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RustiEImIFERZ BT C++

Compilation time

]
1
—
05
0100 200 300 400 500 600 700 800 900 1000
[ 1xRust | 1847ms
8xRust | 3156ms
[oxRust _——————  F 4301ms ¢
build+test EEIRT S ¢ 5O
wfo deps 1874ms
EST 2262ms
2728ms (
3343ms
881ms
[oxRust |
(ore
incremental
lex 501ms

— Rust (opt)
—
D (opt)

o

—— Go (opt)
—Pascal
—— Pascal (opt)

—_—Ces

(+71%)

+165%)

{+266%)

{(+21%)

+46%)

{+78%)

1597ms (+81%)
2573ms (+192%)
3595ms (+308%)

653ms (+30%)
833ms (+66%)
1008ms (+101%)
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compare 2017-11-12 (e9£85420) 2019-07-24 (27a6a304)  \ change

Compiler performance working group

HEx

» hyper-opt.
» cosrcions-debug

> unify-linearly-opt

Wesley Wiser

GitHub: wesleywiser

x
Improving rustc compilation performance (build times) [Aggregations b 3
Members Hewly broken benchmarks
> piston-inage-opt =
¥ bug Mark Rousskov Jakub Beranek
» crates. to-debog
» syacopt :
» piston-inage-debug T o Primary benchnarks 3
. ....t.:::::: . . Slenificancs oo nieicance
- sesg-rocher-dobeg; Rémy Rakic - Michael Woerister Boncumoek ProEtle Bcani iy % Coanga ““;’fb""“ Factor (3)
> eacoding-debeg GitHub: lqd 3 GitHub: michaelwoerister
» regression-31157-debug 0.20%
> tuple-stress-debug i
» script-servo-opt . . 0.20%
> encoding-opt Nicholas Nethercote 4 Felix Klock 0.20%
» tuple-stress-opt . » . 0.20%
¥ NtalSevas-dabeg GitHub: nnethercote GitHub: pnkfelix
» regression-31157-opt 0. 20%
» htmlSever-opt 0. 20%
::x:::: Ryan Levick Tyson Nottingham 0.20%
> coercions-opt GitHub: rylev itHub: tgnottingham i
0.
.
0.

> helloworld-opt
» tokio-webpush-simple-debug
opt
> unused-warnings-debug

8
?

> unused-warning

e e o o0 o
8

2017-2021, RustmiFEESEA—=EUL Rusttt X#miFesiae T1EAR

0.20% 266.03x
0.20% 265. 38x
0.20% 263. 26x
0.20%

0.20%

0.

0.

240.97x

20% 248.02x

sse s
T

s s
8
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CargoZcrateFH{T

Geddoses
packed simd 41,155 |
‘osmesa-src custom-build {run) 168.38s.

Seript plugins 13.025
serde erive 14.465
Jemalloessys custom-build (run) 19.545
gleah 11.265
10] fontsan custom-build (run) 16.34s.
1 BB o custom-build (run) 13,15
i) servo-ska custom-build (run) 37.945
13 clg sys 11.435
14 ssteamer 2055
13] iimage 11775
1 bindgen 13.735
17 mozjs sys custom-build (run) 106.94s
18 webrerider_api 16.995
19| script custom-build (run) 76.63s.

4 ‘azure custom-build (run) 21.65

2 senvalfonto 1467

23 deitoor 12.515

24 el 10.005

25 caniaRIBE" 765

26, style 7357
27 net

L
layait 201311595

script 196,48

thread 2013 11.04s

servo bin “servo® 26.71s

205 405 60s| 80s 100

120s

140s  160s  180s  200s  220s  240s  260s  280s

300s  320s  340s  360s 380

Walting
Inactive

—— Active
CPU Usage

20s 405 605, 80s 100s

120s

140s  160s  180s  200s  220s  240s  260s  280s
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300s  320s  340s  360s  380s

opt webrender.2

opt webrender.2

opt webrender.2

opt webrender.2

apt webrender. 2

opt webrender. 2

opt webrender.2

apt webrander. 2

opt webrender.2

opt webrender.2

opt webrender, 2

opl webrender. 2

opt webrender.2

opt webrander. 2

opt webrender.2

opt webrender.2

rustc

GOTC

T HHISERGHT

This thread hasn't started yet
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Send> Send for RwLock<T=>

Send + Sync> Sync for RwLock<T>

Send> Send for Mutex<T>

Send> Sync for Mutex<T>

Send> Send for Sender<T>

> !Sync for Sender<T>

?Sized + Sync + Send> Send for Arc<T>

?Sized + Sync + Send> Sync for Arc<T>

—LENSET RSN

FRFFEEAR
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GOTC

sum_of squares(input: &[i32]

input.par_iter() // <-- just change that! FavOn-rs
.map(6il i * i) @ y
Y

[tokio::main]
async fn main() -> Result<(), Box<dyn std::error::Error>> {
let listener = TcplListener::bind("127.06.0.1:8080").await?;

let (mut socket, _) = listener.accept().await?;

Tokio

Rust's asynchronous runtime.

WRuStFITHARE



RustHiTH%

HAER EEIREINERIERIRK

EwLock<T>

Multiple readers are free to read the data in We need o start locking only when writes

parallel. are introduced to ensure that only one
thread has access to the resource when it is
being written to.

Thread 1 |

Thread 2

Thread 3 | B 4 B |

Legend

Q | Queuing (waiting for unlock)

E Reading
[w] writng

Mutex<T>

With a Mutex, we need to lock for both reads

and writes, making eur read-heavy workload

much slower.
R R R
Thread 1 @ o
R w
Thread 2 # . _|
R R

Thread 3 @ 3 |

Mutex5RwLock

SRFFRHAES
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- profileing A~
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Query/Functionl Time (8)§ Time (s)8 Time deltaW Execntionslh
Totals 97 27%« 0. 165 0. D05 (3. 4%) L2693
setup_global ctxt 0. 7% 0.001 0.001 (883.3%) 1
zenerate_crate_metadata 16, T7% 0.025 0.001 (3. %) 1
hir_crate 719% 0012 0.001 (5. 3%) 1
promoted mir 4.19% 0.007 0.001 (9. 6%) i]
metadata_decode_entry optimized mir 1.11% 0.002 0.000  (26.5%) E2
encode_guery_results_for G.ETH 0.011 0. 0oo (3. 1%) ER
expand_crate 15.31% 0,025 0,000 (1.3%) 1
iner_comp_query _cache promotion 3. 16% 0. 005 0. 000 (4. 9%) 1
eval _to_const_valne raw 1.02% 000z 0000 (1028 ]
self profile_alloc_query strings 0. 36% 0.001 0. 000 (35, 2%) 1
{unknown 1.51% 0.002 o.oo0 (6 4%) 0
mir_for_ctfe 0. 5% 0.001 o000 (11 4%) 0
monomorphization_collector_graph walk 1.31% 0. ooz 0. gog (5. %) 1
inecr_comp_load dep_zraph 1. 34% 0. 002 0. 000 (5. 1%) 1
blocked_on_dep_graph loading 1.41% 0.00z 0. 000 (4. 3%) 1
optimized mir 0. 94% 0.002 0.000 (4. 8%) 52
crate_lints 0. 85% 0.001 0.000 (5. 2%) 1
tvpe of 0. 20% 0.000 o000 (21 4%) 1405

rustc profileing #dE

s > 2
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mean!'] range
Renressions 3¢ 46% | [0.4% 10.2%]
(primary) ' T
Regressions 3¢ 45% [0.4%, 18.1%]

(secondary)

Improvements
{(primary)

Improvements
(secondary)

Al 3¢ B (primary) 4.6%

[0.4%, 10.2%]

Query/Function Time (3)§ Time ()8

countl?!

241

230

Time deltaW

Totals 125 278 0.776 . 068 (9.6%)
iner_comp_intern_dep_graph_node . 09% 0.063 0,013 (27.1%)
specialization_graph_of B.14% 0.040 0,012 (43 7%)
check_mod_iten_types 10.57% 0.082 0.007 (10,08
evaluate_oblization 9.77% 0.0 0.007  (10.0%)

typeck E.45% 0.043 0003 (7.08)

generate_orate_metadata Z.51% 0.019 0,00z  (11.9%)
mir_drops_elaborated_and_const_checked 3.13% 0.024 0,002 (8. 1%)
mir_borrowck 5.05% 0.039 0002 (4.7%)

mir_built 2.82% 0.022 000z (G.5%)

sheck_well_formad 1. Tak 0014 0.001 (3.9%)

param_env 1.35% 0.010 0,001 (9. 3%)

mir_borrowck_const_arg 1.51% 0.012 0,001 (5. 2%)
check_mod_privecy 0.61% 0.005 0,001 (15.3%)
encode_query_results_for 1 11% 0. 003 0.001 (7. 7%)
expand_crate 2.82% 0.022 0001 (Z.6w)
metadata_decode_entry_impl_trait_ref 0. 98% 0.006 0,001 (7.6%)
lint_mod 0. 40% 0.003 0,001 (19.8%)

predicates defined on 0.69% 0.005 0000 {10.1%)
live_symbols_snd igmored derived traits 0.47% 0.004 0.000  (15.5%)
generios_of 0.73% 0.006 0000 (8.3%)

type_of 0. 7d% 0. 006 0,000 (5. 3%)

collect_mod_item_types 0. 44% 0.003 0.000  (15.6%)
iner_comp_sncode_dep_greph 4.12% 0,032 0,000 (1.4%)
mir_for_otfe 1.33% 0.010 0000 (418

O I e N L n FARg nonnA n onnn o Rl

KRS IRII eI
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data structure
Lre
Weak
Atomic{Bool}/{Usize}{U32}/{U64}
OnceCell
Lock<T>
RwLock=<T>
MTRef<'a, T>
MTLock=T>
ReadGuard
MappedReadGuard
WriteGuard
MappedWriteGuard
LockGuard
MappedLockGuard

MetadataRef

parallel
std::sync::Arc
std::sync:iWeak

std:zsync::atomic::Atomic{Bool}/{Usize}/{U32}/{U64}

std::sync::Oncelock
(parking_lot:Mutex<T=)
(parking_lot::RwLock<T>)

&aT

(Lock<T=)
parking_lot::RwLockReadGuard
parking_lot::MappedRwLockReadGuard
parking_lot::RwLockWriteGuard
parking_lot::MappedRwLockWriteGuard
parking_lot:MutexGuard
parking_lot::MappedMutexGuard

OwningRef<Box<dyn Erased + Send + Sync>,
[u8] >

=T

non-parallel
std:rczRe
stdzrezWeak

std:cell::OnceCell
(std::cell::RefCell)
(std::cell::RefCell)

&amutT
(M
std:cell::Ref
std:cell::Ref

std::cell::RefMut
std::cell::RefMut
std::cell::RefMut
std:cell::RefMut

OwningRef<Box<dyn Erased>,
[us]>

GOTC

(std::cell::Cell<boolfusize/u32/u6d=)

FHRIFRNHEEURESISCH]
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Specailization —— EFGATHIHEHURLEISCIL

pub trait SLock {
type Lock<T>;

= B[ : !
3 type LockGuard<'o, T: 'o>: DerefMut<Target = T>;
R SCER

fn new<T=(value: T) -> Self::Lock<T=;

fn lock<'o, T>(1l: &'o Self::Lock<T>) -» Self::LockGuard<'oc, T>;

fn try_lock<'o, T=(l: &'o Self::Lock<T=) -> Option<Self::LockGuard<'o, T=»;

RA—HHE FA—HHE [ BT ]

fn lock_inner<T>(1: Self::Lock<T>) -> T;

He O }
CTRHAT RSN ST

struct DepGraphData<¥: DepKind, L: SLock> {
current: CurrentDepGraph<K, L,
dep_node_debug: L::Lock<FxHashMap<DepNode<K>, String=>,
debug_loaded_from_disk: L::Lock<FxHashSet<DepNode<K=>>>,

R WSHREHERIZESEH

EXRABRBEARIES
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Lock
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ZodERFDECRR, SiES

Allocator
allocatorl allocator? allocator3 allocatorN
[ get_thread_id()
threadl thread? thread3 thread4

EXRABRBEARIES

THE GLOBAL OPENSOURCE TECHNOLOGY CONFERENCE
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Z A2 A EIE thread1 thread?2 thread3 threadN
e / N e A
fn_sig impl_trait
\§ J \- J
4 N e a
B EEERA { borrow ck H typeck type of adt def
\_ J L J
f ) fimpl defaul |
param_env thass
\§ J
T e e e -1 2 1)
\'% \'% \% A\
BREFRS ( BRI W ( AR W ( EEHUTIRES W { BRI W

SMELHAETRRS, RRPERIRTR
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Sharded — #O%—, FESSE

cachel cache? cache3 cacheM
| ARIEKey3FH{ER TR
threadl thread? thread3 threadN
Sharded#EE/IZIT
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use std::cell::RefCell;
thread_local! {
pub static FOO: RefCell<u32> = RefCell::new(1);

allocatorl ‘

allocator2 ‘

allocator3 ‘

allocatorl ‘

#[allow(unused) ] T T
static BAR: RefCell<f32> = RefCell::new(1.0);

get_thread_id()
* thread_local [ )

‘ threadl ‘ ‘ thread2 ‘ ‘ thread3 ‘ thread4

* WorkerLocal

CachedObjectl
CachedObject2
CachedObjeet3

struct DepGraphData<K: DepKind, L: SLock> {
current: CurrentDepGraph<K, L=,
dep_node_debug: L::Lock<FxHashMap<DepNode<i>, String>=>,
debug_loaded_from_disk: L::Lock<FxHashSet<DepNode<K>>=,

F

pub struct DepGraph<i: DepKind> {
data: Option<Lrc<DepGraphData<k, SRefCells»>,

ThreadLocalMap
ThreadLocal

CachedObjectl | Contextl
CachedObject? | Context2
CachedObject3 | Context3

shared_data: Option<Lrc<DepGraphData<k, SMutexs»>,

for

‘DepNodeIndex’

elf-profiling

virtuval_dep_node_index: Lrc<AtomicU32>,

* specialization . LFEMIETE

EXRABRBEARIES
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#[derive(Clone, Debug)]

#[derive(Debug)]
pub struct TransitiveRelation<T> {

// Frozen N ve r elements ond edges.

builder: Frozen<TransitiveRelationBuilder<T>>,

¥

pub

// a wrote t t 4
closure: Lock<Option<BitMatrix<usize, usize>>>,

#[derive(Defauvlt}]

pub struct HygieneEncodeContext {
pub serialized_ctxts: Lock<FxHashSet<SyntaxContext=>,
pub latest ctxts: Lock<FxHashSet<SyntaxContext>>,

impl<'a, 'tcx> Encodable<CacheEncoder<'o, 'tcx>> for SyntaxContext {
fn encode(&self, s: &mut CacheEncoder<'o, 'tcx>) {
if !s.hygiene_context.serialized_ctxts.lock().contains( value: self) {
s.hygiene_context.latest_ctxts.lock().insert( value: #self);
H

ctxt.0.encode(s);

elements: Fx

pub struct TransitiveRelationBuilder<Ts {

/ List o d to map from o T

edges: FxHashSet<Edge>,

#[derive (Debug)]
struct TransitiveRelation<T> {

ed transitive clost jerived from

closure: Frozen<BitMatrix<usize, usize>>,

#lderive(Default)]

pub struct HygieneEncodeContext {
pub serialized ctxts: FxHashSet<SyntaxContext=,
pub latest_ctxts: FxHashSet<SyntaxContext>,

impl<'tcx> Encodable<CacheEncoder<'tcx>> for SyntaxContext {
fn encode(&self, §: &mut CacheEncoder<'tcx>) {
if !'s.hygiene_context.serialized_ctxts.contains( value: self) {
s.hygiene_context.latest_ctxts.insert( value: *self);
}

self.0.encode(s);

PREERSEE

EXRABRBEARIES
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GOTC

/// Info about a parsing session
pub struct ParseSess {
pub gated_spans: GatedSpans,

Fi

pub struct GatedSpans {
pub spans: Lock<FxHashMap<Symbol, Vec<Span=>>,

#[derive(Clone)]
pub struct Parser<'a> {
pub sess: &'o ParseSess,

pub gated_spans: Rc<RefCell<GatedSpanss>,

pub struct GatedSpans {
pub spans: FxHashMap<Symbol, Vec<Spans:,

COPY-WRITE#l



AL HITRIE

instructions

~Hlll | |1-E=
~[l | |-=
~ Ml |
~ll | |-
N 13 12

| N
Performance

Granularity Threshold Effect

ESHESHITHRIKRE

fn weight_max(self) —-> Weight<Self>

Shorthand for self.weight(f64::INFINITY) . This forces the smallest granularity of parallel execution, which makes sense

when vour parallel tasks are (potentially) very expensive to execute.

rayonFEHRRIRL E T RRER

EXRABRBEARIES
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pub struct ThreadPoolBuilder<S = DefaultSpawn> {

nt of threads

/ If zero will

£ pAVON N
If RAYON_N

num_threads: usize,

ar e e

panic_handler: Option<Box<PanicHandlers:,

sure 1o compute 1he name o @

get_thread_name: Option<Box<dyn FnMut(usize) -> String=>=,

size for the

stack_size: Option<usize:,

I on dead

deadlock_handler: Option<Box<DeadlockHandlerss,

pub fn mark_blocked(&self, deadlock_handler: &Option<Box<DeadlockHandlers>s) {
let mut data :MutexGuard<SleepData= = self.data.lock().unwrap();
assert!(data.active_threads > 8);
t!(data.blocked_threads < data.worker_count);
debug_assert!(data.active_threads > 8);
data.active_threads -= 1;
data.blocked_threads += 1;

i

data.deadlock_check(deadlock_handler);

H T rayonZAEitBaI B st AU FE el

EXRABRBEARIES
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GOTC

fn cycle_check(
query_map: &QueryMap,
query: QueryJobTd,
span: Span,
stack: &mut Vec<(Span, QueryJobId)s,
visited: &mut FxHashSet<QueryJobIds,
) -> Optien<Option<Waiter>> {
if lvisited.insert(query) {
return if let Some(p) = stack.

We detected a query

/ Remove previou

stack.drain( range: 8

R ce the he the
stack[6].8 = span;
Some (None)
T else {
None

L

let r = visit_waiters(query_map, query, |spam :Span , successor :Querylobld | {
cycle_check(query_map, query: successor, span, stack, visited)

12}

Remove the entry in our stack if we didn't find a cycl
if r.is_none() {
stack.pop();

¥

r

start

B A [ BN BRE
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& Parallelizing rustc using Rayon

W compiler

@

Zoxc Jan"

Parallelizing rustc using Rayon

My plan for parallelizing rustc basically is to allow use of Rayon anywhere in the compiler. If you're
unfamiliar with Rayon or need a refresher, | suggest you read
hitp://smallcultfollowing.com/babysteps/blogi2015/12/18/rayon-data-parallelism-in-rust/ 317

There are a number of loops in rustc which just iterates over all items in a crate and these should use
Rayon iterators instead. Parallelizing the loops for type checking and borrow checking are particularly
impactful. This proposal does not alter the structure of the compiler which means it's reasonably easy to
implement (unlike MIR or incremental compilation). You can find an implementation of most of this
proposal at https://github.com/Zoxc/rust/tree/rayon-queries 68 and
https://github.com/Zoxcirayonftree/fiber ) for the Rayon changes

181 B mmiE=sHIBARL R iR H

Reboot Parallel Rustc WG Proposal #567
O 3tasksdone | Sparrowlii opened this issue 15 days ago - 5 comments

Sparrowlii commented 15 days ago - edited by nnethercote «

Proposal

s~ 4

Reboot the parallel compilation werking group. make the current parallel compiler truly available to Rust users, and improve the

functions and supporting facilities of the parallel compiler.

Motivation

Parallelization is an impertant way to improve the efficiency of the compiler. The parallel rustc working group in the compiler team

is responsible for the parallelization of the compiler. At current the working group has been stagnant for a lang time due to the

exit of the main developer.

Yet the parallel compiler still has considerable value and potential. In the previous build test. quite a few parts of the test set

achieved huge improvements in wall-time. And many parts of the compilation process, e.g. expansion, have the potential to be

paralielized.

Necinn

FRRTONIEE, THEHASER
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RUSTC F L LM BF

ZULIP {8 #T-COMPILER/WG-PARALLEL-RUSTC
Mark Rousskov

Niko Matsakis
GitHub: Mark-Simulacrum GitHub: i

BRGS BAGRS

Alex Crichton
GitHub:

Josh Stone

Santiago Pastorino
GitHub: spastorino

GitHub: Zoxc

Pzt X TEA

Rust Gompiler Ambitions for
2022

Feb. 22, 2022 - Felix Klock, Wesley Wiser on behalf of The Compiler Team

Rust Compiler Ambitions for 2022
Parallel Compilation

Parallel Compilation is one avenue for improving compiler performance. It is also a very
complex area, especially when it comes to the tradeoff of how much of a hit one is willing

to take on single core builds in order to enable more parallel computation. We already

in an experimental state. This is an area we think needs long-term collaborative effort with
the compiler team. We do not expect to deliver a solution here this year.

If you want to discuss more with us about past attempts and ideas for the future, please
reach out to pnkfelix and wesleywiser.

TmiEeERoadmap SR E BN

£

GOTC

Query Parallelization Tracking Issue #48685
D 20 of 31tasks | nikomatsakis opened this issue on Mar 3, 2018 - 10 comments

nikomatsakis commented on Mar 3, 2018 » edited by TaKO8Ki »

This issue is a sub-issue of #48547: it tracks the in-progress effort to parallelize rustc across queries. This work is being
spearheaded by @Zoxc.

Goals

Contributor

© -

Allow rustc to execute queries in parallel with one another. Enable the use of rayen or other tocls for intra-query parallelization as

well. See this internals thread for more information.

Release nightly compilers with ability to internally parallelize #59¢

alexerichton opened this issue on Apr 3, 2019 - 3 comments

.a, alexcrichton commented on Apr 3, 2019 - edited - Member) @+

This is intended to be a tracking issue to refeasing nightly compilers with the ability to internally paralielize themselves but they
are still defaulted to single threaded mode. This is part of the larger parallel compiler tracking issue, and is intended to be an
incremental step towards fully closing that out.

A recent attempt to build binaires of the parallel compiler led to the thought of whether we could just enable a parallel compiler
by default. Note that there are two axes we can change here over time:

* Whether or nor the compiler can be parallelized at all, aka whether it's built with the --cfg parallel compiler flag.

® Whether or not the compiler by default is parallelized, aka the default value of -Z threads

The proposal in this issue s to default to -2 threads=1 (or the moral equivalent) but build nightly compilers with --cfg

parallel compiler (of the equivalent thereof). The intention is to get us closer to shipping 2 parallel compiler while buying us time
to continue to fix any issues that arise. This would allow, for example, for users to very easily test out parallel compilation lacally by
using RUSTFLAGS=-Zthreads=16 .

The main blacker for doing this is performance. Requested in 2 recent thread we realized it's imported to not watch the
comparison of instruction counts but rather instead watch the wall time numbers, The instruction count numbers regress 2-3%
which looks deceptively good. but the wall-time numbers regress 10-20% (ish) which is much more serious

Some further investigation shows that most of the slowdown is likely coming from the use of mutexes (as opposed to other

< parallelize our LLYM invocations, but the parallelization of the rest of the compiler remains < ) E
avenues like removing parallel code, the overhead of using rayon, or using arc instead of Re).

The next steps here would be to investigate whether we can recover the performance lost from using mutexes (probably if we can
remove the mutexes one way or another).

This issue will likely receive many updates over time!
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