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The |dea: cross static (P3334)

* Having a static variable that is shared between function template
instantiations

cross _static int count = 0O;
++count;
cout << -count << "+ " << x" << "\n";

main() {
f<int>(x: 1);
f<int>(x: 2);
f<dou >(x: 2.4);




Starting with Clang

* git clone https://github.com/llvm/llvm-project.git

* cd llvm-project
* mkdir build
* cd build

* cmake -DLLVM_ENABLE_PROJECTS=clang
-DCMAKE_BUILD _TYPE=Release -GNinja ../llvm

* ninja clang



Clang Structure

Preprocessing

Abstract syntax tree (AST)

I_I

|

Semantic Analysis

l

Code Generation
(LLVM IR)




Useful Commands

* Print IR: ./build/bin/clang++ -S -emit-llvm -o - <src>

* Print AST: ./build/bin/clang++ -Xclang -ast-dump -fsyntax-only <src>



Adding a New Keyword

.Jclang/include/clang/Basic/TokenKinds.def
tok::kw_cross_static

D(asm , KEYCXX|KEYGNU)
( BOOLSUPPORT | KEYC23)
. (fr_:f > KEYCXX)

D(class KEYCXX)
RD( . KEYCXX)
D(cross_static » KEYCXX)

(delete , KEYCXX)
D(dynami , KEYCXX)




Parse the new keyword

++Ccount;

main() {
f<int>(x:
f<int>(x:
f<d




FunctionTemplateDecl ©x58aa67b6cee8 <clang/cross static test.cpp:8:1, line:11:1> line:8:28 f
TemplateTypeParmDecl @x58aa67b6cc5@ <col:11, col:20> col:20 referenced typename depth @ index @ T
FunctionDecl @x58aa67b6ced4® <col:23, line:11:1> line:8:28 f

ParmVarDecl 0x58aa67b6cd3@ <col:30, col:32> col:32 x
CompoundStmt ©x58aa67b6d138 <col:35, line:11:1>
DeclStmt ©x58aab7b6d@e8 <line:9:5, col:31>
VarDecl ©x58aa67b6d@1@ <col:5, col:3@> col:22 referenced count 'int’ static cinit
IntegerLiteral ©x58aa67b6d@80 <col:30> 'int" @
UnaryOperator 0x58aa67b6d120 <line:10:5, col:7> "int’ 1lue prefix ‘'
DeclRefExpr @x58aa67b6d1@@ <col:7> 'int’ 1lue Var 0x58aa67b6do10 ‘count’
FunctionDecl ©x58aa67b6d5e@ <line:8:23, line:11:1> line:8:28 used f 'voi il implicit_instantiation instantiated from ©x58aa67b6ced4@
TemplateArgument type ‘int’
tinType @x58aa67bldc1@ "int’
ParmVarDecl @x58aa67b6d4de <col:30, col:32> col:32 x
CompoundStmt ©x58aa67b8bcf8 <col:35, line:11:1>
DeclStmt ©x58aa67b8bca8 <line:9:5, col:31>
VarDecl ©x58aa67b8bbf@ <col:5, col:30> col:22 used count "int' static cinit
IntegerLiteral ©x58aa67b6de@8e <col:30> ‘int" @
UnaryOperator ©x58aa67b8bce@ <line:10:5, col:7> "int’ ) prefix ‘++'
DeclRefExpr ©x58aa67b8bcc@® <col:7> "int’ e Var ©x58aa67b8bbf@ ‘count’
FunctionDecl ©x58aa67b8b9c@ <line:8:23, line:11:1> line:8:28 used f 'voi )" implicit_instantiation instantiated from ©x58aa67b6ced@
TemplateArgument type 'double’
t > @x58aa67bldd3e '
ParmVarDecl ©x58aa67b8b8b8 <col:30, col:32> col:32 x '
CompoundStmt ©x58aa67b8be20 <col:35, line:11:1>
DeclStmt ©x58aa67b8bdde@ <line:9:5, col:31>
VarDecl ©x58aa67b8bd18 <col:5, co0l:30> col:22 used count ‘int' static cinit
IntegerLiteral 0x58aa67b6de@80 <col:30> ‘int’ @
UnaryOperator ©x58aa67b8be@8 <line:10:5, col:7> 'int' 1 prefix "++'
DeclRefExpr @x58aa67b8bde8 <col:7> "int' lv: Var ex583367b8bd18 "count’
FunctionDecl @x58aa67b6d1b8 <line:13:1, line:17:1> line:13:5 main
CompoundStmt ©x58aa67b8bbc8 <col:12, line:17:1>
CallExpr ©x58aa67b6d7b8 <line:14:5, col:13>
ImplicitCastExpr ©0x58aa67b6d7a@ <col:5, col:10> ‘voi “Y(int)" < >
DeclRefExpr 0x58aa67b6d6e@ <col:5, col:10> voi int Function ©x58aa67b6d5e@ "f’ id (int (FunctionTemplate ©x58aa67b6cee8 "f')
IntegerLiteral @x58aa67b6d338 <col:12> °
CallExpr ©x58aa67b6da®8 <line:15:5, col:13> °
ImplicitCastExpr ©x58aa67b6dof@ <col:5, col:10> 'void (*)(int)" < ' >
DeclRefExpr ©x58aa67b6d998 <col:5, col:10> i ir Function ©x58aa67b6dS5e® 'f' 'void (int (FunctionTemplate ©x58aa67b6cee8 'f')
IntegerLiteral 0x58aa67b6d878 <col:12> 'i
CallExpr ©x58aa67b8bb98 <line:16:5, col:18>
ImplicitCastExpr 0x58aa67b8bb80 <col:5, col:13> ‘void (* le)" < >

DeclRefExpr @x58aa67b8bac® <col:5, col:13> yid (double)’ 1 Function @x58aa67b8b9c@ 'f' ‘voi louble)" (FunctionTemplate @x58aa67b6cee8
FloatinglLiteral @x58aa67b6dac8 <col:15> 'double’ 2.400000e+00

")




Main

FunctionDecl @x58aa67b6d1b8 <line:13:1, line:17:1> line:13:5 main 'i
CompoundStmt @x58aa67b8bbc8 <col:12, line:17:1)
CallExpr 0x58aa67b6d7b8 <line:14:5, col:13) void
IplicitCastExpr @x58aa67b6d7a0 <col:S, col:10> ‘void (*)(int)" ¢ )
DeclRefExpr @x58aa67b6d6ed <col:5, col:10y "void (i ' Function @x58aa67b6dSed ' 'void (int)" (FunctionTemplate @x58aa67b6ceed 'f')
[ntegerLiteral @x58aa67b6d338 <col:12> 'int’ 1
CallExpr @x582a67b6d208 <line:15:5, col:13> “voi

IplicitCastExpr 8x58aa67b6d9f@ <col:5, col:10> "void (*)(int)" < )
DeclRefExpr @x58aa67b6d998 <col:5, col:10> ‘void (i Function @x58aa67b6d5e 'f* ‘void (int)" (FunctionTemplate @x58aa67bbceed 'f')
[ntegerLiteral 8x583a67b6d878 <col:12> "int" 2
CallExpr @x582a6708bb98 <line:16:5, col:18> "voi
IplicitCastExpr @x58aa67b8bb80 <col:5, col:13> 'void (*)(double)" ¢ )
DecIRefExpr @x58aa67b8bac@ <col:5, col:13y ‘void (double) ' Function @x582a67b8b9cd 'f' 'void (double)" (FunctionTemplate @x58aa67b6cees 'f')
Floatingliteral @x58aa67b6dac8 <col:15> ‘double” 2,400000e+00




Instantiations

FunctionDecl @x58aa67b6dSe@ <line:8:23, line:11:1> line:8:28 used f 'void (int)" implicit instantiation instantiated from @x58aa67b6cedd
TemplateArgument type 'int’
Bui @x58aa67b1dc10
ParmVarDecl @x58aa67b6d4de <col:30, col:32> col:32 x ‘i
CompoundStmt @x58a3a67b8bcf8 <col 35, line:11:1>

IntegerLiteral 9x583367b6d680 <col 30> “int
UnaryOperator @x58aa67b8bce@ <line:10:5, col:7> "int' lvalue prefix '#'
DeclRefExpr @x58aa67b8bcc@ <col:7> "int' Var @x58aa67b8bbf@ ‘count’
FunctionDecl ©x58aa67b8b9c@ <line:8:23, line:11:1> line:8:28 used f 'voi le)" implicit instantiation instantiated from @x58aa67b6cede
TemplateArgument type 'double’
Bui e 0x58aa67b1dd30
ParmVarDecl @x58aa67b8b8b0 <col:3@, col:32> col:32 x '
CompoundStmt @x58aa67b8be20 <col:35, line:11:1>
DeclStmt @x58aa67b8bddé <line:9:5, col:31>
VarDecl 0x58aa67b8bd18 <col:5, col:3@> col:22 used count "int" static cinit

tndr‘vgildtOi 0x58aa67b8bed8 <line:10: 5 col:7> "int" lvalue prefix '+’
DeclRefExpr ©x58aa67b8bde8 <col:7> "int" Iy Var 0x58a3a67b8bd18 'count’




Function Template Declaration

FunctionTemplateDecl @x58aa67b6cee8 <clang/cross static test.cpp:8:1, line:11:1> line:8:28 f
TemplateTypeParnDecl ©x58aa67b6cc5@ <col:11, col:20> col:20 referenced typename depth @ index 0 T
FunctionDecl @x58aa67b6cedd <col:23, line:11:1> line:8:28 f |

ParmarDecl @x58aa67b6cd30 <col:38, col:32> col:32 x 'T'

ompoundStmt 0x58aa67b6d138 <col:35, line:11:1>

Uzal%tit 0x58aa67b6d0e8 ¢line:9:5, col:31)
VarDecl 0x58aa67b6d010 <col:S5, col:30> col:22 referenced count "int’ static cinit
IntegerL1teral 0x58aa6706a080 <col:30> '
UnaryOperator @x58aa67b6d120 <line:10:5, col:7> "int’ prefix "+
De l_RM Expr 0x583a67b6d100 <col:7) il Var 0x58aa67b6de10 'count




DeclSpec.h: add cross-static specifier

( )

unsigned CrossStatic : 1;

DeclSpec(AttributeFactory &attrFactory)
: StorageClassSpec(SCS_unspecified),
ThreadStorageClassSpec(TSCS_unspecified),
SCS_extern_in_linkage spec( ) )
CrossStatic( )
TypeSpecWidth( f < ig >(TypeSpecifierWidth: :Unspecified)),
TypeSpecComplex(TSC_unspecified),

isCrossStatic() { return CrossStatic; }
SetCrossStatic( | Value) {
CrossStatic = Value;




Prase tok::kw cross static

case tok::kw cross static:
DS.SetCrossStatic(true);
[[fallthrough]];

case tok::kw static:
if (DS.getThreadStorageClassSpec() == Dec

-

Spec::TSCS__ thread)

Diag(Tok, diag::ext thread before) << "static”;
isInvalid = DS.SetStorageClassSpec(Actions, DeclSpec::SCS static, Loc,
PrevSpec, DiagID, Policy);

isStorageClass =

reag"*
~ '.li".,



Decl.h: add cross static parameter

I}
L

class

LLVH_PREFERRED_TYPE(
IsCrossStatic

isCrossStatic() {
rn isa<ParmVarDecl>(this) ? : NonParmVarDeclBits.IsCrossStatic;

d setCrossStatic( CS) {
assert(!isa<ParmVarDecl>(this));
NonParmVarDeclBits.IsCrossStatic




DiagnosticSemaKinds.td: add errors

def err cross static outside of template : Error<
"cross static can only be specified inside of a function template context (%0)");

def err cross static inside of template spec : Error<
"cross static can't be specified inside of a function template specialization context (%0)";




SemabDecl.cpp: emit error

oma: :ActOnVariableDeclarator(
if (D.getDeclSpec().isCrossStatic()) {
auto *FD: nctionDecl nst * = dyn_cast<FunctionDecl>(Val: cast<Decl>(Val: DC));
if (!FD) {
Diag(Loc: D.getIdentifierLoc(), DiagID: diag::err _cross static outside of template) << Name;

1

J

switch (FD->getTemplatedKind()) {
case FunctionDecl::TK NonTemplate:

Diag(Loc: D.getIdentifierLoc(), DiagID: diag::err_cross_static outside_of_ template) << Name;

ase FunctionDecl::TK_FunctionTemplateSpecialization:
Diag(Loc: D.getIdentifierLoc(), DiaglID: diag::err_cross_static_inside of template_spec) << Name;

>




SemaDecl.cpp: copy cross-static to VarDecl

NamedDecl *Sema::ActOnVariableDeclarator(

NewVD->setCrossStatic(CS: D.getDeclSpec().isCrossStatic());

Sema: :BuildvariableInstantiation(
VarDecl *NewVar, VarDecl *0ldvar,
NewVar->setCrossStatic(CS: Oldvar->isCrossStatic());




@ ZZAfIiEvT _EScount| = linkonce_ odr dso_local global i32 @, comdat, align 4
| @ ZZ1fIdEvT_EScount| = linkonce odr dso_local global i32 @, comdat, align 4

; Function Attrs: mustprogress noinline norecurse optnone uwtable
define dso_local noundef i32 @main() #90 {

call void @ Z1fIiEvT_(i32 noundef 1)

call void @ _Z1fIiEvT_(i32 noundef 2)

call void @_Z1fIdEvT_(double noundef 2.400000e+00)

ret i32 ©

++count;

; Function Attrs: mustprogress noinline nounwind optnone uwtable
define linkonce_odr dso_local void @ ZAfIiEvT_(i32 noundef %0) #1 comdat {
%2 = alloca i32, align 4
majj]() { store i32 %0, ptr %2, align 4
£<i A>( T 1); = load i32, ptr|@ ZZ1fIiEvVT EScount] align 4

) %4 = add nsw 132 %3, 1
f<int>(x: 2); store i32 %4, ptr @ ZZ1fIiEVT _EScount,|align 4
f<double>(x: 2.4); ret void

; Function Attrs: mustprogress noinline nounwind optnone uwtable
define linkonce odr dso local void @ Z1fIdEvT_(double noundef %0) #1 comdat {
%2 = alloca double, align 8
store double %0, ptr %2, align 8
%3 = load i32, ptr{@ ZZ1fIdEvT_EScount} align 4
%4 = add nsw i32 %3, 1
store 132 %4, ptr| @ ZZ1fIdEVT EScount| align 4
ret void




Code Gen: What to do?

11lvm: :Constant *CodeGenModule: :getOrCreateStaticVarDecl(
VarDecl &D, 1llvm::GlobalValue::LinkageTypes Linkage) {

lvm: :Constant *ExistingGV = StaticlocalDeclMap[&D])
turn ExistingGV;




Decl.h: Add original VarDecl| Address

DeclaratorDecl, blic Redeclarable<VarDecl> {

VarDecl *VarDecl::getTemplatedOrigin()

turn Origin;

1
J

VarDecl::setTemplatedOrigin(VarDecl *VD) {
Origin =




Save original VarDecl on instantiation

Sema: :BuildVariableInstantiation(
VarDecl *NewVar, VarDecl *0ldvar,

NewVar->setTemplatedOrigin(Template: OldVar);




CGDecl.h: use template origin address

11vm: :Constant *CodeGenModule: :getOrCreateStaticVarDecl(
VarDecl &D, llvm::GlobalValue::LinkageTypes Linkage) {

VarDecl *DeclAddr = &D;
if (D.isCrossStatic())
DeclAddr = D.getTemplatedOrigin();

(1lvm: :Constant *ExistingGV = StaticlLocalDeclMap[DeclAddr])
rn ExistingGV;




Init Guard

@ _ZZA1fIiEvT_EScount linkonce_odr dso_local| global i comdat, align 4
@_ZZ1fIdEvT_EScount linkonce_odr dso_local| global comdat, align 4

;5 Function Attrs: mustprogress noinline norecurse optnone uwtable
define dso_local noundef i32 @main() #© {

call void @ _ZAFfIiEvT_(i32 noundef 1)

call void @ ZAFfIiEvT_(i32 noundef 2)

call void @ _ZA1fIdEvT_(double noundef 2.400000e+00)

ret i32 ©

; Function Attrs: mustprogress noinline nounwind optnone uwtable
define linkonce_odr dso_local void @ ZAFfIiEvT_(i32 noundef %0) #1 comdat {
%2 = alloca i32, align 4
store i32 %06, ptr %2, align 4
%3 = load i32, ptr @ ZZAfIiEvT_ES5count, align 4
%4 = add nsw i32 %3, 1
store i32 %4, ptr @ ZZAfIiEvVvT_EScount, align 4
ret void

; Function Attrs: mustprogress noinline nounwind optnone uwtable
define linkonce_odr dso_local void @ Zi1fIdEvT_(double noundef %6) #1 comdat {
%2 = alloca double, align 8
store double %©, ptr %2, align 8
%23 = load i32, ptr @ _ZZA1fIdEVT_ES5count, align 4
%4 = add nsw i32 %3, 1
store i32 %4, ptr @_ZZA1fIdEvT_EScount, align 4
ret void




Emit init guard

[taniumCXXABI: : EmitGuardedInit(CodeGenFunction &CGF,
VarDecl &D,

VarDecl *DeclAddr = &D;
if (D.1isCrossStatic())
DeclAddr = D.getTemplatedOrigin();

1lvm: :GlobalVariable *guard = CGM.getStaticlocalDeclGuardAddress(D: DeclAddr);




Questions?

ok

iy



