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YTO

LLVM - low level virtual machine
» [IporpaMMHbIN MPOAYKT C OTKPbITbIM NCXOAHBbIM KOAOM

» Cucrtema aHanusa, TpaHcdopmMmaunm n UCrnonHeHust, ncnosnbe3aytowas RISC-
nogobHoe BHYTpeHHee npeactasnenne — LLVM IR

= LLVM - 370 rpynna npoeKkToB:
" KOMMOUNATOP
" ONTUMU3ATOop

aHanun3aTopsl

OMbnnoTekn ans BCTpanBaHMUSa B CBOU MPOEKTbI

TEeCTbl
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[Touemy

YAo6Ho pacumpaTb

* LLVM HanucaH Ha C++ camoro nocnegHero craHgapTta B OTNMyue oT gcc, HanMcaHHoOro B OCHOBHOM Ha C

BSD-nogobHas nuueHsna LLVM

*  MO3BOSISIET MCMONb30BaTb KOA U N0OLIE ero MmogndurKaumm B N0ObIX NponpueTapHbIX NpoekTax 6e3 packpbITus
U3MEHEHUN

LLVM IR

® y,u,06Hoe N NHTYUTUBHO NOHATHOE BHYTPEHHEE NnpeacTaBlieHne
*  WM3HayanbHO HaueneH Ha uHterpauuto ¢ IDE

*  KOHTEKCTHO-3aBMCUMble aBTOLOMNOSNHEHNS, pedakTOPUHT, NpeaynpexaeHus, CoBeThbl, packpacka coobLieHunmn oo
ombKkax

*  MHoronnatdopMeHHOCTb

*  OT MUKPOKOHTPOIEPOB A0 CYyNnepKoMIbIOTEPOB, OT bare-metal 4o Windows 1 *nix
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KTO

* Apple * Intel
= OpenGL * HoBble NHCTPYKLNN N apXUTEKTYPbI
= XCode * MNogaepxka OpenMP
= Swift * Nvidia
« ARM = CUDA
= ONTUMUBUPYHOLLMIA KOMMUITIATOP * Samsung
* Google = JS
= PNaCl « Sony
» Bepudukaumsa koga » PlayStation
» Bepudumkauna ABI * OHTYy3MnacThl
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Optimization Notice

Puyapg CtonnmaH Bbinyctun nepsyto Bepcunio GCC

Kpncom JlatTHepom n Bukpamom AgBe co3gaHa paHHAs Bepcusa LLVM B
yHuBepcuteTe wrata nnuoHonc

Bbixod LLVM 1.0

Apple HaHana Kpuca JlatTHepa ans passutusa LLVM

B3PbIBHOM POCT M B3pOCNeHne NpoekTa: AobaBneHne MHOXeCcTBa HOBbIX
LieNeBbIX apXUTEKTYP, ONTUMMMN3ALNIA, 00nacTen NPUMEHEHMS], y4aCTHUKOB

ocHoBaHue The LLVM Foundation ¢ uensto ganbHenwero passmtus
NpPOeKTa, NoSy4YeHNs He3aBMCUMOCTU OT KOMMaHUKW, opraHmM3aumnm
MEPONPUATUN, PELLEHUIO NHAPACTPYKTYPHbIX Npobriem
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https://gcc.gnu.org/ml/gcc/2003-10/msg01218.html
https://gcc.gnu.org/ml/gcc/2003-10/msg01218.html
https://gcc.gnu.org/ml/gcc/2003-10/msg01218.html

[ne

* NcxogHble TeKCTbI U NnpeacobpaHHble OnHapHUKK anga 10+ apxuTekTyp:

e http://llvm.org/releases/download.html

* SVN-penosutopuu

* svn co http://llvm.org/svn/llvm-project/llvm/trunk llvm

* svn co http://llvm.org/svn/llvm-project/cfe/trunk clang

» GIT-penosutopun
« git clone http://llvm.org/git/llvm.git

« git clone http://llvm.org/git/clang.git

Copyright © 2014, Intel Corporation. All rights reserved. *Other names and brands may be claimed as the property of others.


http://llvm.org/releases/download.html
http://llvm.org/svn/llvm-project/llvm/trunk
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http://llvm.org/svn/llvm-project/cfe/trunk
http://llvm.org/svn/llvm-project/cfe/trunk
http://llvm.org/svn/llvm-project/cfe/trunk
http://llvm.org/git/llvm.git
http://llvm.org/git/clang.git

Kak

1. 3arpyska ucxogHblx TekctoB LLVM 13 SVN- nnun GIT-penosutopus
2. Cbopka ogHMM 13 AByx cnocobos
» ./configure <onuuu koHpUrypmposaHna> && make && make install
=  unm cmake <onuun KoHUrypmnposaHua> && make
= ana MS Windows + Visual Studio ynobHee ncnonb3oBatb CMake
3. TecTtupoBaHue cobpaHHOro npoekTa:
= make check-all
4. Vcnonb3oBaHue

= ./clang —O3 main.c utils.c -lm -Wall
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Cxema pabotbl LLVM

cxoaHbIv
TEeKCT

C/C++

[TopoxgeHue
LLVM IR

clang

OntTnmmnsaums IR

opt

cnonHaembln
doann

exe

[eHepauunsd
Koaa
llc

CBgas3biBaHue
ld/ld
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OCHOBHbIE YTUNUTLI 1 DUDNMOTEKN

clang/clang++
*  (JpOoHT3HA, nopoxaaeT LLVM IR n3 nporpammel Ha C/C++
« opt
e ontumusatop LLVM IR B LLVM IR
« llc
» komnunatop (63keHa) LLVM IR B 06bekTHbIE dpaisibl LEeNEBOU apXUTEKTYPbI
- lld

* JNHKep, CBA3bIBaHME 00BbEKTHbIX DainoB B UCNOMHAEMbIN
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LLVM IR

» Bce ontnumnsauyum nposoaatcsa B LLVM Ha ypoBHe BHyTpeHHero npencrasneHnsa — LLVM IR
* LLVMIR

* HW3KOYPOBHEBOE NpeacTaBrieHne nporpamMmmel

* TpexagpecHbIn Kod ¢ HU3KkoypoBHeBbIMM RISC-onepauusimm — BbIrnaauMT Kak accembnep

* SSA-hbopma

* HeorpaHm4YeHHOE KONMYECTBO BUPTYaribHbIX PEMMCTPOB («NepeMEHHbIX»)

* CTporoe pasbueHue Tena pyHkunm Ha 6asoBble GNOKK

* TMnobesonacHoe

* MonHo ans npeacrtaesnenms C/C++

* 80 MHO20M He 3aBUCUT OT nnaTtdopmbl
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SSA-npeacrasrnieHne

« Static Single Assignment — goopma O4HOKpPATHOro CTaTU4EeCKOro npuceanBaHug
* AKTUBHO ucnosnb3dyetca B komnunaTtopax yxe 30 ner

«  Kaxgoun nepeMeHHON MOXHO NPMUCBOUTL 3HAYeHWe NULLb OOMH pas

« [locneayoLine NpUCBOEHNA — yXe crieayowmm Bepcusam nepemMeHHomn

x =1;, yv=2; x =y =2
=1y vy = 27 X, =y,

» Bbibop Bepcum ocyllecTensieTcs yepes phi-yHKUNIO

if(cond) x = 5; else x = 6; z = x; =2
if (cond) x,=5; else x,=6; z;=phi(x;, x,);

SSA-npeacrtasrieHne ynpoLlaeT nposegeHne MHOrmx onTMuMmn3asmn
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Co3naHue IR ppoHTEHOOM

« CraHgapTHbIi bpoHTeHA B LLVM - clang (/ 'klaen/)

« OT0 Ha caMom gene apamnBep, TO eCTb PPOHTIHA, ONTUMU3ATOP U KOMNUIATOP B OOHOM

nporpamme
* [NoHumaeT C n C++ (BKntovas BCTPOEHHbIN accembrnep)

* [loppepxuBaet novtn Ha 100% BCe HOBbIE BO3MOXHOCTW NMOCNeaHNX cTaHOapToOB

A3bIKOB
* [lopoxgaet koppekTHbi LLVM IR, rotoBbIM AN ganbHEULLINX ONTUMU3ALNN

« Cam onTummusauuen He 3aHMMaeTcs
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http://llvm.org/docs/LangRef.html

CosgaHune IR dppoHTeHgom. NpogormkeHne

#include <stdio.h>

int foo(int i, int j)

{
if (j > 0)

returni* (1 <<j);
printf("j<=0\n");
return O;

$> clang test.c -emit-llvm -S -00
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Co3nanue IR dpoHTEHOOM. OKOHYaHME

$> clang test.c -emit-llvm -S -O0

@.str = private unnamed addr constant [6 x i8] c"j<=0\0A\00", align 1

define 132 @foo(i32 %$i, 132 %j) #0 { #include <stdio.h>
entry: int foo(int i, int j)
Sretval = alloca i32, align 4 {
%$i.addr = alloca 132, align 4 .
$j.addr = alloca 132, align 4 if (j > 0)
store 132 %i, i32* %i.addr, align 4 returni * (1 <<j);

store 132 %j, 132* %j.addr, align 4 prhﬂffj<:0\n"x
%0 = load 132, i32* %j.addr, align 4 return(x
Scmp = icmp sgt 132 %0, O
br il %$cmp, label %$if.then, label %if.end
if.then: ; preds = %entry
%1 = load i32, i32* %i.addr, align 4
%2 = load i32, i32* %j.addr, align 4
$shl = shl 132 1, %2
$mul = mul nsw 132 %1, %shl
store 132 %mul, i32* %Sretval
br label %return
if.end: ; preds = %entry
%call = call 132 (i8*, ...) @printf (i8* getelementptr inbounds ([6 x i8], [6 x i8]* @.str, 132 0, 132 0))
store 132 0, 132* %retval
br label %return
return: ; preds = %$if.end, %if.then
%3 = load 132, 132* Sretval
ret 132 %3
}
declare 132 Qprintf (i8*, ...) #1
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Ontummnsauyms IR. INpoxoawl

« OntnmmnsaTop paboTtaeT npoxogamu (pass)
e «npoxoa» - 310 0b6xoA cywHocTen IR nporpammel
* Hanpumep, o0bxog moayneun, PyHKUNKW, LMKNoB, 6a30BbiX OI10KOB

[Npoxon,
e aHanuTuyeckuin: cobmpaet nHpopmMaumo O CyLLHOCTH
e TpaHchopMUPYHOLLNIK: NpeobpasyeT CYLLHOCTb

$> opt test.bc —o test.out.bc —dce —constprop

*  MOXHO SIBHO YKa3blBaTb HEOOXOANMbBIE NMPOXoabl

« nnbo 3agasBaTtb NpeonpegeneHHble rpynnbl npoxogos: -00, -01, -02, -03
YnpasnsieT CnMckom npoxogos o0bekKT kracca PassManager

e XpaHUT CMNCOK NPOXOA0B U BbI3bIBAET NX (00BLEKTHI kraccoB xxxPass, Hanpumep LoopPass)
* He MLLET oNnTUMarnbHbIX NOcnegoBaTeNbHOCTEN NPOXOA0B
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http://llvm.org/docs/Passes.html#analysis-passes
http://llvm.org/docs/Passes.html#transform-passes

Ontnmusauyms IR. Npumep

#tinclude <stdio.h>
int foo(int i, int j)

{
$> opt test.ll-O3-0--S if (j > 0)

returni* (1 <<j);
printf("j<=0\n");
return O;

@str = private unnamed addr constant [5 x i8] c"j<=0\00"
define i32 @foo(i32 %i, i32 %j) #0 {
entry:
$cmp = icmp sgt i32 $%$j, O
br il %cmp, label %if.then, label $%if.end
if.then: ; preds = $entry
$mul = shl i32 %i, $%j
br label $%return
if.end: ; preds
%puts = tail call i32
@puts (i8* getelementptr inbounds ([5 x i8], [5 x i8]* @str, i64 0, i64 0))
br label $%return
return: ; preds = $if.end, %if.then
$retval.0 = phi i32 [ %mul, $%if.then ], [ 0, %if.end ]
ret i32 $retval.O
}
; Function Attrs: nounwind
declare i32 (@puts(i8* nocapture readonly) #1

%entry
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Ontummnzaums IR. Npumep peanusaumun: DCE.cpp

bool DCE:runOnFunction(Function &F) {
if (skipOptnoneFunction(F))
return false;

auto *TLIP =
getAnalysisIfAvailable<TargetLibrarylnfoWrapperPass>();
TargetLibrarylnfo *TLI = TLIP ? & TLIP->getTLI() : nullptr;

// Start out with all of the instructions in the worklist...

std:vector<Instruction*> WorkList;

for (inst_iterator i = inst_begin(F), e = inst_end(F); i |= e; ++i)
WorkList.push_back(&*i);

// Loop over the worklist finding instructions that are dead. If they are
// dead make them drop all of their uses, making other instructions
// potentially dead, and work until the worklist is empty.

/1
bool MadeChange = false;

while ('WorkList.empty()) {
Instruction *I = WorkList.back();
WorkList.pop_back();

[o]

timization Notice

if (isinstructionTriviallyDead(l, TLI)) { // If the instruction is dead.
// Loop over all of the values that the instruction uses, if there are

// instructions being used, add them to the worklist, because they might

// go dead after this one is removed.

1
for (User:op_iterator Ol = I->op_begin(), E = I->op_end();
Ol = E; ++0l)
if (Instruction *Used = dyn_cast<Instruction>(*Ol))
WorkList.push_back(Used);

// Remove the instruction.
|I->eraseFromParent();

// Remove the instruction from the worklist if it still exists in it.
WorkList.erase(std::remove(WorkList.begin(),
WorkList.end(), 1), WorkList.end());

MadeChange = true;
++DCEEliminated;
}
}

return MadeChange;
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[ eHepaums NHCTPYKUUN apXUTEKTYPI

pushl %ebp
movl  %esp, %ebp
pushl %eax
movl  12(%ebp), Y%ecx
testl  %ecx, Y%ecx
jle LBBO_2
# %if.then

#tinclude <stdio.h>
int foo(int i, int j)
{

if (j > 0)

returni* (1 <<j);
printf("j<=0\n");

0, 0,
return O; movl  8(%ebp), %eax

shll %cl, %eax
jmp LBBO_3

LBBO_2: # %if.end
movl  $L_str, (%esp)

$> llc test.bc -march=x86 allputs
LBBO_3: 1 # %return

|/|ﬂ|/| Cpa3y addl  $4, %esp
popl  %ebp

$> clang test.c -march=x86 S

# @str

.asciz  "j<=0"
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[eHepauna MHCTPYKUUN apXUTeKTypsl. [pogomkeHne

EntryToken [ID=0] Register %vreg3 [ID=2]
0x27a9618 0x27d1038
ch i32
— / e - 0 1
1. Bb|60p NHCTPYKUNN oy [P [CopyFromRes [‘ORD=21 -6
/.’ I = . 0x27d08e8
*  ONS Kaxaow IR-MHCTPYKUMM NoaCTaBseTcs po ] 'STZ [ @
nocrnenoBaTesibHOCTb MaLlUWMHHbIX ) 0 \ ! 0
” CopyFromReg [ORD=2] [ID=5] truncate [ORD=2] [ID=7]
Y A _ s 0x27d0bb8 0x27d0df8
WHCTPYKLMIA aHHON apXUTEKTYpbl (CM td = _ E
dainbl) — popmmpytotcs DAG'u: : T
(' Register %vreg0 [ID=3] 0 !
\‘ peET— shl [ORD=2] [ID=8]
let Constraints = "$src1 = $dst” in { \ 5 pererers
let Uses = [CL] in { ‘ —
def SHL32rCL : |<0XD3' MRM4r’ 0 ! 2 BasicBlock<return 0x27cce60> [ID=4]
(outs GR32:$dst), (ins GR32:$src1), S s ot
"shi{l}\t{%cl, $dst|$dst, cl}", S v
[(set GR32:$dst, (shl GR32:$src1, CL))], IC_SR>, — —
OpSize32; [ br[0RD=0] (0-10]|
}} 0x27d0858
T
isel input for fooif.then
intel) | 21
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[eHepauna MHCTPYKUUN apXUTeKTypsl. [pogomkeHne

2. [lnaHnpoBaHue

= nmHeapusauma DAG'oB (T.e 3agaHne obxoaa rpada) kak MoXXHO 6onee
onTUManbHbIM CITIOCODOOM

= koHBepTauma DAG'oB B cnuckn Machinelnstr; DAG'n 6onbLie He HY>KHbI

BB#1: derived from LLVM BB %if.then
Predecessors according to CFG: BB#0
%vreg7<def>= COPY %vreg3; GR32_ABCD:%vreg7 GR32:%vreg3
%vreg8<def> = COPY %vreg7:sub_8bit; GR8:%vreg8 GR32_ABCD:%vreg7
%CL<def> = COPY %vreg8; GR8:%vreg8
%vreg0<def,tied1> = SHL32rCL %vreg2<tied0>, %EFLAGS<imp-def,dead>, %CL<imp-use>; GR32:%vreg0,%vreg?2
JMP_4 <BB#3>
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[eHepauna MHCTPYKUUN apXUTeKTypsl. [pogomkeHne

3. SSA-onTumMmM3saumm MallMHHOro Koga
" ONTUMMU3ALNKU, CneundndHble AN apXUTEKTYPDI
4. PacnipeneneHue peructpos
" Ha3HadYeHwe BUPTYyasibHbIM pernctpam onsmdeckmx
" Yyucno BupTyanbHbIX pernctpos B LLVM HeorpaHn4eHHO
" Yncno U3NYECKNX PEMMCTPOB B NTIOOON apXUTEKTYPE KOHEYHO

"  HEeKOTOpble MHCTPYKLMKN TPEDYIOT, YTOObI onepaHabl nexanu B
hbnKCcMpoBaHHbIX perncrpax

= nocne 31on pasbl SSA bonbLue HeT
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[eHepaunsa MHCTPYKUUN apXnTEKTYpPbl. OKOHYaHue

5. BcTaBka nposioroB/annnoros oyHKLUNN

" Hanpumep, BblaeneHmne/ocBobOXaeHNE CTEKA
doyHKUMAMMU

6. 3aKnoynTenbHble ONTUMNU3aLNUN MaLLMHHOIO Koaa
= Hanpumep, ontumnsaumna spill/fill koga
7. lNopoxaeHne MallNHHbBIX MHCTPYKLUUK

" BbIBOJ MAaLLUMHHOIO KoJa Ui TEKCTOBOro accembrepa
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NCTOYHUNKA

1. llvm.org odomnumnanbHbI canT npoekTa

Eli Bendersky blog ctateu npo kogoreHepaumio B LLVM

Tutorial: Creating an LLVM Backend for the CpuO Architecture

LLVM mailing lists

http://ellcc.org/demo/index.cgi oHnanH-komnunaTop LLVM B IR 1 accembnep

http://llvm.org/devmtg/ cnangbl u BUOEO ¢ KOHdEepeHL A

http://llvm.org/docs/CodeGenerator.html reHepaums koga

© N 0o U & W N

clang --help-hidden
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http://llvm.org/
http://eli.thegreenplace.net/tag/llvm-clang
http://eli.thegreenplace.net/tag/llvm-clang
http://eli.thegreenplace.net/tag/llvm-clang
http://eli.thegreenplace.net/tag/llvm-clang
http://jonathan2251.github.io/lbd/
http://jonathan2251.github.io/lbd/
http://ellcc.org/demo/index.cgi
http://ellcc.org/demo/index.cgi
http://llvm.org/devmtg/
http://llvm.org/docs/CodeGenerator.html

Cnacunbo 3a BHUMaHue

Bonpockl?
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Legal Disclaimer & Optimization Notice

INFORMATION IN THIS DOCUMENT IS PROVIDED “AS IS". NO LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE, TO
ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. INTEL ASSUMES NO LIABILITY WHATSOEVER AND
INTEL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO THIS INFORMATION INCLUDING LIABILITY OR
WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT,
COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors.
Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems, components, software,
operations and functions. Any change to any of those factors may cause the results to vary. You should consult other
information and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of
that product when combined with other products.

Copyright © 2014, Intel Corporation. All rights reserved. Intel, Pentium, Xeon, Xeon Phi, Core, VTune, Cilk, and the Intel logo are
trademarks of Intel Corporation in the U.S. and other countries.

Optimization Notice

Intel's compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel
microprocessors. These optimizations include SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not guarantee the
availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor-dependent
optimizations in this product are intended for use with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture
are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more information regarding the

specific instruction sets covered by this notice.
Notice revision #20110804
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