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Outline

e[ LVM source location defect finder [almost done]

e|mproved is_stmt placement for better interactive debugging [WIP]
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Basics - Line table what and why

C++source #1 & O | x86-64 clang 19.1.0 (Editor #1) & X O X
A~ BSave/load +Addnew..™ WVvim  Cpplnsights # Quick-bench @ C++ - x86-64 clang 19.1.0 - Z © -0 ~gmlt D
; #include <cstring> A~ QoOutput.~ YFilter..~ B Libraries J Overrides =+ Add new..~ & Add tool...~
3 void do_something(); 1 fun():
4 const char *getStr(); 2 push rax
5 3 call getStr()@PLT
[ void fun() { 4 movzx  ecx, byte ptr [rax]
7 const char *5 = getStr(); 5 S?Ub ecx, 45
8 if (!std::strcmp(”-h", 5)) 6 jne -LBEB 3
9 do_something(); 7 movzx  ecx, byte ptr [rax + 1]
18 1 8 sub ecx, 184
11 L g jne .LBBG 3
12 18 movzx  ecx, byte ptr [rax + 2]
13 11 .LBB@_3:
14 12 nag acx
15 12 test ecx, ecx
14 je .LBE& 5
5 pop rax
16 ret
17 .LBBB_5:
13 pop rax
19 Jmp do_something()@PLT
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Basics — LLVM IR

C++source #1 & m| x86-64 clang 19.1.0 (Editor #1) # X LLVM IR Viewer x86-64 clang 19.1.0 (Editor #1, Compiler #1) # X O X
A~ BSave/load =+ Addnew..™ VVim & Cpplnsights ® Quick-bench @ Ct++ - A~ [DOWraplines +Options™ Y Filters™ & Control Flow Graph

1 #include <cstring> : 38 %11 = phi 132 [ %2, %entry ], [ % [ %18, %sub_2 ]

2 31 #tobool.not = icmp eq i32 %11, @,) !dbg !14

3 void do_something(); 32 br i1 %tobool.not, label %if.then, labgee 2if.end, !dbg 115

4 const char *getStr(); 33

5 34 if.then:

6§  wvoid fun() { 35 tail call void @do_something()(), !dbg li&

7 const char *S = getStr(); 36 br label %if.end, !dbg !16

8 if (!std::strcmp(”-h", S)) 37 .

9 do_something(); 38 if.end:

10 } 39 ret void, !dbg !17

11 _ 48}
41

12 a

13 42  declare !dbg !18 noundef pt ! DI LOC&tIOh metadata
43

14 . .

- PR TNEPNETRPRYT  attached to instructions
45

46 !1lvm.dbg.cu = 1{!@}
7 !11lvm.module.flags = !{!2, I3,

48 Illvm.ident = !{8]]

49

58 '8 = distinct !DICompileUnit(language: DW_LAWG_C_plus_plus_14, file: !1, producer: "clang version 19.1.8 (https:/
51 '1 = !DIFile(filename: "/app/example.cpp”, Airectory: “/app")

c2 12 = 1{i32 7, !"Dwarf Version", 132 4}
53 13 = I{i32 2, !"Debug Info Version", i3
c4 14 = 1{i32 1, !"wchar_size", i32 4}
55 's = 1{i32 8, !"PIC Level”, i32 2}
56 '6 = 1{i32 7, !"PIE Level”, i32 2}

57 17 = 14{i32 7, !"uwtable", i32 2}

c8 '8 = !{!"clang version 19.1.8 (hftps://github.com/1lvm/llvm-project.git ad4bfocd7cfblalda2lba®2bca®del7b40936c55e4)
ca 18 = distinct !DISubprogram(nape: "fun", scope: !18, file: 118, line: &6, type: 111, scopeLine: &, flags: DIFlagPr
68 118 = !DIFile{filename: "examfle.cpp”, directory: "/fapp™)

61 111 = !DISubroutineType(typgh: !12)

62 112 = 1}

63 113 !DILocation{line: column:

64 !DILocation(line: 8, column: 8, scope: !9)

65 '15 = !DILocation(line: 8, column: 7, scope: !9)

i3] 116 = INTlocation{line: @. column: 5. scona: 19%
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Basics — LLVM IR

C++source #1 & m| x86-64 clang 19.1.0 (Editor #1) # X LLVM IR Viewer x86-64 clang 19.1.0 (Editor #1, Compiler #1) # X O X
A~ BSave/load =+ Addnew..™ VVim & Cpplnsights ® Quick-bench @ Ct++ - A~ [DOWraplines +Options™ Y Filters™ & Control Flow Graph
1 #include <cstring> i 38 %11 = phi 132 [ %2, %entry ], [ % [ %18, %sub_2 ]
2 i 31 %tobool.not = icmp eq i32 %11, @, !dbg !14
3 void do_something(); 32 br i1 %tobool.not, label %i-F.then', abg%1if.end, !dbg !15
4 const char *getStr(); 33
5 34 if.then:
5 void fun() { 35 tail call void @do_something()(), !dbg !16
7 const char *S = getStr(); 36 br label %if.end, !dbg !16
8 if (!std::strcmp(”-h", S)) 37 .
] do_something(); 38 if.end:
10 } 39 ret void, !dbg !17
11 L @8}
41 .
42 declare !dbg !18 noundef pt !D|LOC8tI0n metadata
43

IR attached to instructions

LLVM Source Code

. = 1{le}
.module.flags = !{!2, !3, !4, !5, 15, 17}

MachineSink.cpp X ! Lo
ke lvm.ident = !{18]]

'8 = distinct !DICompileUnit(language: 9a_C_plus_plus_14, file: !1, producer: "clang version 19.1.8 (https:/
51 '1 = !DIFile(filename: "/app/example.cpp”, Airectory: “/app")
c2 12 = 1{i32 7, !"Dwarf Version", 132 4}

: :PerformSinkAndFold(
& SinkDst, /beAM] : SinkInto

SinkDst->1sCopy 53 13 = !1{i32 2, !"Debug Info Version", i32/3}
c4 14 = 1{i32 1, !"wchar_size", i32 4}
55 's = 1{i32 8, !"PIC Level”, i32 2}
::iterator InsertPt = SinkDsE=Sgetlterator(); 56 16 = 1{i32 7, !"PIE Level”, i32 2}
Register Dst =053 t->getOperand(@)~<getReg(); 57 17 = 1{i32 7, !"uwtable", i32 2}
TII->reMaterialize(*SinkDst->getPgpent(), InsertPt, DstReg, 0, MI, 58 18 = I{I"clang version 12.1.@ (hftps://github.com/1lvm/1lvm-project.git as4bfécd7cfblald2lbad2bca®del7b40936c55¢e4)
x S /T Y& 5a 19 = distinct !DISubprogram{nagk: “"fun", scope: !18, file: !1@, line: &, type: !11, scopeline: 6, flags: DIFlagPr
New = & : :prev(InsertPt); . ) . oo N .
68 118 = !DIFile(filename: “examfle.cpp”, directory: "/app™)
(!New->getDebugloc () 61  !11 = !DISubroutineType(typgs: !12)
>setDebuglock SinkDst->getDebugloc 62 112 = I{}
63 113 !DILocation{line: column:
64 !DILocation(line: 8, column: 8, scope: !9)
65 '15 = !DILocation(line: 8, column: 7, scope: !9)
i3] 116 = INTlocation{line: @. column: 5. scona: 19%
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Source location defect finder

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

C++source #1 & O | x86-64 clang 19.1.0 (Editor #1) & X O X
A~ BSave/load +Addnew..™ WVvim  Cpplnsights # Quick-bench @ C++ - x86-64 clang 19.1.0 - Z © -0 ~gmlt D
; #include <cstring> A~ QoOutput.~ YFilter..~ B Libraries J Overrides =+ Add new..~ & Add tool...~
3 void do_something(); 1 fun():
4 const char *getStr(); 2 push rax
5 3 call getStr()@PLT
[ void fun() { 4 movzx  ecx, byte ptr [rax]
7 const char *5 = getStr(); 5 S?Ub ecx, 45
8 if (!std::strcmp(”-h", 5)) 6 jne -LBEB 3
9 do_something(); 7 movzx  ecx, byte ptr [rax + 1]
18 1 8 sub ecx, 184
11 L g jne .LBBG 3
12 18 movzx  ecx, byte ptr [rax + 2]
13 11 .LBB@_3:
14 12 nag acx
15 12 test ecx, ecx
14 je .LBE& 5
5 pop rax
16 ret
17 .LBBB_5:
13 pop rax
19 Jmp do_something()@PLT
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Misattribution

C++source #1 & O | x86-64 clang 19.1.0 (Editor #1) & X O X
A~ BSave/load + Addnew..™ WVvim 2 Cpplnsights ® Quick-bench @ C++ - x86-64 clang 19.1.0 - Z @@ -o3 -gmit D
; #include <cstring> A~ QOutput.~ VFilter.™ B Librariess # Overrides + Add new..™ 4 Addtool..™
3 void do_something(); 1 fun():
4 const char *getStr(); 2 push rax
5 3 call getStr()@PLT
[ void fun() { 4 movzx  ecx, byte ptr [rax]
7 const char *5 = getStr(); 5 S?Ub ecx, 45
8 if (!std::strcmp(”-h", 5)) 6 jne -LBEB 3
9 do_something(); 7 movzx  ecx, byte ptr [rax + 1]
18 1 8 sub ecx, 184
11 L g jne .LBBG 3
12 18 movzx  ecx, byte ptr [rax + 2]
13 11 .LBBG_3:
14 12 nag acx
15 12 test ecx, ecx
14 je .LBE& 5
5 pop rax
16 ret
17 .LBBB_5:
13 pop rax
19 Jmp do_something()@PLT
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Misattribution

C++source #1 & O | x86-64 clang 19.1.0 (Editor #1) & X O X
A~ Bsave/load + Addnew..™ WVim @ Cpplnsights # Quick-banch @c++ v x86-64 clang 19.1.0 * 2 @ -03-gmit -
1 #include <cstring> e A~ R Output.~ WFilter.™ B Libraries / Overrides =+ Add new..™ 4 Addtool..™
2 —
3 void do_something(); 1 fun():
4 const char *getStr(); ? E:;r; ;::Str\()@pLT
g 3
6 wvoid fun() { ;1 moszx acx, 2};:9 ptr [rax]
7 const char *S = getStr(); : STU ei:ég “
8 if (!std::strcmp("-h", S)) Jne -LEE@ 3
9 di_something(?;f g ; r:j;zx :Ei ig;e ptr [rax + 1]
18 )
11 ' | e jne ~LBE@ 3
12 1@ movEx  ecx, byte ptr [rax + 2]
13 11 .LBBE_3:
14 12 nag acx
1 13 test ecx, ecx
= Other issues " e
5 pop rax
16 ret
17 .LBBB_5:
° M' 1 1 t I t' : h t 18 pop rax
ISSINg/INncorrect lIocation In Crasn trace Jo mp  do_something()@pLT

* Bonus coverage (ctrl-flow confusion)

e Cover unreachable code
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=

-64 clang 19.1.0 (Editor #1) # X Opt Pipeling Viewer x86-G4 clang 19.1.0 (Editor #1, Compiler#1) & X

X8

A~ & Options~ WFilters™ | Function:  fun() A
Passes: 1 define dso_local wvoid @fun()() local_unnamed_addr #& !dbg !9 { K 1 define dso_local void @fun()() local_unnamed_addr #8 !dbg !9 { ]
2 entry: 2 entry:
Filter passe 3 %call = call noundef ptr @getStr()(), !dbg !13 3 #call = call noundef ptr @getStr()(), !dbg !13 .
SROAPass 4 %calll = call i32 @strcmp(ptr noundef nonnull dereferenceable(3) @.str, ptr noundef nonnull dereferenceable(l) %call) #3, !dbg !14 4+ br label Xsub_@, !dbg !14
n C-+
EA 6+sub_@: : preds = %entry
GlobalOpt 7+ %@ = load i8, ptr ¥call, align 1
Pass on B+ X1 = zext i8 %@ to 132
9+ %2 = sub i32 45, 1
[module] 18+ %3 - icmp ne i32 %2, ©
InstCombi 11+ br i1 %3, label ¥ne, label ¥sub_1
nePass on 12
13+sub_1: ; preds = ¥sub_@
fun() 14+ %4 = getelementptr inbounds i8, ptr Zcall, i64 1
Aggressf\r 15+ %5 = load i8, ptr #4, align 1
elnstCom 16+ X6 = zext 18 X5 to 132
. 17+ %7 = sub i32 184, %6
binePass 18+ %8 = icmp ne 132 %7, @
on fun() 19+ br i1 %8, label %ne, label %sub_2 -
) . 28+
TailCallEli 21+sub_2: ; preds = Xsub_1 |
mPass on 22+ #9 = pgetelementptr inbounds i8, ptr %call, is4 2
fun() 23+ %1@ = load i8, ptr %9, align 1
S 24+ %11 = zext i8 ¥10 to 132
SimplifyCF 25+ %12 = sub i32 8, %11
GPass on 26+ br label %ne
fun() 27
28+ne: ; preds = %sub_2, Xsub 1, Xsub_@
InstCombi 20+ %13 = phi i32 [ %2, %sub @ ], [ %7, ¥sub 1 ], [ %12, %sub 2 ]
nePass on 38+ br label Xentry.tail
fun() 31
32+entry.tail: ; preds = %ne
CodeGen 5— %tobool.not = icmp eq i32 %calll, &, !dbg !14 33+ %tobool.not = icmp eq i32 #13, e, !dbg !14
Pl'epare [ br i1 ¥tobool.not, label ¥if.then, label ¥if.end, !dbg !15 34 br i1 #tobool.not, label ¥if.then, label ¥if.end, !dbg !15
(codegen s 33 . .
8—if.then: ; preds = Xentry 36+if.then: ; preds = %entry.tail
prepare) 9 call void @do_something()(), !dbg !16 37 | call void @do_something()(), !'dbg !16
%86 DAG- 1? br label X¥if.end, !dbg !16 38 br label %if.end, !dbg !16
11 39
=>DAG 12—if.end: ; preds = Xif.then, Xentry 4@-+if.end: ; preds = %if.then, Xentry.tail
Instructio 13 ret wvoid, l!dbg [17 a1 ret void, !dbg 17
14 1} 42 }

n
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=

-64 clang 19.1.0 (Editor #1) # X Opt Pipeling Viewer x86-G4 clang 19.1.0 (Editor #1, Compiler#1) & X

X8

A~ & Options~ WFilters™ | Function:  fun() A
Passes: 1 define dso_local wvoid @fun()() local_unnamed_addr #& !dbg !9 { K 1 define dso_local void @fun()() local_unnamed_addr #8 !dbg !9 { ]
. 2 entry: 2 entry:
Filter passe 3 %call = call noundef ptr @getStr()(), !dbg !13 3 #call = call noundef ptr @getStr()(), !dbg !13 .
SROAPass 4 %calll = call i32 @strcmp(ptr noundef nonnull dereferenceable(3) @.str, ptr noundef nonnull dereferenceable(l) %call) #3 =4+ br label %sub @, !dbg !14
n 8
Y b_. : preds = %entry
GlobalOpt N \B - load~ig, ptr ¥call, align 1
Pass on g+ \&1Ns sext i8 Te~tg i32
o\| 2B = BYbPN\32 45, %I
JEiilE 16\ %2\ icmponeniz2 %2, o
InstCombi 11+ \br 11N\&3, DabelNgne, label ¥sub_1
nePass on 12
13+sub\lL: ; preds = ¥sub_@
fun() 14~ %4\ getelementptr Imbounds i8, ptr ¥call, ied 1
Aggressiv 15+ %5 -\load i8,\ptr %4, Aign
elnstCom 16+ %6 = Xext i8 X5\to i32
. 17+ %7 = sib 132 184,\¥6
binePass 18+ %8 = icio ne 132 %7% 6
on fun() 19+ br i1 %8\ label %ne, %abel %sub_: -
) . 28+
TailCallEli 21+sub_2: ; preds = Xsub_1 |
mPass on 22+ #9 = pgetelemintptr inbounds\i8, ptr %call, is4 2
fun() 23+ %1@ = load i8)\ ptr %9, align
. . 24+ ¥11 = zext i8 #0 to i32
SimplifyCF 254 %12 = sub i32 B\%11
GPass on 26+ br label %ne
fun() 27
28+ne: ; preds = %sub_2, Xsub 1, Xsub_@
InstCombi 20+ %13 = phi i32 [ %2, ¥spb @ ], [ %7, ¥sub 1 ], [ %12, %sub 2 ]
nePass on 38+ br label Xentry.tail
fun() 31
32+entry.tail: ; preds = %ne
CodeGen 5— %tobool.not = icmp eq i32 %calll, &, !dbg !14 33+ %tobool.not = icmp eq i32 #13, e, !dbg !14
Pl'epare [ br i1 ¥tobool.not, label ¥if.then, label ¥if.end, !dbg !15 34 br i1 #tobool.not, label ¥if.then, label ¥if.end, !dbg !15
(codegen ! ¥
' 8—if.then: ; preds = Xentry 36+if.then: ; preds = %entry.tail
prepare) 9 call void @do_something()(), !dbg !16 37 call void @do_something()(), !dbg !16
%86 DAG- 1? br label X¥if.end, !dbg !16 38 br label %if.end, !dbg !16
11 39
=>DAG 12—if.end: ; preds = Xif.then, Xentry 4@-+if.end: ; preds = %if.then, Xentry.tail
Instructio 13 ret wvoid, l!dbg [17 a1 ret void, !dbg 17
14 1} 42 }

n
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Existing tooling - Debugify

DT ¥TLIALLLTEDT G | AUES L LT CLUTRLL | £20% LUULPULLLIAEY LWL e WSty

suite MultiSource Benchmarks BulletiSoftBody.cpp

home/gbtozers/dev/Ilvm-test- " 3 . . . - . . .

suite MultiSource Benchmarks Bullet btSphere TriangleCollisionAlgorithm cpp SimplifyCFGPass br _ZN34btSphere TriangleCollisionAlgorithm 1 6processCollisionEP 1 ThtCollisionObject51_RK 16btDispatcherInfoP 1 6btManifoldResult
home/gbtozers/dev/lvm-test- . . ey . . . 7 &1 & RN .

suite MultiSoucce/Benchmerks/BulletbtSubSimplexConvexCast.cpp SLPVectonzerPass insertelement || ZN22btSubsimplexConvexCastl 6cale TimeOflmpactERK 1 1btTransformS2_S2_S2_RN12btConvexCast]0CastResultE
home/gbtozers/dev/llvim-test- . ) 199 . . . 3 €3 €9 BN1Y .

suite MultiSource Benchmarks Bullet btSubSimplexConvexCast cpp SLPVectorizerPass shufflevector |_ZN22btSubsimplexConvexCastl Geale TimeOflmpactERK 1 1 bt TransformS2_82_52_RN12btConvexCast10CastResultE
home/gbtozers/dev/Ilvm-test- . ) vy . . . 2 €3 €1 RN1Y .

suite MultiSource Benchmarks Bullet btSubSimplexConvexCast cpp SLPVectorizerPass shufflevector |_ZN22btSubsimplexConvexCastlGeale TimeQOflmpactERK 1 1 bt TransformS2_82_S52_RN12btConvexCast]l(0CastResultE
home/gbtozers/dev/Ilvim-test- . . . . . . 3 €7 €1 RN1Y .

suite/ MultiSource/Benchmarks/BulletbiSubSimplexConvexCast.cpp SLPVectorizerPass insertelement| ZN22btSubsimplexConvexCastl Geale TimeOflmpactERK 1 10t TransformS2_82_S52_RN12btConvexCast] 0CastResultE
home/gbtozers/dev/llvm-test- N ) - . . B

suite MultiSource Benchmarks BullevbiTriangleMesh.cpp [PSCCPPass unreachable || ZN14btTrnangleMeshl 3 findOrAddVertsxERK 9btVector3b

home/gbtozers/dev/llvm-test- TompThreadingP fr ZN22btVoronoiSimplexSolver9inSimplexERK9biVector3

suite MultiSource Benchmarks Bullet btVoronoiSimplexSolver.cpp ump threadingrass ceEe - &eN =D OTONOIS IMPIENS0 mmple cetors

Summary of Location Bugs
LLVM Pass Name | Number of hugsl
CorrelatedValuePropagationPass
GlobalOptPass
[PSCCPPass

Generate HTML report of dropped-locations per

-verify-debuginfo-preserve
B optimisation pass

1

5

1

[nstCombinePass |
JumpThreadingPass | 3
LoopUnrollPass 4
1

1

9

3

3

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

ReassociatePass

. =

SLPVectorizerPass
SROAPass |
SimplifyCFGPass |
TailCallElimPass |

' il Contains false positives ® llvm-original-di-preservation.py
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Solution

967 967 void Instruction::droplLocation() {
968 968 const Debugloc &0L = getDebugloc();
960 960 if (!DL)
g97a g97e return;
971 971
972 972 /f If this isn't a call, drop the location to allow a location from a
973 973 /f preceding instruction to propagate.
974 974 bool MaylLowerToCall = false;
975 975 if (isa«<CallBase>({this)) {
976 976 aute *II = dyn_cast<IntrinsicInst>(this);
977 977 MayLowerToCall =
973 978 'II || IntrinsicInst::maylLowerToFunctionCall({II->getIntrinsicID()});
579 579 }
988 988
981 981 if (!MayLowerToCall) {
Declare intent using new API w5 = SSuShmmmlELEi
982 + setDebugloc{Debugloc: : getlineZera( ) ) ;
983 983 return;
984 984 }
985 985

AOXO
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DebuglLoc API

Does nothing by default

SONY INTERACTIVE ENTERTAINMENT

13

15
16

34
35
36
37
38
3
40
a1
42
43
A4
45
a5
47
48
49
58
51
52

+ #if ENABLE_DEBUGLOC COVERAGE_TRACKING

+ DILocAndCoverageTracking: :DILocAndCoverageTracking(const DILocation *L)

+

+ + + + + + + + + + + + +

TrackingMDNodeRef({const_cast<DILocation *»>(L)), DbgLocOrigin{!L)},

Kind{DebugLocKind: :Normal) {}

DebuglLoc
DebuglLoc
DebuglLoc

gel=ze

Debugloc

DebuglLoc
DebuglLoc

Debugloc:
Debugloc:
Debugloc:

Debugloc:
Debugloc:
Debugloc:

:getTemporary() { return Debugloc(DebuglLocKind: :Temporary); 7}
igetUnknown() { return DebuglLoc{DebuglLocKind: :Unknown); }
:getlineZero() { return DebuglLoc(DebuglLocKind::LineZero); }

:getTemporary() { return Debugloc(); 7
:getUnknown() { return DebuglLoc(); }
:getlineZero() { return Debugloc(); }

#endif // ENABLE_DEBUGLOC COVERAGE TRACKING
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Opt Pipeline Viewer x86-64 clang 19.1.0 (Editor #1, Compiler #1) # X - X
A~ &Options~ WFilters~  Function:  fun( M
Passes: 1 define dso_local void @fun()() local_unnamed_addr #6 !dbg !9 { 1 define dso_local void @fun()() local_unnamed_addr #@ !dbg !9 { ]
. 2 entry: - 2 entry =
Filter passe 3| %call = call noundef ptr @getStr()(), !dbg 113 3| %call = call noundef ptr @getStr()(), !dbg 113
SROAPass 2| %calll - call i32 @strcmp(ptr noundef nonnull dereferenceable(2) @.str, ptr noundef nonnull dereferenceable(1) %call) #3 ldbg 114 4. br label %sub @, ldbg !14
on fun(
Y ; preds = Xentry
GlobalOpt
Pass on
[module]
InstCombi
nePass on
0 ; preds - %sub_o
fun() , ptr %call, i64 1
Aggressiv 1=
16
elnstCom 17
binePass 15
on fun() 19 -
ilCallEl 2
TGzl 21 21 ; preds = %sub_1 -
mPass on 22 ptr %call, i6a 2
funQ 23
. ) 24
SimplifyCF 25 = sub i32 @,
GPass on 26+ br label %ne
funQ 27
28+ne: ; preds - Xsub 2, %sub_1, ¥sub @
InstCombi 29+ %13 = phi i32 [ %2 b_@ ], [ %7, %sub_1 ], [ %12, %sub_2 ]
nePass on 36+ br label %entry.ta
funQ 31 i
32-entry.tail: 5 preds - %ne
CodeGen 5| %tobool.not = iemp eq i32 %calll, o, !dbg !14 33+ Xtobool.not = iemp eq i32 %13, e, !dbg !14
Prepare 6 | br i1 %tobool.not, label %if.then, label %if.end, !dbg !15 33 br i1 %tobool.not, label ¥if.then, label %if.end, !dbg !15
7 35
(codegen
¢ 3\ s—iF then: = s o e 36+if.then: e e o
(PTEETE) 9 | call void @do_something()(), !dbg !16 37  call void @do_something()(), !dbg !16
e ﬁ br label %if.end, !dbg !16 jz br label %if.end, !dbg !16
>DAG 12-if.end: ; preds = %if.then, Xentry 2@+if.end: ; preds = %if.then, Xentry.tail
Instructio 13 ret void, !dbg !17 a1 ret void, !dbg !17
n 14 3 a2 }
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V¥ View Origin StackTrace

: ::DbglLocOrigin: :DbglLocOrigin(bool) /home/gbtozers/dev/1lvm-line-instrument-stagel/1lvm/1lib/IR/Debugl
#1 Ox000055cb2cac410f DILocAndCoverageTracking /home/gbtozers/dev/1llvm-line-instrument-stagel/llvm/include/11lvm/IR/DebuglLoc.h:
Ox000055cb2cac410f DebuglLoc /home/gbtozers/dev/llvm-line-instrument-stagel/llvm/include/1lvm/IR/Debugloc.h:127:5
Px000055cb2cac410f IRBuilderBase /home/gbtozers/dev/llvm 11ne instrument-stagel/llvm/include/11lvm/IR/IRBuilder.h:143:3
Ox000055cb2cac410f IRBuilder /home/gbtoze agel/llvm/include/l1lvm/IR/IRBuilder.h:2708:9
@x000055cb2cac410f (anonymous namespace): 1lvm: :Value*, llvm::StringRef, unsigned long, bool)
#2 ©x000055cb2cabeced® foldLibCalls /home/gbTozer -stagel/llvm/1lib/Transforms/AggressiveInstCombine/Ag
©x000055cb2cabeced foldUnusualPatterns(llvm..Functlon&, llvm..DomlnatorTree&, 1lvm: :TargetTransformInfo&, llvm::TargetLibrar
#3 Ox000055cb2cabca®8 runImpl /home/gbtozers/dev/1lvm-line-instrument-stagel/llvm/1lib/Transforms/AggressivelnstCombine/Aggress
©x000055cb2cabca®8 1lvm::AggressivelnstCombinePass: :run(llvm: Functlon& 1lvm: Ana1y51sManager&) /home/gbtozers/dev/1lvm-1in

SONY INTERACTIVE ENTERTAINMENT
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#4 0x000055cb2c881f1d 1llvm::detail: :PassModel N !

#5 Ox000055cb2af8419¢ 1llvm: :PassManager>::run( Fun) ) Tecal_urnaned_soor 40 155 15 o

#6 OxPOPO55cb2937b25d 1lvm: :detail: :PassModel ron e e AL [ I (TS (M, i LD WL (S G S (2. [T e

#7 ©x000055cb2a6badbf 1llvm::CGSCCToFunctionPas|:

#8 Ox000055cb2939653d 1lvm: :detail: :PassModel, ™

#9 0Ox000055cb2a6b665d 1llvm::PassManager, llvm: o - :
#10 ©x000055cb2c8764fd 1lvm: :detail: :PassModel, " :L
#11 Ox0000855cb2a6b94dl 1lvm: :DevirtSCCRepeatedP| - Oh&
#12 0x000055cb2c88dald 1llvm: :detail: :PassModel, i ™ - L&,
#13 ©x00PB55cb2a6b7cde 1lvm::ModuleToPostOrderC?@ﬁF v/1
#14 0x000055cb2c87679d llvm::detailz:PassModel>£§m Ny Lru
#15 0x000055cb2af8349c 1llvm::PassManager>::run("’ . - . st - e (-5




Defect finder summary

eNew defect-finder based on debugify, no false positives

-DLLVM_ENABLE_DEBUGLOC_COVERAGE_TRACKING =
COVERAGE_AND_ORIGIN

ePass authors encode intent with new API
e\We’'re fixing existing issues it found

eThen let’s put this on a buildbot

AOXDO
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Key Instructions

nttps://discourse.llvm.org/t/rfc-improving-is-stmt-placement-for-better-interactive-
debugging

AOCXO
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Optimised code debugging
-02 g

[[clang: :optnone] ] [[clang: :optnone] ]
point fun( st point& p P; point fun( st point

[[clang: :optnone] ] [[clang: :optnone] ]
f2(double) {} id f2(double) {}

int nain0)-{ i)
le 'y = (double)g2; le*y = ible)g2;
Zz =" ble)g3; ( 2= ble)g3;
! x = (double)gl; e x-= (double)gl;
point'p={x%2, ¢y /3,y /3+z+x%x2}; | point ' p={x%2,y /3,y /3+z+x%x2};
point p2 = { p.x, p.y, P-Z }; | point p2 = { p.x, p.y, P-Z };
f2(p.z); , f2(p.z);
£2(p.x); ] £2(p.x);
fun(p2); fun(p2);
p = fun(p); p = fun(p);
return p.x + p.y + p.z; | return p.x + p.y + p.z;

AOXDO
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DWARF line table

Column File  ISA Discriminator OpIndex

BxeeeeeeeeeRRR1136
@xteeeeeppee8e1134
BxbeboebeEEEER113a
@xeeeeoebeeeee1146
@xteoeeeeeee801144
OxteoeoeboeeBe11de
0x6eeeeeBeeRRR1156
@xeeeeeepeeeBe1154
@xeeeeepeeeeRe1159
@xeeeeoeeeeeee1176
epqelelelelelelalalolole oy iy a s
0x6eeeoebeeRBe1181
@xeeeeoeeeeRRe1183
@xb0eeoepoeERe1188
@xeeooepeeeeesllea
BxteeeoeeeeeBe118c
BxteeeoebeeeBe118e

is_stmt

is_stmt prologue_end
is_stmt epilogue_begin
is_stmt

is_stmt prologue_end
is_stmt epilogue_begin
is_stmt

is_stmt prologue_end
is_stmt

is_stmt

is_stmt
epilogue_begin
end_sequence

WwwinonwWwon Do woe RO E-EOD
9000000000000 @
0000000000000 00000000
O 900090000000 0000000
O 900090000000 0000000

AOXDO
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LLVM’s is _stmt strategy

For each instruction in function

Line number changed? Apply is_stmt

This “works” but results in excessively jumpy stepping

AOXO
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do_something( );

fun( a) {

if (a * 2 > 5)
do_something(a);
return a * 2;

AOXDO
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19

perore and afrte s S
1 dso_local noundef i @ Z3funi(:
#mul = mul nsw 132 %a, 2, !dbg !12
%cmp = icmp sgt i %mul, 5, !dbg !12
br 11 %cmp, label , label
call id @ Z12do _somethingb (]
br label Idbg 113
%Zmull = mul nsw 132 %a, 2, !dbg !14
ret 132 %mull, !dbg !14
ret 132 %mul, !dbg !14
h
112 = IDILocation(line: 6, 19)
113 = IDILocation( 7, 19)
114 = IDILocation( 8 19)

Idbg 112

) noundef %a), !dbg !13

>

>

2 noundef %a) local _unnamed_addr #0 !db

line 6

line 7

SONY INTERACTIVE ENTERTAINMENT

24

void do_something(int);

int fun(int a) {

ifl(a * 2 p 5)
do_something(a);
return|a * 2;

AOCXO
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petore and arte OomDbine
dso_local noundef 132 @ Z3funi(i32 noundef %a) local unnamed_addr #0 !dbg

omul = mul nsw 132 %a, 2, !dbg 112
wcmp = mp sgt 132 %mul, 5, !dbg 112
%cmp = icmp sgt 132 %a, 2, !dbg !12
br 11 %cmp, label n, label %if.end, !dbg 112 ; line 6
call void @ Z12do somethingb(i132 noundef %a), !dbg !13
br label nd, !dbg 113 ; line 7
%mul = shl nsw 132 %a, 1, !dbg 112
ret 132 %mul, !dbg 114

¥

112 = !DILocation(line: 6, scope: 19)

113 = !DILocation(line: 7, scope: 19)

114 = !DILocation(line: 8, scope: 19)

19
SONY INTERACTIVE ENTERTAINMENT 25

void do_something(int);

int fun(int a) {
if (a * 2 > 5)
do_something(a);
return a * 2;

AOCXO
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For each instruction in function

Line number changed? Yes Apply is_stmt
dso_local noundef @ Z3funi( noundeft %a) local unnamed_addr #8 !dbg 19 {
amcmp = sgt %a, 2, ldbg 112
%cmp, label , label , 'dbg 112 ; line 6

@ 712do_somethingb( noundef %a), !dbg 113
label , ldbg 113 ; line 7

%mul = nsw %a, 1, !dbg !12 Accurate attribution but undesirable step
%mul, !dbg 114

AOXDO
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Solution — Key Instructions

C++source #1 & [m| %86-64 clang 19.1.0 (Editor #1) & X LLVM IR Viewer x86-64 clang 19.1.0 (Editor #1, Compiler #1) # X » O X
A~ BSave/load + Addnew..~ WVVim J Cpplnsights # Quick-bench @C+ - A~ [OWraplines ., Options~ W Filters¥ 2 Control Flow Graph
1 float fun(float x, float y) { o 6 store float ¥x, ptr ¥x.addr, align 4
2 float z = x * x 7 store float Xy, ptr ¥y.addr, align 4
3 +y *y; 3 %8 = load float, ptr #x.addr, align 4, !dbg !14
a4 2] #1 = load float, ptr ¥x.addr, align 4, !dbg !15
[ return z * z - x * y; 16 %2 = load float, ptr #y.addr, align 4, !dbg !16
6 } ™ 11 #3 = load float, ptr Xy.addr, align 4, !dbg !17
7 12 #mull = fmul float %2, %3, !dbg !18
13 %4 = call float @llvm.fmuladd.f32(fleoat %@, float %1, float %mull), !dbg !19
14 store float %4, ptr ¥z, align 4, !dbg !2@
15 #5 = load float, ptr %z, align 4, !dbg !21
16 #6 = load float, ptr %z, align 4, !dbg !22
. . . . 17 %7 = load float, ptr ¥x.addr, align 4, !dbg 123
Prlor Work + |nsp|rat|0n 18 %8 = load float, ptr ¥y.addr, align 4, !dbg !24
19 #mul2 = fmul float %7, #8, !dbg !25
28 #neg = fneg float ¥mul2, !dbg !26
21 #9 = call float @llvm.fmuladd.f32(float %5, float #6, float %neg), !dbg !26
22 ret float %9, !dbg !27
. . 23}
* Key Instructions: Solving the Code 24

25 declare float @llvm.fmuladd.f32(float, float, float) #1

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)

AOXDO
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Key Instructions overview

C++source #1 & m] -64 clang 19.1.0 (Editor #1) & X LLVM IR Viewer x86-64 clang 19.1.0 (Editor #1, Compiler #1) # X » O X
A~ BSave/load + Addnew..~ WVim & Cpplnsights 8 Quick-bench @C+ - A~ [OWraplines ., Options~ W Filters¥ 2 Control Flow Graph
1 float fun(float x, float y) { 6 store float #x, ptr Zx.addr, align 4
2 E 7 store float Xy, ptr ¥y.addr, align 4
3 g Source atoms 3 %8 = load float, ptr #x.addr, align 4, !dbg !14
a4 2] #1 = load float, ptr ¥x.addr, align 4, !dbg !15
[ Ipetupn 2%z -x*y; 16 %2 = load float, ptr #y.addr, align 4, !dbg !16
6 } ™ 11 #3 = load float, ptr Xy.addr, align 4, !dbg !17
7 | 12 %mull = fmul float %2, %3, !dbg !18
13 %4 = call float @llvm.fmuladd.f32(fleoat %@, float %1, float %mull), !dbg !19
14 store float %4, ptr ¥z, align 4, !dbg !2@
15 #5 = load float, ptr %z, align 4, !dbg !21
16 #6 = load float, ptr %z, align 4, !dbg !22
. 17 #7 = load float, ptr %x.addr, align 4, !dbg !23
Core |deas 18 %8 = load float, ptr ¥y.addr, align 4, !dbg !24
19 #mul2 = fmul float %7, #8, !dbg !25
28 #neg = fneg float ¥mul2, !dbg !26
21 #9 = call float @llvm.fmuladd.f32(float %5, float %6, float %neg), !dbg !26
22 ret float %9, !dbg !27
23 }
* Source is made up of interesting atoms 24

25 declare float @llvm.fmuladd.f32(float, float, float) #1

(ctrl-flow, assignments, calls)

AOXDO
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Key Instructions overview

C++source #1 & [m| x86-64 clang 19.1.0 (Editor #1) & X LLVM IR Viewer x86-64 clang 19.1.0 (Editor #1, Compiler #1) # X » O X
A~ BSave/load + Addnew..~ WVVim J Cpplnsights # Quick-bench @c++ - A~ [OWraplines f,Options W Filters™ & Control Flow Graph

1 float fun(float x, fleat y) { i & store float %x, ptr Hx.addr, align 4

2 float 7 store float Xy, ptr ¥y.addr, align 4

3 3 %8 = load float, ptr #x.addr, align 4, !dbg !14

a4 2] #1 = load float, ptr ¥x.addr, align 4, !dbg !15

[ 16 %2 = load float, ptr #y.addr, align 4, !dbg !16

6 } ™ 11 #3 = load float, ptr Xy.addr, align 4, !dbg !17

7 | 12 %mull = fmul float %2, %3, !dbg !18

Key instructions

, float %1, float %mull), !dbg !19

13 %4 = call float @llvm.fmuladd.f32(float %
store float ¥4, ptr %z, align 4, !dbg
75 load float, ptr %z, align 4,

16 #6 = load float, ptr %z, align 4, !dbg !22
. 17 #7 = load float, ptr %x.addr, align 4, !dbg !23
Core |deas 18 %8 = load float, ptr ¥y.addr, align 4, !dbg !24

#mul2 = fmul float %7, #8, !dbg !25

#neg = fneg float ¥mul2, !dbg !26

#0 = call float @llvm.fmuladd.f32(float %5, float %6, float %neg), !dbg !26
ret float %g, ldbg 127

23}

* Source is made up of interesting atoms 24
25 declare float @llvm.fmuladd.f32(float, float, float) #1
(ctrl-flow, assignments, calls)

e Atoms typically have one “key
instruction”

AOXDO
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Key Instructions overview

C++source #1 & [m| x86-64 clang 19.1.0 (Editor #1) & X LLVM IR Viewer x86-64 clang 19.1.0 (Editor #1, Compiler #1) # X » O X
A~ BSave/load =+ Addrew..~ VVim J® Cpplnsights ® Quick-bench @c++ - A~ OWraplines .« Options~ W Filters> & Control Flow Graph

1  float fun(float x, float y) { i 6 store float %x, ptr ¥x.addr, align 4

2 float 7 store float Xy, ptr ¥y.addr, align 4

3 3 %8 = load float, ptr #x.addr, align 4, !dbg !14

a4 2] #1 = load float, ptr ¥x.addr, align 4, !dbg !15

5 1@ %2 = load float, ptr %y.addr, align 4, !dbg !16

6 } ™ 11 #3 = load float, ptr Xy.addr, align 4, !dbg !17

7 | . . 12 %mull = fmul float %2, %3, !dbg !18

Key instructions 13 %4 = call float @llvm,fmuladd.f32(float %8, float %1, float %mull), !dbg !19

store float ¥4, ptr ¥z, align 4, !
#5 = load float, ptr %z, align 4,

16 #6 = load float, ptr %z, align 4, !dbg !22
. 17 #7 = load float, ptr %x.addr, align 4, !dbg !23
Core |deas 18 %8 = load float, ptr ¥y.addr, align 4, !dbg !24

#mul2 = fmul float %7, #8, !dbg !25

#neg = fneg float ¥mul2, !dbg !26

#0 = call float @llvm.fmuladd.f32(float %5, float %6, float %neg), !dbg !26
ret float %g, 1dbg !

23}

* Source is made up of interesting atoms 24
25 declare float @llvm.fmuladd.f32(float, float, float) #1
(ctrl-flow, assighments, calls...)

e Atoms typically have one “key
instruction”

* Only apply is_stmt to key instructions

AOXDO
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Prototype implementation

C++source #1 & [m} x86-64 clang 19.1.0 (Editor #1) # X LLVM IR Viewer x86-64 clang 19.1.0 (Editor #1, Compiler #1) # X » O X
A~ BSave/load + Addnew..~ WVim & Cpplnsights # Quick-bench @C+ - A~ [OWraplines ., Options~ W Filters¥ 2 Control Flow Graph
1 float fun(float x, float y) { 6 store float #x, ptr Zx.addr, align 4
2 float|z =fec* x - 7 store float Xy, ptr ¥y.addr, align 4
3 +y * y;‘ 3 %8 = load float, ptr #x.addr, align 4, !dbg !14
a4 2] #1 = load float, ptr ¥x.addr, align 4, !dbg !15
5 [}mt z - x*y; = 18 %2 = load float, ptr %y.addr, align 4, !dbg !16
6 } ™ 11 #3 = load float, ptr Xy.addr, align 4, !dbg !17
7 | 12 %mull = fmul float %2, %3, !dbg !18
13 %4 = call float @llvm.fmuladd.f32(float %@, float %1, float %mull},l!dbé !19'
T2 store float %4, ptr %z, align 4,@'
15 #5 = load float, ptr %z, align 4, !d 12
16 #6 = load float, ptr %z, align 4, !dbg !22
17 %7 = load float, ptr %¥x.addr, align/4, !dbg !23
. 18 %8 = load float, ptr Xy.addr, aligh 4, !dbg !24
IDILocations(..., atomGroup: num, atomRank: num) 19 %mul2 - fml flost %7, %8, ldbg s
28 #neg = fneg float ¥mul2, !dbg !
21 #9 = call float @llvm.fmuladd.fB2(float %5, float #6, float %neg), !dbg |!26
Ot )
23}
24
25 declare float @llvmJffmuladd.fg2(float, float, float) #1 N/

DiLocation(line: 2..., atomGroup: 1, atomRank: 2)

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

DlLocation(line: 5..., atomGroup: 2, atomRank: 1)
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Prototype implementation

C++source #1 & [m} x86-64 clang 19.1.0 (Editor #1) # X LLVM IR Viewer x86-64 clang 19.1.0 (Editor #1, Compiler #1) # X » O X
A~ BSave/load + Addnew..~ WVim & Cpplnsights # Quick-bench @C+ - A~ [OWraplines ., Options~ W Filters¥ 2 Control Flow Graph
1 float fun(float x, float y) { i & store float %x, ptr Zx.addr, align 4
2 float|z =fec* x - 7 store float Xy, ptr ¥y.addr, align 4
3 +y * y;‘ 3 %8 = load float, ptr #x.addr, align 4, !dbg !14
a4 2] #1 = load float, ptr ¥x.addr, align 4, !dbg !15
5 [}mt z - x*y; = 18 %2 = load float, ptr %y.addr, align 4, !dbg !16
6 } ™ 11 #3 = load float, ptr Xy.addr, align 4, !dbg !17
7 | 12 %mull = fmul float %2, %3, !dbg !18
13 %4 = call float @llvm.fmuladd.f32(float %@, float %1, float %mull},l!dbé !19'
T2 store float %4, ptr %z, align 4,@'
15 #5 = load float, ptr %z, align 4, !d 12
16 #6 = load float, ptr %z, align 4, !dbg !22
17 %7 = load float, ptr %¥x.addr, align/4, !dbg !23
. 18 %8 = load float, ptr Xy.addr, aligh 4, !dbg !24
IDILocations(..., atomGroup: num, atomRank: num) 19 %mul2 - fml flost %7, %8, ldbg s
28 #neg = fneg float ¥mul2, !dbg !
21 #9 = call float @llvm.fmuladd.fB2(float %5, float #6, float %neg), !dbg |!26
22 | ret float %9,
23}
. 24
An atomGroup is rough|y a Source Atom 25 declare float @llvm}fmuladd.ff2(float, float, float) #1

DlLocation(line: 5..., atomGroug:: 2, itomRank: 1)

AOXO

SONY INTERACTIVE ENTERTAINMENT systems




Prototype implementation

C++source #1 & [m} x86-64 clang 19.1.0 (Editor #1) # X LLVM IR Viewer x86-64 clang 19.1.0 (Editor #1, Compiler #1) # X » O X
A~ BSave/load + Addnew..~ WVim & Cpplnsights # Quick-bench @C+ - A~ [OWraplines ., Options~ W Filters¥ 2 Control Flow Graph
1 float fun(float x, float y) { & store float %x, ptr Zx.addr, align 4
2 float|z =fec* x - 7 store float Xy, ptr ¥y.addr, align 4
3 +y * y;‘ 3 %8 = load float, ptr #x.addr, align 4, !dbg !14
a4 2] #1 = load float, ptr ¥x.addr, align 4, !dbg !15
5 [}mt z - x*y; = 18 %2 = load float, ptr %y.addr, align 4, !dbg !16
6 } ™ 11 #3 = load float, ptr Xy.addr, align 4, !dbg !17
7 | 12 %mull = fmul float %2, %3, !dbg !18
13 %4 = call float @llvm.fmuladd.f32(float %@, float %1, float %mull},l!dbé !19'
T2 store float %4, ptr %z, align 4,@'
15 #5 = load float, ptr %z, align 4, !d 12
16 #6 = load float, ptr %z, align 4, !dbg !22
17 %7 = load float, ptr %¥x.addr, align/4, !dbg !23
. 18 %8 = load float, ptr Xy.addr, aligh 4, !dbg !24
IDILocations(..., atomGroup: num, atomRank: num) 19 %mul2 - fml flost %7, %8, ldbg s
28 #neg = fneg float ¥mul2, !dbg !
21 #9 = call float @llvm.fmuladd.fB2(float %5, float #6, float %neg), !dbg |!26
22 | ret float %9,
23}
. 24
An atomGroup is rough|y a Source Atom 25 declare float @llvm}fmuladd.ff2(float, float, float) #1

atomRank specifies is_stmt precedence

DlLocation(line: 5..., atomGroug:: 2, itomRank: 1)
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Prototype implementation

C++source #1 & [m} x86-64 clang 19.1.0 (Editor #1) # X LLVM IR Viewer x86-64 clang 19.1.0 (Editor #1, Compiler #1) # X » O X
A~ BSave/load + Addnew..~ WVim & Cpplnsights # Quick-bench @C+ - A~ [OWraplines ., Options~ W Filters¥ 2 Control Flow Graph
1 float fun(float x, float y) { & store float %x, ptr Zx.addr, align 4
2 float|z =fec* x - 7 store float Xy, ptr ¥y.addr, align 4
3 +y * y;‘ 3 %8 = load float, ptr #x.addr, align 4, !dbg !14
a4 2] #1 = load float, ptr ¥x.addr, align 4, !dbg !15
5 [}mt z - x*y; = 18 %2 = load float, ptr %y.addr, align 4, !dbg !16
6 } ™ 11 #3 = load float, ptr Xy.addr, align 4, !dbg !17
7 | 12 %mull = fmul float %2, %3, !dbg !18
13 %4 = call float @llvm.fmuladd.f32(float %@, float %1, float %mull},l!dbé !19'
T2 store float %4, ptr %z, align 4,@'
15 #5 = load float, ptr %z, align 4, !d 12
16 #6 = load float, ptr %z, align 4, !dbg !22
17 %7 = load float, ptr %¥x.addr, align/4, !dbg !23
. 18 %8 = load float, ptr Xy.addr, aligh 4, !dbg !24
IDILocations(..., atomGroup: num, atomRank: num) 19 %mul2 - fml flost %7, %8, ldbg s
28 #neg = fneg float ¥mul2, !dbg !
21 #9 = call float @llvm.fmuladd.fB2(float %5, float #6, float %neg), !dbg |!26
22 | ret float %9,
23}
. 24
An atomGroup is rough|y a Source Atom 25 declare float @llvm}fmuladd.ff2(float, float, float) #1
26

atomRank specifies is_stmt precedence

DlLocation(line: 5..., atomGroug:: 2, itomRank: 1)

Converted to is_stmt at DWARF emission
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Costs (prototype)

stagel-ReleaselTO-g:

Benchmark old Mew
kimwitu+s 50876M  5954@M (¥B.79%)
sqlite3 6§1163M  61616M (+8.74%) ila_+i .
consumer-typeset S4628M  55142M (+8.96%) PrOtOtype Complle tlme COSt'
Bullet 111784M 112269M (+8.43%) . :
tramp3d-va 1765551 177689M (40.64%) ° CompIIE'tImE'traCker, CTMark,
mafft 38854M  39137M (+@.73%)
ClamAv 85975M  B6536M (¥B.65%) . . .
lencod 118636M 119331M (#8.58%) /nStrUCtlonS.U
SPASS F7932M  78433M (+8.84%)
o - P — ¢ . 0 .
7zip 2726421 2738481 (0.44%) ° .|.O66A) to LTO bu”ds
geomean 80451M  9@242M (48.66%)
o L L L]
stage1-00-g: * +1.64% to unoptimized builds
Benchmark old New
kimwitu+s 24932M  25167M (+8.94%)
sqlite3 4823M 49381 (+2.39%)
consumer-typeset 12635M  13114M (+3.79%) - .
Bullet §5829M  65445M (+8.54%) Dev_tlme COSt°
tramp3d-va 21231M 214771 (#1.16%)
o T e * More info for some optimisations
ClamAv 13722M  14@0eM (¥2.82%)
lencod 128181  13@25M (#1.61%)
SPASS 14455M  14647M (#1.33%)
7zip 142937M  143449M ($8.36%)
geomean 18676M  18982M (#1.64%)
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Costs - middle end work

x[0] = @ atomGroup: 1
x[1] =1 atomGroup: 1
x[2] = 2 atomGroup: 1

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

atomGroup: 1

1l
H.

x[1i]

AOXO
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Costs - middle end work

for (int 1 = 0; i < 3; ++i ) Loop unroll » atomGroup: 1
atomGroup: 1 ’ 2 atomGroup: 1

<4 atomGroup: 1

Instruction::clone

AOXO
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Remap atoms for duplicated control flow

Loop unroll
atomGroup: 2

atomGroup: 1

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

1l
H.

x[1]

atomGroup: 3

Instruction::clone atomGroup: 4

Remap atom group

AOXO
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Remap atoms for duplicated control flow

. b b U U . . .
e 2097acFIaTHS. bORIINESI0S, 100614 ranstoms/TEL e/ Roopnre llvm/lib/Transforms/IPO/IROutliner.cpp
—— a/llvm/lib/Transforms/Utils/LoopUnroll.

b/11lvm/1ib/T F /Utils/LoopU 11. H H
e il s (1), ety b llvm/lib/Transforms/Scalar/JumpThreading.cpp

1lvm: :UnrollLoop(Loop
NewPHI->eraseFromParent();

}

llvm/lib/Transforms/Scalar/SimpleLoopUnswitch.cpp
llvm/lib/Transforms/Utils/BreakCriticalEdges.cpp
llvm/lib/Transforms/Utils/CloneFunction.cpp

// Update our running map of newest clones Ilvm/llb/Tra nSfOI’mS/UtI|S/|n|ln6FunCthn.Cpp

LastValueMap[*BB] = New;
for (ValueToValueMapTy::iterator VI = VMap.begin(), VE = VMap.end();

llvm/lib/Transforms/Utils/LoopRotationUtils.cpp
llvm/lib/Transforms/Utils/LoopUnroll.cpp
llvm/lib/Transforms/Utils/SimplifyCFG.cpp

AOXDO
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Risks / evaluation
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Risks / evaluation
-02 -g -02 —g —fkey-instructions

- gl - g2
- point  { a8 & point {

[[clang: :optnone]] [[clang: :optnone]]
point fun(c t point& p) { return p; point fun( point& p) { return p; }

[[clang: :optnone]] [[clang: :optnone]]
id £2(double) {} f2( ) i

—int main()
N
z
X

{ =int main() {

( 2)g2; ( Jg2;
= (double)g3; = Jo3i
e x = (double)gl; ( Jal;
point p={ x* 2,y /3, yv/3+z+xx2},; poir f'x22 'y /3,y /[ 3+z2+xxD};
point.p2 = { p.x, p.v, P-Z2 }; poir ={p.x, p.v, p.z };
f2(p.z);
f2(p.x);
fun(p2); fun(p2);
p = fun(p); p = funlp);
sereturnp.x*+'p.y*+:p.z;
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00

02-ki

[[clang: :optnonel
point fun(c -8 . p) { return p; }
[[clang::

Jint main() {
'y
z
X

point p = 1
point. .p2
f2(p.z);
f2(p.x); = Np-x);
fun(p2); funip2);

p = fun(p); p = funlp);

*«return:p.x*+:p.y*+:p.z; sereturn-p.x-+:p.y*+:p.z;

1 1
3 ¥
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build-O0

0 - build-02
build-O2-ki
3 .
6 .
A debugging trace
from Lua o
(bytecode

interpreter, C) ‘
12 - i
1s- =

18 -
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build-O0

0 - build-02
build-O02-ki
311 Missing step at 02 with &
without key instructions

6 . 18
A debugging trace
from Lua 5 - I
(bytecode
interpreter, C)

12 A It
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build-O0
0 - build-02
build-O2-ki

61 Jumpy stepping at 02

A debugging trace avoided with Key Instructions
from Lua 5 -
(bytecode
interpreter, C) ‘

12 A It

15 +

18 A : : :
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build-O0

build-02
0 - build-02-ki
3 .
6 .
A debugging trace
from OpenSteer g - 1l
(agent steering
library, C++)
12 - 1
15 -
18 -
21 A —
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build-O0

build-02 .
0 - build-02-ki
3 .
6 .
A debugging trace
from OpenSteer g - mll
(agent steering
library, C++) 1o - | Early exit at 02 with and
without Key Instructions
15 -
18 -
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A debugging trace
from OpenSteer
(agent steering
library, C++)

12 -

15 -

18 -

21 A

Jumpy stepping at 02
avoided with Key Instructions

build-O0
build-02

build-O2-ki

SONY INTERACTIVE ENTERTAINMENT
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O .
4 .
8 .
A debugging trace 121
from AGG
aa_demo 16 1
(vector graphics
library, C++) 207
24 -
28 A
32 A

build-0O0
build-02
build-O2-ki
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build-00
0 A 1 _
build-02
build-O2-ki
4 .
8 .
Jumpy stepping at 02
A debugging trace 12 avoided with Key Instructions
from AGG
aa_demo 16 1
(vector graphics
library, C++) 20
24 -
28 A
32 - | L
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15 4
30 A
A debugging trace

from BYTEmark 45
(benchmarking, C)

60 -

75 A

90 -

105 ~

build-O0
build-02
build-O2-ki
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build-O0

15 -
30 A
A debugging trace

from BYTEmark 45 -
(benchmarking, C)

60 -

75 A

90 -

105 -

build-02
build-O02-ki

Jumpy at 00 and 02, but not 02-KI?

Loop? (no)

SONY INTERACTIVE ENTERTAINMENT

AOXO
systems




build-00
build-O2
Single step through build-O2-ki

glif (numsortstruct->adjust==0)

numsortstruct->numarrays=1;

while(l)

i
t

arraybase=(farlong *)AllocateMemory(sizeof(long) =*
numsortstruct->numarrays * numsortstruct->arraysize,
&systemerror);

if(systemerror)

{ ReportError(errorcontext, systemerror);
FreeMemory((farvoid *)arraybase,

&systemerror);

ErrorExit();
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20 -
40 -

A debugging trace 60 -
from BYTEmark
(benchmarking, C)  gg -

120 A

140 A

160 -

post-ra-sched reordering

Key Instructions

build-00
build-02
build-O2-ki
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Key Instructions summary

eCode motion and scheduling causes a lot of jumpiness
eSmarter is_stmt placement can greatly reduce impact
ePass authors encode intent with new API

eSee RFC for open question(s)
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Thanks for listening

e LVM'’s optimized-code line tables can be improved

eUse new APIs to encode info about optimisations for better debug info handling

eSource location defect finder
—Improves attribution

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

eKey instructions
—lmproves stepping

—https://discourse.llvm.org/t/rfc-improving-is-stmt-placement-for-better-interactive-
debugging
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build-O0

0- build-02

‘ build-02-ki
15 -
304

A debugging trace
from BYTEmark 45 -
(benchmarking, C)

60 -

75 A

90 -

105 -
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