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O 4ém 3TOT AOK/AA?

YTo Takoe LLVM?
Y10 03HauatoT 3K ByKBbI? UcTopuna u pmunocodus.

Kak LLVM BanaeT Ha mmnp BOKPYr Hac?
(na, n Ha Kaxaoro n3 sac Toxe!)

Mpu yém 3aechb Java?
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B nepsbIn pa3 noceTun
LLVM DevMeeting

MepBbih BHYTPEHHUMN
NMPOEKT Ha ocHoBe LLVM

MepBbI NaTy,
NPUHATLIN B
ancTpum

Commit access

Brnepsble BKIOYEH B Mpeacepatens
NPOrpaMmMmMHbIA KOMUTET nporpammHoro
LLVM DevMeeting KomuTeTa

EuroLLVM’24



Y10 o3HayvaeT “LLVM”?

* Hnyero! 2910 NpocTo Ha3BaHMe.

* "Despite its name, LLVM has little to do
with traditional virtual machines. The
name "LLVM" itself is not an acronym; it is
the full name of the project.”

* CobpaHme KOMMNOHEHT AnA
CO3aHMNA KOMMUAATOPOB U

TY4YENHOB

* “The LLVM Project is a collection of
modular and reusable compiler and
toolchain technologies.”

%t The LLVM Compiler Infrastruct. X +

B2 Apps B2 Wiki

&« &) 2% llvm.org

Go

* & O 4L 0

3 All Bookmarks

The LLVM Compiler Infrastructure 2

Site Map:
Overview
Features

Documentation
Command Guide
FAQ
Publications
LLVM Projects
Open Projects
LLVM Users
Bug tracker
LLVM Logo
Blog
Meetings

LLVM Foundation

Download!
Download now:
LIVM18.1.5
All Releases
APT Packages
Fedora Snapshot
Packages
Pre-releases

LLVM Overview

The LLVM Project is a collection of modular and reusable
compiler and toolchain technologies. Despite its name, LLVM
has little to do with traditional virtual machines. The name
"LLVM" itself is not an acronym; it is the full name of the
project.

LLVM began as a research project at the University of [llinos
with the goal of providing a modemn, SSA-based compilation
strategy capable of supporting both static and dynamic
compilation of arbitrary programming languages. Since then,
LLVM has grown to be an umbrella project consisting of a
number of subprojects, many of which are being used 1n
production by a wide variety of commercial and open source
projects as well as being widely used in academic research.
Code in the LLVM project is licensed under the "Apache 2.0
License with TIVM exceptions”

The primary sub-projects of LLVM are

1. The LLVM Core libraries provide a modern source- and
target-independent optimizer, along with code generation
support for many popular CPUs (as well as some less
common ones!) These libraries are built around a well
specified code representation known as the LLVM

intocenadinte raneanamntatione (MTTIALTD"™ Tha TTITRT

Latest LLVM
Release!

2 May 2024: LLVM 18.1.5 15 now

available for download! LLVM i1s

publicly available under an open
source License. Also, vou might want
to check out the new features in Git
that will appear in the next LLVM
release. If you want them early,
download LIVM through anonymous
Git.

Upcoming Events

April 9-11, 2024 - EuroLLVM Dev
Mtg

ACM Software
System Award!

LLVM has been awarded the 2012
ACM Software System Award! This
award 1s given by ACM to one
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cTtopua LLVM

Prominent features of the European dragon:

a. ‘arrowhead’ tail—hardened for use in fighting
b. thick spines c. large bat-like wings
d. clawed talons e. scales f. horns

g. fanged teeth h. eyes—all dragons have a truly
phenomenal sense of sight

EUROPEAN Draco secidentalis magnus
KNOWN to most people through their ability to
breathe fire and their love of treasure, this species
is now confined to a few remore areas. Effective at

B,

using language, they shed their skins triennially.
LaIk OR NEST-—A mountain or sea cave in a remote area. DIMENSIONS
[Apurr]—45 feet long; 13 to 17 feet high, Cororarion—Red,
green, black or occasionally gold. Forvs oF Arrack—Flame, tail,
claws, horns. Foop—Cattle, sheep, humans [the latter only if no
other food available—due to bitter flavour].

0 What is Dragonology? 8 Inside Dragonology o Biographies & Links * Buy Dragonology
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Libraries

LLVM: AN INFRASTRUCTURE FOR MULTI-STAGE OPTIMIZATION

BY
CHRIS ARTHUR LATTNER
B.5., University of Portland, 2000
THESIS
Submitted in partial fulfillnent of the requirements
for the degree of Master of Science in Computer Science

in the Graduate College of the
University of Hlinois at Urbana-Champaign, 2002
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Apple

* B 2005 roay Kpuc JlattHep Ha4van paboTaTtb B Apple
* LLVM cTan ctTaTu4eCKMm KOMMNUAATOPOM

* MMouemy Apple Bbibpana LLVM Ha 3ameHy GCC?
* lnueHsmna (Apple He HpaBuTtca GPLv3)
* [TO/IHbIN KOHTPO/b
* [leyanbHbIN onbIT ¢ Komnunatopamm C++ ana PowerPC



Clang

A

e K-naHr, a He Cu-naHr!

Objective-C

* [1poeKT HayaT B 2006 rogy Kpncom JlattHepom, [larom
[peropom n apyrumm B Apple

 Komnunatop ana “cemencraa a3bikoB C”: C, C++ u
Objective-C
* N3meHeHUnsa B Xcode: gcc -> llvm-gecd -> clang

* Yepes 10 net Clang “cven” 6mnsHec C++ KOMNNAATOPOB



Google
* Google Havyana ncnonb3osatb LLVM B ~2007 GOQS [L

* [louemy Google Bbibpana LLVM Ha 3ameHy GCC?

* OOMH KOMNUAATOP A/1A BCex onepaunoHHbIx cuctem (Windows,
Linux, OS X)

e Security (KomnNMAATOPHbIE ANATHOCTUKU U CAHUTAN3EPDI)
* ABTOMATM4YECKNIN pedaKTOPUHT
* BAnAHME B KOMMbIOHUTU

* Google pobasuna nogaepkky Windows
* Bcero ans aByx npunoxxenmmn: Chrome n Google Earth

* Android nonHocTtbto nepewén ¢ GCC Ha Clang B 2016
* "It’s time to have just one compiler for Android. One that can
help find (and mitigate) security problems."
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CeKpeT ycnexa

YCIEX!
Kleper
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Permissive License

(paspeLumnTenbHas NMMUEH3nA?)

THIS ONE lS FROM

WHAT'S IN THE SACK? i 1NN <5 ONE IS FROM.
R TR THIS IS FROM VA LINUX.

AND THE OST. ; T

* THOSE ARE A\ |
3 B |HUNDRED DOLLAR [

BILLS, ERIC

* [naBHaA Npun4nHa ycnexa |§ (A
* LLVM ncnon b3yeT :, ; g 7 /, I : --:‘\:7 LOOK, I HAVE SOME , f :
p NI EXAMPLES HERE IN i
nnueHsuio Apache 2.0 £ dETEE |
) J&F FANS OF THE FSF
* GCC ucnonbsyet GPLv3
* Bce 6osatca “GCC Bupyca”

* 3aKOH AHAapeAa boxaHKo

* Y1CN0 OCHOBHbIX MPOEKTOB B Ka)XAomn Kateropuu M0 =
4YMCNY OCHOBHbIX TUMOB OPEeNn-source AMULEH3NU



Benevolent Dictator

(nobpoxenartesibHbI AUKTaTop?)




MoaynbHaa CTPYKTypa

LLVM — Konnekuua nepencronb3yembolx OnbnnoTek
“‘Knen” mexgy Humm — LLVM IR

kt
2 Kotlin front-end . . ARM code-gen
- Optimizer g
IS .0
e

]_;o bj

.0
—




MoaynbHaa CTPYKTypa

LLVM — Konnekuua nepencronb3yembolx OnbnnoTek
“‘Knen” mexgy Humm — LLVM IR

.Cpp [ ] .0bj
Kkt .0
_’ Optimizer ARM code-gen ppg
IS .0
Rust front-end —>




MoaynbHaa CTPYKTypa

LLVM — Konnekuua nepencronb3yembolx OnbnnoTek
“‘Knen” mexgy Humm — LLVM IR

.cpp .0bj
— | | —
kt
_’ Optimizer

IS .0
Rust front-end RISC-V code-gen —>




MoaynbHaa CTPYKTypa

LLVM — Konnekuua nepencronb3yembolx OnbnnoTek
“‘Knen” mexgy Humm — LLVM IR

Cpp

kt
Kotlin front-end < e
— Optimizer
IS .0
o —




MoaynbHaa CTPYKTYpa

LLVM — Konnekuua nepencronb3yembolx OnbnnoTek
“‘Knen” mexgy Humm — LLVM IR

.Cpp S S .0bj
kt .0
_’ Optimizer ARM code-gen ppg

IS .0
Rust front-end RISC-V code-gen —>




MoaynbHaa CTPYKTYpa

LLVM — Konnekuua nepencronb3yembolx OnbnnoTek
“‘Knen” mexgy Humm — LLVM IR

Cpp

kt
—

Kotlin front-end

IS
Rust front-end

Optimizer

2 ARM code-gen

.0bj
=

.0
—

.0
RISC-V code-gen —>



LLVM IR




“Hello World” Ha C

@main() #0 {
%l = (i8*, ...) @printf(i8* ([ X 1

[14 x i8]* @.str, , ))

I11vm.module.flags = !{!0}
I11lvm.ident = 1{!1}

2 ! J }

19 = I{
11 = I{! }



“Hello World” Ha Kotlin

@

%locals_init

%struct.ObjHeader** [ » sprologue ]
%stack_locals_init

@Kotlin_mm_safePointFunctionPrologue() #
wentry

@ (%struct.ObjHeader*
ArrayHeader, [13 x ] }* @812 %struct.ObjHeader¥*))
%call success

%epilogue

({ %struct.




LLVM IR

e “Knen” scero npoekrta LLVM

e ObpaTHaA COBMECTUMOCTb

* He3aBMCMMOCTb OT A3blKa

* HezaBMcMmocCTb OT NAaTGoOpPMbl
e JInHrea ppaHKa?



MLIR

 Machine Learning IR?
* Multi Language IR?

* Mojo Language IR?

* Moore’s Law IR?

* Multi-Level IR?

func @main(%arg@: tensor<il>, %argl: tensor<1lxf32>, %arg2: tensor<1lxf32>) -> tensor<1xf32> {

%0 = "tfl.pseudo_input"(%arg®) : (tensor<il>) -> tensor<il>

%1 = "tfl.pseudo_input"(%argl) : (tensor<lxf32>) -> tensor<lxf32>
%2 = "tfl.pseudo_input"(%arg2) : (tensor<lxf32>) -> tensor<lxf32>
%3 = "tf.If" (%0, %1, %2) {

else_branch = @testIfElse, then branch = @testIfThen
} ¢ (tensor<il>, tensor<lxf32>, tensor<lxf32>) -> tensor<lxf32>
return %1 : tensor<1lxf32>

TOO s o



“SoHTUK” LLVM




LLVM 3TO... KOMMUANATOPLI




LLVM 370... bnbamoTtekun

C++ Standard Library (libc++)

C Standard Library (llvm-libc)

OpenMP Library (libomp)

Coverage-guided fuzz testing Library (libFuzzer)



LLVM 3TO... UHCTPYMEHTb!

Clang Static Analyzer ’@
Eodp,
AsTo3aBeplieHune (B VSCode, XCode, CLion, //ﬁ;\

QtCreator)

CaHutamsepsbl (Address, Memory, Thread, UB, ...)
lld (nnHKep)

|db (oThapgumK)



LLVM 3




s THIS ONE IS FROM
OH. WELL T GET LETTERS OF| SUN 'MICROSYSTEMS.

WHAT’S IN THE SACK?

SUPPORT TOO YOU KNOW. THIS IS FROM VA LINUX.
AND THE OSI. ‘W

LOOK, I HAVE SOME
EXAMPLES HERE IN
MY WALLET...

2

swift .0
L o Swift front-end ARM code-gen
o

.rs

RISC-V code-gen




[ ne »e Java?!




Open)DK

Romnumnatop ana JDK

https://openjdk.org/sroups/build/doc/building.html

Native Compiler (Toolchain) Requirements

Large portions of the JDK consists of native code, that needs to be compiled to be able to run on the target platform. In theory, toolchain and operating system should be independent factors,
but in practice there's more or less a one-to-one correlation between target operating system and toolichain.

Operating system| Supported toolchain
Linux gce, clang

mac0S Apple Xcode (using clang)
AIX IBM Open XL C/C++
Windows Microsoft Visual Studio

Please see the individual sections on the toolchains for version recommendations. As a reference, these versions of the toolchains are used, at the time of writing, by Oracle for the daily builds
of the JDK. It should be possible to compile the JDK with both older and newer versions, but the closer you stay to this list, the more likely you are to compile successfully without issues.

Operating system Toolchain version

Linux gcc 13.2.0

macO0S Apple Xcode 14.3.1 (using clang 14.0.3)
Windows Microsoft Visual Studio 2022 version 17.6.5

All compilers are expected to be able to handle the C11 language standard for C, and C++14 for C++.


https://openjdk.org/groups/build/doc/building.html

GraalVVl.
GraalVM

Java HotSpot VM



- V2

Azul “Falcon” JIT

LLVM — The Technology
Behind Falcon

The Falcon JIT compiler is based on technology from LLVM,
the popular compiler infrastructure project with active
involvement from leading universities and dozens of
corporate contributors including Adobe, Apple, Google,
NVIDIA, and Intel.

Today LLVM is used in a variety of programming languages
and frameworks outside Java and the JVM, including newer
platforms like Swift and Rust as well as many others including
C/C++, Objective-C, Swift, Clang, OpenCL, CUDA and many
more.

LLVM is considered the state-of-the-art in compiler
technology, and the LLVM community is continually
incorporating new optimization techniques and support for
new processor instruction sets and hardware platforms.



Kotlin Native Compiler

Kotlin/Native

Kotlin/Native is an LLVM backend for the Kotlin compiler, runtime implementation, and native code generation facility using the LLVIM
toolchain.

Kotlin/Native is primarily designed to allow compilation for platforms where virtual machines are not desirable or possible (such as iOS or
embedded targets), or where a developer is willing to produce a reasonably-sized self-contained program without the need to ship an
additional execution runtime.



* LLVM noscroay v BanseT Ha Bcex Hac!
* ..M Aaxe Ha Java
 EcTtb cmbichn y3HaTb Npo LLVM bonblue /
 JlaBante BAUATb Ha LLVM!

 Ecnm Bam HYXHO caenatb HOBbIM S3bIK AN MHCTPYMEHT
* ...Bbl 3HaeTe OTBET (M B HEM YeTbipe DByKBbI)

* Hy*Ha nomoulb?
 andreybokhanko@gmail.com

w vt The LIV Comailer Infrastne: ® +

© 22 = m.orng

The LLVM C iler Infrastructure "*=*
Site Map: y
2k LLVM Overview Late:
Overview
ﬁlﬂm‘li% The LLVM Project 1s a collection of modular and rensable compaler and toolcham technologies. Despite its name, LLVM has little to do wath 18 May 2024: LLVM 18.1






