, all day long. Who cares about DRY? You don't have to be the one updating the same long conditional in four different files - the AI will just do it for you! Right?

I've noticed myself letting it slide recently on a project I'd been building with AI. I needed the same access check in a handful of places: a route handler, a background job, an API endpoint, a webhook, etc. Each time, I'd describe what I needed, the model would generate something that worked, and I'd merge it.

Each version looked roughly like this:

if (user.isActive && user.hasPermission('read') &&
    !user.isSuspended && account.status === 'open') {
    // do a thing
}


Essentially the same conditionals every time. Four conditions, maybe slightly different variable names, copy-pasted logic with a word or two changed. There's a much cleaner way to do this - a shared helper, for example, like something I'd extract if I were writing this myself. But I didn't. The code worked! The tests passed and I wasn't the one who'd have to touch it again.

That's the laziness here: if it doesn't follow best practices, or I know a piece of code will be a pain to maintain, what difference does it make? When I need to change something later, the LLM deals with it, not me.

Except the LLM doesn't write in a vacuum. It reads your codebase. The files you have open, the patterns that are already there, and the recent changes you've made. Every shortcut you merge into your codebase is a signal about how things are done here. The next time you ask the LLM for another endpoint with the same access rules, the model won't start from first principles. It'll start from the other four copies already sitting in your repo.

So you ask for a fifth endpoint, and you get a fifth conditional, with the same copied code. You ask for a refactor, and the model preserves all five, because that's what your code looks like. The bad pattern isn't a one-off anymore, it's considered to be your style.

If you let things go on like this, can you really trust that the LLM will catch every instance if you try to fix it later?

Sure, a few of these aren't catastrophic. That's how it always starts, but code smells do stack up. Each duplicated conditional, each "god" function, each "I'll clean this up later" merge adds another layer of signaling to the next prompt. Eventually you can't easily prompt your way out of it. At least not without getting your hands dirty and rolling up your sleeves.

The most frustrating part: I thought I was outsourcing maintenance to the LLM, but the slippery slope I found myself on was actually training it to have ever-worsening habits.

Write code like a human will maintain it. LLMs are sponges that soak up everything you do and repeat it back to you. So make sure it's good.





Original: https://unstack.io/write-code-like-a-human-will-maintain-it · Discussion
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Good Tools Are Invisible

gingerbill.org · 287 points · Discussion





2026-07-10


TL;DR: A good tool is and ought to be invisible—striving to make such tools is the goal of a toolmaker.

One habit I see a lot, and have to push back on, is taking a tool’s shortcomings and reselling them as a “puzzle game” which is “fun” to solve.

I don’t want my tools to be “fun”. I want my tools to be invisible.

Text Editor Wars
Let’s take vim as an example 

This is just an example, and applies to other editors too.. I constantly see some people praise it not for what actually makes it good, but by taking the things it’s bad at and turning them into a puzzle to have “fun” solving.

I’ve had people tell me how “fun” it was to build a macro to handle some one-off text-refactoring problem. But when I looked at what they were doing and how long it took, my honest reaction was: I could have done that in Sublime in a minute with multiple cursors, or just written a quick script.

To be clear, I’m not saying text editors don’t matter to your workflow. I’m questioning the near-religious devotion people have to a tool because it gives them a “hacker vibe”—which is basically the whole appeal for newcomers to vim or emacs.

That’s what I mean by “invisible tools”. When you’re proficient with your editor of choice—whatever it is—it disappears into the background. But the moment it cannot handle something easily, it stops being invisible. What baffles me is that so many people treat that friction—the effort of working around a tool’s limitations—as the “fun” part, and then advertise it as evidence that the tool is great.

I know plenty of things wrong with my own editor of choice: Sublime. I don’t dress those flaws up as fun little puzzles to solve. I just get annoyed that it lacks the tools I actually need, forcing me to write a plugin or reach for a separate program to write to transform text the way I want.

I’ve been using Sublime for 15 years now. It’s my editor of choice for a few reasons: its shortcuts are a superset of the graphical OS environment (which minimizes the mental context-switch when moving between applications), multiple cursors really are better than macros 99.999% of the time 

I think I’ve only “needed” a macro in Sublime twice in the past decade, and in both cases, setting up the macro took longer than if I just wrote a script to do the same thing. (since they give direct visual feedback), and it leaves me with the fewest “puzzles” to solve in my text-editing workflow. I’ve found something like vim to be better at basic editing but worse at bulk operations—and I don’t mean grep-like operations—which is why I’ve stuck with Sublime for so long. I never found vim motions to be that much more productive than my Sublime workflow either, and that wasn’t just down to lack of trying or familiarity 

To be honest, I have forgotten most of my “vim motions” knowledge over the years, because I don’t regularly exercise it, nor do I need to.. And since I virtually never write code in a terminal, my need for a terminal-oriented editor is effectively nonexistent.

If people find vim, emacs, or whatever genuinely good and productive, I’m not going to criticize them for using it. People are most comfortable with what they know. But for the people I am discussing, that same familiarity blinds them to their tools’ flaws, and leads them to celebrate those flaws, flaunting them as games.

Tools as an Identity
Part of why these debates turn religious is that a tool choice becomes a flag you plant—it says something about who you are. The “hacker vibe” isn’t a mere aesthetic; it’s tribal signaling, and that’s the real trap. Once your identity is invested in a tool, admitting its flaws starts to feel like admitting something about yourself. So people don’t just tolerate the flaws—they defend them, and eventually flaunt them. You cannot have an honest conversation about a tool with someone who’s decided the tool is part of their personality.


Feeling Productive versus being Productive
The text-editor-macro anecdote I mentioned is really about a gap between feeling productive versus being productive. There’s a sensation of cleverness that comes from solving a fiddly problem, and it’s easy to mistake that feeling for actual output. A tool that makes hard things feel heroic and clever feel like an achievement can register as “powerful” while quietly being slow. The honest test isn’t how engaged or clever you felt, it’s wall-clock time and how many mistakes you made getting there. A lot of the tools people evangelize would lose that test.

If productivity is actually the goal, actually question your own views on this, and try to see what makes you more productive. You will be surprised when you do.


Terminal UIs vs GUIs
Another example in this same vein is when people advocate for terminal apps over GUIs. If you’re stuck in a terminal all day, then I completely get the obvious advantage, but most programmers aren’t stuck in a terminal all day.

From those people who generally advocate for a TUI over a GUI, one of the criticisms of GUI apps tends to be: “I cannot navigate them with the keyboard alone”.

Okay? That doesn’t make GUI apps inherently bad. It just means the GUIs people build aren’t good enough to be keyboard-navigable. There’s nothing inherently impossible about making a GUI navigable with a keyboard, rather it’s just that most toolmakers never bother to implement, and usually because they don’t realize how much more productive keyboard navigation is than reaching for the mouse a lot of the time. If the argument was that a specific TUI app is better than the other alternatives which are GUI based, then that is a fair argument, but arguing that TUIs are inherently better than GUIs is very misinformed.

And this is the common mistake: people look at the current state of a category of tools and assume its current limitations are inherent/essential, when really no one has put in the work to make those tools better.


Linux’s (Lack of) Popularity as a Desktop
The year of the Linux 

I know I am going to get people saying “Linux is the Kernel, the OS is the [insert distro name]”. I’m sorry but that’s not how most people talk about Linux, and I don’t really care too much for your pendantry which aids nothing. Especially since to critique it, you clearly had to understand what was being said about it. desktop still isn’t upon us (in 2026), and part of the reason why it has taken so long to get to that point is fundamental: a lot of the people who use Linux love fiddling with configuration files to reshape their system—it’s their idea of “fun”, their puzzle game.

I went through that phase myself. But after a while, I just wanted things to work. Spending hours (if not days) configuring everything isn’t something I want to do any more. I want the defaults to be good and just work, and when I do need to tweak something minor, it should take seconds.

Maximal configurability shouldn’t be a tool’s goal, it should be an option for when it’s actually necessary. Designing an ergonomic tool is fundamentally about having good defaults, while still allowing escape hatches where they’re possible/needed.

The appeal of accidental 

Characteristics that an object has contingently and can change without altering the object’s essential identity. complexity is something a lot of programmers/techy-folk love, giving them a weird sense of security.

Having good defaults is fundamentally a toolmaker’s responsibility. We as toolmakers have a tendency to put the burden on the user: to configure it, to tweak it, to learn it. A lot of that burden is really a designer declining to make a decision. “Highly configurable” is often just an excuse for shipping no opinion at all and calling the resulting work your problem. Good defaults are a form of respect for the user’s time: the toolmaker does the thinking once so a thousand users don’t each have to. And part of designing a tool is to allow for some escape hatches tool; those escape hatches are there for the genuine minority who need something unusual; they should not be a substitute for getting the common case right.


Steep Learning Curve as a “Feature”?
Another defence I’ve seen is that the difficulty is the whole point, it filters out the uncommitted, and once you’re over the hump you’re rewarded for life. But a learning curve is a cost, not a virtue. It could hypothetically be absolutely a cost worth paying, but the payoff has to be genuine productivity, not the satisfaction of having paid it. Too often the reasoning is just sunk-cost dressed up as merit: “I spent months learning this, so it must be worth it, and you should copy in my footsteps too”. That’s the puzzle game again, only now the puzzle is the tool itself.


Conclusion
None of this is an argument against any particular tool. It’s an argument against a way of thinking. Use vim, use emacs, use Sublime, but use whatever disappears into the background and lets you get on with the work. That is the whole test, and it’s a personal one. What I’m pushing back on isn’t the choice, it’s the storytelling that grows up around the choice: the reframing of limitations as features, the effort of working around a flaw sold as the reward, the tool quietly promoted from the thing-you-use to the part-of-who-you-are.

The clearest sign a tool is serving you is that you stop noticing it—it becomes invisible. You don’t celebrate its flaws because you’re not turning them into a hobby, rather you just get mildly annoyed and route around them. You don’t defend it because nothing about your identity is riding on it. And you don’t mistake the feeling of cleverness for the fact of productivity, because you’ve bothered to check the difference.

So by all means, enjoy your tools, for the joy of programming itself. Just be honest about which parts are genuinely good and which parts you’ve talked yourself into loving. The best tool isn’t the one with the best story. It’s the one you forget you’re using.

A good tool is and ought to be invisible—striving to make such tools is the goal of a toolmaker.







Original: https://www.gingerbill.org/article/2026/07/10/good-tools-are-invisible/ · Discussion
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Late Bronze Age Collapse

acoup.blog · 275 points · Discussion


		
This week, by order of the ACOUP Senate, we’re talking about the Late Bronze Age Collapse (commonly abbreviated ‘LBAC’), the shocking collapse of the Late Bronze Age state system across the Eastern Mediterranean and Middle East during the 12th century (that is, the 1100s) BC. In the broader Mediterranean world, the Late Bronze Age Collapse is the event that probably comes closest to a true ‘end of civilization’ event – meaningfully more severe than the collapse of the Roman Empire in the West (although as we’ll see LBAC is also not as ‘total’ of a collapse as was sometimes supposed).




This is going to be, by our standards here, something of a brief overview, roughly the equivalent to the lecture I give to my students when we cover this period (with a bit more detail, because text is more compressed).  A full ‘deep dive’ of all of the debates and open questions of this period would no doubt run quite a few posts and more importantly really ought to be written by specialists in the bronze age.  This is also a very archaeologically driven topic, which makes it more sensitive than most to new evidence – archaeological site work, but also epigraphic evidence (mostly on clay tablets) – that can change our understanding of events.  As we’ll see, our understanding has changed a fair bit.




So what we’ll do is run through what we know about what happened in the collapse (which is the most visible part of it) and then we’ll loop back to the question of causes (which remain substantially uncertain) and then finally look at the long-term impacts of the collapse, which are considerable.




But first, as always, if you like what you are reading here, please share it; if you really like it, you can support me on Patreon; members at the Patres et Matres Conscripti level get to vote on the topics for post-series like this one! If you want updates whenever a new post appears or want to hear my more bite-sized musings on history, security affairs and current events, you can follow me on Bluesky (@bretdevereaux.bsky.social).  I am also active on Threads (bretdevereaux) and maintain a de minimis presence on Twitter (@bretdevereaux).







The (Partial?) Collapse




We need to be clear, to begin with, that while we have scattered fragments of epigraphic evidence (that is, inscriptions), almost all of our evidence for the Late Bronze Age Collapse is archaeological.  Without archaeology, we would remain largely in the dark about this event.  But archaeological evidence also brings with it challenges: it can tell you what is happening (sometimes) but often not why and dating with precision can be challenging.  Most of what we’re tracking in understanding LBAC is site destruction, identified by the demolition of key buildings or ‘destruction layers’ (often a thin layer of ash or rubble indicating the site was burned or demolished), but dating these precisely can be difficult and there are always challenges of interpretation.




With that said, the Late Bronze Age Collapse is a sequence of site destructions visible archaeologically from c. 1220 BC to c. 1170 BC, which are associated with the collapse or severe decline of the major states of the region (the Eastern Mediterranean and Middle East).  We generally conceptualize these destrictions as a ‘wave’ moving in sequence beginning in the Aegean, moving over Anatolia, sweeping down the Levant and arriving in Egypt but in many cases my sense is the chronology is more complex than that.  Many sites in the path of this ‘wave’ were not destroyed, with some declining slowly and others declining not much at all; other sites (I have in mind Tiryns) see the destruction of their political center but the decline of the urban settlement around it happens slowly or later.




First, we ought to set the stage of the Late Bronze Age.  What really marks out the Late Bronze Age (c. 1500 BC to c. 1200 BC) from earlier periods is that the emerging state systems in Mesopotamia, Syria, Anatolia and Egypt had expanded to the point of coming quite fully into contact with each other, with a significant degree of diplomatic, economic and cultural interconnectedness, to the point that we sometimes refer to the ‘Late Bronze Age Concert of Powers’ (evoking 19th century European balance of power politics) when talking informally about them.




Via Wikimedia Commons map (in Spanish, there wasn’t an English version, but it will do) of the rough political situation in the 1200s BCE.  The Hittite Empire (labeled as the ‘Hatti,’ another name it went by, after another major ethnic group within it) in Anatolia, the Assyrian (Asiria) Empire in N. Mesopotamia, Kassite Babylon (Babilonia) in S. Mesopotamia and (New Kingdom) Egypt.



Now I should caution, we often provide these nice neat maps of the Late Bronze Age powers (and they’re useful to a degree) but the borders of these states were quite fuzzy – their outer ‘possessions’ were often tributaries under the rule of local kings which might be weakly attached to the imperial center.  Nevertheless, going from East to West: southern Mesopotamia was dominated by the ‘Middle Babylonian’ Empire, ruled by the Kassite dynasty (the Kassites being an ethnic group who had taken power around 1530 BC) while northern Mesopotamia was dominated by the Middle Assyrian Empire (from about c. 1350 BC).  Anatolia and the Northern Levant was controlled by the multi-ethnic Hittite Empire, which seems to have sparred regularly with the New Kingdom of Egypt which controlled Egypt and the southern Levant.  Basically all of these powers had less settled, often pastoral peoples in their hinterlands which presented on-going security challenges for them.




These larger imperial states were more economically complex as well.  In particular, their large armies required significant amount of bronze which – because its core ingredients of tin and copper effectively never occur in the same place – demanded substantial long-distance trade, though trade was hardly only in copper and tin, but also included other high value goods and even (where feasible) bulk staples.  So while these powers clashed regularly, at the elite level (if not at the level of the subsistence economy) they were also reliant on each other to some degree.




Finally, at the edge of this state system is the Mediterranean and especially the Aegean.  In the Aegean – in Greece and Crete especially – we see effectively miniature versions of these state structures, complete with (by Near Eastern Standards) itty-bitty palaces (the Minoan urban centers on Crete had come under Mycenean (=Greek) rule in c. 1450, the palaces there largely abandoned).  Cyprus shifted between being nominally subordinate to either the Hitties of the Egyptians but seems to have mostly run its own affairs and was integrated through trade into the state system.




This is a slide I use when teaching the Late Bronze Age (particularly in Greece), contrasting the entire settlement and palace complexes (essentially the entire urban core) at Knossos (the largest Minoan palace) and Tiryns (one of the larger Mycenean palaces) to scale with Karnak, the main temple complex outside of Thebes, Egypt, to make the point that you could fit the entire urban core of major Greek and Minoan bronze age settlements inside individual monumental structures in their Near Eastern equivalents.



As noted above, LBAC starts perhaps as early as 1220 or so, and what we see in very rough sequence is as follows.




As far as I know, we still generally think the earliest rumblings are instability in the Mycenean Greek palace states.  Things had been unstable in this area for a few decades and we have some scattered destructions (Thebes) and intensified fortifications around 1250, suggesting things were not going great in Greece.  Then from c. 1200 to c. 1180 we see the destruction or collapse of basically all of the palace centers in Greece.  In some cases the urban core continues for a while, in other cases it doesn’t – in a number of cases, once the site is abandoned, it is not reinhabited (e.g. Mycenae itself, the largest of the palace centers).




Via Wikipedia, a map of major Mycenaean palace centers and proposed palace states.



As we’ll see below, the impact in Greece is greater than basically anywhere else because the collapse of the LBAC is more severe in Greece than basically anywhere else.




Meanwhite, the Hittite Empire was itself not in good shape when this started.  As far as we know, the Hittites were very much on the ‘back foot’ in the late 1200s, pressured by the Assyrians and Egypt and so potentially already short on resources when their neighbors to the West began imploding.  As far as I know, precise dates are hard to nail down for this, but the Hittite Empire in the early 1100s comes apart under pressure and by 1170 or so it is gone.  That collapse of imperial power is matched by a significant number of site destructions across Anatolia, including the Hittite capital at Hattusas and the large settlement at modern Hisarlik, now fairly securely identified as ancient Troy.  Some (like Troy) were rebuilt, others (like Hattusas) were not, but centralized Hittite power was gone and there’s a marked reduction in urbanization and probably population.




Moving into the Northern Levant, Syria and Northern Mesopotamia, we see Assyrian power – which had been advancing before, you’ll recall – contract sharply alongside more site destructions, though again chronology is tricky.  One of the key sites here is Ugarit, a major Bronze Age Levantine coastal city which was destroyed c. 1190 – before the last of the Mycenean palaces (but after the first of them).  The city’s destruction in fire preserved clay tablets with diplomatic messages from the local king of Ugarit (a Hittite vassal) frantically writing to his Hittite superiors for reinforcements in the face of significant (but frustratingly unnamed) threats prior to the destruction of the city.




That said, destruction in the Fertile Crescent is very uneven.  The Middle Assyrian Empire contracts, but does not collapse, while the Kassite Dynasty in Babylon clearly suffers some decline, but largely stabilizes by the 1160s before being run over by the Elamites in the 1150s.  Site destrictions in the Levant are uneven and some key Bronze Age centers like Sidon and Byblos were not destroyed and remained major centers into the Iron Age.1  My understanding is that while there was significant decline in the southern Levant, it is hard to pin any specific large-scale site destruction to the 1220-1170 period.




Finally we reach Egypt in a period we refer to as the ‘New Kingdom’ (1570-1069); we can trace politics more clearly here due to surviving Egyptian inscriptions.  Egypt was also in a weakened position going into this crisis, facing pressure from Libyan raiders coming overland from the West and also some internal instability.  In c. 1188, civil war broke out as the last queen of the reigning 19th dynasty was unable to retain control, leading to revolt and the seizure of power by Setnakhte and the 20th dynasty; his son Ramesses III took power in c. 1185.  Things didn’t get easier from there as we hear reports of renewed Libyan incursions in c. 1180 (coming from the west) followed almost immediately by an invasion by the ‘sea peoples’ (see below) who were evidently fended off in at least two major battles, the Battle of the Delta (c. 1179ish?) and the Battle of Djahy (c. 1178ish?).




Egypt holds together, but there’s a fair bit of evidence economic strain (likely climate based, see below) and the ability of Egypt to project power outside of Egypt seems largely spent by the end of the reign of Ramesses III; his successors do not appear to have been able to right the ship and Egyptian power continued to fragment and decline, with the dynasty stumbling on until it collapsed in 1077 leading to the Third Intermediate Period (‘Intermediate Periods’ are the term for periods of fragmentation within Egypt).




I should note in this overview that our understanding of this sequence of collapses and declines has changed significantly.  The idea of the Late Bronze Age Collapse has been around since the early 1800s when historians first noticed that the end of the Greek ‘Age of Heroes’ (linked by them to the Fall of Troy, which the (Classical) Greeks believed happened in 1184) seemed to map neatly on to the failure of the Egyptian 19th Dynasty.  As archaeologists in the later 1800s and early 1900s started actually excavating the Greek ‘Age of Heroes’ (thus discovering the (Mycenaean) Greek Late Bronze Age, which we term the ‘Late Helladic’ period (c. 1700-c. 1040 BC)) and then finding site destructions dateable within a band of perhaps 1250 to 1150 BC in Greece, Anatolia, Syria and the Levant the idea of a general collapse around the legendary date for the Fall of Troy picked up a lot of steam.




My sense of the scholarship is that this ‘civilizational collapse’ narrative has been drawn back a bit as it becomes clear that some sites were not destroyed and also that some site destructions or abandonments happened significantly later or earlier than the relatively tight 1220-1170 BC time frame that emerged for the core of the collapse.  No one (that I know of) is arguing there was no LBAC – there was clearly an LBAC – but the scale of the collapse remains something of a moving target as we excavate more sites, adding them to lists of sites that were destroyed, declined or (sometimes seemingly randomly) were spared.




And the list of sites that were not destroyed is significant.  Of note, Athens very clearly has a Mycenaean citadel on the Acropolis (which can’t be excavated because the Acropolis is in the way, but it is very obviously there) but there’s no break in settlement in Athens.  Already mentioned, Byblos and Sidon remained very prominent centers before and after, while Jerusalem and Tyre, both apparently minor settlements before LBAC (and not destroyed) will become increasingly prominent in the Iron Age Levant.  Likewise the great cities of Egypt and Mesopotamia remain, few to no site destructions in either regions.  At the same time, many settlements that escape destruction do not escape decline: in many cases these cities continue to shrink (and some places that escape destruction, like Tiryns, shrink slowly rather than vanishing all at once) or grow visibly poorer in a longer process.  So the moment of destruction comes with a long ‘tail’ of decline stretching out decades.




So to summarize, the Late Bronze Age Collapse is a series of site destructions, abandonments and declines running from roughly 1220 to roughly 1170 (though decline continues after this point) distributed quite unevenly through the interconnected Late Bronze Age Mesopotamian-and-Eastern-Mediterranean world.  Greece and Anatolia are severely impacted, the Levant somewhat less but still fairly strongly, while the states of Egypt and Mesopotamia do not collapse but enter long periods of decline.




What that description leaves out, of course, are causes and effects.




Bad Theories




While the ‘what’ of LBAC can be pinned down fairly conclusively with archaeology, the ‘why’ is tougher – a lot of potential causes (wars, armies, civil unrest) don’t necessarily leave a lot of clues in our source material.




There are a few theories we can largely discount at the outset though.  The older of these were theories that assumed that the cause of at least some of the Late Bronze Age Collapse were large-scale migrations of people into (rather than within) the settled, urban zone we’ve been talking about, in particular the idea of a ‘Dorian Invasion’ of Greece as the spark of the collapse.  Proposed in the 1800s, the idea here was that the ‘Dorians’ – the ancestors of the Greeks – would have migrated into Greece, destroying the Mycenaean cities and palaces and displacing or dominating the previous (non-Greek) inhabitants.  This notion was based on mixed and competing ideas within (Classical) Greek literature: Greek authors both expressed the idea of the Greeks being autochthonous (indigenous to their territory, literally ‘[arising] on their own from the earth’) and also being invaders, arriving at some point forty to eighty years after the Trojan War (e.g. Thuc. 1.12; Hdt. 1.56-58).  That idea got picked up by 19th century European scholars who, to be frank, often thought uncritically in terms of population migration and replacement, through an often explicitly racist lens of ‘superior stock’ driving out ‘inferior stock.’  And so they imagined a ‘Dorian invasion’ of the (racially) ‘superior’ Greek-speaking Dorians2 driving out the pre-Greek Mycenaean population, particularly in the Peloponnese.




As an aside, it is not uncommon for a single society to utilize both legendary myths of autochthony and arrival-by-conquest, choosing whichever is more useful in the moment, even though they are obviously, from a logical standpoint, mutually incompatible.




Archaeology has fundamentally undermined this theory – nuked it from orbit, really – in two key ways.  First, we have Mycenaean writing, which was discovered in a strange script called Linear B (Minoan writing is Linear A).  Originally unreadable to us, in 1952 Michael Ventris successfully demonstrated that Linear B was, in fact, Greek (rendered in a different, older script) and so the Mycenaeans were Greeks.  Meanwhile a wide range of archaeologists and material culture scholars, as more late Helladic and early Archaic pottery and artwork emerged, were able to demonstrate there simply was no discontinuity in material culture.  The Greeks could not be arriving at the end of the Bronze Age because they were already there and had been for centuries at least.  Migrations within the Eastern Mediterranean might still play a role, but the idea that the collapse was caused by the arrival of the Greeks has been decisively abandoned.  There was no Dorian Invasion.




Via Wikipedia, a Linear B Tablet, now in the National Archaeological Museum at Athens.  You can see that the script is very much not the modern Greek script (which did not yet exist when this tablet was written) but the spoken language those characters represent is a very old form of Greek, as demonstrated by Michael Ventris.



The other cause we can probably dismiss is a single, sudden natural calamity.  There are two candidates here to note.  The first is simply people confusing the major eruption of Thera (c. 1600) which is sometimes associated with the decline of the Minoan Palaces (though the chronology doesn’t really work well there either) with LBAC.  The second is effort to connect the  eruption of Hekla in Iceland with LBAC.  The problem again is that the chronology does not appear to work out – estimates for the dating of the Hekla eruption range from 1159 to 929 with the consensus being, as I understand it, closer to 1000 BC.  For our part, the range doesn’t matter much – even that earliest 1159 date would mean that Hekla’s massive eruption could hardly explain the collapse of Mycenean palaces happening at least forty years earlier.  Climate played a role in LBAC, but it is not clear that volcanic climate influence did and it is very clear that Hekla did not (though perhaps it contributed to make a bad decline worse.




So no ‘Dorian Invasions’ and no volcanoes, so what did cause it?




Causes of LBAC




We have no firm answers, but a number of plausible theories and at this point my sense is that just about everyone working on this period adopts some variation of ‘all of the above’ from this list.




We can start with climate.  For reasons there’s been quite a lot of research into historical climate conditions and we can actually get a sense of those conditions to a degree archaeology from things like tree rings (where very narrow rings can indicate dry years or otherwise unfavorable conditions).  I don’t work on historical climate, but my understanding is there is quite a lot of compelling evidence that period of LBAC, especially the 1190s, was unusually dry in the Eastern Mediterranean, which would have caused reduced agricultural output (crop failures).  Interestingly, this would be most immediately impactful in areas engaged primarily in rainfall agriculture (Greece, Anatolia, the Levant) and less impactful in areas engaged more in irrigation agriculture (Egypt, Mesopotamia).3  And, oh look, the areas where LBAC was more severe are in the rainfall zone and the areas where it was less severe are in the irrigation zone.




Crop failures may have been particularly politically volatile because of the structure and values of the kind of Near Eastern states (to include Anatolia and Greece here) that we’re dealing with.  We haven’t discussed early bronze age states very much but the evidence we have suggests that these were significantly centralized states, with a lot – not all, but a lot – of the resources moving through either state (read: royal) structures or through temple institutions which might as well have been state structures.  Which is to say these are societies where the king and the temples (which report to the king) own most of the land and so harness most of the agricultural surplus through rents and then employ the lion’s share of non-agricultural labor, redistributing their production.  Again, I don’t want to overstate this – there is a ‘private sector’ in these economies – but it seems (our evidence is limited!) to be comparatively small.




Meanwhile, the clearly attested religious role of the king in a lot of these societies includes a responsibility – often the paramount responsibility – to maintain the good relations of the community with the gods (who provide the rain and make the plants grow).




Repeated crop failures are thus going to be seen as a sign that the King is falling down on the job.  Worse yet, they’ll have come at the same time as the King found himself strained to maintain his bureaucrats and soldiers, because the entire top-heavy royal administration this system relies on is fed off of the surplus it extracts.




It is not hard to see how this is a recipe for political instability if large states do not have the resources to fall back on to respond to the crisis.




To which some scholars have noted that the period directly leading up to LBAC seems to have been a period of intensifying warfare: we hear of larger armies operating in the wars in Mesopotamia, Egypt and the Levant and we see massively greater investment in fortification in the Aegean all suggesting that the states are pouring resources into warfare.  That may have left these states with fewer resources (idle labor, stored grain, money-covertable valuables or simply reserves of public goodwill since long years of high taxes in long wars tends to tire people out) with which to confront a sudden wave of combined political unrest and food shortage.




What is clear is that once the collapse started, it was contagious, likely for two reasons: first that collapsing areas produced invading forces and refugee flows that destabilized their neighbors and second because as you will recall above, these states are interlinked and their rulers rely on trade to furnish the key military resource (bronze) as well as to acquire key prestige goods necessary to maintain the loyalty of the aristocracy.




The clearest evidence of this are the reports in Egyptian inscriptions of peoples grouped under the modern heading of ‘Sea Peoples’ because they are often described as being ‘of the sea’ in one way or another.  The evidence here is tricky: what we have are a set of inscriptions, spanning from 1210 through to the mid-1100s describing fighting against – and, this being Egyptian royal writing, invariably the victory of a Pharaoh over – a range of invading peoples.  What is tricky is these reports cover multiple periods of fighting and they’re using Egyptian names for these people meaning we’re not always entirely confident that we can tell who exactly the Egyptians meant to identify.




Via Wikipedia, an Egyptian decorated inscription from the Medinet Habu showing the Pharaoh (Ramesses III triumphing over enemies from the North, likely the ‘Sea Peoples’ named in other inscriptions.



Generally, however, what we seem to be seeing is increased pressure on Egypt from c. 1205 to c. 1170 from multi-ethnic coalitions of peoples drawn from the Aegean, Anatolia and the Levant.  In particular, inscriptions from the reign of Merneptah (r. 1213-1203) report attacks by the Ekwesh (possibly an Egyptian rendering of Achaioi, ‘Achaean,’ meaning Greek) along with the Lukka (an Anatolian people), the Sherden (probably a Levantine people, perhaps the Philistines) and others even harder to pin down like the Shekelesh (more Anatolians? Sicels? other people on boats?).  Later inscriptions from the reign of Ramesses III (r. 1185-1154) report relatively early in his reign victories against coalitions that include the Denyen (possibly an Egyptian rendering of ‘Danaioi,’ meaning Greek), the Sherden (again), the Shekelesh (again), the Peleset (Levantine people, probably Philistines) and others.




The way this evidence is generally read – and this seems the most plausible explanation – is that the disruptions in the Aegean, Anatolia and Levant may have themselves produced armed mass-migrations, moving by sea (these were all sea-faring peoples), perhaps looking for safe harbor.  Or perhaps quite literal bands of raiders – the collapse of state structures in Greece and Anatolia might well have left a lot of full-time violence-doers without steady employment and going raiding may have been a natural recourse for some. There is some sense in Hittite documents, for instance that the ‘Ahhiyawa’ (Hittite rendering for Achaioi, meaning Greek) might have been an hostile neighbors to the Hittites and given how heavily militarized elite Mycenaean culture seems to have been, it wouldn’t be shocking if they regularly went on seaborne raids (though, again, the evidence here is very thin).




Meanwhile, while trade does not completely stop, it certainly seems to be reduced by the collapse of these states, possibly interrupting the supply of key goods – the most obvious being bronze – and any state revenues derived from taxing trade (which they did).




Consequently the ‘consensus’ vision – which remains to a degree conjectural, although it is the ‘best fit’ for the evidence – runs roughly like this:





	Intensifying warfare in the E. Mediterranean and Mesopotamia may have reduced the resources available for major states to confront a crisis and perhaps were already associated with some kind of unrest.




	A shift to a drier climate causes harvest failures which begin to push the teetering states over the edge into collapse.




	In Greece, the palace states begin to collapse one by one – probably from internal strains (e.g. an oppressed peasantry) rather than external invasion.

	Because the ‘palace economy’ was so central (and employed a lot of people, including a lot of warriors), collapse within Greece may have been contagious as raids and refugees spawned by collapsing palace systems fatally strained others.








	Those collapses in turn begin to disrupt trade but also produce outward movements of refugees and/or raiders, which may in part be what is being ‘remembered’ in Homer’s account of the Trojan War or the broader Greek mythological assumption that the Trojan War marks the end of the ‘Age of Heroes’ (which is how the Classical Greeks understood this period).




	That same strain hits the already ailing Hittite Empire, strained by wars and defeats in the Levant against the Egyptians and Assyrians.  Battered by harvest failures and increasing raids (such as those Ugarit is crying for help from), Hittite power collapses.




	The states of the Northern Levant, under pressure already now lose their protector, while the other major states of the region (Egypt, Assyria, Kassite Babylon) lose a key trade partner and at least some access to tin in particular (required for bronze).




	The resulting economic contraction produces internal instability (Nineteenth dynasty replaced by Twentieth in Egypt) and combined with further raiding/refugee pressures, all of these imperial powers contract into their homelands, no longer able to project power far afield.




	In Babylon, the Kassites more or less stabilize by the 1160s, but in a weakened state, are overrun by the Elamites – a perpetual local threat – in the 1150s. In Egypt there’s a moment of recovery and stability under Ramesses III of the new Twentieth Dynasty, but further succession disputes – perhaps in part motivated by bad economic conditions – lead to power fragmenting until central rule collapses in the early 1070s. Assyrian power contracts back to the Assyrian homeland in Northern Mesopotamia, but the state survives, to reemerge as a staggeringly major power in the early Iron Age.






You will of course note that we can observe all of these stages only very imperfectly: we’re working with fragmentary letters, inscriptions that are often unreliable and often very good archaeology that can tell us what happened (‘this palace was burned and all of the finery was dumped in a well’) but not why.




The Effects of the Collapse




Just as the collapse itself was uneven – some states and settlements destroyed, others largely spared – so too its effects were uneven, so we might do a brief rundown by region.




But first I want to note the effect the collapse has on our evidence.  In many places, I compare it to a lightning bolt at night that takes out the power.  Immediately before the collapse, it was dim, but there was some light: though deep in the past, we have large states that are creating records and inscribing things on stone some small portion of which survive; we can’t see anywhere near as well as we can during the last millennium BC, but we can see some things.  Then the collapse hits like that bolt of lightning and we suddenly get a lot of evidence at once.  Destruction layers are often archaeologically rich (things get deposited that wouldn’t normally) and when, for instance, someone burns an archive full of clay tablets, that fires the clay tablets in ceramic, which can survive.  Meanwhile it is easier to excavate sites that were abandoned and not re-inhabited: they probably don’t have major modern cities on them and you don’t have to excavate carefully through centuries of dense, continuous habitation to get down to the bronze age level.




But then in many areas – especially Greece – we are plunged into a lot of darkness.  The states that were producing written records are either much smaller or gone entirely.  Reduced at the same time is trade in goods that we can use to see long-distance cultural connections.  And in many cases poorer societies build in wood and mudbrick rather than stone; the latter survives far better than the former to be observed archaeologically.




The Aegean and mainland Greece – that is, the Mycenaean Greeks – were evidently hit hardest by the collapse.  Much like Britain when the Roman Empire collapsed in the West, being on the very edge of the state system as it came apart left them evidently far more isolated with a much more severe decline.  Large-scale stone building effectively vanishes in Greece and won’t reappear until the Archaic period (750-480), which in turn makes it much harder to observe things like settlement patterns during the intervening period, sometimes termed the Greek Dark Age (1100-750; many archaeologists of the period dislike this term for obvious reasons).  But from what we can see, Greece seems to largely deurbanize in this period, although at least one Mycenaean center survives – Athens.  That may in turn explain to some degree why Athens is such a big polis in terms of its territory by the time we can see it clearly in the Archaic.




Perhaps most shockingly, mainland Greece loses writing.  The Mycenaean palaces had developed a syllabic script, which we call Linear B, to represent their spoken Greek.  This form of writing is entirely lost.  In the 8th century, the Greeks will adopt an entirely new script – borrowing the one the Phoenicians are using – to represent their language and we (and they) will be unable to read Linear B until 1953.




The totality of the collapse of central state institutions in Mycenaean Greece may in part explain the emergence of a political institution as strange as the polis.  It is clear that through the Greek ‘Dark Ages’ and the subsequent Archaic period, though Greek communities have ‘kings’ – though called basileis (a word that in the Mycenaean Linear B tablets would mean ‘village chief,’ a subordinate to the actual king in the palace, the wanax, a term Homer uses for Agamemnon and Priam only) – they lack the centralized economic engine of the palace economy and instead have much weaker central governing systems.  It is something not quite but perhaps close to a ‘clean slate’ from which to develop new systems of governance that will look very different from what societies to their East had developed.




No other part of the Eastern Mediterranean suffers a civilizational setback quite as intense as in Greece, but perhaps the most significant effect is a period of prolonged political fragmentation in Anatolia and the Levant.  These regions had been, over the Late Bronze Age, largely under the control of major imperial powers (Egypt, Assyria, the Hittites), but with those powers removed they have a chance to develop somewhat independently.  That period of relative independence is going to slam shut when the Neo-Assyrian Empire – itself a continuation of the Middle Assyrian Empire, recovered from LBAC – reasserts itself in the ninth century, dominating the Levant and even Egypt.




But in the intervening time a number of different smaller societies have a chance to make their own way in the Levant, two of which are going to leave a very large mark.  In the northern Levant, this period of fragmentation creates space for the rise of the major Phoenician centers – Byblos, Sidon and Tyre (of which the latter will eventually become the most important).  As we’ve discussed, those are going to be the starting point for a wave of Phoenician colonization in the Mediterranean, as Phoenician traders steadily knit Mediterranean trade networks (back) together.  They are also, as noted above, using their own phonetic script, the Phoenician alphabet, which is in turn going to form the basic of many other regional scripts.  Perhaps most relevant for us, the Greeks will adopt and modifying the Phoenician alphabet to represent their own language and then peoples of pre-Roman Italy will adopt and modify that to make the Old Italic alphabet which in turn becomes the Latin alphabet which is the alphabet in which I am typing right now.




Meanwhile in the southern Levant this period of fragmentation creates the space for the emergence of two small kingdoms whose people are developing a very historically important religion centered on the worship of their God Yahweh.  These are, of course, the kingdoms of Israel and Judah.  We are unusually well informed about the history of these kingdoms because their history was preserved as part of Jewish scripture, although verifying elements of that scripture as historical fact is quite hard – scholars remain divided, for instance, about the existence of an actual ‘united monarchy’ (in scripture under Saul, David and Solomon) which would have existed c. 1000 BC (by contrast the later split kingdoms are attested in Assyrian records).  The development of these two kingdoms – and thus the development of all of the Abrahamic faiths – is greatly influenced by this period of fragmentation.  Readers who know their Kings and Chronicles may have already pieced together that it is that re-expansion of Assyrian power which will lead to the destruction of the northern kingdom of Israel in the 720s, while the southern kingdom of Judah persists as a quasi-dependency of Assyria before being dismembered and destroyed finally by the Neo-Babylonian Empire (which replaces the Neo-Assyrian Empire, however briefly) in 597 BC.




Of course the difficult thing in all of this is that it is this initial period, where a lot is clearly forming and brewing in the Eastern Mediterranean that our evidence is significantly weaker than we’d like (again, especially in Greece, but note how much uncertainty we have even in the Levant).  The first few centuries of the Iron Age, immediately following the Late Bronze Age Collapse are clearly a very important formative period which are going to set some of the key patterns for events to play out in the rest of antiquity as ‘the curtain goes up’ as it were and we start being able to see those events clearly.




All that said, I have to stress this is really a very basic overview.  I am doubtless missing out on some of the latest work in this field (because I am a late/post Iron Age scholar) and in any case a lot of this cannot help but be a fairly basic summary.  Perhaps one of these days I can get a Late Bronze Age or early Near Eastern Iron Age specialist to guest-write something more detailed on specific facets of the collapse and its impact. 

	Sidon and Byblos, alongside Tyre (settled in the Bronze Age, but only prominent in the Iron Age) would be the most powerful and prominent Phoenician cities in the early Iron Age.
	That is, speakers of the Doric dialect of Greek
	Reduced rainfall in the Armenian highlands could, of course, negatively effect the Tigris and Euphrates, but that’s a ‘less water’ problem as opposed to a ‘no water’ problem.

	



Original: https://acoup.blog/2026/01/30/collections-the-late-bronze-age-collapse-a-very-brief-introduction/ · Discussion
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New York City to become first in US to ban deceptive subscription practices

theguardian.com · 207 points · Discussion

New York City has adopted a new rule that bans companies from using deceptive subscriptions to trap customers into paying for gym memberships, streaming services and other recurring charges, the city’s consumer protection office said.
The new rule, which will start on 1 October, promises hefty fines and aggressive enforcement for violators. Companies that do not provide a simple way to cancel could pay $525 per user subscription, back fees and additional fines.
The city is also targeting so-called “junk fees” that raise the final price of everything from apartments to sporting events, with a proposed rule that requires sellers to “advertise the total price for any good or service, including all mandatory additional charges and fees, up front”, according to a release shared with the Guardian.
New York would be the first US city to implement such a ban.
“People shouldn’t have to wait on hold for half an hour or send a certified letter or show up to a store in person in order to cancel” a subscription, said Samuel AA Levine, the city’s commissioner of consumer and worker protection, in an interview.
The new measures were announced in a press conference on Friday.
The proposed fee rule could have an especially wide effect, sending ripples through New York’s expensive housing market, where about 70% of residents rent.
Apartment renters in the US face a rising tide of add-on fees such as “boiler management” and “lifestyle” charges from management companies, which make true rental costs hundreds of dollars higher than the price stated on real-estate company websites.
If the proposed renters rule passes after public comment and hearing, any mandatory fees, including annual ones, would need to be included in the stated monthly rental price, Levine said.
The current situation creates “a scenario where rather than competing on price, companies are competing on their ability to hide the true price. That’s the worst kind of incentive” – and one that deeply distorts the market, Levine said.
The moves are part of an aggressive push by Zohran Mamdani and Levine, a former head of consumer protection in the Federal Trade Commission (FTC), to rein in what they see as predatory corporate malpractice nationwide.
“In the dawn of the [Ronald] Reagan era, the FTC and others in Washington said expressly that … markets could correct themselves, regulate themselves, they were going to stop writing rules,” and allow companies to police their own behavior, Levine said. “What it has gotten us is 40 years of deceptive pricing,” he said.
Bans on junk fees and subscription traps are generally popular with consumers, but have been fought aggressively by industry groups. When the Biden administration introduced a junk fee rule in 2024, the US Chamber of Commerce argued it was “an attempt to micromanage businesses’ pricing structures”, and apartment fees were cut from that federal rule after lobbying by the real-estate industry.
A national click-to-cancel rule introduced by the Biden administration was struck down by a federal judge in 2025, days before it was set to go into effect, over a procedural rule. Donald Trump’s FTC plans to pass a similar rule in coming months.
Companies make billions a year in automatic subscription renewals that consumers do not want or do not know they have. The subscription rule could save New Yorkers alone as much as $162.5m per year, the Roosevelt Institute thinktank estimates.
While the subscription rule would only apply to New York City residents, the proposed junk fee rule affects companies such as hotels and rental car agencies that cater to visitors. If you are staying in a hotel in the city that hits you with undisclosed fees upon check-in, “you should complain to us”, Levine said.
The new rule is the Mamdani administration’s latest attempt to address the affordability crisis after heavily campaigning on making the city cheaper for residents. Members of Mamdani’s democratic socialist group that were endorsed by the mayor won a flurry of primary elections in recent weeks, as some voters embrace leftwing populism that promises to empower working-class Americans, similar to pledges by Trump in the past three presidential elections.
The New York city council has also proposed a rule banning “surveillance pricing”, in which companies charge consumers different prices for the same good or service, based on algorithmic information from their spending and other personal habits.
Maryland banned the practice in April. Colorado’s governor vetoed a ban last month.
The city will take public comments on the junk fee rule and then hold a hearing, Levine said. “I certainly hope that we can get this rule done by the end of the year.”




Original: https://www.theguardian.com/us-news/2026/jul/10/new-york-city-deceptive-subscriptions-ban · Discussion
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GPT-5.6 Sol Ultra produces proof of the Cycle Double Cover Conjecture [pdf]

cdn.openai.com · 185 points · Discussion

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

Original: https://cdn.openai.com/pdf/04d1d1e4-bc75-476a-97cf-49055cd98d31/cdc_proof.pdf · Discussion
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In Emacs, Everything Looks Like a Service

yummymelon.com · 156 points · Discussion


A common refrain is that Emacs is an operating system (OS). This isn’t true, but what invites comparison to an OS is its ability to orchestrate applications and utilities above the OS kernel level. The diagram below suggests a truer picture of how Emacs’ relates to an OS and its capabilities.



Emacs’ built-in access to OS system services (file system, network, etc.) coupled with the ability to run other programs makes it routine to improvise client behavior within it. Because of this, Emacs users are able to accomplish many of their computing needs from the different client modes that have been made for it. This gives credence to the notion of “living only in Emacs.”

In this post, we’ll examine some of the ways Emacs lets you build a client. By the end of this post, you’ll hopefully be convinced that from within Emacs, everything looks like a service.

Client-Server Model

Let’s first provide some definitions.

The Client–Server model is a common computer interaction pattern where a task is partitioned between the provider of a resource (the service) and the requester of that resource (the client). The client issues a request to the server, and the server in turn returns a response as shown in the diagram below.



Depending on the implementation, the transaction (request + response) can occur over a network or be local to a system. Client-server models using a network has been most elaborated upon with REST-style software architectures. Shown in the sequence diagram below is a common implementation pattern for REST-style client server architecture.



Emacs as a Client

From the diagram above, there are three concerns the client is typically responsible for:


	UI: User interface (if any).

	Client Edge: Sub-system concerned with communication with the service. For networked clients, this is the network sub-system.

	Local Database: Representation of data that is exchanged or synchronized with the server. How this data is managed is up to the implementation requirements.



For the above concerns, Emacs provides numerous libraries both built-in and third-party which can implement a client. Listed below are some built-in libraries with their respective links for further reading:


	
UI


	Minibuffers

	Buffers

	Completion

	Tabulated List Mode

	Variable Pitch Table (vtable)

	Transient





	
Client Edge


	URL

	Socket (TCP/UDP)

	SMTP

	Serialization/Deserialization
	JSON

	XML









	
Local Database


	Collections
	Association Lists

	Property Lists

	Hash Tables





	SQLite







Requirements dictate the amount of complexity required to implement the Emacs client. If there is an existing command line utility that can do the “heavy lifting”, said utility can be reframed as a “service” that can be accessed via a shell call.



Elisp

All the libraries mentioned above are accessed through the Emacs Lisp (Elisp) programming language. Elisp is a dynamic programming language which allows for a high degree of improvisation during run-time. This capability allows for complex orchestration of any behavior that is available to Emacs, from Elisp functions to shell commands.

Example wttr.in client

wttr.in is a console-oriented weather forecast web-service. It supports JSON output so we can build an Emacs wttr command which will prompt for a location, make the HTTP request, process the JSON response and display the result in the mini-buffer.

The top-level command wttr is shown below.

	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
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14

	(defun wttr (location)
  "Show weather conditions for LOCATION from `https://wttr.in' in mini-buffer.

Result is also stored in `kill-ring'."
  (interactive "sWhere (default: local): ")

  (condition-case err
      (let* ((url (wttr--request-url location))
             (jsondb (fetch-json-as-hash-table url))
             (msg (wttr--report-message jsondb)))
        (kill-new msg)
        (message "%s" msg))

    (error (message "ERROR: %s" (cdr err)))))







The wttr.in URL is constructed by the function wttr--request-url shown below.

		(defun wttr--request-url (location)
  "Construct wttr.in URL with LOCATION."
  (let* ((base-url (url-generic-parse-url "https://wttr.in"))
         (encoded-location (string-replace " " "+" location))
         (query (format "/%s?0&format=j1" encoded-location))
         (_dummy (setf (url-filename base-url) query)))
    (url-recreate-url base-url)))







We can subsequently pass that URL into fetch-json-as-hash-table which does the heavy lifting of retrieving the URL and parsing the JSON response into an Elisp hash-table.
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	(defun fetch-json-as-hash-table (url)
  "Fetch URL with expected JSON response and return a `hash-table'."
  (let ((data-buffer (url-retrieve-synchronously url)))
    (if (not data-buffer)
        (error "Failed to fetch data from %s" url)
      (unwind-protect
          (with-current-buffer data-buffer
            ;; Move point past the HTTP metadata headers
            (goto-char url-http-end-of-headers)
            ;; Parse the remaining JSON buffer into a hash-table
            (json-parse-buffer :object-type 'hash-table))
        ;; Always kill the downloaded network buffer to prevent memory leaks
        (kill-buffer data-buffer)))))







Finally we can extract the desired values from the JSON response (jsondb) to populate the message that will sent to the mini-buffer.
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	(defun wttr--report-message (jsondb)
  "Generate weather report message from JSONDB."
  (let* ((area-buflist ())
         (nearest-area
          (wttr--get-first jsondb "nearest_area"))
         (area-name
          (map-elt (wttr--get-first nearest-area "areaName") "value"))
         (region
          (map-elt (wttr--get-first nearest-area "region") "value"))
         (country
          (map-elt (wttr--get-first nearest-area "country") "value"))

         (current-condition (wttr--get-first jsondb "current_condition"))
         (temp_c (map-elt current-condition "temp_C"))
         (temp_f (map-elt current-condition "temp_F"))

         (weather-description
          (map-elt
           (wttr--get-first current-condition "weatherDesc") "value")))

    (mapc (lambda (x)
            (if (and x (not (string-equal x "")))
                (push x area-buflist)))
          (list area-name region country))

    (format "%s: %s°C, %s°F %s"
            (string-join (reverse area-buflist) ", ")
            temp_c
            temp_f
            weather-description)))







wttr.el source

Closing Thoughts

At this point, hopefully you are convinced of the title assertion that from Emacs, everything looks like a service. Furthermore, many of the APIs offered by Emacs work at a high-level of abstraction. Consider that the lines of code for wttr.el weighs in at 67. (Result using the cloc utility.)

If that’s too much, then imagine an alternate implementation where the actual network request and JSON processing is done in a Python script called weather. Then the Elisp command to invoke it is just the code shown below.

		(defun weather (location)
  "Call weather script with LOCATION and show result in minibuffer."
  (interactive "sWhere (default: local): ")

  (let* ((weather-cmd "weather")
         (cmd (if location (format "%s %s" weather-cmd location) weather-cmd))
         (result (shell-command-to-string cmd)))
    (kill-new result)
    (message result)))







With the above implementation, the shell command becomes effectively the “service” to make a request to.

As Elisp is a dynamic programming language, it can allow for integration of Elisp libraries with command line utilities in an improvised fashion.

This capability is compelling to users who recognize the opportunities it can offer.


 emacs
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Successful Companies Go Blind

ianreppel.org · 156 points · Discussion


    The Mexican cavefish kept its eye genes for over a million years after the eyes themselves disappeared.
Something similar happens to companies once they achieve success.


      
        
        
          The cave is the variable 
        
        
      

    
The Mexican cavefish (Astyanax mexicanus) exists in two forms only kilometres apart.
In the rivers along the Sierra del Abra, the fish has eyes and behaves the way ordinary fish behave.
In the limestone caves under the same mountains, members of the same species are blind, depigmented, and translucent.
The genome is virtually identical.


Within hours of fertilization in cave conditions, the lens-building programme triggers early apoptosis (i.e. programmed cell death), and the energy that would have gone to optic tissue is redirected to traits the cave actually rewards: better olfaction, deeper feeding, and fat reserves against the next lean year.
Sight is no longer expressed.
The same fish, hatched in the river, would see.

      
        
        
          Competence blindness 
        
        
      

    
Companies who have forgotten what it took to become successful are similar: they stop recognizing competence, because the environment has stopped expressing the trait in anyone the company hires.
Call it competence blindness, which is different from incumbents who fail because they cling to the customers and margins of yesterday’s market.
Firms with competence blindness do not disappear.
In fact, they can survive for decades.


When a startup hits rapid growth, it hires at speed.
Headcount targets bend the bar until the bar disappears altogether.
Engineers who have never worked elsewhere learn the house style, and within a year find themselves on hiring panels.
They select for comfort with the prevailing mess, because they have no other frame of reference.
After a few cycles the company has a population of well-meaning people who do not suspect anything is off.
They have only ever known the cave, and life inside the cave is good.


The view from outside is encouraging: strong brand, decent margins, headcount up.
From within, the view is not so flattering.
Build pipelines only the original author can run, deployments so fragile that they require a senior engineer to be on call at all times, and a wiki so out of date it might as well be written in hieroglyphics.
Because the company’s numbers still look fine, leadership believes the foundations are sound.


In this climate, careful engineering becomes a vestigial trait: the capacity exists, but the expression has been suppressed by an environment that does not return the energy spent on it.
An engineer who insists on expressing the trait is investing in an organ the cave will not feed.
After the first round of overruled proposals, the apoptosis begins.


Arrive with sight and the problems are immediately visible.
You propose something the wider industry has already moved past, and you are told the suggestion is over-engineered, academic, and not aligned with priorities.
What you intended as overdue maintenance reads as an attack on the identity of the engineers who stapled together the existing infrastructure.

      
        
        
          Centres of excellence 
        
        
      

    
The response is predictable: the company assembles a centre of excellence.
Due to the centre’s obsession with control, intrinsic motivation atrophies until the people doing the work feel that none of it is theirs anymore.
In healthy companies, excellence is ambient and distributed.
In cave dwellers, it is extracted into a process shop, charged with writing the standards, enforcing the templates, and running mandatory rituals.
The centre is designed to suppress the very trait its name claims to cultivate.

      
        
        
          The cave is geologically stable 
        
        
      

    
When a market’s barriers to entry are prohibitive, incumbents can accumulate bureaucracy and tolerate waste, because no credible entrant forces discipline.
The cave is geologically stable, so they do not need to grow new eyes.
That is how self-proclaimed technology companies end up sounding like the tech giants on the conference stage yet ship like regional utilities from the nineties.


Brand and cash still attract a steady supply of sighted engineers.
They arrive, realize the place is running on stored fat from earlier seasons, and feel their skills regressing in the dark.
Some leave within a year, for they refuse to go blind.
Management explains the exits in terms of generational fickleness, culture fit, the labour market, anything but the obvious.


The ones who stay are comfortable.
The work is predictable, the salary adequate, the internal game familiar, and the politics rewarding to whoever learns to play the game.
Over time the comfort switches off their sight.
What remains is fluency in cave rules and a steadily diminishing ability to imagine themselves outside.

      
        
        
          Staying as apoptosis 
        
        
      

    
The conventional story about smart people in dysfunctional companies treats staying as acquiescence.
Hirschman gave us three options (exit, voice, loyalty), and they remain accurate.
The cavefish analogy adds a fourth: the people who stay adapt to the cave’s pressures, mostly outside their awareness, until the adaptation is indistinguishable from loyalty.
Staying is apoptosis.

      
        
        
          Surface populations 
        
        
      

    
The Mexican cavefish has not lost its eye genes in any definitive sense.
Nearby surface populations still see perfectly well.
What switches sight back on is the next water the fish swims into.
Swim elsewhere, and your sight may return.
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Mayor Mamdani Announces Landmark "Click-to-Cancel" Consumer Protection Rules

nyc.gov · 151 points · Discussion


Snails' teeth beats spider silk as nature's strongest material (2015)
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Snails' teeth beats spider silk as nature's strongest material (2015)
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Lost city discovered beneath Egypt's desert with ancient church
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Lost city discovered beneath Egypt's desert with ancient church

dailymail.com · 118 points · Discussion

A remarkably well preserved 1,600-year-old city complete with a church, watchtowers and bustling streets has been unearthed beneath Egypt’s Western Desert.
Archaeologists have announced the discovery of a sprawling Byzantine-era settlement at the Dakhla Oasis.
Here, they unearthed homes with vaulted roofs, bread ovens, kitchens and stone mills that offer a rare glimpse into everyday life during the 4th century.
They also found around 200 inscribed pottery fragments recording commercial transactions, letters and a selection of coins.
The carefully planned settlement features broad north-south streets intersected by east-west roads to create public squares, while two watchtowers and a heavily fortified building protected its outskirts.
At its centre stands a basilica church overlooking one of the city’s main streets.
Experts say the discovery provides one of the clearest pictures yet of life in Egypt's remote oases during the Byzantine Empire.
The city, located in Egypt's western province of New Valley in the Western Desert, is on UNESCO's Tentative List, a step away from being added to the agency's World Heritage List.
  Archaeologists have announced the discovery of a sprawling Byzantine-era settlement at the Dakhla Oasis

  They unearthed homes with vaulted roofs, bread ovens, kitchens and stone mills that offer a rare glimpse into everyday life during the 4th century

  They also found around 200 inscribed pottery fragments recording commercial transactions, letters and a selection of coins

Mahmoud Massoud, Director General of Dakhla Antiquities and head of the excavation mission, said the settlement contained all the architectural components of a fully functioning community.
Excavations also yielded a rich assemblage of artefacts reflecting everyday life and economic activity including domestic pottery, bottles used to store oils and perfumes, oil lamps and stone implements for grinding grain.
‘One of the excavation’s most significant discoveries is a collection of nearly 200 inscribed ostraca (pottery fragments used as writing material) bearing texts in both Coptic and Greek,’ Diaa Zahran, head of the Islamic, Coptic and Jewish Antiquities Sector, said.
The inscriptions record commercial transactions, correspondence and other details of daily life, offering an exceptional documentary record of the city’s inhabitants.
The discovery was one of two major archaeological finds announced by Egypt's Ministry of Tourism and Antiquities.
In a separate excavation at Marina el-Alamein, around 60 miles west of Alexandria on the Mediterranean coast, archaeologists uncovered 18 ancient tombs, including a huge 8ft-long granite sarcophagus containing human remains.
They also found a damaged plaster sphinx and several bodies buried with thin gold foils placed inside their mouths.
This funerary practice, known as the ‘golden tongue’, was believed by the ancient Greeks and Romans to help the dead speak in the afterlife.
  The team uncovered bronze coins bearing the portraits of Byzantine emperors and gold coins dating to the reign of Roman emperor Constantius II, who ruled between AD337 and AD361

  Experts say the discovery provides one of the clearest pictures yet of life in Egypt's remote oases during the Byzantine Empire

  In a separate excavation at Marina el-Alamein, around 60 miles west of Alexandria on the Mediterranean coast, archaeologists uncovered 18 ancient tombs

Although Egypt is best known for its pharaohs and pyramids, it also spent more than 250 years as part of the Byzantine Empire.
During this period, from the late fourth to the mid-seventh century AD, Christianity became the dominant religion, towns expanded across the country and Egypt served as one of the empire's richest provinces. 
The newly uncovered settlement dates to this era, offering a rare snapshot of life at a time when Roman traditions, Christian beliefs and Egyptian culture overlapped.
Earlier this year archaeologists uncovered one of the Great Pyramid’s secrets – revealing how the ancient tomb has managed to withstand earthquakes for 4,600 years.
Since it was built, the magnificent structure has experienced significant tremors with magnitudes of up to 6.8. Earthquakes of this size are capable of causing significant damage to buildings within 155 miles (250km) of their epicentre.
However the Great Pyramid, built for Egyptian Pharaoh Khufu, has suffered no major deterioration internally or externally.
Back in May experts finally worked out why – and it's all thanks to remarkable engineering techniques that the ancient Egyptians used.
This included building the structure on hard limestone bedrock, a symmetrical pyramid shape, a rigid overall design and creating pressure–relieving cavities above the King's Chamber.
 Egypt under Byzantine rule
  The Byzantine period in Egypt began in AD395, when the Roman Empire was divided into eastern and western halves following the death of Emperor Theodosius I. 
Egypt became part of the Eastern Roman, or Byzantine, Empire, with Constantinople – modern-day Istanbul – serving as its capital. 
Although the empire was ruled from hundreds of miles away, Egypt remained one of its wealthiest and most strategically important provinces thanks to its fertile farmland and grain exports.
Christianity flourished during the Byzantine era, transforming Egypt's religious and cultural landscape. 
Churches and monasteries were built across the country, while many towns expanded and prospered under imperial rule.
However, the period was also marked by religious disputes between the Byzantine authorities and Egypt's growing Coptic Christian population, particularly over differing beliefs about the nature of Christ.
The Byzantine Empire controlled Egypt for more than two centuries until AD641, when Arab Muslim forces conquered the country. 
Many settlements from the period were later abandoned or buried beneath shifting desert sands, making well-preserved discoveries such as the Dakhla Oasis site exceptionally rare. 
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The mathematical secrets of Barcelona's Sagrada Familia

mappingignorance.org · 111 points · Discussion

Authors: Sergi Muria Maldonado, Professor de Didàctica de les Matemàtiques, Universitat de Barcelona; Anton Aubanell Pou, Professor de l’Institut de Formació Continuada i professor jubilat de Didàctica de les Matemàtiques, Universitat de Barcelona, and Jordi Font González, Professor de Didàctica de les Matemàtiques, Universitat de Barcelona
 [image: Sagrada Familia]The basilica’s columns branch out, imitating the natrual structure of a tree.
David Herraez Calzada/Shutterstock 2026 marks 100 years since the death of Antoni Gaudí, the architect of the Basilica of the Sagrada Familia in Barcelona. While the temple’s beauty is extraordinary in its own right, it becomes even more profound when we explore the numerical patterns that lie behind its striking forms.
 By contemplating the mathematical principles that underpin its structure, the visual harmony of the whole takes on a new dimension, endowing it with a renewed functionality, balance and coherence.
 Mathematician Claudi Alsina i Català deeply studied the mathematics of the Sagrada Família. He undertook his initial studies in this field at the University of Barcelona, and supervised the doctoral thesis of Jordi Faulí, the architect currently in charge of the temple’s ongoing construction.
 In his memoirs, Alsina stated:
 Many had wondered whether the design of the Sagrada Família contained some module or system of proportions that guided the building’s metric relationships. (…) One Saturday afternoon, sitting at my desk at home, with all the data and documents on this mysterious proportional system – if indeed it existed – I discovered it. The 7.5-metre module and the ratios between the divisors of 12 (1:4, 1:3, 1:2, 3:4, 2:3, 1) seemed to explain a great deal.

 12: the magic number
 It is no surprise that the number 12 plays a prominent role in the structure of the church. Gaudí conceived the Sagrada Família as a synthesis of architecture and religious symbolism, and the number 12 features heavily in the Bible: Jacob’s 12 sons, the 12 tribes of Israel, the 12 apostles and the crown of 12 stars in the Book of Revelation are just a few examples.
 But its significance is not merely symbolic. From a mathematical point of view, 12 is a number particularly well-suited to establishing proportions, as it has many divisors. According to Alsina, the relationships between these divisors account for much of the basilica’s proportional system.
 The 7.5-metre module
 Drawing on Alsina’s work, we invite you to take a brief mathematical tour of the Sagrada Família.
 The temple’s dimensions are based on the number 12 and a module of 7.5m. It is 90m long (7.5 × 12) and 60m wide (7.5 × 8). The width of the main nave is 45m (7.5 × 6).
 In terms of height, the highest vault is that of the apse, at 75m (7.5 × 10), followed by the vault of the transept at 60 metres (7.5 × 8). The nave vault is 45m high (7.5 × 6), the side aisle 30m (7.5 × 4), and the choir 15m (7.5 × 2).
 The Tower of Jesus Christ is the central and tallest of the cathedral. It stands at 172.5 metres (7.5 x 23), close to the height of the landmark hill of Montjuïc. It is crowned by a four-armed cross, 17m high and 13.5m wide. Surrounding this are the four Evangelist Spires, which reach a height of 135m (7.5 x 18).
 [image: Sagrada Familia]The Star of the Virgin Mary sits atop the tower of the same name.
Canaan, CC BYThe 138-metre high Tower of the Virgin Mary is the second tallest in the basilica. It is crowned by a 12-pointed star, which rests on three supporting arms. This star has a diameter of 7.5m, and is made up of a regular dodecahedron, with pyramid-shaped pentagonal points rising from each face. Its reflections of daylight and night-time illumination lend this star a unique beauty.
 Polyhedral towers
 Polyhedrons also feature prominently in the towers of the Sagrada Família. The four towers of the Glory façade are topped by dodecahedrons, the four towers of the Nativity façade by truncated irregular octahedrons, and the four towers of the Passion façade by truncated cubes.
 On each of the 12 towers, a spire rises above these polyhedrons. Those dedicated to the evangelists are crowned with regular icosahedrons containing spotlights that illuminate the large cross that sits atop the Tower of Jesus Christ. Just above each icosahedron is a sculpture that symbolically depicts each evangelist. There are numerous star-shaped polyhedrons throughout the church, particularly on the Nativity façade.
 [image: Sagrada Familia]The towers of the Nativity façade, crowned by octahedrons.
Yura Tarasovskyy/ShutterstockA forest of towers
 Catenary arches feature prominently as key structural elements of the church, as they are a highly effective way to transfer loads to the ground without the need for additional support. They can be seen in the system of sloping columns that support the vaults of the interior naves, the vaults and ceilings themselves, and the Nativity façade.
 Inside the Sagrada Família, there are four different types of column. All are double-helix torsion columns – each has a rounded, star-shaped polygonal base, and is formed by the intersection of two opposing Solomonic columns. Above each one is a knot from which different branches emerge, similar to those of a tree, which very efficiently support the towers and the roof of the church.
 The skylights in the roof are also one-sheet hyperboloids. Made up of straight lines, they are easy to construct, and optimise the capture and projection of light.
 The symbolism of 7 and 33
 The church has other deeply symbolic hidden features. Take, for instance, the canopy above the high altar, which forms a regular heptagon 5 metres in diameter, whose seven sides symbolise the seven gifts of the Holy Spirit.
 [image: A montage of Melancholia I by Albrecht Dürer, showing a numerical grid in the top right-hand corner, and the real-life magic square designed by the sculptor Josep Maria Subirachs.]On the left, Melancholia I by Albrecht Dürer, with a numerical grid visble in the top right-hand corner. On the right, the magic square designed by the sculptor Josep Maria Subirachs.
Jordi Domènech/Wikimedia Commons/, CC BY-SAOn the Passion façade there is a magic square in which the sum of all rows, columns and diagonals is 33. It appears to be inspired by the magic square featured in the engraving Melancholia I by Albrecht Dürer.
 The mathematics that underpins the Sagrada Família makes it all the more beautiful. While the building itself is a sight to behold, a deeper understanding of the principles behind it inspires even greater admiration for the enduring genius of Antoni Gaudí.
  This article is republished from The Conversation under a Creative Commons license. Original article.
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The tech of 'Terminator 2' – an oral history (2017)
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[image: T2_BARS_V1]Illustration by Aidan Roberts.
Ever since James Cameron’s Terminator 2: Judgment Day was released in 1991, I’ve been reading about the many ways ILM, led by visual effects supervisor Dennis Muren, had to basically invent new ways to realise the CG ‘liquid metal’ T-1000 shots in that film, of which there are surprisingly few. Tools like ‘Make Sticky’ and ‘Body Sock’ are ones that I’d heard referenced several times, but I’ve always wanted to know more about how those pieces of software were made.

So, over the past few months, leading up to the re-release of Terminator 2 in 3D, I’ve been chatting to the artists behind the technology who were there at the time. This was when ILM was based in San Rafael, and when its computer graphics department was still astonishingly small. Yet despite the obvious challenges in wrangling this nascent technology, the studio had been buoyed by the promising results on a few previous efforts, including Cameron’s The Abyss, and by the possibilities that digital visual effects could bring to modern-day filmmaking.

For this special retro oral history, vfxblog goes back in time with more than a dozen ILMers (their original screen credits appear in parentheses) to discuss the development of key CGI tools and techniques for the VFX Oscar winning Terminator 2, how they worked with early animation packages like Alias, and how a selection of the most memorable shots in the film – forever etched into the history of visual effects – came to be.

Gearing up the computer graphics department

Tom Williams (computer graphics shot supervisor): I actually worked full-time for both Pixar and ILM for most of T2. Then I realised that was really dangerous. I would fall asleep, driving home once, and freaked myself out and realised you can’t really do that. So towards the end of T2 I went over to ILM full time. The way I got there originally was, I got invited by [visual effects producer] Janet Healy and [visual effects supervisor] Dennis Muren because I had worked at a company called Alias, which did modelling and animation tools.

[image: t2cgteam]This still from the documentary ‘Industrial Light & Magic: Creating the Impossible’ shows ILM crew members at work on Terminator 2.
George Joblove (computer graphics shot supervisor): Each single gig at ILM was a small step above what we’d done before. And we were fighting with the limited computing resources we had at the time. We had done The Abyss which was a big step forward in a couple ways. First of all, in demonstrating what was possible and achieving it. Second of all, working for Cameron who had that great vision for how it could be used in The Abyss. With that film, had we not been able to pull it off, there would have been ways to work around it. But I don’t think there was any such opportunity in T2.

Eric Enderton (computer graphics software developer): Terminator 2 was my first big movie. I saw The Abyss in the SIGGRAPH film show and thought: I want to work for those guys. Fortuitously the CG group had decided to hire their first tools writer. They had lots of software but it was all being written by the same people who were doing the shots. I was the first ‘software-only’ person in ILM computer graphics, which obviously was a huge learning experience and just an amazing time.

Jay Riddle (computer graphics shot supervisor): I was working at ILM for several years and had learned how to animate by sitting with John Lasseter when he was in the Graphics Group, which was part of the Computer Division of Lucasfilm at the time. They were using this vector graphics display that they used with their own in-house software that they’d written, and they had this frame buffer. They were still in our building, and then they moved out to one of the other Lucasfilm buildings while they were trying to spin off and get their own place, which they eventually did. And just as they left were doing The Abyss, and then they were kind of fully gone by the time T2 came around.

[image: Doug]Visual effects art director Doug Chiang, in addition to sketching many incarnations of the T-1000 at different stages, also performed digital manipulation fix-its to final shots. Image via ILM Facebook page.
Michael Natkin (computer graphics software developer): I showed up at ILM in a suit, which was hilarious. I remember Eric Enderton and George Joblove and a few other folks took me up to the Ranch for lunch and showed me around and I was like, ‘Sure. Hell, yeah. I’ll do this. Let’s make it happen.’ I knew a lot about computer graphics, but nothing about movies whatsoever, so there was quite a learning curve.

Jonathan French (computer graphics animator): The process of even starting at [ILM] was kind of novel. I landed in SFO at 11am and after finding an airport car rental agency that would rent to someone 23 years old I drove straight to ILM in Marin. I think after I signed the NDA they immediately handed me the script to read, a small stapled booklet on ILM film terminology and tools, and then about ten people on the team kindly took me to lunch at an Afghan restaurant, which I am pretty sure was the only Afghan restaurant in Marin. The next morning in dailies I got introduced by Douglas Kay to the team in the screening theatre and everyone turned around and applauded. Three things go through your mind at that point: one, how supportive these people are, two, I better live up to my own expectations, and three, I better live up to theirs. It worked out ok.

Steve ‘Spaz’ Williams (computer graphics animation supervisor): I was at Alias and had been pushing for VA – video animation – but Alias was into the ID which stood for industrial design. At the time, VA was this very small budding thing. Then ILM called and they had purchased a cut of Alias, and so they first thing they had me do was a ride they were doing at Epcot Center called Body Wars – it was a fly-through of the heart. Then James Cameron came to ILM with The Abyss and from there we went on to Terminator 2.

“I’d point to a page and say, ‘Oh, well that looks interesting. How are you going to do that?’ And they’re like, ‘Oh, we don’t know yet.’” – John Schlag

Stefen Fangmeier (computer graphics shot supervisor): My role on T2 was as a technical director. Meaning that I would concentrate on rendering and compositing rather than modeling and animation. Back then, TDs really needed to have programming experience and since I have a computer science degree, these tasks were a natural fit for me. My tasks were to support the animators in technical areas which included writing C-shell scripts for frame to frame processing. Many of the features for doing this are now included in commercial software packages, but back then, most of the procedural, frame-by-frame batch processing had to be created from scratch.

Geofff Campbell (computer graphics animator): [I was at MPC] in the summer of 1990 when I received a phone call from ILM who wanted to set up a telephone interview regarding a new film they were starting work on. It turned out that Steve ‘Spaz’ Williams had reviewed my portfolio and had asked for the interview. The phone call came one morning at 2am and woke me out of my sleep catching me completely off guard. I remember slurring my speech while standing at the bottom of the landing freezing in my underwear. That was also before satellite phones and the static and delay of the transatlantic connection was almost comical.

Everyone on the ILM side were asking me serious questions about my abilities, schooling etc. but every now and then Steve would chime in with a question asking me things like did I have any pets? I told him I had a cat back in Toronto, and his follow up question was getting into specifics like my cat’s name and what type of cat food I served him. A week later I got the job and started working on Terminator 2 on Halloween day. Looking back I realized that Steve was serving me up a short hand during my London interview. I had already gotten the job and the interview was just a formality.

[image: image]Storyboard example of ‘Head through bars’ shot, and the final result.
Tom Williams: When I came onto the show, ILM had all the storyboards up because there’s some particularly tricky shots that they were mulling over. They were just stuck. They were all color-coded. I was looking at them, and was like, ‘Oh yeah, the greens, I could do those and the yellows, that would be fun. I think I know how to do that.’ Then there was the blacks. I was like, ‘Wow.’ There was ‘head through bars’, and some of the stuff where the surfaces would merge with each other like when the T-1000’s hook hand gets stuck in the car and then melts back into his shoe. And ‘head through floor’. They said, ‘We want you to help us with the black ones and all the things with a black dot on it.’ I was like, ‘Awesome.’ When someone says, ‘Yeah, we’re not sure how to do this,’ you can’t do worse. My failure was to meet their expectations, I think.

John Schlag (computer graphics software developer): On my first day at work, I came in the door, they sat me down, and they showed me the storyboards, and they went through this binder. And I’d point to a page and say, ‘Oh, well that looks interesting. How are you going to do that?’ And they’re like, ‘Oh, we don’t know yet.’ I’m like, ‘You people are batshit! You’ve got to be kidding me! You bid this job, and it came in, but you don’t know how to do the work?’ So that was a big wake-up call on my first day at work in real visual effects, to realise you know, you make this Hail Mary bid, and lo and behold it comes in, and you’re celebrating, and then terrified.’

[image: image1]From left: Steve ‘Spaz’ Williams, Stefen Fangmeier and Mark Dippe.
Michael Natkin: Actually, I also remember on my first day on the job, George Joblove took me down to watch them blow up the practical warehouse for Backdraft, which was amazing. It was a really neat time at ILM because it was right as the transition was happening from everything practical and optical to everything digital.

Jonathan French: The machine room which acted double duty as a night time render ‘farm’ was downstairs, near the Pit. The Pit is now a part of ILM folklore, but it was essentially Spaz’s space he shared with Mark Dippe and I think at various times Wade Howie, Jim Mitchell, and others. It was a fun place whenever I had reason to go down there, all 70’s scotch-stained shag carpet, hockey sticks and music posters, and sound proofed to the rest of the building. So you’d go in there and Stompin’ Tom Conners or Thin Lizzy would be on at full volume. I mean the kind of full volume where you open the door and your hair blows back. It was sort of as if the famous Horseshoe Tavern Bar in Toronto had been converted into a basement rec room.

“I give Cameron a lot of credit, the pseudopod from The Abyss and the liquid metal man in T2 are the same principle – they are what I would call the classic, perfect digital character.” – Mark Dippe

Anyway, on one of my first Friday nights working in the large graphics room I actually heard what I thought was bagpipes coming through the floor of the large graphics room. I asked Geoff Campbell, and he said, “Oh, ya that’s Spaz. He always plays bagpipes Friday nights.” That Spaz would later purchase a drag car, a tractor, a welder, and a working tank for his personal use also made total sense to me. For all these reasons the place and the people in it, and the work environment are probably not going to be replicated today. People who made things with their bare hands in their spare time.

I worked on an upper floor of C-building, along with a mix of people. The teams were often mixed across the building, which was actually good even if it wasn’t intentional. Alex Seiden worked on shaders a few feet away, John Schlag was writing new tools in a side room, Joe Letteri had just started a few weeks before me, Annabella Serra worked across from me, Christian Hogue on the Death Squad worked behind me, all from different teams. Joe was even on a different show. I think later I ended up down in the large graphics room downstairs, with Geoff, Stefen, John Berton, Doug, Lincoln Hu, the great and sadly missed Rich Cohen, Sandy Ford-Karpman, and others there. That was again a mix of teams, which was good.

Wait, can we actually do this?

George Joblove: I think we had cautious optimism. It just felt like we should be able to do it. We knew that there were going to be some tough challenges to solve but at the same time if felt like a really fun project that would be a great challenge and would be a great thing to accomplish.
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Eric Enderton: Terminator 2 was this huge show because it had like 50 shots. I mean, today you can’t get out of bed for less than 300 shots.

Jay Riddle: When Robert Patrick is the actor playing the T-1000, it looks like one thing, but when we’ve got this chrome and poly-alloy character moving around, it’s like something weirdly different, right? And they had to kind of flow into each other, and re-form.

Jonathan French: For the majority of the show I was on a team comprised of Stephen Rosenbaum and John Nelson, and George Joblove helping keep us moving forward on our separate shots. The tools were evolving so rapidly it became a moving target for all of us to keep track of them, to be honest. The throughput of the software team was enormous, given their tiny size. All the developers were mega on the keyboard, but in all that time since I’ve never seen anyone type faster than Eric Enderton. I figured in future shows he’d be like guitarist Johnny Greenwood from Radiohead, wearing some custom wrist braces to keep his hands intact in front of a crowd of awestruck fans.

George Joblove: Chrome, in those days, was something that, you know, that computers did well. The idea of making it liquid, making it walk like a person, integrating it into a live action scene completely convincingly – those were all real challenges. But making a chrome character was going to be a lot easier than making a furry one would have been.

Doug Smythe (computer graphics shot supervisor): At that time, too, the staff at ILM for doing computer graphics was pretty small. It was like a dozen or so people, and we had to grow the department very quickly, so there was a lot of hiring that had to be done. We had divided up the shots and the teams.

“It was Terminator 2 where I thought, ‘Oh my god, we’re going to buy a million dollars worth of computers for this – what a staggeringly large number.’” – Eric Enderton

George Joblove: Hardware and software back then was so expensive. I think if you look at the hard drive storage in 1990, a gigabyte of storage was $9,000. This was also still the age of SGI boxes because they made computers that were specifically optimised for doing graphics work and with the most bang for the buck that you could get. We had a network of SGI machines that included some large servers and then a bunch of work stations.

Doug Smythe: The tools that we had at the time, well, some things were inherited from Pixar when they split off. But we kept copies of the tools, or at least some of the tools that were developed at Lucasfilm, and then we had some sort of deal back and forth with Pixar, including to use RenderMan, because we would keep in touch with the guys and they were still next door for a while. And we collaborated to the degree that our separate businesses and legal departments would allow.

Jonathan French: I think on my first overnight take for dailies I consumed several extra CPUs in the render room that we had downstairs. They were basically jammed with 240 VGX and 340 VGX SGI machines, along with other older SGI boxes. But as a result I think someone else’s shot didn’t finish that morning. I think around that time maybe it was Brian Knepp or someone else on the software team wrote PA (processor allocator) which was a nice simple GUI that allowed you to allocate or release CPUs from your allotment for your overnight renders. I’m not sure if that had been around before, but to my knowledge it wasn’t in commercial software at the time, like you can get now with RenderPal, Deadline, et al.
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Eric Enderton: It was a really rare situation where you knew the film was going to be big. That hardly ever happens. We worked on stuff that we thought was going to be terrible and it turned out to be great, and then some things that went more the other direction, but this was one you just knew it was going to be big. I got to read the script and  I just thought it was great. And it was Terminator 2 where I thought, ‘Oh my god, we’re going to buy a million dollars worth of computers for this – what a staggeringly large number.’ Those 50 shots took us something like six months. I mean, that was all we could do. When I got there the CG group was 12 or 15 people and we had our meetings in the upstairs kitchen in C building. Then by the time I left it was almost the whole company – ILM had grown to 300 people and the great majority of that was CG.

George Joblove: Everything was done step by step with a lot of tests along the way guided by Dennis Muren who had great faith in what we could do. He was also excited about the prospects of being able to do things that hadn’t been done before.

Jonathan French: The VFX roles weren’t really segregated like they are now. Sure we had specialists, but I basically got given a shot and I figured, oh, ok I’m supposed to model, animate, procedural animate, texture, light, render, and comp this shot using all these tools and this proprietary shell compositor I’ve never seen. It never occurred to me I was only supposed to do one or two of those things. It was a real DIY vibe.

Mark Dippé (associate visual effects supervisor): I give Cameron a lot of credit, the pseudopod [from The Abyss] and the liquid metal man in T2 are the same principle – they are what I would call the classic, perfect digital character. It has all the aesthetic elements that a digital system can be, and excel at.

Out from under The Abyss

John Schlag: ILM’s big splash before Terminator 2 was The Abyss. You know, the water creature, the pseudopod. They called it, internally, ‘the water weenie.’ And they had this single monolithic software that created the creature. You make a spine curve and a series of edge, profile curves. They would lock those. And then you can provide it with a Cyberware face, and it would stick that on the end. And then there were water ripples that it would add throughout the whole thing. It was like everything that you needed to do that one creature in one programme. And the programme did only that.



So one of the first things I did on T2 was get my hands on that, and started disintegrating it. Like, pulling bits of it out and turning them into separate tools. There are some places in T2 where the T-1000 gets shot, and you can see liquid metal under the police uniform, and it is sort of rippling and healing. I made a tool to do that, with [computer graphics animator] Jonathan French for the bullet hole healing, for example, which came out of pulling apart the different tools.

Mark Dippé: The pseudopod from The Abyss was an abstract alien creature that had no relationship to humanness or even livingness. But for the T-1000, the big question was, how can you make it move and behave as if it’s a human inside, whatever you wanna call it, even though Robert Patrick in this case is not a human, he’s a T-1000, he’s a machine, but that was the big concern.

“We even originally included a limp Robert Patrick had from a football injury. I noticed it in the initial test that we shot with him.” – Steve ‘Spaz’ Williams

Jay Riddle: I’d been working at ILM in the camera department before getting into digital effects. For our animation tools, there were a number of visits to Wavefront Technologies. Initially, Alias was kind of being ruled out, because it was considered a toy and not really a legitimate contender.

Part of that was because there were some personal relationships between the people that worked at ILM and Wavefront, so it felt like, ‘Oh we know them’, so if something goes wrong or we need something fixed or changed, they’ll respond to us, and as soon as we signed the Wavefront deal, that person who was at Wavefront left! So, it kind of took away the whole argument of why that was the great advantage. And in fact, from an artist standpoint, which I was doing in modelling and animating, Alias was much easier to use.
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Wavefront was definitely the industry leader at the time, and had a lot of great features, and a huge community around it, and a lot of people that were good at it, and so ILM choosing to go the Alias route was kind of, well, people just kind of went, ‘What? You’re going with Alias?’ But it really legitimised Alias as a piece of software.

And really, what we did with Alias was, we hired Steve Williams from Alias itself for The Abyss, and he animated a spine moving around, and all of the little cross section circles along the path of the spine, and then Mark Dippé had written some software to kind of place those along the path, and make sure they were skinning properly and not twisting, and things like that, and Scott Anderson was also involved in that, as were a bunch of other people.

From real to digital

Steve ‘Spaz’ Williams: We had five separate categories of shots for Terminator 2. Now, we had what was called the pseudopod team, so we could re-purpose the data from The Abyss. But as opposed to refracting, the T-1000 was reflecting. Then we had the morph team, you know, which was the more two-dimensional transformations. Then we had the death team, that was the whole death sequence at the end. And then we had the [The Human Motion Group] team.

We had Robert Patrick come up to ILM and we painted a grid on him, a four inch by four inch grid all over his body, and he was like in a crucifix pose. We had him run, and he ended up running so much on a rubber mat that we had that he ended up blistering his feet, to the point where we had to cover his feet up.



So, there was no real motion capture at that time, at all, so we shot him with two VistaVision cameras exposing simultaneously. One from the front on an 85mm lens, and one from the side on a 50mm lens, and they’re firing simultaneously. So I can look at frame one from the front, and that would match frame one from the side. From there I basically rotoscoped Robert’s walk.

Mark Dippé: It was really through hand digitization not only of his body data but of his movement data that we created a database with a virtual character. It was all hand-built.

Steve ‘Spaz’ Williams: We even originally included a limp Robert had from a football injury. I noticed it in the initial test that we shot with him. So I had to try and correct that in the bone walk. So when I went and I reanimated CC1 for real when we got the plate photography I made a lot of corrections to that, because he was supposed to walk like a machine.

Mark Dippé: It is one of those things where it’s a little subtle, but you can see it, and it just came out of the rotoscoping.
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Steve ‘Spaz’ Williams: So, we had what we called RP1 through to RP5. Robert Patrick – RP – that was the actual naming convention.

Mark Dippé: RP1 is the blob, an amorphous blob. RP2 is a humanoid smooth shape kinda like Silver Surfer. RP3 is a soft, sandblasted guy in a police uniform made out of metal, and RP4 is the sharp detail of the metallic liquid metal police guy, and then RP5 is live action.

Steve ‘Spaz’ Williams: Now, to get to all those RP versions, we had to break it all down. In the script it said he migrates from the blob version into a fully clothed version. That’s Cameron’s idea – so we had to translate that. So we thought, okay, we’ll break it into four stages. Let’s just do that in data, but the control vertices have to actually share the exact same properties. But they migrate in time. That’s essentially what the MO was at that point.

“Spaz was so good at it that he could literally click ahead of the menus appearing.” – Michael Natkin

Mark Dippé: We chose those ones because we felt, first of all it was hard to do any of this, but we felt those five stages were sufficient enough for us to achieve all the story ideas that were required. You know, he’s a formless blob, oh, he’s kind of a soft humanoid form. Oh, he looks kinda like a policeman. He is the policeman, to Robert Patrick.

Steve ‘Spaz’ Williams: If you look at Robert Patrick and what we call the RP4, which is just before it becomes the real guy, all that data of his head we collected using a cyber scanner. Then what we had to do is write an equation to actually smooth it all down and make it stupid, make it essentially like ice cream for RP2. So the data all had to be the same. You were not changing the amount of control vertices in the actual data. You had to run a smoothing algorithm over it.
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Michael Natkin: Spaz was so good with Alias. Now, Alias was quite slow back in those days, and it had all these menus that you had to use. You’d click the bottom of the screen and a menu would pop up. Then, you’d look through it for the item you wanted, and then you’d click on that. Often, that would launch a submenu, and then you type in a couple numbers and press return, right? But it was super slow. It would do some operation. Spaz was so good at it that he could literally click ahead of the menus appearing. So he would click on the bottom of the screen, then click where the menu item was gonna be, then click where the submenu was gonna be, then type in the numbers, press return, then turn around, chat with you for a minute, and turn back around, and the screen would have done what he wanted.

Steve ‘Spaz’ Williams: In the script, the T-1000 is going to walk out of the fire and he’s going to, the term people used was ‘morph,’ but in fact it was model interpolation. He’s going to interpolate into the fully clothed version of Robert Patrick. So [the shot was called] CC1 where he migrates from RP2, which is what we call the ‘Oscar’ version, a smoothed-down T-1000, but he shares the exact same dataset or control vertices as RP4. And RP4, again, is the fully clothed version with the wrinkles and buttons. What I did is I hid all the buttons and the badge and the gun, I hid it inside his body cavity, and grew it out in time. The press called it morph. In fact, it was called model interpolation.

Geoff Campbell: Steve [Williams] had brought me on to work primarily with him on the T-1000 and I believe my first task was to take his detailed Robert Patrick model and make a smooth ‘Oscar’ like version for the liquid metal transitions. Today in just about any software that task would be a twenty minute job with a smoothing brush, but in those days the software was very limited and even a sophisticated package like Alias was ridiculously crude by todays standards. We were also using NURBs with overlapping control vertices so modeling was a very complicated process. Also there wasn’t a shaded GL mode when sculpting and on top of that you could only move one control point at a time.

A final frame from the fire sequence.
They had something revolutionary at the time called Prop Mod which allowed you to select a cv and type in a number of cv’s in the surrounding u and v direction that you wanted to move with a fall off, but to use it you had to click down on the cv and wait for 5 seconds before you could drag your point to it’s new location. It was so slow I never bothered to use it. So for me sculpting was the tedious task of moving one point at a time. I used to joke that it was as intuitive as sculpting with chicken wire. The hardest part was sculpting those points in wireframe and not seeing the shaded form. You could only see the results of your sculpting if you clicked on the ‘quick shade’ option where your screen would go black for 5 minutes and then start building your image on the screen one line at a time. That was reserved for when you were close to finishing your model and you needed to see what the hell you had done all day. It also forced you to take a coffee break.

My first animation on T2 was of John Connor’s foster mother body transitioning back into the T-1000 and stepping over John’s dead foster father. We didn’t have inverse kinematics or constraints so you had to keep track of all your body rotations and when you overshot a particular joint’s rotation it could affect the whole arm or leg so animating was much more time consuming than it is today. Match moves were also not as accurate so you often had to cheat the feet sliding to a ground plane in order to make them appear to be locked to the floor one frame at a time.

Doug Smythe: In the hallways of ILM, we still have the little maquettes that were made of the five stages of the T-1000 and it starts from this very amorphous blob, which was actually just key frame pose of a spline surface to do whatever it needs to do, to different stages of levels of detail of Robert Patrick as silver, and then finally the live action actor.

The various T-1000 maquettes on display at ILM.
But we didn’t have any way to go from the first to the second, or from the fourth to the fifth. So any one time went from blobby to the low-resolution humanoid version, that involved the morph. We got it as close as we could just in animation and then you let the morph take over. I think we had some sort of mesh dissolve thing so that we could take the higher resolution mesh, smooth it, and project it onto the smaller resolution mesh so we could actually transform from, we do a cut from one to the other. We may have used some morphs to help that, but I think we could do a geometric transformation as you get sharper and sharper silver detail.

Alex Seiden (computer graphics animator): One of the things I coded was an interactive lighting editor (called ‘led’) that would help artists position reflections. I rendered a ‘geometry buffer’ – pre-computed surface normals and positions – so that shading parameters and reflection planes could be re-positioned and quickly re-computed without having to do a full render. There were also some features that would allow you to place a reflection or specular highlight by clicking where on the image you wanted it to appear.

Sock stories

Steve ‘Spaz’ Williams: We were using Alias version 2.4.1. I had come up with a method to build using separate four sided b-splines for the T-1000. Then we hired a guy out of Toronto – Angus Poon who was an excellent code writer. If you have 4 sided b-spline patches and the character is breaking, well, he basically came up with ‘Sock’ [which would be revised and called ‘Body Sock’], a piece of code that stitched things together where it was all breaking.



Michael Natkin: Later, this kind of thing would be done with NURBs, but before that they were just b-spline patches. The process would be that they would make a still model that was perfect, all the surfaces were blended. Then, they would make the skeletons, and they would animate the skeletons. Of course, when you animate the skeletons, the splines would separate, right? If you imagine that your body is made up of plates of rigid armour, and then you reposition the arms and legs, or whatever, the armour plates are gonna separate, and, or overlap.

What Body Sock was doing was giving us a way to blend those patches back together. There’s certain parts of the body, particularly one of the biggest ones is the crotch area – all of these surfaces had four edges. They were rectangular, but the geometry of where the legs come together into the torso, there’s just not really a great way to do that with four-sided patches. Body Sock would basically let you specify different kinds of blends.

“A TD had to know much more of what went on ‘inside’ the software/computer then in order to achieve the desired results efficiently.” – Stefen Fangmeier 

Eric Enderton: I worked on Body Sock, and Carl Frederick, Mike Natkin and Lincoln Hu were also a big part of it. The way to think about, imagine somebody’s knee. As you bend the knee there’s going to be a separation. If you just have a rigid upper leg and a rigid lower leg, you bend the knee, there’s going to be this break. Either that or interpenetration, or something funny is going to go on. The question was, how can we do that skeletal animation but then end up with a smooth surface? So, nowadays this is built into so much software that nobody even thinks about it, but at the time it was like, ‘Oh boy, how do we do this?’

I don’t remember how we arrived at this at all, but the name came from imagining, could we put a body sock, like a stretchy nylon fabric around all these individual animated pieces of the body and have it be a smooth surface then that would follow the whole body? That was the original idea.



It ended up that that’s not what we did, instead, what we did was stitching. All of this stuff was being modelled in uniform cubic b-spline surfaces, so, NURBs, only simpler.

There was a button, a menu item in Alias that would do this for two surfaces statically. It ignored the animation, it was just a modelling operation that would stitch two surfaces together. One of the things that they had asked me to do earlier was to make an animated version of that tool. I wrote a little programme that read in a scene, you gave it the names of two surfaces and it did this stitching operation on each frame and then wrote the animation back out.

I tried it on a plane next to another plane or something, and it seemed to work, so I gave it to Spaz and he picked it up and in 20 seconds he made an arm animation with a muscle bulge, and then hooked it up and typed in the command and tried it out and there was this arm flexing back and forth. That was my first real experience of an artist picking up a tool I had made and making this beautiful art with it that I could never have made myself. I had the sense that this artist was held down by chains that were the limitations of their tools and I had just cut one of the chains. What a great feeling. I was hooked.

What we did with Body Sock was make an automatic stitching tool that would go and stitch all the seams in the entire character each frame. To do this, you needed a Sock file that told you where each of those seams was. It’d name the two surfaces and which side of each, plus U, plus V, minus V, minus U. Somebody had to very carefully figure this out. For the simple seams the math is really simple. Then you can do something a little more complicated where you have more subdivisions on one side than on the other. As long as it’s an integer multiple it’s okay.

Then the corners, if you have four surfaces that come together at a corner you can sort of imagine this same math is not too bad. You just line up all the control points and average them. But if you have three surfaces or five surfaces or some other number coming together at a corner, which you do in a humanoid form, you have to have at least a couple points like that, the math is a lot less obvious. It took us a while of poking around to figure out how to do that.

Mimetic poly alloy. Wuh?

Alex Seiden: The first thing I did on T2 was to write the ‘poly alloy’ shader for the T-1000. The mercury-like surface of the T-1000 required very specific reflections, but in those days we didn’t have ray-tracing available in a production renderer. So I came up with a way to let us do enhanced, controllable reflection mapping. TDs could place multiple reflection planes in the scene with the animation, and inside the shader I’d do a quick hit test to see if the plane was hit. It was a RenderMan shader.



It had some similarities to a shader that had been written at ILM recently before, for a Diet Coke commercial, oddly enough, but was all new code. Some of the best feedback was, no surprise, from Dennis Muren. In particular, he was really great at guiding the overall look, such as making sure we had enough diffuse shading mixed with our reflections. We called it the ‘pewter’ look. Without that, the T-1000 didn’t have any mass.

Stefen Fangmeier: I also worked on the poly alloy shader. RenderMan and its shading language were entirely new to me since I had previously only worked with Wavefront and then mental ray at Mental Images in Berlin. The ability of RenderMan to allow for complex light and reflection interaction and was essential in getting the look right.

One of the best examples of the poly alloy shader is in the shot of the T-1000 walking out of the flames. In order to have the flames reflected in the chrome as the T-1000 walks out, I placed cards into the environment on which flames elements were mapped on every frame and the shader used the transformation ability in RenderMan to calculate the proper reflections. We didn’t have ray-tracing back then due to the high rendering times it would have required but were able to achieve this effect just as well with this sort of clever cheat.

“The funny thing was that the hospital didn’t really have checkerboard floors. They were all white. Cameron thought that the black and white was much creepier looking, so we went with it. He had some poor guy stick black stickers every other tile.” – Liza Keith

The wipe to the actor at the end of the shot was also achieved using the object space of the model and animating a card over it to achieve the wipe in the shader. The transparency wipe was offset by a fractal in order to not make it a straight edge. This effect was used in several other scenes as well and required that the animator would closely match the CG geometry to the actor to which the T-1000 was transforming.

It should also be said that there weren’t a great deal of interfaces that allowed for immediate interaction with the rendering process as there are today. So, a TD had to know much more of what went on ‘inside’ the software/computer in order to achieve the desired results efficiently. Times certainly have changed.

Getting gasps from that first healing shot

Jonathan French: For the healing shots, John Schlag wrote this great utility harvested from the Abyss which I think he/we called Z-ripple. Basically it had a set of animator centric sliders to add additional sine-wave like procedural rippling and falloff to the bullet wound healing process that Alias couldn’t do. John Berton stepped in also and added a little Morph deflation on the plate to Robert’s chest to add to the effect.



My only regrets about that first shot was the plate wasn’t moving – it was a single still frame with film grain added to make it look like a running plate. I wish they had shot it with a running plate and Robert Patrick moving his eyes or head around a little to make it a bit more animated and lifelike. My other regret also out of my control was that the colour in that shot in the final film is all wrong. It’s green. I think I got the same colour treatment that Mike Natkin later discovered was going on with his shots. Still, at a premiere screening of the film you could hear gasps in the audience, which was kind of funny after spending so much time on the shot.

The match moves were a bit more work. Around that time Tien Truong had written a cool low-bit edge detection utility. You could basically run it on a sequence of plates and extract I think a 2-bit image pass which would pick up only areas of contrast, remapping them into a super bright magenta/green/blue colour palette. Then you could use that same utility to overlay your whole SGI desktop and register it against a match move shot in Alias. Of course now every off the shelf software has this sort of thing built in, and modern hardware is capable of pushing any bit depth. But back then we were running our SGI’s ragged, so memory and I/O economy was everything. Tien’s utility was key to nailing Robert’s match move wound shots, because Robert was often drifting around at a sub-pixel level when he looked to the casual viewer as totally still. But it would show up instantly in a match move.

‘Head through floor’

Eric Enderton: For this shot, the problem was that you had the face, and you had the floor, and they were two completely unrelated objects and we didn’t want to try to animate that merge, because it was going to separate from the floor. The topology was going to change, and it just would have been really hard, so what we wanted to do was somehow make a surface that lay over the face and the floor, like a cloth.

A still from the checkerboard floor
The way we did that was, I made a ray casting tool. The new surface is defined by an array of control points. We’d compute those control points by shooting rays from a starting surface – a plane or curved surface – towards the combined surface, placing each control point at the ray intersection. It was new and interesting, but very difficult to control.

Jay Riddle: Liza Keith was the animator on that shot. It ended up taking quite a bit of time to figure out how to make this nice smooth transition between a flat surface, to something that has a face that starts to appear in it, and then pulls together and the texture itself feels like it’s doing something that makes sense, and not like tearing apart and going in weird directions, and looking CG.

Eric Enderton: Liza is both very technical and artistic and so she was wrestling with it and we would see it in dailies. The process took overnight to render so you couldn’t see what your animation looked like until the next morning. There was one day when she just didn’t even come to dailies because she was getting so discouraged, but that was the day that it really worked, visually, and there was spontaneous applause in the dailies room. So when she came in I told her, ‘You got it, that worked!’

Liza Keith (computer graphics animator): So they wrote that little rays programme that did an intersection and created a surface from the intersection. We ended up having to make two surfaces. One going out, that we used to do the one going in. Spaz was the one that generated the model. It was a scanned 3D model, but those things weren’t working very well at the time, so he turned it into an actual model that you could use.

A human form develops as the T-1000 mimics the guard.
Michael Natkin: Liza had modelled several frames but we didn’t have any good way to turn that into an animation, and so I worked on some software – it was really almost just like glue code. It would read the Alias files as still frames, and turn them into animations, setting them up as keyframes so that we could render the in-betweens. But these were all things that you couldn’t do in the Alias interface very easily. A lot of what I would be doing was simple tools that basically made Alias work better, or help with the translation from Alias to Renderman.

Liza Keith: I think my big contribution to that shot, beyond the actual animation, was the fact that I had written a shader to do a floor for me to do tests with, because we didn’t have the background plates at that time. So I just made a big square and put the checkerboard on it. The funny thing was that the hospital didn’t really have checkerboard floors. They were all white. And if you look in the background in some of the other shots, you’ll see that the floors aren’t checkered, but Cameron thought that the black and white was much creepier looking, so we went with it. He had some poor guy stick black stickers every other tile, every other piece of linoleum in the hospital hallway.

Michael Natkin: It was very gratifying because it was all this stuff that, from an engineering point of view, was very simple to do. It was basically just moving data around. It wasn’t fancy computer graphics, really, but it was just making the artists, the TDs, and the animators’ lives so much better. It was taking things that would have taken them days to do manually. We could write the code that would just do it instantly for them.

Making Make Sticky

Tom Williams: The shot of the T-1000 coming through the bars with his head and body was done with a program we called ‘Make Sticky’. It was the precursor to the 3D paint system we did, which was a way of letting you have a line, a geometry underneath a frame and being able to preserve a texture along that geometry. Everything at the time was assigned textures to mesh vertices. You just can’t do it that way. You end up with all sorts of UV and parametric distortion and stuff where you don’t want it.



Steve ‘Spaz’ Williams: So the way Make Sticky worked was – you take the texture map, which is a flat, orthogonal image, so it has these theoretical points on it. And you say, ‘We want to take these points of a texture map, and we want to stick them to a piece of data.’ And regardless of what the data does, we don’t want the visual image to slide around on the surface. So we want to tack them down. In three-dimensional space.

Tom Williams: From the Pixar days, we had done all this subdivision work and NURBs and micro-polygons and stuff like that. We used a lot of the breakdown of where the micro polygons would end up into indices in the frame in the scanned film frame. It worked a lot better. Then, as it distorted, we didn’t get to do a tonne of lighting, re-lighting, but we got to do a little bit so it looked better than just a 2D surface with texture mapped on it. By the way, it’d probably work much better now to use the underlying meshes. Particularly if you use subdivision surfaces or something, where you can get more consistent UV parameter space. At that time, we used a lot of these triangular patches and very large meshes. Bezier meshes. It was literally a hardware limitation and a tools limitation that it wouldn’t let you go super finely grained and it would take forever to render.

Doug Smythe: To push the head through the hospital bars we had a cyber scan mesh of Robert Patrick and I took that geometry and I just literally pulled the control CVs around the shapes of the thing. Then we had Make Sticky. It would literally just remember the coordinates that a texture was on at one frame and then as the geometry moves around, you keep those same texture coordinates stuck to the geometry at those points. It was a very simply UV mapping technique, although we didn’t really call it that at the time.



John Schlag: One of the things I wrote was that procedural displacement generator. And it would take a cyberware head from a whole model, and you could define different kinds of displacements, you know, the easiest one just being a sphere or a cylinder. And because the bars in the jail cell gate that he passes through are in fact cylinders, at least the vertical ones, the horizontal ones are very closely so, match-modeling those and feeding those as displacement generators into this gave us some nice sploogy effects as the head passes through the door.

Jay Riddle: I have to say that for me the head through bars is one of the great shots in the movie, because it was one of those that people remember, and that little thing with the gun getting caught, and he twists his arm, just such a great little moment that Cameron came up with. I mean, Cameron was an effects guy in his earlier life. He understands it. He’s not afraid of it. It gave us such freedom to talk to him and not be afraid of screwing up.

Tom Williams: By the way, Make Sticky was originally called Make Me Sticky but that wasn’t really appreciated at the time.

Un-splitting heads

John Nelson (computer graphics animator): For that head split shot, we basically had Robert Patrick walking up and what I did is, we had a face that we modelled of Robert Patrick. I knew that Robert Patrick’s face, I laid basically this pizza inside. I moulded it in and sealed it up. And then what it blew open. And as it blew open, that was a prosthetic that Shane Mahan did from Stan Winston’s. I remember I said that would be easy and that’s the last time I’ll ever say that anything will be easy. Because like fifty takes later… So that opens up and it’s Shane’s shot to blow it open and then my shot would close it up. So what I did was I projection mapped – we called it Make Sticky – projection mapped his head, split it open and then laid this pizza inside. And we also used this thing called Chan-Math.



Michael Natkin: One of other tools I built was this thing called Chan-Math that turned out to be pretty helpful. We used it for the scene where the T-1000’s head is split open which John Nelson did a lot of work on [the practical Stan Winston effect was called ‘Splash Head’ or ‘Saucehead’]. We were building all of these one-off tools to say, make some object fall along a spline, or blend these two surfaces and so on.

And what I wanted to do was create a way where instead of writing the code from scratch, there’d be an intermediate scripting language that would let you express those things. A lot of things were done by naming conventions, like we might have a script that says, ‘Okay, find all the things have ‘skin’ in the name, and make them follow something with the same name, but ‘bone’ in the name.’ So it was, ‘Find all the things that are in ‘belly skin’ and make them track to anything named ‘belly bone,’ or whatever that might be.

So the idea of Chan Math was to be able to make it so that the TDs could do that themselves. It didn’t really quite work out that way. The language wasn’t that friendly, but at least it made it possible for me to turn around sort of custom scripts for them pretty fast. It was used to sew Splash Head back together by saying, ‘Find this particular set of patches and then create keyframes out of the named individual objects.’

Steve ‘Spaz’ Williams: Chan Math. Now that was a powerful piece of code. So what would happen is that Alias had a certain limit with what you could animate. So, every object that you stuck on the screen, had a pivot point on it, and you could animate the object as a channel of math but you could also animate the control vertices of the object. So in other words, I have channel one, it’s just the object motioning around and then channel two, three, four are like different control vertices that are animating, doing their own different thing. Every time you did that, the pivot point of the object would traverse as well in 3D or rotate or whatever it was.

“When we were doing Willow several years before, it had this transformation sequence in it and they said, ‘Well, you’re the software guy, you figure out how to do this transitioning from one animal thing to another.’” – Doug Smythe

It meant that eventually everyone got totally lost in the animation process. So for example with the death sequence in T2, I was doing what they call control vertices animation. So, the pivot points would be flying all over the place. And eventually you end up kind of like, oh shit man, if I touch one thing, the whole fucker is gonna blow up. So Mike wrote this thing called Chan Math where we compress all the pivot points and throw them down to zero – zero – zero, so you’re starting again. But you were building up on the original control vertices animation. So essentially it was like the stepping stone of that time, that was Chan Math.

John Nelson: I was fortunate because Dennis really liked that sequence and that shot so whenever Dennis would talk about that movie, he would usually talk about that shot. Dennis is the man. There’s a great story that I have from working on that shot. Dennis came by, and he’s looking at Split Head and he’s going, ‘It’s working pretty well’ and I’d go, ‘Yeah, I’ve got it almost perfect.’ And I was pointing over to a corner of the screen and I’d go, ‘It’s almost perfect Dennis, but there’s this one little area over here that’s not right and it’s over in the corner…’ Seriously, this is a quote, he looks at me and goes, ‘John, if anyone’s looking over there, we are so fucked.’

Run, T-1000! Run!

Geoff Campbell: My second animation shot was HG-1 (Hospital Garage) where the T-1000 pries open the elevator doors and runs full speed toward camera. I loved this shot because it it had a lot of great elements to it. We were using command-line shape animation for the transitions from the smooth bodied T-1000 to the fully clothed police officer, or what we called the Robert Patrick version. I was given A and B camera roll of Robert Patrick running out of the elevator and I animated to the B roll which was a side view camera. In a way it was like rotoscoping the action but because we had specific timing to match I needed slow into the full on run which was not represented in the B roll.



I would then add the body transitions like his face transforming along with his uniform and gun belt. You couldn’t see those transitions in Alias, but they would show in the overnight renders which meant you had to do a lot of guess work to time the transformations. My first dailies take was embarrassing because I made a last minute rotation to the upper body the night before, sight unseen, and when I saw it in dailies the next morning his upper body was swinging from side to side as if he was joyfully skipping through the hospital garage. But the final shot looks pretty great.

Get (in)to the choppa!

Jay Riddle: The last shot that I ever animated was on T2, and that was the shot in the helicopter when he bursts through the window, Joe Pasquale animated that shot, but then once he re-forms, and you see his head, and he’s the motorcycle cop, you know, with the helmet and everything, he turns to the helicopter pilot and says ‘Get out’, that was my shot.

A still from the helicopter scene.
I went to Monterey, and Cyberware, and we scanned Robert Patrick there for that, and then we had a bunch of different software that had been written to skin these different cyborg scans, because none of them lined up perfectly.

There was just no way of registering that stuff, but Mark Dippé had actually come up with a way to try to help get the heads in roughly the right position when they were scanned so there was less work to do, and then I took all the different in between mouth and facial positions, and we did a placement animation but they actually had motion blur applied to the movement of the meshes so it looked more lifelike let’s say.



I think the timing of it, it’s funny, in retrospect, the timing of it where he just kind of looks and goes ‘Get out’ was a little too much of a gap between the two words.

Alex Seiden: For the poly alloy shader, you could put alpha maps if you wanted to do some kind of cutout. I remember using that in the shot where the helicopter pilot’s face is clearly seen as the T-1000 ‘pours’ himself into the helicopter, although truth be told, it’s really cheated a lot closer to the T-1000 than it would have been in reality! (The convex shape of the T-1000’s head, of course, making images appear farther away).

Real steel

Doug Smythe: In the steel mill one of my favourite shots is when the T-1000 does that instant turn around shot where he morphs back through himself. My other favourite one is a very slow, full-face turnaround of the T-1000 going from Sarah Connor back to his male character. I think that was really nice because it let us just sort of showcase that one morphing technique in and of itself. By that time, we had gotten I think pretty good at doing those kinds of shots, and we knew what kind of thing would artistically look good.



When we were doing Willow several years before, it had this transformation sequence in it and they said, ‘Well, you’re the software guy, you figure out how to do this transitioning from one animal thing to another.’ Back then we had considered trying to do either a 3D approach or some sort of 2D approach with elements and we said, ‘Well, hair is really, really hard. We don’t know if we can do that. And realistic animals are really, really hard. We don’t know if we can do that.’ So, it was like, ‘Okay, we’ll make puppets and shoot actors.’ And they just needed a way to do the transition between the two, so that’s how morphing came about. I like to say that’s the thing that let me keep my job.

So, for these shots in T2 we were using MORF, which I had made for Willow. We used it also on Indiana Jones and the Last Crusade. It ran on Sun 3/180s or 280s, connected to the Pixar Image Computers. These are the Suns for the file management type UI and then the actual dots and grids and artist UI was displayed on the Pixar Image Computer, but then the Sun was driving what got driven, so I had to create a menuing or an icon library to run on the Pixar as well as the actual image processing stuff.

“It’s the one that nearly killed me, that Terminator melting at the end. We worked and worked on it and they ended up picking a version that was not the most recent one. Josh Pines did some magic with scaling and printing to make it, barely.” – Tom Williams

Then, as part of ramping up to a larger crew for Terminator 2, I ported the code from that to run on the SGIs that we had gotten. We had a few SGIs from before that were much smaller, but we got the really powerful 340 VGXs, so the morph team, we all got those massively powerful, in those days. I think they’re almost as powerful as our phones, now. But, back in the day those were monster little things. So we ported that and also all of our image processing tools over to run on the SGIs. There were some that I ported previously for other work, but it was absolutely imperative to have it run on the SGIs for the project because we couldn’t afford to have Pixar Image Computers for every artist that was going to do that. I don’t know if they were even still being made at that time.

A scene from Willow which utilized Doug Smythe’s MORF tool.
The ILM MORF approach was always a double grid system, so there would be two windows, the source and the destination. You would drag the corners of the mesh, I think it was even a fixed size. I may have added the ability to change how many grid points there were when you started it up, but I think the default we pretty much always used. Then you would go to various key frames throughout your sequence and then drag the grid points around and we’d sort of learned that if you have something that’s big to change into something that’s small, how to work things. You would try to make it so that you never had one thing be fairly flat. You always pull it to one extreme on one side and then push it the opposite extreme in the other one because you would get fewer stretching artefacts and fewer overshoot sampling problems. Because this is all based on bicubic spline evaluation and because of that there were ringing problems.

So if you had a thing where you had too big of a gap from one point to the next point, and then a very small gap after that, the spline interpolation would overshoot. We had to have a way to just deal with software with what happens if you get an overshoot from the ringing. It’s just a boring implementation detail but it is something we had to work with.

Then we had an alternate view where we kept the same image on the top, but the bottom image became sort of a timeline-type thing where you could pick any of the control dots at the corners of the mesh on the thing and see the timeline of how that would move and adjust it with a few key frame points to adjust the timing curve of how that particular point would change from the source colour to the destination colour.



I had overlaid grayscale dots on that upper grid so you can sort of see at the beginning all the dots are black and whatever thing changes first, that will start getting lighter and lighter grayscale values because it’s showing that it’s progressing further towards the destination colour and then by the end frame, they’re all white dots. But you could look at just the subtle shading of the grayscale on the dots to see how far along different parts of the transformation were progressing.

You could have this part change earlier than that part, or even if you’re really clever, you could have a sort of do an animated wipe kind of thing by carefully staggering the times and you can see if your blends were smooth or if you had any outliers that would cause a pop or anything like that. So it was pretty crude and rudimentary but it worked for what we need to, and that basic idea was unchanged from the Willow days. It worked exactly the same way. So, for T2 it was basically porting to the SGIs and fixing the few things that we found along the way.

John Berton, Jr. (computer graphics animator): My job on Terminator 2 was to create the transitions between the CG T-1000 and the live-action actor, Robert Patrick. We used the now-famous MORF program for this, and this was interesting because even though the transitions were spectacular, the idea was that you had to believe it was really shape-shifting in 3D, without calling attention to the the effect being used. I was only the 2nd or 3rd person to use this program besides Doug Smythe, who wrote it, so it was very much a developing tool and it was real cool to work with Doug to make it do what we wanted. He added color keys to the interface and opened up the program to allow time distortions more easily and that made it possible to use it to really animate the transitions.

This was most effectively used in the “Turnaround” shot, when the T-1000 is thrown into a wall and instead of turning around, he morphs back through himself to face forward and charge back into action. It’s a terrific idea, one of those shots you live for because you know if you get it right it will be great. While we were making the shot and had it more-or-less working I proposed that we go one step further and animate the transition to make it look more intentional and stylish, with the front of the shirt zipping up and the wrinkles all turning at the right time, so it really looked 3D. It also enhanced the story point that the T-1000 was a bit of a show-off, which set him up for his eventual fall. It’s always been one of my favourite shots because we developed tools that helped us tell the story better and make a good visual effects shot into a great one.

Geoff Campbell: A shot I animated was cut from the original film release and I believe put back into the directors cut. It was a shot of the police booted T-1000 malfunctioning and melting into a metal warehouse floor. That shot took me weeks to animate because the boots were constantly sliding against the film plate. It also involved crude shape animation of the sole and heel of each boot melting and reforming as it took each step.

Death squad

John Schlag: I was on the ‘death squad’ – we were assigned to kill the T-1000 at the end of the show, in the lava pit. For the T-1000 dying in that vat of molten steel, [visual effects art director] Doug Chiang would do an animatic, just a pencil and paper animation. There was some very strange, weird stuff going on in that sequence. Then Steve Williams would sit down and make it real in a 3D world.



The amount of geometry being rendered there was just hideous, for that day. You’ve got the character sort of throwing up himself, he’s inverting himself, by tearing his head back, and his guts come out through his mouth, and he’s melting down, basically. So that whole series of four or five shots, something weird and very strange is happening in each one of them. So there was a fair amount of work just to get the models through the size of machines that we had at the time, and that partly led me to rewrite the rendering scripts.

Everything in a feature film, if it’s going to be realistic, it has to be rendered with motion blur, right? But we were having troubles. With motion blur, at the very least, you need to know where the model is at the beginning of the frame, and then where it is at the end of the frame. And if you know the path between the two, then you can make things, take off our samples, and make things blurry. Appropriately, as if a camera shutter were open for half of the frame time, typically. And we were having trouble just sticking together the beginning and ending geometry and getting it all through the pipeline and into the render, so that’s what caused me to roll up my sleeves and rewrite the render scripts, to make that work.

“In order to change a disc, I would have to go outside, run downstairs to the basement where the computer room was, and open up one of those platter drives, pull it out, put some in a storage place, put a different platter in there, and turn it, and go back upstairs just to see if something was on that drive.” – Jay Riddle

Michael Natkin: Tom Williams and I worked together on that final part of that melting scene. He’d come up with the idea of using fractals to basically displace the image of the Terminator as it dissolved into the molten iron. We were working like 80 hours a week. Then, Tom got really sick, and he had to disappear for a few days. Tom’s idea was using these random fractals, and Dennis Muren was like, ‘Yeah, that’s pretty cool. See that one a little bit over there? I want it to move left and I want that one to dissolve faster, and I want that one to swirl differently.’ And the problem was these were random things. There was nothing controllable about this fractal technology. So all I could basically do was keep changing random seeds and do various image processing and try to get it where he wanted it. You couldn’t direct the individual bits of molten metal.

Every day, we’d show another take. Here’s another take. So, my house was in Oakland, but I was sleeping in a motel in San Rafael just to shave like 20 minutes off my commute each way. Finally, we get a shot. We’re shooting them low-res every day because they take a long time to render. Tom’s not there, I’m about to die, and Dennis is like, ‘That’s it. Final that.’ I’m like, ‘Great, I’ll render the high-res version of it.’ And he says, “Nope. That’s it. Right there. That take. That’s it. We’re shipping it.’ I’m like, ‘But Dennis, it’s low-res. It’s 640. We gotta render this in 1280.’ And he’s like, ‘Nope, we’re shipping that.’ So if you watch the original movie, you will see in one of the cuts where it gets a bit fuzzy.








Tom Williams: It was probably the hardest shot, it’s the one that nearly killed me, that Terminator melting at the end. We worked and worked on it and they ended up picking a version that was not the most recent one. The one that they took, because we were in a rush, was pretty low resolution. The final resolutions we rendered, back then, was probably nothing, nowadays. I think it was probably a 1K render. [Scanning supervisor] Josh Pines did some magic with scaling and printing to make it, barely.

Michael Natkin: And then I was TDing some of those scenes because we were just out of time and it was all hands on deck. I would send them the scenes and then every day they’d come back in the dailies and I was trying to fix the colours. And every day they’d come back in dailies and they were changing colour back again, and I’m like, ‘I don’t understand what the hell is going on here.’ I’d make it more red and it would come back more blue. And I’d make it more red and it would come back more blue. Finally, I went to talk to the film scanning and developing people because those days dailies were still done via film developing. We would take the frames, one file at a time, and send them to the optical department. Then, some magic would happen, and then it would be on film in the theatre the next morning.

It turns out that there was a guy who’s job it was to colour grade every frame for every scene, and so he was very thoughtfully, carefully colour correcting it back to how he felt it was supposed to be. I had no idea. There was lots of this happening on the optical side. We just didn’t have a clue about it.

When film was still film

George Joblove: Terminator 2 was shot on film and so we still had to scan all that and get it back out onto film again after our CG work. As we first started building a department at ILM, one of the things we inherited from the pre-Pixar group is that they had hand-built a 35mm scanner-recorder, a laser scanner-recorder. So it was a single device that could be reversed. You could put a piece of film in there that had been shot normally and scan it with a laser and digitise it. It had a CCD. Or you could reverse it and use the laser to expose raw stock. So that is what we started with and then we had some other scanners and recorders, too.

ILM’s film scanner, also known as the Kodak Scanner. The developers of the scanner won a Sci-Tech Award. Image via Jason Smith.
What we definitely had to do before we could do anything else was demonstrate that we could take a piece of 35mm film that had been shot in a camera, scan it in, do nothing to the image and just put it back again onto film and do nothing in a way that the output film perfectly matched the input film so that you could intercut them and not realise that some of those frames had gone through a little detour. Once you could do that then you knew you had the power to do anything you were able to do in the digital realm while you were there.

Interestingly, on The Abyss, with only one exception, all of the shots were optically composited. So the water tentacle would be rendered against black out to film. With each shot, we would hand the pieces of film over to the optical department and they would do an optical composite. By the time we got to T2, I think we were doing digital composites that had gotten to the point where that all worked. It was cost effective and the results were great. And then that became the era when people started forgetting about matte lines which used to be an issue when doing optical composites.

Jay Riddle: I know that even before T2, the technologies were almost always proprietary back in those days, so nobody kind of knew what anybody else was doing exactly, especially in relation to resolution. So we’d just let people say things like, ‘Oh, if you really want to be cutting edge, you’ve got to do 4K,’ because that’s what people were kind of thinking at the time, but we were doing 2K, or not even, even sub 2K for the longest period of time. The thing is, we had really good sharpening algorithms, and techniques for how to get stuff onto film were being refined.

“Everyone was right there building the road beneath your feet so you always felt optimistic that the work would get done.” – Geoff Campbell

Josh Pines on the recording side of things was instrumental in that. George Joblove was doing things with compression. We were using an 8-bit log file format and George came up with how to convert something from the larger linear film space down to this 8-bit log format. Back in those days when bandwidth of how fast you could get things on and off disc was important, that was huge. I mean, that made the difference between being able to get something done in a day, and having to take two or three days to record it.

In order to change a disc, I would have to like, go outside, run downstairs to the basement where the computer room was, and open up one of those platter drives, pull it out, put some in a storage place, put a different platter in there, and turn it, and go back upstairs just to see if something was on that drive.

Into the digital realm

Michael Natkin: We were doing digital compositing, but it was all done with these crazy command-line scripts. You’d load the image into shared memory and then say, ‘Okay, composite into buffer A, and then load your matte into buffer B,’ and then say, ‘Okay, composite image C over buffer A using matte B,’ and it was just this crazy set of ridiculous set of operations.

Scenes like this could be composited digitally instead of via optical means, thus avoiding matte lines.
Doug Smythe: Compositing really involved a lot of writing of shell scripts. We’d write shell scripts and each compositing operation, whether it’s loading an image, or saving it, or doing channel arithmetic, or merging layers, or blurring, or anything like that, was a separate command line programme. We had this shared memory segment that we keep in there we call the virtual frame buffer. It stuck around between processes, so we just had this memory segment that was locked and there was a key that every programme got that because it was stored as an environment variable. So the programmes would load stuff into the frame buffer or do math on this stuff in the frame buffer, and then finally when it was all done, we would save stuff out from the frame buffer onto disc and then lather, rinse, repeat.

This is actually where digital compositing started to really show that it could be superior as far as a workflow because you had the opportunity to do quick tests. Once you figured out a recipe, the computer’s going to execute it exactly the same way every single time. You don’t ever have to worry about a human operator with an optical printer applying exactly the right steps in exactly the right order and loading the film in the right place, with the right gels and everything like that. I mean, I still worked with some guys who did that and it was a mind-tedious task, and for the complexity of certain comps that had been done. If there was any error on the lineup sheet, you had to start over from scratch.

John Schlag: There was a guy who has since been a visual effects supervisor at ILM, his name’s Dave Carson. But he was working on T2 as a paint fixer, basically. And we only half-jokingly started referring to our pipeline as ‘model, animate, render, composite, Dave.’ Because Dave would just paint out any fixes (that the CG software couldn’t deal with) in an early version of Photoshop, at the very end.

The impact of Terminator 2

Mark Dippé: I can remember T2 caused a huge explosion. The fan audience is a little bit of a specialized one but it was all over the world, because I went to some festivals and you’d see like the T2 skeleton there, it was a massive thing.

The T-1000 reforms.
Doug Smythe: Terminator 2 was simultaneously the most fun and the most difficult project of any sort, professionally or scholastically, of anything that I’d done up until that point. I still think that looking back on the work today it still holds up really well, even by modern standards. You can watch the film and enjoy it as a movie and not look at all the technical flaws, which I’m sure there are plenty, but it still works as a film. I think that the team of people that were assembled to do it collectively did a really good job overall.

Alex Seiden: Those were exciting times. The CG department was just beginning to come into it’s own, after the success of the Pseudopod from the Abyss the previous year. Still, it was still a tiny part of ILM: about 20 people in CG before T2, and we staffed up to 40 for that show. I was one of those lucky new hires, and it changed my life. We all knew the film was going to be huge, both as a movie and as a VFX milestone. We were all pretty young, filled with excitement and hubris and the energy that comes from not having families to go home to.

Eric Enderton: Later, when people asked me what my day job is, I said, ‘Well, on a good day I’m using mathematics to solve a visual problem. On a typical day I’m trying to add one more feature to a giant C++ programme without it collapsing under its own weight.’ Keeping things organised and keeping things systematic. The stuff we were doing then looks so small now and at the time it was enormously large.

Geoff Campbell: The modeling and animating of characters on T2 was rudimentary but principally what we were doing was right on the mark and is still the way we work today. I know at the time we were frustrated with how hard it was to work intuitively as artists in what was then a very technical an unintuitive field, but we had such great support from guys like John Schlag, Carl Frederick, Doug Smythe and so many others, that you could see software improvements almost daily. Everyone was right there building the road beneath your feet so you always felt optimistic that the work would get done. I think more than anything I learned how to be patient and how to sculpt that digital chicken wire.

Illustration by Aidan Roberts.
Jay Riddle: People really found their footing on that film and there are some people who have gone on to do some amazing things. There was a young, fresh, excited, kid, who came in that we hired to do video dailies – Jim Mitchell. So, Jim got all his work done and said, ‘Hey Jay, can I have a shot? Like, I’d love to do something.’ I said, ‘All right. Well, we’ve got this one where the T-1000’s foot comes into frame and there’s like a little blob of him that got knocked apart from him, and it’s got to rejoin at his foot.’ And Jim sat down and over the course of a few days, a week, did an animation that was like, ‘Holy crap, this is damn good!’ He became a full-fledged member of the animation team at that point, and he just had such drive to get stuff done. So, that was amazing to see people kind of grow into some roles like that, and we had actually turned him down a couple of times when he applied. He was working his butt off to try to get us to pay attention to him, and finally we did, and thank goodness we did.

Michael Natkin: I don’t know if I should really tell this story but at some point when I was working 80 hours a week, my pay wasn’t particularly great. I was fresh out of college and the VFX industry didn’t really understand software at that point, so I think I was making like 35 grand a year, something like that. Finally, I had to go to Janet Healy and say, “Janet, if you really want me to work 80 hours a week, I think you’re gonna actually have to pay me overtime.’ And she said, ‘Not a problem. Go right ahead.’

Jonathan French: Everyone looked out for each other. From Dennis, Janet, Judith Weaver, Spaz, Geoff, Stefen, everyone. The other thing I remember is how graceful under pressure everyone was. Even the Death Team/Squad I never saw really have a bad moment. They had real reasons to be tearing their hair out, but they made that pain look easy. Maybe part of that was I think everyone could see the level of the shots that were being finalled – at least some of them looked like they wouldn’t appear dated for an awfully long time, some maybe never, and soon they were going to be in the public eye. At the end of the show, I think around the time the last finals were being screened in monthlies, they had an Entertainment Tonight clip stuck at the end with Cameron’s premiere T2 trailer, at full volume. It was just full on, perfectly edited rock and roll. At the end they cut back to Mary Hart all bug eyed, and she just said ‘WOW!’.

Steve ‘Spaz’ Williams: I was actually back in Toronto when the film came out, and I took like twenty of my friends to the theater. People flipped out. We went to SIGGRAPH that year for T2 and we were swamped.

Liza Keith: For me, yes, the biggest impact was at SIGGRAPH because it came out the month before SIGGRAPH and I had people asking for my autograph. I still have people asking for my autograph. It’s really bizarre.

John Schlag: We came to think of each other as family, and we sweated it out together. And it was really the experience of a lifetime for myself, and I’d wager to say, for quite a few others.

Thanks to everyone who participated in this piece, and to ILM for permissions and imagery. Please note some quotes from Steve ‘Spaz’ Williams and Mark Dippé are from earlier conversations I have had with them, which may be published elsewhere on vfxblog.

Enjoyed this retro vfx story? There’s a ton more here at vfxblog.





Original: https://vfxblog.com/2017/08/23/the-tech-of-terminator-2-an-oral-history/ · Discussion
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Show HN: Reverse-engineering web apps into agent tools

74 points · Discussion

Hey HN! We built a browser-based agent that runs inside an authenticated web app, watches how the app calls its own APIs, and automatically turns those into agent tools. You can think of it as an auto-generated MCP server that self-updates as the host app changes.The result is a skilled AI assistant that actually integrates deeply with any product (not just chat and RAG) with minimal effort.
Check out these short demos below that show the agent in software you're probably familiar with:
- Jira: https://demo.frigade.com/hn?skill=jira
- Spotify: https://demo.frigade.com/hn?skill=spotify
- Hacker News (lol): https://demo.frigade.com/hn?skill=hackernews
- Full Demo: https://demo.frigade.com/hn?skill=full-demo
As you can see in the examples, you can do way more (and faster) than what you normally would be able to via point and click. And we never even touched the source code of these products!
Why do this?
In an ideal world, every application has an MCP server or an easily-digestible API available for AI agents to feed from. In practice, we found that even very modern software tends to have a spider web of confusing APIs and services that AI agents simply cannot use out of the box. Security also becomes a huge issue as applications have different (often homebrewed) standards for how endpoints are secured (JWTs/cookies/mix of both). Finally, having an actual browser agent go in and use the application on behalf of the user (i.e. computer-use), is simply too brittle, slow, and burns a lot of tokens.
We took our existing browser agent that’s already trained to use and learn authenticated applications, and added an extra step that automatically turns the app’s authenticated APIs into "recipes". A recipe is a mix of the following:
- API endpoint + method
- Authentication method (and how to retrieve refresh auth tokens/cookies)
- Response schema
- Input schema (for POST/PUT)
- Human readable description of what the tool does
Putting it all together, these become reusable tools for LLMs, all without writing or maintaining any code. Even if the APIs change our agent figures this out and replaces the recipe for the tool with the updated version.
Adding tools to an AI agent becomes super simple this way:
- Our agent trains on the app and builds the recipes
- The app owner enables discovered tools from our dashboard
- The agent can now take actions on the user’s behalf directly inside the application. For instance, saying something like "invite my teammate to my workspace" would securely call the existing API endpoint for inviting users without proxying or relaying through a third party.
Of course, there's a ton of edge cases you run into when you try to do this - every application is intrinsically different despite how many "standards" exist. Fun fact: graphql was by far the worst API to work with in standardizing the recipes.
Looking forward to your feedback/comments!


Original: https://news.ycombinator.com/item?id=48847834
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How the terrorist group Boko Haram uses frontier AI

casp.ac · 69 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://casp.ac/reports/ai-enabled-terrorism · Discussion
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Combustion Engine Web-Based Simulator

combustionlab.net · 65 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://combustionlab.net · Discussion
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War Atlas: An interactive cartography of every named war in human history

waratlas.org · 61 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://waratlas.org · Discussion
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Computation as a universal and fundamental concept

ergo.org · 52 points · Discussion


          
          
            Tim Roughgarden begins with a deceptively simple question: is there anything computers cannot do? To answer it, he takes us back to 1936, when Alan Turing, a decade before actual computers existed, laid the foundations of computer science as a byproduct of solving an obscure mathematical problem. Turing's paper introduced the theoretical machine that bears his name and proved something startling: there are problems no algorithm can ever solve, no matter how much time or computing power we throw at them. The halting problem, which asks whether a program will eventually stop running, is forever beyond the reach of any computer.

From this foundation, Roughgarden pivots to a more subtle question. Among the problems computers can solve, which ones can they solve quickly? He introduces us to algorithmic shortcuts, clever tricks that let programs avoid examining every possible solution. Your phone's map application builds on Dijkstra's algorithm to find the shortest route without checking every conceivable path. Karatsuba's multiplication method beats the grade-school approach we all learned. These shortcuts seem almost magical, and they raise a natural hope: perhaps such shortcuts exist for every problem.

That hope crashes against the Traveling Salesman Problem. Despite looking nearly identical to shortest-path routing, TSP has resisted every attempt to find a fast algorithm. Roughgarden explains how this puzzle led to the theory of NP-completeness, one of computer science's most surprising discoveries. Thousands of seemingly unrelated problems (scheduling, puzzle-solving, network optimization) turn out to be disguised versions of the same underlying challenge. If anyone finds a fast algorithm for any one of them, all become easy. If any one is truly hard, all are hard.

This brings us to P versus NP, the most important open question in computer science and one of the great unsolved problems in mathematics. Roughgarden traces its history through figures like Hilbert, Gödel, and von Neumann, showing how two separate research traditions, one focused on what algorithms can achieve, the other on their limitations, converged on this single question. The course concludes by examining what the answer might mean for cryptography, artificial intelligence, quantum computing, and our understanding of computation itself. No prior background in computer science or mathematics is required.


            You can watch the lectures below, browse the chapter index, or watch on YouTube.


          



          

              
                  [image: Tim Roughgarden]
                


              


              Tim Roughgarden

              Tim Roughgarden is a Professor in the School of Mathematics at the Institute for Advanced Study. He previously spent seven years on the computer science faculty at Columbia and 15 years at Stanford. His main interests are in the connections between computer science and economics, and in the design, analysis, and limits of algorithms.

He is the author of Twenty Lectures on Algorithmic Game Theory, Beyond the Worst-Case Analysis of Algorithms, and the Algorithms Illuminated series, as well as numerous research articles. His work has been recognized with several major awards in theoretical computer science, including the ACM Grace Murray Hopper Award and the Gödel Prize.


            


        



Original: https://ergo.org/courses/computation-as-a-universal-and-fundamental-concept · Discussion
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45% of Enthusiasts 'Seriously Considering' Leaving Sony for PC

pushsquare.com · 44 points · Discussion

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

Original: https://www.pushsquare.com/news/2026/07/ps5-has-put-a-dampener-on-gaming-45percent-of-enthusiasts-seriously-considering-leaving-sony-for-pc · Discussion
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Show HN: Reviving my 2001 college band with AI

fadingmaize.com · 41 points · Discussion

25 years ago, I joined a band called Fading Maize at Ripon College in Wisconsin. We did what we could with what we had. We recorded 3 albums over the next 3 years and played at as many bars and coffee shops as we could. We built a website with Microsoft Frontpage. Then we went our separate ways, got married, had kids, focused on other things.Earlier this year I had the idea to approach the lead singer who wrote all of the lyrics and melodies to the stuff we played back then, and wanted to "reimagine" everything in 2026 using AI. That's the project I want to share here!
The site has a before/after player where you can flip between the original dorm-room recording and the 2026 version mid-song without losing your place, so you can hear exactly what changed. The original 2001 website is preserved and browsable at https://www.fadingmaize.com/2001, rough edges intact.
Working on this, the thing that sparked in my own mind is that it was an experiment in a certain way to use AI. The songs, lyrics, and arrangements are the original human work (in this case from 2001-2003). We wrote the lyrics, we created the melodies, we played the parts, it just didn't sound as good as we heard it in our own heads.
The stuff AI creates is awesome, but it means less if it's just the AI cranking everything out from the ground up. In our case, the AI was only there to help us get the results we originally wanted back in 2001 when we were cooking ramen in our dorm rooms and couldn't afford anything fancy
Being fully transparent about our use of AI, sticking tightly to our original lyrics and melodies, but making full use of AI to give us the studio, session players, and production budget we never had seemed like the right balance of concerns.
I'm super proud of how it turned out and the transparency we've used along the way.  Happy to discuss the audio pipeline, the site (Next.js), or what it's
like to A/B your 20-year-old self!
p.s. Oh and check this out! I remember this day. Our site was getting absolutely hammered! https://www.youtube.com/watch?v=KPJWlnN9tSE&t=43


Original: https://www.fadingmaize.com · Discussion
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Ask HN: Are systems ready for the first negative leap second?

39 points · Discussion

It’s been 10 years since we had the last leap second and it looks like we will get the first negative one soonish. Are systems ready for that?

Original: https://news.ycombinator.com/item?id=48807108
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Hands-On with the AMD Ryzen AI Halo

microcenter.com · 34 points · Discussion

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

Original: https://www.microcenter.com/site/mc-news/article/amd-ryzen-ai-halo-review.aspx · Discussion
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Show HN: Wyrm – Solve algebra by touch, built on an open-source soundness engine

github.com · 22 points · Discussion

There is a mobile game called DragonBox. It sort of tricks you into learning algebra by starting with very abstract manipulations of a puzzle that must follow rules... gradually the game teaches you more and more rules and also strips out the more abstract elements until on the last levels you are finally solving real equations. I loved it, it taught my kids algebra.... and it was just fun.Over the years I often thought that there should be a calculator for Algebra that works this way... something where you can drag terms around and cancel & distribute with gestures, but most importantly enter your own problems.  It should also do more kinds of problems than DragonBox allowed. So I finally decided to build it.
https://dicroce.github.io/wyrm/home.html
Here's a video showing it: https://www.youtube.com/watch?v=_STbS4zvIlU. If you'd rather just play with it: there's a limited in-browser demo (real engine, a few example equations, no download) on the landing page — https://dicroce.github.io/wyrm/home.html.
The app can be found on iOS (https://apps.apple.com/us/app/wyrm-math/id6782342042) and as of this week on Google Play (https://play.google.com/store/apps/details?id=com.dicroce.wy...).
I also decided to open source the underlying math engine so others could build on it: https://github.com/dicroce/wyrm_math. My goal for the engine btw is to build it all the way up to Calculus.
Monetization is deliberately boring: the engine is free (MIT), and the polished gesture app is $4.99 once. No subscriptions, ads, accounts, or analytics.
I'd love feedback on the engine design — especially from anyone who's worked on CAS or proof-assistant-adjacent problems. And if you played DragonBox as a kid and wished it went further: this is for you!


Original: https://github.com/dicroce/wyrm_math · Discussion
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Don't discontinue Gemini 2.5 Flash

discuss.ai.google.dev · 17 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://discuss.ai.google.dev/t/please-dont-discontinue-gemini-2-5-flash/174246 · Discussion
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An Update on the scraper situation

lwn.net · 16 points · Discussion




[LWN subscriber-only content]





Welcome to LWN.net


The following subscription-only content has been made available to you 
by an LWN subscriber.  Thousands of subscribers depend on LWN for the 
best news from the Linux and free software communities.  If you enjoy this 
article, please consider subscribing to LWN.  Thank you
for visiting LWN.net!






Our article "Fighting the AI scraper bot
scourge", published in early 2025, discussed the problem of widespread
scraping of web sites in search of training data for large language models
and related projects.  This activity overwhelms sites with traffic.  Over a
year after that article is published, the problem is still growing.  The
hammering of sites by shadowy actors has reached new heights, and the open
web is becoming increasingly difficult to maintain.  Where is this traffic
coming from, and what can be done about it?
Residential proxies


As was described last year, scraper attacks come from a huge number of
sources across the net.  It is not unusual to see coordinated requests from
millions of unique IP addresses over the course of a few hours, each of
which hits the site at most two or three times.  Attacker-controlled data,
such as the user-agent field, is entirely fictional; each hit is meant to
look like just another human with a web browser.  There are ways to tell
the difference — the bots usually do not fetch images or CSS, for example —
but, by the time that determination is made, the address in question will
not be used again.  Blocking the address at that point is just a waste of
time.



This traffic comes predominantly from residential and mobile networks,
directed by central command-and-control nodes.  Software is installed on
ordinary systems that takes orders from a control node, fetches web pages
on demand, and forwards the resulting data back to the controller.  Much of
the time, this activity occurs without the knowledge or consent of the
owner of the device in question.  The term "residential proxies" is used to
describe systems that are used in this way.


There are a few different (on the surface, at least) types of operator
running residential-proxy networks to attack web sites.  One type is purely
criminal, running scrapers on systems that have been compromised with some
sort of malware.  At the beginning of the year, Google acted
to take down a bot network called IPIDEA and provided a lot of
information about how these operations work.  The shutdown of IPIDEA
correlated with a significant reduction in scraper traffic here at LWN;
things were relatively peaceful for a few months.  That period of peace has
since come to an end, though.


More recently, media-streaming devices have been identified
as a major carrier of malicious scraping software.  Sometimes the devices
are compromised at the source; other times, they are just poorly secured
and easily compromised after the fact.


The second sort of operator works more overtly, pretending to a degree of
legitimacy and offering "ethically sourced" IP addresses.  A company called
Bright Data is one of the most prominent of these; it happily advertises
its prowess at getting around web-site access controls and traffic limits.
Bright Data offers a "free" VPN service; all that is needed is for the user
to give Bright Data the ability to route traffic through the user's device
— to become a part of the company's residential-proxy network, in other
words.  Every phone or other device that makes use of this VPN becomes yet
another endpoint that will be used to attack web sites.


There are many other examples of this type of operator out there; often
they offer a library that app developers can link into their offerings and
be paid for hijacking their users' network connections.  One of them even
sent us a query about running an ad for its SDK on LWN; that was, it
suffices to say, a short conversation.  In general, these companies range
from those that aspire toward some appearance of legitimacy, advertising
"GDPR compliance" for example, to others that are just overtly sleazy.


While these residential-proxy networks are used for web-site scraping, it
is worth emphasizing that these operators have the ability to run code that
accesses resources on whatever networks millions of devices happen to be
connected to.  To assume that this type of access would only be used for
scraping would be naive at best.


Then, of course, there are the high-profile companies developing models as
their core business.  These companies do their own scraping; the traffic
that can be easily attributed to them is clearly identified in the
user-agent field and, as a general rule, observes measures like
robots.txt.  They, too, will scrape an entire site, repeatedly,
seemingly on the theory that articles written in 2003 might somehow have
changed in the last day, but they do not generate overwhelming amounts of
traffic from millions of systems and are not the biggest problem.


What isn't clear is who is using the residential proxies; somebody
is paying them to run these attacks on web sites.  There is no
evidence (that I am aware of) that the frontier-model companies are using
those networks.  If were to turn out that they are doing so, though,
the increase in global astonishment would barely register.  Those companies
are feeding their models somehow, they are not forthcoming about how they
get their training data, and they have not distinguished themselves with
their level of respect toward content creators — or toward anybody who
might have concerns about their operations.


For every public model, though, there must be a vast number of undercover
models.  Many companies are surely trying to build their own; after all, we
are reliably informed that AI is going to take over the world and the
companies that come out on top of that race will be worth untold amounts of
money.  There must be shadowy government agencies in many countries working
on their own models and groping for training data wherever they can find
it.  Large-scale criminal organizations (to the extent that they are
distinct from governments) probably also want to have their own models.
These tools are seen as weapons, and there is an arms race underway.  The
Internet as a whole is caught in the crossfire.

Defending the open Internet


In response to all of this, web-site operators have been scrambling to
defend their sites while minimizing the effect on their actual users.  Anubis, which attempts to fend off scrapers by
requiring a proof of work, is now widespread.  Other sites use commercial
services, which sometimes make themselves known with a "prove you are
human" button.  Or sites force users to pick out squares containing
streetlights (but only those with LED bulbs), place puzzle pieces, or hum a
song while holding down the space bar.  Many site features have been placed
behind login gates or paywalls.  Some sites attempt to actively poison the
data sent to scrapers with tools like iocaine.


Both the need to set up and maintain these mechanisms, and the requirement
that users cope with them to access a web site, constitute a heavy tax
placed on the world as a whole by scrapers and those who pay them.


Recently, LWN was subjected what was, by far, the heaviest scraper attack
yet.  Thanks to the defenses that have been implemented, the site bore the
traffic well enough that most actual readers probably did not even notice.
There have been requests to describe the measures we have taken to defend
the site; for obvious reasons we do not wish to discuss them in any detail.
It is an arms race at this level too.


What we can say is that we have tried to minimize the impact on real
readers as much as possible.  We have not gone with tools like Anubis,
partly because it causes annoying delays for those trying to get to the
site, but also partly because it seems inevitable that the scrapers will
eventually find their way around it.  Indeed, there are some indications
that is already happening.  A proof-of-work requirement is not a huge
obstacle when you have millions of other people's machines to do the work
on.


There is also a desire to not impede the operation of legitimate search
engines, the Internet Archive, and other such groups.  Some sites may add
explicit allowlists to, for example, give the dominant search engine access
to the site.  Such measures have the effect of further entrenching a
monopoly that already serves us poorly and should be avoided.  We have,
thus far, succeeded in that.


We have aggressively optimized parts of the site, and found ways to
minimize expensive operations during times when the site is under attack.
Anonymous readers may occasionally encounter one of those measures;
logged-in users will not.  Amusingly, the response time when the site is
under attack is often better than during the calm times, when the defensive
measures are dormant.  We have learned better than to think that the
problem is solved, though; consideration must be given to our next steps
once the current measures are no longer effective.


On July 2, Google announced
that it had, in coordination with the US Federal Bureau of Investigation
and others, taken down a residential-proxy network called "NetNut".  For
the time being, that action would, indeed, seem to have succeeded in
reducing the level of scraper attacks somewhat.  Experience shows, though,
that this welcome peace will only last so long.  Google takes pains to
point out that its Play Store will now check for NetNut-infected apps, but
all of the major vendors are silent on the topic of why it is so easy to
put apps with residential-proxy functionality into their app stores.


It would be good to find a more lasting solution before the entire Internet
is driven behind defensive walls, and the open network that inspired so
much creativity is lost.  The industry that is driving these attacks seems
entirely at ease with turning independent web sites into smoking craters
after having pillaged their contents — an attitude that extends to the
planet and its economies as well.  Some of us, though, object to that idea
and will fight against it.  Someday, with luck, the world as a whole will
decide to hold the companies behind large language models and related
technologies to a minimal ethical standard.  Until then, though, this
behavior will continue, and we will have no choice but to defend ourselves
against it.
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Materials innovation has a scale-up problem, not discovery

atomscale.ai · 14 points · Discussion

The Promise and the Gap
In December 1959, Richard Feynman stood before the American Physical Society at Caltech and told a room of physicists there was "plenty of room at the bottom." He was inviting them to join a new mission of exploration: the deliberate control of matter at the atomic scale. Nearly seventy years of world-changing progress followed downstream of that invitation: modern electronics, Moore's Law, and our deepest grasp of physics itself. We learned to engineer the world atom-by-atom, and nearly everything we now call technology rests on that work.

Thanks to that work, the materials that will drive the next wave of technology — for AI, for quantum, for energy and electrification — are, for the most part, not waiting to be discovered. They are already known. They are valuable. They can be made in the lab — but they are stuck there. We cannot make them at production scale.
Put simply, materials innovation has a scale-up problem, not a discovery problem.
Every major technological shift begins in the physical world of materials. The intangible breakthroughs we celebrate — the model, the qubit, the grid — are all downstream from someone learning to manufacture a substance reliably, at yield, inside a real device. When that manufacturing stalls, the future stalls with it.
The breakthrough was not the material.
It was learning how to process the material at scale.
Intel provides a clear illustration. By the 2000s, the silicon dioxide that had insulated the transistor gate for four decades had been thinned to a few atoms across, and it was leaking. Intel knew it needed a high-k dielectric years before it could ship one. The hafnium-based material it landed on was not a eureka discovery and required synchronized changes to other materials in the stack to be effective. More than a decade of work went into making that material manufacturable: integrating it into a real transistor stack, at yield, without breaking everything around it, by depositing one atomic layer at a time.

When Intel finally shipped it at the 45-nanometer node in 2007, Gordon Moore called it the biggest change in transistor technology since the late 1960s. The breakthrough was not the material. It was learning how to process the material at scale.
The materials scale-up bottleneck is a bottleneck on our future.
Why This Problem Remains
The hurdles to solving this problem are twofold: physical and informational.
The physical difficulty is that materials do not exist in a vacuum. They live in context, nested inside heterogeneous device structures, one material grown onto another, each environment changing both what optimum looks like and the path to reach it. Nearly every degree of freedom in the design of material and process is continuous and interconnected. Simulation and digital twins can provide guidance but not reach the last-mile fidelity of a real material. So synthesis remains trial and error, guided by hard-won expertise and informed intuition. Tuning a synthesis process is like operating tweezers while wearing oven mitts.
That's the heart of it: the throughput of data generation has exploded, but our ability to use it has not.
The informational difficulty compounds the challenge. Characterization is fragmented across complementary, narrow probes — XRD, XPS, RHEED, TEM, AFM, and many more — each with its own hardware, its own software, and its own sub-specialty to separate the signal from the noise. Practitioners stitch the picture together by hand: serial, operator-biased, lossy. Metadata is left behind. Null and negative results, which carry real information, are routinely thrown away. Skilled engineers may feel that their analysis is already sufficient and the data captured is excessive, but nothing in the toolchain ever surfaces what's being discarded.

That's the heart of it: the throughput of data generation has exploded, but our ability to use it has not.
Why Now
So why is this problem solvable now, when it was not before?
Two forces have converged. Modern tools have become sensor-rich and high-throughput, producing real-time data in volumes that were unimaginable a decade ago. AI is now capable of using such data, having passed significant thresholds in compute, memory, bandwidth, and transfer learning that works on limited datasets rather than demanding oceans of examples.
We need systems that use the immense data that already exists to intelligently guide growths — instead of only explaining failures.
The honest remaining constraint is the same thing that makes the problem both hard and defensible: there is no "internet of materials" to scrape. The data that does exist is rich, but it is proprietary and siloed. A generic, web-trained AI model cannot solve this, and the opportunity isn't in waiting for more data — it's in building a system that finally puts to use the immense amount of data already being generated.
What Atomscale Does
The bottleneck has never been a shortage of promising candidate materials. It is the decades of trial and error it takes to manufacture even one of them reliably. Atomscale turns that grind into a guided science. It reads the data your tools already produce and uses physics to turn raw signal into insight in real time — so you can steer a run while it is still growing, rather than explaining it after it has failed. Every run becomes legible. Every insight becomes cumulative. Knowledge compounds instead of dying in a silo.

Atomscale's architecture uses a hierarchy of models. Physics-informed adapters sharpen signal-to-noise at the base and pass only meaningful information upward to time-series and reasoning layers. That hierarchy acts as a sandbox, constraining general-purpose AI to domain-relevant data, so the system behaves like a knowledgeable colleague instead of a generic LLM. Domain expertise is built into its structure, combining the leverage of automated reasoning with deterministic outputs grounded in physics. This is not a promise; it is already measurable. In encoding information about an unseen run, Atomscale performs 43x better than baseline unsupervised machine learning.
Atomscale changes the daily texture of work. Before: manual analysis, fragmented tools, and insight trapped in one person's head. After: automated feature fingerprints, queryable data, runs steered in real time, recipes once too complex to maintain now within reach. This lifts the burden of operating today's processes while improving tomorrow's because knowledge no longer dies at the end of an investigation. It accumulates across the organization, on a level playing field. Engineers stop being the workhorses of their processes and instead become the managers. The whole organization can begin to aim for 10x gains instead of incremental ones.
We clear away the data drudgery so people do more of the thinking, not less. We augment the expertise that already exists.
This is not a replacement for engineers; on the contrary, there has never been a more exciting time to wield the levers of physics and develop exceptional real-world technologies. Design, conceptualization, creativity, the setting of goals and requirements — these stay human. We clear away the data drudgery so people do more of the thinking, not less. We augment the expertise that already exists.

What We Believe
Our claim: the right AI today can extract far more meaningful information in aggregate from the data already collected than human analysis. Parts of the field may disagree. The teams that embrace it are the ones that will lead the coming wave of materials innovation.
We're headed to a place where materials measurement data becomes a true asset: a physics-rich, interoperable space that reasoning agents can navigate and monitor continuously. Scale-up timelines will compress from a decade toward something far shorter. The materials trapped in the lab today will begin to reach the world on a human timescale.
We drilled to the bottom decades ago. Feynman was right: there was plenty of room, and we have spent nearly seventy years proving it. The first phase of exploration is complete, and the next phase is different. We must learn to navigate what we found and bring it back up, from atom to scale.
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The Clouds of Hiroshima

doomsdaymachines.net · 13 points · Discussion

The mushroom cloud is an iconic symbol of the nuclear age, and photographs of the clouds over Hiroshima and Nagasaki are frequently used as a short-hand for gesturing at the terrible power unleashed at the end of World War II. The most familiar of these photographs are two taken from planes involved in the missions themselves. For Hiroshima, the American documentary record is relatively sparse, as the focus was primarily on performing the mission — not documenting it. 
The most familiar of these photos was taken by S/Sgt. George Robert (“Bob”) Caron, the tail gunner on the Enola Gay, the B-29 which dropped the Little Boy atomic bomb over Hiroshima:

Mushroom cloud over Hiroshima, by Robert Caron. Source: Photograph 58189 A.C., NARA.
This photograph is surely cropped in the darkroom from a larger negative; it has the gauzy appearance of too little resolution being blown up to too large a size. It is, from a technical perspective, not that great a photograph — the lighting is poor, the focus is poor. This is not an artistic critique, as it was essentially an amateur snapshot taken by a soldier in a combat zone. It does highlight the separation between the “head” of the mushroom cloud and the “stem” of it, a consequence of the weapon’s height of burst.
There is another photograph by Caron that gives us a sense of how much the previous one was cropped. This one is far less commonly used, but I prefer it greatly:

Hiroshima, very shortly after the explosion, photograph from the Enola Gay by S/Sgt. George Robert Caron. Source: Library of Congress.
I feel that whatever the cropped version gains in terms of getting a better view of the cloud, it loses its sense of scale and immediacy. The wider shot allows one to better imagine what it would look like to be seeing this in real life, from the air, and gives a better sense of scale — especially since most of us today are very familiar with the view from outside of an airplane. 
Is the first photograph simply the cropped version of the second? I think not. If you superimpose them, as I have done below, you can see that there are some key differences: 
Even barring my own alignment issues, the cropped photograph (581589 A.C.) seems to have been taken a bit earlier than the second one, as the “head” and “stem” separation is a bit different, the “head” is reaching a bit more upward in the second photograph, and, importantly, the entire cloud is rotated slightly along the axis, presumably because of the movement of the plane. It is difficult to tell but one suspect that the cropped photograph was used (and cropped) because it had slightly more definition in the final cloud than the second one.
There is another photo of Hiroshima after the bombing that is often used to illustrate its cloud:


It is an impressive sight. Taken at a much greater distance, the cloud here is much higher than the previous ones, and casting quite a shadow. But this does not actually show the mushroom cloud from the atomic bomb at all; this was taken several hours later, well after the initial mushroom cloud had stabilized and been blown away in the wind. Rather, this is a pyrocumulus smoke cloud caused by the firestorm in the city. For the sake of simplicity I will call this the “smoke cloud,” to differentiate it from the “mushroom cloud” created by the immediate detonation of the atomic bomb.
The photo above was taken by a reconnaissance plane several hours after the attack. From the perspective of the Army Air Forces, these were not successful attempts, because the smoke from the fires obscured their attempts to photograph the ground for at least another day. Here is another photograph, from much closer, of a later reconnaissance attempt, where the cloud is not really meant to be the subject, but is obscuring the subject — the city:

Source: Photograph 58209 A.C., NARA.
It would not be until August 8, 1945, that they would succeed in getting a completely “clean” (smoke-free) photograph of Hiroshima.
There is one more photograph that I have seen listed as a view from above, supposedly from the collection of a member of the 9th Photographic Technical Squadron, and only “rediscovered” fairly recently:


The above photograph also shows a pyrocumulus smoke cloud. Is it of the Hiroshima smoke cloud, or some other attack? I can’t really tell visually; the landscape looks like a lot of Japan does from the air at that time, and I’m not versed enough in aerial reconnaissance to really pass judgment. It seems plausible, anyway, but given as the owners of the photograph were listing it as the centerpiece of an eBay auction with a ridiculous price tag, I am wary of taking self-interested claims at face value without some confirmation. It does resemble the other smoke cloud photograph geometry, but perhaps many firestorm clouds look somewhat similar. (I have no idea what price was ultimately achieved on the auction, if any.)
Lastly, there is also 16 mm film footage of the Hiroshima cloud, shot from the instrument aircraft, The Great Artiste, by the physicist Harold Agnew. A copy has been digitized by the Hoover Institution Library and Archives, which houses the original: 
The technical quality is, again, understandably poor, and the movement of the plane dominates it. The two sequences show different times of the clouds evolution. Both look to be somewhat after Caron’s photographs, as the cloud head in the first one is quite broader and looks more stabilized. In the second one, it appears that the cloud head is starting to break apart in the winds. The separation between the head and the stem is quite visible in the first one, as is the fact that there is some significant horizontal displacement between the two; this is present in Caron’s photographs but less obvious. 
These are, to my knowledge, the main photographs of the cloud itself from “above”: the view of the bomber, or the reconnaissance plane. It is a view of destruction from several miles up, quite different than the view from the ground. There are a few photographs from the latter perspective, which I will write about at a later time. For now, I just want to highlight a few other photographs of the cloud and smoke itself: these ones taken by the Japanese. The Hiroshima Peace Museum said in 2013 that it knew of 21 confirmed photographs of the mushroom cloud from the ground. I have only seen half a dozen or so, shown below.
The first set are a sequence of three photographs taken by the photographer Mitsuo Matsushige, who was at home some 7 km / 4.3 miles north of ground zero. He appears to have rushed outside and photographed the cloud within a minute or two of the detonation:


The above photograph is really perhaps the most amazing photograph of the cloud that I have seen. The immensity is obvious. The houses give it an immediacy and some sense of scale. Anyone who has tried to photograph large clouds or buildings knows that it is very difficult to really capture the lived sense of scale, so if this is what the photo looks like, the reality must have been even more awesome. We are, I think, looking up at the mushroom stem, with the separated mushroom head much further above and harder to make out. 
At this distance from ground zero, Matsushige was far-enough away that blast, acute radiation, or thermal radiation were not a threat. He may have been in an area that would be exposed to “black rain” — precipitation caused by the aforementioned smoke clouds — which contained some amount of radioactivity. The question about whether the black rain from Hiroshima measurably increased cancer rates is a controversial and tricky one.
Matsushige has another photographs of the cloud from the ground, presumably taken shortly after the first one:


Again, it is a striking photograph, and again, I think this is only the “stem.” The “poor” quality of the negative — my photography teacher in high school would have rejected this for its spots and problems — adds to the reality-effect in this case, given the context.
Mitsushige also took one more photograph, at what looks like a later time, and from a different vantage point: 


This photograph was apparently taken around noon, several hours after the attack, and as such is a complement to the aerial photographs of the smoke fire. 
There are a few other such photos from the ground, such as this one taken from Kure Naval Arsenal, some 20 km / 13 miles to the southeast of Hiroshima:
This looks either like a quite late mushroom cloud, or an early stage of the smoke cloud. I suspect the latter, just based on its particular size and geometry, but it is hard to tell. Whatever it is, it is not very mushroom-like in its appearance at this point; mushroom clouds do look more like “columns” after they stabilize, so it is not impossible, although I suspect it is the smoke cloud. The Library of Congress lists it as an “unusual photo of the Hiroshima bomb explosion,” which is an odd choice of words. Do not all of the photographs qualify, in some deep way, as “unusual”?
There is also this photograph that is listed on Wikipedia as being “found in Honkawa Elementary School in 2013 of the Hiroshima atom bomb cloud, believed to have been taken about 30 minutes after detonation of about 10km (6 miles) east of the hypocentre”: 


That is definitely the Hiroshima mushroom cloud, with a clear separation of the “head’ and “stem.” I do not think this is 30 minutes after the attack; this looks to be only a few minutes after the bombing, on par with the cloud shown in the Agnew film. My guess is that it is still before the mushroom head had reached its stabilized altitude (in which is temperature and density matched the air around it, which stops its ascent), so that would put it at 10 minutes or less after detonation. Apparently the Hiroshima Peace Museum put the time at 20-30 minutes, but even 20 minutes feels a bit late to me. The photographer is unknown.
The last one I will put here is from a very remarkable perspective:
It is a remarkable photograph — a truly literal “view from below.” The above image comes from the Chugoku Shimbum newspaper’s Hiroshima Peace Media Center, who say (per Google Translate) that it was taken by Seizo Yamada, an employee of the Chugoku Shimbun, and that he was some 6.5 km / 4 mi from ground zero at the time, visiting a friend. Yamada described the fireball as “dark red” when he took the picture. The Chugoku Shimbun says that if he had been at work as usual that day, he would have been more definitively under the cloud. The perspective gained by being just a bit further out than Matsushige’s photographs is striking: close-enough to look like it is right on top of the photographer.
The scale of the Hiroshima mushroom cloud, and the smoke cloud, is immense, and hard to fathom. In fact, it is hard to know the exact height: while later equations were developed for generalizing the stabilized heights of mushroom clouds as a function of weapon yield, the “raw data” of these, derived from nuclear testing, shows considerable messiness. But from a human perspective, they are huge — many multiples of our tallest buildings. The next time you are at the base of a building like One World Trade Center in New York City, consider that the Hiroshima cloud was well over 10 times taller than it. 
In a future post, I will talk about the similar cloud photography from Nagasaki — which has many interesting differences in terms of appearance and documentation — as well as other kinds of “on the ground” accounts of the atomic bombings.
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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.
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Conway's Game of Life, in real life
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Full text couldn't be fetched for this one (paywall, anti-bot, or not an article page). Read it via the links below.
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		Write code like a human will maintain it

		Good Tools Are Invisible		Text Editor Wars Let’s take vim as an example This is just an example, and applies to other editors too.. I constantly see some people praise it not for what actually makes it good, but by taking the things it’s bad at and turning them into a puzzle to have “fun” solving. I’ve had people tell me how “fun” it was to build a macro to handle some one-off text-refactoring problem. But when I looked at what they were doing and how long it took, my honest reaction was: I could have done that in Sublime in a minute with multiple cursors, or just written a quick script. To be clear, I’m not saying text editors don’t matter to your workflow. I’m questioning the near-religious devotion people have to a tool because it gives them a “hacker vibe”—which is basically the whole appeal for newcomers to vim or emacs. That’s what I mean by “invisible tools”. When you’re proficient with your editor of choice—whatever it is—it disappears into the background. But the moment it cannot handle something easily, it stops being invisible. What baffles me is that so many people treat that friction—the effort of working around a tool’s limitations—as the “fun” part, and then advertise it as evidence that the tool is great. I know plenty of things wrong with my own editor of choice: Sublime. I don’t dress those flaws up as fun little puzzles to solve. I just get annoyed that it lacks the tools I actually need, forcing me to write a plugin or reach for a separate program to write to transform text the way I want. I’ve been using Sublime for 15 years now. It’s my editor of choice for a few reasons: its shortcuts are a superset of the graphical OS environment (which minimizes the mental context-switch when moving between applications), multiple cursors really are better than macros 99.999% of the time I think I’ve only “needed” a macro in Sublime twice in the past decade, and in both cases, setting up the macro took longer than if I just wrote a script to do the same thing. (since they give direct visual feedback), and it leaves me with the fewest “puzzles” to solve in my text-editing workflow. I’ve found something like vim to be better at basic editing but worse at bulk operations—and I don’t mean grep-like operations—which is why I’ve stuck with Sublime for so long. I never found vim motions to be that much more productive than my Sublime workflow either, and that wasn’t just down to lack of trying or familiarity To be honest, I have forgotten most of my “vim motions” knowledge over the years, because I don’t regularly exercise it, nor do I need to.. And since I virtually never write code in a terminal, my need for a terminal-oriented editor is effectively nonexistent. If people find vim, emacs, or whatever genuinely good and productive, I’m not going to criticize them for using it. People are most comfortable with what they know. But for the people I am discussing, that same familiarity blinds them to their tools’ flaws, and leads them to celebrate those flaws, flaunting them as games. Tools as an Identity Part of why these debates turn religious is that a tool choice becomes a flag you plant—it says something about who you are. The “hacker vibe” isn’t a mere aesthetic; it’s tribal signaling, and that’s the real trap. Once your identity is invested in a tool, admitting its flaws starts to feel like admitting something about yourself. So people don’t just tolerate the flaws—they defend them, and eventually flaunt them. You cannot have an honest conversation about a tool with someone who’s decided the tool is part of their personality. Feeling Productive versus being Productive The text-editor-macro anecdote I mentioned is really about a gap between feeling productive versus being productive. There’s a sensation of cleverness that comes from solving a fiddly problem, and it’s easy to mistake that feeling for actual output. A tool that makes hard things feel heroic and clever feel like an achievement can register as “powerful” while quietly being slow. The honest test isn’t how engaged or clever you felt, it’s wall-clock time and how many mistakes you made getting there. A lot of the tools people evangelize would lose that test. If productivity is actually the goal, actually question your own views on this, and try to see what makes you more productive. You will be surprised when you do. Terminal UIs vs GUIs Another example in this same vein is when people advocate for terminal apps over GUIs. If you’re stuck in a terminal all day, then I completely get the obvious advantage, but most programmers aren’t stuck in a terminal all day. From those people who generally advocate for a TUI over a GUI, one of the criticisms of GUI apps tends to be: “I cannot navigate them with the keyboard alone”. Okay? That doesn’t make GUI apps inherently bad. It just means the GUIs people build aren’t good enough to be keyboard-navigable. There’s nothing inherently impossible about making a GUI navigable with a keyboard, rather it’s just that most toolmakers never bother to implement, and usually because they don’t realize how much more productive keyboard navigation is than reaching for the mouse a lot of the time. If the argument was that a specific TUI app is better than the other alternatives which are GUI based, then that is a fair argument, but arguing that TUIs are inherently better than GUIs is very misinformed. And this is the common mistake: people look at the current state of a category of tools and assume its current limitations are inherent/essential, when really no one has put in the work to make those tools better. Linux’s (Lack of) Popularity as a Desktop The year of the Linux I know I am going to get people saying “Linux is the Kernel, the OS is the [insert distro name]”. I’m sorry but that’s not how most people talk about Linux, and I don’t really care too much for your pendantry which aids nothing. Especially since to critique it, you clearly had to understand what was being said about it. desktop still isn’t upon us (in 2026), and part of the reason why it has taken so long to get to that point is fundamental: a lot of the people who use Linux love fiddling with configuration files to reshape their system—it’s their idea of “fun”, their puzzle game. I went through that phase myself. But after a while, I just wanted things to work. Spending hours (if not days) configuring everything isn’t something I want to do any more. I want the defaults to be good and just work, and when I do need to tweak something minor, it should take seconds. Maximal configurability shouldn’t be a tool’s goal, it should be an option for when it’s actually necessary. Designing an ergonomic tool is fundamentally about having good defaults, while still allowing escape hatches where they’re possible/needed. The appeal of accidental Characteristics that an object has contingently and can change without altering the object’s essential identity. complexity is something a lot of programmers/techy-folk love, giving them a weird sense of security. Having good defaults is fundamentally a toolmaker’s responsibility. We as toolmakers have a tendency to put the burden on the user: to configure it, to tweak it, to learn it. A lot of that burden is really a designer declining to make a decision. “Highly configurable” is often just an excuse for shipping no opinion at all and calling the resulting work your problem. Good defaults are a form of respect for the user’s time: the toolmaker does the thinking once so a thousand users don’t each have to. And part of designing a tool is to allow for some escape hatches tool; those escape hatches are there for the genuine minority who need something unusual; they should not be a substitute for getting the common case right. Steep Learning Curve as a “Feature”? Another defence I’ve seen is that the difficulty is the whole point, it filters out the uncommitted, and once you’re over the hump you’re rewarded for life. But a learning curve is a cost, not a virtue. It could hypothetically be absolutely a cost worth paying, but the payoff has to be genuine productivity, not the satisfaction of having paid it. Too often the reasoning is just sunk-cost dressed up as merit: “I spent months learning this, so it must be worth it, and you should copy in my footsteps too”. That’s the puzzle game again, only now the puzzle is the tool itself. Conclusion None of this is an argument against any particular tool. It’s an argument against a way of thinking. Use vim, use emacs, use Sublime, but use whatever disappears into the background and lets you get on with the work. That is the whole test, and it’s a personal one. What I’m pushing back on isn’t the choice, it’s the storytelling that grows up around the choice: the reframing of limitations as features, the effort of working around a flaw sold as the reward, the tool quietly promoted from the thing-you-use to the part-of-who-you-are. The clearest sign a tool is serving you is that you stop noticing it—it becomes invisible. You don’t celebrate its flaws because you’re not turning them into a hobby, rather you just get mildly annoyed and route around them. You don’t defend it because nothing about your identity is riding on it. And you don’t mistake the feeling of cleverness for the fact of productivity, because you’ve bothered to check the difference. So by all means, enjoy your tools, for the joy of programming itself. Just be honest about which parts are genuinely good and which parts you’ve talked yourself into loving. The best tool isn’t the one with the best story. It’s the one you forget you’re using. A good tool is and ought to be invisible—striving to make such tools is the goal of a toolmaker.
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		Steep Learning Curve as a “Feature”? Another defence I’ve seen is that the difficulty is the whole point, it filters out the uncommitted, and once you’re over the hump you’re rewarded for life. But a learning curve is a cost, not a virtue. It could hypothetically be absolutely a cost worth paying, but the payoff has to be genuine productivity, not the satisfaction of having paid it. Too often the reasoning is just sunk-cost dressed up as merit: “I spent months learning this, so it must be worth it, and you should copy in my footsteps too”. That’s the puzzle game again, only now the puzzle is the tool itself.

		Conclusion None of this is an argument against any particular tool. It’s an argument against a way of thinking. Use vim, use emacs, use Sublime, but use whatever disappears into the background and lets you get on with the work. That is the whole test, and it’s a personal one. What I’m pushing back on isn’t the choice, it’s the storytelling that grows up around the choice: the reframing of limitations as features, the effort of working around a flaw sold as the reward, the tool quietly promoted from the thing-you-use to the part-of-who-you-are. The clearest sign a tool is serving you is that you stop noticing it—it becomes invisible. You don’t celebrate its flaws because you’re not turning them into a hobby, rather you just get mildly annoyed and route around them. You don’t defend it because nothing about your identity is riding on it. And you don’t mistake the feeling of cleverness for the fact of productivity, because you’ve bothered to check the difference. So by all me