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Improving optimized-code 
line table quality
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Outline

•LLVM source location defect finder [almost done]

•Improved is_stmt placement for better interactive debugging [WIP]
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Basics - Line table what and why
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Basics – LLVM IR

!DILocation metadata 
attached to instructions
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LLVM Source Code

Basics – LLVM IR

!DILocation metadata 
attached to instructions
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Source location defect finder
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LLVM version

Unique source locations
(normalized)
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Misattribution
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Misattribution
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Misattribution
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Other issues

• Missing/incorrect location in crash trace

• Bonus coverage (ctrl-flow confusion)

• Cover unreachable code
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Generate HTML report of dropped-locations per 

optimisation pass

Contains false positives 

-verify-debuginfo-preserve

-verify-di-preserve-export=sample.json

llvm-original-di-preservation.py
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Existing tooling - Debugify
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Solution

Declare intent using new API
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DebugLoc API

Does nothing by default
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•New defect-finder based on debugify, no false positives

-DLLVM_ENABLE_DEBUGLOC_COVERAGE_TRACKING = 

COVERAGE_AND_ORIGIN

•Pass authors encode intent with new API

•We’re fixing existing issues it found

•Then let’s put this on a buildbot

Defect finder summary

18



SONY INTERACTIVE ENTERTAINMENT

Key Instructions
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Optimised code debugging

-O2 -g -O2 –g -???
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DWARF line table
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This “works” but results in excessively jumpy stepping

LLVM’s is_stmt strategy For each instruction in function

For each instruction in function

Line number changed? Yes Apply is_stmt
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Diff before(-) and after (+) early-cse

CSE: %mul1 RAUW %mul
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Diff before(-) and after (+) incstcombine

Simplify br condition

Sink %mul
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Accurate attribution but undesirable step

For each instruction in function

Line number changed? Yes Apply is_stmt
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Solution – Key Instructions

Prior work + inspiration

• Key Instructions: Solving the Code 

Location Problem for Optimized Code (C. 

Tice, S. L. Graham, 2000)

• Debugging Optimized Code: Concepts 

and Implementation on DIGITAL Alpha 

Systems (R. F. Brender et al)
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Key Instructions overview

Source atoms

Core ideas

• Source is made up of interesting atoms 

(ctrl-flow, assignments, calls)
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Core ideas

• Source is made up of interesting atoms 

(ctrl-flow, assignments, calls)

• Atoms typically have one “key 

instruction”

Key instructions

Key Instructions overview

Source atoms
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Key Instructions overview

Key instructions

Source atoms

Core ideas

• Source is made up of interesting atoms 

(ctrl-flow, assignments, calls…)

• Atoms typically have one “key 

instruction”

• Only apply is_stmt to key instructions
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Prototype implementation

Key instructions

Source atoms

!DILocations(…, atomGroup: num, atomRank: num)

DILocation(line: 2…, atomGroup: 1, atomRank: 2)

DILocation(line: 2…, atomGroup: 1, atomRank: 1)

DILocation(line: 5…, atomGroup: 2, atomRank: 1)
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Prototype implementation

Key instructions

Source atoms

DILocation(line: 2…, atomGroup: 1, atomRank: 2)

DILocation(line: 2…, atomGroup: 1, atomRank: 1)

DILocation(line: 5…, atomGroup: 2, atomRank: 1)

!DILocations(…, atomGroup: num, atomRank: num)

An atomGroup is roughly a Source Atom
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Prototype implementation

Key instructions

Source atoms

DILocation(line: 2…, atomGroup: 1, atomRank: 2)

DILocation(line: 2…, atomGroup: 1, atomRank: 1)

DILocation(line: 5…, atomGroup: 2, atomRank: 1)

!DILocations(…, atomGroup: num, atomRank: num)

An atomGroup is roughly a Source Atom

atomRank specifies is_stmt precedence
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Prototype implementation

Key instructions

Source atoms

DILocation(line: 2…, atomGroup: 1, atomRank: 2)

DILocation(line: 2…, atomGroup: 1, atomRank: 1)

DILocation(line: 5…, atomGroup: 2, atomRank: 1)

!DILocations(…, atomGroup: num, atomRank: num)

An atomGroup is roughly a Source Atom

atomRank specifies is_stmt precedence

Converted to is_stmt at DWARF emission
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Costs (prototype)
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Prototype compile-time cost:

• compile-time-tracker, CTMark, 

instructions:u

• +0.66% to LTO builds

• +1.64% to unoptimized builds

Dev-time cost:

• More info for some optimisations
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for (int i = 0; i < 3; ++i )

Costs - middle end work

36

x[i] = i

x[0] = 0

x[1] = 1

x[2] = 2

atomGroup: 1

atomGroup: 1

atomGroup: 1

atomGroup: 1

Loop unroll
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for (int i = 0; i < 3; ++i )

Costs - middle end work

37

x[i] = i

x[0] = 0

x[1] = 1

x[2] = 2

Loop unroll

Instruction::clone

atomGroup: 1

atomGroup: 1

atomGroup: 1

atomGroup: 1
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for (int i = 0; i < 3; ++i )

Remap atoms for duplicated control flow
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x[i] = i

x[0] = 0

x[1] = 1

x[2] = 2

atomGroup: 1

atomGroup: 1

atomGroup: 1

atomGroup: 1

Loop unroll
atomGroup: 2

atomGroup: 3

atomGroup: 4Instruction::clone

Remap atom group 
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Remap atoms for duplicated control flow
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llvm/lib/Transforms/IPO/IROutliner.cpp

llvm/lib/Transforms/Scalar/JumpThreading.cpp

llvm/lib/Transforms/Scalar/SimpleLoopUnswitch.cpp

llvm/lib/Transforms/Utils/BreakCriticalEdges.cpp

llvm/lib/Transforms/Utils/CloneFunction.cpp

llvm/lib/Transforms/Utils/InlineFunction.cpp

llvm/lib/Transforms/Utils/LoopRotationUtils.cpp

llvm/lib/Transforms/Utils/LoopUnroll.cpp

llvm/lib/Transforms/Utils/SimplifyCFG.cpp
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Risks / evaluation
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-O2 -g -O2 –g –fkey-instructions

Risks / evaluation
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A debugging trace 

from Lua 

(bytecode 

interpreter, C)
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Missing step at O2 with & 

without key instructions

A debugging trace 

from Lua 

(bytecode 

interpreter, C)
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Jumpy stepping at O2 

avoided with Key InstructionsA debugging trace 

from Lua 

(bytecode 

interpreter, C)
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A debugging trace 

from OpenSteer

(agent steering 

library, C++)
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Early exit at O2 with and 

without Key Instructions

A debugging trace 

from OpenSteer

(agent steering 

library, C++)
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Jumpy stepping at O2 

avoided with Key Instructions

A debugging trace 

from OpenSteer

(agent steering 

library, C++)
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A debugging trace 

from AGG 

aa_demo

(vector graphics 

library, C++)
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Jumpy stepping at O2 

avoided with Key InstructionsA debugging trace 

from AGG 

aa_demo

(vector graphics 

library, C++)
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A debugging trace 

from BYTEmark

(benchmarking, C)
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Jumpy at O0 and O2, but not O2-KI?

Loop? (no)

A debugging trace 

from BYTEmark

(benchmarking, C)
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Single step through

BYTEmark (nbench)

(benchmarking, C)

Jumpy at O0 and O2, but not O2-KI?

Loop? (no)
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post-ra-sched reordering 

Key Instructions 

A debugging trace 

from BYTEmark

(benchmarking, C)
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Key Instructions summary

•Code motion and scheduling causes a lot of jumpiness

•Smarter is_stmt placement can greatly reduce impact

•Pass authors encode intent with new API

•See RFC for open question(s)
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Thanks for listening

•LLVM’s optimized-code line tables can be improved

•Use new APIs to encode info about optimisations for better debug info handling

•Source location defect finder

–Improves attribution

–https://discourse.llvm.org/t/rfc-proposed-update-to-handling-debug-locations-in-llvm

•Key instructions

–Improves stepping

–https://discourse.llvm.org/t/rfc-improving-is-stmt-placement-for-better-interactive-
debugging
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Bonus step (debugger bug!)

A debugging trace 

from BYTEmark

(benchmarking, C)
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