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Or: Introspecting LLVM to fix bugs to improve debug info and SPGO outcomes
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PHINode *PN = PHINode::Create(Ty: LoadI->getType(), NumReservedvalues: pred | 8x55555B36A843 48 85 d2 testq %rdx, %rdx
PN->insertBefore(InsertPos: LoadBB->begin()); @x55555B36A846 7e 25 jle @x55555b36a86d
PN->takeName(V: LoadI); Bx55555B36A848 48 d1 ea shrg %rdx
PN->setDebugloc(Loc: LoadI->getDebugloc()); USSR 48 89 d7 movq  %rdx, &rdi
@x55555B36A84E 48 ¢l e7 B84 shlg $ex4, Erdi
/ Insert new entries into the PHI for each predecessor. A single block ma Bx55555636A852 et cmpg SRRl
A . . ) = @x55555836A857 73 e7 jae BX55555h36a840
have multiple entries here. @x55555B36A859 a8 £7 d2 notg  %rdx
for (BasicBlock *P : predecessors(BB: LoadBB)) { .
i i @x55555B36A85C 48 01 f2 addg *rsi, Srdx
U 2 E RS EDAE L al SIS B ) @x55555B836A85F 49 81 fd addg  %rdi, %r13
11vm: :lower bound(&Range: AvailablePreds, Value: std::make_pair(&x: P, @XS5E5SB36A862 49 83 ¢S 10 addq $ox10, %ri3
ex55555B36A866 eb ds jmp Bx55555h36a3480
assert(I != AvailablePreds.end() && I->first == P && @XCS5SSR36AS68 31 o el %acx, %ecx
"Didn’t find entry for predecessorl”); @X55555B36A86A 49 89 c5 movq  %rax, %ri3
Bx55555B836A86D 48 c1 el 84 shlg $oxd4, %rcx
' If we have an available pred @x55555B36A871 48 81 c8 addq  %rcx, %rax
cast in the predecessor and use @x55555B36A874 49 39 ¢5 cmpg  %rax, %ri3
AvailablePreds vector as we go Bx55555B36A877 ef 84 7f @3 @0 o8 je 8x55555b36abfc
predecessor use the same bitcast. Bx55555B36A87D 4d 39 7d ee cmpq %rl5, (%ri13)
Value *&PredV = I->second; @x55555B836A881 ef 85 75 83 @8 Be jne B8x55555b36abfc
if ( D Predv->getType() @ != LoadI->getType()) { > 8x55555B836A887 49 8b 75 @8 movq 0x8(%r13), Xrsi
PredV = CastInst::CreateBitOrPointerCast( BxE55555B36A88B 48 8b 43 @8 movg 8x8(%rbx), Xrax
S: PredV, Ty: LoadI-»getType(), Name: ", InsertBefore: P->getTermina @x55555B36A88F 48 39 46 @8 cmpq %rax, @x8(%rsi)
/ The new cast is producing the value used to replace the load @x55555B36A893 ef 84 f1 @1 ee ee je @x55555b36aasa
instruction, so uses the load's debug location. If P does not always @x55555836A899 66 c7 44 24 78 @1 61 R $oxiel, ex78(%rs
/ branch to the load BE however then the debug location must be droppe @x55555B36A8A8 49 8b 4f 30 movg ex3e(%rl5), %rcx
B OwCCCCCRIAADNA AQ @32 7 IO addn SO0 F¥rnio

Debugging large programs is significantly harder without

accurate source locations.
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e SPGO improves LLVM optimization decisions by using a trace of the
program’'s execution.

® Source locations are required to map profiles back to source code.

e Performance gains are dependent on completeness and correctness of
source locations.

® “Every missing source location is a missed optimization.”

©2024 Sony Interactive Entertainment 4
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define il @test(il %in) !dbg !9 { define il @test(il %in) !dbg !9 {
entry: entry:
%call = call i1l @make_condition(), !dbg !12 %call = call i1 @make_condition(), !dbg !12
br i1 %call, label %if.then, label %if.end, !dbg !13 ; Speculatively executed xor instruction.
; Now executes unconditionally!
if.then: ( [ %0 = xor i1 %in, true, !dbg !14
%0 = xor il %in, true, !dbg !14 COr ( 5 Original branch replaced with simple select.
br label %if.end, !dbg !15 %spec.select = select i1 %call, i1 %@, il %call, !dbg !13

ret i1 %spec.select, !dbg !16
if.end }
%cond.@.in = phi i1 [ %0, %if.then ], [ %call, %entry ]
ret i1 %cond.@.in, !dbg !16

Movement of instructions across basic blocks may require source
locations to be removed to prevent misleading users and profilers.

©2024 Sony Interactive Entertainment 6
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define 132 @foo(il %cl) !dbg !5 {
entry:
%baz = alloca i32
br il %cl, label %lhs, label %rhs, !dbg !15

lhs:
store 132 1, ptr %baz, !dbg !16
br label %cleanup, !dbg !17

rhs:
store 132 2, ptr %baz, !dbg !18
br label %cleanup, !dbg !19

cleanup:
%baz.val = load i32, ptr %baz
%ret.val = call i32 @escape(i32 %baz.val),
ret 132 %ret.val, !dbg !21

}

Idbg 120

define 132 @foo(il %cl) !dbg !5 {
entry:
br 11 %cl, label %lhs, label %rhs, !dbg !15

lhs:
br label %cleanup, !dbg !17

rhs:
br label %cleanup, !dbg !19

cleanup:

;, Stores+loads replaced with a PHI with line number = 0©.
%storemerge = phi i32 [ 2, %rhs ], [ 1, %lhs ], !dbg !22
%ret.val = call i32 @escape(i32 %storemerge), !dbg !20
ret 132 %ret.val, !dbg !21

}

Merged instructions without a common source location cannot be
correctly attributed to a single location.

©2024 Sony Interactive Entertainment




Why do we lose source locations?

/¢ The global is initialized when the store to it occcurs. If the stored
£ walue is null value, the global bool is set to false, otherwise true.
new StoreInst{ConstantInt::getBool(
Gv-»getContext(),
lisa<ConstantPointernull>(SI-»getvaluecperand(}}),
Initeool, false, align{l), SI-»getordering(},
SI-»getsyncscopeID(), SI-»getIterator()};

Sony
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/f The global is initialized when the store to it cccurs. If the stored
/f value is null walue, the global bocl is set to false, otherwise true.
auto *MewsI = new StoreInst(
ConstantInt: :getBool (Gv->getContext()}, !isa<ConstantPointerniulls(
SI-»getvalusoperand() ),
InitBool, false, alipn(1}, SI-»getordering(), SI-»getSyncScopeID(),
SI-»getTterator{});

NewSI->setDebugloc{SI->getDebugloc());
SI-»eraseFromParent(); SI-»eraseFromParenty(};
continue; c continue;
constant *C = Ty-»isIntOrIntvectorTy() ?
ConstantInt::get{Ty, NumFound) : ConstantFP::get(Ty, MumFound);
Instruction *Mul = Crestemul{Theop, C, "factor", I-»getIterator(), I);
Mul->setpebugloc(I->getDebugloc());

Constant *C = Ty-»isIntorInmtvecterTy() ?
constantInt::get(Ty, MumFound)} : ConstantrP::get(Ty, MumFound);
Instruction *Mul = CreateMul(Thecp, €, "factor", I-»getIterator(}, I);

/¢ Now that we have inserted a multiply, cptimize it. This allows us to /f now that we have inserted a multiply, optimize it. This allows ws to

/F handle cases that require multiple factering steps, such as this: // handle cases that reguire multiple factoring steps, such as this:

guto *T = Rem->getType(); guto *T = Rem-»getType();

autc *N = Rem-»getoperand{@), *D = Rem-»getOperand(l)}; auto *N = Rem-»getoperand(@), *0 = Rem->getCperand(l};
ICmpInst *ICmp = new ICmpInst{Rem->getIterator{}, ICmpInst::ICMP_EQ, M, D); ICmpInst *ICmp = new ICmpInst(Rem-»getIterator(), ICmpInst::ICMP_EQ, N, D};
ICmp->setDebugloc(Rem->getDebugloc());

selectInst *sel = SelectInst *=sel =

selectInst::Create{ICmp, cConstantInt::get(T, @), N, "iv.rem", Rem- selectInst::Create{ICmp, ConstantInt::get(T, 8), N, "iv.rem”, Rem-

»getIterator(}); »getIterator());

Rem->replaceallUseswith(Sel); Rem->replaceallUsesWith{sel);

Setting source locations for new instructions is an optional step
and is sometimes simply overlooked.

24 Sony Interactive Entertainment
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Can’t we just use tests? 0 S

F(i+1l) % n --> (i+l)==n?@:(i+l) if i is in [@,n).
void SimplifyIndvar::replaceRemWithNumeratorOrZero(Binar
‘ ‘ auto *T: Type * = Rem->getType();
Adds test auto *N: Value * = Rem->getOperand(i nocapture: 8), *D
araqge ‘ ICmpInst *ICmp = new ICmpInst({InsertBefore: Rem->getIt
, ICmp->setDebugloc(Loc: Rem->getDebugloc());
SelectInst *Sel =
M o o, iz s SelectInst::Create(C: ICmp, 51: ConstantInt::get(Ty
:m "::55; Mo Rem->replaceAllUsesWith{V: Sel);
,,,“ o R, ot Sel-»setDebugloc(Loc: Rem->getDebugloc());
Ll g o = 1016} LLVM_DEBUG(dbgs() << "INDVARS: Simplified rem: " << *H
lvm-ncduie, Fogs - H18) ++NumElimRem;
" et i aectongs gy erzions B misstming: 3 Changed = true;
§ ey DeadInsts.emplace back(Rem);
st - widget", LinkageName: "Widget", scope: ull, Flle: 1L, Line: 2, type: 16, scopeLine: 1, spFlags: DISPH 1

: 1, column: 1, scope: 15)

Currently unrealistic for lit or unit tests to cover every single
callsite in LLVM.

©2024 Sony Interactive Entertainment 10



Can't we just use tests?

define void @foo(il ¥b, i1 %c, i1 %d) !dbg !5 {
entry:

Xp = alloca i32, align 8

br i1 Zb, label Z%left, label ¥right

left:
call void @llvm.memset.p@.i64(ptr %p, i8 @, i64 8, i1 false)
br label Xend

right:
br i1 %c, label Zright.left, label Xright.right

right.left:
call void @llvm.memset.p®.i64(ptr Xp, i8 @, i64 8, i1 false)
br i1 %d, label %end, label ¥exit

right.right:
br label %end

end:
%@ = load ptr, ptr %p, align 8, !dbg !8 —_— |
%isnull = icmp eq ptr %8, null
br i1 ¥isnull, label Xexit, label Xnotnull

notnull:
br label Xexit

Copy !dbg

¢
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define void @foo(il %b, i1 %c, i1 #d) !dbg !5 {
entry:

Xp = alloca i32, align 8

br i1 %b, label X¥left, label ¥right

left:

call void @llvm.memset.p®.i64(ptr %p, i8 @, ie4 8, i1 false)

%@ = inttoptr i64 @ to
br label Xend

ptr, !dbg !8

right:

br i1 %c, label Zright.left, label Xendthread-pre-split

right.left:

call void @llvm.memset.p®.i64(ptr %¥p, i8 @, ie4d 8, i1 false)

%1 = inttoptr i64 @ to ptr
br i1 %d, label ¥end, label Fexit

endthread-pre-split:
» %.pr = load ptr, ptr %p, align 8, !dbg !8
br label X¥end, !dbg !8

end:
%2 = phi ptr [ %.pr, ¥endthread-pre-split ],
%isnull = icmp eq ptr %2, null
br i1 ¥isnull, label Xexit, label Xexit

exit:
ret void

3

[ %1, %right.left ], [ %@, ¥left ], !dbg 18

Not all cases are trivial to determine from looking at the source or
IR, especially when unfamiliar with debug info.

©2024 Sony Interactive Entertainment
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};

enum class DebuglLocKind : uint8_t {

// Non-annotated location.
Normal,

// The instruction is not associated with any line in the user source.

CompilerGenerated,

// The instruction has had its location intentionally removed.
Dropped,

// The instruction is transient and will not be emitted to assembly.
Temporary,

// The instruction has a location we cannot or do not know how to
// represent.

Unknown

SelectInst *SI =
SelectInst::Create(RetKnownPN, RetPN, RI->getOperand(9),
“current.ret.tr", RI->getIterator());
SI->setDebugloc(DebuglLoc::getCompilerGenerated());

New “annotations” encode the intent of empty source locations.

©2024 Sony Interactive Entertainment
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® [n normal LLVM builds, annotative locations have no effect or cost.

® (CMake with -DLLVM_ENABLE_DEBUGLOC_COVERAGE_TRACKING=Coverage:

static inline DebuglLoc getCompilerGenerated() {
return DebuglLoc(DebuglocKind: :CompilerGenerated);

}

® All source locations validated after every pass, using Debugify:

clang++ -02 -gmlt # Build with optimizations and line numbers
-Xclang -fverify-debuginfo-preserve # Run Debugify checks after each pass
-Xclang -fverify-debuginfo-preserve-export=debugify-report.json # Print Debugify results to debugify-report.json
-mllvm -debugify-level=locations # Check source locations only (no variables)

-0 ArchiveCommandLine.cpp.o -c CTMark/7zip/CPP/7zip/UI/Common/ArchiveCommandLine.cpp

® Any instruction without either a source location or an annotation is a bug.

©2024 Sony Interactive Entertainment
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Following build(s), reports can be displayed as HTML or YAML:

2. PlayStation.

$ 1llvm/utils/1lvm-original-di-preservation.py debugify-report.json --report-html-file report.html

Location Bugs found by the Debugify

/home/ gh‘rozer:-. 'd

test-su Tzip/ T
SROAPass

CPP/ ""z1p UL/Common/ ROAPass

ArchiveCommandLine cpp

$ 1lvm/utils/llvm-original-di-preservation.py debugify-report.json --acceptance-test
DILocation Bugs:

/home/gbtozers/dev/11lvm-test-suite/CTMark/7zip/CPP/7zip/UI/Common/ArchiveCommandLine.cpp
SROAPass:
- action: drop

bb_name: lpad.i.il362
fn_name: ZN25CArchiveCommandLineParser6Parse2ER26CArchiveCommandLineOptions
instr: br

Errors detected for: debugify-report.json

©2024 Sony Interactive Entertainment
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DILocation B

/home/gbtozers/dev/1lvm-test-suite/CTMark/7zip/CPP/7zip/UI/Common/ArchiveCommandLine.cpp:

InstComb
- action

bb_name: for.body.lr.ph.i.i
fn_name: ZN25CArchiveCommandLineParser6Parse2ER26CArchiveCommandLineOptions

instr:

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

ugs:

inePass:
: not-generate

icmp
e
0x00005dc71e805465
Bx0e85dc/1ea548de
Oxeeeesdc7leasdade
Bx08805dc71e8548de
0x00005dc71e8699d4
Ox0e8asdc/1e8699d4
Oxeeeesdc71e@690d4
Bxeeee5dc71e8699d4
Bx08805dc71bfda545
Ox00005dc71e3200d4
exeeeesdc7le3200d4
Bx80885dc71e286422
Bx88885dc71e289644
Bx00005dc71e2889a9
exeeeasdcrled77ecd
Bxeeees5dc71e8c6857
Bx88885dc71cPab686d
@x088a5dc71ebcadcl
Bxeeeasdc71cearlfd
Bxeeeasdc7le0cs907
@xeeeasdc71ed73cbc
8x88e85dc71ed73cbc
exeeeasdcrled73chc
exeeeasdc7led73chc
exeeeasdc7ledbaa3d
Bx88ea5dc71edbaa3d

11vm: :DbglocOrigin: :DbglocOrigin(bool) /home/gbtozers/dev/upstream-1lvm/11lvm/1ib/IR/Debugloc.cpp:21:9
DILocAndCoverageTracking /home/gbtozers/dev/upstream-11lvm/11lvm/include/11vm/IR/Debugloc.h:86:11
Debugloc /home/gbtozers/dev/upstream-11lvm/11lvm/include/11vm/IR/Debugloc.h:129:5
11vm: : Instruction: :Instruction(1lvm: : Type*, unsigned int, 1lvm::User::AllocInfo, llvm::InsertPosition) /home/gbtozers/dev/upstream-11vm/11vm/1ib/IR/Instruction.cpp:47:14
op_begin /home/gbtozers/dev/upstream-11lvm/11lvm/include/11lvm/IR/OperandTraits.h:35:38
OpFrom<@, 1lvm::CmpInst> /home/gbtozers/dev/upstream-11lvm/11lvm/include/11vm/IR/User.h:193:9
0p<@> /home/gbtozers/dev/upstream-11vm/11lvm/include/11vm/IR/InstrTypes.h:1085:1
11lvm: :CmpInst: :CmpInst(llvm: :Type*, 1llvm::Instruction::0therOps, 1lvm::CmpInst::Predicate, 1lvm::Walue*, 1lvm::Value*, 1llvm::Twine const&, llvm::InsertPosition, llvm::Instr
1lvm: : ICmpInst: : ICmpInst(llvm: :CmpInst::Predicate, 1lvm::Value*, 1lvm::Value*, 1lvm::Twine const&) /home/gbtozers/dev/upstream-1lvm/1lvm/include/11lvm/IR/Instructions.h:1222
canonicalizeCmpWithConstant /home/gbtozers/dev/upstream-11lvm/1lvm/1lib/Transforms/InstCombine/InstCombineCompares.cpp:@:14
1lvm: :InstCombinerImpl::visitICmpInst(llvm::ICmpInst&) /home/gbtozers/dev/upstream-1lvm/11lvm/1lib/Transforms/InstCombine/InstCombineCompares.cpp:7612:26
11lvm: : InstCombinerImpl::run() /home/gbtozers/dev/upstream-1lvm/11lvm/1ib/Transforms/InstCombine/InstructionCombining.cpp:5628:22
combineInstructionsOverFunction(1lvm: :Function&, 1lvm::Instructionkorklist&, 1lvm::AAResults*, 1lvm::AssumptionCache&, 1lvm::TargetLibraryInfo&, 1lvm::TargetTransformInfo&
1lvm: :InstCombinePass::run{llvm: :Function&, llvm::AnalysisManager<llvm::Function>&) /home/gbtozers/dev/upstream-1lvm/1llvm/lib/Transforms/InstCombine/InstructionCombining.c
1lvm: :detail::PassModel<llvm: :Function, llvm::InstCombinePass, llvm::AnalysisManager<llvm::Function>>::run(1llvm::Function&, 1lvm::AnalysisManager<llvm::Function>&) /home/g
1lvm: :PassManager<llvm: :Function, 1lvm::AnalysisManager<llvm::Function>>::run{llvm::Function&, 1lvm::AnalysisManager<llvm::Function>&) /home/gbtozers/dev/upstream-11vm/11lvn
11vm: :detail: :PassModel<llvm: : Function, 1lvm::PassManager<llvm::Function, 11lvm::AnalysisManager<llvm::Function»>, 1lvm::AnalysisManager<llvm::Function>>::run{llvm::Functio
1lvm: :ModuleToFunctionPassAdaptor: :run({llvm: :Module&, llvm::AnalysisManager<llvm::Module>&) /home/gbtozers/dev/upstream-1lvm/11lvm/1ib/IR/PassManager.cpp:132:23
1lvm: :detail::PassModel<llvm: :Module, 1lvm::ModuleToFunctionPassAdaptor, 1lvm::AnalysisManager<llvm::Module>>::run(llvm::Module&, llvm::AnalysisManager<llvm::Module>&) /hon
1lvm: :PassManager<llvm: :Module, 1lvm::AnalysisManager<llvm::Module>>::run{llvm::Module&, 1lvm::AnalysisManager<llvm::Module>&) /home/gbtozers/dev/upstream-1lvm/11lvm/includqg
issmall /home/gbtozers/dev/upstream-1lvm/11lvm/include/1lvm/ADT/SmallPtrSet.h:248:33
~SmallPtrSetImplBase /home/gbtozers/dev/upstream-11vm/11vm/include/1lvm/ADT/SmallPtrSet.h:89:18
~PreservedAnalyses /home/gbtozers/dev/upstream-11vm/1lvm/include/11vm/IR/Analysis.h:112:7
{anonymous namespace)::EmitAssemblyHelper::RunOptimizationPipeline(clang: :BackendAction, std::unique ptr<llvm::raw pwrite stream, std::default delete<llvm::raw _pwrite stre
emitAssembly /home/gbtozers/dev/upstream-1lvm/clang/lib/CodeGen/BackendUtil.cpp:8:3
clang: :emitBackendOutput(clang: :CompilerInstance&, clang::CodeGenOptions&, 1lvm::StringRef, 1lvm::Module*, clang::BackendAction, 1lvm::IntrusiveRefCntPtr<llvm::vfs::FileSy

-DL

©2024 Sony Interactive Entertainment

To get a symbolized stacktrace with every bug, just add:
LVM_ENABLE DEBUGLOC_ COVERAGE_TRACKING=COVERAGE AND ORIGIN
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® Buildbot currently running at: lab.llvm.org/staging/#/builders/222
® Configuration: x86_64, origin tracking, building CTMark with -02 -g

® Bugs detected appear as failures in the “check debugify output” step:

12) @ check debugify output 3 s 'python3 /home/buildbotbuildbot-root/lvm-dbgMivm-projectilvmiutilsdlvm-onginal-di-preservation_py ..." (failure)

& stdio ! | X download
383 i#21 Bxeesd5948b34ba81c ~unigque_ptr Susr/bin/.. lib/gcc/xB6 64-linux-gnufi3/.. ..Ff ../ . finclude/c++/13/bitsfunique_ptr.h:483:6

384 #22 ox@eBE5948b34bs81c clang: :BackendConsumer: :HandleTranslationUnit(clang: :ASTContext&) fhome/buildbot/buildbot-root/llvm-dbg/1lvm-project/clangflib/Codel
385 #23 Bxoeed5od8bde3c2f9 _ normal_iterator fusefbin/. ./ libfgcc/x86_64-linux-gnuf13f../ ../ ./ fincludefc++/13/bits/st]l_iterator.h:1877:28

386 #24 Bxoeed5948bde3c2f9 begin Susr/fbin/../lib/gcc/x86_64-linux-gnu/13/..f. /. F . Fincludefo++/13/bits/st]l_vector.h:874:16

387 #25 oxeepds9debdeic2fd finalize<std::vector<std: :unique_ptr<clang::TemplatelnstantiationCallback, std::default_delete<clang::TemplatelnstantiationCallback
388 #26 Bx@eed59d8bdelc2f9 clang::ParseAST(clang: :Semak, bool, bool) fhomefbuildbot/buildbot-root/llvm-dbg/llvm-project/clang/lib/Parse/ParseAST.cpp:198:3

389

394 #8 GuBeB85948b2845838 1lvm: :DbglocOrigin: :addTrace() fhome/buildbot/buildbot-root/llvm-dbgfllvm-project/1lvm/1ib/IR/Debugloc. cpp:31:9

391 #1 ex@epd5948bl1fealed 1lvm: :Instruction: :setDebugloc{llvm: :Debugloc) fhome/buildbot/buildbot-root/11vm-dbg/11lvm-project/1lvm/include/11vm/IR/Instruction.
392 #2 Bx@eed5948b2EE6adl begin fhomeSbuildbot/buildbot-root/1lvm-dbg/1lwm-project/1lvm/include/11vm/ADT /SmallVector.h:268:45

393 #3 exeepd59dab2EEsadl end Shome/buildbot /buildbot-root/11lvm-dbg/1lvm-project/11lvm/include/11lvm/ADT fSmallVector.h:278:27

4 4 0oL OAgBI00E - d1 fmal 1L +on fhomalbuildbosthaildbat oot (10w Aba i1l oooSocs (1 lemlinslagd 1luum ABT ICmallactan L1302 48
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Results and what comes next

e 19 existing bugs detected and fixed.

e Current coverage includes almost all IR
passes, excludes:

o Instruction selection
o MIR passes

o Vectorizers (Loop+SLP)

e Aiming to extend coverage to all of
these in future, for full compiler
coverage.

©2024 Sony Interactive Entertainment

Instruction location counts in CTMark, pre-

ISel, built with clang -02 -g:
Valid locations 1169793

Line O locations 14318
Missing locations 495
Compiler Generated 18388
Dropped 47513
Temporary 43
Unknown 3704

93.266%
1.142%
0.039%
1.466%
3.788%
0.003%
0.295%

19
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® Future work: verifying annotations?
® Temporary locations should never be considered for line table emission.

® Conditions for dropping locations can be detected with compiler instrumentation:

O Huang, Shan & Liang, Jingjing & Su, Ting & Zhang, Qirun. (2025). Robustifying Debug Information Updates in
LLVM via Control-Flow Conformance Analysis. Proceedings of the ACM on Programming Languages. 9. 527-549.
10.1145/3729267.

® Potential investigation for other annotation types?

©2024 Sony Interactive Entertainment
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Thank youl!

©2024 Sony Interactive Entertainment 21
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