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Project Valhalla, Explained: How a Decade of Work Arrives in JDK 28

jvm-weekly.com · 504 points · Discussion

[image: Article cover image]

On June 15, Oracle engineer Lois Foltanconfirmed what a good chunk of the industry had stopped believing: JEP 401: Value Classes and Objects will be integrated into the main OpenJDK repository and is targeting JDK 28.


The change is so large that the remaining committers were asked to hold off on bigger commits during the integration. The pull request alone adds over 197 thousand lines of code across 1,816 files.


Before we pop the champagne, though: this is preview, disabled by default, and, as Brian Goetz was quick to cool everyone down, “only the first part of Valhalla.” Goetz added a great observation that the “they’ll never ship it” crowd will now smoothly switch over to “but they didn’t ship the most important part” (and a joke has been going around the community for years that we’ll sooner end up in Valhalla ourselves, the Norse-afterlife one, than the project ships).
You have to earn your own haters.
So this is a good moment to tell the whole story. This issue is one big deep-dive, written on the assumption that you’ve never followed the work on Valhalla before: from the 2014 problem, through the evolution of ideas (a fair number of which ended up in the trash), all the way to what exactly we’ll be getting our hands on in JDK 28. Brew yourself a coffee. I’ve been sitting on this edition for a long time, saving it for exactly this occasion.


The slogan Valhalla has carried from the start is: “codes like a class, works like an int.” In a single sentence it captures the whole point of the project: we want to write normal, readable classes with methods, constructor validation, and sensible field names, but we want the JVM to be able to treat them as efficiently as primitives.
To understand why this is a problem, you have to go back to Java’s foundation. In this language, with the exception of the eight primitives (int, long, double, boolean, and the rest), everything is a reference type. When you write Point p = new Point(1, 2), the variable p isn’t a point. The variable p is a pointer, a coat-check number: somewhere on the heap sits an object, and you’re holding a slip of paper with its address. Every time you want to read a field, the JVM has to “go to the coat check,” performing a hop through the pointer (pointer indirection).
For a single object, that’s nothing. The problem starts at scale. Every object on the heap has its own header (a dozen-or-so bytes of metadata: among other things, so the JVM knows what type it is and whether anyone is synchronizing on it). Incidentally, this is exactly the problem Project Lilliput has been tackling lately, helping to shrink object header sizes. But header size isn’t everything. Every object has to be allocated, and later garbage collected. And since objects are scattered across the heap, an array of a million Points is in practice a million slips of paper pointing at a million boxes strewn across the whole warehouse.
Brian Goetz, in his “State of Valhalla” documents, calls such a memory layout “fluffy”: puffed up, bloated. What we dream of is a dense layout, one where the data lies side by side.


Why does density matter? Because the hardware changed faster than Java did. In 1995, a memory access cost roughly the same as a CPU operation. Today the CPU is two orders of magnitude faster than main memory, and the whole gap is bridged by the cache. The processor reads memory in chunks called cache lines (usually 64 bytes). If the data lies densely and in order, one such chunk brings in a ton of useful values at once. If we’re hopping across pointers, every access risks a cache miss, and that can be a hundred times slower than a hit. This is locality of reference, and it’s the real stake in this whole game.
“But the JVM has escape analysis,” someone sharp will say. True: the virtual machine can recognize that some object never “escapes” beyond a local fragment of code, and then it doesn’t allocate it at all. From the programmer’s point of view it looks as if the object exists, but in reality its fields get spread out into ordinary variables or CPU registers. In the best case, the cost of allocation and the later cleanup by the garbage collector drops to practically zero.
The trouble is that this optimization is unpredictable and fragile. It works only when the JIT compiler can trace the object’s entire flow with high confidence. But all it takes is for the object to land in a field of another class, get stored in an array, get passed into a more complex method, or appear beyond the boundary of code the JIT can analyze, and the whole trick stops working. The source code stays identical, but the performance behavior can change dramatically.
This is precisely why experienced JVM programmers treat escape analysis as a nice bonus, not a project’s foundation. If an application’s performance depends on whether a particular JIT version manages to apply this optimization, it’s very easy to fall into the trap of hard-to-predict regressions. A minor refactor, a JDK update, or a change in code structure can send objects back onto the heap, and the costs of allocation and garbage-collector work return in full force.
That leaves the brute-force option: give up on objects and encode the data by hand. Instead of a Color class, hold three bytes r, g, b. This isn’t just an academic example. The approach has been used for years in game engines, graphics libraries, image-processing systems, databases, analytics engines, and HPC code, where every byte of memory and every allocation matters. The trouble is that the speed comes at the cost of safety and readability. We lose names, private state, validation, and methods. JEP 401 gives a simple example: a developer working on “raw” color bytes might mistakenly interpret them as BGR instead of RGB, swap red with blue, and quietly corrupt the entire image. A class wouldn’t have allowed it. A bare int? Sure it would.
And it’s exactly this dichotomy, either convenient classes, or fast primitives, that Valhalla is trying to erase.
Officially, Project Valhalla started in 2014. James Gosling described it at the time as “six PhDs tied into a single knot,” and that was no exaggeration. Interestingly, the idea is older than the project itself: Java’s creators wanted value types as early as the first version of the language, but in 1995 they gave up, because the problem was too hard.
The goal was set ambitiously: to restore alignment between the programming model and the performance characteristics of modern hardware. In other words, to let programmers declare their own types that are flat and dense in memory like primitives, but look and behave like normal classes.
Easier said than done. Over the following years the team built five different prototypes, each probing a different aspect of the problem. And this is where the most interesting part of the story begins, because to appreciate Valhalla’s current shape, you have to see how many ideas died along the way.
The early prototypes went in a direction we now call “Q World.” It assumed that the new value types were a fundamentally different beast from objects, with separate type descriptors, separate bytecodes, and separate top types, exactly like primitives. Sounds logical: if they’re supposed to work like int, let them be represented like int. The trouble is that such a separation flooded the entire JVM type system with extra complexity: everything had to be done in two variants.
The breakthrough came with a prototype christened “L World” (roughly around 2019). The name comes from the fact that value types started sharing the same “L carrier” (the L descriptor, the same one the JVM uses for ordinary references) with object references. The team expected such a unification to be too hard, and yet, to their own surprise, it worked without major compromises and incidentally solved a whole pile of problems from the earlier rounds.
L World produced one more fundamental “aha” that shaped everything that came after: the language model and the JVM model don’t have to overlap one hundred percent. L World is the right model for the virtual machine, but you can treat it as a translation target and offer the programmer something more convenient in the language. This separation of layers turned out to be the key to the rest of the project.
That’s also when the plan to split the work into two phases crystallized: first value classes (still called something else at the time, more on that shortly), and only then, specialized generics. We’ll come back to generics in section 6, because that’s a separate, longer treatise.
If you’ve ever tried to read about Valhalla and bounced off a wall of contradictory terms, it’s not your fault. The naming changed several times here, and not cosmetically: behind each name change stood a change in the model. Let’s trace it, because it’s the best illustration of how this feature was designed.


Stage 1: value types: The earliest term. Vague, because it wasn’t yet clear what exactly these things were supposed to be.


Stage 2: inline classes:Around 2019–2020 a distinction settled in that has survived to this day in its essence: classes split into identity classes (the ones with identity, that is, everything we’ve known until now) and the new inline classes (without identity). That’s when the slogan “codes like a class, works like an int” was coined, and the basic constraints were set: inline classes are final by default, their fields are final, you can’t synchronize on them.
Stage 3: “primitive classes” and the two-projection model. And here it gets interesting, because this is exactly the idea that got significantly cut down. In the 2021 “State of Valhalla” documents, Valhalla promised three things: value objects, primitive classes, and specialized generics. The idea for a “primitive class” was that a single type would have two projections: a value variant (flat, never null, behaving like a primitive) and a reference variant (a box that allows null). Across various iterations this was written as Point.val/Point.ref, and later they experimented with the Point! and Point? syntax.
The model was powerful, but also mentally heavy. A programmer would have to juggle two forms of the same type day to day and understand when a conversion between them happens. The team, faithful to the lesson “simplify the model for the user, even at the cost of the performance ceiling,” ultimately dismantled this dualism.
Stage 4 (today): “value classes” and “value objects.” The current JEP 401, authored by Dan Smith (reviewer: Brian Goetz), puts it simply. There’s one new thing: a value class, declared with the value modifier. Its instances are value objects: objects without identity. And (this is key) a value class is still a reference type. The whole tricky business of non-nullability has been split off into a separate, optional JEP (Null-Restricted Value Class Types), which we’ll get to. So instead of one complicated concept we have two simple, orthogonal ones: “does it have identity?” and, separately, for later, “does it allow null?”
Worth remembering, because if you come across an older article (or Baeldung describing “primitive classes” as a separate mechanism), you’re reading about an outdated model. In the OpenJDK canon, “primitive classes” in that sense no longer exist.
More things fell along the way. The original “Value Objects” JEP draft was withdrawn and replaced by JEP 401. The original “Universal Generics” draft also went back for rework. JEP 401 is accompanied by JEP 402: Enhanced Primitive Boxing (also preview), plus a whole series of early-access builds (LW1, LW2, LW3…) and talks from the JVM Language Summit, among them Frédéric Parainon heap flattening and Daniel Smithon the new object-initialization model.
The moral of this section is this: twelve years wasn’t twelve years of “writing code.” It was twelve years of rejecting ideas, until the one that can actually be maintained was left.
Let’s get to specifics. Here’s exactly what we get.
Declaration. You create a value class by adding the value modifier:
value class USDCurrency implements Comparable<USDCurrency> {
    private int cents; // implicitly final
    public USDCurrency(int dollars, int cents) {
        this.cents = dollars * 100 + cents;
    }

    public USDCurrency plus(USDCurrency that) {
        return new USDCurrency(0, this.cents + that.cents);
    }

    // dollars(), cents(), compareTo(), toString()...
}
It can also be a value record. The rules: all instance fields are implicitly final, methods may not be synchronized, the class is final by default (or it can form a hierarchy composed of value classes and abstract value classes), it can’t inherit from a class with identity, but it happily implements interfaces. Beyond these constraints, it’s an ordinary class.
The defining trait: no identity. This is the crux. An ordinary object has identity: two separately created new Point(1,2) are two different objects, even if they have identical contents. A value object has no identity, just as there aren’t two “different” fours of type int. From this flow all the consequences:
	== changes meaning. Until now == compared identity (whether it’s the same address). For value objects, == checks substitutability: whether both values are the same class with the same fields, compared recursively (primitive fields bit by bit, object fields again via ==). That’s why new USDCurrency(3,95) == new USDCurrency(3,95) returns true. That’s good news: it ends the famous confusion with == on Integers. But careful: == looks at internal state, which isn’t always what the object represents, so for “is this the same data” comparisons keep using equals.

	synchronized throws. There’s nothing to synchronize on. An attempt ends in IdentityException. When you need to force identity, you have the new helpers Objects.requireIdentity and Objects.hasIdentity.


And now the most important conceptual trap: value objects can STILL be null. This surprises everyone who thinks “value = like a primitive = never null.” In the JDK 28 model, value class is a reference type, so USDCurrency d = null; is perfectly legal. Non-nullable types (with a null restriction) are a separate, future JEP. They’re not in JDK 28. We’ll come back to this, because it’s not a detail: it’s the key to full performance.
JEP 401 gives the JVM freedom thanks to which value objects can be optimized in two main ways.
Scalarization is a JIT compiler technique. A reference to a value object gets “broken down into its prime factors,” reduced to its essence, the set of fields, with no wrapping. Instead of passing a pointer to Color, the JIT simply passes three bytes r, g, b (plus one flag bit indicating whether the reference isn’t null). Such an object is in practice free: no allocation, no work for the GC. It’s a bit like escape analysis, but much more predictable and far-reaching: it works even across the boundaries of method calls the JIT didn’t inline. The limitation: scalarization usually won’t work when a variable has a type that is a supertype of the value class (e.g. Object or, importantly, an erased generic parameter). Then the object has to be materialized on the heap.
Heap flattening is the second mechanism. The object’s essence gets encoded as a compact bit vector and written directly into a field or an array cell, without a pointer to another place in memory. This is exactly where density and locality are born.
There’s a catch worth knowing about here, though: flattened data has to be readable and writable atomically (otherwise it risks “tearing” under concurrent access). On typical platforms, “small enough” today means as little as 64 bits, including the null flag. That’s why many small value classes will flatten beautifully, but a class with, say, two int fields or one double may not fit in an atomic write and end up as an ordinary object on the heap anyway. In the future, 128-bit encodings will arrive, and the aforementioned JEP about null-restricted types will allow flattening larger classes in exchange for giving up the atomicity guarantee. This is exactly the moment where non-nullability stops being cosmetics and becomes a lever for performance.
Remember the age-old cost of boxing, wrapping int in Integer? In the new model, the wrapper classes themselves become value classes (when preview is on, Integer, Long, Double, and company lose their identity). Since the box no longer has identity, the JVM can scalarize and flatten it. The effect: Integer[] starts approaching the efficiency of int[], and the boxing overhead, to quote JEP 401, shrinks dramatically. The accompanying JEP 402 (Enhanced Primitive Boxing) goes further and smooths out conversions between primitives and their boxes, opening the road to writing things like List<int>. But that’s a separate, still-maturing piece, so don’t assume it’ll roll in complete alongside 401.
This is where the effect shows best. Instead of holding a million pointers to a million scattered objects, a Color[] array can store directly flattened, 32-bit encodings of successive colors (again: plus a null flag). From a memory standpoint, such an array starts to look and act like a plain int[]: a contiguous block of data the processor sweeps through sequentially, cache line by cache line.


For all of this to work, some really deep foundations were moved: the new value modifier; strict construction rules (all fields must be set before anything gets to see the new object, in practice before the super() call, so that a “mutation” of final fields can never be observed); the redefinition of == as a substitutability test; adding a value-object check to the reference-comparison bytecode (acmp); the scalarization and flattening machinery; IdentityException; and the migration of existing “value-based” classes. In short, this isn’t syntactic sugar. It’s a rebuild of an assumption that had been true in Java since 1995: that every object has identity.
Let’s take the simplest possible case and trace it so it’s clear even without knowing the JVM’s internals.
Before Valhalla:
final class Point {       // an ordinary class with identity
    final int x;
    final int y;
    Point(int x, int y) { this.x = x; this.y = y; }
}

Point[] points = new Point[1_000_000];
What’s happening here in memory? The points array is a million pointers. Each pointer leads to a separate Point object lying somewhere on the heap. And each such object is not just its two ints (8 bytes), but also a header (another dozen-or-so bytes of metadata). These objects are scattered: the allocator created them at different moments, in different places. When you iterate over the array and sum the coordinates, for each point the processor has to: read the pointer from the array, jump to the indicated address (risk of a cache miss), read the fields. A million times. This is exactly that “fluffy” layout from section 1.
After Valhalla:
value class Point {       // a value class without identity
    final int x;
    final int y;
    Point(int x, int y) { this.x = x; this.y = y; }
}

Point[] points = new Point[1_000_000];
The difference in the code is exactly one word: value. But the difference in memory is fundamental. The JVM can now store the values themselves in the array, laid out densely one after another: 8 bytes per point (plus a possible null flag), in a contiguous block. No headers per element. No pointers. No jumping around the heap.
[IMAGE: the same Point[] array in two variants: “before” (an array of arrows → scattered boxes with headers) and “after” (a uniform strip of number pairs)]
When you now iterate over the array, the processor reads the data sequentially. Each 64-byte cache line immediately brings in several complete points. Summing a million coordinates running at memory-bandwidth speed, instead of choking on misses. On data-intensive code that can be a difference of multiples, not percentages.
And, most important for maintainability, you didn’t pay for it with abstraction. Point is still a class: it has a name, it has a constructor, it could have validation (if (x < 0) throw ...), it could have methods. You don’t have to, like before, split points into two raw int[] xs and int[] ys arrays and pray you never mix up the indices. You got the density of a primitive and the readability of a class. That’s the whole of Project Valhalla in a single example.
This is the second half of Valhalla, and honestly the harder one. Let’s start with the source of the problem.
Java implements generics through type erasure. In practice: List<String> and List<Integer> are, at runtime, the same ordinary List, and the type parameter T is erased to Object. This often gets mocked, but it’s worth knowing it was a deliberate, defensible decision, not laziness. Erasure gave Java gradual migration compatibility: you could take an existing, non-generic class and make it generic without breaking a single existing source file or compiled class, and clients could migrate right away, later, or never. In 2004, when Java already had a huge codebase, the alternative (”here are generics, but throw out all your libraries”) would have been a terrible deal. Today it would be even worse.
The trouble is that erasure clashes with Valhalla exactly where we’d care most about performance. Since T erases to Object, a value object put into a List<Point> has to be materialized as an ordinary object on the heap. In other words: your beautiful, flattenable Point in a generic collection loses its flattening: the container holds references, not flat values. All the density you gained in Point[] evaporates in ArrayList<Point>.
The repair plan is, like all of Valhalla, two-phase:
Phase 1: Universal Generics. This is a change at the language level: it lets type variables also cover value types, that is, so you can even express something like ArrayList<Point> or List<int>. For now still through erasure. The programmer will feel it mainly as new compiler warnings about “null pollution,” because a field of type T starts out as null by default, even if T is a value type. Addressing these warnings makes APIs “specialization-ready.”
Phase 2: Specialized Generics. These are the future JVM extensions that will generate heterogeneous, specialized class layouts for concrete type arguments (in the project’s jargon: species and type restrictions). Only then will ArrayList<Point> really be backed by flat memory. This is the piece that’s still largely research work.
The consequences for libraries and frameworks are enormous, and that’s exactly why it’s happening gradually. Ultimately, collections, streams, and entire APIs can become flat and allocation-free over value types. But library authors will have to address the new warnings and design with specialization in mind. Let’s be honest: the original Universal Generics draft went through rework, and the full reward from specialization is a matter of future releases. JDK 28 doesn’t bring it.
Let’s gather this in one place, because it’s easy to get lost between “it’s here already!” and “it’s not here yet.”
What got accepted: JEP 401 (Value Classes and Objects) as a preview feature, targeting JDK 28 (release in March 2027), with integration into mainline planned for roughly July 2026. 197 thousand lines, 1,816 files, coordination on Lois Foltan’s side, the request to other committers to hold off on large changes. Disabled by default: to play with the syntax, you have to flip on --enable-preview.
What actually reaches users: the ability to declare value class and value record; migration of existing “value-based” classes in the JDK (among them the primitive wrappers like Integer) to value classes under preview; scalarization and flattening for qualifying classes; cheaper boxing.
What can still evolve, and what’s NOT in 28: null-restricted types (non-nullable); full specialized generics; 128-bit encodings; a fully mature JEP 402. And the syntax itself, because this is preview, and that’s exactly what’s expected of it: that it can change from release to release in response to feedback. Hence Goetz’s quote about “only the first part.”
How it might affect the ecosystem: for high-performance Java (data, vector computation, ML, gamedev, finance, codecs) this is the path to dense data without giving up abstraction, which is exactly what some of these domains have been waiting years for. Frameworks and libraries will start migrating their value-based classes. You’ll also have to watch out for a long tail of behavioral surprises around == and synchronized in code that (knowingly or not) relied on identity. And one more thing worth keeping in mind when planning: JDK 28 is not an “LTS” release: the next LTS will probably be JDK 29 in September 2027. So most companies will meet a stabilized Valhalla only at the LTS, but it’s precisely the preview in 28 that kicks off the real feedback loop with actual code. If you’re working on something that could benefit from this, now is the moment to start experimenting and submitting feedback.
Why do I call this one of the biggest changes in the platform’s history? Because Valhalla doesn’t bolt yet another feature onto the language; it moves its deepest assumption. “Every object has identity” had been true in Java since 1995; it’s the foundation everything else stood on. Letting the programmer opt out of that assumption (choose which objects need identity and which don’t) isn’t a refactor, it’s a shift of the foundation. And that’s exactly why it unlocks a whole decade of further work: unifying primitives and objects, specializing generics, denser collections, faster numerics.
At the same time, and this is the honest version of the headline, “Valhalla rolls into JDK 28“ is a half-truth. It’s the first, preview step of a multi-stage rollout. But it’s precisely this team’s discipline (simplify the model for the human, do the hard performance things as optional) that’s the reason it took twelve years, and the reason it can be shipped at all now.
For us, as programmers, one thing to take away matters more than the syntax: internalize the distinction identity versus value. The rest (==, flattening, generics) are consequences of that one distinction. And the early-access builds are already here: you can touch this on your own code before your competitor does.
1. Is value class just a record? No, they’re two orthogonal decisions. record means “I give up separate internal state” (content = components). value means “I give up identity.” You can have any combination: an ordinary class, a record, a value class, and a value record.
2. Can I compare value objects with ==? Yes, but == now means something different: substitutability, i.e. a comparison of all fields (recursively), not the address in memory. For the question “do they represent the same data,” it’s still usually better to use equals, because == looks at internal state, which isn’t always equal to the represented state.
3. Can a value class be null? In the JDK 28 model, yes. value class is still a reference type. Non-nullable types (with a null restriction) are a separate, future JEP, and they’re the ones that will unlock flattening of larger value classes. They’re not in JDK 28.
4. Integer becomes a value class, won’t that break my code? In most cases, no. Binaries still link, and the only new compilation errors are attempts to synchronize on such a type. The changes you might notice concern code that depends on identity: == on Integers will start comparing by value, and synchronized (someInteger) will stop working. If you relied on either of those, it was fragile code anyway.
5. Will I get a fast, flat ArrayList<Point>? Not yet. Because of type erasure, objects in a generic collection are materialized on the heap. Flat generic collections require universal and specialized generics: that’s the future. In JDK 28, flattening works directly for fields and arrays of a value type, e.g. for Point[].
6. How is this different from struct in C#? A struct in C# has identity and mutation, so the semantics of copying on assignment or passing have to be precisely defined, which gives a heavier model for the programmer and less freedom for the runtime. Value objects in Valhalla have no identity, and the way they’re laid out in memory is left to the JVM’s discretion. A simpler model for the human, more freedom for the machine.
7. Wasn’t escape analysis doing all of this already? As I already mentioned, partly. Escape analysis can avoid allocating an object when it proves the object doesn’t depend on identity, but it’s unpredictable and doesn’t help when the object lands in a field, in an array, or “escapes” beyond the optimization’s reach. Scalarization of value objects is predictable and reaches much further, including across method-call boundaries.
8. Do I have to rewrite code to benefit? For your own classes, it’s usually enough to add the value modifier to those that represent “simple domain values” and don’t rely on identity; the migration is mostly compatible. Some of the gains you’ll even get for free, because it’s the JDK migrating its own classes (like the primitive wrappers).
10. When will I see full Valhalla, with generics, non-null types, and the whole rest? In future releases. The team ships it incrementally: JDK 28 is the first preview of value classes. The full story (specialized generics, null-restricted types, 128-bit encodings) will spread across many releases and will most likely stabilize only around the next LTS.
PS: You’ll find the early-access builds at jdk.java.net/valhalla, and that’s probably the best way to form your own opinion faster than I can write another issue on the subject.
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Hyundai buys Boston Dynamics

startupfortune.com · 448 points · Discussion



        
        

        
        

        
                Hyundai Motor Group is acquiring SoftBank's remaining 9.65% stake in Boston Dynamics for $325 million, completing its full ownership of the robotics company. The deal closes as Boston Dynamics' Atlas humanoid robot enters commercial deployment and the broader humanoid race intensifies against Tesla Optimus and Figure AI. SoftBank exits to redeploy capital toward its $41 billion OpenAI bet and AI infrastructure.
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DuckDB Internals: Why Is DuckDB Fast? (Part 1)

greybeam.ai · 397 points · Discussion

DuckDB has gone from a research project at CWI Amsterdam in 2019 to one of the most widely adopted databases of the past decade. The list of places it shows up is long: notebooks, ETL pipelines, dashboards, CI test runners, embedded analytics inside SaaS products, even an iPhone running TPC-H at scale factor 100.
iPhone in a box of dry ice, running TPC-H. (source)Companies have started building real products around it. MotherDuck is wrapping DuckDB into a cloud data warehouse. BI and data app platforms like Hex, Omni, and Evidence use it as an in-app execution engine and cache. Fivetran's Managed Data Lake Service uses DuckDB inside its data-lake writer for merging and compaction. Rill builds an open-source BI tool on top of it. We use it at Greybeam too, powering millions of queries for BI and analytics workloads.
What is DuckDB?
DuckDB is an in-process analytical SQL database. Analytical means it's optimized for the kind of queries that scan millions of rows to filter, aggregate, and join — not the kind that look up a single record by primary key. In-process means there's no server. You don't connect to DuckDB; you load it as a library inside your program, the same way you'd load NumPy or Polars.
DuckDB has received widespread adoption because it's just so damn easy to use. It ships as a single binary under 20 MB with no external dependencies. You install it with pip install duckdb, brew install duckdb, or by linking libduckdb into a C++ project. It opens any directory of Parquet, CSV, or JSON files like they were already a SQL database.
DuckDB also happens to be one of the fastest single-node analytical engines available, regularly holding its own against entire clusters that cost millions of dollars per year.

This is the first post in a three-part deep dive into DuckDB internals. We'll follow a query from the moment it enters the engine to the moment the result is returned, and at each stage we'll look at the design choice that makes it fast. 
DuckDB's speed comes from a handful design choices:

	In-process execution

	Columnar, compressed storage with zonemaps

	Vectorized execution

	Morsel-driven parallelism

	Snapshot isolation with optimistic MVCC

	And much more!



This post covers the path from your SQL to the moment the engine is ready to run the query, plus the storage layer the query will read from. By the end you'll have a clear mental model of DuckDB's setup work and storage layout. Query execution is covered in Part 2 so make sure to subscribe!
Queries Run In-Process
You point DuckDB at a 6 GB Parquet file on your laptop. The results come back in under a second. No cluster, no setup, no migration, no CREATE TABLE. How does that work?
SELECT
  *
FROM 'orders.parquet';

Most analytical databases are servers. Snowflake, Postgres, BigQuery, Redshift. You open a connection, send SQL over TCP (a protocol to send data over a network), and wait for results to come back. Along the way, every record in the result is serialized into a wire protocol, transmitted across the network, and deserialized on the other end.
Serializing and Deserializing
Inside a database, a query result lives as typed values at specific memory addresses. A 64-bit integer here, a pointer to a string there. Those addresses only exist in that process. To send the result to a client on another machine, the database has to rewrite every value into an agreed byte format (Postgres has its own, MySQL has another, with ODBC and JDBC as client-side APIs that drivers expose on top) so it can be pushed through a TCP socket. The client then parses those bytes back into its own native types. Every value may be touched multiple times, once to encode and once to decode, and on a large result set, that work often takes longer than the query itself.
[image: Network diagram from client to server.]DuckDB is not a server. It's a library. There is no DuckDB daemon, no port, no cluster. You load libduckdb into your program and call functions directly against it.
In 2017, Mark Raasveldt and Hannes Mühleisen published Don't Hold My Data Hostage, a paper measuring what actually happens when you pull a result set out of a warehouse. They found that the client protocol itself — ODBC, JDBC, and similar row-by-row value APIs — was often the slowest single step in the entire query, sometimes dwarfing the time the database spent computing the answer.
Two costs drive this. The first is raw bandwidth: a typical gigabit Ethernet link caps you at around 125 MB/s, and a large result set can take longer to transmit than it took to compute. The second is per-value overhead. ODBC and JDBC hand back results one row and one value at a time, which means the client makes a separate function call for every field in every row. On a 100-million-row result, that's hundreds of millions of function calls, each one doing its own little memory copy, type check, and string allocation.
ADBC transfers data between systems in columnar Arrow format, which avoids the row-by-row serialization/deserialization that ODBC and JDBC require. Our friends at Columnar are making this commonplace.
Difference between ODBC and ADBC when connecting to Snowflake.DuckDB sidesteps both bottlenecks by living in the same process as the client.
When a Python script runs con.sql("SELECT ... FROM my_df") against a pandas dataframe, DuckDB can use a feature called a replacement scan. Instead of copying the dataframe into an internal table first, DuckDB replaces the table reference with a function that reads from the dataframe when the query runs.
In the best case, DuckDB can read the same underlying buffers the Python process already owns, so it avoids materializing a second full copy of the data. This is zero-copy! If NumPy says "here's a buffer (contiguous chunk of memory) of 1 million int64 values," DuckDB can often read that same buffer directly because it understands the same physical layout. 
In practice, whether the path is truly zero-copy depends on the dataframe’s physical layout, column types, null representation, and string storage. If the types or layouts do not line up, DuckDB may allocate converted buffers for some columns.
Arrow is the cleanest version of this story because Arrow is already a columnar, typed memory format designed for sharing data between systems. That is why returning DuckDB results as Arrow, or querying Arrow-backed data, can avoid much of the row-by-row conversion overhead that traditional APIs impose.
From SQL to Logical Plan
Once your SQL reaches DuckDB, it goes through the usual stages: parse, bind, plan, optimize.
Parsing
The first step is to parse SQL into an abstract syntax tree (AST). DuckDB uses a fork of the Postgres parser, which is part of why DuckDB's dialect feels so familiar. 
An AST is a tree representation of your query where each node is a syntactic construct: a SELECT statement, a column reference, a function call, a join, a literal. Parsing turns the flat string SELECT sum(l_quantity) FROM lineitem WHERE l_shipdate > '2024-01-01' into a structured object the engine can actually reason about.
Select(
    expressions=[
        Sum(
            this=Column(
                this=Identifier(this=l_quantity, quoted=False)))],
    from_=From(
        this=Table(
            this=Identifier(this=lineitem, quoted=False))),
    where=Where(
        this=GT(
            this=Column(
                this=Identifier(this=l_shipdate, quoted=False)),
        expression=Literal(this='2024-01-01', is_string=True))))

AST from the SQLGlot library.
A tree structure is what lets the rest of the engine do its job. The binder walks the nodes to resolve l_quantity to a specific column in a specific table. The optimizer pattern-matches subtrees to recognize that the WHERE predicate can be pushed down into the scan. The physical planner maps function call nodes to executable operators. None of these passes can operate on raw SQL. They need to traverse, pattern-match, and rewrite a typed structure. 
Binding
The next step is binding, which resolves every name in the AST against the catalog. lineitem becomes a specific table with a known schema. l_quantity becomes a specific column with a known type. sum becomes a specific aggregate function whose input type matches that column. Type checking happens here too: comparing l_shipdate to the string '2024-01-01' works because the binder coerces the literal to a date.
The output is a bound tree where every node knows what it refers to and what type it produces. Errors like unresolved columns, ambiguous references, and type mismatches surface at this stage.
At this point, DuckDB has turned raw SQL text into a typed tree. The engine no longer sees l_quantity as just a string in a query; it sees a specific column with a specific type from a specific table.
The Optimizer
In DuckDB, the optimizer consists of a sequence of small, focused transformations that you can, in fact, inspect and disable individually.
D SELECT * FROM duckdb_optimizers();
┌────────────────────────────┐
│            name            │
│          varchar           │
├────────────────────────────┤
│ expression_rewriter        │
│ filter_pullup              │
│ filter_pushdown            │
│ empty_result_pullup        │
│ cte_filter_pusher          │
│ regex_range                │
│ in_clause                  │
│ join_order                 │
│ deliminator                │
│ unnest_rewriter            │
│ unused_columns             │
│ statistics_propagation     │
│ common_subexpressions      │
│ common_aggregate           │
│ column_lifetime            │
│ limit_pushdown             │
│ row_group_pruner           │
│ top_n                      │
│ top_n_window_elimination   │
│ build_side_probe_side      │
│ compressed_materialization │
│ duplicate_groups           │
│ reorder_filter             │
│ sampling_pushdown          │
│ join_filter_pushdown       │
│ extension                  │
│ materialized_cte           │
│ sum_rewriter               │
│ late_materialization       │
│ cte_inlining               │
│ common_subplan             │
│ join_elimination           │
│ window_self_join           │
└────────────────────────────┘
           33 rows          

Running SET disabled_optimizers = 'filter_pullup, join_order' turns specific passes off so you can see what they were doing. 
Here are a few interesting optimizers:
Filter pushdown
This is a classic database optimization: move WHERE predicates as close to the scan as possible so you prune data as early as possible. DuckDB first pulls filters up to the top of the plan so they can be combined and reorganized, then pushes them back down as far as possible.
[image: Diagram showing filter pushdown in action.]Read from bottom up. Filter pushdown moves filter earlier in tree when possible.Subquery unnesting
Correlated subqueries traditionally force a database to run the inner query once per outer row, which is slow. DuckDB implements techniques from the Unnesting Arbitrary Queries paper to rewrite these as joins, which are dramatically faster.
Dynamic join-filter pushdown
During a hash join (more on hash joins here), the build side has to be fully read before the probe side starts. DuckDB takes advantage of that ordering: once the build side is in memory, it computes the min and max of the join key values it actually contains, then pushes those bounds back into the probe-side scan as a runtime filter. If the build side turned out to contain values only between 100 and 200, the probe scan can use the table's zonemaps to skip any row groups outside that range before reading them.
When the build side has fewer than 50 distinct join key values, the filter becomes an IN list instead of a min-max range, which is more precise and skips even more rows.
Join order optimization
Join order is the most consequential decision the optimizer makes. The order in which joins run determines how big each intermediate result is. A query joining six tables has 30,240 possible tree shapes, and the difference between best and worst can be orders of magnitude in runtime. Picking well requires estimating how many rows each candidate join will produce, which depends on table sizes, predicate selectivity, and the order of joins that came before.
DuckDB models the query as a graph. Each table is a node, and each join predicate is an edge connecting the tables it references. The optimizer's job is to pick an order to combine the nodes into a single tree, where each combination is a join. For example, if we have a query joining a to b , b to c, and c to d, the graph might look like this:
To find the best tree, DuckDB uses dynamic programming, such as DPhyp or DPccp. Dynamic programming is a fancy name for a simple idea: if you've already figured out the best way to join {a, b, c}, you can reuse that answer when figuring out the best way to join {a, b, c, d}. You don't need to re-explore all the orderings inside {a, b, c} . It does this for every connected pair, then triplet, then quadruplet, etc. 
There are dozens more optimizations to explore and the entire optimization phase usually finishes in about a millisecond. After optimization, DuckDB has a logical plan. The next step is to translate that plan into something the engine can actually execute.

If you've enjoyed reading this so far, consider subscribing. We'll continue sharing more about the intricacies of DuckDB and many other query engines.

The Physical Plan
Imagine the optimizer hands the engine this plan, written in plain English:

Read events from disk. Drop the rows where event_date is on or before 2026-01-01. Group what's left by customer_id and add up amount. Sort the result by total descending. Return the top 10.



The engine now has to decide how to actually run those steps in a way that uses the CPU well and parallelizes across cores.
Mapping Logical Steps to Physical Operators
The optimizer's output is still a logical plan. It says what each step needs to compute but not which algorithm should do the computing. Most logical steps have several physical implementations.
Take a join. The same logical join can be turned into any of: hash join, index join, piecewise merge join, cartesian join.
DuckDB walks the logical plan and picks a physical operator for each node based on the shape of its inputs and predicates. The output is a physical plan — a tree of physical operators the executor knows how to run.
We will save the details of vectorized execution for Part 2, but one execution concept is useful now: the physical plan is not run as one giant tree walk. DuckDB breaks it into pipelines.
Pipelines
Think of a pipeline as an assembly line. Data enters at one end and passes through a chain of stations. Each station does one thing (drop a row, transform a column, look up a value in a hash table) and hands the result to the next station. As long as each station can decide what to do with a row using only that row, the line keeps moving. Examples of pipelines:
	WHERE: it either passes the row through or drops it. No state needed.
	A Projection: it computes new column values and emits them.
	Probe side of hash join: once the hash table has been built, it looks up the row's key in the hash table and emits the joined row or nothing if no match.

In DuckDB, a connected chain of streaming stations like this is called a pipeline. Pipelines parallelize cleanly since every CPU core can run its own copy of the assembly line on its own slice of the input.
Pipeline breakers
Some operators can't work this way. They need to see the entire input before they can produce an output.
	ORDER BY can't emit a single sorted row until its seen every row because it doesn't know which row belongs first.
	GROUP BY can't emit the final sum until it has accounted for every row in a grouping.
	Build side of a hash join has to build the hash table before it can start looking anything up.

These operators are called pipeline breakers or sinks. They mark the end of one pipeline and the beginning of the next. The physical plan is effectively a sequence of pipelines stitched together by sinks.
Going back to our original query, the physical plan may look something like this:
	Pipeline 1: ends at the GROUP BY sink:
scan events → filter event_date > '2026-01-01' → write into GROUP BY's hash table
	Pipeline 2: ends at the ORDER BY sink:
read groups out of the hash table → write them into the sorted run
	Pipeline 3: the final assembly line:
read sorted runs → take the first 10 rows → return results

Each pipeline runs in parallel internally. Multiple threads run the entire assembly line at once, each on its own morsel of input. Pipelines that depend on each other run in sequence, because pipeline 2 can't start reading until pipeline 1's GROUP BY is done writing.
What Happens in a Sink
A sink runs in three phases: sink, combine, and finalize. 
Sink
Every thread accepts chunks (DuckDB's 2048 row batches) and writes them into its own local state, for example, its own hash table for a HASH_GROUP_BY, its own sorted run for ORDER_BY, its own partial aggregate for UNGROUPED_AGGREGATE, its own hash table for the build side of HASH_JOIN. Threads do not share state. If every thread wrote into one shared hash table, they'd be fighting for a lock on every insert. Local state lets each thread sink at full speed with no coordination.
Combine
Once every thread finishes writing to its local space, the results have to merge into a single global state. For a GROUP BY, that means combining the partial sums and counts for each group across all the thread-local hash tables. DuckDB designs the sink so the combine step itself runs across all cores, rather than as a single-threaded merge at the end (covered in Part 3).
Finalize
The merged global state is read out as the input to the next pipeline. For our GROUP BY, that'll be a stream of customer_id, total) rows.
Parallelism is Local
A pipeline runs across all cores by giving each thread its own morsel of input. A sink runs across all cores by giving each thread its own local state and merging in parallel. DuckDB does not try to plan global parallelism for the whole query, it parallelizes one pipeline at a time. This is a part of what makes morsel-driven parallelism (covered in Part 3) and vectorized execution (covered in Part 2) work.
The Storage Layer
The amazing thing about DuckDB is that it can turn most files into a SQL database, and in fact is often used to directly query file formats like Parquet, CSV, JSON, XLSX, etc.
[image: Diagram of varying DuckDB data sources.]DuckDB can connect to and query many sources. (source)DuckDB database
A DuckDB database is a single file, conventionally .duckdb or .db. This was inspired by SQLite. One file is easy to move, backup, and share.
Inside the file, data is broken into fixed-size blocks. The default block size is 256 KB, though smaller block sizes (down to 16 KB) can be configured. The headers contain metadata like magic bytes, storage format versions, database headers, etc. 
Every block also carries a checksum, a small value computed from the block's contents. When DuckDB reads a block, it recomputes the checksum and compares. If the values don't match, the data has been corrupted somehow, and DuckDB raises an error. Checksums are important because bits occasionally flip in memory or on disk: a cosmic ray hits a cell, a firmware bug drops a byte, a flaky cable corrupts a write, etc. Cloud data warehouses can mitigate this with built-in error correction in memory and redundancy across disks. Consumer hardware like laptops or edge devices generally have less protection, so checksumming is a useful backstop.
Columns, row groups, zone maps
Inside the blocks, columns are stored separately from each other. A row store keeps entire records contiguous on disk. For example:
[id_1, name_1, age_1]
[id_2, name_2, age_2]
[id_3, name_3, age_3]

This is fast for queries like SELECT * FROM users WHERE id = 42, because the record's bytes sit close together physically in memory.
Column stores keep columns contiguous on disk.
[id_1, id_2, id_3]
[name_1, name_2, name_3]
[age_1, age_2, age_3]

A query that reads 4 columns from a 300 column table only needs to read those 4 columns. On a row store, all 300 columns would be read and 296 of those will need to be discarded. This is why organizations use column stores (Snowflake, BigQuery, ClickHouse, etc.) for analytics: queries tend to be selective, group on, and aggregate a few columns.
Row Groups
Each column is split into row groups of up to 122,880 rows, and within a row group, into column segments that typically map to a single 256 KB block. A row group is a unit of parallelism. A query running on 8 threads should have at least 8 row groups in scope to keep every thread busy.
(source)Zone Maps
Each row group also carries a zone map. A zone map contains the min and max values in a row group, plus a null count. When a scan runs with a predicate like WHERE event_date > '2026-01-01', DuckDB checks each row group's max value before reading in any of its data. Row groups whose max event_date is on or before '2026-01-01' are skipped entirely.
This a similar technique major cloud data warehouses use, just under different names. Snowflake calls it micro-partition pruning, BigQuery calls it block pruning, ClickHouse uses minmax data skipping indexes.
Zone map effectiveness depends heavily on column ordering. A column that's sorted or naturally ordered by an insert timestamp gives narrow min-max spans per row group. A column whose values are scattered randomly across the table gives spans that cover wide ranges, and the zonemap is much less effective.
Zone maps (source)Parquet
Most of the time, practitioners aren't querying DuckDB tables. They're pointing DuckDB at Parquet files. There are two common patterns:
-- Query a parquet file directly
SELECT
  customer_id
  , SUM(amount) as total_amount
FROM read_parquet('/my/nice/files/*.parquet', union_by_name=TRUE)
WHERE
  event_date > '2026-01-01'
GROUP BY ALL;

-- Or load it into a DuckDB table first
CREATE TABLE events AS
SELECT * FROM read_parquet('s3://bucket/events/*.parquet');

Why is querying Parquet files so fast? DuckDB hasn't converted the data into its own format. There's no zone map built by DuckDB, no DuckDB-side compression, no .duckdb file. And yet, some queries run roughly as fast as a native DuckDB table.
Parquet has similar design principles as DuckDB's native format:
	Parquet is columnar. Each column lives in its own column chunk inside a row group. DuckDB reads only the column chunks the query references.
	Parquet stores min/max statistics per row group per column. DuckDB uses those same statistics exactly the way it uses zone maps.

When querying Parquet, DuckDB reads the footer to discover the file's schema and row group statistics. It uses those statistics to determine which row groups can satisfy query predicates. For each surviving row group, it reads only the column chunks the query needs, decompresses them, and feeds them into the pipeline-and-sink we described earlier.
When a file is stored remotely, DuckDB doesn't download the whole file. It issues an HTTP request to fetch just the footer, decides which row groups and column chunks it needs, then issues requests to fetch only those bytes. A WHERE clause that prunes properly can dramatically increase performance over the wire.
CSVs
CSV is the opposite of Parquet, it's not self-describing. Parquet effectively hands DuckDB a schema, statistics, chunked columns with compressed data. CSVs don't. They're just text. DuckDB needs to figure out what character separates columns, are values quoted, how are quotes escaped, does the first row contain column names, and what type each column should be. DuckDB does this with its CSV sniffer.
SELECT *
FROM 'events.csv';

-- Alternatively
SELECT *
FROM read_csv('events.csv');

When DuckDB reads a CSV, it automatically tries to detect three main things: the dialect, the column types, and whether the file has a header row.
[image: Diagram of phases of the DuckDB sniffer]DuckDB CSV sniffer phases. (source)Dialect Detection
The dialect is the file’s parsing grammar: delimiter, quote character, escape character, and newline style. DuckDB tests candidate dialects and chooses the one that produces the most consistent rows and the highest number of columns. For example, a file like this:
Company|Category|City|IsSuperCool
DuckDB|OLAP database|Amsterdam, Netherlands|True
Snowflake|data warehouse|Bozeman, MT|True
BigQuery|data warehouse|Mountain View, CA|N/A
Greybeam|multi-engine router|San Francisco, CA|True

Should be split on |, not ,, even though the city names contain commas. The sniffer can figure that out because | produces a consistent four-column table.
Column Types
After the dialect is chosen, DuckDB detects column types by trying to convert sampled values in each column to candidate types. If a value cannot be converted to a candidate type, that type is removed from the candidate set for that column. After the samples are processed, DuckDB chooses the remaining candidate type with the highest priority. The documented default candidate types, in priority order, are NULL, BOOLEAN, TIME, DATE, TIMESTAMP, TIMESTAMPTZ, BIGINT, DOUBLE, and VARCHAR. Since every value can be represented as VARCHAR, it is the fallback type.
Header detection comes next. If the first row looks different from the rows below it, for example, strings like Company and Category are treated as the column names. Otherwise it generates default names like column0, column1, etc.
The sniffer works from a sample rather than scanning the full file. The default sample size is 20,480 rows. You can increase this, or set sample_size = -1 to inspect the whole file.
Execution
Clearly a lot of work happens before a query actually runs. It gets parsed into an AST, bound to the schema, optimized through ~30 passes, and compiled into a physical plan. Even the storage layer does so much work in advance.
Part 2 picks up at execution. Stay tuned!

At Greybeam, this is part of why building a multi-engine router is so exciting for the future of data. It's clear that DuckDB is fast. DuckDB's strengths are real. So are Snowflake's. So are BigQuery's. 
We believe in a future where data teams can use the query engine built to run each query the fastest. Come along for the ride.




Original: https://www.greybeam.ai/blog/duckdb-internals-part-1 · Discussion
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The AirPods Effect

theescapenewsletter.com · 347 points · Discussion

A LITTLE TIME away can be clarifying. When you’ve had a break from a place, you’re able to see it with fresh eyes. You notice things that routine and familiarity had rendered invisible.
During my last trip home to the U.S., one of the things that jumped out at me was the number of people with AirPods in their ears.
Where I live, in southwest Germany, AirPods are far less common. It was jarring to see so many little white globules dripping out of the ears of those around me in coffee shops, in grocery stores, and pretty much everywhere else I went during my trip to suburban Detroit. Whether young or old, chic or grungy, athleisured or denimed, everyone seemed to be sporting some type of earphone.
Americans are speaking less and less to one another. The number of spoken words uttered by the average person fell by 28% between 2005 and 2019.


The popularity of AirPods is nothing new. But as the functionality of our tech-connected ear gear has improved — and as podcasts have exploded into one of the most consumed forms of media in America — earphones have assumed a bigger role in our daily lives.
By some market estimates, 44% of Americans use Bluetooth or wireless earphones, and an additional 24% use something wired. I couldn’t find good data on the percentage of people who regularly wear earphones as they go about their daily lives. But during my recent trips to Michigan and Florida, I felt like half the people around me in public had some kind of device-connected earwear on their head.
There is disappointingly little peer-reviewed research on the effects earphones have on our daily lives and interactions. But the evidence we do have suggests that while AirPods and similar technologies do some wonderful things for us, they also subtly influence our beliefs, reinforce our insecurities, and push us farther apart.


During the pre-smartphone era of iPods and other portable music devices, a small study of college students found that those who were heavy users of headphones experienced higher levels of social isolation and loneliness.
More than 15 years later, in 2021, a survey conducted by the audio technology company Jabra came to similar conclusions. Heavy headphone use makes people feel lonelier, the survey found. It also makes people less likely to have a meaningful conversation with someone new. Many of those interviewed for the survey said they wore headphones in part to avoid having to talk to other people.
This habit of using headphones to dodge uncomfortable interactions may be especially common among younger adults, for whom social unease and feelings of isolation are well-documented problems that have become more common in recent decades.
“I believe human interaction is fading, largely in part to the constant usage of AirPods or other forms of headphones,” wrote Eva Long, a student at Liberty University in Virginia, in a 2025 opinion piece for her school’s newspaper, The Liberty Champion.
“No one talks on the bus. No one greets the barista. Even in class, students are choosing to listen to music instead of their professors,” Long wrote. “When passing someone I know who has AirPods in their ears, it’s difficult to catch their attention unless we make direct eye contact. This lack of engagement is discouraging, and it makes spontaneous social connections less likely.”
Headphones “are a social crutch, granting us the ability to tune in or out of the world as we please,” wrote sophomore Katelyn Halverson in The Cornell Daily Sun. “Interpersonal interaction in public spaces has become more or less optional with the use of headphones — and it appears that the majority (myself included) have a sneaky tendency to opt out.”
Both of these college-paper think pieces were written in 2025, but I found a half-dozen others — some dating back to 2019. All of them bemoaned the fact that, thanks largely to headphones, the collegiate experience has become less social, less immersive, and less interactive. Basically, less collegial.
‘All these little conversations add up to us feeling like people are generally good, I can talk to anybody, and I have a place in this world. That’s something we all need.’


While earphone-assisted comfort bubbles are nothing new on campus — or for that matter, in coffee shops or on public transit — I see them bleeding into situations where, just a few years ago, they would never have occurred.
People now wear their AirPods all day at the office. They keep them in while ordering and paying for things in stores and supermarkets.
I played golf last summer at a public course in Michigan, and the guy I was paired with wore AirPods throughout our nine holes together. After shaking my hand and offering me a terse “play well,” the guy didn’t say five words to me for the rest of our round. I would have felt less isolated playing alone.
I know that a lot of people wear AirPods to facilitate communication, not to deter it. AirPods can function as hearing aids — blocking out background noise while helpfully amplifying the words of a conversation partner.
The problem is that unless you already know the AirPod wearer and you’re confident they won’t be bothered if you start chatting with them, earphones are the equivalent of a “Do Not Disturb” sign. We see them and assume the person wearing them is either listening to something or trying to block out distraction. To strike up a conversation with someone wearing earbuds feels intrusive — like you’re bulling your way into their personal space without permission.
I’m sure some people reading this will say, Well, so what? Small talk is a drag anyway, especially with strangers or loose acquaintances. As long as a person has close connections in their lives — people for whom they either take out their AirPods or use them to connect and communicate — then what’s the harm?
I used to feel this way myself, but I’ve learned some things that have changed my mind.
For a piece I wrote recently for Time magazine, I detailed the findings of a new study that found Americans are speaking to one another far less than they used to. According to that study, the number of spoken words uttered by the average person fell by 28% between 2005 and 2019. Each year during that time period, the number of words people spoke in an average day declined.
One of the authors of that study, the University of Arizona social psychologist Matthias Mehl, told me it’s highly likely that spoken communication has fallen further since 2019. He pointed to the loss of idle chitchat and other public-space interactions as significant contributors to the trend. “We can shop for groceries now without talking with a checkout person, and in restaurants we can sometimes order and pay without ever talking with a server,” he said. “All these ways in which we have rendered our daily lives more efficient may have also resulted in rendering our social lives more rudimentary.”
When people listened to podcast-style audio content through headphones, they perceived the podcaster to be warmer and friendlier, more persuasive, and more empathetic than if they listened to the same piece of content on speakers.


For that Time piece, I also spoke with Gillian Sandstrom, a psychologist at the University of Sussex and author of the new book Once Upon a Stranger.
Sandstrom told me that casual conversations with people we don’t know well can make us feel more connected to one another. These conversations also exercise and enhance our social skills. They may even bolster our faith in humanity. “When we have these interactions, they tend to go much better than we thought they would, and we come away from them with a sense that people are generally good,” she told me.
The more I’ve thought about what she told me, the more important her message feels.
For those of us who wear earbuds all the time, the people drifting by on the outside of our artificially quieted, personally curated sound silos can begin to resemble other vehicles on a traffic-choked interstate — that is, like little more than nuisances crowding our space and impeding our progress.
I think we need regular doses of real human contact — not just with close friends, but with acquaintances, and even with strangers — to counterbalance all the negativity we encounter in the news and online, and to remind us that, on the whole, people are kind and well-meaning.

Apart from throwing up roadblocks that prevent these sorts of casual interactions, earbuds may change our relationship to the content we consume.
For a study creepily (but aptly) titled “A Voice Inside My Head,” researchers at several University of California schools found that when people listened to podcast-style audio content through headphones, as opposed to via speakers, they tended to form a more positive impression of the person delivering the podcast. They perceived the podcaster to be warmer and friendlier, more persuasive, and more empathetic than if they listened to the same piece of content on speakers.
The explanation for this, according to the study’s authors, is that headphones may reduce the psychological distance between listener and speaker; headphones give listeners the sense that the speaker’s voice is coming from inside their head — almost as though the voice they’re hearing and their own internal thoughts are one and the same. “It is important to understand how the medium through which people listen can affect their perceptions, attitudes, and behaviors,” the study’s authors wrote. “We find consistent evidence that listening to a message via headphones (vs. speakers) leads listeners to feel closer to communicators, leading to different psychological and behavioral responses to messages.”
It’s possible that many of us are so taken with podcasts — and so amenable to the theories and opinions we encounter in them — in part because of these subtle perceptual and psychological effects. (As Marshall McLuhan famously put it, “the medium is the message.”)
While all these consequences are concerning, I think the greatest problem our earphones pose to us — and the one that led me, several years ago, to cut back my own use — is the way audio content can crowd out time we should properly spend with our own thoughts.
Back in 2019, I wrote a piece titled “Why Your Brain Needs Idle Time.” I detailed all the reasons we need to give our minds regular breaks from new information so that we have time to consider and make sense of our experiences.
“The deeper reflective states, where you make meaning of what’s going on and connect it to self and identity and integrate knowledge together into coherent narratives — these kinds of processes only happen when you’re not focused on some in-the-moment activity,” Mary Helen Immordino-Yang, a professor at the University of Southern California, told me for that piece.
These vital periods of contemplation and meaning making require us to step away from our various content streams and allow our thoughts to wander freely. But thanks to earbuds, such opportunities to rest and reflect are increasingly optional — and effortful.


During my last trip home to Detroit, I was filling a container at a grocery store salad bar when an older man, unprompted, pointed at the jalapeno slaw I was spooning up and said, “You’re going to eat that?”
He looked at me sideways, shaking his head and smiling. “Oh man, that looks too spicy for me. You’re going to have to tell me how it is. I don’t know about that!”
Living abroad, one of the many things I miss about the U.S. is the warmth and friendliness of its people. (In my experience, a German would never interact with a stranger the way this older man had interacted with me.) I told the man I’d be sure to let him know about the slaw, and he wished me a good day. The interaction lasted 15 seconds, but it brightened my whole afternoon.
The greatest benefit we get from chatting with other people — and the one we may ultimately miss the most if we spend less time talking with one another — is also the hardest to quantify, Sandstrom told me for that Time article.
“All these little conversations add up to us feeling like people are generally good, I can talk to anybody, and I have a place in this world,” she said. “That’s very hard to measure, but that’s something we all need.”
The more time we all spend with AirPods in our ears, the more that need is likely to go unmet.


Discussion about this post

Ready for more?
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Amateur may have cracked Linear A

aiclambake.com · 341 points · Discussion


        Tom Di Mino, a self-taught AI engineer and an amateur linguist, claims to have accomplished a feat that has eluded linguistics experts for over a century: deciphering a Bronze-age Minoan writing system known as Linear A.

His claims are currently being reviewed by linguistics experts at Rutgers and Cambridge. While I’m caveating, I will also mention that I know Tom socially.

Di Mino, who is based in the Hudson Valley, began to work on the problem in January this year, and says the major insight came to him on May 22.

If Tom Di Mino has deciphered Linear A, it would be an earthquake in the field of linguistics. When a related Minoan script, Linear B, was deciphered in 1952, it made the front page of the New York Times.

Linear A maps to an extinct Semitic language

Di Mino believes that Linear A belongs to an extinct Semitic language that was a precursor to biblical Hebrew, the way that Latin is a precursor to Italian.

Di Mino is not the first to argue that Linear A was Semitic. Prior attempts to prove it, however, including a 1957 article published by Cyrus Gordon in the journal Antiquity, did not unlock translations the way that Di Mino’s solution appears to, and Gordon’s work did not gain widespread acceptance in the field.

Some background on Linear A and Linear B

Linear A is a Minoan script that appeared sometime around 1800 BC and was used until 1450 BC, when Crete was conquered by Mycenaean Greeks. The Mycenaeans adopted the Minoan symbols as their own, with some minor revisions. The Mycenaean-Greek version of the symbols are known as Linear B. Both scripts were found on various tablets, vases, and other artifacts from the era.

Both scripts use syllables, not letters, as their core elements. The syllables are generally consonant-vowel pairs.

The two systems have 60 core syllables in common, and they both also use logograms – symbols that represent a whole word (“cow”), not just a syllable.

Linear B was deciphered and identified as Greek in 1952 by Michael Ventris, a British architect, cryptographer, and amateur linguist, like Di Mino. Ventris’s breakthrough may not have happened without prior work on Linear B by Alice Kober, a professor at Brooklyn College.

Kober and Ventris used grammatical and statistical analyses to look for patterns in the location of the symbols (e.g. the first syllable was more likely to be a vowel) and how the symbols shifted.

There are many more inscriptions associated with Linear B than Linear A, however, which made it easier to decipher. Also, many Linear A inscriptions are inventories cataloging the trade of different commodities, so they don’t tell us much about the language.

Because Linear A and Linear B have 60 symbols in common, and because Linear B has been deciphered, experts could guess what the overlapping Linear A symbols sounded like but didn’t know what the sounds meant. And there were 13 additional symbols in Linear A that did not appear in Linear B. For those, no sound values have been accepted.

The key that unlocked Linear A


	
On May 22, Di Mino was analyzing a series of Linear A prayer inscriptions that adhered to a formula. (Don’t worry, you don’t have to understand the formula, but I’m including it for the nerds.)

IOZa2 (Iouktas): A-TA-I-*301-WA-JA · JA-DI-KI-TU · JA-SA-SA-RA-ME · U-NA-KA-NA-SI · I-PI-NA-MA · SI-RU-TE · TA-NA-RA-TE-U-TI-NU · I

(Also see Figure 1 below.)



	
In the formula all of the words in each line of the inscription were known (based on their overlap with Linear B syllables) except for the first word.



	
The first word was the same verb root, appearing in different regional forms across five sanctuary sites on the island.



	
The verb contained 5 known Linear B signs and “*301”, which appeared to be a Linear A-only sign, “na,” which Di Mino used to unlock the root “nawaya,” which means “to dwell.” In Hebrew, Akkadian and other Semitic languages there is a 3 syllable consonant system. N-W-Y is used for verbs and nouns meaning “to dwell or inhabit”.



	
Once deciphered, Di Mino saw that the prayer was similar to subsequent Hebrew prayers but was addressed to a Goddess.



	
While Cyrus Gordon had previously proposed links between dedication tablets in Linear A and similar tablets in Akkadian and Phoenician that he had translated, Di Mino claims to be the first person to identify the links between the Linear A inscriptions and Hebrew prayers.



	
This insight not only unlocked the verb in the prayer inscriptions, but it may also shed a broader light on the use of logograms in Linear A.



	
Di Mino claims that his insights into logograms in Linear A additionally help to resolve problems with some translations of Linear B, which validates his findings.



	
Di Mino used Claude Code to build a suite of Python scripts that query, cross-reference, and organize the digitized Linear A corpus (drawn from the GORILA and SigLA databases), enabling systematic hypothesis testing at a scale that would have been impractical to do manually.





Artifacts

Di Mino’s research has led to:


	
Proposed readings for 40 of the script’s signs, including 13 signs whose phonetic values were previously unknown. He also resolved the sound values for 5 Linear B signs which were unknown to this day.



	
A lexicon of 408 Linear A terms translated into English



	
A 9-page draft of a manuscript titled Ya Diktu: Grammar of the Minoan Peak Sanctuary Libation Formula, which may form the foundation for a submission to a peer-reviewed scientific journal





[image: A summary of the symbols in line 1 of the Minoan prayer inscription.]

Figure 1. A summary of the symbols in line 1 of the Minoan prayer inscription. Credit: Tom Di Mino, Ya Diktu: Grammar of the Minoan Peak Sanctuary, June 2026.
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To study how chips work, MIT researchers built their own operating system

news.mit.edu · 331 points · Discussion


          

            A new kernel, or core program within an operating system, gives researchers a cleaner view of what’s happening inside a processor. Called Fractal and developed at MIT, the kernel has already surfaced previously unknown behavior in Apple’s M1.
When security researchers want to understand what a modern processor is really doing with the kind of detail that determines whether attacks like Spectre and Meltdown are possible, they usually run their experiments on top of an operating system that was never built for the job. They open up macOS or Linux, patch the kernel by hand, and hope the modifications hold. The approach is unstable, hard to reproduce, and on Apple’s platforms, slated for deprecation.
A team at MIT’s Computer Science and Artificial Intelligence Laboratory (CSAIL) decided to build something different. Fractal, an operating system kernel written from the ground up, treats the hardware itself as the object of study. Its first major use, a deep look at branch predictors — a CPU’s way of guessing what code to run next, before it knows for certain, so it doesn’t have to waste time waiting to find out — inside Apple’s M1 processor, has already turned up findings that prior work missed, including the first evidence that a class of speculative attack known as “Phantom” affects Apple Silicon.
“We’re using hardware in ways it wasn’t designed for,” says Joseph Ravichandran, the MIT PhD student in electrical engineering and computer science (EECS) who led the project. “It’s not even obvious that this is a possible thing you could do with the hardware. But we found a way to pull all these different primitives off. It’s like a microscope. If you’ve got a hand magnifying glass, you can see a little bit. But if you had an electron microscope, now we’re really talking. That’s what Fractal is. The electron microscope of operating systems.”
A clean room for chip research
The core problem Fractal solves is one that researchers have worked around for years. Modern processors keep state in many internal structures: branch predictors, caches, translation lookaside buffers, and more. To study how those structures behave across the boundary between user code and kernel code, two domains the chip is supposed to keep isolated, researchers need to run nearly identical experiments on each side of that boundary. On a general-purpose operating system, that is very difficult. The system itself manages privilege levels, address spaces, and scheduling, and it injects its own activity into every measurement.
Fractal inverts the model. It boots directly on bare metal, with no other software running, and exposes primitives that let a single experiment switch privilege levels at runtime while executing the same instructions in the same address space. The team calls the underlying technique multi-privilege concurrency, and it relies on a new construct they introduced: the outer kernel thread, which sits inside a user process’s memory but executes with kernel privileges.
The result is an experimental setup with almost no background noise. Where measurements taken under macOS or Linux are blurred by interrupts, scheduler activity, and address-space management, Fractal produces flat baselines and clean signals.
What Fractal found on the M1
Apple’s M1 implements an ARM specification called CSV2, which is supposed to prevent code running in one privilege level from steering speculation in another. Using Fractal, the MIT team confirmed that the protection works for the execute stage of indirect branch prediction: a user-mode program cannot make the kernel speculatively execute a chosen target through the indirect branch predictor.
But the team also found something the chip’s designers may not have intended. The CPU still fetches the target into the instruction cache before the protection kicks in. That fetch is observable through a side channel, which means user code can still influence what the kernel pulls into its caches across the privilege boundary. The same pattern appeared between processes assigned different address space identifiers.
The team also produced the first evidence that Apple Silicon exhibits Phantom speculation, a class of misprediction previously demonstrated only on AMD and Intel processors. In Phantom, ordinary instructions, including a no-op, can be misinterpreted by the CPU as branches, triggering speculative behavior the program never asked for. On the M1, Fractal showed that Phantom fetches succeed across both privilege levels and address spaces, though the execute phase remains blocked.
A separate Fractal experiment overturned a finding from earlier work on the M1’s conditional branch predictor, which had reported that cross-privilege training worked on Apple’s performance cores, but not its efficiency cores. The Fractal team showed that the conditional branch predictor has no privilege isolation at all, on either core type, and that the earlier result was likely an artifact of macOS quietly migrating threads between cores during system calls.
“For us, it is a true independent variable,” Ravichandran says. “You change the privilege level, nothing else changes. The only thing that could explain whether the attack succeeds or not is the privilege level.”
A tool, not a one-off
Fractal supports x86_64, ARM64, and RISC-V, and consists of more than 31,000 lines of code. The team designed it as infrastructure rather than as a single experiment, with familiar POSIX system calls, a C library, and ports of standard tools like vim, GCC, and the dash shell, so that researchers can move existing experiment code over with minimal friction.
The MIT team disclosed its M1 findings to Apple’s product security team. In an unusual reversal, Apple’s engineers also examined Fractal. 
The longer-term ambition is bigger than any single result. Ravichandran wants Fractal to become to microarchitecture research what tools like QEMU and FFmpeg are to their fields: shared infrastructure that the whole community builds on. 
“My hope is that our results as a community get significantly more reliable, significantly more accurate,” says Ravichadran. “With this reduced noise, this clarity, and this guarantee that you’re running on the right core, on the right system.”
“Fractal is a strong architecture contribution because it turns an often ad hoc microarchitectural reverse-engineering workflow into reusable research infrastructure,” says University of Southern California assistant professor Mengyuan Li, who wasn’t involved in the paper. “By reducing software noise and giving researchers tighter control across privilege boundaries, it makes difficult hardware experiments much easier to interpret.”
Ravichandran worked with Mengjia Yan, an MIT associate professor of EECS and CSAIL principal investigator, on the paper. Their work was supported, in part, by the National Science Foundation, the U.S. Air Force Office of Scientific Research, and ACE, which is part of a program sponsored by the U.S. Defense Advanced Research Projects Agency. They presented their work at the IEEE Symposium on Security and Privacy in San Francisco, California.
        

      


    


            
          

          

                          
  
  
  

      
      Press Mentions

    
  
  
  

  IEEE Spectrum
Writing for IEEE Spectrum, reporter Matthew S. Smith highlights Fractal, a new operating system hand-coded by CSAIL researchers to provide a clear view of security vulnerabilities. “We paved the way with techniques such as custom kernel patches and kernel extensions,” says graduate student Joseph Ravichandran. “The dream was always to have a completely custom operating system which would make these hacks unnecessary.”
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      	Fractal project website 
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	Computer Science and Artificial Intelligence Laboratory (CSAIL)
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Google workspace threatening to block Firefox access

tales.fromprod.com · 286 points · Discussion

   At the time of writing (2026-06-18), Google Workspace appears to be starting to warn users from Firefox that they must use Chrome. This was for a Google Workspace Business Plus account and workspace, from an up to date browser and OS.
 At this time, Firefox access still seems to work but I’ve no idea for how long.
   Specific warning 
 
Icon indicating that the user may soon lose their access to their account.
Secure your device for safe app access
To help keep your data secure, make sure that your device meets your organisation's security requirements
Next steps

    Download Chrome Browser and sign in with your work account



 This was from a webpage with url https://access.workspace.google.com/remediate?urlparams=REDACTED
 Screenshot below
 [image: A google workspace page with the following text Icon indicating that the user may soon lose their access to their account and that they must install Chrome]
   Response from Google support 
 Absolutely nothing useful, repeatedly transferred around and took ages.
   Why do I care? 
 My team need to make sure that their software works in multiple browsers, and I personally prefer using firefox and don’t want to be forced to use Chrome for no discernable benefit.
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Zero-Touch OAuth for MCP

blog.modelcontextprotocol.io · 257 points · Discussion

The Enterprise-Managed Authorization extension is now stable. Organizations can centrally
manage authorization for MCP servers and end-users can access all connected MCP servers
through a single log in. The extension is being adopted by Anthropic, Microsoft, Okta and
a growing number of MCP servers.
The Enterprise-Managed Authorization (EMA) extension
is now stable. We’ve heard from the community that authorization and repeated consent
prompts from connected MCP servers is one of the biggest pain points when it comes to
managing connectivity in enterprise environments. This extension helps address this.
EMA allows organizations to control MCP server access centrally through their trusted
identity provider. For end-users, this means a zero-touch setup: the MCP servers they
need are connected on first login, with no per-app OAuth and nothing to configure as a
one-off.
[image: Standard MCP authorization requires authenticating to every server one by one. Enterprise-Managed Authorization authenticates once through your identity provider and every server the admin authorized connects automatically, scoped to the user’s groups and roles.]
Per-user auth is high friction
The standard MCP authorization model was designed to be user-scoped and bound to the
traditional interactive auth conventions. While this might work well for more general
consumer scenarios where individuals decide what touches their data, this doesn’t quite
scale for enterprise deployments:
	Every employee has to authorize every server individually: onboarding means
manually connecting service after service.
	Security teams cannot enforce consistent policy: access is whatever each user
authorized, with no central control or audit trail.
	Work and personal accounts blur together: there’s no way to require a corporate
identity, so a user can connect a personal account to a work tool.

This combination of factors slows MCP adoption and pushes people toward brittle
workarounds. With no universal standard for preserving shared auth state, everyone
invents their own bespoke solution. The data and tools are available, but the per-user
authorization tax keeps most of them switched off.
Enterprise-Managed Authorization
makes the organization’s IdP the authoritative decision-maker for MCP server access.
Administrators define the policy once and users can authenticate with their existing
identity into the MCP host. The IdP can grant or deny access based on group membership,
role, and conditional access rules.
Under the hood, the client obtains an
Identity Assertion JWT Authorization Grant (ID-JAG)
from the IdP during single sign-on and exchanges it for an access token from the MCP
server’s authorization server. The user is never redirected through a per-server consent
screen. Three properties fall out of that flow:
	Authorize once, inherit everywhere: admins enable a server for the org. Users get
it automatically, scoped to the groups and roles they already have.
	Centralized policy and audit: access decisions live in the IdP admin console, with
one auditable trail across every connector.
	Removing personal/enterprise mixups: by removing the interactive account selection
step, it’s much easier to prevent data flowing between personal and enterprise accounts
by mistake or compromise.

We see this as a brand new baseline for MCP in the enterprise. When users log in, their
client should be connected to the tools and data they’re authorized to use with no extra
steps in between.
Early adopters
This launch brought together three groups that collaborated closely on making the
implementation real:
	Identity providers: Okta is the first supported identity provider. Organizations
using Okta can provision MCP access to supported servers through any supported client,
using
Okta’s Cross App Access (XAA).
	Clients:
Anthropic has implemented the extension
in its shared MCP layer for Claude. Admins can authorize MCP servers for users across
Claude, Claude Code, and Cowork. Additionally,
Visual Studio Code has also added support
for EMA right in the IDE.
	Servers: Asana, Atlassian, Canva, Figma, Granola, Linear and Supabase now support
EMA, with Slack and more actively adding support.

We’re excited for more identity providers, clients, and servers to adopt
Enterprise-Managed Auth to help reduce the authorization-related fatigue and
significantly improve the security and observability posture for its implementers.
“The momentum around MCP is incredible, but as we move toward an interconnected AI
workforce, security can’t be an afterthought. By embedding the Cross App Access protocol
into MCP as the Enterprise-Managed Authorization extension, we turn identity into a
centralized governance plane and give security teams strict compliance control and users
a seamless, secure experience.”
— Aaron Parecki, Director of Identity Standards, Okta

“The Figma MCP brings the power of code and canvas together so teams can move faster,
explore more and ship products that stand out. As MCP adoption grows, XAA makes it
easier for enterprises to scale their MCP deployments securely without slowing teams
down.”
— Devdatta Akhawe, VP of Engineering, Figma

“Logging in once and automatically having all your MCP connectors automatically setup is
pretty magical.”
— Tom Moor, Head of Engineering, Linear

Get involved
As with all other MCP extensions, features, and enhancements, we welcome your input.
We’re encouraging clients, servers, and identity platforms to review the extension
specification and add support for the new standard into their products:
	Read the requirements: the
Enterprise-Managed Authorization page
documents the flow for clients, servers, and authorization servers.
	Source and draft spec: see the
ext-auth repository and the
draft specification
for the latest in EMA evolution as well as any support materials that will help you get
started.

If you’re interested in discussing the extension, sharing compatibility reports, or
iterating on the extension, join the
EMA Interest Group.
Acknowledgements
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Ten years of ClickHouse in open source

clickhouse.com · 252 points · Discussion


ClickHouse was released in open source on Jun 15 2016, ten years ago. Since then, it became the most popular open source analytical database with more than 2000 contributors.


There are different levels of open-source.

Level 0: The minimum level is making the code open to the public for reading, but nothing more. This is the case of archival and museum releases, such as Doom or MS-DOS.

Level 1: The next level is when the software is updated by commits in a public repository, but not necessarily accepting contributors. This is also an example of open source. SQLite and Ladybird are examples.

Level 2: Accepting contributions but without a transparent and open development process. Most active open-source projects are on this level.

Level 3: Open contribution guidelines, task tracker, code review system, development roadmap, testing and CI system, release cycle, user support, and documentation.

I always aim for the maximum. ClickHouse should be the best example of:

How to build a great database - if you want to build a new database, ClickHouse source code and development practices will serve as the best example. I always write the code so everyone can learn from it - by keeping it modular, orthogonal, and well-documented. When the code requires a complex concept, I explain it in the comments from scratch, so the readers don't have to refer to textbooks, Wikipedia, or AI.

A place to learn C++ development. Many people are looking for repositories representing the frontier of software engineering, and today ClickHouse is one of the most popular open source repositories in C++, where everyone can learn both the exciting stuff (C++23) and boring stuff (build systems, continuous integration and testing, code review practices, and AI).

A place for experiments on data structures and performance optimization. You can open a pull request as an experiment, without aiming for it to be merged - it will be tested with the same level of scrutiny as production releases. Found a new memory allocator, a new compression library, a new hash table, a data format, or a sorting algorithm? - bring it to ClickHouse, and it will expose it inside-out. The roadmap also includes a section about experimental, weird, and even ridiculous things.

Where you can be proud of your work. ClickHouse credits every contributor in the changelog and even inside the database in the system.contributors table! There are countless cases when a contributor sends an initial, incomplete implementation of a feature, and we help to finish it together. Even if the code has to be entirely rewritten, we do it proactively and take the responsibility for that, and always credit the initial author, because we care about your use case and the initial intent that made it happen. To put it simply, we love our contributors.


Prototypes and first commits 

The first commit in ClickHouse was made on May 29, 2009, and it was a performance optimization (a replacement of libc functions localtime, mktime, gmtime, which were extremely slow and annoyed me by showing up in the profiler). But it was before ClickHouse existed.

ClickHouse started as my experiment while I was working on data processing for a web analytics system. The system, similar to Google Analytics, received logs about pageviews sent from websites, and it was implemented with MySQL, data processing in C++, and custom data structures in C++ where MySQL couldn't suffice. The MySQL databases stored pre-aggregated reports for customers, and custom data structures used for calculating user sessions, user history, and similar stuff.

My experience from that time was - the data volume is growing, nothing works, and the new data appears in real time. If we can't process a five-minute chunk of logs in five minutes, there will be a delay. I will search for any creative solution while the delay accumulates and deploy it on the same work day.

That's how I was searching for any solution that works - any type of databases, any libraries, etc. Can we use TokuDB? Colleagues use LMDB, maybe it will save us? Let's try Judy Arrays. Someone at lunch told us about Hadoop, should we use it? I heard briefly about LZO and QuickLZ in the corridor - let's try it. If we store HyperLogLogs in MySQL BLOBs, how will we sum them? On a weekend, I will read that data compression book or the documentation on event-loop servers...

While stabilizing the data pipeline, I was also thinking about new features that I can bring to the product. If we record clicks on links, we can show a heat map on every page. And if we record the position of every click in the DOM, we can make a click map. For Apr 1, I made a 3D click map in Flash with anaglyph colors. The more interesting feature was to let our users construct any report instead of a set of pre-aggregated ones.

For this task, I explored column-oriented databases. I've read about them from random company mailing lists, websites like dbms2.com, and my colleagues from the ads department. The idea is to store non-aggregated, but structured logs and aggregate them on the fly, while the customer waits for page load. I tested a few extensions to MySQL: Infobright, InfiniDB, and a few standalone analytical databases: Vertica, MonetDB, and LucidDB. For some reason, none worked on loading 100 billion records a day with 500 columns. Then I tried to implement a simple prototype of a custom data structure: every column (only integers, with hashes instead of strings) for every day and every website in a single binary file (a billion of files needed XFS), with lightweight compression, updated once a day with a delay of a few hours, queried with an API allowing to specify columns to group by, aggregate functions, filters, and sorting (queries were specified in XML). The most difficult part was populating historical data from MySQL by "unaggregating" it so that aggregated data would show the same result - it was solved by my colleague, Evgenii Gatov.

This simple prototype (named OLAPServer, implemented in Dec 2008, deployed in Jan 2009) worked. I've also created an endpoint to let people analyze global Internet data instead of single websites, and it worked like a miracle. One example: there was a statistics department processing Internet logs using an internal version of MapReduce, but analysts in the company started to use my service instead, because it answers instantly.

[image: h12811516_metrika_constructor_ip.png]
The first prototype of report generator. The frontend and design are also mine.
Then I decided to replace aggregated reports in MySQL (it accumulated about 50 TB of data on 50 shards). Many custom data structures were stored as BLOBs, and to aggregate them, the programs had to read them from the database, apply custom code, and insert them back. Moreover, data in MySQL was uncompressed. And even more - the data was reading slowly, because the order of its arrival (by time) didn't correspond with the order of queried ranges (by website ID). I was reading about LevelDB and TokuDB, so I decided to implement a custom data structure for incremental aggregation with background merges. Every record in this table was defined by a custom C++ struct, representing CRDT with add, update, merge, serializeText/Binary and deserializeText/Binary methods. On read, the partially aggregated data is finally merged and returned to the API. This data structure can be used for any aggregated report, such as unique users and visits by region, or a click map for every page.

This simple prototype (named Metrage) also worked. So we end up with two custom data structures - one column-oriented for non-aggregated data, updated daily, with only integer types, and another row-oriented, updated in real-time, with arbitrary CRDT.

For a long time, these two custom data structures solved our problems. To be honest, no one demanded more. But I thought - what if I try to combine a column-oriented approach for aggregation speed and a merge tree for realtime updates and data locality? And also generalize it to allow a real query language and data types? This is how ClickHouse started.


ClickHouse is a rare example of a database system that is not based on any existing one - implemented entirely from scratch. Today, most of the database management systems are implemented on top of Postgres, Datafusion, and even ClickHouse. It might be interesting to look at how it is possible to bootstrap a DBMS out of nothing, in what steps?

The first commits in 2009 are related to optimizations related to other data structures in the same mono-repository. They are visible because, during open-sourcing, I carefully split the repository while preserving all the history.

The first commit where I started implementing a new DBMS (the name ClickHouse came later) is here - the implementation of columns in memory: you can see already familiar classes IColumn and Field. Compare it to today's implementation :) You might think that this is similar to Apache Arrow (which focuses on column representation in memory), and why didn't we use it - but Apache Arrow didn't exist then (other column-oriented formats, such as RCFile, Trevni, ORC, and Parquet didn't exist either).

Then aggregate functions were introduced in this commit. It is still one of the most important parts of ClickHouse.

Then table engines were introduced. It is funny that table engines were named "primary key", but only for a few days. This allowed reading and writing columns on disk. The first table engine was similar to TinyLog, which exists till today.

Then compression was added. Initially, it was QuickLZ, but as soon as I read Yann Collet's blog, I replaced it with LZ4.

Then block streams - components of the data processing pipeline that produce, consume, or transform chunks of columns in a streaming form. Today, these are replaced with Processors. This unlocked the way for formatting results and implementing queries on tables. The same commit added StorageSystemNumbers - introduced for testing query pipelines, and it remains today as our beloved system.numbers table. The first query pipeline in ClickHouse was printing numbers in TSV.

Here you can see which table engines were introduced in what order.

The first relational operator in the ClickHouse code base was LIMIT.

Then I tried to add a SQL parser. The first attempt tried to use boost::spirit, which failed. After a while, I made a recursive descent parser.

Interesting to point out some initial ideas that were rejected or reintroduced later. Initially, I tried to add a column with variable-length encoded numbers. It was removed due to slowness, and only much later we introduced custom compression codecs, independent of columns. Initially, I added a column type Variant containing arbitrary field values. It was also slow, and I removed it - a better version of Variant was added in 2025. I also had a fixed-size array data type along with a variable-size array, but I removed it due to the lack of need. Only today we are considering adding it back. I believe that removing unnecessary code is more important than adding new code, and today, removing code is my favorite thing to do. You can find a lot of commits in ClickHouse titled "remove trash" and similarly.

Here you can see the first real table structure tested in ClickHouse - it is the hits table you can still see today in ClickBench.

Trying to read and write this table uncovered that C++ iostreams are slow, so in this commit you can see the introduction of WriteBuffer, ReadBuffer, which are still used today.

First functions in SQL appeared here - arithmetic operators. And it allowed to implement the first SELECT query interpreter. At this time, the SELECT query interpreter was only accessible from a test program, but it allowed quickly implementing new aggregate and regular functions, relational operators, data formats and other components.

ClickHouse server was introduced on Mar 9, 2012 and clickhouse-client on Mar 25. Together with the Log, TinyLog, Merge, Distributed, and Memory table engines, it was enough to deploy ClickHouse on production. The first deployment was to store incoming chunks of logs for further processing and for global queries on top of raw logs (this is what Merge and Distributed do). We can say that the first production usage of ClickHouse was a persistent log queue with SQL queries on top 😂

Then I've added MergeTree - it allowed incremental sorting of data in the background, so that while the data arrives by time, range queries by a single website work fast, and we can deploy it for production as a replacement for both early prototypes, OLAPServer and Metrage. The first version contained a few curiosities for our production, like a more aggressive merge of data parts at night.

In 2012, I had a chance to hire the employee №2 in my team, Michael Kolupaev, and I have the pleasure to work with him to this day.

Our production was deployed in multiple regional data centers, and the infra team was deliberately turning off a data center for an hour once a month (it was named "drills"), so that unprepared services experienced downtime - this was to teach everyone to implement highly available multi-DC services. So everything in production has to be replicated in multiple DCs. Initially, I used simple double-write for that with backfill for a DC after its downtime. But we wanted 100% consistency with automatic repair, and for that, we needed distributed consensus. Some of my colleagues were Java engineers, so they hooked us on ZooKeeper as a coordination system (don't worry, I forgive them), and Michael implemented ReplicatedMergeTree using ZooKeeper as a metadata layer. It allowed deploying ClickHouse for production for user-facing queries in 2014.


In 2014, ClickHouse was in production, storing hundreds of billions of records every day and answering realtime queries from customers. I've also made it accessible for data scientists in the company who used it to calculate trends on the Internet. I published a simple documentation on ClickHouse usage. Other departments, such as ads, e-commerce, infra, and business analytics, tried ClickHouse and migrated some of their use-cases from other systems, such as internal map-reduce (where they were literally writing jobs on text logs with Perl), MySQL, and Postgres. At the end of 2014, ClickHouse was widely used, but only in a single company (with one exception - CERN also deployed it in a cooperation for LHCb experiment).

When I watched presentations on tech conferences and read blogs, I noticed that in other companies, engineers often do something similar to OLAPServer or Metrage, because none of the existing databases could reasonably work on their use-cases - a story very familiar to me! And I thought - what if I can present about ClickHouse? I published an article about ClickHouse in 2015 (translation), and it proved the interest in it even more. My thought - if I make it accessible for everyone, it can fill this empty niche. If I don't - someone else will eventually do it, and it is really scary.

I prepared a list of items to motivate company management to approve the open-source release, with the list of potential advantages and potential risks. Somehow, I was convincing enough, and it was approved, so I created a plan for release, designers made the first logo, I created the first website, prepared the blog post, created a Debian repository (with the infra team), and it was opened to everyone in the world on Jun 15, 2016.

I want this story to also motivate every engineer to try open-sourcing their code. In the worst case, nothing will come out of it, but there is a chance it will influence generations, as ClickHouse does! Don't worry about being ashamed of your code - I just showed you my code from fifteen years ago, and it looks kind of funny. Today, ClickHouse is the most popular analytical database used by the largest companies across the world.

Get started with ClickHouse Cloud today and receive $300 in credits. At the end of your 30-day trial, continue with a pay-as-you-go plan, or contact us to learn more about our volume-based discounts. Visit our pricing page for details.



Original: https://clickhouse.com/blog/open-source-10 · Discussion
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There are no instances in ATProto

overreacted.io · 233 points · Discussion

Every single time a post about atproto hits Hacker News, somebody asks in the comments: “But where are all the Bluesky instances?”. The problem is, there are no instances in atproto! The question is a category error. Instances are a Mastodon-brained concept, and I wanted something I can link to that explains this clearly.

So this is that post.



RSS and Google Reader

I know RSS is still being used somewhere (podcasts?!) but its heyday is arguably behind. Which is a shame. For a few years, which some of us might fondly remember as the golden age of the web, it felt like blogging was a cool thing.

Now look at this picture because it’s going to be important:



As a reminder, you publish stuff on your own blog, which you can either self-host or host on a popular blogging platform. But then everyone’s stuff gets aggregated into apps like Google Reader and Feedly, or collective blogs like Monologue (RIP).

Note that hosting and aggregation are two separate things. Your posts don’t “live” in an app like Google Reader. Apps are mere projections of the Blogosphere.

Seriously, make sure this thought sears into your brain; it’s going to be essential.



Facebook and Such

Here’s what you could call an evolution of this concept.

We put a box around the whole thing so that everyone is enclosed in the same space so we can show ads and stuff. Also, let’s leave only one app (we can let alternative apps live for a while, but not for long). That’s traditional social media.



Oh no, now we have centralization!

Oh no, runaway network effects!

Oh no, bla bla bla.

What do we do?

We need to decentralize this somehow.



Mastodon and Its Instances

I say “Mastodon” here because if I say “ActivityPub” instead, a crowd of people will show up and say that actually what I’m describing is how Mastodon chose to implement ActivityPub. Whereas ActivityPub by itself does not really specify how to actually use it in practice. I’m sure this is all very interesting—but I digress.

How do we decentralize a social network?

Let’s build a version of what we saw earlier, but make it self-hostable. Then every community can have their own “little Facebook” or “little Twitter”. We’ll call them instances. They’re kind of like countries—because you live “inside” one of them:



But wait, this opens a bunch of questions.

How do you choose which instance to join? Maybe you’re a member of a few overlapping communities. Well, I guess you’re just gonna have to pick which community’s admins you trust the most with handling your identity and data.

Okay, now another problem—what if my friend’s on a different instance? How will they see my posts? Since each instance is basically its own little Facebook, they have no shared source of truth. So they have to send messages to each other:



This network topology might remind you of warring fiefdoms in Ancient China.

If Alice-from-instance-#1 follows Bree-from-instance-#2, the two instances make an agreement: Bree’s posts will be forwarded to instance #1 so that Alice can see them. That’s called “federation”. You post on your instance, and then it gets forwarded to other instances whose users wanted to hear from you.

This picture has a few interesting implications:


	You “belong” to your instance. You’re not Alice, you are Alice-from-instance-#1. That’s why your Mastodon login is literally [email protected]. “Where you’re from” is an immutable part of your identity. (Somehow, this manages to be even more restrictive than countries and nationalities.)

	If your instance’s admins pick a fight with another instance’s admins, they may choose to “stop federating”, and no longer forward any posts between them. That could be a surprising reason why you’re no longer seeing posts from your friends.

	If your instance goes down, your identity ceases to exist. People who followed you followed you-from-that-instance, not some abstract platonic “actual you”.



Oh, and the arrows between instances scale as O(n²). This might not matter much now, but it could matter if this approach to social networking becomes popular.



atproto

Now forget all of that—full reset.

The mistake was when we drew this box:



Erase the box.

Go back to this:



We have hosting where things actually “live”, and apps aggregate from them. This worked for blogs just fine, so why wouldn’t it work for literally everything else?



Like RSS, but for all kinds of stuff.

That’s atproto.



So Where Are All the Bluesky Instances?

Now you know! There are no instances in atproto.

Instances are these Mastodon-brained things:



They’re those isolated bundled hosting+app fiefdoms that send stuff to each other.

Compare this picture to atproto.

In atproto, we cut hosting apart from the aggregation at the network level:



There are no instances at all! There’s hosting you can swap, and there are apps that aggregate from everyone’s hosting. It’s very much like RSS and Google Reader.

The decentralization of atproto is richer in structure than “many copies of one app”:


	
If you want to swap your hosting, you can. I literally did this today. Aside from three or four UX snags, it was all automatic. My atproto stuff is at Eurosky now. If I were more adventurous, I could host all my data myself too for free on Cloudflare.



	
If you want to try new apps or make new apps, you can do that too! Check out Tangled and Semble, which have nothing to do with Bluesky. I’ve made my own app recently (and it’s open source). I recommend you to try your hand at it too.





You care about decentralization? You have full agency here. Decentralize away.



Free Yourself from the Instance Brain

Now you see why every decentralized social media discussion is derailed by this.

Mastodon users measure decentralization by the number of instances because that’s the only thing you can do in Mastodon. If there’s only one type of “box”, and each box is “an app coupled with hosting”, the only thing you can do is to host more of these boxes and get them to talk to each other. They’re isolated by default.

In atproto, every app is a projection of the whole Atmosphere, just like Feedly and Google Reader are projections of the entire Blogosphere. You mostly “decentralize” by swapping your hosting, and/or by making and trying new apps. Running many full copies of the Bluesky database server is possible, but it’s not any more useful than running many copies of Google Reader. People do set them up (cue Blacksky), but they arise to meet someone’s specific needs (like a different moderation philosophy). There are other approaches too: this Bluesky client has no dedicated database at all, and it just hits a free community-run cache of everyone’s hosting. Shared network infrastructure like Relays has been cheap to run for a year now.

This is why “counting Bluesky instances” is so misleading. What matters is:


	Are people migrating to alternative hosting?

	Are people trying and making new apps?



Separating hosting and apps fixes broken incentives in closed and in federated social. Coupling hosting and apps was the original sin, and the fix is simple.

Keep our stuff outside the apps; let the apps aggregate over it.



Like RSS and Google Reader.




Original: https://overreacted.io/there-are-no-instances-in-atproto/ · Discussion
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Zen and the Art of Machine Learning Research

blog.jxmo.io · 220 points · Discussion

So you want to do AI research? It’s true that no one really teaches you how. Not directly, anyway. But it turns out that the way to get started is pretty simple: some combination of (i) reading and (ii) building stuff.  You can’t do one without the other. You become a researcher through the combination.
It turns out the process of becoming a great researcher is not unlike learning to meditate:
I. 
The way to get started is pretty simple, through some combination of 
(a) reading and learning, and
(b) building stuff. 
You can’t only do one. You’ll become a researcher through this combination.
There’s an old Zen saying that goes something like this –
on days we find insight, we sit. 
on days we do not find insight, we sit.

Doing research is basically like this. Scientific insights can come seemingly at random. Most days they will not come. An important trait for success is just putting in the time & effort. Like any other pursuit (music, sports, sales, etc.), if you want to become world-class, it will take a tremendous amount of discipline.
Noam Shazeer makes a nice hat-tip to the inherent randomness of successful research ideas in the SwiGLU paper:
“We offer no explanation as to why these architectures seem to work; we attribute their success, as all else, to divine benevolence.”
A related comment is that it’s possible to read too many papers. If you want to solve a problem, the tried-and-true path to success is to attempt a solution, try it, reach a bottleneck, try to solve it, and only reach for literature when you’ve run out of ideas yourself.
II.
Fine, but what should I work on?
If you’re just starting out, here’s my honest answer: I don’t think the exact topic matters much.
That said, I would warn you against choosing things that have been popular for less than six months. AI moves fast, but the fundamental ideas haven’t changed in forty years. If you want to make a career out of this, I wouldn’t advise you to think too hard about the concepts of 2026: harnesses, agents, context engineering, etc. These will change.
Instead, you’ll learn more by going back to the basics: learn what cross-entropy is. Compute it by hand for a small distribution. Deeply understand SVD, to the point where you can start to visualize it in your head. Don’t think too much about RL for coding specifically, instead learn the ideas behind policy gradients, why they’re useful, and why they’ve been popular for decades.
One more meta-comment: if the best possible outcome of your research project is a higher score on an existing benchmark, you are not going deep enough. Often, existing datasets won’t test new interesting capabilities.
Jason Wei makes a similar point:
An underrated but occasionally make-or-break skill in AI research (that didn’t really exist ten years ago) is the ability to find a dataset that actually exercises a new method you are working on.

As for a concrete suggestion, I can’t make one; that has to come to you. Go deep, focus on the basics, and don’t chase benchmarks. Stay in the water and the ideas will come.
III.
in the beginner’s mind there are many possibilities; in the expert’s mind there are few 
– Suzuki

Something often-repeated in Silicon Valley these days is how experience in AI research might actually be counterproductive to good research intuition in the modern day. I’ve observed parts of this up-close; many researchers from the pre-scaling-era remain interested in designing methods that work at a small scale but will obviously fail when tested at scale.
One really impressive thing about OpenAI is that most of the people running the company (on the technical side, at least) are under 35. Many of the important decisionmakers behind chatGPT are under 30. One thing we can take away from this is that since AI is such a nascent field (chatGPT is less than four years old!) no one has a huge advantage, because no one has been working on it for very long.
In short, holding on to ideas for too long can actually be counterproductive. Stay open-minded and refuse to let ego cloud your judgement.
IV.
Inspiration strikes when you least expect it.
Here are two examples from history:
	The discovery of the structure of the benzene ring famously came in a dream: the structure had never been seen before, but was imagined as a snake biting its own tail.

	Ozempic basically comes from lizards. The GLP-1 hormone it mimics was first found in the venom of the Gila monster, a desert lizard that eats just a few times a year. Somehow we figured out how to make this work for humans too.


One important takeaway is that to do good research, you must do things other than research. Most of my personal “aha moments” happened away from the keyboard, especially when going on walks.
Darwin, Tesla, Feynman, Aristotle. Many great thinkers of history proclaimed the outsized benefits of stretching your legs and going for a little stroll. Even if you don’t do research, you should probably go on more walks.
V.
Even when inspiration strikes, nature may not be benevolent: even with a perfect implementation, our idea might just not be true in some fundamental sense. Or perhaps it was, or seems to be. When the results come in, how should we react?
Another principle we can borrow from Zen is (experimental) equanimity.
When analyzing an experiment, we can channel the following mentality:
        Did it go well? Great!
        Did it go poorly? Also great!
Both outcomes teach you the same amount of information. In fact, it’s often possible to learn more from a string of negative results than a single positive result. “Wow, it’s still not working – incredible!” Now that’s a healthy attitude for research.
The converse of this is that you shouldn’t get that excited about good results. In fact, most good results come because of a bug; it’s not that the results themselves were good, it’s that you measured incorrectly, and convinced yourself. Everyone wants their ideas to work – and this is a good thing! – but one thing all experienced researchers share is extreme skepticism, especially in the face of outcomes that seem too-good-to-be-true. Unfortunately, they almost always are.
VI.
A flower does not think of competing with the flower beside it. It just blooms.

Research is extremely outcome-driven. Especially in academia, it’s easy to look at others’ successes on paper and turn to emotions. 
People succeed for different reasons. Some people get lucky. The academic reviewing process, in particular, is neither consistent nor fair. When new research comes out in your area that you admire, ask yourself the following question:
Am I operating at the proper level of depth to have made this insight myself?

Now there are two possible outcomes. If the answer is yes – great. Your process is sound, but you didn’t make this finding; you were busy, you were doing something else, but you could’ve.
And if the answer is no – then take this as motivation to go deeper.
VII.
before enlightenment, chop wood, carry water. after enlightenment, chop wood, carry water.
Many successful projects typically involve hundreds of hours of gruntwork behind the scenes. Andrej Karpathy labeled a nontrivial portion of ImageNet by hand. The creators of SWEBench, who were ahead of their time in many ways, spent hundreds of hours painstakingly filtering GitHub data to get a small, tractable set of GitHub issues useful for evaluation.
If you look at the career of great researchers, they likely spent lots of time working in obscurity before finding success. Get used to this. The more ambitious and forward-thinking an idea, the more work it may be to thoroughly implement and evaluate. This difficulty is a feature, not a bug.
VIII.
Collin Raffel, an amazing researcher whom I deeply respect, once mentioned that he thinks many ideas fail not because they’re bad ideas, but because the code has a bug that the researcher never found.
In general this is a really difficult problem, especially in the world of LLMs. A modern deep learning software stack is extremely complicated, and bugs can lie anywhere: in training, in inference, in harnesses, in data.
if something looks wrong, you cannot move on. You can and should log many metrics and strive to understand all of them. If some of the metrics look different than you expected, you need to figure out why, because something may be wrong. I’ve tweeted before that one of the most important traits in a researcher is healthy paranoia. Be paranoid!
IX. 
One practical point is that most experiments that involve deep learning take too long. Training models can take weeks or months. These days, evaluating a model on a single task can take multiple days.
Especially when coding with agents, our instinct may be to spin up many experiments in parallel and let them all run at a slow cadence. Although simple parallelization helps to some degree, context switching is a harmful pattern.
It is of paramount importance that you design ergonomic research workflows that support fast experimental feedback. Shorten cold-start times for training, make small evals that return results quickly. I really admire Keller Jordan’s nanoGPT speedrun as an example of how much we can learn from fast iteration cycles.
(This said, at the end of the day, some results take an unavoidably long time. When you can, maintaining state over multiple days and understanding last week’s experiments when they finish today is an incredibly useful skill.)
X.
Coding agents help you move faster, but they make two problems worse: we have a harder time understanding basic details, and we context switch more often. A good researcher actively works to fight against both forces.
Codex can write a training script for you; it can even execute the script, babysit it while it’s running, interpret the results, and send them to you in an email. But maybe it ran into an error and shortened the system prompt without asking you. Maybe it shortened sequence lengths to get eval running in a reasonable time. Maybe it ran the wrong config because you didn’t specify.
From an engineering perspective, these are all small errors with an easy fix. But from a scientific one, they’re grave: small omissions like this can materially change important results of papers and are therefore not acceptable. Beware dragons. Even if you didn’t write the code, if you want to understand your results, you need to understand the system that produced them.
I’ll level with you – this is hard! It’s tempting to outsource understanding to the machine. For many applications, it’s faster. But doing good science requires learning how the entire system works, so that you can be sure observations about it are true. There’s no easy way around this.
XI.
TLDR: Talent isn’t all that it takes to become a successful researcher. Temperament is greatly underrated. Stay curious and persistent, remain thoughtful and meticulous, and the ideas will come.


Discussion about this post

Ready for more?





Original: https://blog.jxmo.io/p/zen-and-the-art-of-machine-learning · Discussion
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Gribouille 0.3.0: A Grammar of Graphics for Typst

mickael.canouil.fr · 197 points · Discussion




Skip to main content





Another week, another Gribouille release. Gribouille 0.3.0 is narrower in scope than 0.2, but it brings some wanted controls. The headline is guide control: a single argument now hides axis ticks and legends without touching the theme. Alongside that, compose() gains a theme: parameter, defer() replaces plot(..., defer: true), geom-area() stacks by default, and annotate() can let marks overflow the panel.



[image: Featured card for the Gribouille 0.3.0 release on a cream paper background. On the left, the Gribouille wordmark sits above the tagline "Create elegant graphics with the Grammar of Graphics for Typst.", a small orange "v0.3.0 release" pill, and the URL m.canouil.dev/gribouille. On the right, a slightly rotated bordered card frames a scatter plot of Palmer Penguin body mass against flipper length, with the three species shown as coloured point clouds. ]






	Gribouille 0.3.0 on Typst Universe: #import "@preview/gribouille:0.3.0": *.

	guides(x: none) / guides(y: none) hide tick marks and tick labels; the axis line, grid, and title stay. Remove the title separately with labs(x: none).

	guides(default: none) hides every legend without its own override.

	Under coord-radial, guides(theta: none) hides the full angular axis and guides(r: none) hides radial tick labels.

	guides(none) replaces the removed guide-none(); guides(auto) restores the default.

	compose() gains theme:, which styles the composition chrome and propagates into panels with no theme of their own.

	Breaking change: plot(..., defer: true) is replaced by defer(plot, ...). Panels inside a compose() also no longer accept their own width/height.

	geom-area() defaults to stat: "align" and position: "stack"; groups with mismatched x values are resampled automatically.

	annotate() gains clip: (default true); clip: false lets a mark overflow the panel.





Every figure in this post is a real, freshly compiled plot.


 Guide controls

The biggest visible change is a new layer of control over what guides draw.

Before 0.3.0, hiding an axis’s tick marks and labels meant reaching into theme() for the right element surface. Now, guides(x: none) does it directly. The axis line, the vertical grid lines, and the axis title all stay. To drop the title too, add labs(x: none) alongside it.


#plot(
  data: penguins,
  mapping: aes(x: "flipper-len", y: "body-mass", colour: "species"),
  layers: (geom-point(size: 2pt, alpha: 0.7),),
1  guides: guides(x: none),
  labs: labs(
    title: "Ticks Off, Grid Stays",
    x: "Flipper Length (mm)",
    y: "Body Mass (g)",
  ),
  theme: theme-minimal(),
  width: 12cm,
  height: 8cm,
)




	1

	
guides(x: none) removes tick marks and labels. The line, grid, and title are untouched. guides(y: none) does the same for the y-axis.









The same syntax now controls legends too. guides(none) hides a legend; guides(auto) restores the default. Both replace the removed guide-none().

When you want all legends gone at once, guides(default: none) sets the fallback for every aesthetic without its own override.


#plot(
  data: penguins,
  mapping: aes(x: "flipper-len", y: "body-mass", colour: "species"),
  layers: (geom-point(size: 2pt, alpha: 0.7),),
1  guides: guides(default: none),
  labs: labs(
    title: "No Legends",
    x: "Flipper Length (mm)",
    y: "Body Mass (g)",
  ),
  theme: theme-minimal(),
  width: 12cm,
  height: 8cm,
)




	1

	
Every aesthetic without an explicit guide inherits none; the colour legend disappears and the plot area fills the freed space.











 Radial guide controls

The same guide syntax extends to coord-radial. guides(theta: none) hides the full angular axis, the arc, minor ticks, and tick labels together. guides(r: none) hides only the radial tick labels, leaving the spokes and circles in place.


#plot(
  data: penguins,
  mapping: aes(x: "species", fill: "species"),
  layers: (geom-bar(),),
  coord: coord-radial(),
1  guides: guides(theta: none, default: none),
  labs: labs(
    title: "Angular Axis Hidden",
    x: none,
    y: "Count",
  ),
  theme: theme-minimal(),
  width: 10cm,
  height: 10cm,
)




	1

	
theta: none removes the angular ring and labels. default: none also drops the fill legend, leaving the radial grid as the only scale reference.











 Compose gets a theme

Two changes landed in compose() together.

The first is a theme: parameter. Pass a theme and it styles the composition chrome: the shared title, the hoisted legend, and the panel tags. It also propagates into any panel that has no theme of its own, so you can set one theme once and let it cascade instead of repeating it across every panel.

The second is the defer() helper.



plot(..., defer: true) is removed. Replace plot(data: ..., ..., defer: true) with defer(plot, data: ..., ...). Panels inside a compose() also no longer accept their own width/height; the composition sizes each cell.




1#let panel(y, title) = defer(plot,
  data: penguins,
  mapping: aes(x: "flipper-len", y: y, colour: "species"),
  layers: (geom-point(size: 2pt, alpha: 0.85),),
  labs: labs(title: title, x: none, y: none),
)

#compose(
  panel("body-mass", "Body Mass"),
  panel("bill-len", "Bill Length"),
  columns: 2,
  tag-levels: "1",
  tag-prefix: "(",
  tag-suffix: ")",
  guides: guides(default: guide-legend(position: "bottom")),
  labs: labs(title: "One Theme, Two Panels"),
2  theme: theme-minimal(),
  width: 18cm,
  height: 8cm,
)




	1

	
defer(plot, ...) replaces plot(..., defer: true). The panel no longer sets width/height.


	2

	
theme: theme-minimal() styles the title, legend, and tags, and propagates into both panels because neither sets its own theme.











 Area stacks by default

geom-area() now defaults to stat: "align" and position: "stack".

Before 0.3.0, stacking a multi-group area chart needed both arguments spelled out. Now they are the defaults. stat: "align" also handles groups that have different x values: it resamples each group onto a shared grid before stacking, so the x values do not need to match.


#let series = (
  (x: 0, y: 5, g: "A"), (x: 1, y: 8, g: "A"), (x: 3, y: 6, g: "A"), (x: 4, y: 9, g: "A"),
  (x: 0, y: 3, g: "B"), (x: 2, y: 5, g: "B"), (x: 3, y: 4, g: "B"), (x: 4, y: 6, g: "B"),
  (x: 0, y: 2, g: "C"), (x: 1, y: 3, g: "C"), (x: 2, y: 2, g: "C"), (x: 4, y: 4, g: "C"),
)

#plot(
  data: series,
  mapping: aes(x: "x", y: "y", fill: "g"),
1  layers: (geom-area(),),
  labs: labs(
    title: "Stacked by Default",
    x: "x",
    y: "y",
    fill: "Group",
  ),
  theme: theme-minimal(),
  width: 12cm,
  height: 8cm,
)




	1

	
No stat: or position: needed. Groups A, B, and C have different x breakpoints; stat: "align" resamples them onto a shared grid before stacking.











 Annotations can overflow

annotate() gains a clip argument. The default is true, which preserves the existing behaviour: marks outside the panel are clipped. Set clip: false and the mark is drawn even if it sits past the axis limits.

This is useful for corner insets, labels anchored outside the data range, or decorations that belong in the margin. A paired fix ensures that an annotate(clip: false) placed outside the scale limits actually draws. Before 0.3.0, the out-of-range pre-pass silently dropped it.

#plot(
  data: penguins,
  mapping: aes(x: "flipper-len", y: "body-mass"),
  layers: (
    geom-point(size: 2pt, alpha: 0.6),
    annotate(
      geom-text(label: "← past the edge"),
      x: 235,
      y: 5000,
1      clip: false,
    ),
  ),
  labs: labs(
    title: "Annotation Outside the Panel",
    x: "Flipper Length (mm)",
    y: "Body Mass (g)",
  ),
  theme: theme-minimal(),
  width: 12cm,
  height: 8cm,
)



	1

	
clip: false keeps the mark visible even though x = 235 sits past the panel boundary.






 Under the hood

As with 0.2, a large share of the release is fixes rather than features. Legend layout was the main focus.


	Horizontal legends with centred or right align now centre or right-justify the key graphic under the title, instead of leaving it pinned to the left while the title moved.

	guide-legend(nrow:) and guide-legend(ncolumn:) now work for continuous size legends, laying keys out in a grid as they do for discrete swatch legends.

	guide-legend(align:) now aligns the legend title as well as the entry labels. Passing a plain string such as "left" also reports a clear error instead of being silently ignored.

	legend-background now inherits the base rect element, so theme(rect: ...) cascades to it as it does for every other *-background surface.

	A hoisted compose() legend that leaves no room for the panels, or a left/right legend that would overrun the caption, now reports a clear layout error instead of silently overprinting.



A second group cleans up statistics and scale behaviour.


	stat-bin-2d and stat-bin-hex _density is now the cell’s fraction of the total count, matching ggplot2, instead of an undocumented count-per-cell-area value.

	sqrt and log10 transforms validate their domain and report clear errors for out-of-range data. The sqrt inverse also clamps padded view bounds at zero so the axis stays monotone and shows the 0 break.

	The out-of-range filter now respects scale expand, so points and annotations inside the expansion headroom are kept. Reversed limits (a flipped axis) no longer drop every row.

	geom-linerange() honours its alpha parameter, which was always documented but never applied.



Most of the legend fixes are invisible at a glance: existing plots look the same, but the cases that used to produce overlapping keys, misaligned titles, or silent layout glitches now behave correctly.



 Editor support: Tinymist docstrings

The published package now ships Tinymist-friendly docstrings. Hovering over a gribouille function in a compatible editor shows formatted parameters, return values, and examples, instead of the raw @-tag comments. Variadic sinks such as guides() and theme() list their accepted keys explicitly, so you can see which aesthetics or element surfaces each function takes without opening the reference.



 Wrap-up

Guide control moved one level up: hide ticks and legends with one argument, no theme surgery needed.

Next on the list is more geoms and worked examples. If you run into something unexpected, the issue tracker is the right place for it.


	Gribouille

	Repository: https://github.com/mcanouil/gribouille.

	Documentation: https://m.canouil.dev/gribouille.

	Typst Universe: https://typst.app/universe/package/gribouille.




	Typst Render

	Repository: https://github.com/mcanouil/quarto-typst-render.

	Documentation: https://m.canouil.dev/quarto-typst-render.









TipA note on contributions




Gribouille is an unfunded spare-time project, and the API is still settling. Bug reports and ideas are very welcome on the issue tracker. Pull requests are not being accepted for now, for the reasons set out in the launch post. Thanks in advance for your patience.
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A new bill takes aim at government pressure to silence lawful online speech

eff.org · 160 points · Discussion

Last week, Senators Ted Cruz and Ron Wyden introduced the Justice Against Weaponized Bureaucratic Overreach to Networked Expression, or JAWBONE Act. The bipartisan legislation creates a federal cause of action against government officials who coerce or attempt to coerce broadcasters, interactive computer services, or AI providers into taking actions against lawful, First-Amendment-protected speech, and establishes a transparency system for government communications with those intermediaries about user expression.

We thank the Senators for their leadership on this important issue. Jawboning occurs when the government pressures private companies to censor speech protected by the First Amendment, and it’s not always obvious to the public or to the victims what has actually happened. Deleting posts or cancelling accounts because a government official or agency demanded it or even made threats in making those demands—just like spying on people’s communications on behalf of the government—raises serious free speech concerns. Among other things, this bill would provide a new legal right to bring claims against the government in federal court, in addition to what the First Amendment provides.

At EFF, we’re continuing to fight back on behalf of those censored by government coercion. One recent example: we represent the creator of ICEBlock, an app that allows the public to report immigration enforcement activity in their communities. In June 2025, high-ranking federal officials began threatening to investigate and prosecute the creator of ICEBlock, Joshua Aaron. In October 2025, the U.S. Attorney General demanded Apple remove ICEBlock from the App Store, and the company complied. The government’s coercion violated Aaron’s First Amendment rights.

We’ve also filed a Freedom of Information Act lawsuit against the same government agencies that threatened Aaron and other services that provided forums to report ICE activity. The lawsuit seeks the disclosure of the government’s communications with Apple, Google, and Meta that forced the services to remove lawful speech.

When federal officials pressure private companies into censoring protected speech, it can violate the First Amendment. But, not every communication from a government agency to a platform is unconstitutionally coercive. Treating legitimate communication and information-sharing between the government and private actors as though it were always unconstitutional would chill the valuable, good-faith engagement that supports a healthier and safer internet and nation for all Americans. This is a complex issue, and one that is important for Congress and the courts to get right. 

Finally, contrary to what many in Congress have been saying, social media platforms and other internet intermediaries have their own First Amendment rights to decide how they moderate users’ speech. They are not “state actors” and do not have an obligation under the First Amendment to allow all user speech on their platforms. EFF filed an amicus brief setting out our position in 2018, and we’ve said it in many cases since. The Supreme Court recognized again in the Netchoice cases that these services have a right to curate and edit their users’ speech, whether or not it aligns with the government’s position. And, it’s important to defend that First Amendment right so that governments cannot dictate how to edit a company’s site according to the government’s wishes and desires. To prevent jawboning by default, companies must be free to curate their platforms as they wish.

EFF applauds Senators Cruz and Wyden for taking this critical issue seriously, and we look forward to working with Congress on this bipartisan bill as it moves through the process. We hope it lands on the right balance to provide additional protections for everyday users around freedom of expression. 






Original: https://www.eff.org/deeplinks/2026/06/new-bill-takes-aim-government-pressure-silence-lawful-online-speech · Discussion
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How many of the 170k English words do you know?

vocabowl-870366514258.us-west1.run.app · 123 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://vocabowl-870366514258.us-west1.run.app/ · Discussion
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I used sound waves to make espresso. It could cut coffee‑brewing energy use by ¾

theconversation.com · 94 points · Discussion


    Most of us think of espresso as a hot, high-pressure ritual. Finely ground coffee goes into a machine, boiling water is forced through it, and in about 30 seconds we get a concentrated shot with crema, aroma, bitterness, body and caffeine.


As someone from Colombia, I like to think coffee is in my blood – and I’m proud to come from a country known for producing some of the best coffee beans in the world.


So perhaps that’s why I have spent a lot of time in my laboratory with my team asking a simple question: does espresso really need hot water? 


Our new research suggests the answer may be no.




Low energy, full strength


We have developed what we call an ultrasonic espresso: a room-temperature brewing process that uses high-frequency sound waves to extract the flavour, oils, aroma and caffeine from coffee grounds. The result is an espresso-strength coffee made in under three minutes, but needing far less energy than the conventional method.


Saving up to 75% of energy by not heating the water is a minor benefit for home users or small coffee shops. But for companies making ready-to-drink coffee products at industrial scale, it could be very significant indeed.


A concentrated room-temperature coffee could be used directly in bottled drinks, milk-based beverages or cold coffee products. It can also be shipped as a concentrate and diluted later. This would reduce not only energy use, but potentially processing time as well.


Ultrasound replaces heat


The key to the new process is ultrasound. These are sound waves above the range of human hearing. 


In our system, a small metal device called a transducer presses against the side of a traditional espresso basket and makes it vibrate rapidly. Those vibrations move through the water and coffee grounds.


This creates a phenomenon known as acoustic cavitation. Tiny bubbles form and collapse in the liquid. 



            [image: Diagram showing components of an espresso machine with an added 'ultrasonic horn'.]

            
              How ultrasonic vibrations are added to a traditional espresso machine.
              Naliyadhara et al. / Journal of Food Engineering, CC BY
            
          

When these bubbles collapse near coffee particles, they produce microscopic jets and forces that act a little like scrubbing brushes. They pit and fracture the surface of the coffee grounds, helping flavour compounds, oils and caffeine move into the water much faster than they normally would at room temperature.


In other words, ultrasound helps us replace heat with mechanical energy.


Water, grind and time


This is not the same as cold brew. Cold brew is usually made by steeping coffee in cold water for 12 to 24 hours. It tends to be smooth, mellow and much less concentrated than espresso. In earlier work, we used ultrasound to speed up cold brew dramatically.


But the challenge in this project was different: could we produce something with the strength, body and intensity of espresso, without heating the water?



            [image: Man in white lab coat and goggles stands at an espresso machine with some kind of electronic box attached.]

            
              Ultrasonic espresso uses cold water in a normal espresso machine with an attachment that produces high-frequency  high-frequency transducer attached t.
              Richard Freeman / UNSW
            
          

To do that, we adjusted several variables. Brew ratio was one of the most important: how much water we used for each gram of coffee. Too much water and the drink becomes diluted; too little and extraction becomes difficult. 


Grind size also mattered. Finer grounds allowed us to extract flavour more rapidly. Finally, we tested how long the ultrasound should be applied. We found the sweet spot was about two-and-a-half to three minutes.


The taste test


Of course, making a concentrated coffee in the laboratory is one thing. The real test is whether people want to drink it.


So we ran a blind evaluation with around 100 regular coffee drinkers. They were not trained judges; they were everyday consumers who drink coffee at least once a week. 


We served them four coffees in identical cups: traditional espresso, ultrasound-brewed espresso, traditional filter coffee and ultrasound-brewed filter coffee. All were freshly prepared, cooled to the same temperature and presented in random order.




For the espresso samples, participants could not reliably tell the traditional and ultrasonic versions apart. There were no significant differences in aroma, flavour, bitterness or overall liking. For filter coffee, the ultrasound version was actually preferred overall, with participants rating its bitterness more pleasantly.


Those results show espresso may not need to begin with hot water after all. By using sound waves to shake the coffee grounds, we were able to create the same richness, body and intensity, but with far less energy.

  



Original: https://theconversation.com/i-used-sound-waves-to-make-espresso-it-could-cut-coffee-brewing-energy-use-by-75-284929 · Discussion
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Amazon drops Sam Altman movie after announcing OpenAI partnership

the-independent.com · 87 points · Discussion

Amazon MGM is no longer partnering with Italian auteur Luca Guadagnino on his forthcoming Sam Altman biopic, Artificial. 
The nearly completed film, starring Andrew Garfield as the controversial OpenAI founder, was originally slated for release in early 2027. 
The premiere date, however, is now in limbo after the film was removed from the studio’s roster months after Amazon agreed to expand its $38 billion, multi-year deal to run OpenAI’s systems on its cloud services. The new partnership, announced in February, includes a $50 billion investment in the AI company and the development of customized AI models.
“We have the utmost respect and admiration for Luca Guadagnino as an award-winning filmmaker — not to mention a longstanding relationship that we hope to continue,” a spokesperson for Amazon said to Variety in a statement. “We believe that Artificial will be better served if it were released by a different studio and are working closely with the filmmaking team to find the film a new home.”
The Independent has contacted Amazon for further comment. 
[image: Luca Guadagnino's next feature film, 'Artificial,' is a biopic about the OpenAI founder Sam Altman (pictured)]

Luca Guadagnino's next feature film, 'Artificial,' is a biopic about the OpenAI founder Sam Altman (pictured) (Getty Images)
Artificial would have marked the Oscar-nominated Call Me By Your Name director’s third Amazon film, following the critically acclaimed Zendaya-led tennis romance Challengers (2024) and the academic scandal drama After the Hunt (2025), starring Julia Roberts. 
The new movie is said to chronicle the brief period when Altman was abruptly ousted as OpenAI’s CEO in 2023 and subsequently rehired. Monica Barbaro and Ike Barinholtz star alongside Garfield as former OpenAI CTO Mira Murati and SpaceX founder Elon Musk, while Yura Borisov, Cooper Hoffman, Jason Schwartzman, Cooper Koch, Billie Lourd, Zosia Mamet, Angus Imrie, Chris O’Dowd, Mark Rylance and Margo’s Got Money Troubles breakout Thaddea Graham round out the cast. 
It is unclear exactly why the film was dropped, but according to Variety, the news came after it had already undergone positive screen tests. 
[image: 'Artificial' would have been Luca Guadagnino's third movie with Amazon]

'Artificial' would have been Luca Guadagnino's third movie with Amazon (AFP/Getty)
An early viewer told the publication that the film’s portrayals of Altman and newly minted trillionaire Musk are the two characters audiences would “like the least.” It was also reported that Amazon had already seen every early iteration of the script before Guadagnino was hired to direct. 
Altman and Amazon founder Jeff Bezos have developed a high-profile friendship over the years. In fact, the former was in attendance at Bezos’s wedding to Lauren Sánchez, which took place in Venice, Italy, in 2025.
In recent months, the two have continued to deepen their professional partnership that began in 2015, when Amazon became one of OpenAI’s first investors. Ten years later, the companies closed their first major deal in November 2025, allowing the ChatGPT maker to run its systems on Amazon’s U.S. data centers.
Artificial is reportedly being screened by other studios in a bid for a new distributor. 




Original: https://www.the-independent.com/arts-entertainment/films/news/sam-altman-biopic-amazon-openai-deal-b2999321.html · Discussion
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Giant Banana Pulled over in Montana Driver Says Cops Have Stopped Him 100s Times

cowboystatedaily.com · 81 points · Discussion

A Montana police officer spotted the giant banana rolling through Billings on Wednesday afternoon and did what countless law enforcement officers have done before him.
He turned around and pulled it over.
For Steve Braithwaite, owner, builder and full-time driver of the 23-foot-long Big Banana Car, the stop was less of a surprise than a tradition.
"I would see a police car going the other way and get my documents ready," Braithwaite told Cowboy State Daily from Seattle on Thursday morning. "I knew they were going to loop around and pull me over." 
After 15 years, more than 250,000 miles and enough roadside conversations to fill a produce aisle, Braithwaite has learned that driving a giant banana attracts attention.
Especially from cops.
"They always find a reason to pull me over," Braithwaite said. 
in this case it was an issue with the license plate, but ultimately he was not given a ticket.  
Peel Out
Braithwaite figures he may have spent the better part of a decade as one of the most frequently pulled-over drivers in America.
Not for speeding, but simply because he was driving a giant banana.
"For the first eight or nine years I was the most pulled-over man in America," he said. "It was constant."
Often officers simply wanted photographs.
Other times they invented reasons to start a conversation.
His favorite stop happened in a small mountain town in West Virginia.
A traffic light turned red. Braithwaite stopped. The light turned green and he made a leisurely turn through the intersection.
A few moments later, flashing lights appeared behind him.
A police officer marched up to the banana and delivered the news.
"'The reason I pulled you over, that light back there, you peeled out.'"
For a moment, Braithwaite didn't know if he was being serious or not.
"He said it so straight-faced," Braithwaite recalled. "And I'm like, 'Oh yeah.'"
The banana jokes, he said, are "never-ending."
Fortunately, so are the laughs.
	
Court Records Should Be Free
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Court Records Should Be Free

eff.org · 77 points · Discussion


Court records belong to the public. Yet anyone seeking access to federal court filings through PACER, a government software system that stands for Public Access to Court Electronic Records, is usually required to pay hefty fees to search for and view documents. PACER’s fees have long acted as a barrier that makes it hard, especially for low income people, to see and understand the work produced by our own public servants. 

That's why EFF joined a broad group of organizations supporting the Open Courts Act of 2026, legislation that would modernize the federal courts' electronic filing systems and eliminate PACER fees. 

The bill would replace the aging PACER and CM/ECF systems with a modern, unified platform designed to improve public access, strengthen cybersecurity, and reduce long-term costs. Supporters note that PACER currently collects more than $150 million annually in fees from the public, despite court records being public documents.

The Open Courts Act would also make court records easier to find, access, and understand. The legislation builds on a similar proposal, also supported by EFF, that previously won bipartisan support in the Senate Judiciary Committee but did not become law before the end of the congressional session.

This is not a new issue for EFF. More than a decade ago, we criticized PACER's paywalls and the removal of some court records from online access, arguing that the public should not have to pay to read the law and the judicial decisions that shape it. The Open Courts Act would move U.S. courts a big step closer to that goal. 

In addition to EFF, the bill is supported by Fix the Court, the group pushing this bill forward; the Free Law Project, which maintains RECAP, software that has created a large archive of legal opinions and other court records; as well as civil society groups, open government watchdogs, and media groups. 

Public access to the courts is a cornerstone of democratic accountability. Let’s eliminate unnecessary barriers to court records, and bring the federal judiciary’s tech into the modern era. 



	Read the full letter supporting the Open Courts Act of 2026









Original: https://www.eff.org/deeplinks/2026/06/court-records-should-be-free · Discussion
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Telescope Ranchers

kottke.org · 69 points · Discussion


        
                                                                                                                                                                                                                                                        
                            posted Jun 15 @ 03:00 PM by Jason Kottke                          ·  gift link

                                                


                                

            	
	Rockwood, Texas is home to a unique business, Starfront Observatories. Owner/operator Bray Falls hosts hundreds of other people’s telescopes in perfect conditions — ultra-dark skies (Class 1 on the Bortle scale), clear weather, and fast internet — so astrophotographers from around the world can run their scopes and make observations completely from their computers. 

	Out in the middle of nowhere Texas, a young astrophotographer is running one of the largest telescope ranches on Earth. Stargazers from around the world ship their gear to Bray Falls, who tends 550 telescopes (and counting) on 40 acres outside Brady, the geographic heart of Texas. Customers control the scopes from a laptop anywhere on the planet for as little as 99 dollars a month. We dropped by Starfront Observatories on a perfect dark sky night to see how the operation actually works.


	I first learned about telescope ranching late last year from astrophotographer Ian Lauer; he’s got a good video about Starfront Observatories as well:

	
	The imagery produced by the telescopes on this ranch is impressive. Here’s one of Falls’ own images, a nebula he discovered called The Crown of Thorns Nebula.

	I’ll start this off by saying this nebula should not be here! Supernova remnants are the remains of stars which detonated long ago. Nearly all supernova remnants in the sky exist within 10° of the Milky Way band, where the greatest density of stars can be seen.
This remnant lives 42° off the beaten path in VIRGO! It is a remnant that stands alone surrounded by nothing. It is the only supernova remnant in the constellation Virgo.
It is so far from where it should be, that my scientist friend Dr. Robert Fesen has doubts that it could be what we think it is, and so a professional observatory has collected data on the object and is now studying it.




                            
                                            	astronomy
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Show HN: Metiq: a real time 3D globe for 100 public datasets

metiq.space · 53 points · Discussion

The concept for metiq.space came after playing Global Magnates with friends and realizing how fragmented live global data is. ships, aircraft, satellites, ports, weather, hazards, infrastructure, cyber, and public datasets all exist, but they usually live in separate tools and maps.The goal was to build one interactive 3D globe where live public data could be visualized by latitude, longitude, and altitude. Surface data stays on the globe, while aircraft, satellites, and other above surface things can be represented in actual 3D space instead of being flattened onto a map.
The outcome is an interactive globe that showcases Earth, air, sea, space, cyber, defense, infrastructure, politics, and the list is continuously growing.
Majority of development right now is going into data filtering and deduping.


Original: https://metiq.space · Discussion
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The Productivity J-Curve [pdf] (2018)

ide.mit.edu · 45 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://ide.mit.edu/sites/default/files/publications/jcurve.pdf · Discussion
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This 1976 University Experiment Spun Up the U.S. Wind Industry

spectrum.ieee.org · 44 points · Discussion

With a commanding yet kind presence, Captain William Heronemus [left, in hat] inspired his UMass Amherst team to get the job done.  
Robert S. Cox Special Collections and University Archives Research Center/UMass Amherst Libraries 
A half century ago, a scrappy crew at the University of Massachusetts Amherst erected a wind turbine on Orchard Hill, the highest point on campus. It was a frugal production, cobbled together from the rear axle of a Ford truck, a donated generator and microcontroller, a steam pipe, and various handcrafted steel and fiberglass parts, including its 4.5-meter blades.
The team of UMass engineering grad students, faculty advisors, and one precocious undergrad built it to prove that wind energy could keep rural homes toasty in New England’s frigid winters, as a way of trimming U.S. oil dependence—a national imperative in the aftermath of the 1973–1974 energy crisis. To illustrate the point, they also assembled a modular home there on Orchard Hill, and outfitted it with heaters that would be powered by the turbine.
 [image: Nine men standing and sitting on scaffolding that holds up the rotor and blades of a wind turbine] In 1975 and 1976, a crew from the University of Massachusetts Amherst designed and constructed the 25-kilowatt wind turbine that kick-started the U.S. wind industry.              Sandy Butterfield         
It worked—too well. “We had to open up the doors in the dead of winter. It was just too damn hot,” recalls Michael Edds, who designed the turbine’s electrical system and served as the project’s first resident engineer. Fittingly, they dubbed the turbine the “Wind Furnace.”
The turbine maxed out at 25 kilowatts—puny compared to modern machines that generate up to 26 megawatts, but more than most energy experts expected from wind technology in November 1976. Back then, wind power still conjured up images of quaint Dutch mills and creaky prairie water pumpers. Crafty engineers would soon show that wind power could be so much more. And it all began with the brilliant, commanding, and often polarizing UMass professor leading the Wind Furnace project: William Heronemus.
A retired U.S. Navy captain, Heronemus had joined the UMass faculty in 1967. He’d earned Bronze Stars for valor in World War II, designed and built nuclear submarines, and liaised with the British Royal Navy on the Polaris missile. UMass had recruited Heronemus to do ocean engineering, but the energy crisis and his growing misgivings about nuclear power shifted his attention to renewable energy.
 [image: A man in a suit jacket leaning over a map thatu2019s rolled out on a table ] Heronemus, photographed circa 1973, publicly advocated for the buildout of wind turbines, both onshore and off, at immense scale.  Robert S. Cox Special Collections and University Archives Research Center/UMass Amherst Libraries 
By 1972, Heronemus was advancing detailed designs to deploy wind turbines at immense scale. That year, at the Marine Technology Society’s annual gathering in Washington, D.C., he presented schemes for building thousands of them across the Great Plains as well as a vast grid of massive floating turbines transecting New England’s continental shelf. Wind power, he contended, could generate nearly a fifth of U.S. electricity needs by the year 2000. Never mind that the technology for such an enormous buildout had yet to be commercialized. Espousing grand schemes made Heronemus a quixotic figure.
He also vigorously attacked the commercialization of nuclear power, creating enemies within electric utilities and U.S. government agencies that saw nuclear technology as the future. They didn’t appreciate his claims that a cleaner energy future via wind was ready to be tapped, and that the push for nuclear power and its radiological risks was unnecessary. As author and energy analyst Peter Asmus put it in his 2000 book, Reaping the Wind: “William Heronemus was a dangerous man suggesting an audacious departure from the status quo.”
 [image: Modular home and wind turbine on a grassy hill on a sunny day ] The UMass Amherst wind turbine generated most of the energy to heat a modular home through the cold, windy winters on Orchard Hill. Solar thermal panels provided some heat during windless periods. Robert S. Cox Special Collections and University Archives Research Center/UMass Amherst Libraries
What happened on Orchard Hill in 1976 marked Heronemus’s turn from provocateur to changemaker. The success of the experimental turbine set off waves of technological and industrial developments that forever changed the energy landscape. Within a few years, the students he trained and the entrepreneurs he inspired were building the world’s first modern wind farms and leading the Great California Wind Rush—the market that turned wind craft into an industry that’s still growing fast half a century later.
Globally, annual wind generation more than tripled between 2015 and 2025, according to data from Ember Energy, a think tank based in London. It will best nuclear’s global output by the end of this year, Ember predicts. And it all started with Heronemus, says Robert Thresher, longtime former director of wind research at the National Renewable Energy Laboratory (NREL) in Golden, Colo. (a U.S. Department of Energy lab rebranded late last year as the National Laboratory of the Rockies). “In my mind he was the father of the people that went out and really made the industry what it is today,” he says.
William Heronemus and the History of Wind Power
I got to know Captain Heronemus posthumously, interviewing his contemporaries and sifting through boxes delivered to the UMass Amherst archival research center’s 25th-floor reading room. During three visits there since 2023, I have discovered clues to his life, thinking, and research process amid the writings where he pitched his big ideas to the world. His papers include proposals to governments, utilities, and deep-pocketed philanthropists and investors, including Jane Fonda and Goldman-Sachs. Papers reveal the internationalism and commitment to service that took Heronemus on renewable-energy consulting trips to Pakistan, Cuba, Côte d’Ivoire, and beyond. Records show meetings with corporate powerhouses like Boeing and Grumman Aerospace and calls on politicians, including the senator and presidential hopeful Ted Kennedy. Postcards from former students exude gratitude.
 [image: Man sits in a chair at his desk, leaning back and holding his eye glasses ] Heronemus sits with a mock-up of a multirotor turbine in his cramped office in Marston Hall, UMass Amherst’s main engineering building.  Robert S. Cox Special Collections and University Archives Research Center/UMass Amherst Libraries 
I learned that Heronemus turned his attention from ocean engineering to energy a few years after arriving at UMass, when he saw the growing string of nuclear power plants going up along the Connecticut River, which flows past Amherst en route to Long Island Sound. The U.S. government had picked nuclear power as an antidote to the 1970s oil crises, and Northeast utilities had jumped in big. But Heronemus and other UMass engineers worried that the riverside reactors’ waste heat would threaten the river’s ecosystem and bounty.
The advent of cooling towers to blow off heat into the air addressed the thermal pollution concern but created another: water depletion. (Nuclear plants consume about 60 million gallons of water per day, per reactor, on average.) And Heronemus perceived other nuclear power liabilities, stemming from his experience with nuclear propulsion on Navy ships. As a design engineer and head of construction and repair for a shipyard, he valued the military’s zero-accident standard for reactors but also knew the high cost of adhering to it. He argued that building expanded versions of the Navy’s pressurized water reactors to power cities and factories couldn’t be both safe and economical.
 [image: Hand-drawn sketch of three wind turbine rotors mounted on a single freestanding pole] In 1971, Heronemus designed an offshore turbine with three rotors, but the first big multirotor prototype wouldn’t be built for another four decades.  Robert S. Cox Special Collections and University Archives Research Center/UMass Amherst Libraries 
He predicted—accurately, as it turned out—that costs would rise sharply as the nuclear industry addressed safety and environmental concerns. “Each plant costs more than its predecessor. The shipyards involved with nuclear reactors came to that conclusion years ago,” he wrote in a 1973 research proposal. He also argued that the risks inherent in nuclear reactors and their radioactive waste were unnecessary given Earth’s abundant solar and wind energy resources. He broadcast those views wherever and whenever he could: before congressional committees, at U.S. Atomic Energy Commission hearings, at academic conferences, in media interviews, and even at Rotary Club luncheons.
At a 1973 licensing hearing for the proposed 820-MW Shoreham Nuclear Power Plant on Long Island, N.Y., for example, Heronemus called affordable nuclear energy a “myth.” He detailed, in its stead, a floating wind power system that could be moored off Long Island and sized to deliver more than four times as much electricity as the Shoreham plant. Each of the 640 floating platforms would carry six rotors and crank out up to 12 MW, some of which would power electrolyzers to generate hydrogen. The hydrogen would be fed to power plants or fuel cells to produce electricity when the wind wasn’t blowing. This seemingly futuristic idea drew on his Navy experience with water-splitting electrolyzers, which supplied the oxygen that enabled subs to remain submerged for months at a time, and NASA’s use of hydrogen fuel cells to power the Apollo missions.
More than five decades later, his vision for offshore wind power is big business. Floating platforms are now widely accepted as the future of offshore wind, as necessity pushes the industry to build in deeper waters. Testing began on the first floating electrolysis platforms in 2023, and multirotor turbine prototypes are in development in China, Norway and Scotland.
The UMass Amherst Wind Turbine Legacy
Photos in the UMass archives invariably capture Heronemus in jacket and tie, usually standing bolt straight. That commanding affect, plus his World War II veteran pedigree, Cold War engineering credentials, and his informed, pugnacious attacks made him a hard target for his adversaries in the nuclear establishment. He certainly wasn’t your typical antinuclear activist.
 [image: A man in a suit standing very straight outsider a modular home] Wielding his Cold War engineering credentials and often dressed in a suit and tie, Heronemus fought hard against nuclear energy, arguing that wind was a far safer and cost-competitive resource.Robert S. Cox Special Collections and University Archives Research Center/UMass Amherst Libraries 
But brutal candor in public settings probably won him as many enemies as friends. Consider his presentation at the IEEE Power and Energy Society’s 1974 winter meeting, where Heronemus suggested scrapping the utilities’ then nuclear-focused research arm, the Electric Power Research Institute. That stance no doubt created discomfort for the engineers in attendance who were involved in EPRI projects, or who aspired to be.
It’s hard to say whether Heronemus’s campaign slowed nuclear development. The industry was already struggling with cost overruns when, in 1979, a reactor at Three Mile Island in Pennsylvania partially melted down and slammed the brakes on further expansion.
What is certain is that Heronemus spurred investment in wind power. When he started talking up wind in the early ’70s, even fellow travelers in the fledgling renewable energy movement were writing it off. As future White House science advisor John Holdren opined in a 1971 Sierra Club book: “There are few places in the world where the wind is strong enough and steady enough to make harnessing it for the large-scale production of power at all interesting.”
 [image: Hand-drawn sketch of a bridge-like structure across a highway containing five wind turbines that resemble giant fans] Heronemus dreamed up networks of wind turbines over and along highways after driving down the Garden State Parkway to a conference in Cape May, New Jersey.  Ellen Heronemus 
Heronemus countered the naysayers by quickly forging expert consensus around wind power’s immense potential, playing a key role as the sole wind expert on a 1972 federal panel on renewable energy. That joint National Science Foundation–NASA panel concluded that, in fact, wind could meet up to 19 percent of projected U.S. power demand by the year 2000.
Congress listened, sort of. After most Persian Gulf states restricted oil shipments to the United States in 1973, congressional appropriators dedicated US $1.8 million to wind-power research and development for 1974—up from zero—and by 1976 it had bumped that to $22 million. (For comparison, Congress gave nuclear power $714 million in 1976.)
 [image: Hand-drawn sketch of a massive structure built over the length of a highway holding wind turbines that resemble giant fans ] Heronemus’s vision for a massive highway wind-power scheme was inspired in part by the wind-power advocate Percy Thomas, who in the 1940s and 1950s “talked a lot about how fresh New Jersey winds are,” he told the New York Times in 1974. “I got to thinking about what Thomas had said and how wind energy could be captured there.”  Ellen Heronemus 
The bulk of the funding for wind power flowed to big aerospace firms and to NASA, financing an ultimately fruitless attempt to leap straight to megawatt-scale wind turbines. UMass struggled to grab a slice of the leftovers to pursue Heronemus’s offshore wind system. Professors and students who worked with Heronemus told me they felt they’d been blackballed as payback for his activism and antagonism.
 UMass finally caught a funding break when Heronemus dialed back his ambitions and proposed the 25-kW unit for Orchard Hill. A $130,000 federal grant landed in early 1975, and $150,000 more the following year. It was a “trivial” sum, according to team member Sandy Butterfield, who would later become chief engineer for wind-turbine testing at NREL. “They gave us just enough to fail,” says Butterfield.
 [image: A crane in the midst of vertically erecting a wind turbine on a single pole    ] A crane erects the “Wind Furnace” in November 1976.  Sandy Butterfield 
But the project triumphed, resulting in Wind Furnace 1, or WF-1 (pronounced “woof one”). The young engineers behind it credit their success to the confidence, sense of mission, and structure that Heronemus gave them. The self-described “hippies” called Heronemus “the Captain” out of both affection and respect.
As team member Edds puts it: “What showed in his demeanor and his actions was discipline, and it sort of rubbed off on us. We didn’t always dress like the Captain, but we knew we had to be disciplined, to be prepared, and just do the job.”
From Helicopter Rotor to Wind Turbine
Team WF-1 got a quick start, thanks to earlier, privately financed work by a couple of doctoral students, including Forrest “Woody” Stoddard. Stoddard had been designing helicopter rotors for the U.S. Air Force when Heronemus invited him to come work on wind power in 1972. Stoddard set about adapting helicopter-rotor theory to the closely related wind rotors, and his aerodynamics modeling proved essential to the engineering of the entire machine.
 [image: Six men squat around a turbine blade thatu2019s wrapped in plastic] Woody Stoddard [far right, in hat] designed the fiberglass blades with Ted Van Dusen. The team assembled the blades in a campus shop, and when it was time to squeegee epoxy from the blades, it was all hands on deck. Robert S. Cox Special Collections and University Archives Research Center/UMass Amherst Libraries 
As WF-1’s de facto chief designer, Stoddard likely supported the team’s early choice to mimic a helicopter’s ability to “pitch” its blades. To fly forward, a helicopter continuously adjusts the lift created by each blade, turning the airfoil on its long axis to reduce lift as it swings past the front of the aircraft. Doing so tilts the nose down and moves the vehicle forward. In WF-1’s case, blades pitched to regulate torque, helping get the rotor spinning in low winds and then easing off to protect the machine in dangerously high winds.
Repurposing a truck axle to mechanically couple WF-1’s rotor and generator was one of several design elements borrowed from engineers at McGill University in Montreal. Production of WF-1’s fiberglass blades got started at UMass in 1974 under the direction of doctoral student Ted Van Dusen. A competitive rower, he had a side hustle making ultralight composite boats—a trade that had stalled his doctoral work at MIT but was an accelerant for WF-1.
The federal funds in 1975 allowed Heronemus to really spin up the project and recruit a squad of students to engineer the balance of WF-1’s components. They made good use of the UMass engineering machine shop and received guidance from faculty, including mechanical engineering professors Duane Cromack and Jon McGowan. But it was the dozen or so students who really cranked out the parts.
Most were master’s students, like Butterfield, who designed the blade-pitching mechanics. Edds, the team’s only electrical engineer, had come to UMass to learn ocean engineering, only to be diverted into handling WF-1’s generator. Louis Manfredi, another ocean engineering student, teamed up with master’s student Jim Sexton on the nacelle housing the generator and drivetrain. Fred Antoon adapted the truck axle. Brian Kuhn did drawings.
  WF-1 contained a mechanism that pitched its blades to regulate torque in response to wind speed, a feature that became an industry standard.Sandy Butterfield 
An 18-year-old freshman, Dan Handman, came aboard and soon made himself indispensable. When he approached Heronemus to introduce himself, Heronemus handed him three months’ worth of anemometer readings punched into recording paper, and told him to turn it into 15-minute averages. Figuring there had to be a more efficient method for analyzing wind speeds, Handman asked around and found a wind-averaging machine from an earlier student project. A month or so later, he’d installed it in a cabinet near Heronemus’s office and wired it to an anemometer on Orchard Hill.
Handman’s primary role on WF-1 was setting up its computerized control system, which tracked wind speed and sent commands to Butterfield’s pitch mechanism. The controls also tracked the generator’s speed and adjusted the current to its rotor windings, in accordance with calculations by Edds. Tweaking the current ensured that power demand from the electric heaters installed in the home below didn’t stop the rotor in weak winds.
  Sandy Butterfield, part of the 1970s “UMass Mafia” team that built WF-1, became a wind-power entrepreneur and a top engineer at the National Renewable Energy Laboratory in Golden, Colo. Sandy Butterfield 
The finished WF-1 really cranked up the heat, some of which was stored by heating water in tanks in the modular house’s basement, to be circulated through baseboards in windless periods. It turned out WF-1 was unusually efficient at capturing wind energy because its rotor could change speed with the wind, keeping the blades close to an aerodynamic optimum.
This varying rotor speed meant that the frequency of the electric power WF-1 produced also varied. Turbines linked to power lines must strive for the opposite—a steady output that synchronizes with the grid’s frequency—primarily 50 or 60 hertz. But it suited the home’s low-tech heating scheme just fine. (Electronic converters let today’s turbines have it all by ingesting a variable wave and outputting a new wave that’s synced to the grid.)
The Great California Wind Rush
In 1977, with WF-1’s success in hand, Heronemus projected that 3 million homes like the one on Orchard Hill could soon slash U.S. heating oil demand by 90 million barrels a year. That never happened, but an industry was born, starting with a Burlington, Mass. startup called US Windpower—the first “credible” U.S. turbine manufacturer, according to Thresher, who is now an emeritus researcher at the National Laboratory of the Rockies.
  Belgian-made WindMaster turbines erected at Altamont Pass signaled the internationalism of the California wind rush. UMass team member Woody Stoddard conducted engineering analyses of many early designs deployed there.Bettman/Getty Images 
Boston-area entrepreneurs Russell Wolfe and Stanley Charren launched US Windpower with Stoddard and Van Dusen after visiting Heronemus in 1974 and liking what they heard. They adapted WF-1’s design to make it suitable for grid-connected operation, building and breaking prototypes before erecting the world’s first grid-connected wind farm in 1980—20 turbines on a mountain in New Hampshire. California’s water authority placed an order for 100 MW of wind power, and in 1981 US Windpower began installing hundreds of turbines in Altamont Pass, east of San Francisco.
As more firms jumped to California, drawn by state government incentives, WF-1’s creators and the next cohort of UMass grads assumed important roles in the nascent market. Seven joined Energy Sciences, a startup cofounded by Butterfield. More joined U.S. Windpower. Stoddard left that company to start a consulting firm and ended up advising some of Denmark’s modern wind pioneers, which rapidly expanded thanks to the California market. Those early Danish firms made relatively simple, sturdy machines that subsequently scaled up and dominated globally for several decades — until China embraced wind power.
The California wind power boom peaked in 1986, after which energy prices collapsed and incentives faded. Most manufacturers were bankrupted by equipment failures and financial challenges, making the 1990s a tough time for wind power’s pioneers. Many UMass wind engineers, like Butterfield, joined Thresher’s operation at NREL, culling everything they could from the California experience.
“An entire generation of U.S. wind engineers got their graduate training, at least in part, using the Wind Furnace.”—Harold Wallace
There, Heronemus’s protégés became known as the “UMass Mafia.” Thresher says it attests to the crew’s impact: “There were others. But that UMass Mafia were really leaders in the field. I think that’s the heritage we got from Bill Heronemus. Those people were so impactful and the education they got [with Heronemus] was the key.” What Heronemus began at the university became the UMass Wind Energy Center, which has awarded over 300 graduate degrees.
WF-1 now rests in the Smithsonian Institution’s collections in Washington, D.C. It earned its place there, as Smithsonian’s only modern wind turbine, because it represents wind energy’s revival, according to Harold Wallace, Smithsonian’s curator for electricity collections. “An entire generation of U.S. wind engineers got their graduate training, at least in part, using the Wind Furnace,” he says.
Heronemus didn’t get to witness the production of the massive offshore machines that he foresaw. He lost his long fight with cancer in November 2002, at the age of 82, even as former students and family members were racing to patent his multirotor and floating turbine designs.
Had he lived longer, the Captain would almost certainly have railed against current U.S. energy policy. The U.S. government has never backed wind power as generously as he’d hoped. Wind supplied 10 percent of U.S. generation last year—that’s half the share in Europe—with offshore turbines providing only a tiny sliver. Federal support for wind power has been in a stop-go cycle since Ronald Reagan’s administration, and it’s hit a low again under President Donald Trump, who has vowed to stop wind power cold. As Trump boasted to oil executives in January: “We have not approved one windmill since I’ve been in office, and we’re going to keep it that way.”
Under Trump, stop-work orders have disrupted offshore projects from Massachusetts to Virginia, contributing to a nearly $600 million loss in 2025 for GE Vernova’s wind business. GE Vernova is the only major wind turbine manufacturer remaining in the United States, and it too can be traced back to Heronemus via a US Windpower patent.
In stark contrast, European and Asian countries have been going big on offshore wind and are now developing floating wind farms to push into deeper waters. China might be the one to finally conjure up Heronemus’s favored wind design: floating platforms bearing massive multirotor machines. In 2024, Zhongshan-based turbine maker Ming Yang Smart Energy Group deployed a two-rotor offshore prototype. The company says its next iteration will generate a whopping 50 MW—a twin-headed beast that would be the world’s most powerful wind machine.
That will be a bittersweet moment for the U.S. wind industry and Captain William Heronemus’s UMass Mafia, for whom such massive machines are a dream come true. Joanne Carroll, a retired member of the UMass Mafia, says she remembers the very moment, her freshman year, when Heronemus’s dream became hers. While he was lecturing in Introduction to Engineering about the hidden costs of coal-fired power, Heronemus walked to the window and said: “‘But out there there’s wind, and you can harvest that energy,’” Carroll recalled. “And I remember thinking: That’s what I want to do with my life.” 
The author would like to give special thanks to UMass professor emeritus James Manwell for his assistance with this story. 
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John Jumper to join Anthropic

twitter.com · 41 points · Discussion

A bit of news: After nearly 9 years, I have decided to leave Google DeepMind and join Anthropic (after taking some time to recharge). I am incredibly grateful for my time at GDM. 
@demishassabis took a real chance letting me lead the AlphaFold team just six months after finishing my PhD, and the entire GDM team taught me so much about how to do great science. GDM is a special place, and I’ll still be excited to hear about what amazing things they discover next.
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'We created a monster': companies rein in AI usage as costs strain budgets

ft.com · 23 points · Discussion

Subscribe to unlock this article

Join FT Edit
Only $49 a year

Get 2 months free with an annual subscription at was $59.88now $49.
Access to eight surprising articles a day, hand-picked by FT editors. For seamless reading, access content via the FT Edit page on FT.com and receive the FT Edit newsletter.



Explore more offers.



Trial


$1 for 4 weeks
Then $75 per month. Complete digital access to quality FT journalism on any device. Cancel or change your plan anytime during your trial.



Standard Digital


$45 per month
Essential digital access to quality FT journalism on any device. Pay a year upfront and save 20%.



Premium Digital


$75 per month
Complete digital access to quality FT journalism with expert analysis from industry leaders. Pay a year upfront and save 20%.



Explore our full range of subscriptions.
For individuals

Discover all the plans currently available in your country

 For multiple readers

Digital access for organisations. Includes exclusive features and content.



Why the FT?
See why over a million readers pay to read the Financial Times.

Find out why






Original: https://www.ft.com/content/1d37cc08-e0aa-45a4-a45d-4ad282529314 · Discussion




Show HN: Pagecast – Publish Markdown/HTML Reports to Cloudflare Pages


26

Show HN: Pagecast – Publish Markdown/HTML Reports to Cloudflare Pages

github.com · 16 points · Discussion

I built this because I kept generating HTML/Markdown reports from Claude Code/Codex and needed a permanent share link instead of a localhost tunnel. Pagecast is a local CLI that publishes those files to your own Cloudflare Pages account.It supports Markdown and HTML, stable URLs, renaming, republishing to the same URL, and watch mode for continuous updates to same file. It is MIT licensed.
The main design choice is that there is no hosted Pagecast account. It uses your Cloudflare account and deploys there directly and has claude code and codex integrations as skill/hooks.
Basically it can be used as a replacement for codex sites or claude artifacts
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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 or other LLMs to generate articles. Occasionally, I ask AI (such as Formalizer or Equativ) to summarize or re-state my own ideas and may restructure sections based on the response.
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lcamtuf.coredump.cx · 12 points · Discussion

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

Having set the stage, we can now address how we will accommodate inline
classes in the language type system. The motto for inline classes is codes like
a class, works like an int; the latter part of this motto means that inline types
should align with the runtime behaviors of primitive types outlined so far.
(Indeed, we would like to subsume primitive types under the umbrella of inline
types; dividing our already bipartite type system into more categories would
not be desirable.)

An inline class codes like a class, and so can have most of the things classes
can have: fields, methods, constructors, supertypes (with some restrictions),
type variables, etc:

inline class Point {
private int x;
private int y;

public Point(int x, int y) {
this.x = x;
this.y = y;

}

public int x() { return x; }
public int y() { return y; }
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