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I Predstavljanje SYRMIA

Milos Stojanovic
ETF

3,5 godine
Praksa: QEMU

LLVM:
® Buildbot
¢ Backend
¢ llvm-exegesis
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I Syrmia SYRMIA

Kompanija koja se bavi razvojem programskih prevodilaca, alata i sistemskog
softvera za Linuks.

Prisutni u Zajednici otvorenog koda vise od 10 godina. Najmanje jedna izmena
sedmicno bude prihvacena u nekom od projekata.

Kljucni projekti kojima se bavi Sirmija su:
¢ Jezgro Linuksa (kernel)
® Programski prevodioci (LLVM, GCC, Go lang, Lua JIT, V8 JavaScript)
® Emulatori (QEMU)
¢ Alati i debageri (Velgrind, gdb)

® Sistemski softver (libc, itd)

3/42



it
|

!
a

!
|}
1

|

La L
1‘ ) '\-,'

!I B ‘ A l v
it} 5o
| i 4




SYRMIA

Osnove
LLVM
Osnovni koraci Poredenje sa gcc-om
Pregledanje koda
Kontinualna integracija Ospeg

Prijavljivanje gresaka
llvm-exegesis
Objavljivanje nove verzije
Linkovi

Kontakt informacije




LLVM

Osnove

Kolekcija modularnih kompajlerskih

¢ clang, lld, lldb, libc++, compiler-rt

Clang diagnostika:

alata za visestruku upotrebu:

SYRMIA

-
& cat t.cc

class a {}:
atruct b {1}

atruct point crigin = { x: 0.0, ¥: 0.0 }1:

r"\.lf"\.l'l"'

Y=

L.c:i:36: warning: use of GHU old-style field designator extension

struct b {}

[

template<class T

o

a<ints c;
£ clang kt.c
t.c:5:28: warning: use of GHU old-style field designator extension & goo-4.9 &
atruct point crigin = [ x: 0.0, v: 0.0 1: t.cc:d:8: error:
e a<int>» cy
LHE = -~
& clang E.c

o

oy

invalid declaratcr before "'c'

t.cc:3:12: error: expected ';' after struct

£ clang -fsyntax-only formst-strings.c
format-string=.c:91:13: warning: '.*'
printf("%.*d");

[

specified field precision 1= mi==sing a matching 'int' argument

6/ 42



LLVM

Osnove

Struktura LLVM-a:

Cc -

C Frontend

Fortran =

Fartran Frontend

Ada

Ada Frontend

Common
Oplimizer

XB6 Backend

FPowerPC Backend

ARM Backend

SYRMIA

- XB6

- PowerPC

- ARM
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LLVM

Osnove

Dobitnik ,,ACM Software System“ nagrade 2012.

Jos neki dobitnici nagrade:

UNIX TpX TCP/IP (ww) =

Java
S 5 (2002)

(1983) (1986) (1991)
(1995)

make ‘= EClipse

(2003) (2011

(2015)

SYRMIA
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LLVM

Poredenje sa gcc-om

SYRMIA

Poredenje clang-a i gcc-a u brzini prevodenja

seconds/less is better
350

300

250

200
150
100
= | |
0

600.perlbench_s 602.gcc_s 620.omnetpp_s 623.xalancbmk_s
mgcc O3 mclang O3

https://medium.com/®alitech 2017/gcc-vs-clang-llvm-an-in-depth-comparison-of-c-c-compilers-899ede2be378
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https://medium.com/@alitech_2017/gcc-vs-clang-llvm-an-in-depth-comparison-of-c-c-compilers-899ede2be378
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LLVM

Poredenje sa gcc-om

SYRMIA

Poredenje aktivnosti u razvoju LLYM-a i gcc-a

Active Authors in Last 60 days, gcc vs llvm

active authors last 60 days in libcxx

B active authors last 60 days in compiler-rt
active authors last 60 days in lid

B active authors last 60 days in clang-tools-extra

I active authors last 60 days in lldb
active authors last 60 days in clang
active authors last 60 days in gcc
active authors last 60 days in llvm

150

Active Authors in Last 60 Days

0+ ?
1989-01-05 1992-03-07 1995-05-08 1998-07-09 2001-09-08 2004-11-09 2008-01-10 2011-08-12 2014-05-13 2017-07-13

Commit Date

http://nickdesaulniers.github.io/blog/2017/09/05/gcc-vs-llvm-q3-2017-commit-rates-and-active-developer-counts/
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OOOOO

Kompanije koje su dale doprinose LLVM-u:

@ Google B2 Microsoft

f=== (inte) AMD\ <3

NVIDIA




SYRMIA

OOOOO

Arhitekture podrzane u LLVM-u:

i%awerl’f - S P/‘\ RC
I RISC AVR
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Osnovni koraci SYRMIA

Standardi kodiranja

Zlatno pravilo: prati stil okruzujuceg koda
Standard jezika (C++14)

Sirina linije (80 kolona)

Tip i velic¢ina uvlacenja (tab, n spaces)

Velika i mala slova (snake case, CamelCase)
Komentarisanje i dokumentacija

Imenovanje funkcija i promenljivih
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Osnovni koraci SYRMIA

Prevodenje

Upozorenja:
® -Wall -Wextra -Wpedantic (-Weverything)
® -Werror

|lzuzeci?
Informacije o tipovima u toku izvsavanja (RTTI)?

Standardi
® LLVM: https://llvm.org/docs/CodingStandards.html
® Linux Kernel: https://www.kernel.org/doc/html/v4.10/process/coding-style.html
® C++ Core Guidelines: https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines
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https://llvm.org/docs/CodingStandards.html
https://www.kernel.org/doc/html/v4.10/process/coding-style.html
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines

Osnovni koraci SYRMIA

Testiranje

Regresioni testovi (11vm/test)

® Kratak kod koji testira tacno odredenu gresku ili svojstvo
® make check-1lvm

Jedinicni (unit) testovi (11vm/unittest)

® Googletest
o

make check-unittest

Dodatno testiranje (llvm-testsuite)
® Prevodenje i izvrsavanje
® Tacnost i performanse
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https://github.com/google/googletest
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LLVM

Osnovni koraci Slanje na pregled

Pregledanje koda
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Pripremanje patch-a

Prijavljivanje gresaka

llvm-exegesis
Objavljivanje nove verzije
Linkovi
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Pregledanje koda SYRMIA

Pripremanje patch-a

Git

Komanda za pregled stanja: git status
Komanda za dodavanje: git add <ime fajla>
Komanda za prikazivanje izmena: git diff

Komanda za pravljenje patch-a: git diff -U999999 > patch.diff
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Pregledanje koda . SYRMIA
Slanjegl,wa pregledJ @

Phabricator

Dodavanje izmene

Pisanje naslova i opisa izmene

Podesavanje recenzenata (reviewers)

Podesavanje pretplatnika (subscribers)
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https://reviews.llvm.org/

Pregledanje koda

Slanje na pregled

SYRMIA

@ rrabrcaor * B

£ Differential > D75510

1+ [X86][llvm-exegesis] Exploring vector insert/extract
<[> Needs Review @ Public

Authored by lebedew.ri on Tue, Mar 3, 11:26 AM.

Details _ N
# Edit Revision
Reviewers Q gchatelet X Update Diff
O courbet & Download Raw Diff
> RKSimon £ Edit Related Revisions... 3
% Edit Related Objects... »
= SUMMARY @ Unsubscribe

i Mute Motifications
® Award Token
™ Flag For Later

This is proof-of-concept, i'm not sure if we want this

so | didn't spend much time on this. If we do i can improve this.

It's not very useful without something like D60000 ,
but even now i'm seeing somewhat confusing results:

Tags
L = LLVM
mode : latency
key:
instructions: Subscribers
- 'PEXTRDrr ROD XMM6 i_©6x8' tschuett toi jic. hvm- it
- 'MOVEAtoPQIrr XMM& RO’ SCNUett, mstajanovic, lIvim-Ccommits
config: i

register_initial_walues:
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Pregledanje koda YRMIA

Slanje na pregled

Revision Contents

= Changeset List

Files History Commits
Path Packages
M Ivm/tools/llvm-exegesis/lib/X86,/Target.cpp (250 lines)
Diff 247980

2 llvm/tools/llvm-exegesis/lib/X86/Target.cpp

= View Options

Show First 20 Lines « Show All 736 Lines = W Show 20 Line(s) 754 std: :vector<InstructionTemplate> ExegesisX86Target::generatelnstructionVariant
s(
757 SmallVector<SmallVector<MCOperand, 1>, 4> VariableChoices; 757 SmallVector<SmallVector<MCOperand, 1>, 4> VariableChoices;
758 VariableChoices.resize(Instr.Variables.size()); 758 VariableChoices.resize(Instr.Variables.size());
759 for (auto I : llvm::zip{Instr.Variables, VariableChoices)) { 759 for (auto I i 1lvm::zip(Instr.Variables, VariableChoices)) {
768 const Variable &Var = std::get«<8>(I); 768 const Variable &Var = std::get<@>(I);
761 SmallVectorImpl<MCOperand: &Choices = std::get<l>(I); 761 SmallVectorImpl<MCOperand: &Choices = std::get<l>(I);
762 762
763 zwitch (Instr.getPrimaryOperand(Var).getExplicitOperandInfol).OperandTy 763 zwitch {Instr.getPrimaryOperand(Var).getExplicitOperandInfol).OperandTyp
pe) { e) {
764 default: 764 default:
765 Jf We don't wish to explicitly explore this variable. 765 break;
766 Choices.emplace back({); // But add invalid MCOperand to simplify logi 766 case MCOI::0perandType: :OPERAND_IMMEDIATE: {
C.
767 continue; 767 int NumElts = 8;
768 switch (Instr.Description.getOpcode()}) {
769 default:
77a break;
771 /7 Extract Byte from XMM
772 case XBB::PEXTREmr:
773 case XB6::PEXTRErr:
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Pregledanje koda . SYRMIA
Podizag;je izmeneJ @

Komentarisanje koda
® Sustinski komentari

® Komentari vezani za standard kodiranja
Odobrenje: ,,LGTM* (Looks Good To Me)

Podizanje izmene

® sinhronizacija repozitorijuma

git pull
® pravljenje lokalnog commit-a

® git commit

® podizanje na glavni repozitorijum

git push
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LLVM
Osnovni koraci Buildbot
Pregledanje koda
Kontinualha integracija Testiranje na serveru

Prijavljivanje gresaka
llvm-exegesis
Objavljivanje nove verzije
Linkovi
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Kontinualna integracija SYRMIA

O procesu

Continious Integration (Cl)
Proces spajanja radnih verzija svih programera u deljeni repozitorijum vise puta dnevno
Kodiranje Test

Lokalno testiranje
Spajanje

lzgradnja

Testiranje na serveru

Integration

|zvestavanje

Objavljivanje nove verzije

Coding Merge Release
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Kontinualna integracija
Buildbot

SYRMIA

eJ

Rasporedivanje poslova
|zvrsavanje poslova
|zvestavanje rezultata

25/ 42



Kontinualna integracija

Buildbot

Automatizacija procesa
Provlacenje izmena
Build

Test

Release

SYRMIA

Waterfall

Builder group

Endian format

last build

current activity

CEST

13:09:16

13:01:11

13:00:52

13:00:33

changes

Clement
Courbet

Simon
Pilgrim

Bbuilding
ETA in
~ 3 mins
at 06:54

0=
—de- clang-armv7-linux-build-
1o. cachs

packaging stage 1...
stdio

building

ETA in
~ 24 mins
at 07:15

clang-aarch64-linux-
build-cache

cmake stage 1
stdio

Build 22593

building
ETA in
~ 17 mins
at 07:08
2 pending

Ihvm-awr-
linuze

checking
stage 1
stdio

clang-
solarisil- solarisii-

amde4

clang-

sparcvd

building
5 pending

ninja all
stdio

building

ETA in
~ 19 mins
at 07:10

idle
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Kontinualna integracija

Buildbot

YRMIA

Builder llvm Build #25363

Results:
SourceStamp:
Repository hittpz/fllvm.orgigitAivm.git
Eranch master
Revision 912ef7aa018c672beb208b6169813925dbeB45cT
Changes 1 change
BuildSlave:
LLVM
Reason:

The Nightly scheduler named 'llvm_nightly" triggered this build

Steps and Logfiles:

=

His =
1 A
=] =]

._.
i
=1

m
= PiE Pl P
IARAART
o g g leg e

b
B

Build Properties:

Name Value Source
branch master Build
builddir Jhome/compiler-ga/Buildbot/slaves/LLVM/Ilvm slave
buildername llvm Builder
buildnumber 25363 Build
codebase Build
project Build
repository http:/flhvm orgigit/lIvm.git Build
revision 912ef7a3a018c672beb208b6169813925dbeBA5CY Build
scheduler Ilvm_nighthy Scheduler
slavename LLvM BuildSlave
workdir /home/compiler-ga/Buildbot/slaves/LLVM/Ilvm slave (deprecated)

Forced Build Properties:
Name Label Value

Responsible Users:

1. Craig Topper

Timing:
Start Tue Jun 5 08:40:00 2018
End Tue Jun 5 08:56:47 2018
Elapsed 16 mins, 47 secs

Resubmit Build:

To force a build, fill out the following fields and push the 'Force Build' button

Reason for re-running build: [ ]

| Rebuild |

All Changes:

1. Change #94917

Changed by Igor Kudrin <ikudrin@accesssoftek.com>

Changed at Fri 06 Mar 2020 06:46:04

Repository https: / fgithub.comfllhvm fllvm-project

Project lhvm

Branch master

Revision 2albc4128945852952eb2ab2baf1480f22b8219 2
Comments

[DebugInfo] Print the actual value of an unknown =ection identifier.
Thi= i= a followup for D75€05%. A=z RAdblaikie =uggested, it prints
the actual number for an unknown =ection identifier when dumping
unit index sectiocn=.

Differential Bevision: http=: firevimws_ 1lvm. nrq.-" D75&&8

Changed files

o
o

lhvm/flibf DebugInfo/DWARF/ DWARFUnitIndex.cpp
llvm/ftest/ DebugInfo/X86/debug-cu-index-unknown-section.s
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Kontinualna integracija

Testiranje na serveru

SYRMIA

Testiranje na razlic¢itim arhitekturama: x86_64, arm, Aarché4, sparc, avr
Testiranje na razlic¢itim operativnim sistemima: Debian, Ubuntu, Windows
Prosecno vreme: ~117 min (~32-96 niti)

Broj buildbot-ova: 118

Procena ukupnog vremena: 230 h (-9,5 dana)

Nemoguce prakticno testirati lokalno (prosecan racunar sa 8 niti ~2,5 meseca)
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Kontinualna integracija

Testiranje na serveru

Home - Waterfall Grid T-Grid Console Builders Recent Builds Buildslaves Changesources - JS0ON API - About

Console View

Categories: aocsp clang clang.exp clang_fast doc libc libooe : -- . - ’ h | - |
libunwind lld lidb llvm miir openmp polly rev._iter sanitizer Legend: Failed Again [LATLGILTY Exception | Offline |‘Nu dEItEIJ Personalized for... | Go |
toolchain
aosp clang clang.exp clang_fast doc  libc [[]=F="="4

DRS00 0000000000000000000000 | DOOREN] RIGIEIEOSOIREBRINIGSSSE0000000000E0E000N
aczoesterdad... shuanzai | [ BECECECECEORCCOCCE L @8 o ttD () CoooooocD @ 00 CooooooeoooooeoCeCeoood
[lldbfCore] Minor code cleanup in Editline.cpp (NFC)
Simplify the code a bit.

Differential revision: https://reviews.llvm.org/D7 5294

debad01a39d7.., 2T D RICREREEE R B NN EE e | fenemnnnnnnnnnnnmmn
Fix 45129: Incorrect generated configuration modernize-make-shared.IncludeStyle

e 8 0°0° 8.8 COCE000C0000 2000 | 1 & 58 () ooon 58 & 8 (0CoOooooCoUeCeom
[libe] [UnitTest] Add Matchers
Summary: This patch adds gtest-like matchers and "EXPECT|ASSERT_THAT® macros. It also adds matchers "Succeeds” and “Fails™ and has examples using these in test/src/signal/sigaddset_test.cpp.
Reviewers: sivachandra, gchatelet, PaulkaToast
Raviewad By: sivachandra, PaulkaToast
Subscribers: mgorny, MaskRay, tschuett, libc-commits
Differential Revision: https://reviews.llvm.org/D7 3487

cfasStaccs. St 8 00000 § 6000 0000 B000000N0 60 /Goon [ (oeaE M [ LLLLLCCCCCECLLT S L
Add warnings for casting ptr -> smaller int for C4++ in Microsoft mode
Adds warnings to groups recently added in https://reviews.|lvm.org/D72231.

libunwin

SYRMIA
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Prijavljivanje gresaka YRMIA

Skidanje loseg commit-a

Product: tools Resolution: --- Component: llvm-exegesis
Prijavljivanje greske 26 bugs foun. | |
. . ID Product Comp Assignee A itatus Resolution Summary Changed
dg K k

O Ovornom Orlsn] u 36725 tools Ilvm-exe courbet NEW --- [llvm-exegesis] Evaluate Intel X86 register-register move scheduling info 2019-02-03
37049 tools Ilvm-exe courbet NEW - [llvm-exegesis] Improve error and verbose reporting 2018-10-18
37565 tools Ilvm-exe courbet NEW --- [llvm-exegesis] Wrong_serial chain generated. 2018-10-18
.o .o o 37602 tools lIlvm-exe courbet NEW --- [llvm-exegesis] Ignore unsupported instructions via UnsupportedFeatures 2018-10-18
Pr]JaVlleanJe bug-a 37697 tools Ilvm-exe courbet NEW --- [llvm-exegesis] Idealized Resource Pressure misinterprets ProcResGroups 2019-07-27
[ Bu gz.illa 36905 tools Ilvm-exe gchatelet NEW - [llvm-exegesis] Add support for instructions with memory operands (latency mode) 2019-02-03
37176 tools Ilvm-exe gchatelet NEW --- [llvm-exegesis] Improve unit tests running_on the build bots 2018-10-18
37177 tools Ilvm-exe gchatelet NEW - [llvm-exegesis] Output the jit asm snippet 2018-10-18
37193 tools Ilvm-exe gchatelet NEW --- [llvm-exegesis] Support latency mode for targets without a scheduler model 2018-10-18
37448 tools Ilvm-exe gchatelet NEW --- [llvm-exegesis] Include specific EFLAGS in the test code 2018-10-18
37563 tools Ilvm-exe gchatelet NEW --- [llvm-exegesis] Latency varies depending_on selected register. 2019-02-03
37615 tools Ilvm-exe gchatelet NEW --- [llvm-exegesis] Weird results for LD _FO 2018-10-18
37734 tools Ilvm-exe gchatelet NEW --- [lvm-exegesis]_Set initial value registers. 2018-10-18
39038 tools Ilvm-exe gchatelet NEW - [llvm-exegesis] Exploration of MCInstr predicates 2018-10-18
39918 tools Ilvm-exe gchatelet NEW - [llvm-exegesis] DIV64r "snippet crashed while running” 2019-06-12
37568 tools Ilvm-exe unassignedbugs NEW --- [llvm-exegesis] Latency test code breaking register dependencies 2018-10-18
38951 tools Ilvm-exe unassignedbugs NEW - [llvm-exegesis] PfmIssueCounter for uops in amdfam15h 2018-10-18
39082 tools Ilvm-exe unassignedbugs NEW - [llvm-exegesis] Cleanup the yaml schema 2018-10-18
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llvm-exegesis

O alatu

Alat za merenje karakteristika instrukcija kroz izvrsavanje

llvm-exegesis —-mode=latency -opcode-name=ADD64rr

SYRMIA

key:

opcode_name: ADDE4Arr

mode : latency

config: "
Cpu_name: haswell
11vm_triple: x86_B4-unknown-linux-gnu
num_repetitions: 18668
measurements:

- { key: latency, wvalue: 1.8858, debug string: "' }
error: "
info: "explicit self cycles, selecting one aliasing configuration.
Snippet:
ADDG4Arr RS, RS, R1@
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llvm-exegesis

O alatu

Projekat iz Google-a

Rezimi rada:
® latency
® pops / inverse_throughput
® Analysis

Generisanje velikog broja instrukcija
Merenje pomocu hardverskih brojaca

SYRMIA
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llvm-exegesis YRMIA

Primer slanja izmene

4+ [livm-exegesis] Improve error reporting in Assembler.cpp

& Closed @ Public

% Authored by mstojanovic on Mon, Feb 10, 4:41 PM.

Details
# Edit Revision
& Update Diff
& Download Raw Diff

Reviewers O courbet

@ gchatelet
O petarj & Edit Related Revisions... »
Commits rG79c7d34dccda: Recommit: "[llvm-exegesis] Improve error reporting in Assembler.cpp” % Edit Related Objects »

rG63bbPfee525f: [Ilvm-exegesis] Improve error reporting in Assembler.cpp
@ Automatically Subscribed

4) Mute Notifications

= SUMMARY
® Award Token
Followup to B74085 . ® Flag For Later
Replace the use of report_fatal_error() withreturning the errorto 1lvm-exegesis.cpp and handling it there.
Tags
Diff Detail L
Repository rG LLVM Github Monorepo Subscribers
tschuett, llvm-commits
Changes from before your most recent comment are hidden. Show Older Changes
3 ® mstojanovic added a comment. Tue, Feb 18, 11:49 AM | W
Ping.
E gchatelet accepted this revision. Tue, Feb 18, 2:20 PM | w
»
LGTM
' This revision is now accepted and ready to land. Tue, Feb 18, 2:20 PM

4 Closed by commit rGé3bb%fee525f: [Ilvm-exegesis] Improve error reporting in Assembler.cpp (authored by mstojanovic). - Explain Why Tue, Feb 18, 2:32 PM

E This revision was automatically updated to reflect the committed changes.
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llvm-exegesis

Primer slanja izmene

Poruka o padu

Revert
® git revert

SYRMIA

&+ sfertile added a subscriber: sfertile. Tue, Feb 18, &:06 PM
Looks like there are calls to assembleToStream which didn't get
updated to check that the return value is valid, breaking bots that treat

warnings as errors: http./lab.lvrm.org:8011 /builders/clang-ppcédle-
rhel/builds/1389

) # mstojanovic added a comment. Tue, Feb 18, &:46 PM

Reverted in rG7603bfbdb0asb .

-

Description

Revert "[llvm-exegesis] Improve error reporting in Assembler.cop”

This reverts https:/ reviews.llvm.org/rG63bb?fee52 5f
due to buildbot failures:
http:#lab.lvm.org:8011/builders /clang-ppcédle-rhel /builds /1389
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llvm-exegesis

Primer slanja izmene

Reprodukovanje greske
Popravljanje nedostatka

Podizanje ispravke

SYRMIA

Description

Recommit: "[Ilvm-exegesis] Improve error reporting in Assembler.cpp”

Summary: Commit 63bb9fee525f8f29fd9c2174fa7f15573c3d1fd7 was reverted
in

7603bfb4b0ata?0137d47f0182a490fe54bf7cad because it broke builds that
treat
Warnings as errors.
This commit updates the calls to assembleToStream() intests tocheck that

the return value is valid.
Original commit message:

Followup to D74084 |
Replace the use of report_fatal_error() with returning the error to

1lvm-exegesis.cpp and handling it there.

Differential Revision: https:/reviews.llvm.org/D74325
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Objavljivanje nove verzije

Koraci za objavljivanje

Glavni release ~svakih 6 meseci (10.0.0)
Najava release-a
Zaledivanje koda i pravljenje grane

Prva runda testiranja - release candidate 1 (rc1)
® Traje 7-10 dana
® Resavanje pronadenih kriticnih regresija
® Dovrsavanje izmena, izbacivanje nedovrsenih

Druga runda testiranja (rc2)
® Ponovno testiranje
® Resavanje gresaka nastalih pri spajanju sa glavhom granom
® Ako ih je bilo ide se u trecu rundu testiranja (rc3)

Pisanje beleski o novoj verziji
Objavljivanje
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Objavljivanje nove verzije

Testiranje

Prijavljivanje dobrovoljaca koji ¢e vrsiti testeranje

Svako od njih dobija uloge da:
® Testira korektnost i performanse prethodne verzije
® Testira korektnost i performanse svakog kandidata za objavu (rcX)
® Poredi sa prethodnim verzijama i kandidatima
o

|dentifikuje, prijavljuje i resavaja regresije pronadene u toku testiranja

Stara se o tome da svaki kritican problem bude resen u novoj verziji

SYRMIA

39 /42



Objavljivanje nove verzije
Build faze

Tri build faze:
1) Prevodenje sa nezavisnim prevodiocem
2) Prevodenje sa prevodiocem iz druge faze

3) Prevodenje sa prevodiocem iz trece faze
Instalacija (prevodioca iz trece faze)

Testiranje (llvm-testsuite)
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Linkovi

Milos Stojanovi¢_<Milos.Stojanovic@rt-rk.com>, <mc.cm.mail@gmail.com>

Prezentacija: Razvoj i _odrzavanje kvaliteta softvera_u LLVM-u.pdf
LLVM glavni sajt: https://llvm.org/

LLVM izvorni kod https://github.com/llvm/llvm-project/

LLVM Discord grupa: https://discord.gg/xS7Z362

Prvi koraci sa LLVM-om: https://llvm.org/docs/GettingStarted.html
Politika razvoja u LLVM-u: https://llvm.org/docs/DeveloperPolicy.html
Testiranje LLVM-a: https://llvm.org/docs/TestingGuide.html
Phabricator: https://reviews.llvm.org/

Buildbot: https://buildbot.net/

LLVM buildbot: http://lab.llvm.org:8011/console

llvm-exegesis: https://llvm.org/docs/CommandGuide/llvm-exegesis.html

Objavjlivanje nove verzije: https://llvm.org/docs/HowToReleaseLLVM.html
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