| lepcoHanmn3auu
BO3MOXKHOCTen C++ IDE ¢
MOMOLLBIO QYHKLMOHANbHbIX
moayaen clangd

ANTEKCAHAP MAATOHOB




[1naH goKNnaaa

» CylwecTtsyeT M noaxogAaulas scem IDE?
» Y10 TaKoe clangd?
» PYHKUMOHAaNbHbIE MOAYAN U UX BO3MOXKHOCTU

> Mpumepbl peannsauni

> BbIBOADI




“NneanbHan” C++ IDE

Visual Studio 55.28%
Visual Studio Code 25.77% . .

Visual Studio
Qt Creator 24.41% Code
CLion 14.66% -

Qt Creator
Emacs 13.55%
Eclipse 12.78% CLion -
Sublime 12.78%
XCode 12.78% Emacs -
Other 12.22%
Eclipse -

https://isocpp.org/files/papers/CppDevSurvey-2018-02-summary.pdf
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Language server protocol

Visual Studio Language Server Protocol Language
Code (JS5ON-RPC) Server

Notification: textDocument/didOpen; Params: document

w

User opens document

MNotification: textDocument/didChange; Params: {documentURI, changes}

w

User edits document

Notification: textDocument/publishDiagnostics; Params: Diagnostic|] Server publishes
errors and warnings

Request: textDocument/definition Params: {documentURI, position}

w

User executes
"Goto definition” Response: textDocument/definition; Result: Location

F 1

Naotification: textDocument/didClose; Params: documentURI

L &

User closes document

https://microsoft.github.io/language-server-protocol/
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Language server protocol

PepaKkTtop

VSCode

Eclipse Rust analyzer




- /)

“NoeanbHbIN” A3bIKOBOW CEPBEP

> MpUBbIYKM pa3paboTynKos

> PasHble 3a4a4M — pa3Hble NPUOPUTETDI
no GYHKUMOHANY

> BCcTpoeHHble cTaTUYecKme NpoBepKU

»Pa3Hoe oxxmnagaemoe nosegeHue




clangd — “teach your editor C++”

» A3blkoBoi cepBep ansa C/C++/Objective C

* PaboTaeT ¢ pa3HbIMK peaaKToOpaMu Yepes niarmH
v'Language Server protocol

> MNpepoctasnaeTt dyHKUMOHan IDE
* [lononHeHMe Koaa

clangd

* [loncK onpeaeneHnsa/nexknapaumu

* CemaHTMYeCKanA pacKpackKa
* PepakTopuHr
* dopmaTmnpoBaHme

https://clangd.llvm.org/
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N3ameHeHune B clangd: PR Ha github

> He BCe M3IMEeHeHWns Help needed with clangd maintenance

B Clang Frontend

XOLI eTCﬂ OTK p bl BaTb . AaronBallman Feb 13

Feb 13

clangd previously enjoyed having four active maintainers to spread responsibilities around for 1721

> H e B Ce M 3 M e H e H M ﬂ performing code reviews, issue triage, RFCs, etc. Unfortunately, during the latest maintainer Feb 13

refresh, three of those maintainers had to step away and the fourth has limited bandwidth

M O I-yT 6 b I Tb I—I p M H ﬂ Tbl particularly for review activities.

This leaves clangd dangerously close to being unmaintained with a significant backlog of open
PRs 12 and open issues 16 , which puts it at risk of eventual removal from the project unless we

> |£I|On ro e p e B b I'O can find more folks who are willing to take on maintainer responsibilities 10 for it.

This is an important offering and | think we as a community would like to continue to support it.
So if you are an active contributor to clangd and would be interested in taking on those
responsibilities, please speak up! If you have questions or concerns, feel free to raise them here
or reach out privately.

https://discourse.llvm.org/t/help-needed-with-clangd-maintenance/89820
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MN3ameHeHue B clangd: cBon GopK

» Pa3pelueHne KOHGAMKTOB NPU CUHXPOHMU3AL UM
> 3anyTaHHaA UCTOPUSA KOMMUTOB

@GBNEEIGTS
¥4

-i-"

r# '« f
GﬂNElIGTS EVERYWHERE

5.1
»




OyHKUMOHaNbHbIEe moaynu clangd

»HeT odbnumanbHOM AOKYMEHTaLMK ‘BU] "Huunﬂanbllble
v'Doxygen AOKYMeHTauus |
v UcxoaHbIN KOoA

> HeT peanbHbIX NPUMEPOB B OTKPbITbIX
MCTOYHNMKAX
v ECcTb TecTbl

v’ PeanbHble PpyHKLMOHANbHbIE MOAYAM
cywectsytoT!

https://github.com/llvm/llvm-project/blob/main/clang-tools-extra/clangd/FeatureModule.h
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BO3MOMXHOCTU

»YpoBeHb Language Server Protocol
* PacwmnpeHue

* NNepeonpepeneHue cywecTeyrowmx obpabotynkos!

> 06X04 CUHTAaKCMYECKOro AepeBa U= =V O
* CoBCTBEHHbIE CTaTUYECKME NPOBEPKM . =K o)
* C60p AaHHbIX ANA APYruX TY0B -

»06paboTKa ANArHOCTUK 4

* C6op nHpopmaLunm |
* KoppekTtmnposkKal %jS

» [lobaBneHne metonos pedakTtopmHra (tweakos)
* A TaK e yaaneHue!



clangd Tweaks

> Hebonbline BCTPOEHHbIE NAarnHbl Ana pedakTOPUHra
> KOHTEeKCTHO-3aBuUCUMbl

»PaboTtatoT yepes nuHtepodeiic Code Actions
(textDocument/codeAction)

::all_of(Scheme.begin() + 1, Scheme.end(), [](

::isAlnum(C) || € || C == || C == ;|

Extract subexpression to variable

https://clangd.llvm.org/design/code#tcode-actions

https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#textDocument codeAction
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https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#textDocument_codeAction

ApxmnTekTypa clangd

Cepsep

[1NaHUPOBLLUK




ApxmnTekTypa clangd

[ThaHUPOBLLMK

dannosBaa cuctema | ,




Knacc pyHKLMOHAIbHOrO MOAY A

class FeatureModule {

virtual void initializeLSP(LSPBinder &Bind, const llvm::json::Object &ClientCaps, llvm::json::Object &ServerCaps) {}
virtual void contributeTweaks(std::vector<std::unique_ptr<Tweak>> &Out) {}
struct ASTListener {
virtual void beforeExecute(Compilerinstance &Cl) {}
virtual void sawDiagnostic(const clang::Diagnostic &, clangd::Diag &) {}
Iy

virtual std::unique_ptr<ASTListener> astListeners() { return nullptr; }

https://github.com/llvm/llvm-project/blob/main/clang-tools-extra/clangd/FeatureModule.h
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Knacc pyHKLMOHAIbHOrO MOAY A

class FeatureModule {

struct Facilities {
TUScheduler &Scheduler;
const Symbolindex *Index;
const ThreadsafeFS &FS;
Iy
/// Called by the server to prepare this module for use

void initialize(const Facilities &F); // ClangdLSPServer::initialize() => Mod.initialize()

https://github.com/llvm/llvm-project/blob/main/clang-tools-extra/clangd/FeatureModule.h
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XYKM

»Mpuém 3anpoca nHMUManmsaumm no LSP

LSP meTopa ‘initialize’

ClangdLSPServer::onlnitialize() => Mod.initializeLSP()

» NMonyyeHune cnncka tweak’os

LSP meToa ‘textDocument/codeAction’

ClangdLSPServer::onCodeAction() => getAllTweaks() => Mod.contributeTweaks()

» [locTpoeHune AST

Pa3Hble LSP meToabl, Hanpumep ‘textDocument/hover’

ClangdLSPServer::* => TUScheduler::runWithAST() => Mod.astListeners()


https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#initialize
https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#textDocument_codeAction
https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#textDocument_hover

[lobaBneHne GpyHKLMOHAIbHOTO MOAY A

class TestFeatureModule final : public FeatureModule {

Iy
static FeatureModuleRegistry::Add<TestFeatureModule> X("test-feature",

"Test feature module");

https://discourse.llvm.org/t/rfc-registry-for-feature-modules/87733

https://github.com/llvm/llvm-project/pull/154836



https://discourse.llvm.org/t/rfc-registry-for-feature-modules/87733
https://github.com/llvm/llvm-project/pull/154836

[lobaBneHne GpyHKLMOHAIbHOTO MOAY A

int clangdMain(int argc, char *argv[]) {

FeatureModuleSet ModuleSet = FeatureModuleSet::fromRegistry();
if (ModuleSet.begin() = ModuleSet.end())
Opts.FeatureModules = & ModuleSet;

ClangdLSPServer LSPServer(*TransportLayer, TFS, Opts);




[lobasneHune tweak’a

TestFeatureModule X FeatureModule
*TweakID = "DummyTweak";
DummyTweak : Tweak {
id() { return TweakID;
prepare( Selection &) { return
Expected<Effect> apply( Selection &)

return error("not implemented");

1
J

std::string title() { return "Apply dummy tweak"; }
llvm::StringLiteral kind() {
return CodeAction::REFACTOR_KIND;

contributeTweaks(std::vector<std: :unique_ ptr<Tweak>> &0ut)
Out.emplace back(new DummyTweak);

}




[lobasneHune tweak’a

func();

More Actions...

Q Apply dummy tweak

<-- workspace/executeCommand(35)
ASTWorker running ApplyTweak on version 1 of /home/pam/llvm-project/build/test

--> reply:workspace/executeCommand(35) 2 ms, error: not implemented

>>> {"error”:{"code":-32001, "message”:"not implemented"},"id":35,"jsonrpc”:"2.

An unknown error occurred. Please consult the log for more detalls.




ObpaboTKa ANMArHOCTUK

TestFeatureModule X FeatureModule
Listener : FeatureModule: :ASTListener {
sawDiagnostic( clang::Diagnostic &Info,

clangd: :Diag &Diag) {

Info.getLocation().dump(Info.getSourceManager());

Diag.Severity = DiaghosticsEngine::Error;

Diag.Message = "Hello!";

1
J

}s

std::unique_ptr<ASTListener> astListeners()
return std::make_unique<Listener>();




ObpaboTKa ANMArHOCTUK

Hello!

View Problem (Alt+F8) No quick fixes available

return 1 / 0;

PROBLEMS (2 OUTPUT  -- clangd

fn ~n +oavd vl 1l 'E‘ wt Favdl +avdED)
2.0 LeXE, lexcludeText, text |, text?)
- _
e Wl J el AN N S

/home/pam/llvm project/build/test.cppf4:12

23



Obx04 CMHTAaKCMYECKOro AepeBa

TestFeatureModule : FeatureModule
Listener : FeatureModule::ASTListener {
CustomCheck : ASTConsumer {
DiagnosticsEngine &DiagEngine;

CustomCheck(DiagnosticsEngine &DiagEngine) : DiagEngine(DiagEngine
HandleToplLevelDecl(DeclGroupRef DG
for (auto *D : DG)
if (auto *FD = dyn_cast<FunctionDecl>(D)) {
DiagEngine.Report(
FD->getSourceRange( ) .getBegin( ),
DiagEngine.getDiagnosticIDs( )->getCustomDiagID
DiagnosticIDs::Warning, "Custom check warning"));

}

return

24



Obx04 CMHTAaKCMYECKOro AepeBa

beforeExecute(CompilerInstance &CI) {
std::vector<std::unique ptr<ASTConsumer>> Consumers;
Consumers.push_back(CI.takeASTConsumer());
Consumers.push_back(std: :make unique<CustomCheck>(CI.getDiagnostics()));
CI.setASTConsumer(std: :make unique<MultiplexConsumer>(std: :move(Consumers)));

std: :unique ptr<ASTListener> astListeners()

}




Obx04 CMHTAaKCMYECKOro AepeBa

build > test.cpp > ...

Custom check warning

View Problem (Alt+F8) No quick fixes available
bar();
Var;

foo() { return var + bar(); }
bar() { return foo(); }

PROBLEMS (3 OUTPUT DEBUG CONSOLE TERMINAL PORTS GITLENS

- test.cpp 3
/N Custom check warning [Ln 3, Col 16]

/N\ Custom check warning

/N Custom check warning




PaclimnpeHmne npoToKkoa

TestFeatureModule : FeatureModule

onHover( TextDocumentPositionParams &Params,
Callback<std::optional<Hover>> Reply) {
findHover (Params.textDocument.uri.file(), Params.position,
Reply = std::move(Reply)
11lvm: :Expected<std: :optional<HoverInfo>> H

if (!'H) return Reply(H.takeError());

if (!*H) return Reply(std::nullopt);

Hover R;

R.contents.kind = MarkupKind::Markdown;
R.range = (*H)->SymRange;

R.contents.value = |"Hello!\n"|+ (*H)->present(R.contents.kind);
return Reply(std::move(R));

)s

microsoft.github.io/language-server-protocol/specifications/Isp/3.17/specification/#textDocument hover

27


https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#textDocument_hover

PaclimpeHne npoToKkoa

initializelLSP(LSPBinder &Bind, llvm::json::0bject &ClientCaps,
llvm::json::0bject &ServerCaps) {

Bind.method("textDocument/hover", , &TestFeatureModule: :onHover);

}

.
3

https://microsoft.github.io/language-server-protocol/specifications/Isp/3.17/specification/#textDocument hover
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PaclimnpeHmne npoToKkoa

TestFeatureModule : FeatureModule
findHover(PathRef File, Position Pos,
Callback<std: :optional<HoverInfo>> CB) {
Action = [File = File.str(), Pos, CB = std::move(CB),
1(11lvm: :Expected<InputsAndAST> InpAST)

if (1InpAST
return CB(InpAST.takeError());
format::FormatStyle Style = getFormatStyleForFile
File, InpAST->Inputs.Contents, *InpAST->Inputs.TFS,
CB(clangd::getHover(InpAST->AST, Pos, std::move(Style),
facilities().Index));

facilities().Scheduler|. runWithAST("Hover", File, std::move(Action),
TUScheduler: :NoInvalidation);

onHover ( TextDocumentPositionParams &Params,
Callback<std::optional<Hover>> Reply) {




PaclimpeHne npoToKkoa

EINOF 't bar();

. Hello!
function bar

function bar
— 1int
— int

bar()

bar()




PacwmpeHme API GyHKLMOHA/bHbIX MOAYNEN

» [lobaBneHmne XyKos

* Bbi3BaTtb meToa, X ANnA Bcex moaynen npu cobbitum Y
v N06aBuTb meTon, X
v'"HanTtu mecto ana coboitna Y

»pepoctassieHne AaHHbIX

* lobaBneHue B Facilities
v'Hanpumep, yKasaTtenb Ha 6a3y AaHHbIX KOMNUAALUK



11 Open

)

[clangd] Add code action to suppress clang-tidy diagnostics #18879¢
Lancern wants to me 'ge 1 commit into from |'_lD

vogelsgesang commented on Mar 30 Member

The issue is that ParsedAST:build has a non-trivial amount of code building a ClangTidy context for identifying and

e

processing ClangTidy diagnostics, which is not accessible in a feature module.

Would it make sense to move all of clang-tidy into a feature module? And make the ClangTidy context an implementation
detail of that

Then you could add the "suppress diagnostic" as part of that clang-tidy feature module. Since you would be inside that
module, you would have access to the module-private ClangTidy context.

(That being said, | know next to nothing about feature modules, and hence don't know how much work that refactoring
would be or if it's even doable)

@ (&

ithub.com/llvm/llvm-proj ull/188796

32


https://github.com/llvm/llvm-project/pull/188796

PYHRUMNOHAJ/IbHbIE

MOV

ArcsinX commented on Mar 31 Member

The issue is that ParsedAST:build has a non-trivial amount of code building a ClangTidy context for identifying and

=

processing ClangTidy diagnostics, which is not accessible in a feature module.

Would it make sense to move all of clang-tidy into a feature module? And make the ClangTidy context an
implementation detail of that Then you could add the "suppress diagnostic" as part of that clang-tidy feature module.
Since you would be inside that module, you would have access to the module-private ClangTidy context.

(That being said, | know next to nothing about feature modules, and hence don't know how much work that refactoring
would be or if it's even doable)

Personally, | think this is a great idea. And maybe the reason it wasn't done this way initially is because feature modules were
introduced after clang-tidy had already been integrated into clangd.

| don't have time to do this by myself right now, but if someone wants to implement it, I'll be happy to review it.
The implementation can be based on the use of FeatureModule::AsTListener: :beforeExecute() to replace AST consumer in
CompilerInstance with MultiplexConsumer which will contain both: current AST consumer and clang-tidy AST consumer.

ithub.com/llvm/llvm-

33
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OrpaHn4yeHna 1 CNOXHOCTU

>TOJ'IbKO CTaTnyeCKad IMHKOBKA
* OTHOCUTENbHO Nerko Ao6aBuUTb AMHAMUYECKYIO
* https://discourse.llvm.org/t/rfc-registry-for-feature-modules/87733

»HeT gocTtyna K AMarHoCTMKam/CMHTaKCMUYEeCKOMY AepeBo Ha
3Tane MHAEKCMpPOBaHUA
* MOHO MUCMPaBUTb, HO Y}Ke CNOXKHee

»HectabunbHocTtb C++ clang API


https://discourse.llvm.org/t/rfc-registry-for-feature-modules/87733

MoaybHbIN A3bIKOBOW CEPBEP Kak obLLee pelleHue

> ba3oBan BepcuA
°* C PYHKUMOHAIOM, MOAXOAALLNM Fe44FH# BCEM
* OTHOCUTENIbHO HEDOONbLLOW Pa3mep
* MeHblUe noTpebneHne namaTu
* IyyLlEe NPOU3BOAUTENBbHOCTb

» [lononHuTenbHble GYHKLMOHA/IbHbIE MOAYAN
* Habop Ana npoekra
* MlnanemnayanbHble



Cnacunbo!

Bonpocob!?

AnekcaHap lNnatoHoB
email: arcsinx45@gmail.com

tg: @arcsinx45

R
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