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Tutorial: BOLT on AArch64 and
how it compares with other PGOs




What this talk covers

 Motivation

e Solution

« BOLT

« LLVM PGOs
 BOLT: Quick Demo
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What is the problem?
» binary rCPU

instruction cache

hot path travels long distances

bad spatial locality!

arm




How we know we have it?

Hardware Metrics
Top-Down Methodology Micro-Architecture Exploration

- Front-End Bound Workloads (>10% FE) - BOLT’s rule-of-thumb: >10 L1i MPKI
- Back-end waits for uOps to come in
- Misses on i-cache, i-TLB, branch-prediction

Misses Per Kilo Instructions (MPKI)

L3
CPU Plp I Metric Value Unit
']
CPU Neoverse V1 metrics . Front-End ranc FI E]u 7.575 misses per 1,000 instructions

— Stage 1 (Topdown metrics
L——gTopdc()wanevel 1 (Topzown 11) DTLB MPKI 0.002 misses per 1,000 instructions
L - I ITLB MPKI 0.000 misses per 1,000 instructions
II:III
dedode dispatch ekecute

0.063 misses per 1,000 instructions
0.040 misses per 1,000 instructions
14.399 | misses per 1,000 instructions

s ruc 1on 0.232 misses per 1,000 instructions
L@EEQBHE MBK T rite-back 0.079 | misses per 1,000 instructions
L2W0HEFied TLB MPKI 0.010 misses per 1,000 instructions
LL Cache Read MPKI 0.001 misses per 1,000 instructions

Metric

Backend Bound
Bad Speculation
Frontend Bound
Retiring

i ATP: Arm TotarPérformance

perf stat -e instructions,L1-icache-misses -- binary Public ©2025 Arm 5
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https://github.com/llvm/llvm-project/blob/main/bolt/docs/OptimizingClang.md
https://github.com/llvm/llvm-project/blob/main/bolt/docs/OptimizingClang.md
https://github.com/llvm/llvm-project/blob/main/bolt/docs/OptimizingClang.md
https://github.com/llvm/llvm-project/blob/main/bolt/docs/OptimizingClang.md
https://github.com/llvm/llvm-project/blob/main/bolt/docs/OptimizingClang.md
https://developer.arm.com/documentation/109542/0100/Arm-Topdown-methodology/Stage-2--Microarchitecture-exploration
https://developer.arm.com/documentation/109542/0100/Arm-Topdown-methodology/Stage-2--Microarchitecture-exploration
https://developer.arm.com/documentation/109542/0100/Arm-Topdown-methodology/Stage-2--Microarchitecture-exploration
https://developer.arm.com/documentation/109542/0100/Arm-Topdown-methodology
https://developer.arm.com/documentation/109542/0100/Arm-Topdown-methodology
https://developer.arm.com/documentation/109542/0100/Arm-Topdown-methodology
https://gitlab.arm.com/telemetry-solution/telemetry-solution/-/tree/main/tools/topdown_tool?ref_type=heads
https://gitlab.arm.com/telemetry-solution/telemetry-solution/-/tree/main/tools/topdown_tool?ref_type=heads
https://gitlab.arm.com/telemetry-solution/telemetry-solution/-/tree/main/tools/topdown_tool?ref_type=heads

Why compilers alone fall short
Compilation flow in Clang/LLVM:

heuristic ’5@0%
%o
source code K
= = — binary
[f [f [f =\ [ “
C++ IR IR L MIR MIR MIR | oo MC _>| obj | ELF
ey, f optimization passes \é‘\\o static linker
/781‘/'(; \(\8‘)(\

q rm Public © 2025 Arm 6



Why compilers alone fall short ©
LTO flow in Clang/LLVM:

heuristic
source code

2\ . binary

I(; \ =
C++ —lf[ IR IR R | eee —% MIR MIR MIR | «eo _’ﬁ[ MC _>I[ Obj _» ELE
(Maripte-Opttirpipation)Pipeline) K
ey, optimization passes MRS
/Stl'c \(\e\)(
optimize with all IR (IPO)

(1) (2)
Reorder Get profile
code data!

arm



> Motivation

e Solution
« BOLT




 Motivation

> Solution
« BOLT




Reorder Code
Code Layout Trinity: (1) Function Reordering

binary

fun2 -’ B | hot: executed often
@ I B |cold: not executed often
I

fun3 D

a rm Public © 2025 Arm 10



Reorder Code
Code Layout Trinity: (1) Function Reordering

binary

fun3 (30 N

funl (0 _‘ hot: executed often
-’ B [cold: not executed often
I

fun2 ¢ NG N

a rm Public © 2025 Arm 11



Reorder Code
Code Layout Trinity: (2) Block Reordering

binary

fun3 (30 N

funl (0 _‘ hot: executed often
-’ B [cold: not executed often
I

fun2 ¢ NG N

a rm Public © 2025 Arm 12



Reorder Code
Code Layout Trinity: (2) Block Reordering

binary

fun3 (30 N

funl (0 _’ hot: executed often
-' B Icold: not executed often

Y e
fun2 ¢ NG N

a rm Public © 2025 Arm 13



Reorder Code
Code Layout Trinity: (2) Block Reordering

binary

fun3 coI@ N H@

funl (10 _’ hot: executed often

not executed often

fall-through branches cost less
Travelling Salesman Problem

Public © 2025 Arm 14



Reorder Code
Code Layout Trinity: (3) Function Splitting

binary

fun3 o ¢ I N

funl (10 _’ hot: executed often

not executed often

Public © 2025 Arm 15



Reorder Code

Code Layout Trinity: (3) Function Splitting minimal section of hot code

_ usually, a small subset of code dominates
binary execution

text:

fun3 IOmmu®
funil I

fun2 ]

text.cold: hot: executed often
fun3.o« [ B coid: not executed often
HE B R

fu n 1.cold —
I e

fu nz.cold
- xr
I

a rm Public © 2025 Arm 16



Profiling
Profile Guided Optimization

- PGO, FDO (Feedback-Driven)
- Way more than Code-Layout

arm

rg "BlockFrequencyinfo" -I | grep Reg
1lvm/1ib/CodeGen/MLRegAllocEvictAdvisor.cpp
1lvm/1lib/CodeGen/RegAllocScore.cpp
1lvm/1lib/CodeGen/GlobalISel/RegBankSelect.cpp
1lvm/1lib/CodeGen/RegAllocBasic.cpp
1lvm/1lib/CodeGen/RegAllocPBQP.cpp
1lvm/1lib/CodeGen/MLRegAllocPriorityAdvisor.cpp
1lvm/1lib/CodeGen/RegAllocGreedy.cpp
1lvm/1lib/CodeGen/RegAllocScore.h
1lvm/1lib/CodeGen/RegAllocGreedy.h
1lvm/1lib/Target/WebAssembly/WebAssemblyRegColoring.cpp
1lvm/1lib/Target/WebAssembly/WebAssemblyRegStackify.cpp
1lvm/include/1lvm/Passes/MachinePassRegistry.def
1lvm/include/1lvm/CodeGen/GlobalISel/RegBankSelect.h
1lvm/include/1lvm/CodeGen/RegAllocPBQP.h

rg "BranchProbabilityinfo" -I | grep Reg

1lvm/1ib/CodeGen/GlobalISel/RegBankSelect.cpp
1lvm/include/1lvm/CodeGen/GlobalISel/RegBankSelect.h

LLVM: rg "ProfileSummaryinfo" -l

Analysis:

Transformations (cont..)

OptimizationRemarkEmitter

MachineFunctionSplitter

Inlining:

. InlineOrder

. InlineAdvisor

. InlineCostMLInlineAdvisor

SelectOptimize

MachineCombiner

ExpandMemCmp

Transformations:

MachineBlockPlacement

InstructionCombining

TailDuplication

LoopVectorize

MachineSizeOpts

InlineFunction

Instruction Selection:

Scalar:

InstructionSelect  (GloballSel)

ConstantHoisting

SelectionDAGISel  (selectionDAG)

Loops:

. SimpleLoopUnswitch
. LoopLoadElimination
. LoopUnrollPass

Inter-Procedural:

CodeGen:

IfConversion

Inlining:
. Inliner
. Modulelnliner

. Partiallnlining
. AlwayslInliner

BranchFolding

HotColdSplittin

Public © 2025 Arm 17




Profiling

Methods ©
Instrumentation

- Modifies input binary to record
accurate counts

- Operates at different
granularity

- Theoretical optimal quality
- Comes at a high cost!

funl ]
[ 7 ]
] | ]

fun2 I
I B
I N ———

fun3 ]
[ 7 7
[ 4 ] | ]

arm

Sampled-Based

- Hot paths show in samples
- Approximate counts by

periodically observing code

- Less data — similar conclusions
- Different HW units: BRBE, SPE
- Faster; quality impact varies

Tracing

- Records flow and data traces
« HW Units: ETM / ETE

- Big volumes of events

- Strobing can help

=h
(=
=
=
i
T

-+ -
[ c
3 =
>N IIN |
()«

)2025 Arm 18




Profiling

Challenges

- Environment restrictions (mobile, server, production)

- Hardware restrictions

- Trade-off: Profile Quality vs Overheads
- Workloads and Code keeps changing

- Profile Correlation and Maintenance

to source IR

source code

; CHECK-NEXT:
; CHECK-NEXT:

+ ; CHECK-NEXT:

+ ; CHECK-NEXT:

3529
3530
3531
3532
8588
3534
3535

+

+

}

if (match(Cond, m_Not(m_Value(X))) && !isa<Constant>(X)) {
// Swap Destinations and condition...
BI.swapSuccessors();

if (BPI)

BPI->swapSuccEdgesProbabilities(BI.getParent());

return replaceOperand(BI, 0, X);

edge %entry —> %bb2 probability is 0x06186186 / 0x80000000 = 4.76% »
edge %entry —> %bbl probability is @x79e79e7a / 0x80000000 = 95.24% [HOT edgel ;"é

edge %entry —> %bb2 probability is @x79e79e7a / 0x80000000 = 95.24% [HOT edgel
edge %entry —> %bbl probability is 0x06186186 / 0x80000000 = 4.76%

N

N

N

clang

arm

C++‘—1f[ IR IR R | =P

If

N

MIR

MIR

MIR

I

MC

Obj

optimization passes

static linker

profile data

correlate @
maintainﬁ

binary
ELF

Public © 2025 Arm 19
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BOLT Introduction

Binary Optimization and Layout Tool

Created by Meta; Used >10 years in production
Post-Link Optimizer (PLO)
Low-Level PGO

Code-Layout Passes (3):
- Reorder Functions -reorder-functions
- Reorder Blocks  -reorder-blocks
« Function Splitting: -split-functions
-split-all-cold
-split-eh

Profiling: Sampling, Instrumentation, Traces

source code

BOLT

funl o L (] fun3 co
a0

fun2 5 @ mm funl oo
(] I ]
L J |

fun3 eo I fun2 o) @
O
@ m@mm

BOLTed binary
ELF

Binary-Level IR

profile data

Context:

l;, Functions:

ly CFG of BasicBlocks:
ly List of MCInsts+

MC+

fdata

v

correlate

disassemble

%QC 8

/l IR IR

arm

*

NS N =
=Pl | wr MIR MIR | oo =P MC —>| Obj —P| ELF
optimization passes static linker input
binary

Public © 2025 Arm 22


https://ieeexplore.ieee.org/abstract/document/8661201/authors
https://aaupov.github.io/blog/2023/07/09/pgo
https://github.com/llvm/llvm-project/blob/aa9cc721e58f086ba6a3f9711fefdb61a184f786/bolt/lib/Passes/ReorderFunctions.cpp
https://github.com/llvm/llvm-project/blob/aa9cc721e58f086ba6a3f9711fefdb61a184f786/bolt/lib/Passes/ReorderFunctions.cpp
https://github.com/llvm/llvm-project/blob/a38f0157f2a9efcae13b691c63723426e8adc0ee/bolt/include/bolt/Passes/BinaryPasses.h
https://github.com/llvm/llvm-project/blob/a38f0157f2a9efcae13b691c63723426e8adc0ee/bolt/include/bolt/Passes/BinaryPasses.h
https://github.com/llvm/llvm-project/blob/a5f3d1a803020167bd9d494a8a3921e7dcc1550a/bolt/include/bolt/Passes/SplitFunctions.h
https://github.com/llvm/llvm-project/blob/a5f3d1a803020167bd9d494a8a3921e7dcc1550a/bolt/include/bolt/Passes/SplitFunctions.h

BOLT vs Other PLOs

A lightning comparison
BOLT

CodelLocality

Propeller

Input Binary
Requirements

Code-Layout
Reordering

Compiler
Support

Binary Rewriting

-WI,--emit-relocs

-plt —icf
-hugify

a rm : -inline-memcpy ...

-ffunction-sections

-symbol-ordering-file

-fbasic-block-sections

Public © 2025 Arm 23


https://github.com/llvm/llvm-project/tree/main/bolt
https://github.com/NVIDIA/cpu-code-locality-tool
https://github.com/google/llvm-propeller
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LLVM PGO

Clang
heuristiC @0% .
source code # %
=~ =) =\ \ . binary
[[ _ﬁ[ .[fl 1 —
C++ IR IR R e MIR MIR MIR | oee MC —>| Obj =P ELF
.f optimization passes X XY static linker

CUrja,. 0o
arm /Sf/C \(\G\) Public © 2025 Arm 26



LLVM PGO

Clang+PGO
profile '°fo,~.
source code # ¥ %
2 — 2\ . . binary
[[ _ﬁ[ _Lf[ ( —
C++ IR IR R eee MIR MIR MIR | «ee MC —>[Obj —P»| ELF
f optimization passes K,{\\e static linker

Prog:
arm 0)‘}/e Q‘O Public © 2025 Arm 27



LLVM PGO

Clang+PGO+LTO

Better IPO!

profile Ly,

Ox:,
source code %
A =N 2\ . . binary
N I( If (—
C++ IR IR R | eee MIR MIR MIR | oee MC —»[ Obj =P»| ELF
‘ K LTOPass-.' | k
orl optimization passes Qe static linker
arm Oﬁ/e Q‘o Public © 2025 Arm 28



LLVM PGO

Profiling Techniques

BRBE: 0xA00
0xB0OO
0xC00
0xDOD
0xC02
0xC03
0xDO0O0

Sampling: S-PGO (A-FDO) brstack

cond (taken)

fall-throughs

Context Sensitivity @

taken branches sample control-flow and call graphs

Instrumentation -fprofile-instr-generate Wlth CS
-fprofile-generate
-fcs-profile-generate
20 :
foobar() Without CS
/\1;0
20 0
foo bar
0 () () 10
profile "/'o,.
source code # "
N -\ . \ binary
(o ff[ [f[ f —
C++ IR IR R | e MIR MIR MIR MC —>[ Obj —P»| ELF
: 4 LTO Pass =3 link
[ i | optimization passes K,(\\e static finker
arm ! [ p"Of,-/e [ <O _
FE IR CS'IR Q Public © 2025 Arm 29



LLVM PGO

Code Layout

funloo pEEE@
@

fun2 5) @ W
(] I ]

fun3 o K@ MEN
I . .
I

funl o [ (]
I

I L § ] I O
e e || i e g e @
- Function Reordering
- IR-PGO: default=ON
- Can manually pass order to LLD -symbol-ordering-file
- Block Reordering
- We need some layout anyway
- CS-PGO runs Ext-TSP ordering algorithm -enable-ext-tsp-block-placement
- Function Splitting
- Default is OFF -fsplit-machine-functions
- With CS-PGO+LTO = closest to BOLT MachineFunction
Splitter
. MachineBlock Secti
profile Placement 0?.;;?(:.
source code v I
N N v bi
N \ f ) e
[[ C++ —»[ IR IR R | oo —»[ MIR MIR MIR MC _>[Ob' | ELr
‘ K LTOPassJ | k
optimization passes Qe static linker
pl'of,-/e Q‘o Public © 2025 Arm 30
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https://github.com/llvm/llvm-project/blob/68f7b075c07197803625431ba92c337af7470c85/llvm/lib/CodeGen/MachineFunctionSplitter.cpp
https://github.com/llvm/llvm-project/blob/68f7b075c07197803625431ba92c337af7470c85/llvm/lib/CodeGen/MachineFunctionSplitter.cpp
https://github.com/llvm/llvm-project/blob/19a7fe03b4f58c4f73ea91d5e63bc4c6e61f987b/llvm/lib/CodeGen/MachineBlockPlacement.cpp
https://github.com/llvm/llvm-project/blob/19a7fe03b4f58c4f73ea91d5e63bc4c6e61f987b/llvm/lib/CodeGen/MachineBlockPlacement.cpp
https://github.com/llvm/llvm-project/blob/6ab034b828d3a66acca61e28ac41f2e8b300e355/lld/ELF/BPSectionOrderer.h
https://github.com/llvm/llvm-project/blob/6ab034b828d3a66acca61e28ac41f2e8b300e355/lld/ELF/BPSectionOrderer.h

LLVM PGO

Comparing with BOLT

High-Level PGO — More Powerful

source code

- = = \ \ binary
[[ _ﬁ[ .[fl 1 —
C++ IR IR R | oee MIR MIR MIR | eee MC _>[ Obj _> ELF
t K LTOPass—_l link
optimization passes Qe static linker

Prog:
arm Of}/e Q‘o Public © 2025 Arm 31



LLVM PGO

Comparing with BOLT

High-Level PGO — More Powerful

TaiIDu i HotColdsplitting N
Iz ! Cation ’170% Selectionpa Gisel

Inliner P64\$°
e

o

. A17€
Kz
¢ \i\“"’s\ /h/'bep se1ectOP \o¢

N\ C . ~oB\O0
o W Nt

% .
0/750/0,,.,7 “,  InstructionSelect n Voch,
o, o ConstantHoisting  “ac,
/;/;, Op U""’”Pas EXp O'ISp /’ft
s an dIV[ €
emCm
p

- \4

InlineOrder

Si mp\e\.oop\)nsw‘\tc Inl.
LooplLoadElimination o

s M . H Ol
580 \iner aching C ) IfConversion ne
source code W waye® OMbiney partstniing

\ 2\ . binary

[[u:-lf[ p . p _Lf[ ViR e — . MC‘—PH[ 3bj‘—> ELF

4

K LTopatsst_ link
optimization passes Qe static linker

Prog:
arm Oﬂ/e Q‘o Public © 2025 Arm 32



LLVM PGO

Comparing with BOLT
High-Level PGO — More Powerful

Profile Correlation and Maintenance Hig el vellRGO
Which is better?

Who should we use?
IR-PGO + LTO + BOLT

profile data
to source IR ° °
maintain
source code YV vy v y
3 =N = . . inary
[[ > ff[ ff[ If [
C++ IR IR R | eee MIR MIR MIR | oee MC —»[ Obj =P»| ELF
‘ LTO PassJ .
or optimization passes K(\\e static linker
arm Oﬁ/e Q‘o Public © 2025 Arm 33



LLVM PGO

Overview of more PGOs!

CSS-PGO:
- Context-Sensitive Sampling
- Combines branch-stacks with call-stacks for CS
- Uses pseudo-probes to improve correlation

HW-PGO:

- Extends S-PGO with data from more HW-Units
- ifConversion using branch miss/hits information
- Optimize vtable loads, using memory profiles

Data Locality
- Split Data sections (.rodata.hot)

Temporal-PGO:
- Mobile apps care about loading time
- Not CPU-Bound workloads
- Decrease startup page-faults

arm

Public © 2025 Arm 34


https://aaupov.github.io/assets/csspgo-rfc-email.html
https://aaupov.github.io/assets/csspgo-rfc-email.html
https://aaupov.github.io/assets/csspgo-rfc-email.html
https://aaupov.github.io/assets/csspgo-rfc-email.html
https://www.intel.com/content/www/us/en/developer/articles/technical/hwpgo.html
https://www.intel.com/content/www/us/en/developer/articles/technical/hwpgo.html
https://www.intel.com/content/www/us/en/developer/articles/technical/hwpgo.html
https://www.intel.com/content/www/us/en/developer/articles/technical/hwpgo.html
https://discourse.llvm.org/t/rfc-hwpgo-i-e-adding-new-spgo-feedback-types/80582
https://discourse.llvm.org/t/rfc-hwpgo-i-e-adding-new-spgo-feedback-types/80582
https://discourse.llvm.org/t/rfc-vtable-type-profiling-for-samplefdo/87283
https://discourse.llvm.org/t/rfc-profile-guided-static-data-partitioning/83744
https://discourse.llvm.org/t/rfc-profile-guided-static-data-partitioning/83744
https://discourse.llvm.org/t/rfc-hwpgo-i-e-adding-new-spgo-feedback-types/80582
https://discourse.llvm.org/t/rfc-hwpgo-i-e-adding-new-spgo-feedback-types/80582
https://discourse.llvm.org/t/rfc-hwpgo-i-e-adding-new-spgo-feedback-types/80582
https://discourse.llvm.org/t/rfc-hwpgo-i-e-adding-new-spgo-feedback-types/80582
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BOLT: Quick Demo

Optimize a pathological case

a rm Public © 2025 Arm 37



BOLT: Quick Demo

Bubble Sort

while (change):

for (i: 1-N):

if (a[i] < a[i-1]):
t = alil;
ali] =ali-1];
ali-1]=t;
change =T,

arm
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BOLT: Quick Demo

Bubble Sort

while (change):
for (i: 1-N):

if (a[i] < a[i-1]):

swap(a,change);

arm

swap(a,change):

t=ali;

ali] =ali-1];
ali-1]1=t
change =T,

Public © 2025 Arm 39



BOLT: Quick Demo

Bubble Sort

while (change):
for (i: 1-N):

if (a[i] < a[i-1]):

swap(a,change);

arm

swap(a,change):

if (COND) NOPS(N) else
if (COND) NOPS(N) else
if (COND) NOPS(N) else
if (COND) NOPS(N) else

t=ali];

afil =ali- 1];

ali-1]=t;
change=T;

Public © 2025 Arm 40



BOLT: Quick Demo

Bubble Sort

while (change):

swap(a,change):

if (COND) NOPS(N) else t=ali];
if (COND) NOPS(N) else ali] =ali-1];
H _ . if (COND) NOPS(N) else ali-1]=t;
for (I' 1 N) if (COND) NOPS(N) else change=T;

|f (a[|] < a[l-l]) swap(a,change):

if (COND) NOPS(N) else t = ali];
if (COND) NOPS(N) else ali] =ali- 1];
if (COND) NOPS(N) else ali-1]=t;
Swa p(a,cha nge); if (COND) NOPS(N) else change =T;
swap(a,change):
if (COND) NOPS(N) else t=alil;
if (COND) NOPS(N) else ali] =ali- 1];
if (COND) NOPS(N) else ali-1]=t;
if (COND) NOPS(N) else change=T;

a rm Public © 2025 Arm 41



Demo Usage & ways of profiling;
Don’t focus much on numbers

BOLT: Quick Demo

Bubble Sort

while (change):
for (i: 1-N):

if (a[i] < a[i-1]):

swap(a,change);

Public © 2025 Arm 42
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Verify Effectiveness

Profile Quality dynamically executed instructions

Code Density (based on llvm-profgen): static code size

Warn on insufficient samples

Flow Continuity:

- How well-connected profiles are ENTRYCPOINT
. . A 20
1. CFG Continuity "
7 iy M ENTRV-PO‘INTS
2. CG flow conservation cuer 10 ' A
3. CFG flow conservation \r; 51 5\
D 10

a rm Public © 2025 Arm 50


https://github.com/llvm/llvm-project/pull/92144
https://github.com/llvm/llvm-project/pull/101094%20llvm-profgen
https://github.com/llvm/llvm-project/pull/101094%20llvm-profgen
https://github.com/llvm/llvm-project/pull/101094%20llvm-profgen
https://github.com/llvm/llvm-project/pull/109683

Verify Effectiveness

Heatmap Tool

Visualize samples: llvm-bolt-heatmap

- Sample the binary (before / after)

Regions:

- Run tool 1 G 73l
0 : (23, 110]

- Address range D : (531 pss1]
0 : (2552, 12257]

- Empty lines: bigger gap e

A: .text:
- Character block of code C rins. M :

Df malloc_hook: [:)x7i76060—0)_<7i767f0e
- Letter when there is a sample Lot Bur2rssee oar Tt

« Color is hotness

1 2 3 4 5 6 7 8 9 a b c

0
0
0
048c048c048c048c048c048c048c048c048c048c048c048c048

0x039d8000:
0x039dcB00:
0x039e0000:
0x039e4000:
0x039e8000:

8x039ec000: ....AAAA..A

0x039f0000: e
0x039£4800: .AAAAAAAA. .} -
0x039f8000: oo
0x039fc000: |....

0x03200000:
0x03a04000:
0x03a08000:
0x03a0c000:
0x03210000:
0x05000000:

arm



https://github.com/llvm/llvm-project/blob/main/bolt/docs/Heatmaps.md
https://github.com/llvm/llvm-project/blob/main/bolt/docs/Heatmaps.md
https://github.com/llvm/llvm-project/blob/main/bolt/docs/Heatmaps.md
https://github.com/llvm/llvm-project/blob/main/bolt/docs/Heatmaps.md
https://github.com/llvm/llvm-project/blob/main/bolt/docs/Heatmaps.md

Bonus slide!

- Arm Team, working on BOLT
- Maintainer of AArch64 Backend

- Contribute: Patches, Reviews, Testing

- Active community on LLVM

arm

Try BOLT!

- Discord: #bolt
« Office Hours

- Monthly, 2nd Wednesday
- 11:00am PT, 30 mins, ZOOM

- roundtable

50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

2%

31%

BOLT CS-IR
MariaDB

Speedups (Neoverse V2)

4%
40%
26% 29%
10%
o

BOLT CS-IR BOLT CS-IR BOLT CS-IR

Clang PostgreSQL NGINX
m +CS-PGO+LTO m+BOLT
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https://discord.com/channels/636084430946959380/930647188944613406
https://fb.zoom.us/j/97065697120?pwd=NTFaUWJjZW9uVkJuaVlPTE9qclE3dz09
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