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These are my secret speaker notes! 😱

Speaker notes



Let's see what kind of programming experience y'all have.



Warm up the audience, let’s find out what kind of programming language experience y’all have.

Raise your hand if you have experience with...

1. Java or Go
2. Python, Perl, JavaScript, or similar
3. C, C++, or Rust
4. Other

Repeat into the mic about how many people raise their hands.
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SPOT THE BUG
const std = @import("std");
const assert = std.debug.assert;
 
test "meta programming" {
    const data: Data = .{
        .count_donations = 12.34,
        .count_happy_people = 100,
        .count_balance = -1,
        .bike_flag = true,
    };
    try std.testing.expectEqual(countStuff(data), 111.34000015258789);
}
 
const Data = struct {
    count_donations: f32,
    count_happy_people: u32,
    count_balance: i32,
    bike_flag: bool,
};
fn countStuff(data: Data) f64 {
    var accumulator: f64 = 0;
 
    inline for (@typeInfo(Data).Struct.fields) |field| {
        if (std.mem.startsWith(u8, field.name, "count_")) {
            switch (field.field_type) {
                f32 => accumulator += @field(data, field.name),
                u32 => accumulator += @intToFloat(f64, @field(data, field.name)),
                else => {},
            }
        }
    }
    return accumulator;
}
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Hook: Here is some Zig code.

1. Raise your hand if this is your first time ever seeing Zig code.
2. Keep your hand up if you can spot the bug.

Hopefully at least one person successfully debugs code in a language they have never seen before.

"That’s the power of Zig."

Hint: off by 1
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    var accumulator: f64 = 0;21
 22
    inline for (@typeInfo(Data).Struct.fields) |field| {23
        if (std.mem.startsWith(u8, field.name, "count_")) {24
            switch (field.field_type) {25
                f32 => accumulator += @field(data, field.name),26
                u32 => accumulator += @intToFloat(f64, @field(data, field.name)),27
                else => {},28
            }29
        }30
    }31
    return accumulator;32
}33
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SPOT THE BUG
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Hook: Here is some Zig code.

1. Raise your hand if this is your first time ever seeing Zig code.
2. Keep your hand up if you can spot the bug.

Hopefully at least one person successfully debugs code in a language they have never seen before.

"That’s the power of Zig."

Hint: off by 1
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What is the Zig project?



We got cute space lizards

Speaker notes



What is the Zig project?



A general-purpose programming language and toolchain for maintaining robust, optimal, and reusable
so�ware.



What is the Zig project?

https://twitter.com/rui314/status/1560277403787997185


I love this quote from Rui about the mold project
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What is the Zig project?

Increase the utility of the commons, bringing human technology incrementally into the future



SDL will be mentioned later
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What is the Zig project?

Increase the utility of the commons, bringing human technology incrementally into the future
Re-examine fundamental building blocks of so�ware

Example: Memory Allocation
Example: Dependency on libc

Raise the standards of so�ware as a cra� throughout the industry
Tooling such as zig cc

Better defaults
Robust, high performance open source libraries for the industry to use

Not only Zig but all languages via the C ABI
Providing guidance to students in ethics and skills
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Maintain It With Zig 🔧
Level 1: Drop in zig cc
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HERMETIC BUILDSLevel 1: zig cc





UBSAN BY DEFAULTLevel 1: zig cc

https://twitter.com/JSAMcFarlane/status/1568955682396815360


I'm happy to report that

1. Using zig cc as a drop-in C compiler is growing in popularity
2. It enables UBSAN by default
3. Real world bugs are being caught and fixed as a result!
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CROSS-COMPILATIONLevel 1: zig cc
$ zig cc -o hello hello.c -target x86_64-windows

$ zig cc -o hello hello.c -target aarch64-macos

$ zig c++ -o hello hello.cpp

$ zig cc -o hello hello.c -target aarch64-linux-gnu.2.31

$ zig cc -o hello hello.c -target aarch64-linux-musl



BUILT-IN CACHINGLevel 1: zig cc

0:00 / 1:24



Zig needs to cache global stuff such as libc and compiler-rt so naturally it extends this feature to basic C objects too.
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TRIVIAL INSTALLATIONLevel 1: zig cc



It once took me full 24 hours and 2 system restarts.

A "full 27 GB installation"?!
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TRIVIAL INSTALLATIONLevel 1: zig cc

How many people here have gone through the trouble to install MSVC?



TRIVIAL INSTALLATIONLevel 1: zig cc



Just unzip it. No installation process. No registry edits. Multiple versions live harmoniously side by side.

This would be extremely easy to say, bundle along with an IDE.
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TRIVIAL INSTALLATIONLevel 1: zig cc
$ time bash -c 'wget https://ziglang.org/download/0.9.1/zig-windows-x86_64-0.9.1.zip && unzip zig-windows-x86_64-0.9.1.zip' 
real 0m4.884s
user 0m1.422s 
sys 0m0.570s



Maintain It With Zig 🔧
Level 2: Exploit the Zig Build System



MAINTAIN IT WITH ZIG 🔧
Create a build.zig script in a real language, using a declarative API.

Level 2: zig build

    const exe = b.addExecutable("tetris", null);
    exe.addCSourceFile("src/main.c", &[_][]const u8{"-std=c11"});
    exe.addCSourceFile("stb_image-2.22/stb_image_impl.c", &[_][]const u8{"-std=c99"});
    exe.addIncludePath("stb_image-2.22");
    exe.setBuildMode(mode);

const std = @import("std");1
const Builder = std.build.Builder;2
 3
pub fn build(b: *Builder) void {4
    const mode = b.standardReleaseOptions();5
    const windows = b.option(bool, "windows", "create windows build") orelse false;6
 7

8
9
10
11
12

 13
    if (windows) {14
        exe.setTarget(.{15
            .cpu_arch = .x86_64,16
            .os_tag = .windows,17
            .abi = .gnu,18
        });19
    }20
 21
    exe.linkSystemLibrary("c");22
    exe.linkSystemLibrary("glfw");23
    exe.linkSystemLibrary("epoxy");24
    exe.install();25
 26
    const play = b.step("play", "Play the game");27
    const run = exe.run();28
    run.step.dependOn(b.getInstallStep());29
    play.dependOn(&run.step);30
}31



MAINTAIN IT WITH ZIG 🔧
Create a build.zig script in a real language, using a declarative API.

Level 2: zig build

    const exe = b.addExecutable("tetris", null);
    exe.addCSourceFile("src/main.c", &[_][]const u8{"-std=c11"});
    exe.addCSourceFile("stb_image-2.22/stb_image_impl.c", &[_][]const u8{"-std=c99"});
    exe.addIncludePath("stb_image-2.22");
    exe.setBuildMode(mode);

const std = @import("std");1
const Builder = std.build.Builder;2
 3
pub fn build(b: *Builder) void {4
    const mode = b.standardReleaseOptions();5
    const windows = b.option(bool, "windows", "create windows build") orelse false;6
 7

8
9
10
11
12

 13
    if (windows) {14
        exe.setTarget(.{15
            .cpu_arch = .x86_64,16
            .os_tag = .windows,17
            .abi = .gnu,18
        });19
    }20
 21
    exe.linkSystemLibrary("c");22
    exe.linkSystemLibrary("glfw");23
    exe.linkSystemLibrary("epoxy");24
    exe.install();25
 26
    const play = b.step("play", "Play the game");27
    const run = exe.run();28
    run.step.dependOn(b.getInstallStep());29
    play.dependOn(&run.step);30
}31

    const windows = b.option(bool, "windows", "create windows build") orelse false;

    if (windows) {
        exe.setTarget(.{
            .cpu_arch = .x86_64,
            .os_tag = .windows,
            .abi = .gnu,
        });
    }

    const play = b.step("play", "Play the game");

const std = @import("std");1
const Builder = std.build.Builder;2
 3
pub fn build(b: *Builder) void {4
    const mode = b.standardReleaseOptions();5

6
 7
    const exe = b.addExecutable("tetris", null);8
    exe.addCSourceFile("src/main.c", &[_][]const u8{"-std=c11"});9
    exe.addCSourceFile("stb_image-2.22/stb_image_impl.c", &[_][]const u8{"-std=c99"});10
    exe.addIncludePath("stb_image-2.22");11
    exe.setBuildMode(mode);12
 13

14
15
16
17
18
19
20

 21
    exe.linkSystemLibrary("c");22
    exe.linkSystemLibrary("glfw");23
    exe.linkSystemLibrary("epoxy");24
    exe.install();25
 26

27
    const run = exe.run();28
    run.step.dependOn(b.getInstallStep());29
    play.dependOn(&run.step);30
}31



MAINTAIN IT WITH ZIG 🔧
Use zig build for a consistent, cross-platform command-line interface.

Level 2: zig build

andy@ark ~/d/tetris (main)> zig build -h
Usage: zig build [steps] [options]

  play                         Play the game

1
2

 3
Steps:4
  install (default)            Copy build artifacts to prefix path5
  uninstall                    Remove build artifacts from prefix path6

7
 8
General Options:9
  -p, --prefix [path]          Override default install prefix10
  --prefix-lib-dir [path]      Override default library directory path11
  --prefix-exe-dir [path]      Override default executable directory path12
  --prefix-include-dir [path]  Override default include directory path13
 14
  --sysroot [path]             Set the system root directory (usually /)15
  --search-prefix [path]       Add a path to look for binaries, libraries, headers16
  --libc [file]                Provide a file which specifies libc paths17
 18
  -fdarling,  -fno-darling     Integration with system-installed Darling to19
                               execute macOS programs on Linux hosts20
                               (default: no)21
  -fqemu,     -fno-qemu        Integration with system-installed QEMU to execute22
                               foreign-architecture programs on Linux hosts23
                               (default: no)24
  --glibc-runtimes [path]      Enhances QEMU integration by providing glibc built25
                               for multiple foreign architectures, allowing26
                               execution of non-native programs that link with glibc.27
  -frosetta,  -fno-rosetta     Rely on Rosetta to execute x86_64 programs on28
                               ARM64 macOS hosts. (default: no)29
  -fwasmtime, -fno-wasmtime    Integration with system-installed wasmtime to30
                               execute WASI binaries. (default: no)31

fwine fno wine Integration with system installed Wine to execute32



MAINTAIN IT WITH ZIG 🔧
Use zig build for a consistent, cross-platform command-line interface.

Level 2: zig build

andy@ark ~/d/tetris (main)> zig build -h
Usage: zig build [steps] [options]

  play                         Play the game

1
2

 3
Steps:4
  install (default)            Copy build artifacts to prefix path5
  uninstall                    Remove build artifacts from prefix path6

7
 8
General Options:9
  -p, --prefix [path]          Override default install prefix10
  --prefix-lib-dir [path]      Override default library directory path11
  --prefix-exe-dir [path]      Override default executable directory path12
  --prefix-include-dir [path]  Override default include directory path13
 14
  --sysroot [path]             Set the system root directory (usually /)15
  --search-prefix [path]       Add a path to look for binaries, libraries, headers16
  --libc [file]                Provide a file which specifies libc paths17
 18
  -fdarling,  -fno-darling     Integration with system-installed Darling to19
                               execute macOS programs on Linux hosts20
                               (default: no)21
  -fqemu,     -fno-qemu        Integration with system-installed QEMU to execute22
                               foreign-architecture programs on Linux hosts23
                               (default: no)24
  --glibc-runtimes [path]      Enhances QEMU integration by providing glibc built25
                               for multiple foreign architectures, allowing26
                               execution of non-native programs that link with glibc.27
  -frosetta,  -fno-rosetta     Rely on Rosetta to execute x86_64 programs on28
                               ARM64 macOS hosts. (default: no)29
  -fwasmtime, -fno-wasmtime    Integration with system-installed wasmtime to30
                               execute WASI binaries. (default: no)31

fwine fno wine Integration with system installed Wine to execute32

  -Dwindows=[bool]             create windows build

  -frosetta,  -fno-rosetta     Rely on Rosetta to execute x86_64 programs on28
                               ARM64 macOS hosts. (default: no)29
  -fwasmtime, -fno-wasmtime    Integration with system-installed wasmtime to30
                               execute WASI binaries. (default: no)31
  -fwine,     -fno-wine        Integration with system-installed Wine to execute32

                               Windows programs on Linux hosts. (default: no)33
 34
  -h, --help                   Print this help and exit35
  --verbose                    Print commands before executing them36
  --color [auto|off|on]        Enable or disable colored error messages37
  --prominent-compile-errors   Output compile errors formatted for a human to read38
 39
Project-Specific Options:40
  -Drelease-safe=[bool]        Optimizations on and safety on41
  -Drelease-fast=[bool]        Optimizations on and safety off42
  -Drelease-small=[bool]       Size optimizations on and safety off43

44
 45
Advanced Options:46
  -fstage1                     Force using bootstrap compiler as the codegen backend47
  -fno-stage1                  Prevent using bootstrap compiler as the codegen backend48
  -freference-trace[=num]      How many lines of reference trace should be shown per compile error49
  -fno-reference-trace         Disable reference trace50
  --build-file [file]          Override path to build.zig51
  --cache-dir [path]           Override path to local Zig cache directory52
  --global-cache-dir [path]    Override path to global Zig cache directory53
  --zig-lib-dir [arg]          Override path to Zig lib directory54
  --debug-log [scope]          Enable debugging the compiler55
  --verbose-link               Enable compiler debug output for linking56
  --verbose-air                Enable compiler debug output for Zig AIR57
  --verbose-llvm-ir            Enable compiler debug output for LLVM IR58



PACKAGE MANAGER

Coming soon: fulfill C/C++/Zig dependencies with a built-in package manager

Level 2: zig build



How many steps does your README have in the "building from source" section?

Speaker notes



Maintain It With Zig 🔧
Level 3: Write a component in Zig



WRITING NEW CODE IN ZIG
Updating the build script

Level 3: Mixing C/C++/Zig

const std = @import("std");
 
pub fn build(b: *std.build.Builder) void {
    const target = b.standardTargetOptions(.{});
    const mode = b.standardReleaseOptions();
 
    const exe = b.addExecutable("foobar", null);
    exe.addCSourceFile("src/bar.c", &.{"-std=c99"});
    exe.setTarget(target);
    exe.setBuildMode(mode);
    exe.linkLibC();
    exe.install();
}

1
2
3
4
5
6
7
8
9
10
11
12
13



no dependencies are introduced; the project already depended on zig

Speaker notes



WRITING NEW CODE IN ZIG
Updating the build script

Level 3: Mixing C/C++/Zig

const std = @import("std");
 
pub fn build(b: *std.build.Builder) void {
    const target = b.standardTargetOptions(.{});
    const mode = b.standardReleaseOptions();
 
    const exe = b.addExecutable("foobar", null);
    exe.addCSourceFile("src/bar.c", &.{"-std=c99"});
    exe.setTarget(target);
    exe.setBuildMode(mode);
    exe.linkLibC();
    exe.install();
}

1
2
3
4
5
6
7
8
9
10
11
12
13

    const exe = b.addExecutable("foobar", null);

const std = @import("std");1
 2
pub fn build(b: *std.build.Builder) void {3
    const target = b.standardTargetOptions(.{});4
    const mode = b.standardReleaseOptions();5
 6

7
    exe.addCSourceFile("src/bar.c", &.{"-std=c99"});8
    exe.setTarget(target);9
    exe.setBuildMode(mode);10
    exe.linkLibC();11
    exe.install();12
}13



WRITING NEW CODE IN ZIG
Updating the build script

Level 3: Mixing C/C++/Zig

    const exe = b.addExecutable("foobar", "src/foo.zig");

const std = @import("std");1
 2
pub fn build(b: *std.build.Builder) void {3
    const target = b.standardTargetOptions(.{});4
    const mode = b.standardReleaseOptions();5
 6

7
    exe.addCSourceFile("src/bar.c", &.{"-std=c99"});8
    exe.setTarget(target);9
    exe.setBuildMode(mode);10
    exe.linkLibC();11
    exe.install();12
}13



no dependencies are introduced; the project already depended on zig

Speaker notes



WRITING NEW CODE IN ZIG
Updating the build script

Level 3: Mixing C/C++/Zig

    const exe = b.addExecutable("foobar", "src/foo.zig");

const std = @import("std");1
 2
pub fn build(b: *std.build.Builder) void {3
    const target = b.standardTargetOptions(.{});4
    const mode = b.standardReleaseOptions();5
 6

7
    exe.addCSourceFile("src/bar.c", &.{"-std=c99"});8
    exe.setTarget(target);9
    exe.setBuildMode(mode);10
    exe.linkLibC();11
    exe.install();12
}13

    const exe = b.addExecutable("foobar", "src/foo.zig");
    exe.addCSourceFile("src/bar.c", &.{"-std=c99"});

const std = @import("std");1
 2
pub fn build(b: *std.build.Builder) void {3
    const target = b.standardTargetOptions(.{});4
    const mode = b.standardReleaseOptions();5
 6

7
8

    exe.setTarget(target);9
    exe.setBuildMode(mode);10
    exe.linkLibC();11
    exe.install();12
}13



WRITING NEW CODE IN ZIG
foo.zig

Level 3: Mixing C/C++/Zig

const std = @import("std");
 
export fn dump_stack_trace() void {
    std.debug.dumpCurrentStackTrace(null);
}
 
export fn sum_array(ints_ptr: [*]const i32, ints_len: usize) i32 {
    return sumArray(ints_ptr[0..ints_len]);
}
 
fn sumArray(ints: []const i32) i32 {
    var sum: i32 = 0;
    for (ints) |int| {
        sum += int;
    }
    return sum;
}
 
pub const _start = void;

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19



WRITING NEW CODE IN ZIG
foo.zig

Level 3: Mixing C/C++/Zig

const std = @import("std");
 
export fn dump_stack_trace() void {
    std.debug.dumpCurrentStackTrace(null);
}
 
export fn sum_array(ints_ptr: [*]const i32, ints_len: usize) i32 {
    return sumArray(ints_ptr[0..ints_len]);
}
 
fn sumArray(ints: []const i32) i32 {
    var sum: i32 = 0;
    for (ints) |int| {
        sum += int;
    }
    return sum;
}
 
pub const _start = void;
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export fn dump_stack_trace() void {
    std.debug.dumpCurrentStackTrace(null);
}

const std = @import("std");1
 2

3
4
5

 6
export fn sum_array(ints_ptr: [*]const i32, ints_len: usize) i32 {7
    return sumArray(ints_ptr[0..ints_len]);8
}9
 10
fn sumArray(ints: []const i32) i32 {11
    var sum: i32 = 0;12
    for (ints) |int| {13
        sum += int;14
    }15
    return sum;16
}17
 18
pub const _start = void;19



WRITING NEW CODE IN ZIG
foo.zig

Level 3: Mixing C/C++/Zig

const std = @import("std");
 
export fn dump_stack_trace() void {
    std.debug.dumpCurrentStackTrace(null);
}
 
export fn sum_array(ints_ptr: [*]const i32, ints_len: usize) i32 {
    return sumArray(ints_ptr[0..ints_len]);
}
 
fn sumArray(ints: []const i32) i32 {
    var sum: i32 = 0;
    for (ints) |int| {
        sum += int;
    }
    return sum;
}
 
pub const _start = void;
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export fn dump_stack_trace() void {
    std.debug.dumpCurrentStackTrace(null);
}

const std = @import("std");1
 2

3
4
5

 6
export fn sum_array(ints_ptr: [*]const i32, ints_len: usize) i32 {7
    return sumArray(ints_ptr[0..ints_len]);8
}9
 10
fn sumArray(ints: []const i32) i32 {11
    var sum: i32 = 0;12
    for (ints) |int| {13
        sum += int;14
    }15
    return sum;16
}17
 18
pub const _start = void;19

fn sumArray(ints: []const i32) i32 {
    var sum: i32 = 0;
    for (ints) |int| {
        sum += int;
    }
    return sum;
}

const std = @import("std");1
 2
export fn dump_stack_trace() void {3
    std.debug.dumpCurrentStackTrace(null);4
}5
 6
export fn sum_array(ints_ptr: [*]const i32, ints_len: usize) i32 {7
    return sumArray(ints_ptr[0..ints_len]);8
}9
 10

11
12
13
14
15
16
17

 18
pub const _start = void;19



WRITING NEW CODE IN ZIG
foo.zig

Level 3: Mixing C/C++/Zig

const std = @import("std");
 
export fn dump_stack_trace() void {
    std.debug.dumpCurrentStackTrace(null);
}
 
export fn sum_array(ints_ptr: [*]const i32, ints_len: usize) i32 {
    return sumArray(ints_ptr[0..ints_len]);
}
 
fn sumArray(ints: []const i32) i32 {
    var sum: i32 = 0;
    for (ints) |int| {
        sum += int;
    }
    return sum;
}
 
pub const _start = void;
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export fn dump_stack_trace() void {
    std.debug.dumpCurrentStackTrace(null);
}

const std = @import("std");1
 2

3
4
5

 6
export fn sum_array(ints_ptr: [*]const i32, ints_len: usize) i32 {7
    return sumArray(ints_ptr[0..ints_len]);8
}9
 10
fn sumArray(ints: []const i32) i32 {11
    var sum: i32 = 0;12
    for (ints) |int| {13
        sum += int;14
    }15
    return sum;16
}17
 18
pub const _start = void;19

fn sumArray(ints: []const i32) i32 {
    var sum: i32 = 0;
    for (ints) |int| {
        sum += int;
    }
    return sum;
}

const std = @import("std");1
 2
export fn dump_stack_trace() void {3
    std.debug.dumpCurrentStackTrace(null);4
}5
 6
export fn sum_array(ints_ptr: [*]const i32, ints_len: usize) i32 {7
    return sumArray(ints_ptr[0..ints_len]);8
}9
 10

11
12
13
14
15
16
17

 18
pub const _start = void;19

export fn sum_array(ints_ptr: [*]const i32, ints_len: usize) i32 {
    return sumArray(ints_ptr[0..ints_len]);
}

const std = @import("std");1
 2
export fn dump_stack_trace() void {3
    std.debug.dumpCurrentStackTrace(null);4
}5
 6

7
8
9

 10
fn sumArray(ints: []const i32) i32 {11
    var sum: i32 = 0;12
    for (ints) |int| {13
        sum += int;14
    }15
    return sum;16
}17
 18
pub const _start = void;19



WRITING NEW CODE IN ZIG
foo.zig

Level 3: Mixing C/C++/Zig

const std = @import("std");
 
export fn dump_stack_trace() void {
    std.debug.dumpCurrentStackTrace(null);
}
 
export fn sum_array(ints_ptr: [*]const i32, ints_len: usize) i32 {
    return sumArray(ints_ptr[0..ints_len]);
}
 
fn sumArray(ints: []const i32) i32 {
    var sum: i32 = 0;
    for (ints) |int| {
        sum += int;
    }
    return sum;
}
 
pub const _start = void;
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export fn dump_stack_trace() void {
    std.debug.dumpCurrentStackTrace(null);
}

const std = @import("std");1
 2

3
4
5

 6
export fn sum_array(ints_ptr: [*]const i32, ints_len: usize) i32 {7
    return sumArray(ints_ptr[0..ints_len]);8
}9
 10
fn sumArray(ints: []const i32) i32 {11
    var sum: i32 = 0;12
    for (ints) |int| {13
        sum += int;14
    }15
    return sum;16
}17
 18
pub const _start = void;19

fn sumArray(ints: []const i32) i32 {
    var sum: i32 = 0;
    for (ints) |int| {
        sum += int;
    }
    return sum;
}

const std = @import("std");1
 2
export fn dump_stack_trace() void {3
    std.debug.dumpCurrentStackTrace(null);4
}5
 6
export fn sum_array(ints_ptr: [*]const i32, ints_len: usize) i32 {7
    return sumArray(ints_ptr[0..ints_len]);8
}9
 10

11
12
13
14
15
16
17

 18
pub const _start = void;19

export fn sum_array(ints_ptr: [*]const i32, ints_len: usize) i32 {
    return sumArray(ints_ptr[0..ints_len]);
}

const std = @import("std");1
 2
export fn dump_stack_trace() void {3
    std.debug.dumpCurrentStackTrace(null);4
}5
 6

7
8
9

 10
fn sumArray(ints: []const i32) i32 {11
    var sum: i32 = 0;12
    for (ints) |int| {13
        sum += int;14
    }15
    return sum;16
}17
 18
pub const _start = void;19 pub const _start = void;

const std = @import("std");1
 2
export fn dump_stack_trace() void {3
    std.debug.dumpCurrentStackTrace(null);4
}5
 6
export fn sum_array(ints_ptr: [*]const i32, ints_len: usize) i32 {7
    return sumArray(ints_ptr[0..ints_len]);8
}9
 10
fn sumArray(ints: []const i32) i32 {11
    var sum: i32 = 0;12
    for (ints) |int| {13
        sum += int;14
    }15
    return sum;16
}17
 18

19



WRITING NEW CODE IN ZIG
bar.c

Level 3: Mixing C/C++/Zig

#include <stdio.h>
 
void dump_stack_trace(void);
int sum_array(int *ptr, size_t len);
 
static void foo(int dump) {
    if (dump) {
        dump_stack_trace();
    }
}
 
int main(int argc, char **argv) {
    int array[5] = {1, 0, 4, 5, 10};
    int result = sum_array(array, 5);
    printf("result: %d\n", result);
    foo(argc > 1);
    return 0;
}
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WRITING NEW CODE IN ZIG
bar.c

Level 3: Mixing C/C++/Zig

#include <stdio.h>
 
void dump_stack_trace(void);
int sum_array(int *ptr, size_t len);
 
static void foo(int dump) {
    if (dump) {
        dump_stack_trace();
    }
}
 
int main(int argc, char **argv) {
    int array[5] = {1, 0, 4, 5, 10};
    int result = sum_array(array, 5);
    printf("result: %d\n", result);
    foo(argc > 1);
    return 0;
}
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void dump_stack_trace(void);
int sum_array(int *ptr, size_t len);

#include <stdio.h>1
 2

3
4

 5
static void foo(int dump) {6
    if (dump) {7
        dump_stack_trace();8
    }9
}10
 11
int main(int argc, char **argv) {12
    int array[5] = {1, 0, 4, 5, 10};13
    int result = sum_array(array, 5);14
    printf("result: %d\n", result);15
    foo(argc > 1);16
    return 0;17
}18
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bar.c

Level 3: Mixing C/C++/Zig

#include <stdio.h>
 
void dump_stack_trace(void);
int sum_array(int *ptr, size_t len);
 
static void foo(int dump) {
    if (dump) {
        dump_stack_trace();
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}
 
int main(int argc, char **argv) {
    int array[5] = {1, 0, 4, 5, 10};
    int result = sum_array(array, 5);
    printf("result: %d\n", result);
    foo(argc > 1);
    return 0;
}
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void dump_stack_trace(void);
int sum_array(int *ptr, size_t len);

#include <stdio.h>1
 2

3
4

 5
static void foo(int dump) {6
    if (dump) {7
        dump_stack_trace();8
    }9
}10
 11
int main(int argc, char **argv) {12
    int array[5] = {1, 0, 4, 5, 10};13
    int result = sum_array(array, 5);14
    printf("result: %d\n", result);15
    foo(argc > 1);16
    return 0;17
}18

int main(int argc, char **argv) {
    int array[5] = {1, 0, 4, 5, 10};
    int result = sum_array(array, 5);
    printf("result: %d\n", result);

#include <stdio.h>1
 2
void dump_stack_trace(void);3
int sum_array(int *ptr, size_t len);4
 5
static void foo(int dump) {6
    if (dump) {7
        dump_stack_trace();8
    }9
}10
 11

12
13
14
15

    foo(argc > 1);16
    return 0;17
}18
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bar.c

Level 3: Mixing C/C++/Zig

#include <stdio.h>
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void dump_stack_trace(void);
int sum_array(int *ptr, size_t len);

#include <stdio.h>1
 2

3
4

 5
static void foo(int dump) {6
    if (dump) {7
        dump_stack_trace();8
    }9
}10
 11
int main(int argc, char **argv) {12
    int array[5] = {1, 0, 4, 5, 10};13
    int result = sum_array(array, 5);14
    printf("result: %d\n", result);15
    foo(argc > 1);16
    return 0;17
}18

int main(int argc, char **argv) {
    int array[5] = {1, 0, 4, 5, 10};
    int result = sum_array(array, 5);
    printf("result: %d\n", result);

#include <stdio.h>1
 2
void dump_stack_trace(void);3
int sum_array(int *ptr, size_t len);4
 5
static void foo(int dump) {6
    if (dump) {7
        dump_stack_trace();8
    }9
}10
 11

12
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14
15

    foo(argc > 1);16
    return 0;17
}18

static void foo(int dump) {
    if (dump) {
        dump_stack_trace();
    }
}

    foo(argc > 1);

#include <stdio.h>1
 2
void dump_stack_trace(void);3
int sum_array(int *ptr, size_t len);4
 5
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int main(int argc, char **argv) {12
    int array[5] = {1, 0, 4, 5, 10};13
    int result = sum_array(array, 5);14
    printf("result: %d\n", result);15

16
    return 0;17
}18
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int main(int argc, char **argv) {
    int array[5] = {1, 0, 4, 5, 10};
    int result = sum_array(array, 5);
    printf("result: %d\n", result);
    foo(argc > 1);
    return 0;
}

1
2
3
4
5
6
7

$ zig build -Drelease-fast
$ objdump -d zig-out/bin/foobar -Mintel | vim -

1
2

0000000000216380 <main>:
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  216399: bf 60 0d 20 00        mov    edi,0x200d60
  21639e: e8 fd e8 fe ff        call   204ca0 <debug.dumpCurrentStackTrace>
  2163a3: 31 c0                 xor    eax,eax
  2163a5: 5b                    pop    rbx
  2163a6: c3                    ret    
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14
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  216383: bf 19 26 20 00        mov    edi,0x202619
  216388: be 14 00 00 00        mov    esi,0x14
  21638d: 31 c0                 xor    eax,eax
  21638f: e8 4c 00 00 00        call   2163e0 <printf@plt>
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  216394: 83 fb 02              cmp    ebx,0x28
  216397: 7c 0a                 jl     2163a3 <main+0x23>9
  216399: bf 60 0d 20 00        mov    edi,0x200d6010
  21639e: e8 fd e8 fe ff        call   204ca0 <debug.dumpCurrentStackTrace>11
  2163a3: 31 c0                 xor    eax,eax12
  2163a5: 5b                    pop    rbx13
  2163a6: c3                    ret    14
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int main(int argc, char **argv) {
    int array[5] = {1, 0, 4, 5, 10};
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  216388: be 14 00 00 00        mov    esi,0x14

0000000000216380 <main>:1
  216380: 53                    push   rbx2
  216381: 89 fb                 mov    ebx,edi3
  216383: bf 19 26 20 00        mov    edi,0x2026194

5
  21638d: 31 c0                 xor    eax,eax6
  21638f: e8 4c 00 00 00        call   2163e0 <printf@plt>7
  216394: 83 fb 02              cmp    ebx,0x28
  216397: 7c 0a                 jl     2163a3 <main+0x23>9
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Let's play a game.



CATEGORY A CATEGORY B



Can anyone guess what the two categories are?
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CATEGORY A

  

StableDiffusion

 

®

CATEGORY B

 

 

 



Can anyone guess what the two categories are?
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NON-PROFITS

  

StableDiffusion

 

®

FOR-PROFITS

 

 

 



The red, green, blue box is GTK

OpenAI, the company behind DALL-E, is in fact a closed-source, for-profit company.

Anyone surprised about SQLite? We'll come back to that one.
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Profit = Revenue - Expenses
In a for-profit company, profit goes to the owners.

Success is defined by the owners gaining wealth.
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Non-Profits vs VC-backed Startups
At a non-profit, excess revenue is reinvested into the mission statement.

Success is defined by fulfillment of the mission.
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VC BACKED STARTUPS
It's very easy to predict the future of VC-backed startups.

They spend VC money to make a seductive, unsustainable product that customers flock to. 
 

Year 0



VC BACKED STARTUPS
It's very easy to predict the future of VC-backed startups.

The VCs squeeze their grip, the startup starts going to shit. Employees and customers suffer as they prepare
their "exit strategy".

Year 5



VC BACKED STARTUPS
It's very easy to predict the future of VC-backed startups.

Roll a d100. 99/100 they get bought by a large corporation as a talent acquisition. The company effectively
dies, leaving customers stranded, or awkwardly absorbed by the corporation.

Year 7



VC BACKED STARTUPS
It's very easy to predict the future of VC-backed startups.

1/100 they hockey stick. Twenty years pass and they are a large corporation. 
 

Year 20



Recognize these?

source: Wikipedia



Recognize these?

Wikipedia 
501(c)(3) Non-Profit

Google 
Limited Liability Company

source: Wikipedia



The wikipedia logo is from year 2000.

The google logo is from year 1997.

These were contemporary early web websites. Both highly regarded.
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Recognize these?

Wikipedia 
Still a 501(c)(3) Non-Profit

Still awesome!

Google 
Publicly Traded since 2004

Evil Large Corporation
source: Wikipedia



how many people in here used FitBit?

congratulations, google has your data whether you like it or not!

shady gym taking my money. simple bank was great until it wasn't. stopped supporting check sending
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PRIVATELY OWNED BUSINESSES



Sometimes it stays a family business, but that depends on brittle factors.

SQlite has a Consortium that companies can pay to join to get better support. This seems like an excellent business model, and has been working well so far.

SQLite is well-regarded. But we have yet to see the owners of Hipp, Wyrick & Company, Inc. reach retirement age. I wouldn't get surprised if the company gets sold.

EPIC acquired RAD
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A bit more stable.
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But probably the owner wants to retire and cash out.
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PRIVATELY OWNED BUSINESSES
A bit more stable.
But probably the owner wants to retire and cash out.
Case Study: Progressive Roofing
Case Study: RAD Game Tools
Case Study: SQLite
From the customer’s perspective, you have a bit more time to enjoy before the inevitable outcome.



ZIG SOFTWARE FOUNDATION



we don't have any runway to worry about

we have no VCs wanting a return on their investment

we can focus on our mission

I'm not the boss - the board of directors is. so you, the customer, know that ZSF will still operate according to the same mission when I'm gone.
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ZIG SOFTWARE FOUNDATION
We have achieved financial stability.
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ZIG SOFTWARE FOUNDATION
We have achieved financial stability.
We have released a useful, working product.
We have happy, talented, self-directed staff.
We have an ambitious roadmap.
We have a secure future.

We have already succeeded!
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ZIG IN ACTION
Zig is general-purpose, which means it gives you the tools to generate the best possible machine code for
the target, whether it is hardware or a virtual machine.
This makes it applicable to anything resembling a Vonn Neumann machine.
But there are some cases where Zig truly excels thanks to its conservative language design choices.



ZIG IN ACTION
Low-Level Infrastructure
Libraries to be used by higher level languages
High-performance applications

Real-Time Digital Audio Processing
Video Games
Databases

Resource-Constrained Environments
WebAssembly
Operating Systems
Embedded development



RIVER WINDOW MANAGER





River Window Manager
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Very cool of Jarred to put this section on the homepage for Bun. Thanks!
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ZIG IN ACTION
Low-Level Infrastructure
Libraries to be used by higher level languages
High-performance applications

Real-Time Digital Audio Processing
Video Games
Databases

Resource-Constrained Environments
WebAssembly
Operating Systems
Embedded development



ZIGLER



The level of degree of smooth integration that Isaac accomplished is incredible. Highly recommended to check this project out if you're an Erlang user.
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ZIGLER



VFX PLUGINS





Uses procedural generation to save many GiB of bandwidth on the network.
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VFX PLUGINS





ZIG IN ACTION
Low-Level Infrastructure
Libraries to be used by higher level languages
High-performance applications

Real-Time Digital Audio Processing
Video Games
Databases

Resource-Constrained Environments
WebAssembly
Operating Systems
Embedded development



DIGITAL AUDIO WORKSTATION





This was my original motivation for working on Zig. I was doing it in C++ but ran into difficult-to-debug undefined behavior. C++ footguns everywhere.

I also tried rewriting this in Rust but found it unproductive.

you can find this, honestly rather unhinged, blog post if you search for it

this was before Rust 1.0 and right now Zig is before 1.0

anyway I don't mean to bash Rust, I just thought this was an amusing old blog post since I didn't know I would be creating Zig at the time
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ZIG-GAMEDEV BY MICHAL Z





1. physically based rendering
2. audio experiments
3. bullet physics test
4. procedural mesh
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ZIG-GAMEDEV BY MICHAL Z





TIGERBEETLE



Mention that they recently gained independence from Coil
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ZIG IN ACTION
Low-Level Infrastructure
Libraries to be used by higher level languages
High-performance applications

Real-Time Digital Audio Processing
Video Games
Databases

Resource-Constrained Environments
Operating Systems
Embedded development
WebAssembly



UNMANNED STORE IN SILLERUD



The store was open at night with no employees

The test ran for a few months and Jens reported that there were zero bugs! That is a seriously impressive accomplishment.
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UNMANNED STORE IN SILLERUD





A unified abstraction layer and HAL for several microcontrollers.



BOKSOS



BOKSOS





WASM-4 GAMES
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WASM-4 GAMES



A TASTE OF ZIG



(Not to be confused with A Taste Of India).





MMM!! 5/5 stars.
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SOME HIGHLIGHTS
ArrayList
Inline for loops
MultiArrayList
AutoArrayHashMap
C Translation
Unit Testing
Untagged Union Safety



ArrayList
fn ArrayList(comptime T: type) type {
    return struct {
        items: []T,
        capacity: usize,
    };
}

1
2
3
4
5
6



zig is a small amount of orthogonal features that function elegantly together

"Focus on debugging your application, not your programming language"

Languages can be controversial but everyone agrees, like it or not, when you use Zig you spend the vast majority of your time dealing directly with your understanding of your application, as opposed to C++ where you're trying to figure out
esoteric language rules, or Rust where you're trying to appease the borrow checker with a worthy sacrifice.
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    return struct {
        items: []T,
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fn ArrayList(comptime T: type) type {1
    return struct {2
        items: []T,3
        capacity: usize,4
    };5
}6

    return struct {
        items: []T,
        capacity: usize,
    };

fn ArrayList(comptime T: type) type {1
2
3
4
5

}6



Inline Loops

fn dump(data: anytype) void {
    const T = @TypeOf(data);
    inline for (@typeInfo(T).Struct.fields) |field| {
        std.debug.print("{any}\n", .{@field(data, field.name)});
    }
}

const std = @import("std");1
const assert = std.debug.assert;2
 3
const Data = struct {4
    foo: Foo,5
    bytes: [8]u8,6
    ok: bool,7
};8
 9
const Foo = enum { hello, world };10
 11
pub fn main() void {12
    var d: Data = .{13
        .foo = .world,14
        .bytes = "abcdefgh".*,15
        .ok = true,16
    };17
    dump(d);18
}19
 20

21
22
23
24
25
26
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    inline for (@typeInfo(T).Struct.fields) |field| {23
        std.debug.print("{any}\n", .{@field(data, field.name)});24
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    var d: Data = .{13
        .foo = .world,14
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Inline Loops

fn dump(data: anytype) void {
    const T = @TypeOf(data);
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 9
const Foo = enum { hello, world };10
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    var d: Data = .{13
        .foo = .world,14
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        .ok = true,16
    };17
    dump(d);18
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    foo: Foo,
    bytes: [8]u8,
    ok: bool,
};
 
const Foo = enum { hello, world };

const std = @import("std");1
const assert = std.debug.assert;2
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    };17
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fn dump(data: anytype) void {21

22
    inline for (@typeInfo(T).Struct.fields) |field| {23
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const std = @import("std");1
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    foo: Foo,5
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};8
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    var d: Data = .{13
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        .bytes = "abcdefgh".*,15
        .ok = true,16
    };17
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    }25
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        std.debug.print("{any}\n", .{@field(data, field.name)});

const std = @import("std");1
const assert = std.debug.assert;2
 3
const Data = struct {4
    foo: Foo,5
    bytes: [8]u8,6
    ok: bool,7
};8
 9
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Inline Loops
const std = @import("std");
const assert = std.debug.assert;
 
const Data = struct {
    foo: Foo,
    bytes: [8]u8,
    ok: bool,
};
 
const Foo = enum { hello, world };
 
pub fn main() void {
    var d: Data = .{
        .foo = .world,
        .bytes = "abcdefgh".*,
        .ok = true,
    };
    dump(d);
}
 
fn dump(data: anytype) void {
    const T = @TypeOf(data);
    inline for (@typeInfo(T).Struct.fields) |field| {
        std.debug.print("{any}\n", .{@field(data, field.name)});
    }
}

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

$ zig run test.zig  
test.Foo.world 
{ 97, 98, 99, 100, 101, 102, 103, 104 } 
true



AutoArrayHashMap

test "basic AutoArrayHashMap usage" {
    var map = std.AutoArrayHashMap(i32, i32).init(std.testing.allocator);
    defer map.deinit();

const std = @import("std");1
const assert = std.debug.assert;2
const expect = std.testing.expect;3
 4

5
6
7

 8
    try map.put(1, 11);9
    try map.put(2, 22);10
    try expect(map.get(1).? == 11);11
    try expect(map.get(3) == null);12
 13
    {14
        const gop = try map.getOrPut(3);15
        if (!gop.found_existing) {16
            // Initialize directly into place.17
            gop.value_ptr.* = 33;18
        }19
    }20
 21
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2, 3 }));22
    try expect(std.mem.eql(i32, map.values(), &.{ 11, 22, 33 }));23
}24
 25
test "using AutoArrayHashMap as an ordered set" {26
    var map = std.AutoArrayHashMap(i32, void).init(std.testing.allocator);27
    defer map.deinit();28
 29
    try map.put(1, {});30
    try map.put(2, {});31
    try expect(map.contains(1));32
    try expect(!map.contains(3));33
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2 }));34
}35
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 4
test "basic AutoArrayHashMap usage" {5
    var map = std.AutoArrayHashMap(i32, i32).init(std.testing.allocator);6
    defer map.deinit();7
 8
    try map.put(1, 11);9
    try map.put(2, 22);10
    try expect(map.get(1).? == 11);11
    try expect(map.get(3) == null);12
 13
    {14
        const gop = try map.getOrPut(3);15
        if (!gop.found_existing) {16
            // Initialize directly into place.17
            gop.value_ptr.* = 33;18
        }19
    }20
 21
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2, 3 }));22
    try expect(std.mem.eql(i32, map.values(), &.{ 11, 22, 33 }));23
}24
 25

26
27
28

 29
    try map.put(1, {});30
    try map.put(2, {});31
    try expect(map.contains(1));32
    try expect(!map.contains(3));33
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2 }));34
}35
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test "basic AutoArrayHashMap usage" {
    var map = std.AutoArrayHashMap(i32, i32).init(std.testing.allocator);
    defer map.deinit();

const std = @import("std");1
const assert = std.debug.assert;2
const expect = std.testing.expect;3
 4

5
6
7

 8
    try map.put(1, 11);9
    try map.put(2, 22);10
    try expect(map.get(1).? == 11);11
    try expect(map.get(3) == null);12
 13
    {14
        const gop = try map.getOrPut(3);15
        if (!gop.found_existing) {16
            // Initialize directly into place.17
            gop.value_ptr.* = 33;18
        }19
    }20
 21
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2, 3 }));22
    try expect(std.mem.eql(i32, map.values(), &.{ 11, 22, 33 }));23
}24
 25
test "using AutoArrayHashMap as an ordered set" {26
    var map = std.AutoArrayHashMap(i32, void).init(std.testing.allocator);27
    defer map.deinit();28
 29
    try map.put(1, {});30
    try map.put(2, {});31
    try expect(map.contains(1));32
    try expect(!map.contains(3));33
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2 }));34
}35

    try map.put(1, 11);
    try map.put(2, 22);
    try expect(map.get(1).? == 11);
    try expect(map.get(3) == null);

const std = @import("std");1
const assert = std.debug.assert;2
const expect = std.testing.expect;3
 4
test "basic AutoArrayHashMap usage" {5
    var map = std.AutoArrayHashMap(i32, i32).init(std.testing.allocator);6
    defer map.deinit();7
 8

9
10
11
12

 13
    {14
        const gop = try map.getOrPut(3);15
        if (!gop.found_existing) {16
            // Initialize directly into place.17
            gop.value_ptr.* = 33;18
        }19
    }20
 21
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2, 3 }));22
    try expect(std.mem.eql(i32, map.values(), &.{ 11, 22, 33 }));23
}24
 25
test "using AutoArrayHashMap as an ordered set" {26
    var map = std.AutoArrayHashMap(i32, void).init(std.testing.allocator);27
    defer map.deinit();28
 29
    try map.put(1, {});30
    try map.put(2, {});31
    try expect(map.contains(1));32
    try expect(!map.contains(3));33
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2 }));34
}35

        const gop = try map.getOrPut(3);
        if (!gop.found_existing) {
            // Initialize directly into place.
            gop.value_ptr.* = 33;
        }

const std = @import("std");1
const assert = std.debug.assert;2
const expect = std.testing.expect;3
 4
test "basic AutoArrayHashMap usage" {5
    var map = std.AutoArrayHashMap(i32, i32).init(std.testing.allocator);6
    defer map.deinit();7
 8
    try map.put(1, 11);9
    try map.put(2, 22);10
    try expect(map.get(1).? == 11);11
    try expect(map.get(3) == null);12
 13
    {14

15
16
17
18
19

    }20
 21
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2, 3 }));22
    try expect(std.mem.eql(i32, map.values(), &.{ 11, 22, 33 }));23
}24
 25
test "using AutoArrayHashMap as an ordered set" {26
    var map = std.AutoArrayHashMap(i32, void).init(std.testing.allocator);27
    defer map.deinit();28
 29
    try map.put(1, {});30
    try map.put(2, {});31
    try expect(map.contains(1));32
    try expect(!map.contains(3));33
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2 }));34
}35

    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2, 3 }));
    try expect(std.mem.eql(i32, map.values(), &.{ 11, 22, 33 }));

const std = @import("std");1
const assert = std.debug.assert;2
const expect = std.testing.expect;3
 4
test "basic AutoArrayHashMap usage" {5
    var map = std.AutoArrayHashMap(i32, i32).init(std.testing.allocator);6
    defer map.deinit();7
 8
    try map.put(1, 11);9
    try map.put(2, 22);10
    try expect(map.get(1).? == 11);11
    try expect(map.get(3) == null);12
 13
    {14
        const gop = try map.getOrPut(3);15
        if (!gop.found_existing) {16
            // Initialize directly into place.17
            gop.value_ptr.* = 33;18
        }19
    }20
 21

22
23

}24
 25
test "using AutoArrayHashMap as an ordered set" {26
    var map = std.AutoArrayHashMap(i32, void).init(std.testing.allocator);27
    defer map.deinit();28
 29
    try map.put(1, {});30
    try map.put(2, {});31
    try expect(map.contains(1));32
    try expect(!map.contains(3));33
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2 }));34
}35

test "using AutoArrayHashMap as an ordered set" {
    var map = std.AutoArrayHashMap(i32, void).init(std.testing.allocator);
    defer map.deinit();

const std = @import("std");1
const assert = std.debug.assert;2
const expect = std.testing.expect;3
 4
test "basic AutoArrayHashMap usage" {5
    var map = std.AutoArrayHashMap(i32, i32).init(std.testing.allocator);6
    defer map.deinit();7
 8
    try map.put(1, 11);9
    try map.put(2, 22);10
    try expect(map.get(1).? == 11);11
    try expect(map.get(3) == null);12
 13
    {14
        const gop = try map.getOrPut(3);15
        if (!gop.found_existing) {16
            // Initialize directly into place.17
            gop.value_ptr.* = 33;18
        }19
    }20
 21
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2, 3 }));22
    try expect(std.mem.eql(i32, map.values(), &.{ 11, 22, 33 }));23
}24
 25

26
27
28

 29
    try map.put(1, {});30
    try map.put(2, {});31
    try expect(map.contains(1));32
    try expect(!map.contains(3));33
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2 }));34
}35

    try map.put(1, {});
    try map.put(2, {});
    try expect(map.contains(1));
    try expect(!map.contains(3));
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2 }));

const std = @import( std );1
const assert = std.debug.assert;2
const expect = std.testing.expect;3
 4
test "basic AutoArrayHashMap usage" {5
    var map = std.AutoArrayHashMap(i32, i32).init(std.testing.allocator);6
    defer map.deinit();7
 8
    try map.put(1, 11);9
    try map.put(2, 22);10
    try expect(map.get(1).? == 11);11
    try expect(map.get(3) == null);12
 13
    {14
        const gop = try map.getOrPut(3);15
        if (!gop.found_existing) {16
            // Initialize directly into place.17
            gop.value_ptr.* = 33;18
        }19
    }20
 21
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2, 3 }));22
    try expect(std.mem.eql(i32, map.values(), &.{ 11, 22, 33 }));23
}24
 25
test "using AutoArrayHashMap as an ordered set" {26
    var map = std.AutoArrayHashMap(i32, void).init(std.testing.allocator);27
    defer map.deinit();28
 29

30
31
32
33
34

}35
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test "basic AutoArrayHashMap usage" {
    var map = std.AutoArrayHashMap(i32, i32).init(std.testing.allocator);
    defer map.deinit();

const std = @import("std");1
const assert = std.debug.assert;2
const expect = std.testing.expect;3
 4

5
6
7

 8
    try map.put(1, 11);9
    try map.put(2, 22);10
    try expect(map.get(1).? == 11);11
    try expect(map.get(3) == null);12
 13
    {14
        const gop = try map.getOrPut(3);15
        if (!gop.found_existing) {16
            // Initialize directly into place.17
            gop.value_ptr.* = 33;18
        }19
    }20
 21
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2, 3 }));22
    try expect(std.mem.eql(i32, map.values(), &.{ 11, 22, 33 }));23
}24
 25
test "using AutoArrayHashMap as an ordered set" {26
    var map = std.AutoArrayHashMap(i32, void).init(std.testing.allocator);27
    defer map.deinit();28
 29
    try map.put(1, {});30
    try map.put(2, {});31
    try expect(map.contains(1));32
    try expect(!map.contains(3));33
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2 }));34
}35

    try map.put(1, 11);
    try map.put(2, 22);
    try expect(map.get(1).? == 11);
    try expect(map.get(3) == null);

const std = @import("std");1
const assert = std.debug.assert;2
const expect = std.testing.expect;3
 4
test "basic AutoArrayHashMap usage" {5
    var map = std.AutoArrayHashMap(i32, i32).init(std.testing.allocator);6
    defer map.deinit();7
 8

9
10
11
12

 13
    {14
        const gop = try map.getOrPut(3);15
        if (!gop.found_existing) {16
            // Initialize directly into place.17
            gop.value_ptr.* = 33;18
        }19
    }20
 21
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2, 3 }));22
    try expect(std.mem.eql(i32, map.values(), &.{ 11, 22, 33 }));23
}24
 25
test "using AutoArrayHashMap as an ordered set" {26
    var map = std.AutoArrayHashMap(i32, void).init(std.testing.allocator);27
    defer map.deinit();28
 29
    try map.put(1, {});30
    try map.put(2, {});31
    try expect(map.contains(1));32
    try expect(!map.contains(3));33
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2 }));34
}35

        const gop = try map.getOrPut(3);
        if (!gop.found_existing) {
            // Initialize directly into place.
            gop.value_ptr.* = 33;
        }

const std = @import("std");1
const assert = std.debug.assert;2
const expect = std.testing.expect;3
 4
test "basic AutoArrayHashMap usage" {5
    var map = std.AutoArrayHashMap(i32, i32).init(std.testing.allocator);6
    defer map.deinit();7
 8
    try map.put(1, 11);9
    try map.put(2, 22);10
    try expect(map.get(1).? == 11);11
    try expect(map.get(3) == null);12
 13
    {14

15
16
17
18
19

    }20
 21
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2, 3 }));22
    try expect(std.mem.eql(i32, map.values(), &.{ 11, 22, 33 }));23
}24
 25
test "using AutoArrayHashMap as an ordered set" {26
    var map = std.AutoArrayHashMap(i32, void).init(std.testing.allocator);27
    defer map.deinit();28
 29
    try map.put(1, {});30
    try map.put(2, {});31
    try expect(map.contains(1));32
    try expect(!map.contains(3));33
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2 }));34
}35

    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2, 3 }));
    try expect(std.mem.eql(i32, map.values(), &.{ 11, 22, 33 }));

const std = @import("std");1
const assert = std.debug.assert;2
const expect = std.testing.expect;3
 4
test "basic AutoArrayHashMap usage" {5
    var map = std.AutoArrayHashMap(i32, i32).init(std.testing.allocator);6
    defer map.deinit();7
 8
    try map.put(1, 11);9
    try map.put(2, 22);10
    try expect(map.get(1).? == 11);11
    try expect(map.get(3) == null);12
 13
    {14
        const gop = try map.getOrPut(3);15
        if (!gop.found_existing) {16
            // Initialize directly into place.17
            gop.value_ptr.* = 33;18
        }19
    }20
 21

22
23

}24
 25
test "using AutoArrayHashMap as an ordered set" {26
    var map = std.AutoArrayHashMap(i32, void).init(std.testing.allocator);27
    defer map.deinit();28
 29
    try map.put(1, {});30
    try map.put(2, {});31
    try expect(map.contains(1));32
    try expect(!map.contains(3));33
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2 }));34
}35

test "using AutoArrayHashMap as an ordered set" {
    var map = std.AutoArrayHashMap(i32, void).init(std.testing.allocator);
    defer map.deinit();

const std = @import("std");1
const assert = std.debug.assert;2
const expect = std.testing.expect;3
 4
test "basic AutoArrayHashMap usage" {5
    var map = std.AutoArrayHashMap(i32, i32).init(std.testing.allocator);6
    defer map.deinit();7
 8
    try map.put(1, 11);9
    try map.put(2, 22);10
    try expect(map.get(1).? == 11);11
    try expect(map.get(3) == null);12
 13
    {14
        const gop = try map.getOrPut(3);15
        if (!gop.found_existing) {16
            // Initialize directly into place.17
            gop.value_ptr.* = 33;18
        }19
    }20
 21
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2, 3 }));22
    try expect(std.mem.eql(i32, map.values(), &.{ 11, 22, 33 }));23
}24
 25

26
27
28

 29
    try map.put(1, {});30
    try map.put(2, {});31
    try expect(map.contains(1));32
    try expect(!map.contains(3));33
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2 }));34
}35

    try map.put(1, {});
    try map.put(2, {});
    try expect(map.contains(1));
    try expect(!map.contains(3));
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2 }));

const std = @import("std");1
const assert = std.debug.assert;2
const expect = std.testing.expect;3
 4
test "basic AutoArrayHashMap usage" {5
    var map = std.AutoArrayHashMap(i32, i32).init(std.testing.allocator);6
    defer map.deinit();7
 8
    try map.put(1, 11);9
    try map.put(2, 22);10
    try expect(map.get(1).? == 11);11
    try expect(map.get(3) == null);12
 13
    {14
        const gop = try map.getOrPut(3);15
        if (!gop.found_existing) {16
            // Initialize directly into place.17
            gop.value_ptr.* = 33;18
        }19
    }20
 21
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2, 3 }));22
    try expect(std.mem.eql(i32, map.values(), &.{ 11, 22, 33 }));23
}24
 25
test "using AutoArrayHashMap as an ordered set" {26
    var map = std.AutoArrayHashMap(i32, void).init(std.testing.allocator);27
    defer map.deinit();28
 29

30
31
32
33
34

}35

    defer map.deinit();

const std = @import( std );1
const assert = std.debug.assert;2
const expect = std.testing.expect;3
 4
test "basic AutoArrayHashMap usage" {5
    var map = std.AutoArrayHashMap(i32, i32).init(std.testing.allocator);6
    defer map.deinit();7
 8
    try map.put(1, 11);9
    try map.put(2, 22);10
    try expect(map.get(1).? == 11);11
    try expect(map.get(3) == null);12
 13
    {14
        const gop = try map.getOrPut(3);15
        if (!gop.found_existing) {16
            // Initialize directly into place.17
            gop.value_ptr.* = 33;18
        }19
    }20
 21
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2, 3 }));22
    try expect(std.mem.eql(i32, map.values(), &.{ 11, 22, 33 }));23
}24
 25
test "using AutoArrayHashMap as an ordered set" {26
    var map = std.AutoArrayHashMap(i32, void).init(std.testing.allocator);27

28
 29
    try map.put(1, {});30
    try map.put(2, {});31
    try expect(map.contains(1));32
    try expect(!map.contains(3));33
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2 }));34
}35
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const std = @import("std");1
const assert = std.debug.assert;2
const expect = std.testing.expect;3
 4
test "basic AutoArrayHashMap usage" {5
    var map = std.AutoArrayHashMap(i32, i32).init(std.testing.allocator);6
    defer map.deinit();7
 8
    try map.put(1, 11);9
    try map.put(2, 22);10
    try expect(map.get(1).? == 11);11
    try expect(map.get(3) == null);12
 13
    {14
        const gop = try map.getOrPut(3);15
        if (!gop.found_existing) {16
            // Initialize directly into place.17
            gop.value_ptr.* = 33;18
        }19
    }20
 21
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2, 3 }));22
    try expect(std.mem.eql(i32, map.values(), &.{ 11, 22, 33 }));23
}24
 25
test "using AutoArrayHashMap as an ordered set" {26
    var map = std.AutoArrayHashMap(i32, void).init(std.testing.allocator);27

28
    try map.put(1, {});29
    try map.put(2, {});30
    try expect(map.contains(1));31
    try expect(!map.contains(3));32
    try expect(std.mem.eql(i32, map.keys(), &.{ 1, 2 }));33
}34



AutoArrayHashMap



MultiArrayList



MultiArrayList

pub fn MultiArrayList(comptime S: type) type {
    return struct {
        bytes: [*]align(@alignOf(S)) u8 = undefined,
        len: usize = 0,
        capacity: usize = 0,

const std = @import("std.zig");1
const builtin = @import("builtin");2
const assert = std.debug.assert;3
const meta = std.meta;4
const mem = std.mem;5
const Allocator = mem.Allocator;6
const testing = std.testing;7
 8
/// A MultiArrayList stores a list of a struct type.9
/// Instead of storing a single list of items, MultiArrayList10
/// stores separate lists for each field of the struct.11
/// This allows for memory savings if the struct has padding,12
/// and also improves cache usage if only some fields are needed13
/// for a computation.  The primary API for accessing fields is14
/// the `slice()` function, which computes the start pointers15
/// for the array of each field.  From the slice you can call16
/// `.items(.<field_name>)` to obtain a slice of field values.17

18
19
20
21
22

 23
        pub const Elem = S;24
 25
        pub const Field = meta.FieldEnum(S);26
 27
        /// A MultiArrayList.Slice contains cached start pointers for each field in the list.28
        /// These pointers are not normally stored to reduce the size of the list in memory.29
        /// If you are accessing multiple fields, call slice() first to compute the pointers,30
        /// and then get the field arrays from the slice.31
        pub const Slice = struct {32
            /// This array is indexed by the field index which can be obtained33
            /// by using @enumToInt() on the Field enum34

ptrs: [fields len][*]u835
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MultiArrayList

pub fn MultiArrayList(comptime S: type) type {
    return struct {
        bytes: [*]align(@alignOf(S)) u8 = undefined,
        len: usize = 0,
        capacity: usize = 0,

const std = @import("std.zig");1
const builtin = @import("builtin");2
const assert = std.debug.assert;3
const meta = std.meta;4
const mem = std.mem;5
const Allocator = mem.Allocator;6
const testing = std.testing;7
 8
/// A MultiArrayList stores a list of a struct type.9
/// Instead of storing a single list of items, MultiArrayList10
/// stores separate lists for each field of the struct.11
/// This allows for memory savings if the struct has padding,12
/// and also improves cache usage if only some fields are needed13
/// for a computation.  The primary API for accessing fields is14
/// the `slice()` function, which computes the start pointers15
/// for the array of each field.  From the slice you can call16
/// `.items(.<field_name>)` to obtain a slice of field values.17

18
19
20
21
22

 23
        pub const Elem = S;24
 25
        pub const Field = meta.FieldEnum(S);26
 27
        /// A MultiArrayList.Slice contains cached start pointers for each field in the list.28
        /// These pointers are not normally stored to reduce the size of the list in memory.29
        /// If you are accessing multiple fields, call slice() first to compute the pointers,30
        /// and then get the field arrays from the slice.31
        pub const Slice = struct {32
            /// This array is indexed by the field index which can be obtained33
            /// by using @enumToInt() on the Field enum34

ptrs: [fields len][*]u835

        /// Overwrite one array element with new data.
        pub fn set(self: *Self, index: usize, elem: S) void {
            const slices = self.slice();
            inline for (fields) |field_info, i| {
                slices.items(@intToEnum(Field, i))[index] = @field(elem, field_info.name);
            }

                .capacity = self.capacity,132
            };133
            var ptr: [*]u8 = self.bytes;134
            for (sizes.bytes) |field_size, i| {135
                result.ptrs[sizes.fields[i]] = ptr;136
                ptr += field_size * self.capacity;137
            }138
            return result;139
        }140
 141
        /// Get the slice of values for a specified field.142
        /// If you need multiple fields, consider calling slice()143
        /// instead.144
        pub fn items(self: Self, comptime field: Field) []FieldType(field) {145
            return self.slice().items(field);146
        }147
 148

149
150
151
152
153
154

        }155
 156
        /// Obtain all the data for one array element.157
        pub fn get(self: Self, index: usize) S {158
            const slices = self.slice();159
            var result: S = undefined;160
            inline for (fields) |field_info, i| {161
                @field(result, field_info.name) = slices.items(@intToEnum(Field, i))[index];162
            }163
            return result;164
        }165
 166



MultiArrayList

pub fn MultiArrayList(comptime S: type) type {
    return struct {
        bytes: [*]align(@alignOf(S)) u8 = undefined,
        len: usize = 0,
        capacity: usize = 0,

const std = @import("std.zig");1
const builtin = @import("builtin");2
const assert = std.debug.assert;3
const meta = std.meta;4
const mem = std.mem;5
const Allocator = mem.Allocator;6
const testing = std.testing;7
 8
/// A MultiArrayList stores a list of a struct type.9
/// Instead of storing a single list of items, MultiArrayList10
/// stores separate lists for each field of the struct.11
/// This allows for memory savings if the struct has padding,12
/// and also improves cache usage if only some fields are needed13
/// for a computation.  The primary API for accessing fields is14
/// the `slice()` function, which computes the start pointers15
/// for the array of each field.  From the slice you can call16
/// `.items(.<field_name>)` to obtain a slice of field values.17

18
19
20
21
22

 23
        pub const Elem = S;24
 25
        pub const Field = meta.FieldEnum(S);26
 27
        /// A MultiArrayList.Slice contains cached start pointers for each field in the list.28
        /// These pointers are not normally stored to reduce the size of the list in memory.29
        /// If you are accessing multiple fields, call slice() first to compute the pointers,30
        /// and then get the field arrays from the slice.31
        pub const Slice = struct {32
            /// This array is indexed by the field index which can be obtained33
            /// by using @enumToInt() on the Field enum34

ptrs: [fields len][*]u835

const std = @import("std.zig");1
const builtin = @import("builtin");2
const assert = std.debug.assert;3
const meta = std.meta;4
const mem = std.mem;5
const Allocator = mem.Allocator;6
const testing = std.testing;7
 8
/// A MultiArrayList stores a list of a struct type.9
/// Instead of storing a single list of items, MultiArrayList10
/// stores separate lists for each field of the struct.11
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                pub fn swap(sc: @This(), a_index: usize, b_index: usize) void {
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            std.sort.sortContext(self.len, SortContext{432

.sub ctx = ctx,433
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                sub_ctx: @TypeOf(ctx),

        /// Create a copy of this list with a new backing store,392
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            });435
        }436
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        fn capacityInBytes(capacity: usize) usize {438
            const sizes_vector: @Vector(sizes.bytes.len, usize) = sizes.bytes;439



MultiArrayList

pub fn MultiArrayList(comptime S: type) type {
    return struct {
        bytes: [*]align(@alignOf(S)) u8 = undefined,
        len: usize = 0,
        capacity: usize = 0,

const std = @import("std.zig");1
const builtin = @import("builtin");2
const assert = std.debug.assert;3
const meta = std.meta;4
const mem = std.mem;5
const Allocator = mem.Allocator;6
const testing = std.testing;7
 8
/// A MultiArrayList stores a list of a struct type.9
/// Instead of storing a single list of items, MultiArrayList10
/// stores separate lists for each field of the struct.11
/// This allows for memory savings if the struct has padding,12
/// and also improves cache usage if only some fields are needed13
/// for a computation.  The primary API for accessing fields is14
/// the `slice()` function, which computes the start pointers15
/// for the array of each field.  From the slice you can call16
/// `.items(.<field_name>)` to obtain a slice of field values.17

18
19
20
21
22

 23
        pub const Elem = S;24
 25
        pub const Field = meta.FieldEnum(S);26
 27
        /// A MultiArrayList.Slice contains cached start pointers for each field in the list.28
        /// These pointers are not normally stored to reduce the size of the list in memory.29
        /// If you are accessing multiple fields, call slice() first to compute the pointers,30
        /// and then get the field arrays from the slice.31
        pub const Slice = struct {32
            /// This array is indexed by the field index which can be obtained33
            /// by using @enumToInt() on the Field enum34

ptrs: [fields len][*]u835

const std = @import("std.zig");1
const builtin = @import("builtin");2
const assert = std.debug.assert;3
const meta = std.meta;4
const mem = std.mem;5
const Allocator = mem.Allocator;6
const testing = std.testing;7
 8
/// A MultiArrayList stores a list of a struct type.9
/// Instead of storing a single list of items, MultiArrayList10
/// stores separate lists for each field of the struct.11
/// This allows for memory savings if the struct has padding,12
/// and also improves cache usage if only some fields are needed13
/// for a computation.  The primary API for accessing fields is14
/// the `slice()` function, which computes the start pointers15
/// for the array of each field.  From the slice you can call16
/// `.items(.<field_name>)` to obtain a slice of field values.17
pub fn MultiArrayList(comptime S: type) type {18
    return struct {19
        bytes: [*]align(@alignOf(S)) u8 = undefined,20
        len: usize = 0,21
        capacity: usize = 0,22
 23
        pub const Elem = S;24
 25
        pub const Field = meta.FieldEnum(S);26
 27
        /// A MultiArrayList.Slice contains cached start pointers for each field in the list.28
        /// These pointers are not normally stored to reduce the size of the list in memory.29
        /// If you are accessing multiple fields, call slice() first to compute the pointers,30
        /// and then get the field arrays from the slice.31
        pub const Slice = struct {32
            /// This array is indexed by the field index which can be obtained33
            /// by using @enumToInt() on the Field enum34

ptrs: [fields len][*]u835

const std = @import("std.zig");1
const builtin = @import("builtin");2
const assert = std.debug.assert;3
const meta = std.meta;4
const mem = std.mem;5
const Allocator = mem.Allocator;6
const testing = std.testing;7
 8
/// A MultiArrayList stores a list of a struct type.9
/// Instead of storing a single list of items, MultiArrayList10
/// stores separate lists for each field of the struct.11
/// This allows for memory savings if the struct has padding,12
/// and also improves cache usage if only some fields are needed13
/// for a computation.  The primary API for accessing fields is14
/// the `slice()` function, which computes the start pointers15
/// for the array of each field.  From the slice you can call16
/// `.items(.<field_name>)` to obtain a slice of field values.17
pub fn MultiArrayList(comptime S: type) type {18
    return struct {19
        bytes: [*]align(@alignOf(S)) u8 = undefined,20
        len: usize = 0,21
        capacity: usize = 0,22
 23
        pub const Elem = S;24
 25
        pub const Field = meta.FieldEnum(S);26
 27
        /// A MultiArrayList.Slice contains cached start pointers for each field in the list.28
        /// These pointers are not normally stored to reduce the size of the list in memory.29
        /// If you are accessing multiple fields, call slice() first to compute the pointers,30
        /// and then get the field arrays from the slice.31
        pub const Slice = struct {32
            /// This array is indexed by the field index which can be obtained33
            /// by using @enumToInt() on the Field enum34

ptrs: [fields len][*]u835

const std = @import("std.zig");1
const builtin = @import("builtin");2
const assert = std.debug.assert;3
const meta = std.meta;4
const mem = std.mem;5
const Allocator = mem.Allocator;6
const testing = std.testing;7
 8
/// A MultiArrayList stores a list of a struct type.9
/// Instead of storing a single list of items, MultiArrayList10
/// stores separate lists for each field of the struct.11
/// This allows for memory savings if the struct has padding,12
/// and also improves cache usage if only some fields are needed13
/// for a computation.  The primary API for accessing fields is14
/// the `slice()` function, which computes the start pointers15
/// for the array of each field.  From the slice you can call16
/// `.items(.<field_name>)` to obtain a slice of field values.17
pub fn MultiArrayList(comptime S: type) type {18
    return struct {19
        bytes: [*]align(@alignOf(S)) u8 = undefined,20
        len: usize = 0,21
        capacity: usize = 0,22
 23
        pub const Elem = S;24
 25
        pub const Field = meta.FieldEnum(S);26
 27
        /// A MultiArrayList.Slice contains cached start pointers for each field in the list.28
        /// These pointers are not normally stored to reduce the size of the list in memory.29
        /// If you are accessing multiple fields, call slice() first to compute the pointers,30
        /// and then get the field arrays from the slice.31
        pub const Slice = struct {32
            /// This array is indexed by the field index which can be obtained33
            /// by using @enumToInt() on the Field enum34

ptrs: [fields len][*]u835

const std = @import("std.zig");1
const builtin = @import("builtin");2
const assert = std.debug.assert;3
const meta = std.meta;4
const mem = std.mem;5
const Allocator = mem.Allocator;6
const testing = std.testing;7
 8
/// A MultiArrayList stores a list of a struct type.9
/// Instead of storing a single list of items, MultiArrayList10
/// stores separate lists for each field of the struct.11
/// This allows for memory savings if the struct has padding,12
/// and also improves cache usage if only some fields are needed13
/// for a computation.  The primary API for accessing fields is14
/// the `slice()` function, which computes the start pointers15
/// for the array of each field.  From the slice you can call16
/// `.items(.<field_name>)` to obtain a slice of field values.17
pub fn MultiArrayList(comptime S: type) type {18
    return struct {19
        bytes: [*]align(@alignOf(S)) u8 = undefined,20
        len: usize = 0,21
        capacity: usize = 0,22
 23
        pub const Elem = S;24
 25
        pub const Field = meta.FieldEnum(S);26
 27
        /// A MultiArrayList.Slice contains cached start pointers for each field in the list.28
        /// These pointers are not normally stored to reduce the size of the list in memory.29
        /// If you are accessing multiple fields, call slice() first to compute the pointers,30
        /// and then get the field arrays from the slice.31
        pub const Slice = struct {32
            /// This array is indexed by the field index which can be obtained33
            /// by using @enumToInt() on the Field enum34

ptrs: [fields len][*]u835

const std = @import("std.zig");1
const builtin = @import("builtin");2
const assert = std.debug.assert;3
const meta = std.meta;4
const mem = std.mem;5
const Allocator = mem.Allocator;6
const testing = std.testing;7
 8
/// A MultiArrayList stores a list of a struct type.9
/// Instead of storing a single list of items, MultiArrayList10
/// stores separate lists for each field of the struct.11
/// This allows for memory savings if the struct has padding,12
/// and also improves cache usage if only some fields are needed13
/// for a computation.  The primary API for accessing fields is14
/// the `slice()` function, which computes the start pointers15
/// for the array of each field.  From the slice you can call16
/// `.items(.<field_name>)` to obtain a slice of field values.17
pub fn MultiArrayList(comptime S: type) type {18
    return struct {19
        bytes: [*]align(@alignOf(S)) u8 = undefined,20
        len: usize = 0,21
        capacity: usize = 0,22
 23
        pub const Elem = S;24
 25
        pub const Field = meta.FieldEnum(S);26
 27
        /// A MultiArrayList.Slice contains cached start pointers for each field in the list.28
        /// These pointers are not normally stored to reduce the size of the list in memory.29
        /// If you are accessing multiple fields, call slice() first to compute the pointers,30
        /// and then get the field arrays from the slice.31
        pub const Slice = struct {32
            /// This array is indexed by the field index which can be obtained33
            /// by using @enumToInt() on the Field enum34

ptrs: [fields len][*]u835

        pub fn sort(self: Self, ctx: anytype) void {
            const SortContext = struct {
                sub_ctx: @TypeOf(ctx),
                slice: Slice,
 
                pub fn swap(sc: @This(), a_index: usize, b_index: usize) void {
                    inline for (fields) |field_info, i| {
                        if (@sizeOf(field_info.field_type) != 0) {
                            const field = @intToEnum(Field, i);
                            const ptr = sc.slice.items(field);
                            mem.swap(field_info.field_type, &ptr[a_index], &ptr[b_index]);
                        }
                    }
                }
 
                pub fn lessThan(sc: @This(), a_index: usize, b_index: usize) bool {
                    return sc.sub_ctx.lessThan(a_index, b_index);
                }
            };
 
            std.sort.sortContext(self.len, SortContext{
                .sub_ctx = ctx,
                .slice = self.slice(),
            });

            inline for (fields) |field_info, i| {401
                if (@sizeOf(field_info.field_type) != 0) {402
                    const field = @intToEnum(Field, i);403
                    mem.copy(field_info.field_type, result_slice.items(field), self_slice.items(field));404
                }405
            }406
            return result;407
        }408
 409
        /// `ctx` has the following method:410
        /// `fn lessThan(ctx: @TypeOf(ctx), a_index: usize, b_index: usize) bool`411
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