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About me

@ Clippy team member (Rust’s
linter)

Obsessed with performance
Rust Project Goal owner twice

(40-60% faster than last year)

Google OSPB Award winner




CHAPTER 0 GRRUST -

THE PROBLEM
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The problem RUST

Compiling bevy_winit v0.16.1
Compiling bevy_ui v0.16.1

Compiling bevy_audio v0.16.1
Compiling bevy_gilrs v0.16.1

Compiling bevy_internal v0.16.1

Compiling bevy v0.16.1

Compiling test-crate5 v0.1.0 (/home/meow/git/test-crate5)

Finished “dev' profile [unoptimized + debuginfo] target(s) in 4m 28s
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The problem RUST

Visual representation of me
being haunted by these ==
complex technical issues
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The problem RUST
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The problem

Compiling bevy_state v0.16.1
Compiling bevy_gizmos v0.16.1
Compiling bevy_winit v0.16.1
Compiling bevy_uti v0.16.1
Compiling bevy_audio v0.16.1
Compiling bevy_gilrs v0.16.1
Compiling bevy_1internal v0.16.1
Compiling bevy v0.16.1
Compiling test-crate5 v0.1.0 (/home/meow/git/test-crate5)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 4m 29s

cargo check

Compiling bevy v0.16.1
Compiling test-crate5 v0.1.0 (/home/meow/git/test-crate5)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 1m 57s
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Target size

Build + Check




i

Borrow checking, trait solving, macro
expansion... THRICE!!
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i

(That’s not good)
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How the compiler works i

Macro expansion

/

AST — HIR — THIR — MIR — Codegen (LLVM)

N\

Borrow checking
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How the compiler works i

Input — my_query() — Output
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How the compiler works @

Input — my_query() — Output

— /

Query Context 0
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How the compiler works

Have we seen
SINPUT before? Yeah, return
$OUTPUT and avoid

my_query() e
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Query Context

e




How the compiler works i

expand_macro()

/

get_ast() — get_hir()— get_thir()— get_mir() — codegen()

borrowcheck_item()
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How the compiler works i

expand_macro()

/

get_ast() — get_hir() — get_thir() — get_mir() — codegen()

(unchanged) (value reused) (value reused) (value reused) (value reused)

N\

borrowcheck_item()
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How the compiler works @

6 — No changes here!
w

> Not rerun

e
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How the compiler works
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How the compiler works i

fn my_query(tcx: TyCtxt

tcx.my_second_query(key)
} else {
unreachable!();
}
Iy

my_query my_second_query

(depends on)
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How the compiler works @

sty || ey | =
=
: (depends On) ;
_

—————————

E===—= =

Query Context

RustChinaConf 2025& Rust Global China @




How the compiler works @

LAST
COMPILATION
CURRENT 0 my_query(int) my_second_query(int)

(Changed)
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& DATA DEPENDENCIES
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Atomic bits RUST <

Macro expansion

/

AST + HIR — THIR — MIR — Codegen (LLVM)

--produce-ast \
--analyze-ast

Borrow checking

--borrowcheck
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Atomic bits RUST

--atomic-bits="borrowcheck"
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Atomic bits RUST

cargo clippy
cargo clippy --atomic-bit="borrowcheck"

cargo butild
cargo build --atomic-bit="emit-bin"
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CHAPTER 1 GRRUST -

ATOMIC BITS

& DATA DEPENDENCIES
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Data dependencies i

(Still needs to be rerun when “-C*”

expand_mac I"O() flags have changed)

’ N

get_ast() — get_hir() — get_thir() — get_mir() — codegen()

N

borrowcheck_item()
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Data dependencies i

expand_macro() codegen_flags()

J N

get_ast() — get_hir() — get_thir() — get_mir() — codegen()

N

borrowcheck_item()
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Data dependencies i

e

fn codegen_flags(tcx: TyCtxt, cli_input: String) -> CodegenFlags {

Codegen_flags {
linker: .. codegen_flags()

linker_args: ..
-LtO: e \
loop_vectorization: ..

codegen()
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Data dependencies i

/ get_cfg_info()
expand_macro() codegen_flags()

/ N

get_ast() — get_hir() — get_thir() — get_mir() — codegen()

~ ™

get_lint_info() borrowcheck_item()

RustChinaConf 2025& Rust Global China G




How the compiler works @

e
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CHAPTER 2 GRRUST -

THE END?
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i

Compiling rustc_public v0.1.0-preview
Compiling rustc_interface v0.0.0
Compiling ctrlc v3.4.7
Compiling rustc_log v0.0.0
Compiling jiff v0.2.15
Compiling rustc_driver_impl v0.0.0
Compiling rustc-main v0.0.0
Compiling rustc_driver v0.0.0
Finished "release’ profile [optimized + debuginfo] target(s) in 15m 52s

~> git diff
compiler/rustc_data_structures/src/fx.rs --- Rust
e
}

#[allow(unused) ]
const A: =30
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i

Rebuild time

-_ ->

V+K+E+B+ROOT

Only changed a
commentinV

K
®@ OVO 0@0 @
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U
GLlﬁ'I§AL @
V HAS CHANGED!!!
Rebuilding the tree
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B
Things that Cargo checks:

Compiler version Target name

Enabled features Last modified time of sources
LTO flags Immediate dependency’s hashes
Compile mode (tests, build, doc...) ...etc
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CHAPTER 3 GRRUST -

TWO-STAGE FINGERPRINTS
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Two-stage fingerprints i

expand_macro() codegen_flags()

J N

get_ast() — get_hir() — get_thir() — get_mir() — codegen()

N

name_resolution() borrowcheck_item()
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Two-stage fingerprints i

fn main() {
let a = foo();
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Two-stage fingerprints

Generated on name resolution:

- DefId(0:4 ~
playground[b280] ::fo00)

- DefId(0:3 ~
playground[b280] : :main)

Does K depend on foo’s
behaviour?

RUST
GLOBAL

N
AN



Way 1 el

Compile until name
resolution in parallel
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Way 1 el

Required Deflds:
/ A B, C&D
Compile until name
resolution in parallel

> Changed Deflds:

UL e,
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Way 1 el

Dependency Dependant

Required Deflds: Changed Deflds:
A, B,C&D V,W,X Ao

NO OVERLAP?

NO
RECOMPILATION
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Way 2 el

After compilation, save
the used symbols to
incremental

We don’t have to even
parse K!

In the next one, check if V
changes one that relates
to those used in K
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Way 2 el

After compilation, save
the used symbols to
incremental

We don’t have to even
parse K!

In the next one, check if V
changes one that relates
to those used in K
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i

How will we inform Cargo?
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The end

Talk by Alejandra Gonzalez

lllustrations by @lux_mangastyle
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Thank
You!




