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£ 1E &%k LLVM

B E A LLVM, s e WA 469w 7% LLVM. LLVM 2&—JE0H, Er
GitHub /i FEH & T BT LLVM BT I B AR . &> LLVM 3 B #8047 i i gk B
. BT R EZ AN, B RGE LI E RS E T T A

Az, BEEIBLLTNE:

o MERIFIAEL, JERERIMTBEME RS

o fliH CMake #4, XK AFEATHBER 22248 LLVM %00 FE LA AT A CMake 1 Ninja 2
M4 d% Clang.

o ERACHIEIERE, T AR E R R BT 2.

FRER

EAFH LLVM, &8RS 008 W EAE 248, 41 Linux. FreeBSD. macOS B¢ Windows.
f#F Debug ## LLVM fil Clang 1R 75 240+ GB ML=, U ER RGN REh 2 mn]
A, 20 NZA 30GB HAF R,

FIT 5 QR 2 AR KRR FE e T B A e Tl . AN AR AT A 8 LLVM. %00, T HL
REPX—AF G, TEKRY 2GB WERZN, KEHKT R N TR gRmERT, —A s
CPU(tkin 2.5GHz I B FE I IUA% CPU) Fl—3 SSD tfifit th &R E H .

ERTUE NS B E LLVM, B EIR—— R @ R EE AR 20 8] FRAEE DA H i
FHRTABRRG, XEEICABMEES T 2.7GHz ¥R /RIUEZ CPU, B4 40GB RAM Al
2.5TB SSD fifi#it == [a]

EINTE R RGBS B A o LEFRATT T — R IX S A 1 B AR R

Linux AAT RROE H A 507 DUE A SR iAS, A 508 LLVM 120 LLVM 1 8c8thR A T fE 7
X AR B BT B B BT RRCA

M GitHub &S, 752 git(https://git-scm.com/), XRRAB A E K. GitHub % BT
THHEF LA 1.17.10 BAERRA

LLVM i H{f#H CMake(https://cmake.org/) {ENME A A, 24 3.13.4. CMake
AT LA S PR R G A R i SO . AR, f# A Ninja(https://ninja-build.org/), £FAE
IR, EHTIA T a, @R 1.9.0.

L HE— C/CH+ Jmi¥ds. LLVM T H 2B C++ RS, FET C++14 brifk. FHHE
FFEARE ) g 28 AIARYEEE . R T w32 1T LAgm 3 LLVM 12:

o gee 5.1.0 B F AR

o Clang 3.5 B A

e Apple Clang 6.0 B EhiA

o Visual Studio 2017 B3 = RRA
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TEERL, BEE LLVM IUH )RR, SomiEde i e RIR T e KAk . 5 AT, A AW it
i C++17, FFFEXF Visual Studio 2017 ISCRE. LA, A8 H 28 48 7] H IR 58 2 5 2 hicAs
Python(https://python.org/) T A MM E A IR BT MKEMN, MAZRDNIZZ 3.6

BIREARB AW L 3] Makefile, {HA]HEA L7 K FZ M Make A2 Ninjao XFPEHL
T, BFHEAMH GNU Make(https://www.gnu.org/software/make/) 3.79 B{H EAA . X PRI
ETAMAEIEEAHEM. S TXEM R, H make B4 T ninja HATLL T

BB &AM, EEREINERMTHBERSG T ERSE . TR AFMIERERG 2R
B AH N () i 24T

Ubuntu
Ubuntu 20.04 £/ APT S, KZHIEM L 2w xets, R R T HE. HiAL
T4

$ sudo apt install -y gee g++ git cmake ninja-build

Fedora #1 RedHat
Fedora 33 1 RedHat Enterprise Linux 8.3 FIELEHZEFL N DNF. A Ubuntu —#¢, KZ%
BRSO ARG T AL T

$ sudo dnf install -y gce gee-c++ git cmake ninja-build

FreeBSD
7f FreeBSD 12 B8 = ffAs |, &2 H PKG B2, FreeBSD 53T linux RSN
A2 T, Clang R EIEHmFER. WAL NH2:

$ sudo pkg install -y clang git cmake ninja

0OS X

X OS X _EHIIFA, & Apple it %% Xcode. BARAFHTEA M XCode IDE, {H
BT TR C/C++ i ML i, B M T A, WTLMEH Homebrew #{F004 PE
7% (https://brew.sh/). HIALL N4

$ brew install git cmake ninja

Windows
1 OS X —#f, Windows % A CLE A8 2225 BT A B I B %1 5. 57 v 2 /8 Chocolately (https:
//chocolatey.org/) B . AL T4
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$ choco install visualstudio2019buildtools  cmake ninja  git gzip  bzip2

gnuwin3d2-coreutils.install

R, X R 2R E Visual Studio 2019 FIAE T H . fRARAEZRSS Community Edition(t
% IDE), BAYRL A4S visualstudio2019community LI A2 visualstudio2019 buildtools. Visual
Studio 2019 %M —i4r 2 VS 2019 # x64 Native Tools fir & FRFF. [ ML SRR, S
PR B shids i 23 R e

BLE Git

LLVM I EHAEA Git #EATRROARIE ] anRA M Git, B4 RMZAei—5% Git FEARHE;
R UL, WEH S ATk, R, HAEHIXHFEE . D4 F, # Jane
BHONERHY, ¥ janeQemail.org & i  78 1 HE 7 HE::

$ git config —global user.email 'jane@email.org"

$ git config —global user.name "Jane"

HWEEILT, Git M vi FidEae i3 E . WAREEEXRA 51— FgwiEas, ALy
AEKRIE, Flan: EER nano Wi

[ $ git config —global core.editor nano

KT git FIE 25 E, 1E S H Packt H R TI 5 —A&15,(Git Version Control Cookbook - Second
Edition) (https://www.packtpub.com/product/git-version-control-cookbook/9781782168454).

£ CMake #3iE

AR T REE, eI GitHub ZH A K LLVM Wi H. BrE P& EiaT it E/Erar
AFEARMIE . (HEE Windows b, S FINHT 4 AT H 3h 5 1% .

ATy = 5B 50 R BIUX AN T FE: o FEAEAE . QA H A4 ik i R 40 0.

mEREE
TEFTE AE Windows “F& I, #iALLT 4 A .

[ $ git clone https://github.com/llvm/llvm-project.git

7f Windows ., 200N LAAE F H sh #6785 WA . fEIX BEN LN A

[ $ git clone —config core.autocrlf=false https://github.com/llvm/llvm-project.git



https://www.packtpub.com/product/git-version-control-cookbook/9781782168454

XK B B IRARAS AN GitHub d B 21— /N4 A llvm-project A H 3% 4 . BLLE , #E N llvm-project
H 3%:

$ cd llvm-project

EANHFEEPAER LLVM 5 H, SAM0HEA H R H . sEMESRZ, LLVM &L
JEALF LLVM ¥ B3 LLVM JiUH i FH 5 SORMEAT JG BRRRATE K ( “release/12.x7 ) FltRic (
“lvmorg-12.0.0” ) SRAFICIHA A . I FIHEH clone A4, ARG U HTIIF AR . AR F{EH
LLVM 12. E&F LLVM 12 K —ARA, HALL a4

$ git checkout -b llvmorg-12.0.0

XFE, loekE ©RENEE I, R B N AR .

Git IRV R Wk — A0 2 8ibrid (B30 sEids%). A git clone ——branch llvmorg—12 0.0
https://github.com/llvin/llvm-project. ¥ f-depth=1 &I, 7] LART k7 5045 BRI efE. X954 T
IR A2 B], H R AR W BR ] T AR BEAEA AT DURAT 4

NP O H R

SIEWEEZR
5 Z HAWIE AR, LLVM ASCREA B, TR H%. 7 BE vm-project H
A — AN . S llvm-project H 3%:

$ cd llvm-project

RIE, N TR, B —AN48 build BRI H . Unix Al Windows R Gt 22 AN IA,
fE£25 Unix R4t &, MZfEH LT a4

$ mkdir build

£ Windows [, MZfEHLL N4

$ md build

e, DIREIRE

$ cd build

PAE, BRI BIERA H ] CMake THEIEME RG I T .

iR R G
FE R Ninja 41 LLVM F1 Clang PR RGO, HIB1T L Fird



$ cmake -G Ninja -DLLVM_ENABLE_PROJECTS=clang ../llvin

£ Windows b, RFMLFER \ & HRLSERT, CMake < H3NK Unix 40 B&AF /¥ M
Windows 73 F@ 1 -

-G IEIIE UF CMake EENWEAN RS04 At @ S0 e F IR I 4n 1
« Ninja: X Ninja FIHE#E RS
e Unix Makefiles: X}, GNU Make
 Visual Studio 15 VS2017 I Visual Studio 16 VS2019: X§ . Visual Studio 1 MS Build
e Xcode: X} Xcode L%

A LMEH-D eI B & AR B R s AR BUd R . @, L CMAKE (H CMAKE & X) 8¢
LLVM_(HH LLVM & X) fENf4. #H LLVM_ENABLE PROJECTS=clang &% &, CMake
N LLVM Z 4] Clang A2 U EE S . fr @ B G —#7r # Jf CMake 7EMF AT PA4E 3] LLVM #
ORI, T—Hrh A EZ RN,

AR TS, LIVM A Clang AT DU LA #r 44 1%

[ $ ninja

MRAE AT TR, 1% 2 RS AT I AE 15 7080 (BA K& CPU W% WAFTIERIE A7 Y
IR55 ) BBUN (NWAFABRIIXUZ Windows il A) [0, BRNEHL T, Ninja 8/ 1B 7]
[f] CPU #. XAA TR IFEEE, HA] g 2HIEHAMES Wiz T, i, £ Windows EilA
E, Ninja fEIZATEJLPAGE LR . S2IZ )2, AT RS -j e 3 B ) B2 5 A 156 7

BRBEA AT K CPU #, 1 Ninja NAZRAEHRA (FA HFATIES EiElT). ERXH,
%A Y LA iy 2 EAT G 1

$ ninja -j2

A ESER, AT LOSATIAESE, DR AR DR

$ ninja check-all

[, Zdm 2 HAE AT I BRI AT AR A B U I AN [F) T A7 1R K 22 5% . Ninja ka8 H AR ia 47 B il ik
B, ARSI A H AR H bR #HH check-Ilvm (A2 check-all) &i24T LLVM il
X, MAZ Clang WX, check-llvim-codegen Rz 7Kk H LLVM ) CodeGen H & ML (HP
llvin /test /CodeGen H3K).

WAy U —ANMRIE R TR A . AR LLVM 89 lle, BJ LLVM Zwids. W R A8 H-version ik
T, 22 B/8ER) LLVM A, AL CPU, BLACE P SR A S84



$ bin/llc -version

WERIEAE G B LLVM WA AHE, I8 7] BLZ% LLVM R4 SCRI N T TH I L IA) #8558 73 (https:
//1lvm.org/docs/GettingStarted. html#common-problems), LAZRGH UL 1a) @) Gk 77 % .
o, I HAT A

$ ninja install

£ Unix R4t L, %3 HFZ /usr/local. £ Windows F, ffif] C:\Program Files\LLVM-.
BRATLMED, R — TR U B AT R A

EH A E

CMake Z4iffi ] CMakeLists.txt SO0 I H FEAT R . TECHAE Dvm H3d, W2
llvin/CMakeLists.txt. HAth H 38 % CMakeLists.txt, 1ER8 SCARAE B 18] 2238 U5 H A, 7 X e 5
k.

FRAE T H A R AL ME B, CMake R CL%e3s T WP e 8%, AN PERIFE S, IR0 EM
R0, 0 build.niija 5L Makefile(BU T8 14 ildf) o 18 AT DLE SCRTE FH AR, 48] ks )
LLVM 275 O MR XA E RN cmake H3E (llvin/cmake) o1, 784 it #
SHIERZHF.

P gt FE AT LIS € L CMake AR &K@ H. dr ATIEDE-D ¥A— MERWEME, XU BES
£ CMake IAH 1§ . CMake H € LA LT A2 L CMake NRTZ, XA & W] DIETA
TiH A . 1 LLVM 2 SRS BRIy LLVM., (B R AS/ET H 2 P& LLVM I8

CMake EX W=

A SR B R AR B IR A . BB HERE MR CC M CXX, ‘BfiTE LT AT HEm
C Al CH++ ZwiF2s. CMake 2230 F 24700 shell B REAEBEBEN C M C++ Fikad, kR
B — ks, WIRRZH T 24 IFME, il gee M Clang BORFMAN Clang, 548k
WHRBN AT REA 2 TR LLVM. 4 3235 .

BRI clangd 1Ey C #i¥dt, (HH clang++9 1E C++ Zii¥dt. ATBAE Unix shell
dfii il CMake:

$ CC=clang9 CXX=clang++9 cmake ../llvin

ERWE cmake TP RIME. WERTE, W LIOYS 858 E 400 Bj 42
CC /& CMAKE_C_ COMPILER cmake 225 {)ERIME, 1l CXX /& CMAKE CXX COMPILER
cmake ZZEMERINME . EW LUEERE CMake 225, TAEHIABIALE . 1X 5 Aif 1 1 14 FH AR -

$ cmake ~-DCMAKE_C_COMPILER=clang9\
-DCMAKE_CXX_COMPILER=clang+-+9 ../llvm



https://llvm.org/docs/GettingStarted.html#common-problems
https://llvm.org/docs/GettingStarted.html#common-problems

CMake JE X H Al FHAZ B0

o CMAKE INSTALL PREFIX: 7E %2380 f2 il BB #6542 B BRAR AT . Unix EERIA N
/usr/local, Windows _FERINA C:\Program Files\ . 415 EAE Jopt/LLVM Hx T %3 LLVM,
WAFE E-DCMAKE_INSTALL_PREFIX=/opt/LLVM. "] $447 34 & #%]/opt/llvin/bin, JE
AEE IR /opt /llvm /lib, PAEISHE.

o CMAKE BUILD TYPE: ARIZEMEMETFEARMRE, Flan: iR 266 e H T4
FROFART 5 IIE T, I Hal w240t RGE WA AT /. AL, RATMCA
BEXOTHE A P RO AR AN B . bR A T R R B — R R B M R4, W
Ninja 8{ Make. *%IT IDE W £R%:, LM IDE BINLHITER R 2 M7 V). TTRE
FHE
DEBUG: i F 1045 5 1) 4
RELEASE: PL# LA 3 k)

RELWITHDEBINFO: i iR 55 11 & A 4 4

MINSIZEREL: DMRALAE B SO IR 7N 3 ) g

BN BRI 7E DEBUG . ZM 8N RATIRA, W ZifE € -DCMAKE BUILD TYPE=RELE
ASE.

o CMAKE_C_FLAGS 1 CMAKE_FLAGS: 43A1141E C fl C++ PSR, XL ZEIMT
Fr&. HIMAMECE CFLAGS M1 CXXFLAGS A&, w A AASE1E .

o CMAKE MODULE _PATH: 87 CMAKE it # RN E . EHRRNE ZZ00
HREEMEF, U5 HERYIE.

« PYTHON EXECUTABLE: i1 %A # %] PYTHON f#Ress, iR wds 7 2 mAR
PYTHON fi#keds. #£ CMake WEHF [ H# R AR, W LUKZ AR B B N IEH PYTHON
RIS AR . XA E R A EES T CMake ] Python B A4 2430 (4T LLVM
L) .

CMake N &AL T N E B, --help-variable var BT EN var ZBEMFHIMEE. Hln, %
AT LA N BL R Ak 3R B CMAKE BUILD  type 35 B):

$ cmake —-help-variable CMAKE _BUILD TYPE

AT BN A A4 81 A AR B (XN AR K):

$ cmake --help-variablelist

LLVM EXWMEE
LLVM & XA E M TAETT S CMake € XA EAME, (HEAENERY . HHMZENT:
o LLVM_TARGETS_TO_BUILD: LLVM SZH#AE K CPU 284, BRMEHLT, #EIA Hir.
i FH AR B4R € S B ARSI, o500, BRTSCFRF PR AArch64. AMDGPU,
ARM. BPF. Hexagon. Lanai. Mips. MSP430. NVPTX. PowerPC. RISCV. Sparc. SystemZ.



WebAssembly. X86. XCore. All 7T UAE N All B S, I HAFRRX 0K/ HE R EH
PowerPC Al SystemZ H#¥r, %Zi#E E€-DLLVM._ TARGETS To BUILD="PowerPC;SystemZ" .
LLVM _ENABLE PROJECTS: X7 —/MEM@ER I H5IE, Hy 5. BH R %
5 Nvm HRAEFR—%5 GFHR). Aii21E£ 2 clang, clangtools-extra, compiler-rt,
debuginfo-tests, lib, libcle, libexx, libexxabi, libunwind, 11d, 11db, ligo, mlir, openmp, parallel-libs,
polly 1 pstle All A] AMENMEHIR B H 15 . 2/ LLVM — M & Clang # llgo,
iR E-DLLVM_ENABLE PROJECT="Clang;llgo".

LLVM_ENABLE_ASSERTIONS: {iR % & A ON, MG AMSHa. XA T A
w, RS AH. X T DEBUG R4, BAMEN ON, &BIIN OFF. ZFTHF &
ki (5T RELEASE fRAS), Zif8E-DLLVM ENABLE ASSERTIONS=O0ON,
LLVM_ENABLE_EXPENSIVE CHECKS: iX & Hl T —46k 25, £ BRMRm10 5 B FERE N
17, BRNE AN OFF . BT FFIX S6 4G £, 4 41 B-DLLVM_ENABLE_EXPENSIVE_CHECKS=0N.,
LLVM_APPEND VC REV: llc % LLVM T HE/REAETH LLVM A (R4 7
version & {TIEIN). HARA(E EHET LLVM_REVISION C % . BAEH T, AMY LLVM
WA, BB Git BA R RS B —& 5. WREIEERE 9 XF R, X
WAEE T, FOREIEREMEN T TRELIETHA Git #2280 . WRARBFR, 7L
F-DLLVM_APPEND_VC REV=0FF %4,

LLVM_ENABLE THREADS: 4RI LR (@ 2 pthreads JF), LLVM £ H3IEE
BRECHF . A, LLVM BUE i R 88 SCRHER I A F % (TLS) . WA AR B AR S HFr el
PRI AR TLS, 47 LM#EH-DLLVM_ENABLE THREADS=0FF K3&H'E .
LLVM _ENABLE EH:LLVM Tl H AMV# A C++ 7 Ab 3R, By LLER OGP S SCRF - LR E AT g
SR H BRI AR EA S . R RFE, Al LL@Nd s E-DLLVM_ ENABLE EH=0N
LSRN

LLVM ENABLE RTTLLLVM f | — Mg &EHK K. BRI RGO ALIZ T KGR . B
WHOLT, C++ RTTI HIAERBGERAN . SRR R, XATRES HAmE A S . %
FJa C++ RTTI B4R, 2k B-DLLVM_ENABLE _RTTI=ON.,

LLVM ENABLE WARNINGS: WUR A REI1E, 4P LLVM B A2 AR E S S . BUA
THOLR, FTEVE S BRI TR . 0, w2k B-DLLVM_ENABLE WARNINGS
=OFF.

LLVM_ENABLE_PEDANTIC:LLVM A MAZFF A C/C++ i Bk, BRNELL TG H
TR AR W R AT RE, AR S PR AR E YR . BRI I B, A Z4E E-DLLVM.
ENABLE PEDANTIC=OFF,

LLVM_ENABLE WERROR: 1% % N ON, WA &5 M N R— RIES, ik
Sk, R TERARE R BT AR RIES . BOIMERT, &XA0. B, %o
f§7E€-DLLVM_ENABLE WERROR=ON.

LLVM OPTIMIZED TABLEGEN: i#i%, TABLEGEN T.H 5 LLVM f)H:th #5218 F A0 [
FEIR . FIRF, tablegen F AR RIS AL RS o [RIE, tablegen 7E A4 &2 Hh 22
1832, MM REEIN T gk (5. i HETEE N ON, W tablegen 4B 2 i FL
b, B RAEW K, WArae b gmienl 8, BNy OFF. ZATIFIGIET, 4b 204



5£-DLLVM_OPTIMIZED TABLEGEN=ON.

o LLVM _USE SPLIT DWARF: WM& %i1%4s 2 gee 8L Clang, AT HFIX Nk T g 12 35 %
FEHPI SO R A2 B DWARF HAAE B o I8N RS R /N K ORYaks b 1 ko) g ) 422 et
|, BN OFF. ZIFEILDiRE, 2iHEE-LLVM_USE SPLIT DWARF=O0ON.

LLVM J& L T # £ [f] CMake Z . W LATE CMake [f] LLVM SCRY 4% B 58 #1155 (https:
//releases.llvm.org/12.0.0/docs/CMake.html#11lvm-specific-variables). Hi[HIHI%3R K
L,

&4 4k

ICNEA

A, AR I RPN RS LLVM, 5if% 7 LLVM GitHub GRS, JF4i1% 7 LLVM
Al Clang. @R LMEH CMake 22 FFATER . &5 2] 7HHRZED LT E e efl. H
TR, AT DLRYE 7 AR LLVM .

TN—EH, AT FE AN AL LLVM ARAD PE R I 25 . 7 AL A B iR e T H DL B X S T
Ho2 A . SR)a, K LLVM ERIdE E ARTiH . &5, I AARHEE CPU 42
H4 B LLVM.


https://releases.llvm.org/12.0.0/docs/CMake.html#llvm-specific-variables
https://releases.llvm.org/12.0.0/docs/CMake.html#llvm-specific-variables

i = Mk
% 25 JiE LLVM

LLVM fCAE AL llvm-project R HX TR BUH « v 7 AR A LLVM, FiE WL 2 nr
R, CARAERRE AT AR, Az, )3

LLVM RS N2, A4 i B 2 T2 1 H

LLVM 5 H 4544, B O H # % — IR H 451

WA LLVM RS H COiE, £H CrWE A LLVM 1777
W EE XS ANE ) CPU MR REEH, TS X dm i

NEES AR

A PRI ] fEhttps: //github. com/PacktPublishing/Learn-LLVM-12/tree/master/
Chapter02/tinylangiKH}.
PR DAZERR AT R 3% #1488 ht tps: //bit . 1y/3n11hED.

LLVM REEHAR
S 1 =, BT LLVM FE. IMNESESE LLVM TZ0H, "L N PLR LR

o LLVM U FEFN NN 25
o ZmiFERAIT A

o BATHTE
T, AT P IX L,

LLVM #LERMIMAS

LIVM #O AT llvin H3Ed. NERE CPU -4 T — A 04k 38 AR A B B, 8
PR T IX S E R T H . LLVM #8418 lc K LLVM SERzR (IR) %S KISCHEE RN, FF
W HIm P NNIID . Vg A H B I R0 tE . 1% llvm-objdump AT llvm-dwarfdump IX 4% T
B AV s Bhaoctr, M4 Uvm-ar XA TR RN —H B OGS E, EaERIIF K
LLVM A& T H, #la1: bugpoint T.H AT LIF BB LLVM A 5t /N F . 1lvm-me
A DA LA AR AT 34 1% T H o] AL A5 2 AT IE g A BRI S, IS I B 48 2 1R G HE B o

LIVM #0PEH C++ 5K A, &8t 7 C # M Go. Ocaml Hl Python #£11.

Polly Bl H 7 T polly H, W LLVM ¥ 75—, B3ET— R maE s
Bt don, MERIXM L, ATUHMT R AW, Wi A7 R AR PERR . MLIR TiH B1EN
LLVM #&ft 2 e R ox .

MLIR 74 LLVM 24t ZH{MER R . LLVM IR C4 8 TEZ, HOMHIRE S s
B(XE BAERFESRAER IR £ T). MLIR f#f LLVM IR BEAw[§ fEYE, FH7EHr e sk al LA
FIRIZE R, FTLAE mlir H 34k 2 5 A5 .

HiFRAILE


https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter02/tinylang
https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter02/tinylang
https://bit.ly/3nllhED

#74 Clang(http://clang.1lvm.org/) ] C/C++/Objective-C/Object-C++ Fiik s & LLVM
WH I —# 45, WWEEALT clang Hxd. BRMAET —4HE, HT M C. C++. Objective-C
Objective-C++ JRASIFEATIRTE M fENT 15 X P A4 LLVM IR, Clang &% T X £ 1)
HIFEMIBFET . H— T HA&E clang-format, W EARYEH PSR ALRRLNA% 40 C/C++ ViES .

Clang W] HFr2H#A GCC(GNU C/C++ 4itEds) M CL(Microsoft C/C++ HiiEds).

C/CH++ HHAR T EH A4 H XTI clang-tools-extra I H #& 4k, {HAFERME clang-tidy, &
#& C/C++ I Lint FExUE A #5. clang-tidy fH clang FERMATIRICHD, FHAEHERS e 2 EAR
o S9mikasmiit, THRTLMHIRE 2 1S e, HainairnE.

Llgo & —MHT Go HWHEiE S M4mES:, LT Llgo HF. H Go wEM, JHEH LLVM #
OFEM Go 485 LLVM #:1H. Llgo M HIR & 52 % %iikds (https://golang.org/) 4, HHTH
SCREIIZER 2 64 7 x86 Linuxe %3 HALF3EA RELEATHEY, IF AT REAEARIMER o

2 1 2 A1 R IR0 RO 6 20 S s AT I PEBERRAE — A2,  DUR AT AT SCfF. X2 Lld(http://
11d.11vm.org/) MI{E5, LLVM #4800 T Id H3ed . EHS R ELF. COFF. Mach-O Al
WebAssembly % 3.

B IR g0 14 T BAERAEBMLIVM k234 A lldb(http: //11db. 11vm.org/), L
THRAMHEZF . ZEORLT GDB. GNU i#%, FHZTEZHF C. C++ M Objective-C.
WIS T DAY, PRI AT DA Dok FoAth 4w A48 5 10508

BITATEE
B 7 gmiEds, ISATI RIS T ERARE S (R BT IUE AL T R — AN H s

o compiler-rt T H & {4t 77 T-9mEth 5 FISCREE . B AL, il mIfE 32 f7 (i386)
MUEAE I 64 DrBRTE. R0 sanitizers A58 22 A0 4T/

o libunwind &M 75T DWARF FrifE MR RIFH Bk, X@EH T C++ FES R
WA, ZEEH C 'S, MU YN E BRI 7 AL B F

o libexxabi FEAE libunwind ESEHL T C++ B AAEE, FERHIEME TARMER C++ K%L,

o libexx J& CH+ Fr#EZERISEHL, BFE iostreams A1 STL. H4b, pstl Wi H AL T IFATHRASH)

STL #i%.
o libcle /& OpenCL WIZATH E. OpenCL J& R M HATHHE AR HE, A B TR HAL S 2 2|
GPU L.

o libc BIERRME—DTEHEN C . XA H 5 4b T H-HH B
e OpenMP Ii H 24X OpenMP API HJ5ZHF. OpenMP m] DT B Z e dmts, lan. nf L%
TURACHS H FEREFEATIEIA
R —MEBKIIE 513, ERTAIH MEEHESZFL . BRATKBE T — N EES—1
EE 27

LLVM HYIn B 2544

A LLVM 350 H #5 FIE 00 H 4540 iR RATIE—F LLVM Rl GCC, Bl GNU %P4
&ro JUHaR, GOC U NERUBSINE— /N RAGASRE T REOR PR 02, BT RS, %
AF T AT LKA, R PR e A R T, T LLVM A


http://clang.llvm.org/
https://golang.org/
http://lld.llvm.org/
http://lld.llvm.org/
http://lldb.llvm.org/

LLVM DI REHEAA BIRAE) AP 5€ 3, FFMAER CHEY . Clang WHA AN, LUK
C/CH+ WA ENA IR T &8 EER %2 R i GBI (HEESCRR) . 18 X, RS
AR, TR PR AR RSN AL P A E N EE AR M . AT AT Clang TR, W — /MRS 1K L8 e 1) S H
.

EFEMHUR I AL AR I 2 AR — AR C++ UM RIEEN (AST) M THE, AfRLE X
SEEE ) TR R AST . ANTHEAE Xt A A i, WA TR HEX S . B LLVM I H 4B
TEAEXAN RN, AL !

R E #AE R AL Koy CMake H A8 a8 4, Fr CARE/ NI H #H CMakeLists. txt
KA H W a0 R EHAMY CMake BEHRBSCRE SO, AT LUK EATFMELE cmake T H s,
T IR UTEAE cmake/modules HY o

FERMTHRARZREM C++ wEM. BOCHBAE lib BRY, KCHMAE include HFEF. FA
— AW B EAR, Bl b BB AEEANEREx. G 0E, d2BEd, il £
lvmm/lib H3&H A Target H3x, ZHFRESRE T BRI EMREREAE. B 7 —yscfh4h,
NEAREE T, KT HR SR BERRE. B HZH#HA —1 CMakeLists.txt 3O, %30
FHIR T an e R 2 DA SR - H SR A R4 RES

include HxA 0. A TEME UM AT —, BRA0 &I H A, J£HZ include T
FNTHZ. REEZANXRA, lib B A SER.

ML P RIS AL T tools AT utils H sk . utils H 35 H 2 7 S 36 B X 1 [ 45 FH 117 P 35 2 A
. EANTEEA R P 230 —85, tools HREEH T RAH P HIMHEF . XWAHFRH,
BAMNHEFAAHCKTHZ. 5 1ib Hx—F, M8 source i HZ## CMakeLists.txto

G Pt W6 T IE A () A AR, X 7R L@ WK E AT R LI . unittest HR B S {EH Google Test
FEZR ) eIl e X 32 EEH T A e oM o ik i Fopt 77 2RI AL D BE o test H kb LIT P
W, XEMHAE R Nvm-lit SRR FHFATINER . Dvm-lit TS F T shell 2 FEHATEANT. 1%L
P& AR N FURARRS, flan: LLVM IR. SCAFFRAGiFEam 4, B Dvm-lit 347, R)5,
7E FileCheck SEF THERIFHEIT, JEZoP R4 . XM WSO s s & il a), FHREEq]
5 RH—ASCHATILAL . LIT WA ST test HEX FIFHFH, X T lib [ B R 1895 A
FEAR %

ICA (HEHE reStructuredText) JIAE docs Hag e WEZRIH $ 4t 77561, WAL T examples H
K

WRIEDH 72, EnT A HARH X EATEERZ, SR ANa TN FE 5 I E KIS S
src Hagd, FMEA lib B RMENESHE L. compiler-rt 1 libele Wi H & 58 R 4/ FH L
i, &R TIAE L H R A RE5 M ar 24 107 B (1, 1386 B ptx).

M2, PR IR A RN TR I E KSR S T prs:



[

CMakeList:

Sample.h

K 2.1 - H P H 3R
FATH ST H R FIX AN S5

£ LLVM t|ZBecSrmHE

W E—rE B, BBAER UEA LLVM FEQEE I H . NI JLI A —F4 A Tiny
I NEE S, XA E AR jj tinylang. XHE X VIXFE—DNIHEE . REARNHHTEHNZ
—A “Hello, world”, {H'e ({145 5 SEBR PEAR T 75 (K0 T 5 30 00—

ﬁlJLE%H’J
—/NMERE, tinylang JH &M% LIVM — &% (14 clang —F)? 2N IZE
ﬁﬁﬁ LLVM JEar i g 2 Huﬁﬁlﬂ PO, TR ZEREA RN .

H5E, B tinylang Mi%5 LLVM —iE . e ERE D H A ARG, Mg
FRAE lvm-projects HxHAWIH QI —AF Hax. s H TR BTE 0 H #HE 2 LLVM 1)
—HB A IR . AEIFAT I E AT RO AT, X R AR TT A Bl clang.

B AR tinylang WU HBHETZ Hxrb . BOVEAR — N IER LLVM TiH, Bl
ik CMake JIAKIIE . *4I81T cmake B, 7FE45%E-DLLVM_ENABLE PROJECTS=tinylang, LA
EAEME PRSI .

AR PRSI H H e HAt 77, B llvm-project H 3k Z 4k 299K, 75 245 JF CMake R T
XA B TG B 0, #5467 B2 /sre/tinylang, BE4 75 45 E-DLLVM_ENABLE_PROJECTS=tinylang
-DLLVM_EXTERNAL TINYLANG_SOURCE DIR= /src/tinylang

WS I E ARSI A, AR EARE] LLVM FE. X &7 CMakeLists.txt H 58 1,
AT JE W I AN A

TR T ATRERERESS, WE— N Rcrie? (R H B LLVM JEACRSA 1 — 30 S R &
TRENTER DI ERmMETUZIE 7L, BUUEH /NP H 5. 7T RE GitHub SR IR
fR%% b4edr, WS LLVM JH [P . B fos, S8R LS A LLVM T H
—EHEE



AEFRATH — AR T S0 AN AR PP QU — NI H o 55— R A B A=, s+
5iPE llvm-project H3%. ] mkdir(Unix) 8¢ md(Windows) % LA R H 3%:

S

L

K 2.2 -TUH BT (1 H %

TR, BATRAL R AN AR IR 28 H 3

I CMake 32
=N T ARSI AR S5 A tinylang H S $R B LA DR AN — AN 448 CMakeLists.txt
(L
1. Z X E LA cmake minimum_required() K74 B CMake [F KR A:

cmake_minimum required(VERSION 3.13.4)

2. MBI () iR I, A T B R R 8, I B AN B SR A
& ,CMAKE_SOURCE_DIR fil CMAKE_CURRENT SOURCE_DIR.CMAKE_SOURCE _DIR
BEEIE CMAKE a2 AT 4 I TIUEIR H 3. IEWrE X T B A0 R vhied Brg 210,
AN A VB SR B B — 4 CMakeLists.txt. CMakeLists.txt BT AL T 024 57 S0 210 578 4F
CMake CURRENT SOURCE DIR &g H . RPN B A ME 757 F A, A0 E #
TR, B, CMAKE SOURCE_DIR ¥/ llvm H 3¢:

if(CMAKE_SOURCE _DIR STREQUAL CMAKE CURRENT _SOURCE _DIR)

T E AR, B CMake JUH #FH E— D4 XH, KEiREN Tinylang:

project(Tinylang)

3. % LLVM &, ¥ LLVM H3¥ %] CMake it ggie .

find_package(LLVM REQUIRED HINTS
"$LLVM_CMAKE_PATH")
list(APPEND CMAKE MODULE_PATH $LLVM _DIR)




4

ot

oo

NeJ

10

.G, BT LLVM 24 B4 =4 CMake #id, RAHH Visual Studio 1E 9 g%
&%, PR EIEMNIEITH E, FREEEN A TEE A BRI LLVM A 1%,
FEAR B B2t 1 32 T B ) 7

include(ChooseMSVCCRT)
include(AddLLVM)
include(HandleLLVMOptions)

CHETRCKR, K LLVM SoC AR IR include #RBAR . FlWAHF. Wm T E
K include H3%, BV HEARAE 7 HBNERIISCME. 53— include H AL T8 H s

include_directories("$LLVM_BINARY_DIR /include"
"$LLVM_INCLUDE _DIR")

. ¥ link_directories(), LLVM JE I E§AS AN 2 BE 248 -

link_directories("$LLVM_LIBRARY _DIR")

BJe, BEE MR EOREIRIH TR

set(TINYLANG_BUILT STANDALONE 1)
endif()

. BUEENE R W E . K cmake/modules HRENINE] CMake HEEIE R ZF . v LLARINE
Vi) CMake FEHR:

list(APPEND CMAKE_MODULE_PATH
"$CMAKE_CURRENT_SOURCE_DIR /cmake/modules")

CENR, ARSI I EM I E. 5 LLVM —FE, BATESR A A 5k
(1) H SR T H -

if(CMAKE_SOURCE_DIR STREQUAL
CMAKE BINARY DIR AND NOT
MSVC IDE)
message(FATAL ERROR "In-source builds are not allowed.")
endif()

. tinylang FIRRAS 58T configure file() v 45 B A S . A 'S HUE TINYLANG_VER
SION STRING , configure file() 72— M, H CMake 22 &1 41 B e &
i1, FFEN—NH . EEE, BASCOR IR E SR, RS AN E %




11.

12.

13.

set(TINYLANG_VERSION_STRING "0.1")

configure_file(SCMAKE_CURRENT SOURCE_DIR/include/
tinylang/Basic/Version.inc.in

$CMAKE_CURRENT BINARY DIR/include/tinylang/Basic/Version.inc)

Rk, BEE D1 CMake #it, AddTinylang HHAE — L4 B ThEE:

[ include(AddTinylang) ]

PR KA T — include_directories() &) FAEHANTE W include H R MBHE R BRI
ko MSZRRAT, TEE T A Hx:

include_directories(BEFORE
$CMAKE_CURRENT BINARY_DIR/include
$CMAKE CURRENT SOURCE DIR /include

VAHRIRE, fE lib il tools H %] CMakeLists.txt. X N7nBIN HFEF RA lib fl
tools H & NUESCAE, AR EHAD M. BER M EBRIME LM HEZ, #lln: $oo
IR

add_subdirectory(lib)
add_subdirectory(tools)

X e 1RSI H A .
AddTinylang.make AL T cmake/modules H3k . A LLFHNZA:



macro(add_tinylang_subdirectory name)
add_llvim_subdirectory(TINYLANG TOOL $name)

endmacro()

macro(add_tinylang library name)
if(BUILD_SHARED LIBS)
set(LIBTYPE SHARED)
else()
set(LIBTYPE STATIC)
endif()

llvin_add library($name SLIBTYPE $ARGN)
if( TARGET $name)
target_link libraries($name INTERFACE
$LLVM_COMMON LIBS)
install(TARGETS $name
COMPONENT $name
LIBRARY DESTINATION lib$LLVM_LIBDIR_SUFFIX
ARCHIVE DESTINATION lib$§LLVM_LIBDIR_SUFFIX
RUNTIME DESTINATION bin)
else()
add_custom_target($name)
endif()

endmacro()

macro(add_tinylang_executable name)
add_llvi_executable($name $ARGN )

endmacro()

macro(add_tinylang_tool name)
add_tinylang_executable($name $ARGN)
install(TARGETS $name
RUNTIME DESTINATION bin
COMPONENT $name)

endmacro()

Tz, Al LMEH add_tinylang_subdirectory (). add_tinylang library(). add_tinylang_exe
cutable() Al add_tinylang tool() B&¥{. X&8E LLVM(YE AdALLVM #REer) S0 ek At 2k 88
tinylang subdirectory() JHEARI T — MR H 5% #esh, BN T — S8 CMake &0, ff



FHbIR T, F P Ay DAl R 7S Nz gm e H N % . 1 add_tinylang library(), 7] PAE X PEIF4
4. Add _tinylang executable() & X T Al T XA, Add _tinylang tool() & X T [FIAF L2 T AT
At

lib B3, B 3E A AN, 172 CMakeLists.txt S, W20 & X ANH FERIR H & . 77
TECARGiEAS, B LA N BRI AE ST

add_subdirectory(Basic)

KA H KB AN B, JEACRD R AE Lib (1)1 H b A H EL S04 N 2] CMakeLists. txt
SO AT NITE R —AN %08 Basic E, BT R RE 17/,
Basic JFE A — MY Version.cpp. XA H 3 H ) CMakeLists.txt SO [FIFE &) 5.

add_tinylang_library(tinylangBasic

Version.cpp

5E X T —A~ %A tinylangBasic BIHTE, H¥441% )51 Version.cpp #RMEIX AN FEH . LLVM i
WA DAz & — NS EL 2 @S E . BAMER T, SIS E.

7E tools H X EEMEMDE., XA CMakeLists.txt SCH LA 1ib H s —F
] B

create_subdirectory_options(TINYLANG TOOL)
add_tinylang subdirectory(driver)

B, X T —4 CMake iEBURIESZ H KN AR B HiE. NEHMT B driver, 1X—
TAFHBATE CRIBER R [FIFE, AT DA HX A B SR B0 & fEdm it .

IXENFE P H s A8 N FREY driver.cpps 1XA4™ H k) CMakeLists.txt 7 1 g PR AMEEHEIX
AN TR A BR:



10

11

set(LLVM_LINK_COMPONENTS
Support

add_tinylang_tool(tinylang
Driver.cpp

target_link_libraries(tinylang
PRIVATE

tinylangBasic

%6, LLVM LINK COMPONENTS AF & % & 75 E 58 1) LLVM AF513% (LLVM 142
—AEEANENES). B, XIRT TR IR, X8, TN TEE Support A1

i add_tinylang tool() & X 1 ] ‘%2R HFE T . LFRSE tinylang, ME— F1IE A4 /& Driver.cppe
EEEEE R H M, WIOUER target_link libraries() K4gw. XH, HFTEZE tinylangBasic.

IAE, CMake Frii ISCAF C& g . TR, & ERINE AT

BIEHREH
M include/tinylang/Basic H3XJ 6. H5E, G Version.inc.in B, Horh 6,580 B AR
K5

#tdefine TINYLANG_VERSION_STRING "Q@TINYLANG_VERSION_STRINGQ"

TINYLANG_VERSION_STRING FH 1 @ ff5#K/miX2E—1 CMake &5, 7] L ITHEE
e,
Version.h Sk AR B T —/NA[3REL version 45 5 1 pR AL

#ifndef TINYLANG BASIC VERSION H
#define TINYLANG BASIC _VERSION_H

#include "tinylang/Basic/Version.inc"

#include <string>

namespace tinylang A{

std::string getTinylangVersion () ;

#endif

XA R SEBLAE 1ib/Basic/ Version.cpp SCAH4H . [FIAEAR ] H:




N

#include "tinylang/Basic/Version.h"

std::string tinylang::getTinylangVersion() {
return TINYLANG_VERSION_STRING;

)&, {E tools/driver/Driver.cpp S/ H A B AR T IR

#include "1llvm/Support/InitLLVM.h"
#include "llvm/Support/raw_ostream.h"

#include "tinylang/Basic/Version.h"

5/int main(int argc_, comnst char xxargv_) {

llvm::InitLLVM X(argc_, argv_);
llvm::outs() << "Hello, I am Tinylang "
<< tinylang::getTinylangVersion ()

<< ll\nll;

RERB—NRIFF TR, BESMEHT LLVM Di68. WA llvm:InitLLVM() $47— 254K
FIvIiE4L . Windows b, SEE#FH N Unicode, PMEXay 4T T T4 — b EE . 72N R T
AT OL T (AREAKTTRR), W38T BN HERR IR ERACERAR T . B A B IREE M, MR AR i I5t
MR EOT IR . EEF RN R, AR SR, HERMEHSAFS.

LLVM AMEH C++ PrAEFER] iostream 38, B H OMSEHL. Lvm:outs() &ftHim, K
P RIEHEE

4RiF tinylang N BER
PUAESE — AR A SO e, vl DAz R 1. B — T, ROxA LU H
SRS A




I

L AddTinylang.cmake
CMakelists.txt

Kl 2.3 -tinylang i H BT H &A1

WRTATIR, BJLFTER 2 tinylang. R IHAZ WA tinylang #28 LLVM B—&843:
1. dENFEE H 3%

$ cd build

2. HATUN CMake 7z 4

$ cmake -G Ninja -DCMAKE_BUILD_TYPE=Release \
-DLLVM_EXTERNAL_PROJECTS=tinylang \
-DLLVM_EXTERNAL_TINYLANG_SOURCE_DIR=../tinylang \
-DCMAKE _INSTALL PREFIX=../llvin-12 \
../llvm-project /llvm

WX A4, CMake A Ninja(-G Ninja) AE Rt @1 HERREN Release, MM
AR — 3k S0 (-DCMAKE BUILD TYPE=Release). Tinylang /£ A— AN H 5
LLVM(-DLLVM_EXTERNAL_PROJECTS=Tinylang) — &, HEAMA T 5 H % T
T H 3 H (-DLLVM_EXTERNAL_TINYLANG_SOURCE_DIR=../Tinylang). &2t 7
g kSO B AR B3 ((DCMAKE_INSTALL PREFIX=../llvin-12). /5 — S35 E
LLVM IiH H3% (../llvm-project/llvim).

3. BUAE, HEAT RN 2%

$ ninja

$ ninja install

4, ML R)E, . /llvin-12 B3RS LLVM Ml tinylang —3E 6 SCfF. 15K A X HL 3 H 2
EEIRVS s



$ ../llvin-12/bin/tinylang

5. ENAZE B — AP R . G RIS E Basic R 3

$ 1s ../llvmn-12/lib/libtinylang™

XN E —N 4N libtinylangBasic.a )34

MEYE LLVM 9Tk, HHAA BRI T API AL, i LLVM 3T E% A H.
1 E, WA T LLVM B e A . ik, %AEEIN LLVM JE1E .
XH, A% LLVM, 25 43K LLVM A, ¥ tinylang 7E AL I H 2547 9%

2

L SR, FHREEAE E 5

$ cd build

X—K, CMake X T LLVM:

$ cmake -G Ninja -DCMAKE_BUILD_TYPE=Release \
-DCMAKE _INSTALL PREFIX=../llvin-12 \
../llvm-project /llvim

2. 5ATH CMake fn& L3, BT tinylang MISE0% 1, A —FE
3. B3 LLVM 5 Ninja:

$ ninja

$ ninja install

4. PUEBCAAE lvin-12 Haerp2edke 7 —A LLVM. 8T, ¥4 tinylang T H #4746 H
TER ML, DR B A H ok

$cd..

5. BAERIEE—NFY build-tinylang H 3. Unix b, 7] CU#HLLT 4

$ mkdir build-tinylang

Windows -, 7] P X4

$ md build-tinylang

6. HER—MERIERS AL ar RIS H 3



$ cd build-tinylang

7. BAEIE4T CMake RAIZE tinylang IR EESCAF. ME— R 18] 82 anfa] & B LLVM, K4 CMake
ANHE LLVM B2 307 E . )T 248 € LLVMConfig.cmake [{#42. {4 LLVM _DIR
AR R B 1% cmake CAFRTERI SO, ar 0 R

$ cmake -G Ninja -DCMAKE_BUILD_TYPE=Release \
-DLLVM _DIR=../llvin-12/lib/cmake/llvm \
-DCMAKE _INSTALL_PREFIX=../tinylang ../tinylang/

8. A HRBUE MM TF . FI A2 R

$ ninja

$ ninja install

9. fEfr L S MUE

[E!

%1817 .. /tinylang/bin/tinylang 7 FHF2 7 28 W FE P A2 15 19 o

88 LLVM M5—#75%

WERAEAETH ] CMake, B4R ZEAR S SRR B BRI R A
A, WEEH lvm-config T HE$EML, % T HA T LLVM %308 bin HxH . HEXAH
A GAE shell RERAEY, WLLEAT $llum-config BFH P& .

Biltn, #ibk LLVM PR RSO (AT s @l i i), rTRAEAT LT 2

$ llvm-config -libs support

R AT A A AR, B RE  BEAS I BE 2L I, 49 40-ILLVMSupport +-ILLVMDemangle.
AR, XA THAT DR 5 5 B ik ¥ M i R G AT S il

A THEAR, B8E 7T Ay RAKBIE (gnieds) Mai. N9 adn — 45
BENR QAT AN [F] B 5 ARk REE 14T 28 X i

SHXAE/R CPU 2244

SR, /AN ENL (AMEIR) £, RAEARMEE. EXERTHENL g7 ikt
WRATREN, B RFERZMWIBITHE. Fik, giFasm— N ILTRENAFET CPU kR4,
A RS, FF BV AT AT SCIF I BN I R R AR X wi% . A5, B0 7 AN EE T LLVM FE
N BRORBISH . BAE, BRATRAT X AR, FEAAE R B AR BEe .

EFHAE X e, WRBINADRG: wiRRAEEN RS LiglT, I NERRFEERMNRE. TR
INIREE R4, WAMEH THHBK “ = ndFKIENR". XE—AHE 7R EH, BB CPU 288, 4t
FINRAE RSB A L. EHEILEZHRMEZ R TIHREREE . Hl, x86_64-pc-win32 HTIZ1T7E 64 AL
x86 CPU L) Windows &%i. CPU 4/ x86_64, pc /=@M, win32 R#/ERSE. %4
FHREFFFER. /£ ARMv8 CPU Li2{TH) Linux R4FH aarch64-unknown-linux-gnu {8 =



Tt FIEN . aarch64 j& CPU 224y, #1E RS2 linux, &7 gnu 3. KERET linux KRGt
MR, T LA — 2 R AR FN I o X T4 E H TS, ASEEA g N 0 BRAS 5 22 1) 35 70 18 85 2 B 44 s
M| aarch64-linux-gnu ik 7 AHF1) Linux R4,

R BT KALARAE x86 64 fi2 CPU _LigAT Linux, FFH & A EZ X YmPkE]—1M24T Linux B
ARMvS8 CPU R4, FHLERRN x86_64-linux-gnu, Hir = oKL /& aarch64-linux-gnu. A[A
M RGAE A FRRE S, NARETF LA AT R 7 XS, 0RO R R 2R AR & ILAEG
B an

o FHIRFF: 27V EAFAETE N BT AT LA
o FEETK/N: REFHIR/NEE CPU 2R AN RITTANE (GEH N 16 1. 32 A7k 64 7). C KM int
ATREARE R, TCIERATTRET
o HRUER BIERALE W SIS VIR, long double KT LI 64 7 (ARM). 80 fir
(X86) m% 128 £z (ARMv8). PowerPC 4t AJ LXK XUKE BEAE FH XU BE 50, edad A Py
AN 64 A7 XU AR 12 A R IR AL m KRG 1
U R IR B B, B RN FHAE IS M BN R G B e e T, MATRETE HAn P& LRI
WA, BE AT, LLVM ARG AT 7K, RS T80 ik ) S nT R A g vk Jy
%=,
L X Gm ey, FHEMALLT TA:
o N EFRAE RS g AR
o AR R HERI ST AR R AR
o EARIISSTAF R
Ubuntu F1 Debian & 47 WCERE SRS X w8 EL . NI W E Y, FRATHEFIHIX— . gee
M g+ GiFas. 1d SEPEES AN ZEFR T LUAE AR B ARMVS AR RN AT $hAT SO 15 3 T 04T S A
o BIANLL T a4

$ sudo apt install gee-8-aarch64-linux-gnu \
g++-8-aarch64-linux-gnu binutils-aarch64-linux-gnu \
libstdc++-8-dev-arm64-cross

e

W22 AE Just /aarch64-linux-gnu H 3% T o directory HAR RS (ZH) L H 3%, €0 &8
[ bin. lib Al include H 3, 3£ HAZ X 4ii¥as (aarch64-linux-gnu-gee-8 fl aarch64-linux-gnu-g++-8)
HITEIXAN H 5%

7E SR 5 3 Ui

WS B RAT R A B e & B TR ABE, B4 7T LIRS . IR E gee M g++ J
BERRAERE RGN, binutils THEFEAH B3 KRG M. A, C M C++ FE
i E NI T REER . 2P BRI P R A R G AL AU A ARk R &5 5. 7T A
BIEM T, #Z gee cross-compile <architecture>, M HEE4LBIAH N 64 -

XA, DRI R BIN IR (B4 LLVM &) T, BT —A/harish.



LLVM fEM R A tablegen TH. & XEEMIE, AHREREWRIEFTANE, QL
T H. aJLAfESE 1 8 “ 2% LIVM” # ] llvim-tblgen, A LR aiFx AT E. REM GitHub
SRR HX N, AT A d

$ mkdir build-host

$ cd build-host

$ cmake -G Ninja \
-DLLVM_TARGETS_TO_BUILD="X86" \
-DLLVM_ENABLE_ASSERTIONS=O0ON \
-DCMAKE _BUILD_TYPE=Release \
../llvm-project /llvim

$ ninja llvim-tblgen

$cd ..

XL IRIE N LR AR T o QUMM E H3% . CMake 2N X86 HFnflE LLVM #4
B R T A (RN (], D TE R T R AT A, (R SRR E LA SR AT R A R « R A Llvitblgen
T HSE M Ninja 43

A7 llvm-tblgen TH, ] IFFIERE X4 1. CMake fr47dEE K, RULR A8 20K Zay
BAPELE A S A . 52 RIMBRAAFERZ, &ERMAEZMER

$ mkdir build-target

$ cd build-target

$ cmake -G Ninja \
-DCMAKE_CROSSCOMPILING=True \
-DLLVM_TABLEGEN=../build-host/bin/llvm-tblgen \
-DLLVM_DEFAULT_TARGET_TRIPLE=aarch64-linux-gnu \
-DLLVM_TARGET_ARCH=AArch64 \
-DLLVM_TARGETS_TO_BUILD=AArch64 \
-DLLVM_ENABLE_ASSERTIONS=ON \
-DLLVM_EXTERNAL_PROJECTS=tinylang \
-DLLVM_EXTERNAL_TINYLANG_SOURCE_DIR=../tinylang \
_DCMAKE INSTALL PREFIX=../target-tinylang \
-DCMAKE_BUILD_TYPE=Release \
-DCMAKE_C_COMPILER=aarch64-linux-gnu-gcc-8 \
-DCMAKE_CXX_COMPILER=aarch64-linux-gnu-g++-8 \
../llvm-project /llvm

$ ninja

FRE, AIEMEEFIFHN. —2 CMake SE 2 BIRA M, FEMEE—T:
« CMAKE_CROSSCOMPILING ## N ON, N4iF CMake FATIELEAS X d 1% o



o LLVM_TABLEGEN #§% llvm-tblgen T EEFHMHE. XKH E— M.
o LLVM_DEFAULT_TARGET_TRIPLE s& H #3228 1) = el R 1A .
o LLVM_TARGET ARCH {EMH BRI (JIT) ARASA R, BRIAAFNIZE . ST Xk, %
ik H B B RS .
o LLVM_TARGETS TO BUILD &— N H#F5FIEK, LLVM Bz &1 8 B bR r AR A s o %
FFR 2 PAZALFE H AR R REEH
« CMAKE_C_COMPILER Al CMAKE_CXX_COMPILER #& @4 A C Al CH++ FiiF 5.
R S G B A I b SO B AR = e RIE, CMake ok H 31 E.
fEFHARZSEL, RATRRAKE KB I S 24708, AT tinylang MR FPHAEA LLVM
[ —Ba e (W E—NFR). dmittd s, T RMER file dr i &2 B AN ARMVS Al
TSR, 384T $ file bin/tinylang, IS BN EZ ARM aarch64 441 ELF
64 ST 5

i H clang HEATAE X i

BT LLVM AN [ B4 R G500 A A, RARATLUEH clang #E47 28 Xk, iX B[RS
&&, LLVM ARSI FT® 4Le:, flan: C sk, Bk, BIRE&MH LLVM M GNU
TH, FFHELVF CMake HZ KT IEAMHMIAERE R .. --target=<target-triple> (A
ANFE I E bR ARG A K), --sysroot=<path>(H ¥ (IR H XM, = WaTm). -1 %R
LS AR) A-L(HE R EMEER). £ CMake B47 AR, &4 — NN HER . @3
WEA M, CMake &4t XMERE DAL SA A IEMHN TIERGE . 5 W )
BFEEFE RIS, BT ARREL SBUEERRIN, DL EHR S R IRAT.

A FEARE A% A 7AW, SR RENS BT X e d 1) b AL 32 S A S A B AR 3 o
BEE

AT, BT TN LLVM AR — o I H LR B4 /. O H Qi R e
ST IXAEE, MR E R R N IR BE 1Ak . AF g R A IS N B s RN, IR T
UM o5 —A> B FR A R G5 R 58 S 1 B IR Y

fE R —®F g, FATHMIRRGITE S tinylang. SR 1R B4 LT BT 55, AL LLVM &
SCHPRLE T RE o



F 3 E YIFFILEN

P PR T LR = — A E B, H W & BT 55 KRG S B2 D . s, X
AMESS oy NP BT AN G . T SRR, 1S U £ BT A LR ARAD

AR, FRATR T LR 3

o IMIERFIURERIL, RN T AR BEAS  H F A

o HAREAXET, BMABNA—MRENES . RS0 Bk E L—MiEs .

o NESHT, HEIPIR WM SEIE F RITRNE S AT A

o BVEOHT, LG WA RIS TEVR AT RS o

o ESUAHT, BT AR SEPE SR T

o LLVM JaunfRAgAp, Wit nfi 5 LLVM Jeumse 1, PR ra I BER G, K

B — AN TE B AR

NEESARE

AR B AHS SCAF AT E https://github. com/PacktPublishing/Learn-LLVM-12/tree/master/
Chapter03/calcikiL,
PRAT AZERLAT 48 3 /Cht tps : //bit. 1y/3n11hED.

iR R R

gt ENL S, IR, MR S R AE SR T R ERE T . R
£ 1957 4, Fortran {ENH— Pl H B @R P it iE & ittt e MBI, BT BT PhgmAeis &
PR WK RN, B I g a5 0 U AR [ AR 5%, G 124 1 SE RIS IZ AR 43X 64 F 55 13047
BERFRE T
HRIKE, Iveds h o 4R w5 Ao 57 5368 T8 5 MRS, B S 9F
THEAE U RoR, 82 R SOEVER (AST). & om AR 1 25 R @ b AL ag . X
3 T St R i PRI B ML P 2 R o AR A T i R 3 o T 0482 1 SUARAR G, skl BLRKE— A C Rl —
A~ Modula-2 AR S [F — AN Eim. BUE, HH 1 x86 /Gl —A Sparc G, A4 AT LUK
1 CH++ A5 — & A%
S A0 i A R A5 o T S 3E O AT BL N AR5

175500 #% (Lexical analyzer, [B#K Lexer) 1S2HUJR SO AR B— N2 R
. R ES A R A — > AST.
ST as A AST MINE XUE ..
- ARASAE ER A AST AEl— A EIRIR (IR).
B RN 2 e v o SR AT DL A5

JaumfE IR 3T HER Rt

RGN IR AILEFETE 4.

ZJa, MRAHAT S B

B, P YRR T AR B H BRSO

oW N e

Ll S e


https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter03/calc
https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter03/calc
https://bit.ly/3nllhED

MR, IXEEFE A HURMES BN, SEILSERARIIARE . LLVM AZ O PEfs b 8] 2w & XN I i b
WERE O, Hopth T B AT DM FATERER AST, HH C MTIAEEREE T C . FLar LLSZEl A% H
TALEE C YR FHFRT, AT DASEI AR o A a8 AR BT 2% 2 (R R Il . BRI AL, AST A
Ae UMt . W ESEILIIE S AR KRS, ISR 2 FIE U T8 . SRS TEMRAT I AR BAR
i, BUAE4E 8 M gmARiE 5 SL IR Bl iy X se i . A, DL TS 2 0B 58 )

FE RN o, A TR ik 20 & iiE — Mo ieds, 208 5 A E S LLVM IR. LLVM
AR e Ronfau, TLMEH TR IR dikm B, X —UI#E M E L —FiE S iR,

BARFENIES

ARG S I — 8. Nl cale MEARFIXXHIE S HH 7.
calc KIEX G ER]— MNP H, TR LT RIE:

with a, b: a * (4 4+ b)

FEAPE AR R LA with KRBT A XA AT DR N I FERE, & 1) F P 1A 1]
a Ml b AZRAEIFTENEE R

{7 B A S A UG Y, (BN G B AR AR A, 22 PR B e ] (O VEOR SE BRI . Gt
HIRR AR AT

BERZESIEENER

BEMITR, W REF RRF. R E . B ERIERT, Fovbrd. Hsk, R —Mr
WA, TEEIREMRLE 21 2 A 2

WE, BT RAER-E/RIER (EBNF) w51, HA—MEERNEA — N AFL
M—ANHETFih. iR — AR A SRS, AT OamH T EARMELMIEALER. frid
MITFFT. REF calc 1 F Wi

calc : ("with" ident ("," ident)* ":")? expr ;
expr : term (( "+"|"-") term)* ;

term : factor (( "*"|"/") factor)* ;

factor : ident | number | "(" expr ")" ;
ident : ([a-zAZ])+ ;

number : ([0-9])+ ;

FATH, cale AR WERBATRRH, WEERRE — DSR2 5. B9,
o SRR RIS 2 Ay B R T R RN IZEEF R bR L. ST oA, AR
), WATLIES. AT/ S? RoRmEd. B9 * FRTRMEZKER, M + £x
IR EIREE . ident M expr AAFLIERT. B4, IR — DN 705 R EE R .
BATHEE | o AMENAT R &E, REWITTRES [| FR7RHE. AT SHERES
W, Bl [a-zA-Z]) TRPEILE — MRS PREBUNE 78, ([a-zA-Z])+ VLRSI TR i) — e
Ao AT IENERIL .



BEN T iR IEERFE

B, X T HrAERRL, KR GEENE S I T E, AN T DR AT A . AR,
SR B T &2 15 IR A CAR B R, A i ] AR — IMREF S .

SR, IEVETEAR & UIPRIE S T A T, AR (15 X)) HnZiE L. it E It
K TEFEBN, BUTERYIGINZIES, WEEALASCRTIRE.

HR TIXLEFIRE, 1N R ORI 1ENE 2 T A DR AR N e i o ARid i A, B i
C++ 5L, MWMBHATIEE 2.

VBRI

1B B RR B TR BN, WARES V2o RAR, Bl KRBT IR BeE B
VERFEE . WL T AT 55 02 SREBUCCA I AN T N BIEARIC P Ao cale THE B withy :v +1 -2 %0 /s
(, and) FRICH ([a- za -z])+ (AR IRFF) AT ((0-9])+(— D7) ENIFRIENXA . KT ITHELE, A
N T RS (BT,

FERIRES R
AT AE PP HOSEDUE F MON Lexero QI —N 444 Lexer.h B30, FITHR%E X Token:

#ifndef LEXER_H
o|#define LEXER_H

#include "1llvm/ADT/StringRef.h"
s|#include "1llvm/Support/MemoryBuffer.h"

llvm::MemoryBuffer ZEF2 40— A AF LI H 05 in), ZWAFAHRPIER T SR . 15K,
RKEKIZFFR (\x00") @INBI P X IR . A6 IX MR R EEBURAN G20 X, A A AR 1)
X KR . IvmsStringRel K53 T — MR C SR RITKRIEIOTRER . UMK EAERAR,
P AT B AT ZAR ) C FAFERIBAELL 0 FAF4R (\x007). XV StringRef HISEBIHR ]
MemoryBuffer FRMIANTE. -FRATH FE4IH T R -

L B, MU EAHREIN Mg S (K28):

ilclass Lexer;

slclass Token {

1 friend class Lexer;

¢/ public:
enum TokenKind : unsigned short {
8 eoi, unknown, ident, number, comma, colon, plus,

9 minus, star, slash, 1_paren, r_paren, KW_with

10 };




B T NN A R UL AN, RIINT BANESE 1 :eoi AT unknown. eoi FNfIA M4
AL F SRS 745, MR A eoi. unknown F T IRCAENRIITEA, BN # ARES
PRI, BT B 2B 4 unknown.

2. BRT RS ZAh, I — AR Text, fRIAIAMSCARIF L ((FHATHETZEIM StringRef

x):

private:
TokenKind Kind;
3 llvm::StringRef Text;

N

5| public:
6 TokenKind getKind () const { return Kind; 1}
7 llvm::StringRef getText() const { return Text; }

XF T SCRREE, FniEAR IR AT A PRIR B 2L
3. is() A isOneOf() F7¥EH TMHAL 2R R T MK, isOneOf() (FH I ESHAMR, RV
QRS e EihE 2 /¢

| bool is(TokenKind K) comnst { return Kind == K; }
2 bool isOneOf (TokenKind K1, TokenKind K2) comnst {
return is (K1) || is(K2);
}
5 template <typename... Ts>
6 bool isOneOf (TokenKind K1, TokenKind K2, Ts... Ks)
7 const {
8 return is(K1) || isOneOf (K2, Ks...);
9 }

10 };

4. Lexer KA GWA —AMajHdz0:

|class Lexer {

2 const char *BufferStart;

3 const char *xBufferPtr;

public:

5 Lexer (const 1llvm::StringRef &Buffer) {
6 BufferStart = Buffer.begin();

7 BufferPtr = BufferStart;

si ¥

9 void next (Token &token);

10 private:

11 void formToken(Token &Result, const char *TokEnd,

12 Token::TokenKind Kind) ;




13

};

14| #endif

o

N

Br 7RG, A OAEE next(), REF AR, ZIARPERIZEL AN, B
SARE T — AT AR e ZRAIME— R 5L AR R AT AT R — AR BE AP 4R £, JF
HARBIZE X EL 0 458 (R C 745 8).

. AEFRAITE Lexer.cpp SCHHSEIL Lexer 28 MYl BhR BT 46, v LA B 0 2R 745

#include "Lexer.h"

sl namespace charinfo {

LLVM_READNONE inline bool isWhitespace(char c) {

return ¢ == ’ > || ¢ == ’\t’ || ¢ == \f’ ||
c == ’\v’ ||
c == ’\r’ || ¢ == ’\n’;

LLVM_READNONE inline bool isDigit(char c) {
return ¢ >= 0’ && c <= ’97;

}

3l LLVM_READNONE inline bool isLetter (char c) {

return (c >= ’a’ && c <= ’z’) ||

(c >= A’ && c <= ’7°);

RS R L 2 T R AT R P B A

AMER <cctype> bRl SLIRBEAIRE, APAIRE . H5E, X BUREIA T+ 2 X
MITE SR U AT Ay, Biltn: n RAEBRAETE, B AEE umlauts T LU T B X
g FERPIEFE AT EN. H=, HTRMNSHCEER int, BN char KRBT
Fetfe. XPPHEHMERIRT char & BEARFSIERTAT SR, XBOTHHENE
7] o

EEE T, BATHEE 76 S RPTA ARG, (ERIERA € T E R 7T, filin:
TREGHT A Ik, JFHLE WA, next() Tk E fe EBbL X 71

void Lexer::next(Token &token) {
while (*¥BufferPtr &&
charinfo::isWhitespace (*BufferPtr)) {
++BufferPtr;




7. KR, BAIRDYIRAT AT R EAL B

if (!*BufferPtr) {

2 token.Kind = Token::eoi;

3 return;

EUOE: J0Fz S s

8. BlIt, HARME TR/ NGERKG . Apld, SHMEARIRRTT, ZaZ with KT By
PRARAF I IE IR AR VL RC SC B 5, i DAY LR R 75 S 2 e 1R ) RGR SR IL RS I 775, IF:
P A A A A R

1 if (charinfo::islLetter (xBufferPtr)) {

const char *xend = BufferPtr + 1;

)

while (charinfo::isLetter (*end))

++end;
5 llvm:: StringRef Name (BufferPtr, end - BufferPtr);
6 Token::TokenKind kind =

7 Name == "with" 7 Token::KW_with : Token::ident;
8 formToken (token, end, kind);
9 return;

10 T

formToken() 77 TIHFA A M.
9. BNk, WAMGERF. AR5 AT AR IE A AL

else if (charinfo::isDigit (*BufferPtr)) {
2 const char *xend = BufferPtr + 1;

while (charinfo::isDigit (*xend))

| ++end;

5 formToken (token, end, Token::number);

6 return;

10. BUAE, RFE i E 747 5 CIFRIC, ARE S T RR . POV XA L # A H
—ANFRF, ATLMER CASE ZRig b

else {

2 switch (*BufferPtr) {

sl#define CASE(ch, tok) \

|case ch: formToken(token, BufferPtr + 1, tok); break
5| CASE(’+’, Token::plus);




¢/ CASE(’-", Token::minus) ;

7| CASE(’*’, Token::star);
s|]CASE(’/’, Token::slash);

9| CASE(’ (’, Token::Token::1_paren);
10|CASE(’)’, Token::Token::r_paren);
11|CASE(’:’, Token::Token::colon);

2| CASE(’,”, Token::Token::comma);
13| #undef CASE

11. fa, BAIRERE “BIN BT

1 default:

2 formToken (token, BufferPtr + 1, Token::unknown) ;
3 }

4 return;

}

6| }

WAE, R#D formToken() T o
12. X4 helper J7i%3H7E Token SEBIKIM ST, FFEHHRRA T A RAE 7

i|void Lexer::formToken(Token &Tok, const char *TokEnd,

Token::TokenKind Kind) {

&)

Tok.Kind = Kind;
Tok.Text = 1llvm::StringRef (BufferPtr, TokEnd -
5 BufferPtr) ;

BufferPtr = TokEnd;

T, BATHR TR AT RS S 2 M AT A

R AT AT 8S SE B N I ERA R SEBLE AT AR, e MBERE R BT I LN TR A ATRNE R .
Hrid FE R S5 R — IO G AEER (AST) MBS EIREH . AST R AR —Fh R R4 iR I
B, AREEEHATE . B, RAOESCBEITES. )5, Bk 7~ AST.

FEREITES
i bT % 4% 1 5 AE parser.h Sk 3CAFH:

#ifndef PARSER_H
#define PARSER_H

N

|#include "AST.h"
s#include "Lexer.h"

#include "llvm/Support/raw_ostream.h"




FrEl
fig—
1.

1

2.

N

3.

AST.h SKSCAFABEE T AST 80, BAEEHER. LLVM F4mt4g Rzt 1 <iostream>,
DB E M EDIRER) LLVM Sk3CfF. 75 24 4 i it — MR E S, ERATHE g 1
T

B4, Parser 5 I T —UEFAAG AR L

class Parser {
Lexer &Lex;
Token Tok;

bool HasError;

Lex 1 Tok s& bE—"7 M54 . Tok 774 N — N2 (AT E), 1 Lex I THZRE F—"14 .
HasError #3E 87872 BRI 35 1% .
AL T A R PR AN T7 1

void error () {

llvm::errs () << "Unexpected: " << Tok.getText ()
<< "\n”;
HasError = true;

void advance() { Lex.next(Tok); 7}

bool expect(Token::TokenKind Kind) {
if (Tok.getKind () !'= Kind) {
error () ;
return true;
}

return false;

bool consume (Token::TokenKind Kind) {
if (expect(Kind))
return true;
advance () ;

return false;

}

advance() MIFNEDHT A H AR N — 4. 1E Expect() TN, FEEEATR &2 & A FUH
FA, WIRARE, WA IREE . &5, GREBUIKEA, consume() ¥R T4 M.
IR R HERIEE, MK HasError AREREN true.

X FAEVE T RN ARG RT, 7 AT R R 7 9




I AST *parseCalc();
ol  Expr xparseExpr ();
Expr x*parseTerm() ;

Expr *parseFactor ();

BATIRBIAI G5 B9 IX SR R B R, 5 A L )4 Bl

4. FHHARAAIIE D . KIS R BTG BTAT R T AT 45 AR A 2R B — A

1 public:
2 Parser (Lexer &Lex) : Lex(Lex), HasError(false) A
3 advance () ;

4 }

5. BRI RIS S AIMH:

| bool hasError () { return HasError; }

| AST *parse();
2| };
3| #endif

T, AT ST U0 T SE LT %

AT RR R SE I
RN AT 2 (0 SE B

L. @M SEIL AT BAFE parser.cpp SCAFH# 3], FFLL parse() A H:

i|#include "Parser.h"
5| AST *Parser::parse() {

4 AST *Res = parseCalc();
expect (Token::eoi);

6 return Res;

7| F

parse() 2 p2 BN o IRILR S 80 IS BRI T — DMRFRAT 5 R
ANHIEER? FEX B E— .

2. parseCalc() SEHUHN IR o PRy FAM AT 5 88 A R A 28, T DMEASAF 4RI 7T — 1
(e JT— N 55— R AR



N

&)

calc : ("with" ident ("," ident)* ":")?7 expr ;

9 2 7 — A

AST *Parser::parseCalc() {
Expr *E;
llvm::SmallVector<llvm::StringRef, 8> Vars;

BRI — N RE R R B LARNTAIEA . HLL with TP, BIHCRK & RRS BN ERET HUE:

if (Tok.is(Token::KW_with)) {

advance () ;

SR, SR IRAT:

if (expect(Token::ident))
goto _error;
Vars.push_back (Tok.getText ());

advance () ;

IMRAIRRFT, WA HIRAGAE Vars o BN, N—MEREHR, R p st
DUERIRET, JamiRE —DESL, EEMITE L HIES 0 MRIRIRTT:

while (Tok.is(Token::comma)) {
advance () ;
if (expect(Token::ident))
goto _error;
Vars.push_back (Tok.getText ());

advance () ;

}

HEHAVL with THh, SN while BRI ZFAT, EIMFREIXEL . TEANHITRA
FF R Z AT AL B —FE
fJr, ATRATEAKREME 5

if (consume (Token::colon))
goto _error;

}

WAE, XF expr BRI FEAT fEE AT

E = parseExpr ();

WA, AN S ST WCEERIRE S ATBL TR AST F9 A

if (Vars.empty()) return E;

else return new WithDecl (Vars, E);




e, R DHRACEARS 7o RNTEEMHIRRA %, EMNPE R IRE R 2. K],
T ARy <R e BT

BRI, AR SRR P I R, EL IR BT 28 7T LU & RA k8 TAE . K2 Hid
FEE S A RRERNAT S, Bl C+4, W RMEA;(BERIETHR) B (BREEH).

F—J5, BRRTRERIEAE TR S AW 1o XAELLN, Y ARIATTREAE M a4k 8 2 T
BHUMER 7, RIFAMBUERA AL IS, PSR AR E 2. £ MIERELT, PR
NAFT AR - MERIEE, BEE, JFEHnshgiEs. XS5EHFARAAR, £740FA
T ZERIUS AT REZ ORR T 2, RN AR RS I8 AT SE U2 S0 — R T .

AR IE
AME — AR bR ID, T S —Hbrid. X TREANRLIERT, Sf —RIARRERN
TR A o
1. calc ¥, RAEMARS RN IERZ 5!

i| _error:
2 while (!Tok.is(Token::eo0i))
advance () ;

I return nullptr;

5|+

2. HARAEMT iR LA 77 ki . parseExpr() /X expr I I 126

Expr *Parser::parseExpr () {

[un

2 Expr *Left = parseTerm();

while (Tok.isOneOf (Token::plus, Token::minus)) {
4 BinaryOp::0Operator 0Op =

Tok.is(Token::plus) ? BinaryOp::Plus

6 BinaryQOp::Minus;

7 advance () ;

8 Expr *Right = parseTerm();

9 Left = new BinaryOp(Op, Left, Right);
o}

11 return Left;

12| }

FUIU A 5 2H 2 ey while B3R, 1R, isOneOf() MERI T T x5 LA 2 RIRAG 2
3. ARTE R g b A — A

Expr *Parser::parseTerm() {

2 Expr *Left = parseFactor();
while (Tok.isOneOf (Token::star, Token::slash)) {

4 BinaryQOp::0Operator 0Op =




Tok.is(Token::star) 7 BinaryOp::Mul
6 BinaryQOp::Div;

7 advance () ;

8 Expr *Right = parseFactor ();

9 Left = new BinaryOp(Op, Left, Right);
o}

11 return Left;

12| }

X715 parseExpr() EH HAHLL, TRES A EAIH G R —A. fEEES, LA —%M

DR Ak 2 v i SEAF I IE ST o A PSRRI T AN 2 — SR ) Ak, is AT AL A

RS ERBCE ARG . AR PSRN S5 Sk, )RR EEAE AR T 4R SR .
4. BeJa, TRESLH factor KA

Expr *Parser::parseFactor () {
2 Expr *Res = nullptr;

5| switch (Tok.getKind()) A
case Token::number:

5 Res = new Factor (Factor::Number, Tok.getText ());

6 advance () ; break;

XHEAEH] switch WAL BEAE, AL if A else if, PUONEEDNEIH R N — DL HIT
Ao MW, Ni%2%5 i8S Z WA R IR . I R LS 7 Z R 5%, IR AAEREAN J5 5
AR AT I SEBL T 30, At — R L%

5. WRAEH] switch 157], FEBRIAEOL N S #EATHIRALHE

1 case Token::ident:

Res = new Factor(Factor::Ident, Tok.getText());

N

3 advance () ; break;

4 case Token::1_paren:

advance () ;

6 Res = parseExpr () ;

7 if (!consume (Token::r_paren)) break;
8 default:

0 if (!'Res) error();

AT IR HL I G o SRV 2
6. WORSE T RIANPAIREER, WK RE S . X BRI DUk 5 5 /MR Bk

! while (!Tok.isOneOf (Token::r_paren, Token::star,

Token::plus, Token::minus,

N

3 Token::slash, Token::eo0i))

4 advance () ;




}

6 return Res;

~
(.-

AR, ARM? HEACE TR, wl e A TR RN 2 S A AT SR ZIBR . X
RIEUFI T A PRV IR T BT 45 -

3B AT B A AT 8% AN RE G BC P A 1R

B VAL AT R L SR A RRIE GG )T T PR AT 28 . X RIEEM i LL(1). FsL b, &n]
PAZER LR BRI R ZHOE LA R T X — 87k, KB BT 90 e il BER 10 1 FE H0 pe
TR RTREANFEEREHBEEZITER “®4”, #H Aho, Lam, Sethi A Ullman %
) (mikes: B, HAMTA).

HREER

WRBTIOLE AR AST, SRR 05— MEE SR e . EHigk T REMEE. o
EAE IR, TR SRR B, 15 Oy 1, 495 R AR,
AR, AL BT R R, IR PO PR R, A B RT LN T

SR B R R IO A, WARYIE with KT, 5. BUSAES: 3t
B 0078 SORVF A SLIE 3 . B2 R T WA s s 0 7 S B . 45 P A /8
RIETA BFactor FRAFHUT SRBFIRAF, BinaryOp A7 HAIZ S RFANRIARA A AP, WithDecl
TR IR AL 513, AST A1 Expr SUH T-6IRA SRR RS,

2 T R ELRBTIL IO A LA, 30 R E G PTG 2 BRI AT BB . 86575 AST
ES QI

L VIR

i|#ifndef AST_H
>o|#define AST_H

||#include "1lvm/ADT/SmallVector.h"
s|#include "1lvm/ADT/StringRef .h"

7l class AST;
sfclass Expr;

9] class Factor;

| class BinaryOp;

11{class WithDecl;

slclass ASTVisitor A

11| public:




virtual void visit (AST &){};

virtual void visit (Expr &)<{};

virtual void visit (Factor &) = O0;

virtual void visit(BinaryOp &) = 0;

virtual void visit(WithDecl &) = 0
I

b

V7 17 2 B EERE e b AT IR I EE SR ORI ST VT Il 4%, i DAZE SCAF (0 TS A5
BARTE 5. R AST M Expr [ visit() J7EH —MEONSEIL, B4 BAT.

- AST AR IREEH AREE:

class AST {
public:
virtual ~AST() {}
virtual void accept (ASTVisitor &V) = O0;

5| };

FAU, Expr £25ERIEAXMKH AST MR

class Expr : public AST {
public:

Expr () {}
15

Factor ZRAF#— N Bz B A4

class Factor : public Expr {
public:

enum ValueKind { Ident, Number };

private:
ValueKind Kind;
llvm::StringRef Val;

public:
Factor (ValueKind Kind, 1llvm::StringRef Val)
Kind (Kind), Val(Val) {}
ValueKind getKind () { return Kind; }
llvm::StringRef getVal() { return Val; }
virtual void accept (ASTVisitor &V) override {

V.visit (*xthis);




N

¥

A, B AR B AR T v LA R, R R] PR B — A AST 5 A2k R e, Kind
(3 A VR ERAT TS AR — A . fEEERME S, WEAEAAREM AST 3, fFlin:
T #5H NumberLiteral 281 T28 5 5] H# VariableAccess 2.

. BinaryOp SE{RAF 1 THERIA X PT i 000

class BinaryOp : public Expr {
public:

enum Operator { Plus, Minus, Mul, Div };

siprivate:

Expr *Left;
Expr *Right;
Operator Op;

public:
BinaryOp (Operator Op, Expr *L, Expr *R)
Op(0p), Left(L), Right(R) {}
Expr *getleft() { return Left; }
Expr *getRight() { return Right; }
Operator getOperator () { return Op; }
virtual void accept (ASTVisitor &V) override {
V.visit (xthis);
}
s

S @A, BinaryOp S830A X 7 Feizis ST I AT . BRI RS e & a2
Zhif
fJri, WithDecl 7 fi# 75 B {48 AR GA K

class WithDecl : public AST {
using VarVector =
llvm::SmallVector<llvm::StringRef , 8>;
VarVector Vars;

Expr *E;

public:
WithDecl (llvm::SmallVector<llvm::StringRef, 8> Vars,
Expr *E)
Vars (Vars), E(E) {}
VarVector::const_iterator begin ()
{ return Vars.begin(); }

VarVector::const_iterator end() { return Vars.end(); 1}




¥

10

11

N

00

14 Expr *getExpr() { return E; }

15 virtual void accept (ASTVisitor &V) override {
16 V.visit (*xthis);

|k

i };

#endif

AST FEAEMHT RG] o 3 X M B2 S A1 5 1S 30 (B, AU A ), Jf
REY e . ZJm, AR IR AE AR .

IER &

H A AST FRA AR 5 B& ME SN, flhn. 7S Ao ais A E, 5
HAR BRI IR AP e . IR AT LASc s O, B RT D . o T RIAUE E
B thaw ik B MEHP RS AEY, XRIEFHHE. — MR R (XEALI) 2
TEARAT 75 B 1A B 25T

B X HT287E Sema R SEI, 18 AT semantic() 4T, FHZTEHEN Sema.h Sk

#ifndef SEMA_H
#define SEMA_H

#include "AST.h"

s|#include "Lexer.h"

class Sema {

public:

bool semantic (AST *Tree);
I
#endif

SEHLAE Sema.cpp XA . HEREIER A VE SUAHT, FAER VTR SeIl. HIEA AR, 4
AR A RIEMEAE —DMEST. QIEN, TUREENMLESHE—, REKE
Stk

#include "Sema.h"
#include "1lvm/ADT/StringSet.h"
namespace {
class DeclCheck : public ASTVisitor {
llvm::StringSet <> Scope;

bool HasError;

enum ErrorType { Twice, Not };




void error (ErrorType ET, 1llvm::StringRef V) {

llvm::errs () << "Variable " << V << " "
<< (ET == Twice 7 "already" : "not")
<< " declared\n";
HasError = true;
}
public:

DeclCheck () : HasError (false) {7}

bool hasError() { return HasError; }

5 Parser K —HE, HAARICRIGR KA THIR, XL FAEHELE Scope G . 1EFFH
— AR Factor TRt FAMGEIZLEYZEGARXMEET.

virtual void visit(Factor &Node) override {
if (Node.getKind () == Factor::Ident) {
if (Scope.find(Node.getVal()) == Scope.end())
error (Not, Node.getVal());
}
1

XFF BinaryOp s, REEEWLESAE, HFHEH Oy n:

virtual void visit(BinaryOp &Node) override {

if (Node.getLeft ())
Node.getLeft () ->accept (*xthis) ;

else
HasError = true;

if (Node.getRight ())
Node.getRight () ->accept (*this) ;

else
HasError = true;

};

£ WithDecl 11 5, e G IHIT a6 M &iE

virtual void visit(WithDecl &Node) override {
for (auto I = Node.begin(), E = Node.end(); I != E;
++1) {
if (!Scope.insert(*I).second)
error (Twice, *I);
}
if (Node.getExpr ())




Node.getExpr () ->accept (xthis) ;
else
HasError = true;
I
18

semantic() 77k P, iR B RPR

bool Sema::semantic (AST *Tree) {
if (!'Tree)
return false;
DeclCheck Check;
Tree->accept (Check) ;

return Check.hasError () ;

IARBAE A AR ACE, WA DHTENESIHE . XE RS S B ARa k. dnRiE b
B IR, AT LMER AST A LLVM IR. FATPKAE T — 5 58 i Wi LA .

€A LLVM RindmiEasE RAXnm

Ja it AT 55 e MAREERL Y TR HR B AL NI RS 1S . IR J2 )5 41T, AT PME R C++ B2rEie
AR, FFE, IR B AST 4k,

LLVM IR RIS AR

B LLVM IR 228, 58 T ARATREA A R S TFREXES 87, ra R,
1. ) BN AE & HE
2. THEREIME
3. FTERSE A,

N T BRI PR REE TR A5 R, A T PN EE R cale_read() AT cale_write()
XIT with a: 8%a RIEF, HERH IR 417F:
1. FRAEPE R BT B, EERBIT Co MR ZHTIRAL R IR [BIRAY  H [B 455 54 [l P SR Y
HRZHEM . AT DL IAE SO AR AT 1 7

declare i32 @Qcalc_read(i8%*)

declare void @Qcalc_write(i32)

2. calc_read() MECKZRALIENSH. THNEX T —NEE, #F6 a METH, EFHHEC
S TN TR AT




N

@a.str = private constant [2 x i8] ¢"a\00"

3. F MRS main() AL B T SHNA T, POVRBEAE. & C S, RBMERET
KAaH.

define i32 @main(i32, i8**) {

4. BN IERBRIRDIH —DFr2E . PBUONK R B — DN EAT, RATHEE®49 entry.

entry:

5. A calc_read() BRECKIEZE a LEIIME. #E(FH getelemenptr F54 7T 7RG 1H5H, LAt
HAR MR B NI R MITREN . ZRB S R A R4 %2 A&,

%2 = call 132 Qcalc_read(i8* getelementptr inbounds
([2 x i8], [2 x i8]* @a.str, i32 0, i32 0))

6. TR, ZZRERL 3.

%3 = mul nsw i32 3, %2

7. S FUEIT cale_write() BREFT ENSE R BT &

call void @Qcalc_write(i32 %3)

ret 132 0

LLVM IR " A aEME AR 2 2R, 132 FoRn 32 A HBEESEMY, i8* Fon— N FAfast. IR
RAIGIEHR Z5 (BR T getelementptr #4E, XML 5 &2, IR AAEREENN R VEAIERE) . RESRIL
EOAERT IR BIFET, BER AST AERenm,

A AST £/ IR
1%4% 01 CodeGen.h k3 24E:

#ifndef CODEGEN_H
#define CODEGEN_H

#include "AST.h"




class CodeGen
7| {
public:

00

of void compile (AST *Tree);
10| };
11| #endif

By AST B8 TiE B BUIE R, BT DA A BB 2 HI V5 W & kg [ AST . CodeGen.cpp
A SEBLT AR

1. P AR AR ST AR T -

1|#include "CodeGen.h"

#include "1llvm/ADT/StringMap.h"
s/#include "1llvm/IR/IRBuilder.h"
|#include "1lvm/IR/LLVMContext.h"

)

s|#include "llvm/Support/raw_ostream.h"

2. LLVM JE )i 4 2318 F T 2 3k A4 7

using namespace llvm;

3. HAE, VIR A A R . ARG LLVM RS OR, ViR E A
— AN RSO R E Mo AT TAER IR, AN (IRBuilder<> 2£7), LLVM
HRRE R AKE R IR FHZRAL, AT LAE LLVM B BRSO AR AR SR AR ) s g,
32, RUEHARM AL HMH., T HEEEER, TEEARBLH], FTLIZ VoidTy.
Int32Ty. Int8PtrTy. Int8PtrPtrTy B¢ Int32Zero. V &I THEAR, Wi 2 I 56 8T
/5, nameMap #— NI N cale read() BREGR [H] H1E -

namespace {

=

¥

class ToIRVisitor : public ASTVisitor {
3 Module *M;

4 IRBuilder <> Builder;

Type *VoidTy;

6 Type *Int32Ty;

7 Type *Int8PtrTy;

8 Type *Int8PtrPtrTy;

9 Constant *Int32Zero;

10 Value *V;

11 StringMap<Value *> nameMap;

4. Fi& R EAIIRAE T T A

public:
ToIRVisitor (Module *M) : M(M), Builder (M->getContext ())

N




VoidTy = Type::getVoidTy (M->getContext ());

5 Int32Ty = Type::getInt32Ty(M->getContext ());

6 Int8PtrTy = Type::getInt8PtrTy(M->getContext ());
7 Int8PtrPtrTy = Int8PtrTy->getPointerTo () ;

8 Int32Zero = ConstantInt::get(Int32Ty, 0O, true);

5. MFREARE, AU IEE— FunctionType 561, £ C++ H, XutE—MeREURT,
A B2 function SEBIE K. B4, run() J73%E X T LLVM IR 1] main() IZ@&

1| void run(AST *Tree) {

2 FunctionType #*MainFty = FunctionType::get(
Int32Ty, {Int32Ty, Int8PtrPtrTyl}, false);
| Function *MainFn = Function::Create(

5 MainFty, GlobalValue::Externallinkage,

6 "main", M);

CAE, QUETTA N DIARZE BB A, JRRILNE] IR Mg L.

I BasicBlock *BB = BasicBlock::Create(M->getContext (),
2 "entry", MainFn);

3 Builder.SetInsertPoint (BB);

7. ISR HE S AR S, T OT AR REAT Wi T

1 Tree->accept (¥this);

8. it fE, i cale write() BIESTEN AR, [FIFE, AR RKEFEA! (FunctionType 5K
). ME— RIS YETE V:

1 FunctionType *CalcWriteFnTy =

2 FunctionType::get(VoidTy, {Int32Ty}, false);
Function *CalcWriteFn = Function::Create(

| CalcWriteFnTy, GlobalValue::Externallinkage,
5 "calc _write", M);

6 Builder.CreateCall(CalcWriteFnTy, CalcWriteFn, {V});

9. RIS, main() EEURIA 0:

| Builder.CreateRet (Int32Zero) ;

10. WithDecl 75 s fRAEF IR R LFR. H L, Ta22N cale_read() BRELAIE—> R AY:

1 virtual void visit(WithDecl &Node) override {




¥

FunctionType *ReadFty =

3 FunctionType::get (Int32Ty, {Int8PtrTy}, false);
4 Function *ReadFn = Function::Create(

5 ReadFty, GlobalValue::Externallinkage,

6 "calc_read", M);

11, %510 i3 844

| for (auto I = Node.begin(), E = Node.end(); I != E;
++1) {

¥

12, KPR, WSROI — M AR AT

1 StringRef Var = *I;

2 Constant *StrText = ConstantDataArray::getString/(
3 M->getContext (), Var);

4 GlobalVariable *Str = new GlobalVariable(

5 *M, StrText->getType(),

6 /*isConstant=%*/true,

7 GlobalValue::Privatelinkage,

8 StrText, Twine(Var).concat(".str"));

13. 2RJ5, BUEIHA calcread() BEH) IR AUfi. £ L — BRI QIR 777 if 2N S Hitkid:

1 Value *Ptr = Builder.CreateInBoundsGEP (

N

Str, {Int32Zero, Int32Zerol}, "ptr");
3 CallInst *Call =
4 Builder.CreateCall (ReadFty, ReadFn, {Ptr});

14. R[PM{EAF#E mapNames H:

1 nameMap [Var] = Call;

15. {8 FIAR T 3t 73 49k £5 a 3K

1 Node.getExpr () ->accept (xthis) ;
s

¥

16. Factor T s nf LR ES, HMfLLEET . TR ESH, B mapNames TEKRME. XT4L
T ZAEF O E A

1 virtual void visit(Factor &Node) override {
2 if (Node.getKind() == Factor::Ident) {

3 V = nameMap [Node.getVal()];

1 } else {




5 int intval;

6 Node.getVal() .getAsInteger (10,
7 vV =
8 }

9 IF3

ConstantInt::get (Int32Ty,

intval,

intval) ;

true) ;

17. HJa, XT BinaryOp 77 &%, W20 H LR THEHERAE:

Node.getLeft () ->accept (*this) ;
=V;

o

Value *Left
Node.getRight () ->accept (*this) ;
5 Value *Right = V;

6 switch (Node.getOperator()) {

7 case BinaryOp::Plus:

1 virtual void visit(BinaryOp &Node) override {

8 V = Builder.CreateNSWAdd(Left, Right); break;
9 case BinaryOp::Minus:

10 V = Builder.CreateNSWSub(Left, Right); break;
11 case BinaryOp::Mul:

12 V = Builder.CreateNSWMul (Left, Right); break;
13 case BinaryQOp::Div:

14 V = Builder.CreateSDiv(Left, Right); break;

18. IXFE, ViHFEFRBTEM T o compile() JEGIE 14/ LR ORI, $AT T RIEE I, IR

AR TR e fil B -

void CodeGen::compile (AST *Tree) {

N

LLVMContext Ctx;
Module *xM =
ToIRVisitor ToIR(M);
5 ToIR.run(Tree) ;

6 M->print (outs (), nullptr);

new Module("calc.expr",

Ctx);

PATLBL 1 G AT 3, A BEHCEACRS B4 TR 29K, P X S84 1 6 AU - S A\ IS

P F AR, X2 A XN RE P AR S5, BUEIL 5 2 Si i

WX A 7] L

TP I Zh . BATRAET — it




IR hFEFF FIIE T TR EE
AL BB B Be#l 2 B Cale.cpp JXBNFEFP G 7E 21, BATRAXRESCIE. &E N5
ANRIENXAEY—NSH, Vet LLVM, AL P Rpra . ibERITREE:

L EH5e, IR b A Sk S

1|#include "CodeGen.h"

#include "Parser.h"

¥

s#include "Sema.h"
1/#include "llvm/Support/CommandLine.h"
s|#include "1llvm/Support/InitLLVM.h"

#include "llvm/Support/raw_ostream.h"

2. LLVM B T AU fr A AT R G, BN 0 5 0 — A A A, fEiE
R, TR B S R & AR B, SRR IR £, REAVL A T A7 B
IR A AT IR TR A M\ 275 T — A

ifstatic llvm::cl::opt<std::string>

N

Input (llvm::cl::Positional,
3 llvm::cl::desc("<input expression>"),

4 llvm::cl::init (""));

3. 1E main() BEH, LLVM EYIMH, FEHAH ParseCommandLineOptions SKANBE iy 217 L
AT XA AR BAT BN BN 2. ZEHILERIR IS LS, ke ik N AR P 4 1Eis AT

int main(int argc, const char **argv) {
2 llvm::InitLLVM X(argc, argv);
3 llvm::cl::ParseCommandLineOptions (

argc, argv, "calc - the expression compiler\n");

'

4. FERR, AERERE M as MU A8 . AT 2 G, ARG RA TR WA, W]
R FACRSIR H g 1 28, o RIE:

! Lexer Lex(Input);

2 Parser Parser (Lex);
3 AST *Tree = Parser.parse();
1 if (!Tree || Parser.hasError()) {

5 llvm::errs() << "Syntax errors occured\n";
6 return 1;

7 }

5. WHRAE R, tHE—F:

1 Sema Semantic;

if (Semantic.semantic(Tree)) {

N

3 llvm::errs() << "Semantic errors occured\n";




~

1 return 1;

5|}

6. fJa, FEMRBIREH, AR AL s

1 CodeGen CodeGenerator;
2 CodeGenerator.compile (Tree) ;

3 return O;

R, BSOS P B T OIR AU BATR H AU I AT 4 LLVM i &g 16 48

lle, IXFERLTERL T ik asi0SEHl. FATLIUR T AF R R ke, IMEVE cale NIRRT .

BATEEH— 40N rteale.c BFISCIFARL. BHEE TH C IES WS M calcread() Ml cale_write()

PR KR S

#include <stdio.h>
#include <stdlib.h>

void calc write(int v)

{

printf ("The result is: %d\n", v);

calc_write() REZEFE 4 th 21 4 i o

int calc_read(char x*sg)

{

char buf [64];

int val;

printf ("Enter a value for %s: ", s);

fgets(buf, sizeof (buf), stdin);

if (EOF == sscanf (buf, "%d", &val))

{
printf ("Value %s is invalid\n", buf);
exit (1);

}

return val;

calc_read() M&um LB —NEEH TP AT DVAAEE RS, T AT A dnie A . Wk

BANARECT, MN AR . —MEE R IER IR P BRSNS L IR R AL
Fo




BAE, FATAT LRI iE DS . cale MHFERF N —NRIEXLIE IR. LLVM 5% 1F 25
IR N — AN BRI SRS, ATLME R R BRI C ik as s 3/ NS 4TI B . £E Unix b,
AT LI A

$ calc "with a: a*3" | llc —filetype=obj —o=expr.o
$ clang -0 expr expr.o rtealc.c
$ expr

Enter a value for a: 4

The result is: 12

£ Windows [, 1RAJEESMEH ol Zmifes:

$ calc "with a: a*3" | llc -filetype=0bj —~o=expr.obj
$ cl expr.obj rtecalc.c
$ expr

Enter a value for a: 4

The result is: 12

REE, LA T AT v (4RS! 15 1E AN T 7T — N IX AR RIE T e 10 B
BIGFIE TR BAENINEB AT Z AR, DA S 2 B 2 BREN?, X 5EA RN
ZOR—E
Y

n

R, T iRgmiEAs Al BEARRIANES HRNARIEE S MEE. R, 52 TN
ZAE = PR i 0 ML B AE: R % AT R . 1B UM RS RS AR i 2% . ACHE A g R AR R
LLVM IR, 1 LLVM #&9a7E4s llc HTMNERIE B X, &5, TR THE—IET llvim H1%
PFas!

', IR T AR, DU ATE SR T .



e 1

2 MNIRES R 2585

TR ST A B g ds, A TR G AT 45, SelOESCH IR M BaE A . 2R
JG, SN S el N SCHE AR R LLVM IR A LLVM EThRE, B G R L Esag . &
R T 2 R, BV P RAE F MG AR LLVM IR, Bl s i il o A .
AT JLE:
o %48, RIRSEEOV I SRR
o 55 &, AR IR—EEAIANR
o 96 &, EREAIEF MM IR
o BB 7 &, AR IR—HEH AR
o 8 HE, LR



£ 45 FRXEERAMGIEEN

G PR AR I NS 3 TSR S . AR E R, FRATLKE SEIL— MR RO E F BRI, AL
PRYETE S AR o JRA TR =) SERR I g e O EOR, JERL 23T H CRIZRAZTE S

TNV I E SR FEIE 5 VR TIT 4G, IR UM GIBIEM (AST) 2531 (K 2R AR o) :th) . &
AT DLRE 773 AR AR AR 2 g L SR I 2 PR AR HO G R 1 5 o

Arrh, > DUR 3R

o JEN MRS —tinylang 185, ERMEIETHTE, DA SN PR I o

o NYRIFEOIEITE ).

o EREVESAMAPFHE, XS T T B 2 AN, LA DL — Bl A g 1 7 U

AP I R ITLE

o MYERNEIHTES, TR AR I T AT 88 0 M BT 4

o MYEEIEIA T BEMATES, IR MTEVEIRAEMENT S, DLACHAT T4 A i o] DUSE FH B )

o f¥iHH bison 1 flex AT a0 AT e, Horb GO FH T HAR PSR VG A2 b M A= BRCAR BT &5 A0 B 4%

o PUTIE 0T, GBI AST BN, X E5MITdEa — a4,

T AT BB, RN T TR = AR P T

NEES AR

AT A SO fEhttps: //github. com/PacktPublishing/Learn-LLVM-12/tree/master/
Chapter043kHL.
PRA] DAZERR AT R 3% #1480 ht tps: //bit . 1y/3n11hED.

EX—MRIZIES
SLPRE) IR ARIE 5 LUAT — B cale THE BRI T HIRAMLHI S, JOKRAERTRIE TR
FIE AT Modula-2 H)F%E. Modula-2 Wit R4, Ak SCRHZ BT X R4if%E (OOP)(JF
ARVEAEARFT RO — 7T Modula-2 4iikds). B, FIGHLIXADFEEAA LN tinylang.
AEFRATPEE N —F tinylang VAR T FEFEETREV/NITH, AT MAZTEZIRE %70
PR35

compilationUnit

: "MODULE" identifier ";" ( import )* block identifier "." ;
Import : ( "FROM" identifier )? "IMPORT" identList ";" ;
Block

: ( declaration )* ( "BEGIN" statementSequence )? "END" ;

£ Modula-2 #', %iFH. 0Lk MODULE K7 Ik, ARG RBRBIIA AR, B A AR LLE
SRR . P IAIERT A A 18 AT AR A Bk


https://github.com/ PacktPublishing/Learn-LLVM-12/tree/master/Chapter04
https://github.com/ PacktPublishing/Learn-LLVM-12/tree/master/Chapter04
https://bit.ly/3nllhED

declaration
non )*

: "CONST" ( constantDeclaration ";
| "VAR" ( variableDeclaration ";" )*

| procedureDeclaration ";" ;

FEIGINE R, AR CEURHEEL CONST REFIENRS. Ko, A& HE L
VAR KBTIk FHIHE RARE 6.

[ constantDeclaration : identifier "=" expression ;

PRRFF R B ARR. IZEIRE A RIAN, ZRIE B IER F 2R . AR A A

variableDeclaration : identList ":" qualident ;
qualident : identifier ( "." identifier )* ;
identList : identifier ( "," identifier)* ;

NT RS IRF AR, WAERARIRATIIR, SERIMAFRAT Rk B 7 — M. ApH
DA A A NRTER, FONIRERR AT T FE 2 2 (S 2

procedureDeclaration
: "PROCEDURE" identifier ( formalParameters )7 ";"
block identifier ;
formalParameters
: "(" ( formalParameterList )? ")" (":" qualident )? ;
formalParameterList
: formalParameter (";" formalParameter )* ;

formalParameter : ( "VAR" )7 identList ":" qualident ;

FEFT T AT b, 0T DU 308 & AR B A R 2 afer 75 B o b B8 T DA S 350R0 [0] 2R 2 o 155
SHAEIEREIE, T VAR 808 5] FAEE . 5 SR &b 1) 57— 579 /2 statementSequence,

=

HZ AR AR

)

statementSequence

: statement (";" statement )* ;

WRARIE R JE G 7y —NER), MZIER M5 708, R, Modula-2 i) SCHFIZAIT 3



statement
: qualident ( ":=" expression | ( "(" ( expList )? ")" )7 )
| ifStatement | whileStatement | "RETURN" ( expression )7 ;

A S — i ld T — MEME B AR . JE R = R EAR IR —NRE. S0,

MPFHRE ( WeR MR HAE a2 5 s a):

ifStatement
: "IF" expression "THEN" statementSequence
( "ELSE" statementSequence )? "END" ;

IF EAEA —ARERIEE, BOYE R A 4> ELSE Ht. nOEIXAMER, FATG %1+

HufR P15 A

whileStatement

: "WHILE" expression "DO" statementSequence "END" ;

WHILE &R T — &R 7E . it IF iE4), #tel LA tinylang 5 6 5 5

%o Wa, BAARIEARE X

7

expList
. . non . kX .
: expression ( "," expression )* ;
expression

: simpleExpression ( relation simpleExpression )7 ;

relation
S B B B
simpleExpression
:("+"|"-")? term ( addOperator term )* ;
addOperator
| OR
term

: factor ( mulOperator factor )* ;

mulOperator
. nkn | Il/" | HDIVII | |IMOD|I | I|ANDI| ;
factor

: integer literal | "(" expression ")" | "NOT" factor
| qualident ( "(" ( expList )? ")")? ;

KX BLE SR — 2 M cale AL, R 3ZFF INTEGER A1 BOOLEAN #2587,
LAk, fEH identifier A1 integer literal Fric. ¥RIREFLAFBEEL T RIZ AL, J5HERE 7B



B TR, BEFEREY DU — ATtk 5], W bhg— N dEfEEral, G
B He

BARCENH TIRZ N, (HHP K Modula-2 —#50! R, 2] DUd XA 74
YRS/ NN FIFEF . 8ok, iEFRATA tinylang SEEL— /N1 2S!

BIELIE &

tinylang I H A 5@ g 7 HATESE 2 &2, LLVM YRI5 R 80 5 e BN AR rRARRS
7E 1ib B 7 HFEH, 11k XL include/tinylang 1§ H 34, FHZXLU A%, £ 2 &=,
FATA G 7 HAL A

TERT—ZH, FRAVRE T ELIRNE a8 BRATEs . AST FE Uorthds. HEAEH A
£, FFAN Lexer. Parser. AST Fll Sema. F—& T HZAARUT:

k-

Kl 4.1 -tinylang 5 H ) H 345 5

0 A B I . fEIX B, Lexer RAKHT Basic. Parser {K#fi T Basic. Lexer. AST
Il Sema. #J5, Sema WAKHT Basic Ml AST, X4big X RIFHIHEA BT X 2R EH .
EAF4H T i — N e 2 A se i .

BEEEREXHMAFHER

SK B B 9 1E A 6 AN RE 8 AL PRVF 2 30 8, T RN AT 9 PR B IO A BRI I 2 e . X
A PE TRl DL H AL SO, #ilan: @it C 1B S H I #include 84, 5 Python B Modula-2
) import EA). P ABIRREAT DU A AR S . BT X e SRR AU AR B N A7, i
PR B Bog AT . R R RE S, TR A AT RE SR EE SR 1% . kel B4 545 B
MAZFTENH ARG B, AFEEAT M — A rid, RIE, XADEARHREZE.,

SEIEME, LLVM By 1 — /Mg 77 28 LLVM::SourceMgr 2. i id 1 H AddNewSourceBuffer()
7% BRSO INE] SourceMgr. 5¢#, LA AddIncludeFile() SRINE A XA 774
AR A —A> ID RARRGEMIX, AT RME XA ID SR Z A8 [F) RIS W AR G2 P X FR BT . 244



A E A, AUE lvm:SMLoc 28, XAMRKIREH B 2R G2 X . % PrintMessage()
Sl P R AR AN LIRS BH B

Wi/ b —FhEevh g SO BRI . KEVEAE (Ingwideds) H, AR BRI HE 877k .
RA NESREHOE B Bl B — it s, B A I C AT AL !

— PP fE BTV, BN EHA A ID(—A enum L 5R) . — B EZO A — S B
HI s S, RS E ID. P E RN 757 8 AL FT NV S A o a2 — Bt
EHRX = (ID. ZEHAAHE L) LLVM FEAEH]— S TRALBE 88 R AR I AN 0] 8. B A7l e —
NG a.def BISCAFH, FREERAE—ANEARRY . ZOREE S 2K, FERE XA ERE
MAE include/tinylang/Basic/Diagnostic.def SCAFEEH, WF Ais:

#ifndef DIAG
#define DIAG(ID, Level, Msg)
#endif

DIAG(err_sym_declared, Error, "symbol {0} already declared")
#undef DIAG

F—NESHID R, 5 =S H Level £ H M, 5 =S5 Msg 521 BOUK . IXFE,

HAl LLsE X — DiagnosticsEngine Z8& H 4 1R &, . %32 (147 T include/tinylang /Basic/Diagnostic.h

A

#ifndef TINYLANG_BASIC_DIAGNOSTIC_H
#tdefine TINYLANG_BASIC_DIAGNOSTIC_H

#include "tinylang/Basic/LLVM.h"

s|#include "1llvm/ADT/StringRef .h"

#include "llvm/Support/FormatVariadic.h"

#include "1llvm/Support/SMLoc.h"
#include "llvm/Support/SourcelMgr.h"
#include "llvm/Support/raw_ostream.h"

#include <utility>

namespace tinylang {

WEVERSL U2 G, BIEE ] Diagnostic.def K& XA %, N T N5 HRERma=Sm, &
AL H A 44 23 1H diag:

namespace diag {
enum {
#define DIAG(ID, Level, Msg) 1ID,
#include "tinylang/Basic/Diagnostic.def"
35




6/} // namespace diag

DiagnosticsEngine 28# F| SourceMgr SEiHIt report() K HIHE, WEMUASE. B
XANTIRE, AVEH LLVM B 28 SR EFRSTTE R B TR BRI E 0 . It
gh, et IR R RTE SR

class DiagnosticsEngine {
2 static const char *getDiagnosticText (unsigned DiagID);
3 static SourcelMgr::DiagKind

getDiagnosticKind (unsigned DiagID);

HIE TR H H getDiagnosticText() iR [\, il getDiagnosticKind() iR [Fl. 31X A7 4 # 4
TE LG B .cpp SO A SN

1 SourceMgr &SrcMgr;

2 unsigned NumErrors;
| public:
5 DiagnosticsEngine (SourceMgr &SrcMgr)

6 : SrcMgr (SrcMgr), NumErrors(0) {}

s/ unsigned nunErrors() { return NumErrors; }

BT BT BVA AR BRI 2 A BT CH+ g s S 8 T 2 S H0AR . 2498, LLVM
AL formatv() REMAE XA %, EARARAMKITEE, FATR G EE KBRS

I template <typename... Args>

2 void report (SMLoc Loc, unsigned DiaglID,

3 Args &&... Arguments) {

4 std::string Msg =

5 llvm:: formatv (getDiagnosticText (DiagID),
6 std::forward<Args>(Arguments) ...)
7 .str () ;

8 SourceMgr::DiagKind Kind = getDiagnosticKind (DiagID) ;
9 SrcMgr .PrintMessage (Loc, Kind, Msg);

10 NumErrors += (Kind == SourceMgr::DK_Error);
nlr

12 };

14|} // namespace tinylang

16| #endif




¥

XFE, BRSCEL TR NS . HEk getDiagnosticText() F getDiagnosticKind(). &A1
fE lib/Basic/Diagnostic.cpp 3CAFH % X, FA# ] Diagnostic.def LA

#include "tinylang/Basic/Diagnostic.h"
using namespace tinylang;
namespace {
const char *DiagnosticText[] = {
#define DIAG(ID, Level, Msg) Msg,
#include "tinylang/Basic/Diagnostic.def"
};

53t h—#E, DIAG % CNRRRITR K. X8, RE L MELIRRA AT S
Kltt, DIAG 7% HiR[A] Msg #8730 . FATTHREAE AR R 1975

SourceMgr::DiagKind DiagnosticKind[] = {

#define DIAG(ID, Level, Msg) SourceMgr::DK_##Level,
#include "tinylang/Basic/Diagnostic.def"

35

51} // namespace

ANHTRE, X A BREHS R R TR SR B AT R G, IR R BT R

const char x*
DiagnosticsEngine::getDiagnosticText (unsigned DiagID) A

return DiagnosticText[DiagID];

SourcelMgr::DiagKind
DiagnosticsEngine::getDiagnosticKind (unsigned DiagID) {
return DiagnosticKind[DiagID];

SourceMgr 1 DiagnosticsEngine ZEHIIX A4 & A HAB AL 7 R4 . 1EIRATSELE 1A
o e R — !

YR E AT ES

IEET— = AR, FAIFHFE—A Token ZKEF—A> Lexer K. HAh, FE—/ TokenKind 4
BRGNS MR — DT . WA A SO — AN SEIOCA R TGRS e, BT LR EEE A
IXEE N Z¥ . TokenKind M5 AR, I ETE Basic AfH . Token Fl Lexer Z5J& T Lexer 41,
R R TRAEAS 8] ) Sk SCAR A SIS A o o

H=FIA R bR ST FrRfF 5 MR ZEEMIL, FlW: CONST XiF, 75
S RRFFRIBR AT, AT R T AR IRAT, A2 AR TR EME I R 44 . R AIbR S 7 5 2
GRS R EPSN iR T 7R




5 ZRmEES M, REFEWIRARFE. 8T T, AT E R
FRESE, B AR BRI R SR R T . X5 C B C++ TRIATONMEE, ety
WRARIRFT R T2 . MRS S HAA N MR AR, TR IS RE S, #iln: K&R C i
SRAMH enum KRBT E LIS BIL, MRS TIES ol E.

HATWAE 7 L%AE B, ENI#)E T TokenKind M2 H)— N0 : MU B A BIAREE L bR A5 5
GRS 2T WS, FATKAS BEPAE#E— D49 include/tinylang/Basic/Token
Kinds.def FJ3CHEH, SHFAEI IR, fZ0E2 e, RErrmg2 kw

#ifndef TOK

#define TOK(ID)

#endif

#ifndef PUNCTUATOR

#define PUNCTUATOR(ID, SP) TOK(ID)
#endif

#ifndef KEYWORD

#define KEYWORD(ID, FLAG) TOK(kw_ ## ID)
#endif

TOK (unknown)

TOK (eof)
TOK(identifier)
TOK(integer_literal)

PUNCTUATOR (plus, "+")
PUNCTUATOR (minus, "-")

| //

KEYWORD (BEGIN , KEYALL)
KEYWORD (CONST , KEYALL)
//

#undef KEYWORD

5| #undef PUNCTUATOR

#undef TOK

7 IXEEG ) E X, HUIRAESE include/tinylang/Basic/TokenKinds.h H41## TokenKind
Mot [FIRE, MZEHRT DURAE B A 44 75 1H tok H:

#ifndef TINYLANG_BASIC_TOKENKINDS_H
#tdefine TINYLANG_BASIC_TOKENKINDS_H

namespace tinylang {




¥

10

11

¥

| namespace tok {

enum TokenKind : unsigned short {

#define TOK(ID) 1ID,

#include "TokenKinds.def"
NUM_TOKENS

3

HABAEAIEACRIRAE T, TOK %€ SONPUR BIMZEFRZE M ID. 18— H BN

%, FATEY NUM_TOKENS & SCAMZE M i g — MR, 3R 2 bt AR

const char *getTokenName (TokenKind Kind) ;
const char *getPunctuatorSpelling(TokenKind Kind) ;
const char *getKeywordSpelling(TokenKind Kind);

#endif

SEL A 1ib/Basic/ TokenKinds.cpp W8 H.def U REG R 2 FK:

#include "tinylang/Basic/TokenKinds.h"
#include "llvm/Support/ErrorHandling.h"

using namespace tinylang;

static const char * const TokNames[] = {

#define TOK(ID) #ID,

#define KEYWORD(ID, FLAG) #ID,

#include "tinylang/Basic/TokenKinds.def"
nullptr

3

AR SCAR B FRIR A H HAES RS 0 1D, HoA W ANRE AL 1 58, T 228 W) TOK A1 KEYWORD

%, B KEYWORD HIBRAE UAMEH] TOK &« ik, SAESE AR BEIN—A nullptr {8,

T8 NUM TOKENS #2é i it :

const char #*tok::getTokenName (TokenKind Kind) {

return TokNames [Kind];

T getPunctuatorSpelling()getKeywordSpelling() pRE, AR T AERTTE.
FOR PR 2 FEEIA = A . AT PLETT switch 1BA)JSLHL, 1Z1E A ERINIR [B] nullptr {H:

1

l

PR A




N

-

N

const char *tok::getPunctuatorSpelling(TokenKind Kind) {
switch (Kind) {

s|#define PUNCTUATOR(ID, SP) case ID: returmn SP;

#include "tinylang/Basic/TokenKinds.def"
default: break;
3

return nullptr;

const char #*tok::getKeywordSpelling (TokenKind Kind) {
switch (Kind) {
#define KEYWORD(ID, FLAG) case kw_ ## ID: return #ID;

s/#include "tinylang/Basic/TokenKinds.def"

default: break;
}

return nullptr;

TER WA RE LR SO RS 3R Pl 7 45 2 B

Hi—% 1, Token KAE5 Lexer XM RIS A B Oy A BN, FATHAE Token
I E| include/Lexer/Token.h H'. FITIHIF] ¥, Token 74 | —AMakt, FRMIFMCHIIFLE. K
FEFFRIC AL

class Token {

friend class Lexer;

const char x*xPtr;
size_t Length;
tok:: TokenKind Kind;

public:
tok::TokenKind getKind() const { return Kind; }

size_t getLength() const { return Length; }

SMLoc SEBIR/RIEAETH B AL B, BRI TE I

SMLoc getLocation() const {

return SMLoc::getFromPointer (Ptr);




getIdentifier() M getLiteralData() foVFIRATYS AR IRFF AN S 8AE IFRICSCA . A W Z 1]
FEAR] oA > RR R B SCAS, PR IR 2 B 2 & i Y

1|  StringRef getIdentifier () {

assert(is(tok::identifier) &&

N

3 "Cannot get identfier of non-identifier");
return StringRef (Ptr, Length);

}

s/ StringRef getLiteralData() {

7 assert (isOneOf (tok::integer_literal,

8 tok::string_literal) &&

9 "Cannot get literal data of non-literal");

10 return StringRef (Ptr, Length);

nl )

2] };

FAAE include/Lexer/Lexer.h Sk XA A B Lexer 28, IR SZHULLE lib/Lexer /Lexer.cpp 3
. HEH ST — 50 cale TS AR . XH, RIS AN4H77:
o HO, FHUHAEMILEMERIE, flin. < M <=. HIWATEEEERSHT 72 < i,
HRE T AR, REHE AR E] TR eE, FATESREA LS TS R
BRI, Wk AT ARG WA BV N — A5

case ’'<’:
if (*(CurPtr + 1) == ’=7)
formTokenWithChars (token, CurPtr + 2, tok::lessequal);

N

else

5 formTokenWithChars (token, CurPtr + 1, tok::less);

6 break;

o TN, WA E 2 RO SRER], BATZ LT AL TR — A ] LI BRI R PR 5 SR SR T
HAMGAR, KR TFHAAETE tokenkind.def LA, AIFESLHIML Lexer 280 58 /. X Fh
JHEIE T USCRFA RGOS S, BUOyAT U MO br S e oot 5. X, AT ZIXM
Rimthe Skacfhr, R Ede LT, B dvm::StringMap 7y 2K:

ilclass KeywordFilter {

2 llvm::StringMap<tok::TokenKind> HashTable;
3 void addKeyword (StringRef Keyword,

4 tok::TokenKind TokenCode) ;

5/ public:

void addKeywords () ;

getKeyword() J7iZiR 0145 78 747 B (AR IC 2R, WORTFAF B AR Y, IR B BRI E:



s

10

5

tok::TokenKind getKeyword(
StringRef Name,
tok:: TokenKind DefaultTokenCode = tok::unknown) {

4 auto Result = HashTable.find (Name) ;

if (Result != HashTable.end())

return Result->second;

7 return DefaultTokenCode;

}
};

FESEICAF R, R RIATEN:

void KeywordFilter::addKeyword(StringRef Keyword,
tok::TokenKind TokenCode)

3| {

HashTable.insert (std::make_pair (Keyword, TokenCode));

void KeywordFilter::addKeywords () {

#define KEYWORD (NAME, FLAGS)

addKeyword (StringRef (#NAME) , tok::kw_##NAME) ;
#include "tinylang/Basic/TokenKinds.def"

}

XA, 'S — R lexer RIFANME. 1o g AR E 2, V5 2 2 AR A0
1341 4%, Clang B2z —,

¥ai2i% )3 T PEREAT 2R

FE

AT — B PR, T A ATEVRIRAE R A o LEIRATIRIET— R B AR R0 % TN
s BRI AN DU 2 (0 0 A L G545 fi 44 (K 5, AR RN XA 0o AR A7 T 1) 5 S

WA L H A

X FAAE AL, ARSI i
IRER AR

X AR LR ST AL, SR AR M (T — AP ), LAl AL 2.4
%,

UEPRATTRE I L £ g J U L 2 AR T 0 v



ifStatement
: "[F" expression "THEN" statementSequence
( "ELSE" statementSequence )? "END" ;

A DMRZE 5 ok O LR C++ 7k

|void Parser::parselfStatement () {
2 consume (tok::kw_IF);

3| parseExpression();

| consume (tok::kw_THEN) ;

5| parseStatementSequence () ;

6 if (Tok.is(tok::kw_ELSE)) {

7 advance () ;

8 parseStatementSequence () ;

9 }

10 consume (tok::kw_END) ;

tinylang AN EE AT LR MOT K C++. AN, 0N I i G —LefE B
5 EEE A ) R A2 AR o A SR A TR 3 AR IR ) o 4, RN e A2 A i . 3R
B TETE ] DL 2 — S d AL 4] 7

expression : expression "+" term ;

WREANTEIEEE, B THX C++ RIBIRERLIZ AT LUS R, X 3300 RiE 5

i|void Parser::parseExpression() {
o| parseExpression();
3 consume (tok::plus);

1 parseTerm () ;

FEiB VAT RE A A, R EZ RN, IRARMER I . KA A A7 A — AT LUK I AT B
SR NIDKZ AR

FEASL IR, AT & DU W] DOE I FSe bR e 4Rk . WERANRERE , BRIl 2 RAE MR
N T, EBATEER C# 1 using 1H5]. 5 C4++ ML, using 1HE) AT £ PR 8]
fERF SR I, BIANFE using Math; Ho &R BIOY SIS 52 SO0 4; atE v, M M = Math;
FEIRIET, LR FEROR:

7

usingStmt : "using’ (ident '=")? ident ;'

B, ZHRAANEB. PSS T using KT S, HARR T BUGhRC. HiE, KEER



AR VIEIRA TR E R 15 i ATk I BT AT a4 . A SR T AT 4R 1) — bR 0 5 mT o 4H ) 1 ) — 2 A
WES, WERES XS
FATH — N EAT FRE TG XA

non

usingStmt : "using" ( ident "=" ident | ident ) ";" ;

B, A DARBHR: PR AR PR IC T G RE TSR, T A RE e ik
A EIE IR .

e RARE . I, W AT EAT. — R R R L R R BT SN B iR
FERTHT 7B, PSR IS LUAR R A AR e T a6 . X AT Lo, 4520 LU B

usingStmt : "using" ident ("="ident)? ";" ;

PR RBA MR R, EROZERENZ, BRRIEHERZE. HAMA A, RS
PR 4, MR A RR A A FR . XA TC N, e /e AR R R VBt H %,
AW AR, (HRMREHRESS (=), BN

S AT IN— AN A A 1 R X X P A L IR R E MO ERES BT LU
R E BHATORE (BT S R PRI AR ER), HATUEREZ NS, 1EIRAMRIK lexer 7 —A
Token Epeek(int n) J7i%, EUAIEKRASMZGIREIE n MM XH, S50 DUERAE
o R BRI 1]

if (Tok.is(tok::ident) && Lex.peek(0).is(tok::equal)) {
advance () ;

consume (tok::equal);

}

5| consume (tok::ident) ;

WAE, ERATIOANE R . AT —&r, a7 AR SEA MR IR IKEBOR . FEA AR
Phidhric, HBKBE GBI bRC A, B, fE tinylang H, BRFHERE ST (2.

R I B A AR TEE R, Bk A bRl BRI T R, T A 5HAS
FREE IRl s SR, A R4 T51%.

TR ARALETT, THEAT AIFEIRBEIZ AR A 57T bR iCEE (PR FOLLOW 2E). Xf TR L5 7F
i5H), AIPLER;. ELSE 1 END #5id. Blt, AJPLLE parseStatement () [P &4 H 48 A Ix A
£E. G, IR TREETR T IEARAA B . @5 kUL, XAKWRE. RO e <l is
ik, FTUTRES B IRZhRid, LR TRIRMARCRE. Frbl, Gk T Ak E.

N T 7 b To R R R R, Rl AN T R B AR FE . X AT BUE T bool R [HI{E
K eltrue RN RIKE MR TR, false RN (BAEWREMESIRIKE) K)o

AL ITEAT DY AR R 7%, —MRAT 77322 A G 30 FH % 1) FOLLOW
£h. — MR ME T, kAR parseStatement() H parseStatementSequence() I, 1M
parseBlock() A & i | parseBlock(), i parseModule() #iH parseStatement().

K, BRI IEL R EA — A FOLLOW 4&. WM #5460l 21| parseStatement () H 115




PR, I AK B &, BRI M E D HIAEE S — 4 FOLLOW 4. an R4 pifE
A H) FOLLOW &, WAEAMKE Rk, I —MRIERE S #E . S0, & B EAE,
REWE R DS . XA R — DA RERSEIL NS /2, 1418 std::bitset B std::tuple K
FoRHTHT FOLLOW (4R &k el 25 1 HI ¥

G — N AT SR A AR Ve T AR R BT — &, A goto BRAZ BRI S, 1X 0]
17, EARIBHERMRTT S WIEFTHE P, T RE S AR BidArid. ik, Clang A
—/NH skipUntil() B, BATHEATPLEIH T tinylang.

KRR — 30 2 [ i AT 45 TR N SCER A, BT DA SR 22, s #0058 s BRARAD (IRE
PRER A HILESE) . C++ WHIKERE, Pril Lambda sECRT DL TR IUES . AR RIKE K
parselfStatement() W1~ Frs:

bool Parser::parselfStatement () {
auto _errorhandler = [this] {
return SkipUntil (tok::semi, tok::kw_ELSE, tok::kw_END);
};
if (consume (tok::kw_IF))
return _errorhandler () ;
if (parseExpression(E))
return _errorhandler () ;
if (consume (tok::kw_THEN))
return _errorhandler ();
if (parseStatementSequence (IfStmts))
return _errorhandler () ;
if (Tok.is(tok::kw_ELSE)) {
advance () ;
if (parseStatementSequence (ElseStmts))
return _errorhandler () ;
}
if (expect(tok::kw_END))
return _errorhandler () ;

return false;

Fl bison 1 flex 4 iRt 25 FIIRE D HTES

T B IERE M A AT 25 TR AN IR R, S S A A B FEAR R AL HER SRS E
G REARAEM TR T . AR IEAE G — R IR S R, AR — pARR R R E
) T H AT PG XA )

AYFZ T H AT DIRYE IV SO AR A% 0 A e BT 4%« 7 Linux 97, flex (https://github.
com/westes/flex) fl bison (https://www.gnu.org/software/bison/) /& H TR, Flex \—4
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IEMRIE A T35, T bison MIRVERARAE ST . @, XPF THaS—EEH.

Bison HRIEEVEMIAA K LALR(L) fEf#s. LALR(1) f@drase—fE i Lmmiras, A
fEFH B bison WA —MNEEXE, 5ARETFENARTEE AR L. EERX
A MFA SC R IE N RIA L, kAN EE R E LI ES . tinylang [ bison i,
AAETE tinylang.yy SCAFH, PALLF B I 46:

Y%require "3.2"

%language "c++"

%defines "Parser.h"

%define api.namespace tinylang
%define api.parser.class Parser
%define api.token.prefix T_

Y%token

identifier integer_literal string literal
PLUS MINUS STAR SLASH

FA1FE 7~ bison i H %language 824K C++ G, {FH%define 154, HS A4 K
—UEBRINE: AR AIZENZ A % N Parser, LT tinylang s 258 . BbAh, FKIRPRICIEBIFIM
MR RNAZ L, T VENRTE, . AT 3.2 BUE S RA, Ry H i — A BN RA TN N
THE S flex R H, AT VF bison H%define 84 %5 —1> Parser.h Sk 3. /G, AL
F %token 547 B FTA CAE AR %% J5 1 =& AR TR

%%
compilationUnit
: MODULE identifier SEMI imports block identifier PERIOD ;
imports : %empty | import imports ;
import
: FROM identifier IMPORT identList SEMI
| IMPORT identList SEMI ;

T REX SR 5 AR B 5 — s BV VO EAT FLC . bison AFITEEE 4L, KL ZERMN—
4474 imports FPHNRS XA ER . T AR A, A5 AT R TR 4L
PATEFTERX AR E S tinylang AR AR . a0, TF 35 RHU0 T

ifStatement
: IF expression THEN statementSequence
elseStatement END ;
elseStatement : %empty | ELSE statementSequence ;

[FIRE, FATTLATTIN— AR AL B T GE ) ELSE #55) . A LA S %empty 54, ANdiX



BAFFH MR Z 23
IAT bison XA ES A EEIIN,  HUaT LU BUS fir & 22 BUgEpT 45

$ bison tinylang.yy

Kt A B 5 T R TS AT AR SR AL 4% K A B A A

Fflit, flex RAEZMEM . fex FIMIERE — D IEMREXAARGRIEWZIR, R ENRZENK
ULHC, WPAT AR, tinylang] SCAHHESE tinylang WL M3 . 5 bison M —F, HA—4
PRAETT 3k

%

#include "Parser.h"

%

%option noyywrap nounput noinput batch
id [a-zA-Z ][a-zA-Z_0-9]*

digit [0-9]

hexdigit [0-9A-F]

space [ \t\r]

FEY{ } %0 BT B SCA Z 1 2] flex ARRAISCAF Y, BATME X ALAEIR B i bison A2k 3L
fFo {8 %option $84, AT A AT o5 BZ H AR Re M . RS — Ao, JF HAE
e JE AT QR SEEEU — A 30, B BAAT AR GE noyywrap REEAIXAMRE. FATHAT
By AR E R SCER, A nounput 1 noinout ZEH T . KIARANIEEAFEE—ANA B AT
e 1o AT RARR EA R MR .

IR BT, BATER] BUE LA AL BUS . E%% Ja i G € Lo

%%
space+
digit+ return

tinylang::Parser::token::T_integer_literal;

SE SCHR IS, 48 IR ZRIE AR AR S A ULEC I ST R AE . shfEth T DGR 2.

{space}+ B 75 o€ L2 AR, BILR - DMEEANER TR TATBH E X
FEATERAE,  DRIORE 2 P 2

ZLRC— ey, BAMER digit+ K (A —alfE, BATHIRBERECH) 2 S . X
A RRHR T FIRERIERAE . B, XSRS EATAT AT A



"+ return tinylang::Parser::token:: T_PLUS;
' return tinylang::Parser::token:: T_MINUS;
e return tinylang::Parser::token:: T_STAR,;

A return tinylang::Parser::token::T_SLASH,;

RA J U B IL AN, W EEUL R Rl R R . AR 2 AR S LS,
DR BRI ST v e O i St IR 2. X ot A e A0 e s SORBE RO, TR
FE IR SR8 2 Jam 78 PR IR

"VAR' return tinylang::Parser::token::T_VAR;
"WHILE" return tinylang::Parser::token:: T_WHILE;
id return tinylang::Parser::token:: T identifier;

XEEARAEAAURIR T return 5] WEREWARISAG 24T, BABLIHKFETHEEK {1
FtIE I U Ay A R

[ $ flex —c++ tinylang.l

FEVE 5 T H AR AZ A PSR 7357 T s A2 i as il W AR i LALR(1) fi##res. LALR(1) Kb
LL(1) 28K, DOy HAIES T T REMETas. WRAREHBIALIE N LL(1) 2K, B4 Ni%%5 &
AT a8 AL As, T MG — A B A BT a2 AT R BIAEIETGR LL(1), MM s
SRS T Lo 5 AR A b SR O 2 MR, 8%, X2V 2R RPmRILERE.
Clang i H F5f#Et#%, 1M GCC {8 bison AEBFIfEHT 5

MITIBX ST H

b GRS U A A RS, R B RESINITIE X T EE ST . FERT—FE R calc
Blrr, ETastIE T AST. £ — BB, 18 XM as AL BRI . EAT o, AR —
PR MT7%, FER AT G st — PR —ii.

PATR S 1 T 8 6 AT 1) — 54155

o XTTHREANAER, 18 O b b ATk A T I 44 PR A L A B

o X TRIEABGE PRI TR, & X LAk B4R S C A, DUAIHER
MBI G,

o XTHANRIEN, HLHTBH/LATHEABH R, EFENHHEREARTNFE. WAL,
ERMERZ D,

o XTTMEMS L, 18 L Hrad Laike SRR R S . At ©aie# IF Al WHILE &
AR A A A AT R R

XFRFE A ARTE S TR, ERENAFRCARE T

QL3R 2 FREY1E A



0

LAV B R LFRAERE, ZFRETEEZ LT WHTER. 5 C i —F, tinylang L
T AW EEHAER, Flan. B Al X AERERRG Y, FeEilZ INTEGER 5.

[ VAR B, X: INTEGER;

FEFRBZAT, ZRRARAN, AHEH. RAFEFRPZEAATRE. £dET, AT
LA

PROCEDURE Proc;
VAR B: BOOLEAN;
BEGIN

(* Statements *)

END Proc;

XA, EERPERTT, H B i RHEZE B, MM X i eRmEE X,
JRE A E B MERER Proc i fE. 0 RAESHTVE ISP HRAN B A4k, WIAES /R F I8 4k 224
o ik, vJUES R X AR, 1E tinylang 1, RABRAGEFEA GEFTH— N # i9/E H .
HABTE S H93E, W0 struct A class, @EWFTIAEHE. 7€ X (40 INTEGER K85 TRUE Ff
H) R E R A, A S a S B i VR R 3.

fE tinylang 1, WA LFARZRM. KL, EREATLUSZIO A4 FR BN S B ey,
TEF A FRAAAE T OL N A BEIE NGB A4 PR AT &4, BAHESMER BB C . &0 (E
include/tinylang/Sema/Scope.h SCAFH) WK Fros:

#ifndef TINYLANG_SEMA_SCOPE_H
#tdefine TINYLANG_SEMA_SCOPE_H

#include "tinylang/Basic/LLVM.h"

s{#include "1lvm/ADT/StringMap.h"

#include "1lvm/ADT/StringRef.h"

namespace tinylang {

class Decl;

ol class Scope {

Scope *Parent;

StringMap<Decl *> Symbols;

;| public:

Scope(Scope *Parent = nullptr) : Parent(Parent) {}




¥

10

11

bool insert(Decl *Declaration);

Decl *lookup(StringRef Name) ;

Scope *getParent() { return Parent; }

31 s

} // namespace tinylang

5| #endif

lib/Sema/Scope.cpp SCAFH ISR Fros:

#include "tinylang/Sema/Scope.h"
#include "tinylang/AST/AST.h"

using namespace tinylang;

bool Scope::insert(Decl *Declaration) {
return Symbols
.insert (std::pair<StringRef, Decl *>(
Declaration->getName (), Declaration))

.second;

VR, StringMap::insert() F7VEFFAE I IR E o AR std::pair FI5 AN AR
TN, %fE BRI G THE

N SEB RS E ISR, lookup() AR LRIVEE . W REA K], MR bR A B
FEHAE 2k

Decl *Scope::lookup(StringRef Name) {
Scope *S = this;
while (8) {
StringMap<Decl *>::const_iterator I =
S->Symbols.find (Name) ;
if (I != S->Symbols.end())
return I->second;
S = S->getParent ();
}

return nullptr;

R oS AR A WEAT U T Ab B

o HTE I BEORRBEEE I
o B INTEGER RN WERBEAIRBFEW], ol A2 N], NWOvEER.




o SEWIAL T H AST 75 & VariableDeclaration, H P EZEEMZELFR B 288,

o WA B HAZIYATERE, JFRU R B SEE . R AR CSEERES, a1

o XFMENLT, HATTEHEKNBEASHE.

o X X AREMAY [ EIAEIRALBE

XBEHATHAMES . HIE cale /il —HE, &7 AST 1. R, THEATSpENE,
EREM, A ARXFERATE?

B X A s n] DARHS PR AN R JE 1 A 380 MR 5 AR 1, mT DUIE S TR 2R B B 1) 44
FRoRUPE (BARR) RAE R . X PE S Bt SR 2R JE v 2 LArH5E AST 1 I BT B 1k

Hop — AN EER TR AT A A, R —FhiE S RVFES AT AR, i C++
R IR, ARRE—IRIHE AST B A B, XFEHL T, AST 7 s b AU AE HH 43
THE )RS BAIE (B0 cale 7<) .

AT AST —IREZ XA fetf e ERIME S . 7F tinylang(F Modula-2) FITEHL R, AT LA
AMEA AST #iE——AST 2L parseXXX () kMR ZEREMINER R N AST A4S 0
B WAS 2, RULfEIX B T AST,

ERTH & — 2T, T EEMAEA LLVM XUE s T R 8E S (RTTI).

AST $fEf LLVM X&) RTTI

L8R, AST T HREBZREMK—0. FHEEF LY, HEERRTHFEHIAE. Wi
FEIT —AMEE, WFRE—NRE, WS ERAES. 4R, /TR ER B2
MR A B . BT DM dynamic_cast<> C++ #AERF. M@EE, SFEM RTTI AALE C++ K
T—ANRRE AT MU, FAERE. 5— MU C++ RTTIL TR . N7 fux
fhei, LLVM HFRANGGINT —H A RTTI Xk .

JZIREERI) (FhR) 33552 Decle BB, LLVM XA RTTL, 75 EHRINE SR T 2RFRE K
AFEMZE . b, EF BB E R AR AL getter, FAF LGB E TN Kind. FRATHIH]T
H, BRI

class Decl {

2l public:

3 enum DeclKind { DK_Module, DK_Const, DK_Type,
4 DK_Var, DK_Param, DK_Proc };

siprivate:

const DeclKind Kind;

7l public:

]

DeclKind getKind() const { return Kind; }
ol };

BANTFRIAEATE NN classof FIRFIRBREUN T . BERRELHT B B2 1 7€ 25 7 L) 2 15 )%
FiERHIZEAY, XF VariableDeclaration, SEHLAIR:

| static bool classof (const Decl *D) {

return D->getKind () == DK_Var;



N

LA, T DA FH Nvme:sisa< > FRERAE RS 256 B & 75 N ATl SR 1287, 34 F 1lvm::dyn_cast<>
R 3 R o A 2R, (HXWA R H . HABENRE 2 fhttps://11vm. org/
docs/ProgrammersManual . html#the-isa-cast-and-dyn-cast-templates. J<T LLVM K
F2E0, B ESLN AL, 52 nttps: //11vn. org/docs/HouToSetUpLLVMStyleRTTI . html.

QBB I ER

A T IXEEHIR, PULE T CASEIE SO TS, AR T AR AU AST 9 sl BHRIE. HE, BN R
SCHL AST 5 M58 X, AR BAFMAE include/llvin /tinylang /AST /AST.h SCAFH . B T S0 #F LLVM
KUK RTTT 2 4h, RSB B I FR . S RRIAL B A — N8 F S B 15, 5 & AR A: i

HESFEF L FER . Decl FEM AT

class Decl {
public:
enum DeclKind { DK_Module, DK_Const, DK_Type,
DK_Var, DK_Param, DK_Proc };

private:

const DeclKind Kind;

protected:
Decl *EnclosingDecL;
SMLoc Loc;
StringRef Name;

public:

Decl(DeclKind Kind, Decl *EnclosingDecL, SMLoc Loc,

StringRef Name)
Kind (Kind) , EnclosingDecL (EnclosingDecL),
Name (Name) {}

DeclKind getKind() const { return Kind; }

SMLoc getLocation() { return Loc; 1}

StringRef getName() { return Name; }

Decl *getEnclosingDecl() { return EnclosingDecL;

Loc (Loc),

¥

AR R A R AN SR A B4R £

class TypeDeclaration;



https://llvm.org/docs/ProgrammersManual.html#the-isa-cast-and-dyn-cast-templates
https://llvm.org/docs/ProgrammersManual.html#the-isa-cast-and-dyn-cast-templates
https://llvm.org/docs/HowToSetUpLLVMStyleRTTI.html

sl class VariableDeclaration : public Decl {

TypeDeclaration *Ty;

6/ public:

7 VariableDeclaration(Decl *EnclosingDeclL, SMLoc Loc,

8 StringRef Name, TypeDeclaration *Ty)

9 : Decl(DK_Var, EnclosingDecL, Loc, Name), Ty(Ty) {}

E TypeDeclaration *getType() { return Ty; }

13 static bool classof (const Decl *D) {

14 return D->getKind () == DK_Var;

T & TR K i 7 I SCA P AR B 05 B I AR B AT e

bool Parser::parseVariableDeclaration(DeclList &Decls) {

2 auto _errorhandler = [this] {

3 while (!Tok.is(tok::semi)) {

4 advance () ;

5 if (Tok.is(tok::eof)) return true;
6 }

7 return false;

8 };

10 Decl *D = nullptr; Identlist Ids;

11 if (parselIdentList(Ids)) return _errorhandler ();
12 if (consume (tok::colon)) return _errorhandler();
13 if (parseQualident (D)) return _errorhandler();
14 Actions.actOnVariableDeclaration(Decls, Ids, D);

15 return false;

DeclList /& — 44 A std::vector<Decl*> (A EF3K, T IdentList & —N2RAN std::vector<
std::pair<SMLoc, StringRef>> W47 & FFRIRFFHI K .

parseQualident() J7VEREI—ANE . Afd, NiZ@—AKRAHE,

SR A8 R ENTEE X 3 AT 225 Sema ) — AN, 1 SIAF A6 7E Actions % 51 H o % actOnVariable
Declaration() fJ I T8 T8 fl AST it . SEHLAE lib/Sema/Sema.cpp H:

i|void Sema::actOnVariableDeclaration(DeclList &Decls,

2 IdentlList &Ids,



10

11

Decl *D) A
if (TypeDeclaration *Ty = dyn_cast<TypeDeclaration>(D)) {

for (auto I = Ids.begin(), E = Ids.end(); I != E; ++I) {
SMLoc Loc = I->first;
StringRef Name = I->second;

VariableDeclaration *Decl new VariableDeclaration(
CurrentDecl, Loc, Name, Ty);
if (CurrentScope->insert(Decl))
Decls.push_back (Decl) ;
else
Diags.report(Loc, diag::err_symbold_declared, Name);
}
} else if (!Ids.empty()) {
SMLoc Loc = Ids.front().first;

Diags.report(Loc, diag::err_vardecl_requires_type);

B4, M llvm::dyn_cast<TypeDeclaration> f AR A B, QiR A ERM A, T ENES
W R AN, XT Ids FIR P REEAN LR, 4 SLFIE—A VariableDeclaration FF#8INE] 7 B 31 3%
o ALK E RIS EIE AR, B RRCE A, MEFTE— % RiREE .

R ZHHARSAR A & LA [F 7 i, ME—AN[E] B S A5 S I B2 20 o AR 5 22
W2 TAE, BONENIIERE T A BGHE . RS R IR 2 R R EESLFIEHET ) scope Xf
o ABREOS RN, Wi UM BRAE F 3.

X L SEE (1) 77 e R, PRONSRATANARLE TG VR4 R s DL T 4 A FR s I 21 R 1 7E . 1X
& C++ HRFESRRIPIGIL (RALL) MBI AEME AL H— R4 e T i FEnr DL 5
WHHECD. B, EAEASRE R, DO R AR N2 9 arfE I, 15 St ds A PR 71k
R ANFNEG T — NGRS A AR

void Sema::enterScope(Decl *D) {
CurrentScope = new Scope(CurrentScope);

CurrentDecl = D;

void Sema::leaveScope() {
Scope *Parent = CurrentScope->getParent ();
delete CurrentScope;
CurrentScope = Parent;

CurrentDecl = CurrentDecl->getEnclosingDecl();




N

fAT LI helper ZEHHT-SCHL RAIL:

class EnterDeclScope {

Sema &Semantics;

public:

EnterDeclScope (Sema &Semantics, Decl #D)
Semantics (Semantics) {
Semantics.enterScope (D) ;

}

~EnterDeclScope () { Semantics.leaveScope(); 1}
}s;

FEfRMTRR R G R, AP SISO aRMAC . 2R AR e . IXE, Mg T
(JLF AR AST Hisd, JFESL 1 —ANBr i fE A

bool Parser::parseProcedureDeclaration(/* -+ */) {
/* .o */
if (consume (tok::kw_PROCEDURE)) return _errorhandler ();
if (expect(tok::identifier)) return _errorhandler();
ProcedureDeclaration *D =
Actions.actOnProcedureDeclaration(
Tok.getLocation(), Tok.getIdentifier ());
EnterDeclScope S(Actions, D);
/% o ox/

SO HTas AN R A AT E R AR, ISR [E] AST % ki

ProcedureDeclaration *
Sema::actOnProcedureDeclaration(SMLoc Loc, StringRef Name) {
ProcedureDeclaration *P =
new ProcedureDeclaration(CurrentDecl, Loc, Name);
if (!CurrentScope->insert(P))
Diags.report (Loc, diag::err_symbold_declared, Name);

return P;

LT 1T R A RE R AR, SERR TARM e T . SRR, 1 U M AU R A AR
PR R A FRSSE T EREAAR, DL TR [0l SR [ 75 W 15 B 2 SR A 7

void Sema::actOnProcedureDeclaration/(
ProcedureDeclaration *ProcDecl, SMLoc Loc,
StringRef Name, FormalParamlList &Params, Decl *RetType,
DeclList &Decls, StmtList &Stmts) {




N

if (Name != ProcDecl->getName ()) {
Diags.report(Loc, diag::err_proc_identifier_not_equal);
Diags.report (ProcDecl->getLocation(),
diag::note_proc_identifier_declaration);
}
ProcDecl->setDecls (Decls);

ProcDecl->setStmts (Stmts) ;

auto RetTypeDecl =
dyn_cast_or_null<TypeDeclaration>(RetType) ;
if (!RetTypeDecl && RetType)
Diags.report(Loc, diag::err_returntype_must_be_type,
Name) ;
else

ProcDecl->setRetType (RetTypeDecl) ;

HLer B ZEA R, ARl RARE L. XH BOOLEAN Al INTEGER ML K& TRUE

N FALSE FMH{H . XYL ILA/E T4 R A kb, 2 g e )7 . Modula-2 i TiiE XL T
—¥, 41 INC = DEC, WRNZMME| 4 mIEH. SeiRrnzs, 4 R0E SR G R .

void Sema::initialize() {

CurrentScope = new Scope();
CurrentDecl = nullptr;
IntegerType =

new TypeDeclaration(CurrentDecl, SMLoc(), "INTEGER");
BooleanType =

new TypeDeclaration(CurrentDecl, SMLoc(), "BOOLEAN");
TruelLiteral = new BooleanLiteral (true, BooleanType);
FalseLiteral = new BooleanLiteral(false, BooleanType);
TrueConst = new ConstantDeclaration(CurrentDecl, SMLoc(),

"TRUE", TruelLiteral);
FalseConst = new ConstantDeclaration(
CurrentDecl, SMLoc(), "FALSE", FalselLiteral);
CurrentScope->insert (IntegerType) ;
CurrentScope->insert (BooleanType) ;
CurrentScope->insert (TrueConst) ;

CurrentScope->insert (FalseConst);
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w

A TRXATTR, tinylang P B P THELER AT LLSE R B, B A &/ AW 2,
Liilvs

o WEAWAKCTEGI HEEE.

o MRFIEXWMILE R TR, EHZREFEHAE MR,

FENRIENENE AST 5 s, AT U MoK IX S R RN 238 X s b e [BIRE, WTRLTHE
FRAHH B

TEARH I, FHARITE R EH LU R IR R e s, Bilhn. SR e A &
FAERT, P DMSE F —F RO RS R 7 . AR — OB, 205/ S8 AST ki I
N (IXAEAE G WIA) 2 AT RERT ) o TR B A, AU HNTTEGIE T — M EdBiin) AST, &
DA TARRS Al 88, 3XAS AST af BLH T — B 10204, wT DAARYE 75 24T T 8 i 04

BAF AT, R RN . TSRS AR, IEB tinylang BREF A2 A S .
JEE I, AT TR R RG] R AE SRR

=N

#include "tinylang/Basic/Diagnostic.h"
#include "tinylang/Basic/Version.h"
#include "tinylang/Parser/Parser.h"
#include "llvm/Support/InitLLVM.h"

#include "llvm/Support/raw_ostream.h"

using namespace tinylang;

int main(int argc_, const char **xargv_) {
llvm::InitLLVM X(argc_, argv_);
llvm::SmallVector<const char *, 256> argv(argv_ + 1,
argv_ + argc_);
llvm::outs () << "Tinylang "

<< tinylang::getTinylangVersion() << "\n";

for (const char *F : argv) {
llvm::ErrorOr<std::unique_ptr<llvm::MemoryBuffer>>
FileOrErr = 1llvm::MemoryBuffer::getFile(F);
if (std::error_code BufferError =
FileOrErr.getError ()) {
llvm::errs() << "Error reading " << F << ": "
<< BufferError.message () << "\n";

continue;

1lvm::SourceMgr SrcMgr;

DiagnosticsEngine Diags (SrcMgr) ;




28 SrcMgr . AddNewSourceBuffer (std:

0o 1lvm::SMLoc ());

30 auto lexer = Lexer (SrcMgr, Diags);
31 auto sema = Sema(Diags);

32 auto parser = Parser(lexer, sema);

33 parser.parse () ;

:move (¥*FileOrErr) ,

IREAR CETER T tinylang FHT S 5L EA!
PAE, EFRATZER— T H AT 2R 7Y
£RA7N Ged.mod SCAH:

o LUNZRJLESG R K AL

A BRI SE L PR A RS ,

MODULE Ged;

PROCEDURE GCD(a, b: INTEGER):INTEGER;
VAR t: INTEGER;
BEGIN
IF b = 0 THEN RETURN a; END;
WHILE b # 0 DO

t := a MOD b;
a = b;
b :=t;
END;
RETURN a;
END GCD;
END Ged.

AEBRATH T I O i 38 AT 2 1 45

$ tinylang Gem.mod
Tinylang 0.1

Bk TATERRIRRA S, WA HIH, X&
TEVRER, WPFTER S R YE
T—&wdr, IRATE @ RIS Ak Bk 4k g%

o A SEBL TR

WHESS -

Uy AHA, WORAE T SR AR, A3




+
BEG

Amr, S5 T AT Mg A BOR . WIRUH B4 JRIJT AR, BONRRE M ds Al Ar s Al
Bt Gl T AR . Dy T IR R, BYTR TEUA W LLVM 2K, fevrSE TP AR
Bo WED TS HET O 270 B LNE .

SRR, S5 T AR A A A ISR VT AR A AR LR SRR, LR e 2R R
AR T IX T T AR . AR SO as AT IR 5 T R PN IR U &, R ST a8 A1 AST 14
ARl

G TAEMSE R —MEWE N AST, T —FAHeRE A e AR TR ACRSA H AR .



£ 5 5 £k IR—EAER

ERNGREE S B T BIHRIEERN (AST) 25, F—/MESZMNEAER LLVM IR 145,
LLVM IR A5 EELT =tk ACRS, BA ANKEmMRAER. Bk, RITFE-MREN T, K
T Qg i 4540 2 AT F SRR B BRZ IR LLVM IR

A, 4% LLVM IR BEEREATHE, LRI AN AST Ao hilim gt A ik IR 0¥
ST A AR, NERS B AED (SSA) R RIFRIA A LLVM IR. &5, &% 1A
L 4 SCAFN H ARRRS .

NS LT D S RS

o ] AST ERL IR

o fHFH AST ZmfgA=pk SSA 1 IR ARH5

o WEBHAIK)

RELRNS, TV E SRR S VRS AR, LI B AR H 2
SR

NEPS AT

A PRI A fEhttps: //github. com/PacktPublishing/Learn-LLVM-12/tree/master/
Chapter05/tinylang3KH}.
PRA] LAERR AT b 3% #1488 ht tps: //bit . 1y/3n11hED.

£ AST £ IR

LLVM B4 sl 52 TR il MBS E N, R 30y B AR B0 g oA, 141
2R AST FoRi#oh IR. N 7Sl IR RIS AE S, ATV et E — MW RG], REHT
RACKS A Rl s BT 75 128 . SE B SEEKE 43 N =4~ 25:CodeGenerator. CGModule 1 CGProcedure
2. CodeGenerator Z& % PEas XA 7 FH B L . CGModule M1 CGProcedure KIORAF T
99 BB T AT ERAN B A A TR ARRE BT 75 IR

Ny, BATEREFE Clang R IR,

THE IR X553

R TR ARRS 2R, B s TR IR S M EZIUER. (250 3 B, WO a Mz 7 i# 1 IR.
PAGEL IR B RITERN T clang Kt . Hl0, RAFLLT C JAUH, &sEdl 1it5Emi
G0 FNANAE UGN NG R A7

unsigned gcd(unsigned a, unsigned b) {
if (b == 0)
return a;
while (b != 0) {
unsigned t = a % b;

a = b;



https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter05/tinylang
https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter05/tinylang
https://bit.ly/3nllhED
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return a;

R DME R BU R a4, B IR UM ged l:

$ clang —target=aarch64-linux-gnu -O1 -S -emit-llvm ged.c

IR 155 HirE %, Zam4dHT47% Linux 3335~ ARM 64 2 CPU H¥ECHF. -S kIiiER
clang i —MEFESCAE, Wik N -emit-llvm, G18—A IR CAF. RALES-01 T3R5 5
R IR ARG, FH— FAERK S, FFHEME C FEACT MRS 2] IR, 75 CHEMTIES, H Itk

= H

G-

; ModuleIlD = ’ged.c’

source_filename = "ged.c"

target datalayout = "e-m:e-i8:8:32-116:16:32-i164:64-
1128:128-n32:64-S128"

target triple = "aarch64-unknown-linux-gnu"

BAT IR, U] TR MR IRAT . N AT, SRR VISR SR 44 . KT clang,
P —HE.

target datalayout FRFH AL | — A B B SAN H-ET. AFELUTE R

o /e RMRAE A AR R A I e A A . R E R, T RMER RS ) B
RN H TR S ARG, XH, me R/REH ELF A mangling.
£ IN:AP AP H 18:8:32, F55E T HIEMIXS 75, DMLy L. 28— Ey e ABI
PTG T R E AR 55T X T bytes (i8), ABI X552 1 77 (8),
HIEXS TR 4 T (32),
n $87E 1] AN Z AR 85 KN e n32:64 BKAE AN ICHF 32 A1 64 758 84T
s TREHERR BN 557 3, [FIRE AR A7 . S128 RoRHERR RS 16 71X 55

Hir B0 3E 2 HEE, IR 2% T Mhttps://11vm. org/docs/LangRef . html#
data-layout.

)5, target triple FfFHFEE T RATE R IFMIRREE M. S TRANEM ST HRAENEER
P, XA DR, IXANESE 2 3, LT TIRART .
Bk, 78 IR XA X ged BREL

define i32 @Qged(i32 %a, 132 %b) {



https://llvm.org/docs/LangRef.html#data-layout
https://llvm.org/docs/LangRef.html#data-layout

KRBT C PR LS4 - unsigned BRI PRH Ty 32 A B 132, 4Ll @
TENRETEE, SR D% RN . REUA RIS S ok, IR

entry:
Y%cmp = icmp eq i32 %b, 0
br i1 %cmp, label %return, label %while.body

IR ARSI A e 250 RUF R EARRE TR S MY, e AT bras I an, L&k
B (B, 7y SCEiR AR 4) 4R, B, A EARHE —PADSH— O A LIVM 712
VRAERIE I HH I T B e AR B B8 — AN EEARTLIFR 2502 entry. Herp ARG AR (] 52 55— 4 L
BZH%b 0. 5 8433 E] label return, WA AE, W42 F] label while; #2644 1R,
D 3% [

IR ARRS ) 55— MRF a2 SSA TE . ARRSAEFH TR B B i I a2 4%, R AR WS
— o LRSS AT BLLA 18 8 BB A A7 48 Yocmp. XANFFAEABE G 2 H, (HEXKEA2HE AN,
W B A A LT RIA R BR BRI TE SSA R TAEMRAER I, FrA A 125 #7E
e .

T AEEAYZ while FIFEFFA:

while.body:

%b.addr.010 = phi i32 [ %rem, %while.body |,
[ %b, %entry |

%a.addr.09 = phi i32 | %b.addr.010, %while.body |,
[ %oa, Yentry |

%rem = urem i32 %a.addr.09, %b.addr.010

Y%cmpl = icmp eq 132 %rem, 0

br il %cmpl, label %return, label %while.body

£ ged fE3AH, BT a M b SHLUFHE. WR-ADEFARRREEAN R, BaRLIETRI.
fif R I IR A FIRFPRIN) phi #84, phi $8&A — MEABIIRAMEFNSE — DEARBERIRE
LREEA BN, EHHUE ARG . EISATH, phi 8K ATHAT A RIS S5 S
B R IIARZEREAT ELEL

B2 IE SRS ME AR XT3 —A phi $84, WUERZATHATHZEADUR while.body,
WHE A Yorems QIR entry & AT H AT FIZEA TR, WHZAE N %Db. X EEAE LT R A BRI 45 48 70
%b.addr.010 M5 —> phi 5 PR —ME. FE25 A phi #§2HISHBIR T 1R E A7
v, (HIZAEBOE il 56—~ phi $52 SUR B Z AT HIfE .

FEEARZ 5, 2R FEIR [F R :



return:
%retval.0 = phi 132 [ %a, %entry |,
[ %b.addr.010, %while.body |
ret 132 %retval.0

FIFE, €M) phi $8 REFFTFTAME. ret $8 AT AGIRIXAN AT, KRz ez
TSR R IR IEHEIE NS HL.

XtF phi #84 BIMEHAA S8R, DI EEABEEE —MEL. B DEEARTURRFIRN: A
BAEEZHATE . Bk, ABELL phi 54 7T4R.

IR AU A G B RRIRG C i F LIS S KRS . REXIEEEL, FATEAFH LT AST
BANERCIR AU, Reld phi $RFERBMEAR, £ T —3d, AT RRSEIER
SEHLIX — K

T RRmE-FhE

LLVM [ A A #R 3 T3 LR oR I SSA k. X TF 2R E, HEHNESIH. IR &
T ANTE TSR URIAF A 1 S A I R AE A HE 4, rT LUK TR A & . X285 4 A2 SSA
T3, LLVM &0 a4 e A 1 40l i 7 1 SSA T Rk, mTLUNEAS R EAE & NAE,
AT 4R 2 L EATRE .. SR HZICEIR AR B NAFRITEER, clang Jaika3 8 FH 1
R IX PP T

BAVE BB IR IR AR, IR ged.c, XIRAE AL

[ $ clang —target=aarch64-linux-gnu -S -emit-llvin ged.c

ged BRBIERERAR 1o KR DA

define 132 @Qgcd(i32, i32) {
%3 = alloca 132, align 4
%4 = alloca 132, align 4
%5 = alloca 132, align 4
%6 = alloca 132, align 4
store 132 %0, i32* %4, align 4
store i32 %1, i32* %5, align 4
%7 = load 132, i32* %5, align 4
%8 = icmp eq i32 %7, 0
br i1 %8, label %9, label %11

IR gL ] LA B SE s A B AR S, RIRE SRR BRI T, Efii1Z%0
%1 . FEARBEATIREE, PTEARIEN 2. 28— a0y 4 A 32 AT NAF . 25, ZH%0 A%l
AABAE AT A5 %04 F1%5 Frig MBI NAE . ZPIITSH%1 5 0 kL RN AAAInEGZAE (18



FHIX A5, TAGE phi $84)! MG ATELAAAAEINE —ME, XHEBATHE, IPRFTHEA# A
e BRI, AR RIRJA TR RE. ged BN ITA HAl A RAE IR
DX 7 A N7 18 2 P b, A IR ARRSAH M2 5o SR, TN AU
SSA XX Ja, FAMKE IR 154, LLVM AR — MU P BRI mem2reg 1818 I FRIX L4
E4. B, ATEELL SSA B4k IR AR .
FATRE RN BIEEATI G, RIFEHIT R IR ABSE L.

T HI R AR G 2 B AN R

WIRT—TRTIR, A RAF A RIS MR IETF A, — N EABAT LU phi $84FF 4, 2
A= SCAR G . FAE T, ANV phi My 4. A FEATEE — s, Frid
TR E — T8 BRI IBL W HR. LUK 3 AR AN A (R A i, AT fS
FEFIRE (CFG). — AN EABER AT UG BT S4T30 — AN R AYUR SRR (RF
AR HAEE ZHT) -

T IX S R, JEIE 5 R HER) (W WHILE 8¢ IF) &4 LN EAR, iERAITEE WHILE
WHH), WHILE &) () s SRR PUTIE ML R AT N — 2518 0] . SRR E S B A
AR, DR A S e

o M WHILE f&¥ 2 8 (35 R 72 AR ) S A B
o TEIRA A S 43 52

WA A 5 4k

o PEIMEITFUGES >

o 1 WHILE f&¥ J5 B8 a) F= A= 1 A B
PEIMAA 5 /0 F — N FEA .

| WHILE condition |——
A

A 4

| WHILE body begin |
1

| WHiLE k;'ody end |

A\ 4

| Next basic block |

I

K 5.1 -WHILE i&A) [ A5




o

IR A G IX AN 458 . 7E CGProcedure ZRH A7 fif— N8 17 4 AT FE AR [ $8 4T, FHEH
llvm::IRBuilder<> HI51, Kig@ARIREA Y, B, QAL

void emitStmt (WhileStatement *Stmt) {
llvm::BasicBlock *WhileCondBB = 1llvm::BasicBlock::Create(
getLLVMCtx (), "while.cond", Fn);
llvm::BasicBlock *WhileBodyBB = 1llvm::BasicBlock::Create(
getLLVMCtx (), "while.body", Fn);
1lvm::BasicBlock *xAfterWhileBB =
llvm::BasicBlock::Create (

getLLVMCtx (), "after.while", Fn);

Fn B REFERYHTEE, getLLVMCtx() #&[8] LLVM bR, WEESEZ GFRE. BRITH—
ANFEARE 73 SR S5 R S BT SEAR R, (RAFZ ST

Builder.CreateBr (WhileCondBB) ;

ST LA T B 2 BT AT . AT BRI LA AR 20 S A5 A R

setCurr (WhileCondBB) ;
llvm::Value *Cond = emitExpr (Stmt->getCond());
Builder.CreateCondBr (Cond, WhileBodyBB, AfterWhileBB);

BRR, AEMAEIAME . AEouEJa— %164, IATAFZMREEART I — 032

setCurr (WhileBodyBB) ;
emit (Stmt->getWhileStmts ());
Builder.CreateBr (WhileCondBB) ;

XA T WHILE 5A) . WHILE 15 ) J5 T 175 5 AR PO B #T 1 24 iR AR e

setCurr (AfterWhileBB) ;

IR, AT PUORIEE B R MER) B emit() T,

£ AST mi3E R SSA A IR

NT M AST A SSA JEH IR Gifd, FAVEM T —FFky AST RESH 575, A BER,
TR AL, AR AR A Jay A & (0 2 T AR

HIRRE R, BT EILND . BATR B e AR a4, AR5 SEOL SEA LR
BT )5, BB LA E, IHaEE I eIE K phi #8045 H 45T

EXREFENHIESEN
] struct BasicBlockDef RARAEFANBLHIE B




N

struct BasicBlockDef {

llvm::DenseMap<Decl *, 1llvm::TrackingVH<1llvm::Value>> Defs;
//

3

LLVM 2§ LLVM::Value £R— SSA JEM{H, Value KMIMEHZRLL TR R FRFR%.
BRI IR 80K, AEMH. E&FRAGEE T TR E H . Flan, R
MENE %1 N%2 BRAEFER], AR LK %2 K &A%, Xt Rgs, EASHERTE.
T RIX AR, AREEBEMH Value 25, MR, FATHE—AMEAW, GAFEDEERENN. 2
PREZ S, EEH llvm:TrackingVH<> 95, [F, Defs i i AST K (BRESEASH) m
SR HTE . AR TR ZE A EARYA AL X LE B

llvm::DenseMap<llvm::BasicBlock *, BasicBlockDef>

CurrentDef ;

A TR BAREH, AR AL R A T

EEERRNEERME
N T K AR W S AT EAA AR L — DA, NS fER R e — A5 H:

void writeLocalVariable(llvm::BasicBlock *BB, Decl #*Decl,
llvm::Value *Val) {
CurrentDef [BB] .Defs[Decl] = Val;

AR ERMAME R — R POMETREAEREA . XAEOLT, 75 60 A 7T RE A 1%
R RY B AT LA SEA S

1lvm::Value *
readlLocalVariable(llvm::BasicBlock *BB, Decl *Decl) {
auto Val = CurrentDef [BB].Defs.find(Decl);
if (Val != CurrentDef [BB].Defs.end())
return Val->second;

return readLocalVariableRecursive (BB, Decl);

HIER) TAR R R AT LA, SRR T — sl

BERA—MRUERE

WA TEE S H 1 G pT AT G — AN, IASTER B R A EE . R EARYAH L
AETER, A4 T EM R X M, JERERE IR AT X REN, TSR BT
W WHILE 154) &R B AT




EANBEARYA B AT ——A K 3 WHILE 738 2 BifE5), 57—k H WHILE f§# 34k 1)
o FAFHRE AR RN ZA — A WILAME, JEERFTRETEME AR S k. LA, 75 BRI e
XM B —4 phi 164 . 1 WHILE i&6) 82 (3L A B & —AMER

EABATIE A R AT — N, B DL AGT X ANMERR . ik, 752 — AR R T ——
A% phi #84, I F AL ERYEME. WREER P FHXE BRI, BAm
SRIMEN L EAE, RIS E, HERRBA I ERATE T A rMEZ )G, A0 phi
Fa AT

AR TG — AN ). BRI, FEARITA AR AT M. XREATREE? &
& WHILE EH) ARG . B e G %0 IR, (HA body YA B & B 306,55 2% 44 1)
FEARB 5y A BEAE AR body 1 IR ZJGEMN, FUONXANEARYZ Gl AN ENE R R H 2%
PR — MR R ME, e RE, BRI MR — MR E A .

BHRULIXA ), BT 2

o HG, HEAUIN—ARE.

o SNJE, WIHRHEEASRPI AT, BE X AN AR CEENT EARYGR AR, A

A ARIEAN AT AR e R A, AN —A 2 phi $84

o FRAE T EAIEIXMRIR . ZIRZ JE I, 7 SERRE S R 4 IncompletePhis ff] map

W3R T HEEHN phi 54, Sealed hRi&# LA 75 5% )

1|11lvm::DenseMap<llvm::PHINode *, Decl x*>
2 IncompletePhis;

sjunsigned Sealed : 1;

o WG, ZINERSEILINT:

|11lvm::Value *readLocalVariableRecursive (

2 llvm::BasicBlock *BB,

3 Decl *Decl) {

llvm::Value *Val = nullptr;

if (!CurrentDef [BB].Sealed) {

6 llvm::PHINode *Phi = addEmptyPhi (BB, Decl);
7 CurrentDef [BB].IncompletePhis [Phi] = Decl;
Val = Phi;

9 } else if (auto *PredBB = BB

10 ->getSinglePredecessor ()) {

11 Val = readLocalVariable (PredBB, Decl);
2|} else {

13 llvm::PHINode *Phi = addEmptyPhi (BB, Decl);
14 Val = Phi;

15 writeLocalVariable (BB, Decl, Val);

16 addPhiOperands (BB, Decl, Phi);




18 writelLocalVariable (BB, Decl, Val);
19 return Val;

20| }

o addEmptyPhi() JJIEEREABEIFLAE A —2%7 phi 84

llvm::PHINode *addEmptyPhi(llvm::BasicBlock #*BB, Decl
*Decl) {

N

return BB->empty ()
7?7 llvm::PHINode::Create (mapType (Decl), O,
" BB)
6 : 1llvm::PHINode::Create (mapType (Decl), O,
7 " gBB->front ());
sl }

o N THHURINERIEEONE] phi #84, FATE S REARRI A RTE, 25k B E RO E
AMEARBNE] phi $54 4. Ra, Zalfitbis<

void addPhiOperands(llvm::BasicBlock #*BB, Decl =xDecl,
2 llvm::PHINode *Phi) {

for (auto I = 1llvm::pred_begin(BB),

1 E = 1llvm::pred_end (BB);

I '= E; ++I) {

6 Phi->addIncoming (readLocalVariable (*xI, Decl), *I);
I

s| optimizePhi (Phi);

RMEIL P EA L ER] phi 152 REREES S U WA IR F

RALERLEY phi $5€
BATIAI AL phi $54, J9tt A BERXAER? BR SSA B 2 AR AR, (EEZEH
TCVERLR phi $54, FrUASTHASOUL. B, FRATARE phi 484 2B/ BilT-

o WERIES RA MRS A BRIESHEA MR E, WX MEBHIES. WRELSEH
BAEEL WAHRFRE Undef B H0ZIES . HA LIRS AW MAFKHRELN, 4 FH%E
TREEE 2

void optimizePhi(llvm::PHINode *Phi) {

2 llvm::Value *Same = nullptr;
for (llvm::Value *V : Phi->incoming_values()) {
if (V == Same || V == Phi)

continue;




6 if (Same && V != Same)

7 return;

8 Same = V;

of }

10 if (Same == nullptr)

11 Same = 1llvm::UndefValue::get (Phi->getType());

o MIER— phi 52T AES FEHA phi FHA RN S AT REAIAL phi 52 H1
WiEJE, 2RI R &

1 llvm::SmallVector<llvm::PHINode *, 8> CandidatePhis;

of  for (llvm::Use &U : Phi->uses()) {

if (auto *P =

4 llvm::dyn_cast<llvm::PHINode>(U.getUser ()))
: CandidatePhis.push_back(P);

s 1}
71 Phi->replaceAllUsesWith (Same) ;
8 Phi->eraseFromParent () ;

9 for (auto *P : CandidatePhis)

10 optimizePhi(P) 5

WARTE, ZHEPGeT LDt nBLEFEIFCEM DA RKE, 1A ZEAEA phi
LWMESIR . ettt B AP AMEAR S UIIRLE phi FRLMFIERF . WA, A HIE
B AT BN 7o HEERA MO, ZADAFIEWISITRIRR, P AN TIAE AT S

o

PAMREITE T A HE IR BAILBA LI, FATRAET —Fh 4Ll

FETIR

REIRAT AN TE — AN A AT Ee, il DA Bz, wiRUEE 5 R e & dmiEa), i
tinylang, AAIRE D W ER T FEH A E . HREFRN WHILE &AM EAS. A5
ARV AT UE R G, W SRR, RO 2 G — AN AR AT, EEE AN,
R R b KA E B N 2 A 52 81 phi 1849, I EFRE:

UN

void sealBlock(llvm::BasicBlock *BB) {
for (auto PhiDecl : CurrentDef [BB].IncompletePhis) {
addPhiOperands (BB, PhiDecl.second, PhiDecl.first);
}
CurrentDef [BB].IncompletePhis.clear ();
CurrentDef [BB].Sealed = true;




N

A7 RREETE, AT LU RIE AR IR AR T

AFIEX B E IR K5
— MR, RATCAIZ IR EE 3 B Ym PR MO SE MR BN BRI 2, ME—AG X A 4 A AT e A
o LAY EHAE, HIGH ARG E, ERMFE SIS — N F B4

o XTHREREAAE, [FH E—TH K readLocalVariable() 1 writeLocalVariable().

o XFTHEMEREPREMALR, 25 E IR 5 8RR AT A B

o XT AR, ERINBMAGETE S

o WTRASH, BAX 3 HAEEEMI% 5| HEE (tinylang ) VAR 230 #E~4IEISE
PN R AR, %5 RSN SRy & R &

P IR AL kS, AR LA 20 T A0S, Mol A B & s NS 4

llvm::Value *CGProcedure::readVariable(llvm::BasicBlock
*BB,
Decl *D) {
if (auto *V = llvm::dyn_cast<VariableDeclaration>(D)) {
if (V->getEnclosingDecl() == Proc)
return readlocalVariable (BB, D);
else if (V->getEnclosingDecl () ==
CGM.getModuleDeclaration()) {
return Builder.CreatelLoad (mapType (D),
CGM.getGlobal (D)) ;
} else
llvm::report_fatal_error (
"Nested procedures not yet supported");
} else if (auto *FP =
llvm::dyn_cast<FormalParameterDeclaration >(
D)) {
if (FP->isVar()) {
return Builder.CreatelLoad(
mapType (FP) ->getPointerElementType (),
FormalParams [FP]) ;
} else
return readLocalVariable (BB, D);
} else

llvm:: report_fatal_error ("Unsupported declaration");

AN B ASECEN IR, A& ER RN ITE S S5, M store 154, T

& load 54




FENOR, ENRREUAE R IR ACHD I R X 2L bR K, RATTREAERE T R SEHLIZ L pr 4

TSR TR RT3

KL IR ARTGHAFE T BRI AR FIESRILT C hiNmEL BI0E T 48, 2%
KBRS B (R 0T R, OIS SRUT O
B, IR BRI A, AT LR R, BT e AT T,
e BT B AT LA

5 A EREfE R EIHR 5 X iEH T i

PR (DL A R &) A M eaEEere 2. ARG, FRATE LT RS 2 0 m W tk, B
KR 2T BA MR AN AR A4 o IR R R A A RIS m U 1 . HAFA
AR SN AT g oo R T L, TR SRR AT 5 2 4 R T I

XTERAEYEIMSIES, W C, XEW 7. XI T, BAMTFEMEZ R TIE. REF
— 4N Square FIBLHUIR ML T —4> Root() %L, 11 Cube BEHIRME T —4 Root() %L, R
BRECERAE R, WA NS . ZREIREZFR Root MAAE#ER:. R FHEE, BHHAR T, X
FERR AT DLE ARy B o AU FH B A4 R AN 1Y, DR pR A4 AN —

R TT R B AR, AR, X s, R — BT EF 1
R ARFAE . RATHIG 5 rp, BABAR RAT B M B A S REIE— D2 RME— 4. il
H Square.Root ENHFRE K2 —AFRAIfRRTT S, A fe FEOC WA TR RS, K4S
AIREA RFIRI & o FRATA TR AR L PR 2 (B 2 BRAF, 1 A& w] DA 44 FRALAT B K BEAE i
2%:6SquaredRoot, MIMFHRSIRMAIR . XAZ LLVM & VERRIRET, E0] DS 7E #A 2 R T
ikt (¢t 48K tinylang): _t6Square4Root MR )@l . I IX A7 3, JATAT LAY 5 BT
T, FRENEME— R

std::string CGModule::mangleName (Decl *D) {
std::string Mangled;
llvm::SmallString<16> Tmp;
while (D) {
llvm::StringRef Name = D->getName ();
Tmp.clear () ;
Tmp . append (1llvm::itostr (Name.size ()));
Tmp . append (Name) ;
Mangled.insert (0, Tmp.c_str());
D = D->getEnclosingDecl();
}
Mangled.insert (0, "_t");

return Mangled;

WERVRBIIETE & SRR E R, A TEM LB LR XA E. #lu, ATXS C++ &R
£ int root(int) 1 double root(double), T&ZHIZEAIFIIR [AIME 72NN R L H .




EIE T EHB A M AR, O SRR 0 K AT TR fE C++ AR E
PR RIS, AR AR RER A K. FTBL, Cd 58 30T AN R4 7 SR 3 S Il
Mo B 5 Ay 4 AL

B, BRWMEHESHRM,

BRI AST EiRsE#H s LLVM H
RSB FEELE, 50, TEKBFEES WA R LLVM 8%, KA tinylang H 81
HE MM

-

llvm:: Type *convertType(TypeDeclaration *Ty) {
if (Ty->getName() == "INTEGER")

return Int64Ty;
if (Ty->getName () == "BOOLEAN")

~

return IntiTy;
6 llvm::report_fatal_error ("Unsupported type");

Int64 Ty Int1Ty FJERH void #AZZER D, EAFFA LLVM K8 i64. i1 Fl void HIRAIE
No

T g ISR RS ER AR, %S5 LLVM KA. AR Rt 9%
EIEASH:

-

llvm:: Type #*mapType(Decl *Decl) {
if (auto *FP = 1llvm::

¥

3 dyn_cast<FormalParameterDeclaration >(

1 Decl)) {

llvm::Type *Ty = convertType (FP->getType ());

6 if (FP->isVar())

7 Ty = Ty->getPointerTo ();

8 return Ty;

9 }

| if (auto *V = llvm::dyn_cast<VariableDeclaration>(Decl))
11 return convertType(V->getType ());

12|  return convertType(llvm::cast<TypeDeclaration>(Decl));

A VX TR, B EURAIE LLVM IR K%

8] LLVM IR FHR#
FAE LLVM IR Wit s, F 8 - ANREEER, XRUT C R A, 78 R $eR i 5
ST, SRIG R T 7ok ) i o B s 7Y

i|1lvm::FunctionType *createFunctionType (



ProcedureDeclaration *Proc) {

1llvm::Type *ResultTy = VoidTy;

1 if (Proc->getRetType()) {

ResultTy = mapType (Proc->getRetType ());

of )

7 auto FormalParams = Proc->getFormalParams () ;

8 llvm::SmallVector<llvm::Type *, 8> ParamTypes;
9 for (auto FP : FormalParams) {

10 llvm::Type *Ty = mapType (FP);

11 ParamTypes.push_back (Ty) ;

o}

13 return llvm::FunctionType::get (ResultTy, ParamTypes,
14 /* IsVarArgs */ false);

IRYE AR, FATEEIE T LLVM sR%, R R AR 5 BE R A1 5 (1) 2 AR ORI K

llvm: :Function x*

createFunction(ProcedureDeclaration *Proc,

3 llvm::FunctionType *FTy) {

4 llvm::Function *Fn = 1llvm::Function::Create(
Fty, 1llvm::GlobalValue::Externallinkage,
mangleName (Proc), getModule());

getModule() 7R A1 24 /i /) LIVM RH,  F 5 Bl TR xof otk 47 % B .

SIS, TTURIERINEZMER. ', TUAHSENAK. X IR HA
setE. HR, mTCAR BRI S Eo g e, DR E — SRk, Blan, T RAShE L 5] AR 0 2 40
ATIXFE A

MW LIVM JERE, XRESHGRIRE . (HRNIFIES BITRE, X2 IER 2RI E . 2
T C++ 15 H, TEH VAR 28dee — M &E. i, @i, JAOTMEX N aE KA N
7, M H R ARG A, X ERAE AT BLE A DR MO i KBS S R F BB . TR, XA R EF AN RE
fid o FEAIHE, VAT TRET IR A L bR B0 AR (] G . BRI, FRATT U RR B A 3R

AttributeBuilder ZXH T AR SR IEIEE . ZEJIFSECEBI RGN, v DL S 25 1) 4
P 45 1)

1 size_t Idx = 0;

2 for (auto I = Fn->arg_begin(), E = Fn->arg_end(); I != E;
3 ++I, ++Idx) {

llvm:: Argument *Arg = TI;

FormalParameterDeclaration *FP
6 Proc->getFormalParams () [Idx];
if (FP->isVar ()) {

~




llvm::AttrBuilder Attr;
llvm::TypeSize Sz =
CGM. getModule ()
->getDatalayout () .getTypeStoreSize (
CGM.convertType (FP->getType (D)) ;
Attr.addDereferenceableAttr (Sz);
Attr.addAttribute(llvm::Attribute::NoCapture) ;
Arg->addAttrs (Attr);
}

Arg->setName (FP->getName () ) ;

}

return Fn;

BUERANCAEE T IR Thig. T, A TR & UA I A TN 21 o8 Ko

E 5 AESE- G
FADUF5E R T ) IR AR JATR T ZR A H A - mT LA R R 2L

(EREATEELN

o 435€ tinylang A FEF I, SE 00 s BCSRTUAN o8

1|void run(ProcedureDeclaration *Proc) A
2 this->Proc = Proc;
Fty = createFunctionType (Proc);

| Fn = createFunction(Proc, Fty);

o FERR, QUEBRBUNEE —NEAYL, JRRH B E AT

1 llvm::BasicBlock *BB = 1llvm::BasicBlock::Create(
2 CGM.getLLVMCtx (), "entry", Fn);
3 setCurr (BB) ;

o AREmWITALARSE. N T IEHLE VAR S8, 7FEVIHN FormalParams B (1E
readVariable() H{{H). SRMEEAF, BASHAEL —NHEAYHH—ME, Frilixes
72 AT

1 size_t Idx 0;

CurrentDef [BB];

auto &Defs

N

for (auto I = Fn->arg_begin(), E Fn->arg_end(); I !=
E; ++I, ++Idx) {

5 llvm::Argument *Arg = I;

6 FormalParameterDeclaration *FP Proc->

7 getParams () [Idx];




FormalParams [FP] = Arg;

9 Defs.Defs.insert (

10 std::pair<Decl *, 1llvm::Value *>(FP, Arg));
11 }

o FRBLXABE, ATRLHA emit() J7EERITAE NE A AR IR AURD:

1 auto Block = Proc->getStmts () ;

ol  emit (Proc->getStmts());

o AR IR RSG5 e — AN REIE A % B, BILILE T A sealBlock(). tinylang H )it
AIREA RN return, FrRLSER A &K — MEAREEH SENL LR, WARKA, §n
=

sealBlock (Curr) ;

)

if (!Curr->getTerminator ()) {
Builder.CreateRetVoid () ;

XETE R T R IR ARSI AR B BADIAATR Z A LLVM Bk, BRI IR R
_‘@o

& B RRFNRENTE 7

AT LLVM BB e S g 13 S M BT B AU 2 AR . O 17 (8 TR BIZE AR, BA TR AT
JUHTH PR B B A ARG R AR 2P o BRAG — N IS, 075 2 E SCEONHAE S 1 H AR
ARG, FAIAESAIS ) Passo FATHGAE F —E AP SCOLFTA XL, wise MU A as IH A o

BERBEKS

IR B A T 9 o E U A TR KA 5 AR, AT PR E 20 1 75 W,
FelE R E, AL AHAREA K. tinylang H )4 F28 & 2B F) 1lvm::Gobal Value 2517
SEf] . IXANBLEARAFAE Globals 1, Fa] F Tl FEACHS 1 4E B

void CGModule::run(ModuleDeclaration *Mod) {
for (auto *Decl : Mod->getDecls()) {
if (auto *Var =
llvm::dyn_cast<VariableDeclaration>(Decl)) {
llvm::GlobalVariable *V = new llvm::GlobalVariable(
*M, convertType (Var->getType (D),
/*isConstant=%/false,
llvm::GlobalValue::PrivatelLinkage, nullptr,

mangleName (Var)) ;




Globals[Var] = V;
} else if (auto *Proc =
llvm::dyn_cast<ProcedureDeclaration >(
Decl)) A
CGProcedure CGP(xthis) ;
CGP.run(Proc) ;

AL FFA LLVMContext 28, FF2E47 5 FIR0 LLVM 287, J534% T2t Bln: X+
64 7 B

Int64Ty = 1llvm::Type::getInt64Ty (getLLVMCtx ());

CodeGenerator K454 LLVM IR #ib, FiEFZBE AR A ple . B Z, XA
ZUEE AT AN B bk REER A ARRY . IXAME B AE llvm:: TargetMachine ZS8Hf&i6, 7EIRBNFE
FHRE:

void CodeGenerator::run(ModuleDeclaration *Mod, std::string
FileName) {
llvm::Module *M = new 1llvm::Module(FileName, Ctx);
M->setTargetTriple (TM->getTargetTriple () .getTriple ());
M->setDatalLayout (TM->createDataLayout ()) ;
CGModule CGM(M) ;
CGM.run (Mod) ;

N TR, IR AE ARSI T ) 5

CodeGenerator *CodeGenerator::create(llvm::TargetMachine *TM) {

return new CodeGenerator (TM) ;

CodeGenerator 252 fft 7 QI IR AARSHIHE L, ARHIESEHMFHWANETF TN LR
BT, 5 SR SR B LA B A B

LR A= RIS

WAE, REbalgd BRI, EHEANLEE B, ATE T HTAERMAER CPU R4,
XFF A CPU, & Al DU A — 28] A R RS2 GRS AR 1, Ban: CPU A& R 4504 K R BT I
CPU A LASCHF B84 ML ReE, FRATAT AT I sk Al n B4R S W . A T SR AT 247 1
BRI, LLVM $24t 7 —2 30 FR5. 7E Driver 289, 0T ELR include 28

#include "llvm/CodeGen/CommandFlags.h"




N

XA include A28 9% ¥ S SRR FPA N 1 K 6 AT IE ST, VP2 LLVM TRt X Sy
RATIET, AR PSR T A AT (RS 4R Hbs = e k). thHXAEH I,
P EABATA I T 3 A:

static cl::opt<std::string>

MTriple("mtriple",

cl::desc("Override target triple for module"));

QI H ArpL e A
o NTEIREHRHE, BRI A FRL UL 35 45 bR 4L

1llvm::TargetMachine *

createTargetMachine (const char *Argv0) {

o WEEMSATIRBIPTAERE . LU T RAUSENSRHIEIT. CPU MIAFR. BIZITE (25H]) 1)

RERFIEA L B AR “ =Jcdl” -

llvm::Triple = 1llvm::Triple(
'MTriple.empty ()
? 1llvm::Triple::normalize (MTriple)

llvm::sys::getDefaultTargetTriple ());

llvm::TargetOptions =
codegen::InitTargetOptionsFromCodeGenFlags (Triple) ;
std::string CPUStr = codegen::getCPUStr ();

std::string FeatureStr = codegen::getFeaturesStr ();

o ERMREMRFELR B R WEARKERR, WEREIREEIFRH. — DR IRE, M

N

JUHRE AN SRR =84

std::string Error;
const llvm::Target *xTarget =
llvm::TargetRegistry::lookupTarget (
codegen::getMArch (), Triple,

Error) ;

if (!'Target) {
llvm::WithColor::error(llvm::errs (), Argv0) <<
Error;

return nullptr;

o fE Target KIIF BT, MM ERIPTA SRR E H ARl as:




¥

1 llvm::TargetMachine *TM = Target->

createTargetMachine (

N

3 Triple.getTriple (), CPUStr, FeatureStr,
4 TargetOptions,
llvm::0Optional<llvm::Reloc::Model>(

6 codegen::getRelocModel ()));

7 return TM;

L B AR S, W DUE BB ERATTIE R CPU 280 R TR AR, SR B 0 R P A SO A
A 8 s H AR AR SO B A e FRATTREAE R — 5 rh R X A s ff

& pCC SRR R XA A B AR

f£ LLVM 1, IR ARSI Pass 1817 & —MWHAT —MES, Blln: BERIEARS . JRATR LS
8 &, At IR 2L KT Pass MINE. it IC g7 ARSELH bS] LS Pass.

FH llvm::legacy::PassManager ZERIRAFE Pass, PAMERACHE RIE B M. B 75 EAEWH b
LLVM IR 1%, Fbt i E— Pass RMOXA~. &5, #H lvm:: ToolOutputFile Z5HET 344
A

#include "llvm/IR/IRPrintingPasses.h"
#include "llvm/IR/LegacyPassManager.h"

s|#include "1llvm/Support/ToolOutputFile.h"

i LLVM IR B9 % — AN ATk T A2 4 75 1)

static cl::opt<bool>
EmitLLVM("emit-11lvm",
cl::desc("Emit IR code instead of assembler"),

cl::init(false));

BHT emit() 7k S —AME S5 2 AL B Y SCAF R A FR . IR stdin BB (FH5-38
7N, K 54 H 2] stdout. ToolOutputFile ZEE1IE Wi AbERRFIR LA 44, -

bool emit (StringRef ArgvO, llvm::Module *M,
llvm:: TargetMachine *TM,
StringRef InputFilename) {
CodeGenFileType FileType = codegen::getFileType () ;
std::string OutputFilename;
if (InputFilename == "-") {

OutputFilename = "-";




10

11

T, AR P 45 B AT R, FRATH M R A SCHE Rl Bed @ 4, FERHINLL. s Blo
YERY R4 . FileType IEI{E llvm/CodeGen/CommandFlags.inc Sk 3CAFH € X, ATZ A& T
Blo XMETASCF R IR A, FrCAFRATEIN T # i D-emit-vm, S A 7E5 I A — ke
FHIS A 242 3

else {

if (InputFilename.endswith(".mod"))

OutputFilename InputFilename.drop_back (4) .str ();

else

OutputFilename InputFilename.str () ;

switch (FileType) {

case CGFT_AssemblyFile:
OutputFilename.append (EmitLLVM 7 ".11" : ".s");
break;

case CGFT_ObjectFile:
OutputFilename.append(".o0");
break;

case CGFT_Null:
OutputFilename.append (".null");

break;

A V5 X3 ORI A 3B SO, BT DLAA ZRE $T 4 HH SO I S £t IR A A s

std::error_code EC;
sys::fs::0penFlags = sys::fs::0F_None;
if (FileType == CGFT_AssemblyFile)
OpenFlags |= sys::fs::0F_Text;
auto Out = std::make_unique<llvm::ToolOutputFile >(

OutputFilename, EC, OpenFlags);

if (EC) {
WithColor::error(errs(), Argv0) << EC.message () <<
’A\n’;
return false;
}

BAETRATT AT LUK AT 75 11 Pass ¥s %! PassManager H1. TargetMachine 286 — AN SEHFEF 77k,
AT AIE RS ik, AR TFEREH 2 B1ERAH LLVM IR AH:

legacy::PassManager PM;
if (FileType == CGFT_AssemblyFile && EmitLLVM) {
PM.add (createPrintModulePass (Out->0s()));




10

} else {
if (TM->addPassesToEmitFile (PM, Out->o0s(), nullptr,
FileType)) A
WithColor::error () << "No support for file type\n";

return false;

FITATIX S e & TARSE R, At al BLUREE A~ el B0 H:

PM.run (xM) ;

AR A B AR B % S, B4 ToolOutputFile 284 H AWM BR1Z 0. IX(F 1S R FE T 2%
5y, BUNTTREA IR 2 107 75 AL BRE R, W E— DR G ol - R ERAMHMN ., X H, &
TSI AE B 7 ARG, AT AAR LR B IX A SCA

OQut ->keep () ;

ey BATEE AR

return true;

fFH llvm:Module A emit() 7%, FHiHH CodeGenerator 2, ¥4l KA BeAXHS
R TE tinylang A B KA LB EIEAAAETE gecd.mod S . HERIIERL ged.os H bR T4,
i LA LA N

$ tinylang —filetype=obj gcd.mod

W ARAEAE R b B AR O IR AU, T RUAR A BU AU

[ $ tinylang —filetype=asm -emit-llvin -0 —-ged.mod

ERATLF I RAL— T IE! &k, DG 7 — e BRg s, AESBGETE 5 2148 L 5 A
o H AR S
& 4k

1INEA

ARFEA, 3] TUHAA LLVM IR AR SR B CRIARRDAE ey . AR ER & — i 51 B (1) Sl 4
M, BEERTELIERRD S %] T W R S IR A QU R A, DU o] ) A
IS INFE 4 N T — RIS B R Boh R Ar s, MRS T IR AR . gmiEa i H
A2 A N AR I G SCASES H bR SCAF, BRIIE RN T — N B9 1 Pass. A T IXEEH1R, EOK AR
g E A LLVM IR, FFBEJE NE B CHIE S 9 a8 A L g SCA B H AR

N, B S T AR SRR SRR, LR S AT £ R B A R




F 6 E £RESRBESHEMLM IR

HHT, Sgh S 8w R A s AR M R4 fE (OOP) #i&. LLVM IR X 5E& 4R 2K
B — ISR, UE Sl OOP Wit . MINER A 2B 2 5| e an i) 7% 36 58 & 28 Y S 401 1)
ANFERFEE AR BN, XA IR . EI5 12 E v DR RS0k 20T LR A

ARF, B ST A RS B SR AR 7] LLVM IR [48%E,  BLANR BLR S 177
K SEAL LA R AL EIENE 2 1 N[ /E LLVM IR A SEI RN pR 4

AT LN A

o HEFHEUL. SiTEET

o R — ki3 01

o NEMEREANE IR A5

FEA B AR, BN R GBI ELM OOP Al LLVM IR. fiksr 1M an 45 -1 &
(EPUR REp I EITESUCE

NEESARE

AR EE E‘]{Jﬁﬁgiﬁ:ﬁfﬁ:https ://github.com/PacktPublishing/Learn-LLVM-12/tree/master/
Chapter06/tinylangikH\.
] AAEALAT AR 3R 2% ht tps : //bit . 1y/3n11hED,

R, GtaikFasast

XFRTA BN REY, A (0 INTEGER) 2AH M. i, RIS E 5055
XTGBT IR B SR RS T AR IR A . X B R B SR I T O R A R AR

B AR RBTTRNP. /£ LLVM 1, BB EFHSN: txilELTFE. B
[10] 9 tinylang 288, ECCHEBEA [10] 19 C K8, TR IR FoR08:

[10 x i64]

SR EAFRME & fEREIES D, W2 R ORE R, Flan: 7E tinylang H, 45
54 RECORD x, y: REAL; color: INTEGER; END; FIf£IS5MTE C & struct {float x, y;long
color;};o 7 LLVM IR *f, HFIH T %A%

{ float, float, 164 }

LYTRRR O, FEMATRLD . SHA—F, BN RNRI5E 0,

I 5 R P RS A AR B AT R 45 E TS N AR T BT A . SR B, Rl AR R
WA R TEEHINGAAAR, TUMERT R8N, R praoRER 1 EASTR. EE
A AE:

< float, float, i64 >



https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter06/tinylang
https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter06/tinylang
https://bit.ly/3nllhED

HAAMGERI AT LAE R — D ETRAC B, BN ARER %ox BAHM A TTR B %x(3] 51 H. XIS
KN SSA I AARE 73 W5 %x[i] M%x[j] REETRHFMTTER . MR, 75 BRFERIITE S RITHRIEA
A TTER AER B P BEECE A uR, WRMER LT iEA):

%el2 = extractvalue [10 x i64] %x, 1

FATEATBLE Hr— AN ooE, flan: B nx:

%xnew = insertvalue [10 x i64] %x, 164 %el2, 0

XA R S tE ] T A k. B, EEMNY%pt W AFA U color MUY, 754N LA AU

[ %color = extractvalue float, float, 164 %pt, 2

AL HA — ARG R DIURE . X T8k E, XIRESMRE. Ril5 ALK
AL, T C B SR ANS T ESM R BRI X T8H, REAA M. XHFh
TRATERE RIS OL T EA B, MR EER/N B ORRE, flhn: S3007 DU BN AN R
Bl AREHEANEARGHN, I AT B Uy 1) i e — &8 7 2 AR TS R .

YT RS — A, TRESRBI TR R N IEE . LLVM TR 2 R E 8RR Atakt, &
H—"NERAE Qarr, EA—MEE 8 /N i64 JTLEMEA, FT long arr[8] 1 C 7 H:

@arr = common global [8 x i64] zeroinitializer

B BRI A TR, BAPATHUEE R, DU R S fihk. ARJE, AT BLAGZ SRR N Ek
ZAEH. BN @second B

define 64 @second|()
%1 = getelementptr [8 x i64], [8 x i64]* Qarr, 164 0, 164
1 %2 = load 164, i64* %1
ret 164 %2

getelementptr 154 &bt EM FE TR, U RENHBETHEZMNH F— D EREH (8
x 164] RILTE S EAEM IR . B AN EAELL [8 x 164]* Qarr FR TR Er. T EIX B A4z
BATHE T — M5 8 NIuHENEA, mrA 2 REESN TR, A — MBS AHR IR . C
Bk, FAVEH long (*arr)(8])! KA A Z, EXTTRIEATRLIZAT, B LA TRE AT H,
Bilan: C H) arr[0][1]. 2 =ANRIEE 164 0 WHBEFEATMEGI A, FEUAEREL 64 1 Z2IUEBT
bro. HHEIIEERERII TR, HEE, AESEEW NG

br T 24, REIZHATERTE R, F, nTLAEES M getelementptr T84 Kia &
AR ITTER. X EXN G R AR e E, KD 132,



A7 IREERR, BHIRE SRR 5 BRI ERRER . Y convert Type() 751K 8!
FERA, WR Arr ARERATBALRSRRAR R, AW DAET RSB R 2R

llvm::Type *Component = convertType (Arr->getComponentType (D) ;
uint64_t NumElements = Arr->getNumElem() ;

return llvm::ArrayType::get(Component, NumElements);

ZRMATH TR &R E. ST RMARE, FHENRADTHNAT. LR M EAR
A BLSE BOX R AT

for (auto *D : Proc->getDecls()) {
if (auto *Var =
llvm::dyn_cast<VariableDeclaration>(D)) {
llvm::Type *Ty = mapType (Var);
if (Ty->isAggregateType (D)) {
llvm::Value *Val = Builder.CreateAlloca(Ty);
Defs.Defs.insert (

std::pair<Decl *, llvm::Value *>(Var, Val));

BAEE —AJuE, LAAEN getelemtptr 54 . X MEA M| emitExpr()(BEEUE)
emitAssign() (5 NE) B7iEd . ZRREHTTER, BABNEERE, K50 RE R
TR, HREEIOHFEHE. TR, tHE G- o Rk m -

auto &Selectors = Var->getSelectorList () ;
for (auto *I = Selectors.begin(),
*E = Selectors.end();
I !'=E;) {
if (auto *Idx = 1llvm::dyn_cast<IndexSelector>(*I)) {
llvm::SmallVector<llvm::Value *, 4> IdxList;
IdxList.push_back(emitExpr (Idx->getIndex()));
for (++I; I '= E;) {
if (auto *Idx2 =
llvm::dyn_cast<IndexSelector >(*I)) {
IdxList.push_back(emitExpr (Idx2->getIndex()));
++1;
} else

break;

Val
Val

Builder.CreateGEP(Val, IdxList);
Builder.CreateLoad(




Val->getType () ->getPointerElementType (), Val);
} else {

llvm::report_fatal_error ("Unsupported selector");

5 HI TR A IR, (ER A ORI & AR, A2 AR & o PSR F A
X Tt AT T . 1R O B S O % BT BT, 4 Idx. BB
TR AR B O LLVM 3 R

llvm::Value *FieldIdx = 1llvm::ConstantInt::get(Int32Ty, Idx);

WIE, AT IR REM A Builder.CreateGEP() I I,
FUE 1S D548 T W5 O S TS Ml LLVM IR (775, DG 30y S i sy
B8 7 B — BT, 7 — e P 2 ST ] TE R S

IEFARIIREL ABI (M AR Z#HIEO)

15 FH 50BN 0 PR B R S B AD A g vy, 188 ] B 2 7 B I AR i AR RS AN B 34 FUTH A
170 R B 09 I FRA 120 7 F & iR R o %S R — AR 7 8% H 1 — A s e A s —
MR, BASFEEE ST B ORI X SRR SRR T R T (ABL) SCRY AT TR
gh. W E A

o MM T AR AESE W, WA

o TARDHRE i 4H RN 25 40 A 5 SR B A A B 20 R B

o WfATRbFEIR [FI{E 7

TEE A SF SRR, fE—Fa b, Bemakiligs, 2R RIE AT
ek b, REARIANZEIARRIREHE RS HUL IS . EHMT G b, EAFES TSR NR G (i
128 fre 256 %), RAEABUEAEH RS HE @ . AL 630 RO [H) & 347 ds 15
SR, ALV & BORVE RUEAE B AT At i AL

R, XEEHGRARAEN . RIKENARTE. AERRE, B5 LLVM IR K. X4 N5t
(1), ERTERAIAE LLVM IR € 7 BRI ITE S50 K8 FHSEW], XiEAE. N 7 BRX—
o RFEETEH. AUESAHTERONERIERE, Hltn: C99 f float Complex(%4). IH
WA C WA ZHEEA, (Ha] MR Z e X struct complex {float re, im;} F7E1ZIEM A&
ARIBH . XPIFPSEAH AT LA 3] {float, float } LLVM IR 581, 0% ABI BL7E 5 B 4 B 2 502k
BB AE P ANT ST A7 A%, (B P e U R GRS R LS, I AR B {5 EA 2
PLibk LLVM $R5E W& X AN E 4. AN, ATFZER LLVM REEZEE, mix
R E T ABIL HIE B

A PRI LR IS SR € 4 LLVM: SHURVEMRME'S . 552 i W A kT B AR
AR A S, ISR T

o inreg $53E Z AL A A7 A% i
o byval fREZAEIESH. TS LA AL 17 17 B8 RRGREI A, JFA% 45 1 F i) e 2




o zeroext M signext 48 7€ 1% 1% BB RN F B AT 5 .
o sret WESRMAFE— MR AFRIRE, 285 H T AREOR IR AR,
BRI RIS AL 48 #R S RF zeroext signext Fl sret J&ME, {H XA R AR s S FF inreg
Al byval. AJEMEH addAttr() 77 B IER DR s B 250t flln. B4 Arg 28 E R E inreg
JEPE, AL BL R O

Arg->addAttr(llvm:: Attribute::InReg) ;

BEREZANEMN, ATLMEA lvm:AttrBuilder 35,

FEAEREIE B0 A — iR MR ES . XM, v AR R iG55

o IRAZHL, Hl: WTUAEEEMANTE RS, MAREE—NERSE.

o FSHILAARIMFRE, Flu: HRNR 64 L 8HE /NI RIRERN 164 BEEL.

TEABRAESTEIE O T, FEARIRE 2 WA T4, v UE A %4384 . bitcast FE AL
WG RIATERAE, (HIXAR—AIRE], BONERTLMEHTRE . iR —DMREMA—DNEEHA
int B MIEERIR, 78 LLVM W AL {032,132 }, IRAXAREAR T LA LA 5 AL N
i64:

%intpoint = bitcast 132, i32* %point to i64*

ORI 25 AR TR B Oy TR 1A 164 BERUETRET. BEJR, ATLUINEGZE IR A NS
it o WA JIUADRIX P R SR B AR R )R/

IS BN IN R R BCE BRI A R . (HE, AT RIIE 7 B IUAT A NE? B, ROZRELT
HAr P& EEHAMIEAL 2, fli: Linux B ELF ABI i3 T &M IR CPU P& (HER
HEE T X)) ART LLVM US4 RS F RSO, (52 HRIERZ Clang SEIL, fEhttps:
//github.com/11vm/11lvm-project/blob/main/clang/lib/CodeGen/TargetInfo.cpp X IfH1.1X
ARG T 23R G % E T ABI 384

A, R8s T O RO A AT A & ABL IR, R —T5R A 4 9 S0 R pR A B
IR BAFET5 %

REMERHEEZE IR (K58

2R AEE S At 2 7. R —MEduE s WiE, AT, RATKEKE
W 2R IE T 2] LLVM IR .

SCIN B kR

KRHFABAINERE S . — KA A —AAkK, ATRe I 2 s BN, 51
FHEGINARETTE. TATH Oberon-2 ISR UHIX — &, ‘EH2E tinylang 1J— M8, Shape
T8 ST — AN BRI DX 4 R AR



https://github.com/llvm/llvm-project/blob/main/clang/lib/CodeGen/TargetInfo.cpp
https://github.com/llvm/llvm-project/blob/main/clang/lib/CodeGen/TargetInfo.cpp

TYPE Shape = RECORD
color: INTEGER;
PROCEDURE (VAR s: Shape) GetColor():
INTEGER;
PROCEDURE (VAR s: Shape) Area(): REAL;
END;

GetColor J71% iR [Al B a2 5 -

PROCEDURE (VAR s: Shape) GetColor(): INTEGER;
BEGIN RETURN s.color; END GetColor;

SR AR TR A TR R, PO — MR 7 i

PROCEDURE (VAR s: Shape) Area(): REAL;
BEGIN HALT; END;

Shape KA LY @ AR Circle 2:

TYPE Circle = RECORD (Shape)
radius: REAL;
PROCEDURE (VAR s: Circle) Area(): REAL;
END:

R, AR

PROCEDURE (VAR s: Circle) Area(): REAL;
BEGIN RETURN 2 * radius * radius; END;

R AMEBAT I A #1225 . W2 shape /& Shape JERUHAR &, W) A) DLIZAE I E 28 A0

[ IF shape IS Circle THEN (* ---*) END;

G TiEREARZ AN, TEFEE C++ FFHMM. 5 C++ KMBEIXHZ, Oberon-2 ik
N this FREFE AL, R HFONRIOT %,

R LR A B A ) AR AT AR AL A TR AT RIS, AR T SR BT R K 3 A T RIS AT I SR A A
o X TAMFAR, ZRMAES . Shape A — MR K G, o LUK E B SIFI R 1) LLVM
4T AP EE

@Shape = type { i64 }




Circle SEININ T 53— EHE MG, BELEAELR RASIHT A 7 -

[ QCircle = type { i64, float }

JRR R — M RAT AR Z 738 MR FPSEng, A LRSI R pi ot B2 HAT M R N A7 A%
&, HEHMEIRMZEGEIT getelementptr $§ 417 i 7B .

N T SEMT A SES A, it — 2y R LLVM 4544, 1R 7E Shape X% LA Area() B
B, WA RITE, SBVHBERFE1E. IR Circle X R BRI E,  WE AN ) 777
Kt SR A . XSRS G LA A GetColor() Bk, SEIUIX AN HIZEA AR KR 5 R
B 5 RRBGER . KB, ZRAMANFH: —AHT GetColor() 771, — AT Area()
BR#. Shape M Circle KA XK. KWK Area() BRENIFKH EAAR, %K%
HRHER R R AR S . XADNRFCONRE LR, BHEYE A viableo

S vtable S2W A I, FRATLAEEE A — MR R LK. ik, o] BLRIN—/N i )
PRECRIAREL, ZIRE SR E RIS — DR R . £ LLVM =, @Shape KRAIAE RN R oR:

I

@Shape = type { [2 x i8%]*, 164 }

QCircle R H R 2N, BRI A AIE 6.1 Frox:

Shape Circle
ap vtable vtable
vtable > GetColor vtable > GetColor
color Area color Area
radius

B 6.1 —SRAN BT IR 1K A A AT R

LLVM #&A = fa%t, M2 Hfem = mifast. I 7RI R R R 7B G, AR FHE—
POTERYIMEE . £ C++ h, XRMEREI—#B7. 7£ Oberon-2 W1, %7 BAESHL N A7
H 3161k -

SR JE 4 LR A2 BRPAT R 7 V5 B Bl Vi

T getelementptr 7 & THE MERIBE 1 WFS & .

IngFe A R R BRI R E

THEL R R B P R B I

Inak ek £ a £

piIBORG R RN =R OE =R WIS PR N v

W R AR AL, (HESE b, KRZH CPU 220 R 75 E M %48 28t n] BT IX AN s &R .
B, FHIERR)Z LLVM = .

BV RB O T, TR BN REER G o X IR s ) FRE, AR AR —
MNSHCRLILE . 1E Oberon-2 W, X2 R AW KT C++ KIIEF ) this $8E.

BT REREER, BNRIENA A ME— bk, X XHE 7B SR AE 3 B fef A 15 1),
HEBAR. 7 BN, FATH4k & H Circle 251 Ellipse Ry RBE NG (XA

AR ol S



HEE LN is-a KR). WHRA Shape KA shape i, 41 LLSLHL shape IS Circle [2E%H!
MK, 4 shape B s IAENE R R TRE S Circle 289 1R AR TR EM AT HLE . R A Y shape
HARHR Circle KR, XA 2153 true. (BRZURE shape & Ellipse 28841, A4 KR
o] false( RIS Ellipse KB R, W LALE R 752 Circle KA RHITTIEH ) -

TR, WATFEMSE Z . M7 Z2 ST KRG By REMREER, FELHEZ DG
BHGRTHIES . N TR BRI, HELE— MBI RS R R BRI IR 208 1,
K 6.2 Fros:

SHpE vtable Gircle vtable Ellipse vtable
vtable N oun Y vtable > parent vtable > parent
color GetColor color GetColor color GetColor
Area radius Area radius Area
radB

6.2 — S Tl LRI I 1 SR AT R R HCR AT R

A AR AT TSR R AR RE R I, U PR [ SR R s R s E RS, —EHEE, HE
MR true, WERBEATEESS, WA false. 5B RBOALL, FAME —FITHIR K I
T, BIOSERINTEOLT, AR IR B8 ETHRIIRSE.

USRS KB B RZ IRGE Y, 2T R — M R T 2 RIR LI SE IBUY J= IR 46
IR RS0 5o IRIA, AL i 1 — A Bl XA A P, AT AR ] 5 I 8] A 52
o HL b, Xt LLVM B O TR RAMKE, BAERT 202yl 7.

Kz AT BRE B S R EGEEM G 2 — MOt ERgTRSE, 24 miis 5 sl sar, Ea g —
AL QRS EVEA RIS AT RS, OIS 5 SCRHSATIN B, i B SR A AT
BRACER, MAMEWERAR —MFER. £ C++ o, XM HIE MG T, BIHA RS
B (BRI BAT R R EOR ) B I Inis AT I S8R 44l

IR S E R SO N, RORENIENES. WIREZ, eiidam T AR . A7
AL T — T i e 32 DR AT RESE L.

FEREOYT RRME

B Java IXFERIE S XCRFE N . O RMGINERNSES, ROATEA EIE SR H R e g Tr
RS . BT R T — M R R, RS SEILAE 11 R RAE R R EICR I AN [F) 7 B #5A AH L1
Jiike JRRARTTEL, 5 o %R b s A £ 0007 IR AE BIETE S 28w U R BT . O ) E
NI, AFE BT A 2 E

DR AE 2 1 8 ST VE T LA AN RN, i LUK RS SEIR A 1 B R B 258 o 0 T4
AN J7 i, 1R BEWT LARE AR R P IR 5], 0] LAFR & A7 75 i 3R P 1) sR HR B I R A
WERAER O BT, WA ZRE OGS R iR, SR 3Rk B R B IR A ik . AN
[ I1 A1 12 %N Shape KA £E 300 F A5 -



h
Shape vtable class Shape vtable Interface |1  vtable Interface 12

vtable > Next Interface > Next Interface > Next Interface
color GetColor

SetColor

Area €

Draw <

K 6.3 —$5 1 ¥ B2 R Bk AT =)

WENERIN S, RATL A MR TR W] DU AL T AT I AL 1 i T B
iR R PR AR SR PAT LM R o XA B IR s R, w] DO 20 il
T (B, AAEHAE) . IR SR B S 4 1 A VR B L AR 3R R A AR R IR 7 92
TR 5 2 A A] o BRI A AR 57 o

AR A RACE RV R . RGP, SRSCBLNER D k. BRI, W RAHE — A
WA BRI, R 1 S LS 1 ) R R B o ARG R P AT BE R A AR R R DR
RN AF R 5 B o ABIEA Hofh TSR ME— B 15 . IERIET AT 5 4 2 ME— 1, B4 AT EATH5
INEWAE, W5 H MD5, FHERSAEE NS RGN, RIS BT A

R RIS 2, R EHEN . REmk, VR oy m LA EAREHE, 3k
KA 7 g

W, HOWSZHIET RN, XA HEERAFIRERK. S8, DRSSP THAE
Jrid, Maemal U F s 47 R

ALTES VA 2. XU SCHLE — 28 BhiR,  BATRAE T 243,

X % BRI ST FF

ZEPAIGN T AR R ARG K T ECE 2SR, IR A FRATRR EAH S HRE
B, AR AT LN E Ui e . SRRSO, fRRTT M nprAdE ki, afE
Beek I Rz B ECR FR 5L . Circle BAGR —ANJUATEAR, a2 —NETEXN R A 70 b7 @8, ik
Circle Z847K Shape Z5F1 GraphicObj 2. fEFAMFH, KH Shape K FE &L HI. K5,
B GraphicObj KA 7B, BIERMAEREE . 2, W7 Circle 28R AR R, 153
Tl 6.4 Fros AR



Shape GraphicObj

vtable Shape vtable GraphicObj
vtable > Getcolor vt'able GetWidth
color Area width GetHeight
height Draw

Circle ——

vtable GetColor

color Area

radius

----- vtable GraphicObj

vtable GetWidth

width GetHeight

height Draw

K 6.4 -HA 2 A KT SEANKE o HR

XA RRECE LA S BAETT DL JUANME Mz S e Er . $8 1) Shape 8¢ Circle K1) Fa %5
[ R TS, 48 M GraphicObj ZERIFREHFR AT RN ES, A HR A GraphicObj X & HHk .
75 LU R BT IS 0 20175 R IX — 5

A FH R R 2 52 B 52 . 4 SR R R 78 GraphicObj 28+ 52 S, B4 XA B 75 2 GraphicODbj
KWEA . WRZXNREEALE Circle KPES, IAAMWMATRE. FRKELZ, RKH
WA 2 —NE A GraphicObj SEFIFREF S8 H): 7E GraphicObj R MR R & 7L Ak,
SRIG VA R, SRRSO IR Circle KRFRET A K%, [FFE, 7TLLZE Circle 251 R
Frh AR B R . A )RR AT B M) GraphicObj ZESE6I 1 this ¥84EF, FILIRATH 420
EZIRER . FRATATPLXFEM, BN AN GraphicObj 2R7E Circle K9 FifmFs =

WIERATE Circle EHEE | GrapicObj K%L, @idi8m Circle ZKMFREHAH Z L, WA
AR R IR IRAE . (B2, W7 VEE @ 4517 GraphicObj SEFI4EEHRAI, a5 ZHEAT 5
— AR, RONIZ AT E A this $8EHFE A Circle S26. gmidnt, BATLETHIXA R, KA
AHITEIX A GraphicObj S22 1 /2 2 B AR K Z IR I — 857 . A TR AR, AT AT
PR BN this FRET BT r) 8 5 5 R ek Bk B2 pR R B — AR, i8] 6.5 Pos:

vtable
—> GetColor |+0
Area +0

GetWidth | +24
GetHeight | +24

Draw +24
Pointer to method Adjustment to the this pointer

Kl 6.5 -4 this FREFH R RECR

bR 5CR I BILAE AL isin 1 5 3

1. {ERE R BCR B R R BB
2. A% this 184t



3. WHIZT.

KRR ] A T Se Bl . BN 0 RA 7k, Bt VAN SEIL I 1R 2 1ol s i —
WIS R BCRAREr . IXER G SO, M HATRESE R, HEIn T AN LB TR . IR
GUR, WRARIIZEAT —A 64 AR FB, SKBLT 10 MO, IARIIST R E 96 TP A7
KRG vtable 1REFTRE 8 MNEYT, BURBATRE 8 N1, BN vtable faEHHRE 10 * 8
AT

N T SCHERN G B L I HAT B AT I R AN, 75 25 Je Xt 0 R ST AT AR AL .
R IRATTE R R I I — NN 7B, TEX RIS —/Mef i, IAFRA e 27T LU R
EHFR IR SZPRAT S . 7E Circle KM B HREEE T, ZMREERZ 0, EAE#KAR GraphicObj 2Kk &
HERPAE . MR, IR T B S EGR TURIE S 11 S

LLVM A B FEAS S T [ % R R IR SE B A0 BT L, AT DU AT A LLVM $di 2%
RUSEHLTA 5k RS — R ik, A —MEIrE2 0l C fa—NER. iR reE
AR R APl MG 40 LLVM IR, H2TEmZOE 5 H AT ThRE M HEE S 5 5 .

AT, AT LE B SRR AR s ol AR E S A OOP i R A LLVM IR .
WOA T T A RoR gk Al FE: O gk s N A7 R i 2 4k, LLR o o] S 28 28 AR 40
B R R B EL 1 715, IXEEER 2 OOP 18 & A% O & .

I%\ .Q—:l:li:

REEH, 8] T W R G BRI R £ 4y LLVM IR RS, B8 T T ABI WK
IbE. BJE, BT T BEMEREE N LLVM IR BIAE . B 7T ARZERAE, RERE%R N
REHATR RS 0E—A LLVM IR R4 ilds o

T3, Bk —SEEEAR. B AAEADRRIEE S P S WL, LLVM W Efs —&
IS RS BN 2IFe £ o7 DAEAT IR Le 4k, BT AT ISR . &eJa, TN HFET
IRE ST TV 2 TF RN GURBEAR AT A, PRI BRAT TR 0 ARG Az pl #8 Hh s I 1R o 34 1 A2 B



-

©

%78 LHEMESHAN IR

B AT E A AR R RR (IR) AR, & C 2] DSBS 48 BT 75 R Thg . A%
B, BRATE TR — Lo s bR B as I 8, Flhn. VR 2 IARE AR A 0 A, AT
FLUMAH H A O R Z (LLVM)IR.

N1 HF LLVM ARAGASAE FL L1 Ol T AL csE G i ARAS, FRATTIA) IR ARSI 1 &4 1) 2520 ot
Hell, FEME IR CEAE, gm0 P AR R IEAS 2 T A .

A, BHEILT N

o TEY AP R v, SR o T £ G 1R RS TR S S A B

o FERNFET R MR 7 A oo, HdmEish o dE 2 LLVM IR, XA BT LLVM

L AR A AR

o WA ICEYE, SEIMA R IR AR IR (G B AT R IR,

ARFMRIE, F T HRT SRATRET AL AT, LSRR B0 SRR AT
NEPSART

AR FE IS S A fEhttps: //github. com/PacktPublishing/Learn-LLVM-12/tree/master/
Chapter073kHL,

PRAT AAERLAR PR 340 ht tps : //bit . 1y/3n11hED.

ME AR RS
LLVM IR #5575 a M CF M. X8, FATE 7% libunwind A &5 LI 5

WAHET . ERAE C++ A T, BTRIRATE BE —A C++ i+, Hr bar() REIH
—™ int 8% double {H, W FHT7R:

int bar(int x) {
if (x == 1) throw 1;
if (x == 2) throw 42.0;

return Xx;

foo() BRECM A bar(), HRAHEIIH T int {H. foo() BREFIE R int H, W KNHIR:

int foo(int x) throw(int) {

int y = 0;
try {

y = bar(x);
}

catch (int e) {

return y;



https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter07
https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter07
https://bit.ly/3nllhED

o] }

b LE S R B AT I EE AT OO A . B 5E, A _cxa allocate_exception() & 7B N
1F, RANRBUVES T W HAE NS, ®F RBITE int 80 double {A) 22 & #1373 Bl i N A7
t, ARG _cxa throw() BIR R . ZANREA =ANSH: BRI o iR wE liEs; T REE
RE R DURAR MR s B R B (W 5 A S B 1) BREIIVE R 2 _cxa_throw() BEUA
AR RIFILAE, JEEARE. £ LLVM IR 1, XF int {50 T b3

%eh = tail call i8* @_ cxa,_allocate_exception(i64 4)
Y%payload = bitcast i8* %eh to i32*
store i32 1, i32* %payload
tail call void @_ cxa_throw(i8* %eh,
i8* bitcast (i8%* @_ZTTi to i8*), i8*
null)

unreachable

ZTTH ZHd int REIPMEE. T RORG R, FHZ ZTId. % _cxa_throw() I HFRC
TERHS, FUONE XA RE P E G — MM, B0 nT DU 2w ok i

FHATCA L, EEHEN lvm AT ERAE . DS RAELE foo() BRET, KNS bar() 11
HATfe 25l R 3% . WIRZ int RRFH, WAZTUKEEHIREE R catch A IR /S L. AT
LR — s, AR invoke TR TIARZ call TATES, BN 77 a0 T i 4SS s

%y = invoke i32 @_Z3bari(i32 %x) to label %next
unwind label %lpad

RANE 2 Z X AT invoke WA PIANRERMIIRZE . 25— AR S 1A o8 B0 H 45 3R
JEREEPAT M7, HBEE ret 158 FEZAIKIRBIF, X MREFR N Ynext. WERFERE, N
FEHA Yolpad #5325, FHiBR “HRER” EA4RSHAT.

“HRBREERT AR, AT landingpad f54 TR, R4 R LLVM 4245 T b
R ERMIEE. WT foo() ¥, 4H TLANEE:

Ipad:
%exc = landingpad i8%, i32
cleanup
catch i8* bitcast (i8** @ ZTIi to i8%)
filter [1 x i8*] [i8* bitcast (i8** @ ZTIi to
i8%)]

XA =FATRERIATEIRAL, MR IT:
1. cleanup: XFERIERRHPRSHIAD . 0%, XA T HHREN RN R A R A s
e, TUEHEME T 191 0] 4R 24 U 55 i 2



2. catch: X —NRMAAXSFIER, Fonn] DULBI 8 R0 . a0 AL 41 36 b R P 1 57
WRM, WA, ££ foo() K&, (EREN int REK C++ BATH HIFEE, KA
T _cxa_throw() REMTEZ.

3. filter: $i87E 7 W R IUHM . A RAEEAL P HRA B 0T 57 0 19 5 0 288, R ARG . X T
SEHL throw() MIELTE, XFT foo() eR%k, i HA—E R int RAYPIRAUEE .

E AR A REAE A {i8%, 132 } &5M. H— A IuEEIR ML AR IR, M A
TeR AR RS . LA E Y TR BUX ST R

%exc.ptr = extractvalue { i8%, i32 } %exc, 0

%exc.sel = extractvalue { i8%, 132 } %exc, 1

iR R AT IR, B DA BN 10 € A A BT R R R a5 S
Fififig 4 catch g IR S RILAD, W'e BoA (. Wi 40 5 R AU VL RC I8 &8 h 1A
e, WRZAE A SE, R RBAZ B EAR, WHZEN 0.

HAR b, RAEFRRRMUGEERT WG E, %K H landingpad 841 catch A filter #1245
EMEME. EREET, 2 NEMBETTUHER—, XEWREZRENSWE IR 20 E2
RN . R R e w R R R, FTEWA Qllvm.eh.typeid.for $84 B FHATHFEMER
RUEFEAS PE R TN int (IZRAUE S, DMEIAT catch (int e) {} e pAAD:

%tid.int = tail call i32 @Qllvm.eh.typeid.for(
i8* bitcast (i8** @ _ZTIi to
i8%))

Yotst.int = icmp eq 132 %exc.sel, %tid.int

br il % tst.int, label %catchint, label %filterorcleanup

S AL PRS2 @ B _cxa_begin_catch() Fl_cxa_end_catch() SRSZILI . _cxa_begin_catch() B
BHFRE NS AR KRB R EPEZ — o IR B M8 7 5 e ——IRAT 51
F AR A int 5. REIE 2 _cxa_end_catch() Ar & 75 A BRI S5 K1, FF R _cxa_allocate_ex
ception() ML NAE. ETER, WIRAE catch Jerbdth 55— F7%, Wi T 2B REZ . &
AL R

catchint:

Yopayload = tail call i8* @_cxa_begin_catch(i8* %exc.ptr)
Y%payload.int = bitcast i8* %payload to i32*

%retval = load 132, i32* %payload.int

tail call void @_cxa_end_catch()

br label %return

AR AT R RS throws() A M HIFIRAILES, WEM “24h7 BB LR . B,
AT A B RS, W P



filterorcleanup:
%tst.blzero = icmp slt 132 %exc.sel, 0
br i1 %tst.blzero, label %filter, label %cleanup

SRR AR M E /N T 0, U A AL B

filter:
tail call void @_ cxa,_call_unexpected (i8* %exc.ptr) #4

unreachable

FIFE, AERE P A BEATIR .
FEIXFE DL T AN B B AR, i AT BRACHS i ) 4 0 AR i A2 4R S AT HERRFROT 4% (stack

unwinder):

cleanup:

resume 8%, 132 %exc

WA — MG libunwind WML R, HEFFREHERNET, 15T HHAIE LR
HRSERLT . AT Linux B C++, AR B EFR A _gxx_personality v0(). HREF & 8idmB4s AN,
REANLIATREA TN . B — R ES SRR R DI REASIN 7 — N ZhfRe, AH N R Hoo) By ok £
BRI E . ROA AL MG KBS &7 EE A R X E BRIt R, BT
FHRH AT #RAE . 7E LLVM IR ™, RREKFREE N msue L —&r g, an R AR B

define i32 @_Z3fooi(i32) personality i8* bitcast
(i32 (...)* @_gxx _personality v0 to
i8*)

X, R AP IR SR T .

SRR FEVE 5 A0 G0 Beas T A8 T 5 0 AL B, A fR7 R (1 SRS A A AT () C -+ JBAT I R B, IXAE
WOLH — Akl BIRULE CH+ HiR(E, SRR 5% C++ 12740 2 IG5 IigfT i
— W R AR . W R AR IR DL, TR H T _oxa_ BAL BEERGR L. AN,
WS LR SAE A libunwind, RUON3RHE T HERR R TF AL o

L 7ff— T elg IR, AR 3 mHEIE 1 cale RikAgmiFEds. AL, ATET BERILA
PR RS A s, DMEZESATER O I ALE SR8 o AR IR Kk & — DMEREU R U2 B
0, WERN true, W51 K E . ATEK iz B in— M E R, 7TRUMR R, 356G
{TEN “Divide by zero!”, B Ja 45 Rt5 . XM ET AL T, 8] 3 AL B AR B4 b, {H
BA PLEIRATE SR 1 FARIE A . BATE T A A% %] CodeGenerator.cpp X H . &
J6, USINET R BE B — e B B8R 775, T EAF 6 _cxa_allocate_exception() l_cxa_throw()
PR LLVM 750, S s R R R 5 5, T3 2 Global Variable SEBIDR URAT RS B
FATIE TR 5] AL E A B & B AT R A& AN ATk 18 & iR AR e



GlobalVariable *Typelnfo nullptr;

FunctionType *AllocEHFty nullptr;
Function *AllocEHFn = nullptr;

FunctionType *ThrowEHFty = nullptr;

s Function *ThrowEHFn = nullptr;

BasicBlock *LPadBB = nullptr;
BasicBlock *UnreachableBB = nullptr;

C FRATEES I T — AN A B R Ok G T EEAETAME ) TR . createlCmpEq() MR A

HAGHEEASEGATIR, eal@— eSS, HTRERAESENE, FHFald—>n
184, HTHEMNAMER TR AL, XHANEALET TrueDest fl FalseDest 2
b a5 iR A . B AR A2 0] LLAE TrueLabel A1 FalseLabel Z41 4145 H:

void createICmpEq(Value *Left, Value *Right,
BasicBlock *&TrueDest,
BasicBlock *&FalseDest,
const Twine &Truelabel = "",
const Twine &FalselLabel = "") {
Function *Fn =
Builder.GetInsertBlock () ->getParent () ;
TrueDest = BasicBlock::Create(M->getContext (),
TruelLabel, Fn);
FalseDest = BasicBlock::Create(M->getContext (),
FalselLabel, Fn);
Value #*Cmp = Builder.CreateCmp(CmpInst::ICMP_EQ,
Left, Right);
Builder.CreateCondBr (Cmp, TrueDest, FalseDest);

EAH BT R R, RATTREZOE LR B . £ LLVM 1, 2 45 I 25 44 1Y
BRECRA (AR &) FAVEH createFunc() FiEKBIRIXANT G R8T E5 H
FunctionType 1 Function &%t 1 /A BHeR BN PR AL R KA . SHEEMBIR IR, &
NS ESHYIRNIREREN false, RRNSEIIRPEAHLEL D

void createFunc (FunctionType *&Fty, Function *&Fn,
const Twine &N, Type *Result,
ArrayRef <Type *> Params = None,
bool IsVarArgs = false) {
Fty = FunctionType::get(Result, Params, IsVarArgs);
Fn = Function::Create(

Fty, GlobalValue::ExternallLinkage, N, M);




s| }

XEEUER TAEERE, FATREEAE R IR K5I A FH

SIR=E
N TSR ER IR AR, Wi T — addThrow() J7ik. XANH % & EWIE R 7B

AR IR, I _cxa_ BEGURSH o Bl R 5 5 AT int SRALE, WL EONEEAE.
R FRATT 7 G A 1 N

1. ¥ addThrow() 77¥EH Lt Typelnfo TEZT CHIMGE. WRAZ, WAIE—14 i8* K
B4 R AR A — > _ZTT 0K BRI C++ int BB C++ Josd:

void addThrow (int PayloadVal) {
2 if (!TypeInfo) {

3 TypeInfo = new GlobalVariable(

4 *M, Int8PtrTy,
/*isConstant=%/true,

6 GlobalValue::Externallinkage,

7 /*Initializer=%/nullptr, "_ZTIi");

2. WIE 4R S fE A createFunc() 4B /724 _cxa_allocate_exception() F_cxa_throw functions()
&% IR 75 HH:

1 createFunc (AllocEHFty, AllocEHFn,

N

" __cxa_allocate_exception",

3 Int8PtrTy,

4 {Int64Ty});

createFunc (ThrowEHFty, ThrowEHFn, "__cxa_throw",
6 VoidTy,

7 {Int8PtrTy, Int8PtrTy, Int8PtrTyl});

3. A A BRI PR AL TR B MR R L, B A B THEAR BT . RATAIN IR AR SR A B C4-+
FEHH_gxx_personality v0() %L, FHR LW E N YRR RS . YT R BT, H
AT LUE ] Builder SEFIRE W S ET 3RS, e R K 7B

1 FunctionType *PersFty;
2 Function *PersFn;
createFunc (PersFty, PersFn,
" __gxx_personality_v0", Int32Ty, None,
5 true) ;
6 Function *Fn =
7 Builder.GetInsertBlock () ->getParent () ;

8 Fn->setPersonalityFn (PersFn) ;




CFETOR, QUEIFETE R RS A T B, BATHE BRI A AT A TR . 5, 8

AR, @SR EEEN AR S IEAL, JFRA addLandingPad() J7
o WP B T AR BSR H 1) IR AU, R AR T — iR H b Tk . i oGS e
T R AR B

BasicBlock *SaveBB = Builder.GetInsertBlock();
LPadBB = BasicBlock::Create(M->getContext (),

"lpad", Fn);
Builder.SetInsertPoint (LPadBB) ;
addLandingPad () ;

- WIEA R D SE IR DRAF AN FTIA TR B A T . [FIFE, JRATEBIE 17— EAH, IR

WENHES ERFEA S R)E, WERN— AR S . &, KRS 5
WE P CIRAFT) SaveBB 3241, LMERLLR IR WINEIEA I AL

UnreachableBB = BasicBlock::Create(
M->getContext (), "unreachable", Fn);
Builder.SetInsertPoint (UnreachableBB) ;
Builder.CreateUnreachable () ;
Builder.SetInsertPoint (SaveBB) ;
}

CESRE, TRENEIT A _cxa_allocate_exception() ERECK AT BN AFE . FRATI

FHE CH+ 1 int A, HA/NEFEN 4 737, BATDVEAE ¥ E unsigned 5, FFR
HAENZHOR A s BRI MR B W CavIanie, P DL TR 20— 454

Constant *PayloadSz =
ConstantInt::get(Int64Ty, 4, false);

CallInst *EH = Builder.CreateCall(
AllocEHFty, AllocEHFn, {PayloadSz});

- BEROR, AT PayloadVal EAZf#E B 3 ECHI N AE . ik, 2@ id A ConstantInt::get()

PRI — A LLVM IR % &, R0 A TR i8% RAUMN), ERZAAE 132 AN
B, FHEE— bitcast F5 4 RomHHE %K.

Value *PayloadPtr =
Builder.CreateBitCast (EH, Int32PtrTy);
Builder.CreateStore (
ConstantInt::get(Int32Ty, PayloadVal, true),
PayloadPtr) ;

- Bon s LM _exa_ YO BREOGI A RE . ROV AP B fEAN B b S R R, P

AFRATFE EAF H invoke 82T AE call 84 . 5 call 841 El, invoke 84 45K — P REA
B, FATEMNANEEEAL, XH, /& UnreachableBB il LPadBB AL, 5 s E




SRS, EHIRNERE] UnreachableBB &AM . BT _cxa_throw() BREIIBETT, XFHHE
BKIEAS KA. BHRSEiE LPadBB AR F45 . XFEH 5 T addThrow(
JI I SR

Builder.CreateInvoke (

ThrowEHFty, ThrowEHFn, UnreachableBB, LPadBB,

N

{EH, ConstantExpr::getBitCast (Typelnfo,
Int8PtrTy),
5 ConstantPointerNull::get(Int8PtrTy) }) ;

ROk, AT IS SR A B Ab B 75 Y IR

HIRFE

TR IR AR RAIR R E . W7 —1 addLandingPad() /7%, AERGHT TR M 75 A 32 HX
FMER . MRILA C++ 7Y int 288, M@ E “Divide by zero!”, FEMBREUR [, 1A
ACHES, WA FAT A resume 84, ERABHIBIER BTN . BOAERME R sa H
fl B HORAL B 5, BT LU TG 2 I R . DU AR TR SR 3R /5 P 3R

L ARE) IR 1, FFEFA C++ 1817 FE ) _cxa_begin catch() Ml_cxa_end catch() BB, 4T

B RIE S, B C 1847 FE puts() BREL TR FIRBEERE R, W04 Bont

llvm.eh.typeid.for $84 . FTH B R EEHE T 2 FunctionType F1 Function SEZ41, FAIfE

M createFunc() J7iEiEAT A

void addLandingPad () {
FunctionType *TypeldFty; Function *TypeldFn;

)

createFunc (TypeIdFty, TypeldFn,
"llvm.eh.typeid.for", Int32Ty,

5 {Int8PtrTy});

6 FunctionType *BeginCatchFty; Function

7 *BeginCatchFn;

8 createFunc (BeginCatchFty, BeginCatchFn,

9 "__cxa_begin_catch", Int8PtrTy,

10 {Int8PtrTy});

11 FunctionType *EndCatchFty; Function *EndCatchFn;

12 createFunc (EndCatchFty, EndCatchFn,

13 "__cxa_end_catch", VoidTy);

14 FunctionType *PutsFty; Function *PutsFn;

15 createFunc (PutsFty, PutsFn, "puts", Int32Ty,

16 {Int8PtrTyl});

2. EHFEIESRBATERIME —KEL. ERFAE ML 8% M i32 KR FEMLEEM. XA
giteilid A StructType:get() BREAERM . FAVEEE— C++ 1Y int REPFHE, ©



N

0K this /E AT HEINE] landingpad 844, FH)AUE i8* B H &, KILFTFEAR—
/™ bitcast f84¥ Typelnfo ([EHFEHNIXFPRM , K541 B FMEAAAETE Exc A &EH, PL&LL
JE A% A

LandingPadInst *Exc = Builder.CreatelLandingPad (
StructType::get (Int8PtrTy, Int32Ty), 1, "exc");
Exc->addClause (ConstantExpr::getBitCast (Typelnfo,
Int8PtrTy));

ROk, MR [EMEHIRBCE A E RS . 83T lvm.eh.typeid.for 84, FRATIREL Typelnfo F
B ID, HERN C++ B int KA. IR IR, LATIAEC LR T WA T 2L
MR, DARE 2 15 n] DLAR B 5

Value *Sel = Builder.CreateExtractValue (Exc, {1},
"exc.sel");
CallInst *Id =
Builder.CreateCall (TypeIdFty, TypeIdFn,
{ConstantExpr::getBitCast (
TypeInfo, Int8PtrTy)l});

N TAERA TR IR, A createlCmpEq() X AN BRI EUE A B N FEABL, 7264 7E TrueDest

I RIXPAME A VLS, R 4k SE7E FalseDest FEAM Figfr. XAEATA 4,

F1 FalseDest ZF & 7.

BasicBlock *TrueDest, *FalseDest;
createICmpEq(Sel, Id, TrueDest, FalseDest,
"match",

"resume") ;

o

—4

resume 18§42, HTRKIBHIBZILLS C++ BT :

Builder.SetInsertPoint (FalseDest) ;

Builder.CreateResume (Exc) ;

I FX PR AMEARSE, 0K 4k SE4E TrueDest B4 FIZAT . B A4 i IR A, MAERETE Exc

A E Y landingpad #8413 BHE T HEEUE ) 75 0484 . SR, AZROH cxa begin catch()
BB, A IR E NS Bl X RWIBATIN T aa Ab B 5

Builder.SetInsertPoint (TrueDest) ;
Value *Ptr =
Builder.CreateExtractValue (Exc, {0},
"exc.ptr");
Builder.CreateCall (BeginCatchFty, BeginCatchFn,
{Ptr});




7. MV puts() BRECRACH R E R BT RIS & vk, & Se il A CreateGlobalString
Ptr() BREES— MR FZ R E RS, SRS puts() BMEUTRZIREHE NS
PN

1 Builder.CreateCall (EndCatchFty, EndCatchFn);
2 Builder.CreateRet (Int32Zero) ;

it addThrow() A1 addLandingPad() B%L, ATLAAERK IR SRk S8 H AR 58 . AR
TEIR IR REARECE TN 0, KT —HiEH

BRELERBEREINAREFT

FRIEH) IR AZAE visit(BinaryOp&) AR . FATA R ZAEK—A sdiv 584, 172 5 Fa 4k
IR SR¥FRES 0 BEAT ELEL. WURBRECH 0, MIFSHIRARSEAEFARSA Gl 5 o B0, F2H0H 4k
SRAfH sdiv fR 2 TEHEABAIZELT. 7E createlCmpEq() A1 addThrow() BRI H BN T, FRATAT LR
5 5y ¥ 2w 5 A Y

case BinaryOp::Div:
BasicBlock *TrueDest, *FalseDest;
createICmpEq (Right, Int32Zero, TrueDest,

FalseDest, "divbyzero", "notzero");

Builder.SetInsertPoint (TrueDest) ;
addThrow (42); // Arbitrary payload value.
Builder.SetInsertPoint (FalseDest) ;
V = Builder.CreateSDiv(Left, Right);
break;

RBGAE BGER  TAE B A58 . N T @M HRER, ATLAYI#E] build H®HHi247 ninja, 0
Frs:

[ $ ninja

ek e, S E A KN IR—6lin, 1] with a: 3/a FIXI, WK R

$ src/calc "with a: 3/a"

T B 51 KR 7 T s 1 IR
AR TR BUEARIT CH++ 14T . BRI PE B B (1 SR 7R A clang++ #iEds, #
rtcalc.c AFE AT 4N rtcale.cpp RIANIHE AR IISATIN BREL,  FFAE SCAFE A B9 REAS bR ZCRT RIS N

extern "C"s ZAJE A LM lle T EM AR IR FHoh—AHAs SO, A clang++ giFastl
AT AT SO



$ src/calc "with a: 3/a" | llc -filetype obj -0 exp.o
$ clang++ -0 exp exp.o ../rtcalc.cpp

W, P FREZ AT

$ ./exp
Enter a value for a: 1

The result is: 3

$ ./exp
Enter a value for a: 0

Divide by zero!

BB, BN 0, KGR —ANRE . BB IEE TR

WATC 2] Tl 5l R AT, A IR ARG A UM ik ae i 1. 244k, B
i IR B catch FAIMEEIL TN, AT IATH BEARK IR EIEA S
B

AT EHE 2R LLVM 33— B —F 5. F—0d, RATERINEE cE s, I
FEFELETE LN SCHF LLVM A4 .

ET XA B E R THIEN D

PN FEET AT CLFR 1A R — AR TT, EATE A4 £ LLVM BRI R A AL, X5
DEACAARME S E PN FEAT R 5 M A% o IR B AS BEVEIE W I MR A 4, B2t a i T2
PACHITTRE. T35, ESCOUXAMINEZRT, AR EAF BT TR AN R, IR AN i o
R g A AR o

BRRAMITHIEFR
N T RXAN A, AERAVEE T IH ) R L

i|void doSomething(int *p, float *q) {
2 *p = 42;
3.1425;

*q

PATARERE p A1 q FREFE BIR A R AT, UdfEd, X2 —ADEER D, i
NG WA p M q FRIAF—DAEEHRTT, AN 4. GRS REVSIE I P
FENCRIEA 4, IR, Blln: 1E soSomething() B%H, 7 DAFEA B 45 RIS B
NEHHET A

RSB AT E R S W LU A MR AR B4, IXBOR TR E RE . R, Sl
] RE B TR TR R A4 R AR IE N ——Hiltn, AN RS 2 ] SR AL e 4k

LLVM JFR N G £ A5 52 IS Bs RN B A f# 15 <. Telda A A Hlag:



o ESG, MRGERT LU AL HAl SRR AR SR IR G5 e SRR IR S

o LU, HEA T INEEAF R S 1 N AE T R

IERATESR C HHIRBE RGN . BEFSRREAJZ IR AR L — MR RO, AR ) Phds
#, WATLAER . LLVM {RBRA M R A4 PR AR TS iR AR R M (0 2 IR G5 o S mT AR ) — A
LLVM #EHe i R F R B2 kg5 0, JFH LLVM 7 — 2 AR5, REIXEERR AT L4 .
R RZT, ARTREREAT A RERERT RIS &, HEA5 A ESE A
HARKEGRA. Clang N C E X T WIFEREH:

o MRT PN Simple C/C++ TBAA
o MWATFIZAMTFRREMNY A X2 CIEBF T —MEHREE, KANTE R LU
iy char KT FRE .
o 1E char %7 52 H T HARAR B 2R 09 MR T BT Fa Ry 3L
Ra R E ORI AW H 2 1) 751 o
XL ST H A E O T I TE 2 VT AR . V7 AR D B =8 L a: FESRAY ., 1y jn) 2R 7Y
M . ARAEIERBIPAE,  T5 i bp 2 HR A0 174 A e] g 77 2K
1o WRFEE ARG 2RI, W5 Rl bric iR 254 A BN A DT 1), B U7 10 SR AL R4 T 45 7€ fi
B,

2. WIS RFREIA, W7 RN IR R, I HIRE =L ATN 0.
A 7R S, FATIAE AT ATEVT M bRid FE L— KRR, KRR TIHERAEE £ LL
Wl. Jud (BB, WEEE) MBI RE & e
o WNRKIBARFRERMIFHMBERN 0, WEZERBAZ (RIFA, 0), RBARHEMZIRG
F e 8 AT B SR AL . WA mAE E AN 0, MBS SR E Lo
o FEFME—NEEHRM, RIG tuple(FEFKM, WFLE) M EZEKME tuple(BrkAY, Hrimts
&), MHRER MRS AR Briwfs & o AR B oG B R R A p i an A .
XA K R AL AR AL OC R AAEVT IR R —— il dn, (BERAY 1, Vim2RA 1, g 1)
(R 2, YinSRAY 2, fAEE 2)—— AT RL 4oy (BERHY 1, fWgHE 1) A (R 2, (M
2), RZIMR. XHIERZKFRZMK,
FH— A5k 15 B

struct Point { float x, y; }
2|void func(struct Point *p, float *x, int *i, char *c) {

p~->x = 0; p->y = 0; *x = 0.0; *i = 0; *xc = 0;

A5 FH I 0 b B S A () N AE DT Il bric g S, 2301 U RIFRIEA2 (int, int, 0), 2% ¢ BIT5 R AR
1042 (char, char, 0). fERMZ XA, int KA RS AU char 1950, I (int, 0) E
P R (char, 0), PIMBEHESATLUNA . S8 x MSHL ¢ W2 —FE0), HEZSE x M 1 A4
K, BIILEMIASE NN . struct Point ] y AR Vi A2 (Point. float. 4), 4 245 y &
T mEs . (Point, 4) BRI %2 (float, 0), KX p->y Al x FIVF R ATRES 4%, 1 H H
TEFERERE, 2% c 2 ut.




-

FOVE o EEE, FATE A lvm:MDBuilder 28, 7£ llvin/IR/MDBuilder.h Sk {H A B . i
A G FAEAE llvm:MDNode 1 1lvm::MDString 28 IS o A #4828 m] DAL FRAT T8 T R 3 1)
PR

I create TBAARoot () F7ik QAR AT s, Z 7000 288 2 IR ) R AE N S HOFIR [H]
M R T BUE A createAnonymousTBAARoot() 7772 1] LGN — AN EE 4 AR Y A

8 H createTBAAScalarTypeNode() J7 2K n & RIS IN R JZ R g5 T, 12771k DL Y 1) 44
AT RAEAZE . NGRS HME 15, createTBAAStructTypeNode() J7%
IR A FRAF B HNRAE NS E. 88N std:pair<llvm::mdnode*, uint64 t> instance. 5 —JT
RN RA, oAU R B R WRE P R .

f§ /] createTBAAStructTagNode() F7iEBIE VT RIbRIC, 75852 R, U5 i) KA AV 7
BIENZHL

e, JCEBIR LA BB S E TR 2. 189 A setMetadata() J73%, H T U
TLEPE . B NSEDAE lvm: LLVM Context::MD tbaa, 2 /NS E 2 U5 R .

A VXA, BATAE T — 17N tinylang WINEE TR E A4 501 (TBAA) Ko .

[ tinylang 7&i1 TBAA jT#E

NTSCHE TBAA, FEMT —/ANHH) CGTBAA 3, %287 314 BT HuE 15 . RAOTET
N CGModule KR, FREHN TBAA. S INEAAFETE 2 # W] ek, AMIRATE CGModule
K CE TN R 1Z R B E O AR U S . WUREE, WP CEEER InEIfe 4. X
PRV TIIE F0 VP ERATTTE AN 75 ZE 0508 B D% P Je Bl A le—— il o, 7550 T AR Ak iR el v

void CGModule::decorateInst(llvm::Instruction *Inst,
TypeDenoter *TyDe) {
if (auto *N = TBAA.getAccessTagInfo (TyDe))
Inst->setMetadata(llvm::LLVMContext::MD_tbaa, N);

PFATE T CGTBAA 2RI BN include/tinylang/CodeGen/CGTBAA.h Sk XX AFH, FF¥E
SN 1ib/CodeGen/CGTBAA.cpp SCHFHF. B THIRIEER (AST) & X 24, kCHHEFEE
B 8 SOTTEARE T SRR 28 1) S A

#include "tinylang/AST/AST.h"
#include "1llvm/IR/MDBuilder .h"
#include "1llvm/IR/Metadata.h"

CGTBAA &7 Z A7t — LB it &R Wil — 20 20 i fif 3 i e
L ESE, W EGATRR R IREHIAR:

i|class CGTBAA {
2 llvm: : MDNode *Root;

9. N7 MR TCHIR A A, HE MDBuilder 21 520:



1 llvm::MDBuilder MDHelper;

3. WA, AAENIA A Rl e HE DAL E A

1 llvm::DenseMap<TypeDenoter *, 1llvm::MDNode *>

)

MetadataCache;
3| //

LT

FE5E T MIERT R AR R 2 J5,  BULEVR I g oo 300 B /% (10 75 7
1. F38 B AT a6 M B B A -

1| CGTBAA : : CGTBAA(1lvm::LLVMContext &Ctx)
2 : MDHelper (1lvm::MDBuilder (Ctx)), Root(nullptr) {3}

2. TEVEHL S RIS IR SR AR, W HoAr 444 Simple tinylang TBAA:

i|11lvm::MDNode *CGTBAA::getRoot () {

2| if (!Root)

Root = MDHelper.createTBAARoot ("Simple tinylang
1 TBAA");

5 return Root;

3. X FAREIRA, £ MDBuilder SEAHE BT AR SRR 44 B i T el 0 o 8T B el 19
AL AT

1/11lvm: :MDNode *

2| CGTBAA:: createScalarTypeNode (TypeDeclaration *Ty,

3 StringRef Name,

4 llvm::MDNode *Parent) {

5 llvm::MDNode *N =

6 MDHelper.createTBAAScalarTypeNode (Name, Parent);
7 return MetadataCache[Ty] = N;

4. NI TCEHE M E N E S, ML R T T B

1{11lvm: : MDNode *CGTBAA::createStructTypeNode (
2 TypeDeclaration *Ty, StringRef Name,

3 llvm::ArrayRef <std::pair<llvm::MDNode *,
4 uint64_t >>

5 Fields) A

6 llvm::MDNode *N =




7 MDHelper.createTBAAStructTypeNode (Name, Fields);
8 return MetadataCache[Ty] = N;

. BURIE] tinylang R F e, FREGIERME RSN .. BT tinylang FIRME R G AEE IR,
AT DA — P 1] B v . R A B SR TR S B B AN BAR Y S 2R, R BT A Fe T
SR AN, SERAL SRR G 5 B IR ST . SRR 2R, IR Rl nullptr:

1|11lvm:: MDNode *CGTBAA::getTypeInfo(TypeDeclaration *Ty) {

&)

if (llvm::MDNode *N = MetadataCache[Ty])

return N;

if (auto *Pervasive
llvm::dyn_cast<PervasiveTypeDeclaration>(Ty)) {
StringRef Name = Pervasive->getName () ;
return createScalarTypeNode (Pervasive, Name,
getRoot ());
X
if (auto *Pointer =
llvm::dyn_cast<PointerTypeDeclaration>(Ty)) {
StringRef Name = "any pointer";
return createScalarTypeNode (Pointer , Name,
getRoot ());
b
if (auto *Record =
llvm::dyn_cast<RecordTypeDeclaration>(Ty)) {
llvm::SmallVector<std::pair<llvm::MDNode x*,
uint64_t >,
4>
Fields;
auto *Rec =
llvm::cast<llvm::StructType >(
CGM. convertType (Record));
const llvm::StructlLayout *Layout =
CGM.getModule () ->getDataLayout ()
.getStructlLayout (Rec) ;

unsigned Idx = O0;

for (const auto &F : Record->getFields()) {
uint64_t Offset = Layout->getElementOffset (Idx);
Fields.emplace_back(getTypeInfo (F.getType()),




N

34 Offset) ;

35 ++Idx;

36 }

37 StringRef Name = CGM.mangleName (Record) ;

38 return createStructTypeNode (Record, Name, Fields);
so| }

10 return nullptr;

a| }

6. FRITHAEH) — 775/ getAccessTagInfo(). UM A F EARIGE KA, ProlBfeEe.
A0, 3% 8] nullptr:

1|11lvm::MDNode *CGTBAA::getAccessTagInfo(TypeDenoter *TyDe)
21 {

s if (auto *Pointer = 1llvm::dyn_cast<PointerType >(TyDe))
sl {

return getTypelInfo(Pointer->getTyDen());

s| }

7 return nullptr;

B TBAA S i A pl, H s B0 oo B0 B 20 A2 s R /426t 48 2 - 11 i, 78 CGProced
ure::writeVariable() W1, X R B AT, HHAAAMHTES:

Builder.CreateStore(Val, CGM.getGlobal (D)) ;

N TBWTES, 5Bk AT AT & oy bR AT

auto *Inst = Builder.CreateStore(Val,
CGM.getGlobal (Decl));
CGM.decorateInst (Inst, V->getTypeDenoter ());

AT IXEFEN, #oem T TBAA s £

T, RATE R — AN R A 3 A X e i AR R T R
IR T HE

NT RFEARS LR, AL FRINERE R . LLVM Gt A5 8 i S2 =8 oo B
RAIRPEE F RN ESEE, DR S M NERE. LLVM #Z.OFE Unix &5 1

PL DWARF #4204 iR {5 B, 7 Windows £4¢_I L PDB(Protein Data Bank) #30E S5
Bo TATKAET — 5P EH ARG

T IR TR AL



N T HERFA AR, LLVM AT F 15612824 (¥ 43 8 1) so B8t 1) 07 A e il . s 4
FRERSCAT . gRIEHTC. R VAP A B 252

A E A 282 lvm::DIBuilder, FEA# M llvin/IR /DIBuilder H1 IS R3], XA
MRS, RUET 5 T A B DR G nT i e . e BIRE A3 LLVM X R (W14 )=)
i), BEALERI AR 4. X EAIH T 22T DL e R

o lvm:DIFile: {5 FH A4 AL & 1% I H 53 B 4805 BR AR R IR — AN S0, AT LS createFile()
TIERGIE . — T VS o, W IE S R AR A,

o llvm::DICompileUnit: XTI X A7 9 it 50, 075 L4 €I T« F€ T et 1A m
A T AL, REE Y ST TR DIFile. & 0] OB A createCompile
Unit() KA.

o llvm::DISubprogram: #ifiid—~ &% Hrh HEEHE EA : AERH L (8F 2k E K0 DIComp
ileUnit 8¢ DISubprogram ). i %44 A& i 1 e Hie 44 A1 ek 2288 . ml LB TS i ) createFunction()
KB .

o llvm::DILexicalBlock: i 7 40 {a £ 15 5 Honk A 380G AT @R K a0 B, AT DA 3L 3 H
createLexicalBlock() KA

LLVM X g B B 2R 0010 5 BOR AR . BRI, WOH R T8 5 MEUE R ARG B B0
VARG, I EAE S P BoR R, AL AN E R . XA T EE LA

o createBasicType() BEUR[E—MFE M llvm::DIBasicType 48R, B8 o HdlE kb A
KA, 40 tinylang Hf) INTEGER 8¢ C++ H int. BR 7 RBM LR, FrifiZH0E A
RABAL RN GRS ). B, AR5 KA 2T 5 KA.

o AJLMITIE] UItiE E A E PR R o s, H llvin::DIComposite 8%~ T LAME A create
ArrayType(). createStructType(). createUnionType() Fl createVectorType() BRESLFI1LEL
A, gk, BRE M BRI TR . XL R H R EAH N ) S — N, K R )
RIINIT bR, B SRR BRI %R .

o WA UEITIESCRIEE . B, K5

PREH R R 1 AURIETE T AN A I E R EE S . R I% lvm:DIBuilder 28 (1) 524
45 DBuilder. #— S {B1A —LE tinylang 5, %4 File.mod H3CHEAE /home /llvmuser A4
KT o XAFHES 5 472 — A Func():INTEGER %L, 75 7 7765 —> VAR i:INTEGER J&#
B JATAE AT, MWSCHFRE BT 33X B 7R 4R 8 SO e ST 1) SOAR 44 FAe ] % A%

llvm::DIFile *DbgFile = DBuilder.createFile("File.mod",

"/home/llvmuser") ;

A tinylang T —MEEL, BIER LLVM K% Efoc. X5 TIRZEE:

bool IsOptimized = false;
2{11lvm::StringRef CUFlags;
unsigned ObjCRunTimeVersion = O0;
llvm::StringRef SplitName;

5/ 11vm: :DICompileUnit::DebugEmissionKind EmissionKind =




llvm::DICompileUnit::DebugEmissionKind::FullDebug;

~

llvm::DICompileUnit *DbgCU = DBuilder.createCompileUnit (
8 llvm::dwarf::DW_LANG_Modula2, DbgFile, tinylang",
9 IsOptimized, CUFlags, 0ObjCRunTimeVersion, SplitName,

10 EmissionKind) ;

WA 77 EATEVRIE S - DWARF b LT — NS T A A A RIMZE, SRR i SR
T RIEE 5 R ik, 2@ DWARF ARG —/MER. iHE R, Wikl TR d
T BRI SCRE, B AU R MO I 0 — A8 2 AN 1

VFZAEOLT, B M SIEE SHIEMIES % 7. tinylang 1, BATIERE T Modula-2, £
DW_LANG Modula2 KT F R GBS oo e/, iz iz Al @ i) DbgFile 48
BRI, TIRE B LR O T ARG B XA LUR R R G RRRRAG R . X8, Rk
A tinylang FRFH . WERAARIIMASE S, 77U S FH S 2/ B R NS5

45 B EHE IsOptimized #3&, faangmiddt S S Ttk @5, X MrEIRAEHE-O ik
I, AILMEH CUFlags 0K NS 80k B AL R . X EAMMEA A, BiME@E—NEF
e o XHEAME Objective-C, FrlAMEiE 0 1EN Objective-C HIIZATI IicA . 18, Wi[EEHRA
FNFRA TRV RS rp o a0 SRR B IR B S N — N SCPF, 84 SplitName S 5064140
TSR B, RSN TR &, AT RAE UORZ R RS B O B
W B RSB MIAE R, A FulDebug FMEE KRR W HAEFET SE R, BT LLE
# LineTablesOnly {8, (# 1%+ NoDebug EHRERRAE A WIXELE . M TEHE, ®IiF—HiHm
ARG B

AT /NS R H INTEGER #ERA!, 22—/ MRS 32 A, xR R aIE T
HHR AR fe7 B

i|1lvm::DIBasicType *DbglIntTy =
DBuilder.createBasicType ("INTEGER", 32,
3 llvm::dwarf::DW_ATE_signed);

FORRRBEE R T, AU BRI, IRE R R B B e . XL T R
A IR. REEL L DL, SR a R0y HES, s R SR A R
510 AL —ATuE. EE, ZXANBUREEWIER . AT, RABERT DL SiE o idE. X
XN R AR A B, WIae ik, G, RLERBPSHGE ORI, FiFESEE L
Xt EATTEEAT 5 2 B

1{1lvm::Metadata *DbgSigTy = {DbglntTy}l};
2{1lvm::DITypeRefArray DbgParamsTy =
3 DBuilder.getOrCreateTypeArray (DbgSigTy) ;

llvm::DISubroutineType *DbgFuncTy =

DBuilder.createSubroutineType (DbgParamsTy) ;

AT R EAT 4 INTEGER R\, B HASH, Bril DbgSigTy B R W& R %
RAUTTHAR RS o i SEH IR, SR )5 (2SR S B p B 2R A



BRHAS B T B 2 1 K dle:

unsigned LineNo = 5;
2lunsigned Scopeline = 5;
llvm::DISubprogram *DbgFunc = DBuilder.createFunction (
DbgCU, "Func", "_t4File4Func", DbgFile, LineNo,

DbgFuncTy , Scopeline,
llvm::DISubprogram::FlagPrivate,
llvm::DISubprogram::SPFlaglLocalToUnit);

— AN EREUE T — N miEIT, BT DbgCU A, 7FE/RF S F 48 2 B 4
FR, Bl Func, WiEMRMRAEMIEXN GO 05 BA B TS 1 J5 A sR B L3865 AR AR
tinylang FJREN, E1HEI4 N t4File4dFunc. FRATIE L AFE 20L& 1% R B A SO

XKW N, (HFEE—T C M C++ RSN — R UG EA F
A, REEE R PERICTH #include B E LR A X BT OLIFAELILE, RAMEH BSOS
O VR TOAT FH B SO AR R . 3R OR, RIS R B HAT S AR ECR AL, BRI IAT 5 AT REAS & R B RN E
YEHEIT AT 5. ERXFE LT, "I LR E — DM AR ScopeLine. B A R, {EIX HH
FlagPrivate {H15E B RIBR —MAH K. HALFTRERIME 2 FlagPublic Ml FlagProtected, T
public 1 protected PFR%{.

bR TR, X B A] DA E HAARRE, 0. FlagVirtual F£oxiE K%L, 1M FlagNoReturn
RARREA IR . 7] LLE llvm/include/llvin /IR /DebuglnfoFlags.def F#LF| llvim 72
TR RSN R . e E, AT LARE R E T REFRE . i 2 SPFlagLocalToUnit {A, #%1E
FWIZ R B IX A G PR T A HB R B . 10228 FH )72 MainSubprogram 18, X R W% HE &N
AT FEED R 0] DERT 4 20/ LLVM A4S SO iR 2 B A vl Be 4R .

FIHATE, Relg 7ol HESEdR il . BEAR FRENEN, T, RATERN
QAR RS AR MR IR AR, LA X AR & 7 1) o

IRERTEE

R AR R 2R A e TR S TR AR A OCHK 6 T4 R AR B, IX R H 1] #1 . DIBuilder
K createGlobalVariableExpression() MO | ik 4 /A8 & 1 ol . X AR E A E
ARk, IR AR EICFSESE. LLVM IR A4 RA8 B H GlobalVariable EH)—/NSEHIRIR .
EANFEAH—A addDebuglnfo() 77i%, ‘EF createGlobalVariableExpression() i [A] 1) 73 15 sl 5
4 R R K .

X R A, AT ERMH B —F k. LLVM IR ARE— MR REHEEARE, R
FEE . LLVM Ab X FA IR P T G2 R0 3 7E o R I N 21 R 20 IR AR, NAE B0
LLVM HIIE )R #, Ay DA AT — 22 . RZHEUEOT, WAEREA 2 2B 200 141
PR . XH,  pREORH 2R o 5 OCGER T .

VAR 0B i B B Y BB 2R B2 llvm.dbg.declare A llvm.dbg.value. i §i & K B R 348
R, R E KRR E AR .




PLE ) LLVM WA llvm.dbg.addr 54 & # 1lvm.dbg.declare

llvim.dbg.declare A 7E R E T — MRS KIHEMER R P LE R E0H A SRR 128 2 1)t
bk, 78RR B BEAN A A B I P9 #OR A R o IR A8 A R A A A R AR X R R R T B
KA S brAr g bl T e 2 o8 . O TR X — A, it TR 484 lvim.dbg.addr. XM
21245 llvm.dbg.declare #H[F], {H2&ERE KA llvm.dbg.declare A4 . B4R
iR — N R AR E b, T R % AR B AR

AL, Pass A LA (ATAER ZA) X llvim.dbg.value Fl/8% llvm.dbg.addr i K
Bz AN EA A, URBRRER.

5% llvm.dbg.addr HIHE TAESERN, llvm.dbg.declare 38443, 2 5B M i%TE
4.

R TAERWE?LLVM IR 3£~ Al LLVM::DIBuilder 25347 (4% F2 01 2% G AN A,
WKW H L RE . Akel F— R0 1, I-A1MEH alloca #§47E Fune Bty i B8 A MAEAE,
R FroR:

[ @i = alloca 132

ZJa, BATX llvi.dbg.declare $82- N1 H:

call void @llvm.dbg.declare(metadata i32* %i,
metadata !1, metadata
DIExpression())

FHANSHRRERENAE. 5 CASEOE A AR E R o, AT RLE I A AR
createAutoVariable() B llvm::DIBuilder 22124 createParameterVariable() Al 1. % =%
HoE b RIE I, e RS AT A RE

KL IR AN, v L@ A lvm:IRBuilder<> K[ CreateAlloca() LKA Qi &
A & 7y o A7 Ak

llvm::Type *IntTy = 1llvm::Type::getInt32Ty (LLVMCtx) ;
2/11lvm::Value *Val = Builder.CreateAlloca(IntTy, nullptr, "i");

LLVMCtx 258 2 I E T2, 1 Builder 42 llvm:IRBuilder< > 254 FH S2 41
Je AR T T B R R

llvm::DILocalVariable *DbglocalVar =

DBuilder.createAutoVariable (DbgFunc, "i", DbgFile,
3 7, DbgIntTy);

i E i ffE, A1 LR R DbgFune R —#45y, BENAHN I, £8 7 17H
DbgFile i 4 FI3C @ X, R FIZEAN Dbglnt Ty



>luint64_t 0fs = DL.getStructLayout (Frame)

e, FATE T v, dbg.declare 1545 X o4 548 & Kk RHGE K /] llvm:: DIBuilder
A AR AN N i FH 47

llvm::DILocation *DbgLoc =
llvm::DILocation::get(LLVMCtx, 7, 5,
DbgFunc) ;
DBuilder.insertDeclare(Val, DbglLocalVar,

DBuilder.createExpression (), DbgLoc,

Val.getParent ());

FIRE, DBAUNA B E—ANRALE . llvm:DILocation HISEBZE—A%%, FTRAF5/E K
RIKHILE AT F51 . insertDeclare() J77%IA LLVM IR ¥ 0 7 XFEA REAH . 1ERSEL 7
A H L (FFAEAE Val Hr) MR s (FAE7E DbgValVar ). JATEALE— )
sk A AN T BV AL B . 5l — R, T 2R A AR A b iR
fRE | —MEAL, WA HHKAERREGAN. 8, AJLEE %64, HHMEAZIZIES 20,
HATH MR alloca 18 HI4RE, ERIEANIREREALKRG—MES. Ll JAOVEHXAEE
ARHL, JAHINTE alloca Z J5HI4R4 .

R R AR R M E R AE TR, MU lvin.dbg.value IR INEN IR . wf LU
llvm::DIBuilder ] insertValue() K528, X5 llvm.dbg.addr B TAEJR BN ANFEZAAET, I
FEFR E A &AL B ) bk, T A28 1

FESEILRR AL IR AL plit, FRAVER 7 — s RSk, T2, ® 5% 0RE AR A7 i
. XFRImARER, XHBEWRERNMEH lvm.dbg.value FIREELLE clang AR IR #
EZCER

W RAS B B A, HJE TERIERG R, ZEAR? AR I MG oL J5 K
Fe At R E s . BESEIU R HEARHEZR AT ], R SR A h A I i Ae &, PR R )
AR R B 4 v R ea . AT P AR BN &, T RASI R 7 AR &, g2 s U
JRE AR —FE . AFEESR, XTI BRI — 50

FEX] llvin.dbg.declare WA, W cBEfid 15— NSRRI B WAE, WAE
M REN e AR WA —#, MTHERIN— AN, fam ol AT A A7 T —
WHoy. EMREMENT, TEIHADImMER. FEJin DataLayout SE6, &0 LANEIZE IR 1R
) LLVM BEEGRIGZ S A lvm:Module 5551444 Mod, MG & EHEL LI AL B4
frame, FRAN llvm::StructType, JRJE U5 MZHEZEMIEE =N ECR o« IXFESE AT LAAS 21 5 R ) A% 1

const 1llvm::DataLayout &DL = Mod->getDatalayout ();

->getElement0ffset (3);

RiLAXRH— RIVBRECIER . ZUjR Frame HJEE =R, a8 T 2 R385 0 i 72
o WEAE - MEAAXANMER:

llvm::SmallVector<int64_t, 2> AddrOps;
AddrOps.push_back(llvm::dwarf::DW_OP_plus_uconst);
AddrOps.push_back(0ffset);



XA, AT — A ERIA T, A& IES llvm.dbg.declare, AT RIEA:

llvm::DIExpression *Expr = DBuilder.createExpression (AddrOps);

AN 52 M AwF #AE B IRl . DWARF SNIEVF 2 ANE R3RAERT, I DAAT DA A 24 B R Rk
Ko A LBATE llvm/include/llvm/BinaryFormat/Dwarf.def SC{H #3575 ZA S 1 LLVM SCHH#1E
PR e EE B3R

PAERT DU s R a5 S . B2 Re e PRER R s R, R R TS ER, X
&I .

WIS

W as VIR AT R AR . ik, HEUE & ATE TR LA & T IR ACHD o ik
—47, LLVM RVFERN RS n—MNEME . E—39, 812 T llvm:DILocation 288 (1147 &
BR. W BAEE BT FURTEHE . WRFE, WX AT NEREIRTEE . &
A] CLFE H R AR B8 T Ra AR AT, B AT i A R (E AN ZE SR AR Hh ARG

¥ e B 48 4 Z 8, L0 IR A B A 2ETE llvm::DebugLoc Xt %71 Ak, K&K M llvm::DI
Location 23R 107 B 15 EAL#45 llvm::DebugLoc &%, @ X A3, LLVM n] LR ENL
BEE. BRI P A B BRSO, AR A AT DU R AR 2% 1 ) i 358 20 A ik
FIBL At o 30 A BT A B L] BE A0 B 2

IAT 5B R EE T LUAL AN AST K x47 516 BB A iRt . 184K H
setDebugLoc() J7i%, KA BIE B MINEHES L.

N, BATRE RS B A AN tinylang BRI

73 tinylang RN ZHF

PATE R BT E s 0 A2 B 25758 CGDebuglnfo 28+ . #2745 B #| tinylang/CodeGen/CG
Debuglnfo.h Sk3CAFEH, 48 R tinylang/CodeGen/CGDebuglnfo.cpp SCAFH .

CGDebuglnfo KA HANHE R 51 FATFHE S HEI CGM AR A ids, BRONIRATRR ZH 2K
TN AST FoR¥eHe )y LLVM KM, 4%, 7% llvm:DIBuilder J$H)—A5L4), #7A DBuilder,
W=k BT E RIS TR g, AT EAFAEEL N CU BRI,

9 T E A @R R o s, IRATERIN T — AU R E AR E R, AR
TypeCache. #J5, 75 —MEHEREGEEMIIE REEANET lvm:SmallVector<> 24
H—"44N ScopeStack FHERR:

CGModule &CGM;

2/ 11lvm::DIBuilder DBuilder;

llvm::DICompileUnit *CU;

llvm::DenseMap<TypeDeclaration *, 1llvm::DIType *>
TypeCache;

llvm::SmallVector<llvm::DIScope *, 4> ScopeStack;

CGDebuglnfo R LA R I ERE A 1KLLl i -




1. B, WEQEHENRTT, ZRAAEMIEREP RN . BATEAXEAE T —ME compile
FICISCE. e, wTRAEE CU G 5 ZSCH . #id s A AR ES 40 1 Boss:

CGDebugInfo::CGDebugInfo (CGModule &CGM)

2 : CGM(CGM), DBuilder (xCGM.getModule ()) {
3 llvm::SmallString<128> Path(
CGM.getASTCtx () .getFilename ());

s llvm::sys::fs::make_absolute (Path);

7 llvm::DIFile *File = DBuilder.createFile(
8 llvm::sys::path::filename (Path),
9 llvm::sys::path::parent_path(Path));

11 bool IsOptimized = false;

12 unsigned ObjCRunTimeVersion = O0;

13 llvm::DICompileUnit::DebugEmissionKind EmissionKind =
14 llvm::DICompileUnit::DebugEmissionKind::FullDebug;
15 CU = DBuilder.createCompileUnit (

16 llvm::dwarf::DW_LANG_Modula2, File, "tinylang",

17 IsOptimized, StringRef (), ObjCRunTimeVersion,

18 StringRef (), EmissionKind);

19| ¥

2., AR HROLAT B o ST LM B 28 i BRAE , K0 AST 15 AT LA i .
B FERE T LK SR O T 5

unsigned CGDebugInfo::getLineNumber (SMLoc Loc) {

2 return CGM.getASTCtx () .getSourceMgr () .FindLineNumber (
3 Loc) ;
|}

3. ARG B ORAFAEHERR o JRATT TR 2 — LE 7 iR RAT T MG A — ME RIS, PR R
HIFE . i oo e RfE AR, BATE S Ine:

llvm::DIScope *CGDebugInfo::getScope() {

ol if (ScopeStack.empty())
3 openScope (CU->getFile ());
1 return ScopeStack.back();

7lvoid CGDebugInfo::openScope(llvm::DIScope *Scope) {
s| ScopeStack.push_back(Scope);




)

void CGDebugInfo::closeScope() {
ScopeStack.pop_back () ;

- BATN BRI KB R IR QL — ATk getPervasiveType() J7iE NEEARR B E

WIRCEIE. ERELL IR A BRFRmLSHENHER, A INTEGER 254 signed J57Y,
BOOLEAN 287544 Boolean Z57:

1lvm::DIType *
CGDebugInfo::getPervasiveType (TypeDeclaration *Ty) {
if (Ty->getName () == "INTEGER") {
return DBuilder.createBasicType (

Ty->getName (), 64, llvm::dwarf::DW_ATE_signed);

}
if (Ty->getName () == "BOOLEAN") {
return DBuilder.createBasicType (
Ty->getName (), 1,
1llvm::dwarf::DW_ATE_boolean) ;
}

llvm::report_fatal_error(

"Unsupported pervasive type");

CWERTT R E A4 7 SRR AL, PR LM BRI E (o X H, BRATHRE (k) AR VA

17515 B

1lvm::DIType *
CGDebugInfo::getAliasType(AliasTypeDeclaration *Ty) {
return DBuilder.createTypedef (
getType (Ty->getType (D)), Ty->getName (),
CU->getFile (), getLineNumber (Ty->getLocation()),
getScope ());

MBI RE B/ T RN 557 B, M DataLayout S 2K L8804 .
1348 75 B4 5 2 B ) T Fra el

1lvm::DIType *
CGDebugInfo::getArrayType (ArrayTypeDeclaration *Ty) {
auto *xATy =
llvm::cast<llvm::ArrayType>(CGM.convertType (Ty)) ;
const llvm::Datalayout &DL =




6 CGM.getModule () ->getDatalLayout () ;

8 uint64_t NumElements = Ty->getUpperIndex () ;

9 llvm::SmallVector<llvm::Metadata *, 4> Subscripts;
10 Subscripts.push_back(

11 DBuilder.getOrCreateSubrange (0, NumElements));

12 return DBuilder.createArrayType (

13 DL.getTypeSizeInBits (ATy) * 8,

14 DL.getABITypeAlignment (ATy),

15 getType (Ty->getType ()),

16 DBuilder.getOrCreateArray (Subscripts));

7. R IR R TR, B AT TR B SRR T e . BRI T S A R
ARRE AT AAE LR ARRS A B b o 21

1lvm::DIType *

&)

CGDebugInfo::getType (TypeDeclaration *Ty) {
if (llvm::DIType *T = TypeCache[Tyl])

return T;

6 if (llvm::isa<PervasiveTypeDeclaration>(Ty))

7 return TypeCache[Ty] getPervasiveType (Ty) ;

8 else if (auto *AliasTy
9 llvm::dyn_cast<AliasTypeDeclaration>(Ty))
10 return TypeCache[Ty] = getAliasType(AliasTy);

11 else if (auto *ArrayTy =

12 llvm::dyn_cast<ArrayTypeDeclaration>(Ty))

13 return TypeCache[Ty] = getArrayType (ArrayTy);
14 else if (auto *RecordTy =

15 llvm ::dyn_cast<RecordTypeDeclaration >(
16 Ty))

17 return TypeCache[Ty] = getRecordType (RecordTy) ;
18 llvm::report_fatal_error ("Unsupported type");

19 return nullptr;

8. FATIL TG EEIIN—AN Tk A 4 Joy A & 1 e 24

i|void CGDebugInfo::emitGlobalVariable(
2 VariableDeclaration *Decl,

llvm::GlobalVariable *V) {



llvm::DIGlobalVariableExpression *GV =

5 DBuilder.createGlobalVariableExpression (

6 getScope (), Decl->getName (), V->getName (),
7 CU->getFile (),

8 getLineNumber (Decl->getLocation()),

9 getType (Decl->getType ()), false);

| V->addDebugInfo (GV);

ul}

9. ERHMAERMEER, HARENSERMAIE . b, FE-DSERMIEK, &
[l RARE S — N H o WERIEREBA R, ARG E R void, W& C ke,
WRIES RGN, WFEAIN SR, B, Rz 25 & -

i|{11lvm::DISubroutineType *
CGDebugInfo::getType (ProcedureDeclaration *P) {

[

llvm::SmallVector<llvm::Metadata *, 4> Types;
| const llvm::DatalLayout &DL =

5 CGM.getModule () ->getDataLayout () ;

6 // Return type at index O

7| if (P->getRetType())

8 Types .push_back (getType (P->getRetType ()));
9 else

10 Types.push_back(

11 DBuilder.createUnspecifiedType ("void"));
2|  for (const auto *FP : P->getFormalParams()) {
llvm::DIType *PT = getType (FP->getType ());
14 if (FP->isVar()) {

15 llvm::Type *PTy = CGM.convertType (FP->getType ());
16 PT = DBuilder.createReferenceType (

17 llvm::dwarf::DW_TAG_reference_type, PT,

18 DL.getTypeSizeInBits (PTy) * 8,

19 DL.getABITypeAlignment (PTy)) ;

20 }

21 Types .push_back (PT);

22 }

23 return DBuilder.createSubroutineType (

24 DBuilder.getOrCreateTypeArray (Types));
25 }

10. X FidREA Ly, w Mg B rih el i R AR G R . SR ITI - HIfE
P R BRATT R 2 R e A AR A . BRATIERE LLVM B8 E06 R 578 (K Rl f5 2 kI



N

N

k:

void CGDebugInfo::emitProcedure (

2 ProcedureDeclaration *Decl, 1llvm::Function *Fn) {
3 llvm: :DISubroutineType *SubT = getType (Decl);
llvm::DISubprogram *Sub = DBuilder.createFunction(

5 getScope (), Decl->getName (), Fn->getName (),

6 CU->getFile(), getLineNumber (Decl->getLocation()),
7 SubT, getLineNumber (Decl->getLocation()),

8 1lvm::DINode::FlagPrototyped,

9 llvm::DISubprogram:: SPFlagDefinition) ;

10 openScope (Sub) ;

11| Fn->setSubprogram(Sub);

11, HRE—ANERERR RN, 2508 R 45 7 it R RS B A, JATIE R/ ZMAEH
SRR H O Rz A

|void CGDebugInfo::emitProcedureEnd (

2 ProcedureDeclaration *Decl, 1llvm::Function *Fn) {
3 if (Fn && Fn->getSubprogram())
DBuilder.finalizeSubprogram(Fn->getSubprogram());

5 closeScope () ;

12. fJa, AZERAINEGUE B, FATHENR: finalize() JiZASINBIRE AR o X5 RIEA )
HIAGERE . XA RPN EELER, BT AT LA B B R A s o 8l

void CGDebuglInfo::finalize() { DBuilder.finalize(); 1}

RELEH GRS A ROZAE G E . A, FE—AIGTEI. JAOPEE TR
CGModule ZE/) A+

static 1llvm::cl::opt<bool>
Debug("g", 1llvm::cl::desc("Generate debug information"),

llvm::cl::init (false));

CGModule Z5F7f std::unique ptr<cgdebuginfo> RKHISLH]. KFarSAT R E, f8EHE
¥ 18E R R W ER AL

if (Debug)
DebugInfo.reset (new CGDebugInfo (xthis));

1 getter J7iEH, XFFR[EIFEET:




N

N

CGDebugInfo *getDbgInfo () {
return DebugInfo.get ();

AT R, —ANE R SR R RIR IR AT R AR B, A T 2SR
AR )R, LR A i E R

VariableDeclaration *Var = - ;

llvm::GlobalVariable *V = - ;

if (CGDebuglInfo *Dbg = getDbgInfo())
Dbg->emitGlobalVariable (Var, V);

RN THITSE R, TFERM—1 getDebugLoc() ¥ #: 77723 CGDebuglnfo 591, &F AST
L DA NS Rl W &R

llvm::DebuglLoc CGDebugInfo::getDebugloc (SMLoc Loc) {
std::pair<unsigned, unsigned> LineAndCol =
CGM.getASTCtx () .getSourceMgr () .getLineAndColumn (Loc) ;
llvm::DILocation *DILoc = 1llvm::DILocation::get(
CGM.getLLVMCtx (), LineAndCol.first, LineAndCol.second,
getCU());
return 1llvm::DebugLoc(DILoc);

SRJE, FTLLAA] CGModule KA HISE RS, 4T 515 Bl a#E 4 -

void CGModule::applyLocation(llvm::Instruction *Inst,
1lvm::SMLoc Loc) {
if (CGDebugInfo *Dbg = getDbgInfo ())
Inst->setDebugloc (Dbg->getDebugloc (Loc)) ;

X
SRR, BT LI TR B 2
BEE

ARFH, )T WHAE LLVM Sl s R R S, AR AR iR A TR ARSI iR
TR IR MYEE, TR T W S R oC R MR 2. BT RN 4 B onEdE 8 LLVM
AL B RAE THSOMAGE R, HAB T TR, DUERE G INLAD . P SR 5 Al AR
Mg R ES, @A IR ARG S, SUAeHs CRF X — B B R .

Ak IR %2 LLVM iz 0 MES . F—&d, JATKF 2 Pass BHEEER WA TAER, LK
WA Pass & B2 AT B LA 18




£ 8 & it IR
LLVM f#i | — &% Pass KL HEIFRT (IR), X IR HIT (BREEUEELY) $ATHEAE. #
PERT DA 4 (Blg U7 U B IR), WA R0 ir (R OC REEF E) . — RN Pass #x
A Pass k% . Pass BT IFLS LN IR EHAT Pass Bid. KNk, T # Pass & H IS
2y VALt g Pass BIERE E . KRS 5 B0E AT RERR 20T RO Pass, BT DAL AKX
Y Pass iSINEEEH
A, FATHEFELTNA:
o NM4H LLVM Pass EH 45
o {EHIHT Pass E AR SLIL— Pass
o fHHIH Pass B A Pass
o IR ZwPEARIS INARAL LK 26

RELERIS, KRR R — AT Pass, DLKWTREIRINE] Pass iiiKEH. 085 1 #
el fE H QR A i E Pass FIE.

NEPS AT

A PRI A fEhttps: //github. com/PacktPublishing/Learn-LLVM-12/tree/master/
Chapter083kHY.
PRA] LAERR AT b 3% #1488 ht tps: //bit . 1y/3n11hED.

48 LLVM Pass &=IEz2

LLVM #Z0 FEAR A g P28 B (1) TR, R 30 RS . XA ECOR IR 55 7] LA i i) L
ANEPNEEER, PR Pass. IX2% Pass 77 42 FOIEMRIT HAT, X2 Pass B HAR.
R A i Pass FINFIE? 948 10 P 38 5 S B8 4 BE S RSN R 200 i Ak . 1k
N BAETF AR EATRAL, SRR P B . e AN R T ROZS AT R IR HIZ AT, JwiFas
B HAT B2 AL, IR K gm e 18] . AN A AR A 0 kA 7 AT AR A ad i ()
BAE. TH, ENmESRES, Eraem 2R CH Pass, AILAFE /- RIS IETE 51 T .
fhn, EATRRAE A NG IR 50 (W R T ReRE) AR B ES RSO ER . ST C &
5, XFEM Pass & LLVM %GR —#5r, HE0THMIES, GFZRMEMt. £NrHacn
Pass I, AT REFHR ZEHHT BN IN—LE Pass. 0, WIERHITE Pass FUHRA/EMAELL TR AR ATT
Vi, WAERIZIEIT5EH O Pass Z 5 MR Pass. X5, Pass B EEAs 7] LAAE PO AT & HL
Pass 18 M 1E F VG #4740 25
o Pass BEEZ B KB IAN, FHOHZ R BT .
o Pass BRI Z AL NI . IXFER) Pass 7E45 58 A H 34T, JFnT H T i)
R R
o AH Pass BELLE JE ) b 5 i 7 3 FH 1T ) ek 4
bR 1 IR AREGZ 4, Pass AT REVHFE. A pElifli— 23 pir 46 B x . HIRZASNE B4, Flin:
A AT BGOSR A AR A HERE, DRI AT IX PP L) Pass R BEAE )
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BN 2 JGIE1T . 53— Pass A BEPAT AT BEAE I A S ECH JC R i 4t
TE%mvEgs NHE, Pass & PR LL N IhRE:

o MITEE R Pass . X FTHEEIRE RIS Pass TEBAN047, DL HTHPIRES.
HHVF R AR ER ST E, IR PR 85 R 5 N A

o Pass PUR/KZTT AT, Hiltn: iR & EMRKIKAT LA Pass BREL, B4 Pass & HAH AN
— MR RIS TR R T R Passe ANE, RS AR FIBAT T A B Pass 3L, DA
IR, X B A AR R O AT e, D g s RO R B & (B —4> IR %))
PTG, REF T —A (AR Hdask.

LIVM 5 M Pass & H 25

o |0 (BB H))Pass & H A
o #7 Pass B HLZS

KRS E T B Pass EEESRI), HEFEE M ARTEM . VF2CHE) Pass(H0 H br A4 %)
AT EH Pass B LAY, KUILIEMIX P Pass & A0 HE H B

IH Pass & HEAFER Pass MIEF4kK, fFli: Pass BRI llvm::FunctionPass J84kK. AL
Z K, B Pass HHEGIE TSN, RTEEMNFFARN Lvm:PassInfo<> & 5 R (mixin) 284k
7o | Pass EEAE A WK Pass ZAIMMBIOCR, MH Pass BFHAET, KBXRFTLELEA
it . ¥ Pass & BARIEHA BT HIAFTTE, I nvrmdar 217 ERSCARFIR TG R K .
— LLVM AP #RkE UL, UM Pass & HZR VI 28T Pass EHAE, miFEMBD T 10%, X
S FHHT Pass EELZRAER A /I0IHH

B, BAVE T Pass EHARLI—A Pass, HERZBRWEERmMEMCALTAKY . 5,
BAVEKFEF T IH Pass & H 3R,

EAF Pass BRI —1 Pass

Pass FJLAfE LLVM IR EHATAER S N 7 W Pass BINLH], FRATHIHT Pass A
THE IR FB A EE, FATHIXA Pass %N countir. ¥ Pass UiNE] LLVM JEH B/E
N—ANBALH) Pass BEAAE, BRUIRATRAE LU AT XA A . 1E3RATA R LLVM JER
WI0—N ¥ Pass FH46

@ LLVM JE#ERIM—1 Pass

BATAHGHH) Pass BNE] LLVM ¥EF6. WERRE AL LLVM B RATHT T Pass, X2
— PR T

£ LLVM IR _EHATHA 1] Pass HEAALAL T llvm-project /1lvim /lib/ Transforms A3, 1
SKICHAL T llvm-project/llvm/include/llvin / Transforms XA . U IX 4 2] Pass, 1245
FEEIR; R B 5 ST

XFFIATHIE Pass, T EAENMLEAEIE 7 — 4N CountIR HIHT L. B, LIl
CountIR.h k3 {4

L BAER —F, FEMARSCET A2 REE . B, BT EAT Pass HHEEE X

i|#ifndef LLVM_TRANSFORMS_COUNTIR_COUNTIR_H



¥

¥

[un

N

#define LLVM_TRANSFORMS_COUNTIR_COUNTIR_H

#include "llvm/IR/PassManager.h"

. BIRTE LLVM JACES . B LART LAE ) CountIR 28N LLVM fir 4 25 1A . %284k K 5

PassInfoMixin B . XAMERC R AN T — SRS, il name() 7. AL, EAHT
i€ Pass fJ2R7Y:

namespace 1llvm {

class CountIRPass : public PassInfoMixin<CountIRPass> {

FEIBATI, AR H AT run() 77 run() TERBLYGE T Pass A, XH, F—4
ZHGE BRI A, FrbUX & —A Pass 3G

public:
PreservedAnalyses run(Function &F,

FunctionAnalysisManager &AM);

meJa, JATTHEMEGE. dr s 2 AL S B

};

} // namespace llvm

3| #endif

IR, B Pass [5E LAEF IS, HHAT 7 — T R ES
EE7E CountIlIR.cpp CAFH LI Pass. IR AE A F ok, LLVM 2T Pass 1
GiHEE . X TRAIN Pass, = XAEEREZEAT

B ERANTE TR NPT K LLVM LSO ERIT 4620 5 I8 4GS

#include "llvm/Transforms/CountIR/CountIR.h"
#include "1llvm/ADT/Statistic.h"
#include "llvm/Support/Debug.h"

N T RIS, B VR AR ERATME AT A2 v 44 PR a3

using namespace llvm;

LLVM )N B AR B R IATE L—MFREE, e DT/ ZNFRENE
= WREAT RN GETHE B

#define DEBUG_TYPE "countir"

HATH STATISTIC 7€ XA A A . 5 — NS HR AR RN AR, B oASH
FERAEGETE AT BV SOA:

STATISTIC(NumOfInst, "Number of instructions.");
STATISTIC (NumOfBB, "Number of basic blocks.");




0. £ run() J7ikH, FNVIESRI & BB A B, JEB AR EEE, JERE R A B BT
A AR R R IE . 9 T 7 1 T SRR AP A R 57, AR T 1 AR
H{F . (RRRAT RS IR TREE IR, FFBMIRAIE VR4 6 T Pass, I LIRE T HHH
{53 17

PreservedAnalyses

CountIRPass::run(Function &F,

N

s FunctionAnalysisManager &AM) {

for (BasicBlock &BB : F) {
++NumOfBB ;

6 for (Instruction &I : BB) {

7 (void)I;

++NumOfInst;

10 }

11 return PreservedAnalyses::all();

Hur ik, & s28l 7 #r Pass FIThEE. FHJEHXF out-of-tree Pass B H 2L, XFF LLVM A
R R T, D ZIE L LLVM HH LA SR 75 BT R Pass:
1. B, T2 CMakeLists.txt W1 BE AR o IX AN S-S —ASET T LLVM 48 LLVM

CountIR AUMJEEVLH . 37 e T B A5 LLVM Support 2045, BORFRAVE A T A g8t 3
e, BT ERERES] LLVM Core 444, HA & LLVM IR K€ X:

add_llvim_component_library(LLVMCountIR,
CountIR.cpp
LINK_COMPONENTS Core Support )

2. N T AR AN I P O R A ) — 70, BATT 7 BEREIX A SCAF S NI A A ) CMakelList. txt
H, Bl llvm-project /llvm/lib/ Transforms/CMakeList.txt Xff. 85, WINLLRAT:

add_subdirectory(CountIR)

3. PassBuilder J8 75 ZA1IE FATHIH Pass. AL, 7E llvm-project /1lvm /1ib /Passes /PassBuilder.cpp
SCHFH include #5408 ITEL R ARRS:

|#include "1llvm/Transforms/CountIR/CountIR.h

4. wJa—H, TEHEH Pass {EME, BT ellvmproject /llvim/lib/Passes/PassRegistry.def 3L
. E4kE X Pass By, 0. IR function PASS %. A%, FHEAMLL
M7

1| FUNCTION_PASS("countir", CountIRPass())




5. FATIMAEC M 1A LER SR I 1 B EBY], fH CMake H#i4ii¥ LLVM.
N T MARFT) Pass, FATEFRPAEAELUT IR ARG, L1 SCHEME SO Jed . RS H FA
PRHL = MRS

define internal 132 @func() {
ret i32 0

define dso_local i32 @main() {
%1 = call 132 @func()
ret i32 %1

}

6. FATTLLEL opt SEHARE PR Pass. BIsATHr Pass, ATEAE ] --passes="countir" i
Wl BARE S, 758U IN--stats &I, RONERATA T EAE A tedris, Frli A48
%€ | --disable-output iEIi:

$ bin/opt --disable-output --passes="countir" --stats

demo.ll

2 countir - Number of basic blocks.

3 countir - Number of instructions.

7. BT EAIAE Pass, HAHAF SIS, BAICL MY 7 LLVM!

IBATHA™ Pass A BT UK. {1 H --passes 10T, AT LLiy 4 54> Pass, i 0] DL IR BN TK .
Bt AR 2 IBRINE TE 444 default<O2> . 7] LL{ ] --passes="module(countir) default<O2>"
SHAEBINE TE ZHIIE1T countir Pass, XFERIGIKIIAH ) Pass LR AEAH [FZERLF) . BRIAK
WKAE — MR Pass, FATH countir Pass &> Pass %, ENHEQIEBHEE, B, ©
B — ML E countir Pass [ Pass B, I B (countir) A PATER, BIL7EIE 550 Ba 1M 511E
IR R, AT CAAAEER Pass S INEE 211 Pass B3, CARIFERI 30, AT LA A Pass fidh. 48
EFERCR IS, 1 LM A AT countir Pass, VAAFRIIINFIEITEAN], BiE1EN Pass fibk, 45
RERAFBS T .

W RIY Pass /EA LLVM [8—#53 & AR, A4 0] LLVM R 3 I0— A8 1) Pass & H
B RAFTEIXAE, BB T LLVM 43K Pass, HBA T LLEIE—A Pass ffiff. T—
W, RATEEE AT HIRER D



1.

1

2

ININ—AN3h Pass 1EA¥EH

R T RAE—ASH Pass 1E A4, RATEAIE—AMEAH LLVM K H -

FATE SEIR A G — N4 N countirpass FSCAESE . 1Z 0K B DL g5 /R ST
1

|-- CMakeLists.txt
|-- include
| |-- CountIR.h
|-- lib
|-- CMakeLists.txt
|-= CountIR.cpp

CVERG BATEM 7RISR R ThRE, T TR CountIR.h SkSCAFEAEAL T AN R B4

B, BHEATES T AR E AR ATEAMEA v ZFREE, FOYIAELE v ¥
Ao SRICAFUR PR

#ifndef COUNTIR_H
#define COUNTIR_H

#include "llvm/IR/PassManager.h"

class CountIRPass
public 1llvm::PassInfoMixin<CountIRPass> {
public:
llvm::PreservedAnalyses
run(llvm::Function &F,

llvm::FunctionAnalysisManager &AM);

};

#endif

ALV H] B CountIR.cpp SEBLCHF. XMW FHE—LNAZ . Kk B4
BT, HE N AAS B include 154

#include "CountIR.h"

PTAVE T ZAE Pass WS HIENH Pass, ZMBHGHFI 82 KA PG L. Pass i f &
ax T FHRFR B 2L lvinGetPassPlugininfo(), &% BRESPATIEM . X TIXASSLH, 77 ZLBIMY
A& IS S

#include "llvm/Passes/PassBuilder.h"

#include "llvm/Passes/PassPlugin.h"



¥

N

F P 8 H - -passes 5 & ZAE 21T L2171 Pass. PassBuilder 87455 8 2 HL Pass
ZFR. N TEIE—ANHZN Pass L], PassBuilder J84E97—ANEIAZIR . Hsz, 1/ H B
B2 Pass KA Pass B EEAR . WIRFEIAAITE Pass 4K, AW Pass [— A4
ININE] Pass B . KT Pass, 77 ZHRALXEE—AN R R 2L

bool PipelineParsingCB(
StringRef Name, FunctionPassManager &FPM,

s ArrayRef <PassBuilder::PipelineElement>) {

if (Name == "countir") {
FPM.addPass (CountIRPass ());
return true;

}

return false;

}

2R, TE XN EREE M A PassBuilder SE6]. In#ddfh G, vEMREHEEEEE A T XANE
B RATHIFEMThREa T

void RegisterCB(PassBuilder &PB) {

PB.registerPipelineParsingCallback (PipelineParsingCB) ;
by

5, SAEE R EAR A ATT 2 2 1) lvmGetPassPlugininfo() B XA BHUR Al —A4
B VIS TCER ISR : FATHHECHE K LLVM #1F APT A, — 448K, Sl R A5 A
MR . 5P APT ZERREUE extern “C”. X2 T S C++ Biidr 21 & . Diaedk

NV ONRY

iy [A] B

extern "C" ::11lvm::PassPluginlLibraryInfo LLVM_ATTRIBUTE_
WEAK

3/ 11lvmGetPassPluginInfo () {

return {LLVM_PLUGIN_API_ VERSION, "CountIR", "vO.1",
RegisterCB};
}

DEEA 1B R HCS I — AN BB ) R O B T B AR AR T A4 IR AL T LA Pass, T
AR LAY & RegisterCB B BECRIE N T Pass. %, AJLARE—F BT FHEHE
llvinGetPassPluginInfo() BRECH HT T ¥ PipelineParsingCB(). RegisterCB() 1 llvmGetPass
PluginInfo() A& M —Me&%, JFiE Lambda B&ECKSZIL:

extern "C" ::1lvm::PassPluginlibraryInfo LLVM_ATTRIBUTE_
WEAK
llvmGetPassPluginInfo () {

return {LLVM_PLUGIN_API_VERSION, "CountIR", "vO.1",




[] (PassBuilder &PB) {

6 PB.registerPipelineParsingCallback(

7 [](StringRef Name, FunctionPassManager
8 &FPM,

9 ArrayRef <PassBuilder::PipelineElement >)
10 {

T if (Name == "countir") {

12 FPM. addPass (CountIRPass ());

13 return true;

14 }

15 return false;

16 1SN

7| 3}

5|}

7. BUE, R BRI XA lib/CMakeLists.txt SCF R A8 — MRS 4. K
€T v A4 add llvm library() #REH T 58 vm INAH [F] 09 B 28 br

add_llvm_library(CountIR, MODULE CountIR.cpp)

T = CMakeLists.txt A E 44,
8. 1HH,FANTKE TR CMake AR H 2488 7484 LLVM_EXPORTED SYMBOL FILE
AEWEN ON. XZHHAE Windows | TAE )05 B 4544

cmake_minimum_required(VERSION 3.4.3)

project(countirpass)

set(LLVM_EXPORTED_SYMBOL_FILE ON)

9. #ERK, 2% LLVM. BATEERBIMRAEE, IHITEHRER G-

find_package(LLVM REQUIRED CONFIG)
message(STATUS "Found LLVM ${LLVM_PACKAGE_VERSION}")
message(STATUS "Using LLVMConfig.cmake in: ${LLVM_DIR}")

10. BL7E, "R LLVM H 1 cmake CHFRE MBI R A . G THRE T v 304
ChooseMSVCCRT 1 AddLLVM, FF$24t 1785k 164



11.

12.

13.

14.

15.

list(APPEND CMAKE_MODULE_PATH ${LLVM_DIR})
include(ChooseMSVCCRT)
include(AddLLVM)

Y PEAs T B HIE BT 7 0 SUF LLVM. 11§45

include_directories("${LLVM_INCLUDE _DIR}")
add_definitions("${LLVM_DEFINITIONS}")
link directories("${LLVM_LIBRARY DIR}")

Bh, TATEINE B8 include F source At

include_directories(BEFORE include)

add_subdirectory(lib)

SEHL T A LRI Z G, BUER] PATE countirpass SO J2 5561 build XH# T . B4k,
Dl 20 5 H I 0 8 g A

$ cmake -G Ninja ../countirpass

SRJE AT DAG A

$ ninja

LS opt TR, XEMBHULR) LLVM LAk forras. Hrb, opt A pdm A SRR
RRAS . AR, 7 28 — NS ECR I 1

$ opt --load-pass-plugin=lib/CountIR.so
--passes="countir"\

--disable-output --stats demo.ll

5 AT RRA AR [F] o A8 EAR, Pass fdifh AE 17!
BIHATALE, TATR AH Pass EHMBAIE T — Pass. £ N1, ALK EIH Pass &

A Pass.

FMAIH Pass EIRs51&EHC Pass

AKAETHH Pass BHE, L NIH Pass HHBIF R —MNHH Pass WA AR X SR,

TEIEAEHAT BN B, W Pass AT A5 P Pass B g — TAE, #IREH, KN LLVM H
FIRZH Pass 4P T -



IH Pass & B8 75 2 M IELEFLARYRAE 1 Pass, Fll1: Pass B ATIRAE H FunctionPass #38.
WHEZMNZESR, Pass EEAEITINTEL A runOnFunction(), Uit Pass 1 ID. fEIXH
TEAE 1) S R A — AN 2R, P LATEIH Pass BHEEZS A, FELL—FPn] AEP S Pass & H4s
eh A 6 Dy RE 1 77 2 R YA

BAMEH Pass ffifFE ARG . 7E include/CountIR.h Sk, FRATERIN T — A28 e X,
Wi prs:

L XA HERTZEM FunctionPass JEIRAE, FrA & 17— AN LSRRI E S

i|#include "llvm/Pass.h"

2. WATH X4 A CountlRLegacyPass. K& —A~ ID /E AW LLVM Hli], HEW]
[ GHARE S

i|class CountIRLegacyPass : public 1llvm::FunctionPass {
2l public:
3 static char 1ID;

1 CountIRLegacyPass () : llvm::FunctionPass (ID) {}

3. N TSEI Pass Thge, LIESHA K. B LLVM IR RE#H2 A runOnFunction() 77
%, I EThRE. getAnalysisUsage() J51EF K BIRTA 10 A 45 R ERRAT 1

| bool runOnFunction(llvm::Function &F) override;
2 void getAnalysisUsage(llvm::AnalysisUsage &AU) const
3 override;

i };

4. WP SRSCAF I e R, P RAIE AR 1ib/CountIR.cpp SCAFHRISEIL. 9 1 EATH BT AR, 3141
R IRACRS A B 21— A B ek K

i|void runCounting(Function &F) {
2 for (BasicBlock &BB : F) {
++NumOfBB ;

! for (Instruction &I : BB) {
5 (void)I;

6 ++NumOfInst;

ol }

5. A TAERBTERE, ¥ Pass B ELAS 75 5 R M

I|PreservedAnalyses
2| CountIRPass::run(Function &F, FunctionAnalysisManager
3| &AM) {

runCounting (F) ;




N

)

N

10.

11.

return PreservedAnalyses::all();

¥

PARIRERITT 50, AIH Pass B HLERSLITT%. (] false IR IBMH, Fom IR WA BUE:

bool CountIRLegacyPass::runOnFunction(Function &F) {
runCounting (F) ;

return false;

3

N TARBEIAE R g R, BZLALLT 77 2USEH getAnalysisUsage() 7712 IXFEMIT-Hr Pass
EIHZRF N Preserved Analyses::all() IR[FEME . WIERASLIIX AN 775, IBAEBINER T AFA 1
I as R L5

void CountIRLegacyPass::getAnalysisUsage (

AnalysisUsage &AU) const {
AU.setPreservesAll () ;

}

ID FE A UL AR REEYIGL, KA LLVM i F 7B pithl . A3LEZ 0, ArCAnT DLEBfE
H:

char CountIRLegacyPass::ID = O0;

WAE XA Pass EMHEA T o BIEMHT Pass, 75 E$HE{t RegisterPass<> AR &S] 28
—/NSHOZ W HHT Pass M AT IR AR 26 A H0E Pass FIAFR, SELEfE H-help %
Tt R P R s B A

static RegisterPass<CountIRLegacyPass>

X("countir", "CountIR Pass");

IXUEEE R PLAEFRATAE IH Pass B FRSSFHT Pass B B8 NH H#H) Pass. BRI INI N 2,
115 [ B A S I H9m B Pass:

$ ninja

N TAEIH Pass & PR In#ddE1E, 75 2 H--load ETi. Hr Pass &7 Ll --countir %
TiiH -

$ opt --load-pass-plugin=lib/CountIR.so —-countir --stats\
—--disable-output demo.ll

ABIERT— I AT R 7, (3T Pass S ERSS A IRA M Pass IR0 LLIE® T
fE!




e

RERE A Tvm $RALH T HIBATHT Pass AEH &, (HZ, HNHEERNW@FERIETE.
o, RATRER T iy B B A AR R SRUK

[ERIERR AL TR K 2

pEs

1y id
ZlkEd
7

tinylang 2 ¥ &% (FEATJLE IR M) WAX CIER IR ARBETI. T RIS F, &
171 2 126 2 V8 I — ALK NS B PAAT L4 A

EA# Pass BRI E—MLILIARK

WEMLAR K% 02 PassBuilder 28. XANRANTE A CIEM I Pass, I 7] LURHE A A
Pass /Ko FAME XA KR 5 24T B4 HIRR 018 Pass /K, BUEEHRIEE RS
HECNTLK . BRATIEZHESH Pass #ifh, HIU1 countir Pass #fiff. XFE, BAHL T opt TH
SrIIRE, JEAM AT RIS F SR A AR

PassBuilder 287 | ModulePassManager 255241, ModulePassManager Z8/& R 47 L&

H Pass it/K, 11T E R Pass B HL . IS4 Pass A E I IH Pass B FLEs, Kb Waihik H

ihEPR

N

FHIH Pass B HES.
T SEIIIRE, AT tinylang 2188 H 1 tools/driver /Driver.cpp X AF#HAT T4 J&:

CIRAVE R RIS, R IS IR A S SR R 4R . 1lvin/Passes /PassBuilder.h SO #2441

PassBuilder Z5#)5E X o llvin/Passes/PassPlugin.h 23 CFF T F . &5, llvim/An
alysis/Target TransformInfo.h SCAF#E 77— AM&ERE IR FEHAFRE H AR5 B Pass:

#include "llvm/Passes/PassBuilder.h"

#include "llvm/Passes/PassPlugin.h"

s|#include "llvm/Analysis/TargetTransformInfo.h"

- AT ERTH Pass & B ILLERF R, JATAIN T =i 2ATIET, EATHAFRS opt T HAAH

[Al. —-passes LI JE F Pass &8 ) CAMVE, Mi--load-pass-plugin 305 FAH N Pass fdi
. W25 %E | --debug-pass-manager &I, Pass & 23K 5 2T 24T HT Pass 1E B

static cl::opt<bool>
DebugPM ("debug-pass-manager", cl::Hidden,
cl::desc("Print PM debugging

information")) ;

s static cl::opt<std::string> PassPipeline(

"passes",

cl::desc("A description of the pass pipeline"));
static cl::list<std::string> PassPlugins(

"load-pass-plugin",

cl::desc("Load passes from plugin library"));

FH P SR RL BE 1% 5 52 X Pass I /KA % . PassBuilder 83 RE7S A R AL AL 25 )
—MREAATRA, PR, PR KN AR DS i AT R IR R AT
IX L2 )



i{static cl::opt<signed char> OptLevel(

2 cl::desc("Setting the optimization level:"),

3 cl::ZeroOrMore,

4 cl::values(

5 clEnumValN (3, "O", "Equivalent to -03"),

6 clEnumValN (O, "00", "Optimization level 0"),
7 clEnumValN(1, "O1", "Optimization level 1"),
8 clEnumValN (2, "02", "Optimization level 2"),
9 clEnumValN (3, "03", "Optimization level 3"),
10 clEnumValN (-1, "Os",

11 "Like -02 with extra

12 optimizations "

13 "for size"),

14 clEnumValN (

15 -2, "Oz",

16 "Like -0s but reduces code size further")),
7| cl::init (0));

4. LLVM KB EHLEI SCR s S ARE N R, e a3 B E MR Q& . 7 XNEN R,
% 7 llvm/Support/Extension.def 4 P2 SCAF R A1 @ s B R A, R B AHE B

1|#define HANDLE_EXTENSION (Ext) \

N

llvm::PassPluginLibraryInfo get##Ext##PluginInfo ();
s|#include "llvm/Support/Extension.def"

5. FATEEHT LI emit() BREL. BRECHITIES A B 7 7 PassBuilder 5L

1|bool emit(StringRef ArgvO, llvm::Module *M,
2 llvm::TargetMachine *TM,

3 StringRef InputFilename) {

4 PassBuilder PB(TM) ;

6. 0 TSI fr & (TS Pass FFSCHF, RIS FI P 46t IOBEAPRER ., 3625 i
BECE. RSN, LRI MHEIE B0, ARV Pass:

] for (auto &PluginFN : PassPlugins) {

2 auto PassPlugin = PassPlugin::Load(PluginFN);
3 if (!PassPlugin) {

4 WithColor::error (errs(), ArgvO0)

5 << "Failed to load passes from ’"

6 << PluginFN

7 << "’. Request ignored.\n";




8 continue;
9 }
10 PassPlugin->registerPassBuilderCallbacks (PB);

7. ERSHRAE MR T RAE B LR U7 UM T PassBuilder SEI A X Le i

#define HANDLE_EXTENSION (Ext) \
get##Ext##PluginInfo () .RegisterPassBuilderCallbacks ( \
3 PB) 5

N

s/#include "llvm/Support/Extension.def"

8. WANHEAAF K I G AR, ME—HRSHCE R E:

LoopAnalysisManager LAM(DebugPM);

FunctionAnalysisManager FAM(DebugPM) ;
CGSCCAnalysisManager CGAM(DebugPM) ;
ModuleAnalysisManager MAM(DebugPM);

)

9. K, AV PassBuilder SEEF AN LM 7 R 2 g BLES o I IX ST,
AT E B AR TR BN 08 Pass, JFIZATIEMHEN o 34 75 220 O o8 H0 8 22 24 R IA
(K 4- MTETE,  IF LT (70 M B 2 48 LA A :

i FAM.registerPass (

[4] { return PB.buildDefaultAAPipeline(); });
PB.registerModuleAnalyses (MAM) ;
PB.registerCGSCCAnalyses (CGAM) ;

N

5 PB.registerFunctionAnalyses (FAM);
s/ PB.registerLoopAnalyses (LAM);
7 PB.crossRegisterProxies (LAM, FAM, CGAM, MAM);

10. MPM ik Pass EHZR R E RATIEN Pass /K. S debug FrBIGH:

1 ModulePassManager MPM(DebugPM) ;

11, 3RATSEDL T MR AR AR Pass Jil/KIRFER Pass B BLAS . WIRM T E AT Lk
7 —A> Pass WK, WHUZYL, A 7 --passes BT, AL HIXMMEN Pass HiK:

] if (!PassPipeline.empty()) {
if (auto Err = PB.parsePassPipeline(

3 MPM, PassPipeline)) {

N

4 WithColor::error(errs(), Argv0)
<< toString(std::move(Err)) << "\n";

6 return false;




12. 300, MR e LA A KA s ZERIE 1Y) Pass B iE. BRIA Pass BB AFN default,
E RGNS

1 else {

2 StringRef DefaultPass;

3 switch (OptLevel) {

4 case 0: DefaultPass "default<00>"; break;
5 case 1: DefaultPass "default<01>"; break;
6 case 2: DefaultPass "default<02>"; break;
7 case 3: DefaultPass "default<03>"; break;
8 case -1: DefaultPass = "default<0s>"; break;
9 case -2: DefaultPass = "default<0z>"; break;
10 }

11 if (auto Err = PB.parsePassPipeline(

12 MPM, DefaultPass)) {

15 return false;

13 WithColor::error(errs(), ArgvO0)

14 << toString(std::move(Err)) << "\n";

13. ALK T4E IR RIS FIBT ) Pass Wik, BRATEE - MTIH S RE NG R,
A Gnas il LLVM IR fn it #22 T SCRM), LA AZN eI E OF text Arnid:

6 auto Out

5 OpenFlags

1 std::error_code EC;

3 CodeGenFileType FileType

2 sys::fs::0penFlags OpenFlags = sys::fs::0F_None;

codegen::getFileType () ;

4 if (FileType == CGFT_AssemblyFile)

|= sys::fs::0F_Text;

= std::make_unique<llvm::ToolOutputFile >(

10 << EC.message () <<

11 return false;

9 WithColor::error(errs (),

7 outputFilename (InputFilename), EC, OpenFlags);
sf  if (EC) {

Argv0)

’\Il’;

14. XFFACHLE R, WAEHRIH Pass &4 . HATHFHFFH CodeGenPM L4, FE45N Pass, 1

R T HARHIAE BAE TR B 200 vl H:

1 legacy::PassManager CodeGenPM;




15.

16.

D

CodeGenPM.add (createTargetTransformInfoWrapperPass (

3 TM->getTargetIRAnalysis ()));

AN T i LLVM IR, 07T —4 Pass, H&¥ IR $TENRIFH:

1 if (FileType == CGFT_AssemblyFile && EmitLLVM) {
2 CodeGenPM.add (createPrintModulePass (Out->0s())) ;
3 }

B, FATLLE TargetMachine SEFIAINAT 75 AR AE B Pass, HAE NS L E FileType (B
85

| else {
if (TM->addPassesToEmitFile (CodeGenPM, Out->o0s(),
nullptr, FileType)) {

N

WithColor::error ()
5 << "No support for file typel\n";

6 return false;

s| }

17. T IXLHER 2 5, BAER AT AAT Pass 1o E5G, 7E IR B BIsAT ALK . 3K,

18

19

IBATASAERR Pass. 98, FEPTAIXE TR )G, 3417 82 Or B o Hh S A

i MPM.run (*M, MAM);
CodeGenPM.run (xM) ;
5| Out->keep();

N

4 return true;

5|+

AVBIRZ, HARTE . 29K, AT HT tools/driver/ CMakeLists.txt #4) % SCAH H AR AR 101
B TUSIMEARAATAL, IEEIN TR E LLVM A Fe i FARRS A2 s o X e 44 FR 5 UEAAD
FITAE ) H s AR OR B AL LA 44 75 IE B3 A v 2 e g 4 e 1 44 7R

set(LLVM_LINK_COMPONENTS ${LLVM_TARGETS_TO_BUILD}
AggressivelnstCombine Analysis AsmParser
BitWriter CodeGen Core Coroutines IPO IRReader
InstCombine Instrumentation MC ObjCARCOpts Remarks
ScalarOpts Support Target TransformUtils Vectorize

Passes)

- BTG A KN SRR, AT LA W SRR A



&)

add_tinylang_tool(tinylang Driver.cpp SUPPORT_PLUGINS)

20. MILLHT—#E, DAEERERATE T PE:

target_link libraries(tinylang PRIVATE tinylangBasic tinylangCodeGen

tinylangLexer tinylangParser tinylangSema)

IXELHR TR B IN BIRACE AR E R G Y
21. AP RIS, ISV SIS H I mA LT N4

$ ninja

X HE AR G S IR B e 2 E Al B, A S PR AN BE B S LU UEARAS AT, 384T cmake. 1R
TR BRI E PR, IR 2 EAPE, HiE tinylang.

FESR B opt L EAEIUENIEEMEH, IBAMIZZRIZIT tinylang SKINZE Pass #ift3His
17 Pass, FURAERT LY h Pl IR

{4 RT RS, FRATTBERT LLE T ERIA T Pass Wik, WATLLH CME—A. G 2dEW RiE
. FETEENT, HEZRM. BIARKER CIESHBITHRIETE. S22 —MY & Pass
EEWITE. £ 0, AR Lie.

B Pass ik

FERT—rp, Ay R P SR AR R R AR B TUE A4 PR, (i PassBuilder 25614 | Pass it
Ko BULE, AR THE— T et Pass /KM A —F 5k AT RS,

TEMIE Pass ViiZKHHIA], Pass MEEAS RVFEA M P 5Tk Pass. XA BT .
LLVM G2 A,

o UUEIY R R VFBAEE BRI LN Pass.
o BT R R VFIBHETR S LA TT Pass IR SEHI 2 J5 7N Pass.

A HARY R, EEAY A, FEEM—A B, ERE Pass WKIAE, B E X
My e riiadT, JEAT A4S € () Pass & FLASAAIN—1 Pass.

FOAKE IS & REMER, "L PassBuilder 2] registerPipelineStart EPCallback()
Tk B, ¥ CountIRPass Pass @S N ZF/K I F 3k, FFEi#Eid A createModuleToFunctionPass
Adaptor() BARBRECK VI Pass /E AR Pass [/, 854 Pass ININEIRIL Pass & B4

PB.registerPipelineStartEPCallback(
[l (ModulePassManager &MPM) {
MPM. addPass (
createModuleToFunctionPassAdaptor (
CountIRPass ());
2




7K

IKHH

A LAE Pass /KB Z /T AR 2, t5t/2 A parsePassPipeline() 777521, £ Pass it
B ANt

T B =T TR, — AR BRI AL P EG AT LA — AN S Pass it
R (opt LR ARVFIXFEM) S NR/KRR IS 8 sUIX R B 5, ¥ LU N AL A IN ] tools/driver/

Driver.cpp 3CA4H:

1.

1

2

2.

AT —ADF AT KA 2 Bl MR . FFE, M opt TR AP IREGEIA:

static cl::opt<std::string> PipelineStartEPPipeline (
"passes-ep-pipeline-start",

cl::desc("Pipeline start extension point));

8/ Lambda e&EAE A B R EUS ST (8771 N T fENT KA, A PassBuilder 524

[] parsepaspipeline() 7774 . Pass U8 N 2| PM Pass B 2%, HAE N Lambda RIS H .

A S B R, IFE AN 1B S TR e BRI 00 T 4T BN iR 7H 2 AT DAZE I crossRegisterProxies()
TEZ G LA A

PB.registerPipelineStartEPCallback(
[¥PB, ArgvO](ModulePassManager &PM) {
if (auto Err = PB.parsePassPipeline(
PM, PipelineStartEPPipeline)) {
WithColor::error (errs(), Argv0)
<< "Could not parse pipeline "
<< PipelineStartEPPipeline.ArgStr
<< "o

<< toString(std::move(Err)) << "\n";

P

BRI AN Pass, T Z AR S T 8.

IAE RN A Pass & HL2S FUFHS ML 8 H --debug-pass-manager 1%, 7] L% H& AT
WYL pass. AJ LA# F--print-before-all Fl--print-after-all & TE & Pass Z BTEZ 5
FTEN IR. WISEGIE T O Pass 77K, FB4 T LUEFTED Pass 3 A\ SRS St . 4540,
22— F —-passes="print,inline,print" 5. EF LA print Pass KRR LMY RE

LLVM 12 BJ3Hr$T BNk I

LLVM 12 37 #f-print-changed i£3, 52§l Pass FI45 R, ZiETUNAE IR RIBKE
AETECGBTFTER . ORI/ BT, (E15IRER IR B EME S -

PassBuilder 28 — /MR E R OptimizationLevel ZERERASNMA R FIALL A 1A ZAH



Fi"default<O?>" i/KEIAE N parsepaspipeline() J7iEMIS%, FATW A LLEA buildPer
ModuleDefaultPipeline() 777%, AMAE A EAH N KA E—FR T 200 00. TLAg )
N 00, KARAPATIA . BlIL, Pass BHIEHASUSIUENT Pass. WIRIRAVIIRRIZ AT HA
Pass, A] LT3 ERINE] Pass BHEEH . IXNFAIE1T B £ — M E H 1 Pass: AlwaysInliner
Pass, B —MrICH always_ IS PER BRE A BRI A 2 o OGO o 2 AT DA
¥l OptimizationLevel RN K G, SZILUTT:

1 PassBuilder::0OptimizationLevel 0Olevel = -
2 if (OLevel == PassBuilder::0OptimizationLevel::00)
3 MPM.addPass (AlwaysInlinerPass ());
else

MPM = PB.buildPerModuleDefaultPipeline (OLevel,
6 DebugPM) ;

28K, AT PLEE X R A Pass B HASTNINZ A Pass. PassBuilder ZRIE{EIE Pass /K
R A addPass() 772

LLVM 12 i3 Thhe BATY R AR

BKIA Pass Wi /KA NG O0 SHFEHT, BT AL FVEN Y FE mile WRAEH S
J& RORIENT Pass('EHMAZAE 00 HliztT), MAXHMA M 7. £ LLVM 12 H, 7]
PLIE F B runRegisteredEPCallbacks() 77 RISITIEM B R B, S5 Pass &
FHES HE R Y R SR Pass.

AL tinylang IINOCAGHK, &R BB — MUtk Fds, i Clang. LLVM #: X0/ F
B RE SR IR AL ALK . BRIt ARAAE BRI K . RZEAELL T, #INF Pass 24 T
KGR AR T 5 LT Lo
i 4

INEA

A, 2] TN LLVM GBI — AN Pass. B —4 Pass /KR M — My &
FIZAT Pass. BT HIEMPATRMIT Clang B Pass Wii/K, ¥R T 9mvEss, B tinylang 28k 1 H#74L0
IR ERS . Pass MUK RVFEY SN Pass, JHIE T 7 WHT/EX L S yEM Pass. XA RE
A B CIF R Pass, BINE Pass #E4TY SR IRK .

FoES, BATERZR LLVM Qi AR TR ZE BLas 164



3 LLVM #W

B TR E LLVM H SRl ie A0k 88, Rl i s ek B AL 2% 48 4 10 S RF R B 1% 22 A1
LLVM A — BRI (JIT) 4mikds, B 7R i e, DA IR f ) 75 B0 B AT #0814
S P TRAE, XL T BAPEG B TR R PR, &E, #EH— ARG N
P LLVM, X EEEERAH LLVM WA S HF TR R 450 5T 75 AT

AATAHE LT LE:

o H9E, EHRL

o 10 &, JIT fwik

e %11 %, /A LLVM T AR
o 12 F, HE NIWiEEEE N



£ 9 E BESRE

FIHATNIEMEH R LLVM IR 588 78 i Sl 28 184, XHMONIES®EE, @H 45N 1Sel.

vﬁﬁ%ﬁ%%%gﬁﬁ%ﬁ,HNMﬁ:WZH%%éﬁﬁﬁ%Jﬁﬂmm\m B

I SISE RS E N

EARZTE S, BRI

o Tf# LLVM Birjaunssity, N9 HIREmIAT TS, HREZEIET e .

o [EHHEE IR(MIR) KMAAR RGN, XA TE&%H MIR 546 € Ed Az —4a
i) MIR A

o FRAIEFRWT TARR, EHPER T LLVM P47 & 0A F 7 K.

o CHFFEIMINLERES, TEHABM—AHMNLEIES, HEHH TELSEE.

FEARTGERIN, O 1 H AR5 2 T i i, DL B ] TR ROEH RIS
MR SCRF LSRR L AN ENC g FE 7 A e #E AR, LA IS AN 46 %

NEESARE

BEHRE KA, WAi%3e Graphviz 84, FJLLA Graphviz B M T #iZ 8 https://
graphviz.org/. YR I AIE http://gitlab.com/graphviz/graphviz/3RH.

A FE RIS S A fEhttps: //github. com/PacktPublishing/Learn-LLVM-12/tree/master/
Chapter09%kHY .

PRAT AAERLAR 4R 340 ht tps : //bit . 1y/3n11hED.

IR LLVM Bfrigisssia
itk LLVM IR J5, fEHAMER LLVM B4l asid. Her, DUNMES R G imaT

MiE T THRAEFENE LT E (DAG), #HFEA SelectionDAG .
WS TR ACRSAH S L AL AR 15 2
16 5 FINLE R AL I Y HES 1 o
WL s a7 A7 S LR A0 35 17 45 -
BRIk RS
Tt R HEF A e
1847 HFRREE ) Passo
A5 FHOOE SRS B 2 HEAT iU
P X L8 PR/ B MachineFunctionPass ZEIRA LA B L Pass SR SZHLH X 2 FunctionPass
KH—NTK, ZERIA Pass EHBEHNEEL L —. £ LLVM 12 1, HLEETIRE Pass 2T Pass
B PR AR R A AE AT

TEFTA XD IR, LLVM R4 # E 3 T, /E/05)2, —/> LLVM IR $§4 H Instruction
K SEBI RN . EFRLEBEMN B, ©## N Machinelnstr SE#. 1X & — N BT SERRHLAS R R . ©
CABE 7 HARARIE S, EURIE RN a7 LERIE (BIFAAHEI), W] PVE & R fy

® N> o W =


https://graphviz.org/
https://graphviz.org/
http://gitlab.com/graphviz/graphviz/
https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter09
https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter09
https://bit.ly/3nllhED

B2 TROWEEZ A M 2o Hdt AT oo, e 81 MClnstr SE61, B2 HSEHLE R HIRR
MClnstr SEGI AT VSN HARSCIF BT ENOIE S -
N TG Pass, ALLBIE—MEE T ARRD IR ST

define 116 @sum(il6 %a, i16 %b) {
%res = add i16 %a, 3
ret i16 %res

W ARG ARAT A sum.1l, M Ue(LLVM E254% % 8%) 40 MIPS 2244, i% T E¥ LLVM IR 4%
BRI G SCAR B H bR SO o AT BATE Ay 447 H F-mtriple 110078 o5 4w BE 1K) H AR-F & o 18 F-debug-pass=
Structure A llc T H:

$ llc -mtriple=mips-linux-gnu -debug-pass=Structure < sum.ll

B 7 A R R R AR 2 Ak L B — K R BHE AT LA Pass 5113 . o, MIPS DAG->DAG
B Pass TR 218 HE, MIPS (EBFEIH 7R &8 R4 XK € B AR Pass, JHFLHTIIRE —
A Pass A& MIPS JLgmFT BN a8 01 57 4T BNV gmAXAY o 7E AT A IXLE Pass W1, 8L IEFE Pass BE AN,
PATIEAE S — TR E .

R MIR % f5umid it F0iEi

fE E—", ERNFZL Pass fEJGHiIE1T. AW, XL Pass FHIRZEHAZE LLVM IR L
AT, MRE MIR Figfr. Z2WT Hism4e 4 %R, B LLVM IR BLZ. Ehm LA
PO ERL A ARG, R EIEA &4 CPU 84

fltn, EHAEE IR Zolrik, A& UF e £ Pass SEEHAE IR. BIAEANIAE IR E
TAE, ATLIEARER TR G NS Pass. Aid, MIR 520 ThAE.

MIR =& 4 AL 318 2 MAPRES AR R R T YAML #X, Ve R)F
Gk o FEAARZ, A DLTEREAS s 1E A% 18 Pass, H UL YAML kU E0IRES . v & YAML
SO, BCE VRS E OB YAML SO, feie, R E AR xR DAy AT

1EFRATE —F MIR. fi H--stop-after=finalize-iseloption F3A 1 B H BI85 A SRz
17 lle T A

$ llc -mtriple=mips-linux-gnu \

-stop-after=finalize-isel < sum.ll

XAE7R e EIRIEFETE UG ¥ fifi MIR. 4K o BO% H 4 prros:



name: sum
body: |
bb.0 (%ir-block.0):

liveins: $a0, $al

%1:gpr32 = COPY $al
%0:gpr32 = COPY $a0
%2:gpr32 = ADDu %0, %1
$v0 = COPY %2

RetRA implicit $v0

AT E RN R E. B, BIE A (W%0) FIESENLAR T A7 4y (W1 $a0) FIVREEH, JR
RIFEA A 7S RJZ M ABL. N T AR gnitds e S, REBCEERHA TS, X2NHBEF
BEFFE L (ABI) B—#87r. At AT MIPS #lds B Linux R4, 7 ZA0H R G048 8 H M
W, B NSEAEFFA7A $a0 P EE. MIR fth 2 ER S FEL )5, HAEAFAF a7 L 5T A2 e,
Fr LAATSSR P LA 381 e 4025 A7 2% 4 F

MIR SCAHH R 2 HLE 84 ADDu, 1A & LLVM IR Hf) add 54 . #ER LA 3R
AR T — A8 A, ABIF g gpr32. MIPS h REEH LA 16 A7 7%, Kbz
H 32 fiaf7as.

bb.0 FRAEAEE — AL, PREEIE HIARE N AR AR — 85 . S — MG IRE AR A
P AL TR BRI AT A7 A5 o FEAGIH, AT $a0 A1 $al XS AL NN 253 ) o

MIR SR 1R 2 HAh 415 7] PAZE LLVM MIR A 3T 7 f# https://11vm.org/docs/
MIRLangRef .html.

38 B [ 5 — A 0 AT B2 AT R B — > Pass WA, a2 4 A FHEREZ Pass ZJfGH
A E BN FERT . MR A lle f-debug-pass=Structure TN, G Pass A& T
ENFETH BB W SRARLE Mips ZERFEIH 88 Pass < HifE 1L, MABHFEEETEMIIER, Hik
#|-mipsdelay-slot-filler T, HMACKAHRL Pass FIHA K.

MIR, SCAFAS 28 32 2 B A Ja it e B LB L o 4 1le Al--stop-after &I, 7EF5 E Pass
JEfRE] MIR. %, & EE NN F] . BEER RS — 52, MIR frthJFH 0
Ko B, FEFERETER. T EEMIRE, FTRE lle a2 AT A IN-simplify-mir iE5.

F ] LIRS P 81 1) 75 AR AP AN 2 MR lle THE A LUZEAT—4 Pass, iXJ&5 MIR
MR e R ILAL . AV AR ZEMHA MIPS EIRFEIH 7 2% Pass. BB RISC A R4 (W
MIPS 5 SPARC) W —MEEREVE: BEE RN — /82 B2 =2 AT Bk, ZPEds LAl RS
KBS JE # A GG R4S, IXA Pass R PATIXMESS K.

{EIZAT Pass ZHIAE AL MIR:


https://llvm.org/docs/MIRLangRef.html
https://llvm.org/docs/MIRLangRef.html

$ llc -mtriple=mips-linux-gnu \
-stop-before=mips-delay-slot-filler -simplify-mir \
< sum.ll >delay.mir

WHENMEZ, PO T -simplify-mir 5. sREARLTT PR

body: ]
bb.0 (%ir-block.0):

liveins: $a0, $al

renamable $v0 = ADDu killed renamable $a0,
killed renamable $al
PseudoReturn undef $ra, implicit $v0

RAESERRZE, AT ADDu 84 )5 M2 H TR [F ) apseudo 54 .
delay.ll XHHEANTIN, BEIEITAERFEIE R3S Pass:

$ llc -mtriple=mips-linux-gnu \

-run-pass=mips-delay-slot-filler -o - delay.mir

BLEERs 4 1) pR 05 22 T A pR BROBEAT LA

body: ]
bb.0 (%ir-block.0):
PseudoReturn undef $ra, implicit $v0 {
renamable $v0 = ADDu killed renamable $a0,
killed renamable $al

hﬁru@u FIFIEIE ) ADDu FIfh#6 4 D4 S 7Y, ADDu $§ 4 BL1E#5 7E iR [ )
PRI T i A TAEIRMY ADDu 4.
1 4t H'JT%@JL R, BRI B ALLE, KT LUBIE e REEH 0 58

[ $ llc -mtriple=mips-linux-gnu < sum.ll

WS TIRZ A0, (HJRAE bb.0 SERNHRAIFEBI S, AT DURE 5 ik 210y & A B g AR

# %bb.0:
jr $ra
jaddu  $2, $4, $5

IR, 2 A A 17!



A 7RI, BATR TR K%L, IR E WAL LLVM FHATHLEE 2 1L

WIEEIES

LLVM JE306E% /2 M LLVM IR GUREHLER S, S ANIERE I M & e e & A, H1 T
FUAT R B 55 AT, LLVM FFR NSRRI T TableCen 1 2 i 3% AR 10745 41
o FERNESIRSBAREEL T, RAVREBIFIE S

F TableGen 1B 5 B¥r

LGRS H IR 2wtk JE AR e A S G oA B BAC AT . £ A AE T R 8 S LR,
N B E R, 4555 . LLVM PR N RPGEAE — MO 3R A IR Eef5 8, B H ARl . —Hogr
155, TableGen 15, /2 vt H BT AR HARE AL FACAY A= B as M H A diiid 1) g - A
R B AREW EARI TR PR 5 B AR e .od SCiF

JEW E, TableGen iff 5 ARH 15, EPTREMIAI AR € ik, —MexBEME—RHIK, OF
—MEFNFERF—MEEFIR ., ESCE—MITAERIES, 2R — A DU R E SUERIER. 250
FHEEAKMRA —MhRIES, ATEA R &AM R AR fid . B3, Register 285E L 17—
WAL AL B, WA PSR A28 RO E LSRR k:

class Register {

string name;

s|def RO : Register {

let name = "RO";

string altName = "$0";

i let KB —MH.
TableGen i 5 AR Z VLR, ATUMEALIICRER . —DEATE —MEREELS, filln:

class Register<string n> {

string name = n;

s{def RO : Register<"RO"> {

string altName = "$0";

TableGen 155 R EFHARAN, BOIE G/ MEMRA, —82 R IT:
o bit: —M1

o int: 64 H7EEHE

o bits<n>: —FH n A7 2H R B




= Sy

o string: —/ N FAF
o list<t>: AN t MmERIFE
o dag: ALK (DAG: HIELEFMEH)
KA R AT LHAESER . B0, list<register> f85%E Register 2RI ITCER I .
ZIE S RVFHE A include JBE AL HADSCHE o X F 24490 1%, SCRFHURERAE A #define. #tifdef
i Hifndef.
LLVM 1] TableGen 7] LAf#HTH TableGen 155 4n 5 W 3CAF, FHAIZ IR NARR. &
AT DU A EE AN AR RS
LLVM B 7 HEAR T A LLVM-tblgen Fl—%& td S0, J& s H PRHIAGHE llvm/target /
target.td 3. 1Z 30 E X W Register Target 8% Processor %528, llvim-tblgen T H T fifiX &
&K, IEMGE RER R AR C++ AR,
PL MIPS JGu ABIRER . HARFEIRE Mips.td &, AT llvm/lib/ Target /Mips SO,
O E Target.td SCfF. BIEE LT HERRRME, 140

def FeatureMips64r2
: SubtargetFeature<"mips64r2", "MipsArchVersion',
"Mips64r2", "Mips64r2 ISA Support",
[FeatureMips64, FeatureMips32r2]>;

XK RT LAIRE 3C CPU B8, il tan:

def : Proc<"mips64r2", [FeatureMips64r2]>;

A E TS 184 BRI HAb ot
llvm-tblgen T 27T LE /R HARFEE & X id5. WR7E build HE T, FHFHSSEIER

ITENRE R 5

$ bin/llvm-tblgen \
-I../llvm-project /llvm /lib/Target /Mips/ \
-I../llvm-project/llvm/include \
../llvm-project /llvm/lib /Target /Mips/Mips.td

5 Clang —#f, -T EIERE SCAFRENIN— D ER RO H R . EFEICFAFRAH . X4
TAMREIERRMICEPAER C++ 5. #iin, {#H]-gen-subtarget I, f#HT lle F-mepu=
M-mtarget=Fir & FIECRR &1L B2 5



$ bin/llvm-tblgen \
-I../llvm-project /llvm /lib/Target /Mips/ \
-I../llvm-project/llvim /include \
../llvm-project /llvim /lib / Target /Mips/Mips.td \

-gen-subtarget

W% 2R AR ORAAAE — S b, IR R WA AR B ARG R Al Z R PE AT CPU |

164 B G A8 W IEAE — Lo [RIL, R 2 E Lo e ALY H) SR A8 2 i B e K.
MIPS #5447t 1lvin/Target/Mips/MipsInstrFormats.td SfFH . iLFATKREH ADD_FM %=X
3 L

class ADD_FM<bits<6> op, bits<6> funct> : StdArch {
bits<5> rd;
bits<5> rs;
bits<5> rt;

bits<32> Inst;

let Inst31-26 = op;
let Inst25-21 = rs;
let Inst20-16 = rt;
let Inst15-11 = rd;
let Inst10-6 = 0;
let Inst5-0 = funct;

——

iR FEAE, XTIV d, s . BAITHTE S Inst F-BUESY, T BURFF
TE MR rdy s AT rt A7 T8-S IRAF I W AF 85 BEAT S0 A%, 110 op AT funct ZHCR IR AN
BRECS . StdArch BIEHININ—AN7BL P B2 2R 10 g A Fr it

MIPS HFrH IR ZHEE L SRR DAG i, WAEZILMINCAT. ke L7 —
M. MIPS R REGH K — M EL52 nor 164, EHEATHEEE — M2 M N wFAF A iME, RE4h
RIBLER, FFR S R o W A7 a8 . %38 JUMARIR, T LogicNOR 2R AT LAk % 2 I fi
PR R 5E X



class LogicNOR <string opstr, RegisterOperand RO>:
InstSE<(outs RO:$rd), (ins RO:$rs, RO:$rt),
Istrconcat (opstr, "$rd, $rs, $rt"),
[(set RO:$rd, (not (or RO:$rs, RO:Srt)))],
II. NOR, FrmR, opstr> {

let isCommutable = 1;

M, SO IXA R RIS I R IRE Ao LA — Fix AN e S IXAKIRAEH InstSE
X, EHTAARERMSIIES. Rt PR RNZ R, MG RXANRIRE TS
x, BAFRTE XML, RRHBM—%1E4. (outs RO:$rd) 40 &5 — %Ki 2 M4 e X
N DAG i ri. RO #7324 5 LogicNOR KA KIZH, RonFrasiREE, Srd &2 K%
fide. 5 rd FBP, X DUGEREES MG HE . 5 - ASH0E R SR IRIERE. B2, X
MNEHFAE =A% EEIERITE 4 o streoncat(opstr, "\t$rd, $rs, $rt") SEL IR TE 4 HISCAE IR,
strconcat FRIERTIE TableGen FlE X HIp %, M THEEMNDFFFR . AJLME TableGen JT &K #1657
R ETA T U EE R https: //11vm. org/docs/TableGen/ProgRef . html.

OB E 3, RAUT nor FRAHISCASIE, IR ZIRS 1T E . MBI oRg
BAE, JEHRMIZ 50 REREEEE . BRG] DAG S8 Fas 40K, JHEE LLVM IR
6%, LLVM A —HT0E LIEIER, #li1 add Al and, A7 AFERLCP SR . RLSHRERT B T
SDNode 5, tHA[ULHEZE. &0 UAE llvim/Target /TargetSelectionDAG.td H 2 & 7l 2 SCI
TEFT

II NOR Z:¥(48 € fE i BEA A b s F IR BR 4228, 1T FrmR 402 € SORPRIRIX T 4 4% 2UHIME
o, opstr BICFHR ISR XAFKBFRIER T & R8T nor HAFRFIATHE), XEWRE
AR NP 7T LASZ 4 o

RIG, BRANEHTE LK BLMIds, . 64 AR nor #4

def NOR64 : LogicNOR<"nor", GPR640pnd>, ADD FM<0, 0x27>,
GPR_64;

AR I S, AT LU def SCHE T IR B LogicNOR 283K 52 L DAG BAEHURIRE,
I ADD_FM JFOk4gw it h 8 &9l . MK GPR_64 i1 1T LA fR1% 38 S NTE 64 {7747
#x LT H .

TERN RS Sy 2 R E R X, —FivE 77202 4 multiclass 28— multiclass 287]
PA—E X2 A E %

B, MIPS CPU [77 s 50 AT LA F kg B2 BO0ORS B V7 AU T IR I2 . X %48 2 1)
SESCAERARAL, BRI multiclass 2658 S — AR 448 4


https://llvm.org/docs/TableGen/ProgRef.html

multiclass ADDS M<---> {
def D32 : ADDS FT<->, FGR_32;
def D64 : ADDS FT<-+>, FGR_64:

FT K& T4, BT LogicNOR 25. FGR 32 M1 FGR._64 117 7£ 4 Pt ok 7] LAfE
FHWB 46484 . EHZKZ D32 Fl.D64 i3 ME X, XU . SR )5 H defm #7528
A0

defm FADD : ADDS M<++>;

XK [F I Xk 3 2 2K 60 5%, 3K 4R FADD D32 1 FADD D64 TRZ5 T AT, X2k
A E F ) — MR SR T7, B4 % AT Hiriid, H5HAL TableGen FrEAHSS &, FHER:
BE SR o

A T HbrfiR 2 W T 1R HHR, e DUE R — 15 IR R IR Ak .

ELIRIFESIEEFE DAG
LLVM # IR #H M aeiE 2 Hbr#E k2l DAG. 5 B brdtid dh 4t zCUL AT i
B, IR B SRS, TR 48K HONHLAR1E 2 o X OTEIEAME I R IS 4 T B1IR 32
ML HARK, JFH ALV HARA SR BRI, Bilan, Fom s i1 RABE K28 H bx
EARAEHEM,
selectionDAG H SDNode KM 2l ik, £ llvin/CodeGen/SelectionDAGNodes.h S ffH?
o T RRINPIERVERR N OpCode, HFrMOSZARY 2 XAE 1lvim/CodeGen /ISDOpcodes.h A4
o B TERIEZAN, T RUSAE IR E B A A
T R R AR HOR BB IO R o 72 1) O F B L 2o, BRI B R R 2R T MVT ::Others
XAGA R B B AT I A48 2 I O RTRE, Blan: load 654
fii 4% DAG #4748 SRR IRI T
i DAG.
itk DAG.
frfE DAG PHRBM G,
itk DAG.
K& DAG R ER&EIE,
flLft DAG.
TR %
Rz a8
IEBRAT A — N AP RN LR DAG Bl 5 k.

P N o> oA W=

WM TIE S %EF



AJ DL A AS 5] 7 SN BIFE Ak B TAE . W BKs-debug-only=isel #EIfE#45 lle T &,
M4 — 25 B 45 SRR 2 LASCAKG I TEN R . dn 175 BB N A BHLER TR 4, XEH IR KRHIH .
wtn, E4TCL R e A S A B L SOk B R LLVM H b5 5 a5 4 — i

7

$ llc -mtriple=mips-linux-gnu -debug-only=isel < sum.ll

RATHHRZE R ARt TE, & G 2OV A QI 914G DAG ik

Initial selection DAG: %bb.0 ’sum:’
SelectionDAG has 12 nodes:
t0: ch = EntryToken
t2: i32,ch = CopyFromReg t0, Register:i32 %0
th: 116 = truncate t2
t4: i32,ch = CopyFromReg t0, Register:i32 %1
t6: i16 = truncate t4
t7: 116 = add t5, t6
t8: 132 = any_extend t7
t10: ch,glue = CopyToReg t0, Register:i32 $v0, t8
t11: ch = MipsISD::Ret t10, Register:i32 $v0, t10:1

5 E—7780 MIR #ii2fl, mTPAEX BB F] CopyFromReg 84, ‘E¥F ABI 1 FH 35 A7 25 1
N AR SRR AT 5o AT SR L TR, BOAZRBIE R 16 A4l (HJE MIPS R RE54 A SCHF 32
Fifo 1E 16 ALRINEFAF G EIATHINERAE, G 8 Ry IR S+ . B2 & 2 5%
AT EIX AR 3

LLVM I8 7] LAE Graphviz ZAFHE B T A4 e #8 DAG BRI, a0 G -view-dag-combinel-dags

wmifEigsy lle TH, MESATIHF—AE N, SBoBEil DAG. Fln, T r/NCFZAT e

$ llc -mtriple=mips-linux-gnu -view-dag-combinel-dags sum.ll

£ Windows PC _Fig417, K 4EF DAG:



Register $v0

any_extend

rEntryToken\ (Register 20 ) /kegister 31)
t0 £l 3
\ ch /‘;\ 132 ) 132 Y,
A e S
4 N
:Jo|1\»’o|1\
: CopyFromReg CopyFromReg
I t2 td
1
: L i32 [ en ) Li32 | on )
1
|
1
v o Y [ o )
|
1 truncate truncate
1
| t5 te
1 .
: \_ 116 y, \_ ile )
I
1
; o1
: add
|
N £
: ile
1
I
I
'
1
!
t9 ]
! t8
i32 ! -
! i32
) N S
1

011 2

CopyToReg
t10

ch | glue
HJ—:r/

MipsISD::Ret
£13

ch

dag-combinel input for sum:

9.1 8 F] sum.ll MiEik$ DAG

— B BB AR IR XA B S MRS S . EntryToken & DAG JJF4E, GraphRoot 72
B a1 R PRI EE IR B R A Sk brid, BEFSRFREIEI, AT SR — i,
B b EATER R . RIS T rp SN R AL, BB 1RAEH K. B IEA L -debug-only=isel
IR SOA Y B 2 B AN E B, R Romm 7 N A . ] DAAE HAth N 8] p AR sl I3, 14

o UNII--view-legalize-types-dags I, 7ERM AL HIEE DAG.

o UNiN-view-isel-dags &I L& E $5 41k .

A LA --help-hidden W EF FTA AT I DAG &5, FN DAG Al gE& B3R, 1 H
SR, FTLAAT A -filter-view-dags 33008 46 HH IR A1y — N JEA B

ot



KERSIEE

HIE T W %4k DAG, FRATIAERT IR A B0 . i£5 DAG £ H IR &M . X T IR 1
B PREL SelectionDAG 2R — AL SelectionDAGBuilder 2RE 7 . A, DA 1T
ITHPIRIIILAL « SR, HAr s Z et — LU pR BORIFZAH - 8003 IR BIBKE S Nilt, H AR 20 sE
I targetlower % [ o 7& B b SCHFI&r, Y5O H 7E XXXISelLowering.h Fll XXXISelLowering.cpp
A, targetlower 42 K SEILIR AR I IR HITEE S, Blan: Bbr b SCRRIEEe e SR A
WP L R A

A IR BT JLIR . RACERPAT TR RIRAL, Flhn: 7ESCRPX S E R B A5 EdE T An IR E A
XA B N — NGBS DAG, X B 7 HAE IR

FERM GRS TRIAN, BAR EA SRR AR SR S B e, it G 2R BARANL IR 3
FF 32 AL A, A B/NEL IR TS 0 IR A Sy 32 fr. R —A 64 AL{A
ANBER XA HARALBE, B4 X AME 0 7 FI s — % 32 DA . ) B SR A DL ABL ) 77 =N Ab 2,
vector KA AT LIS FHASMA TG R BATY R, WrT DL LAME. B, —NE DUAME R A &
AT RA A & A PIME R A . G SRR AR DL AMA S R, MIFRA B S &R A&, M AR &
HKA, A RIFFRME B RTE targetlower F2 L 1€ B brsSCI R ECE 0. ERB A2 5, &
## DAG AR AR S| sum 1l SCfFH:

Optimized type-legalized selection DAG: %bb.0 ’sum:’
SelectionDAG has 9 nodes:
t0: ch = EntryToken
t2: i32,ch = CopyFromReg t0, Register:i32 %0
t4: i32,ch = CopyFromReg t0, Register:i32 %1
£12: 132 = add t2, t4
t10: ch,glue = CopyToReg t0, Register:i32 $v0, t12
t11: ch = MipsISD::Ret t10, Register:i32 $v0, t10:1

MR EVIIEHIER) DAG BEATECEL, WX ER T 32 (&7 BOAN X SCHF 32 fifd,
FrASETt 1 16 fiz.

BAEBEM R T R G . IAPIRZDER], B EARARITA MERIEARE SR, Bl
A HARASHISCRF AR, ANEEXNS I AT #3802 B, FEARBTA I H R #AT — xR
I ANTE %o ERXFEO T, HRAEW — RIISEILThRE 3R E T B, a0 Rz 2R A TE & 4
YE, BT LLKAZ RIS T N B RIS . 5 o /R 2t mT DA At B s SO . RS E R B
& Custom, B4 targetlower FEH[1) LowerOperation() 776 H T X 5k, 2R)5, & 1ELI
BVEIZERAE BRI . suml 1l BB 5~rb, BSINERIE R EER, BOYF & ESCRRRINMmAS 23 73
fidm, FTLAA AT

FERTFRAE VI G, B ATIR 0, KMo ks Aabir. wdiclE, £ L1
i, FRARHAR R T — M IR IXEEHIR, llvin-tblgen T HAEM—MREAILHCA . FA
F, BAVLEC SR B2 5 45T DAG T RUILEC IR, AR5 1 £ S UM S i 4o UL T
A LI TR RS, RS B0 T FHARRY 58 UAE lvin/CodeGen/Selection DAGISel.h Sk 3.
XXXISeIDAGToDAG K528l 1 HARHIFE A% #E. X4 DAG 5 A Select() ik, BRNEN



FE A BT UL G &, (B AT DA E A SRR B LA IN SR -

EARERERE, P DAG 1 FMNERERITE & Z A —X —HK R, — DAG F =AY
JERULANES, LA DAG 9] L — 246 % . BUE I — Mol FRE BRI, FlefE
RISC R Rehtd, BHEBAEMMKZZRREI . —A 32 21 H AR 58 AR S 16 ALK SLEPEL.
TPAT TR 32 S H BRI, EER IRV 16 M8, REAERPIAEEEZAEH 16 f71E
e 4. Horb, &ATLAE MIPS HFRrh kR B A . 7838 22 5 —FE L i) — 8 WA 7 :and .
or 1 shift DAG 5 s 2L &8 % AT LLUL G 2R IR I A7 38045 %, S B EZ A DAG 35 s AEH]
—%AEL.

M, ATRAE H AR e E — MEICRA S PIANEEEZ A DAG 15 Al X TERERK. A5 H]
BEAAL BRI O, P LUK T2 9 s IR EARIC N 75 ZRF IR0 DAG A5 403 . X TR 2695 1, Kl
H XXXISelLowering X+ ] PerformDAGCombine() 7%, A5 0] UG BT B IR i, g
HRILHS, WA LUR [IFRIRH S DAG 5 miERAE. 7278 DAG 75 miia A7 42 B UL G &5 2 /i A
Jiiks

fan] DA IR B0 AR BT B R AR B suml 1l S0 T add #44F, ATRAEIX AR EI PR L
17

ISEL: Starting selection on root node: t12: i32 = add t2, t4
ISEL: Starting pattern match
Initial Opcode index to 27835

Morphed node: t12: i32 = ADDu t2, t4
ISEL: Match complete!

RO SR ML R ULAC 25 A . IR 51 27835 THG (—/MERAE, FTUEARBIMRAE ),

2o P RE, XU ADDu 54 .

LU O = vl 11 PR % S N/ N 5 O M g Q2 o A TS i € I O T P TG T Y O
lib/ Target /XXX /XXXGenDAGIsel.inc  H1#& 2 JE AT, 7E SCA 9 48 4% P 47 JF S04 I 72
AT A R R 51 AT H AR S SIEARIE, Bk n] DR A 5 s 7E B bk 31 IE 4y
AL . P fs AU 1A 2 AR R 0AT BV Ok, X 618 3] m] DA B A B R A 4 I i
B

% DAG ##AELSFY

AR Ja, HRZE— N EE . BOMBIRENT T, X EWRE TR B AHZ I
HeF o P A 5 Bl AN B A AROR 27, AELE SR AT LR AT RE DA A 3% LR O% 2 17 A% 452 ik
1THEFF o FRATAEE AR — A BE 8 0 TR AF AU o BUACKE(F P DOOFATHUR 2 55482, (HERA
BRI PP ER B — AR BT R IR A T B AR IR ISR . RIS, BEAF T REANRE
RIS A AN, TR AT HATIR 2



fan] DO RS AN I B B AR IR o, R v e R @ . Bln, Wik —A CPU
AN EHEARTRTG, 2% E BB PR N TRANES, A B HE B R AN 5 0 3
o BOFTI 7R R AL LA 2 R 7 e SC— MR, 75208 HAsfik h &A1 B AnoE
X —/> SchedMachineModel 5. FEA b, AR 452 14 AN i H 51 E DL S Ak 28 25 B UK
e . ARG IX A E L IEIRME RIRAE—#2, AJPALE llvm/Target/TargetSched.td H1 A&
IR FIE LR . Lanai HA LUEET AL, SystemZ H ELEUSR 2% R FE AR

A —FhEET IR 2 M B 20, AEIX B rh, A3 38 5505 XON FuncUnit ids%. 1 H
XFE— AN IT P IR E SUN—A InstrStage i03%. BENMEES —) itinerary JSM <. X T4
A itinerary 38, & X T H InstrStage iCsxH B FH AL BEERETE, LA AAT P o 1) A B 25 J 391
. ATLAE llvin/Target/targetiinerary.td =14 21 i 2 58 1 1 e R AL

— L FR[RINE P AEE (T s . BT RE LR B AR B — NN E] LLVM (A7,
HARTFIEAE X AMEE AL . 5 2 (I A B, 3 pLas T & R RS P s n e >kiny, e Nk 2
SAFAERIR A . H— RS, AR, AT DO A 2 A B o FE 2 @ 8L, ik
AT DUFE SE EMRA A A X S B s . SR, XA NTIRAD R 2L, W RE, ol LS HHLAHE LM
FERRFRI AR R 4R, FEA E AT DU E BRI A

WURAEAE, A R R A DU AR 7 A 2 AT HE . X— P25, AHGRE DAG, JFH
DT

%+ DAG AT HR 21 £ 7] DL A Ui R 45 2R, (B A LI AT IR A A7 A AR 1
LG, AR 7R EER I E, TR AT L. £ 800, AT EP0ETE 4k
7%

TRiEHE 1% $F-FastISel

fEHIEFE DAG TR Ak FES WA N Al R EAETF R — AN HET, At
IEATRMR B, Al RE A IO O A ARSI H e B R S B R BB, T IR B A
LLVM FF RN 53 HR 8 SE—NREER A 6 8y, B — MR BIs 47 iy, (H772 A i i ARG ¢
b, HAT-00 RG], A AFRATRE TR 214, FiFR Fastlselo

SHLAE XXX FastISel K1 AR H R SRR M 218074, BRI T, 1£# DAG
JIEWRAHT-00. LR —NMREE T HARKRIRAE B —A FastISel 28, Ff HAAZTSLIL AN T7
%o TableGen T H M Hbrfifiid A= O 4 BT fs ARG . SR1M, SEBLX MR LIk R Ei it R 2 — 2 T
R, ARA R R 2 1 75 RS IE AR B A BRI, By DAL & 4% o

MIPS HARIRE S SEIL PR FR A 45 . 180T DU A PRod 18 A e 1308 0 A% - fast-isel 16008
lle TH. fH sum.1l 34

[ $ llc -mtriple=mips-linux-gnu -fast-isel ~O0 sum.ll

PROE TR S EFIZATARE R, HEL DR AR EKE. &% LLVM JFRA ke 34K
— AR RE PRIEIEAT SR A R R AR R R TT %6, F AR RAEAROR AN # 4  DAG AP SE 41k
Faro BAVAE T AT P LRI

£ Eie4i1%iE-GloballSel



i Hi%#% DAG, AT PUE BCIER I IONLEARAD . R SR ER T Bk B, AR IR X
EWRERMETF &« MAAMZEY . FastISel 84188 TARRIE HAIBA 4, (HAGRA B R 17 AR .
% 1 TableGen AR HIARES AL, X PRFhITIEEAILZ R Z M.

REPI A LRI ? — MR IEHEVE, BIE, K59, A R A7 X2 LLVM
MEZE AN o5 — Fhdig I FE A —— R R4 S E BBl R H AR 2 BB FastISel, KHH
Prag it DAG.

4R TR IR TR AL DU 2R EREAT, BTSSR — RAVVLES ThRefL . 5 —
N FEEP B RERATIAN G — A E R, M2 I K Machinelnstr 28, {H72, #IN7HH
2 R RAEND .

T2 BRI a0

1. IRTranslator i {5 A A #R M E RS VI AEHL A48 2 -

2. Legalizer A] LIMGRBIFEAEB54. X 51EEE DAG AFE, EHEMHBMNAFERPER, HE
) CPU Mg Iy IR A7 08, 10 BAT AT RESE — s S 0 Ul — 2% H8 & 5. XAME AN
i%4% DAG RIFHiAbHE, HRAERRESERENHEGPRPIRE S L.

3. AN R AR B A A7 48 FI81T . 7E RegBankSelect MIEH, EHE— MM . F47
R CPU LR —MarfEds, Blun: WA X HRRIR i 347 48 08 SR
fE. HER—RZ, ERFAEE SIS RBGER. KRG ERT B HIEA, Hit
XOAMKT LLVM IR iz B,

4. BEBS, RIS RYAIERAE XS H b AiE R, 7F HRAUE B 5882 AL R T Y InstructionSelect
Pass AJ LU Fa L FHHLARE & B ol -5 4
ERJRTRLIRFEZE, R (WIS WE. FAa T IMEARNE) aistr.
ERIELIERMFR LLVM F, HBOAEUL AR WREMHE, &2 -global-isel &

WA e, B -mllvm global-isel EWIK T clang. W4 Jm48 2k FAGEALTE IR i, WL
AT Tl 4 le $#Efft-global-isel-abort=0 IE TR, &P DAG &EN&E. X =1 K, N
&b, N TRIEXFEN, A% e #éfii-global-isel-abort=0 iETi. W Z =2, & DAG
BAE &R, FHATEI— K215 Bk AT E &

B A R kB MBI B bR, RFREEE S HARN TargetPassConfig ZEH A N R £ X /N2K
Hi XXXTargetMachine 2524k, SCBLE R R — A3k, #iltn, #S addIRTranslator()
J7i%, ALK IRTranslator A& 1EEs N2 H bR IMLES &5+

FRFEELE AArch64 HiAx BT, 1% Hbr H AT 4 R He 21 A R scRE . 12 HAh Hix,
45 x86 1 Power, WIGHN 7 X4 e S P SCHF . X PbAE, MFRAIA P A s AL A2,
AT AR R B F T 5 KBRS . 55— MR B BTIEA SRR AR, Frll8 SystemZ iXFE[F)
afi K Hbr HATib A gefi 2 /e 21k 3%. MEER RIS, MEHEES/[RI0E.

Mips HFsHHF R SEIL 7 2 Rife &k, (A RAIRE], Be g T/ i s, /RA B
I K -global-isel iETIL 2 llc T HKFHERELSER. A sum.ll:

$ llc -mtriple=mipsel-linux-gnu -global-isel sum.1l

THEE, HAPR mipsell-linux-gnu &/ H AR . A48 KEGALHT mips-linux-gnu H AR & S8R -



LR TR PR N TR Lk DAG G2, JFH OL™ 4 1 HPUESE S # i
A

SRR IE S

BRI HAR CPU HIHEAT LLVM IEASCHFFRIALERIE 2. B, 5/ MIPS ZEH i fill i i 22 17
0> MIPS $52 I INFFIRTE S . RISC-V #5425 0 HLVE B 0 SCVF & R ANIRT IR &, B8 24N
M— A2 e, AR5 LI CPU $84 . £ 35, JATHN LLVM J5Smds Dot A Hml
AR I 3 SHF -

ECRIEFF AR E BUR NS <

FHINLE TR W H SHRER) CPU RREZRELE . RA M --mattr= EIULFE llc I,
B RN ARVI R

PER AT BATREIN— A H B 2 2 MIPS JE¥m. BrifyLasia < 8 ok i m A wF
A HMET T $2 A 83, SRJE R PS5 AN A4S ot A A7 4% 81

sqsumu $1, $2, $3

ZIE A B AR sqsumu, HPFFSRANZ HIRAET R . ARG —1 v nixfa L iaH
T T8

TATE LB INE CPU RRHEFR N sqsum. X0Kf 78 4F-# H --mattr=-+sqsum &I H e, LUEH
XTHTHE 2 HEAT IR A .

FRA TR I A R A3 AR RS #BTE H IR MIPS J5 3 (1) TableGen SCHFH o TR SCAFERAL T 1lvim/lib/
Target/Mips SCAFJeH . TiE SO N Mips.td, BEFZSCHFFR B SCEFHRRE R4y o X LN
T A THRRE ) E X

def FeatureSQSum
: SubtargetFeature<"sqsum", "HasSQSum", "true",

"Use square-sum instruction">;

SubtargetFeature K2 AR SEL. 55— A& sqsum, ERFFEMLIR, ATm1T. #
ZAZH HasSQSum &R R MAFPER Subtarget PR ELTR. T — AN SHOEBIMMEAFR VR
ik, HTEmA1T LIRS, TableGen & MipsSubtarget 842 a2, HAE MipsSubtarget.h
S E o XA, SRR AN TR, A A R R AR AR X B E

// Has square-sum instruction.

2l bool HasSQSum = false;

f£ public #7}, MM T —AIrEoR R R PRI

bool hasSQSum() const { return HasSQSum; 1}

IR LT, RATCLREWAE ST LI E sqsum Fph, R H SR A SR




LR TR 2 E R sqsum R, FFEE L MBS R A 1 izRe . AT LA I
#I| MipsInstrInfo.td SCAFHY, B FEE T HARE W 387, J Bl ] 5 TR 45

def HasSQSum : Predicate<"Subtarget->hasSQSum()">,
AssemblerPredicate< (all_of FeatureSQSum)>;

TEAAE AT 2 Y hasSQSum() J7i%. b4k, AssemblerPredicate 1R $E & AL g fe Iy AE ik
VARSI P A Y ) 21 R g 53 51 i o SR RFE

HADEFZELHH R . MIPS HAR RN HATREABL S 15 2 WEAE R, X TR 2epify, o
MipsSchedule H)5E21E 4 7€ X —" instritclass.td 10 3CAF. TR E XATH B R
AL AT

def IT_ SQSUMU : InstrltinClass;

AL T LSV 2 R4 @, PTUE CPU BSCR R B E(E B 6 T-I3RATM 45
A, IRUHUER R ESE ALU R FTFE—NMEH . 1205 BRI 2| 1 MipsGenericltineraries 1€ SCH:

InstritinData<IT_SQSUMU, [InstrStage<1, [ALU]>]>

IXHFE, N3 T RGBT A R B SEHT i 5E R 1 MIPS H #nIEAE MipsScheduleGeneric.td S
W, 7 LT 3T MipsScheduleGeneric WAL AR 8 2 1 BE A A (Rl R BEA Y . RN IX & —M
AR MY, LA TR ERNIES add. RUNERIETIIER, ArCAIRATRE Aty & 1
MULT F! MULTu 4[5 X

def : InstRW < [GenericWriteMul], (instrs MULT, MULTu, SQSUMu)>;

MIPS H#5i&7E MipsScheduleP5600.td 15 X T P5600 CPU [ FEERBAL . XA H AR i RAN L
FEBRAIRIHHE 4, B AR eI B A SRR 51 = e

list<Predicate> UnsupportedFeatures = [HasSQSum, HasMips3, ***

PAE, FATHESRAE Mips64InstrInfo.td LIRS IIHTHE 2. TableGen FE SCE R VT,
D] b 75 B FL AT AT o 1% SUEH 7ok B MIPS Hbsiiid i — 281l 2K, BATHHE S & —A
HARYES. @i, Ei&EET ArithLogicR 2. H— NS4 sqsumu 8RS ML WENCR, T
—/Z# GPR640pnd F/RTEMEH 64 M FFHENRIER, THIW 1 MR EIER R
B, 5, 4 TEREARS . N FM KR T e 20 ik gmig . T IRIERTES, LA
PSR S H. ARG IREE ISA MIPS64 i1, ZigiATE R g0 e LA %00 . &5,
1) SQSUM A8, RAG7EE FHIRATRRRTERE, 884 B8 EERE X F:



def SQSUMu : ArithLogicR<"sqsumu"', GPR640Opnd, 1, II. SQSUMU>,
ADD FM<0xlc, 0x28>, ISA_MIPS64, SQSUM

UARAE ) H AR AR SRR &, B ARAE SOs 7, Pt L5 Z5E e 3o Il Avinig s
DAG #ix, AU pas T LA 12482 . 1248 I MRAE A A2 4% Srs A1 St DL HARH A7
& Srd, X=HFAHRAE ADD_FM Btk A I0E Lo #ig b, ZULH AR IR ] #: A8A]sfe sl
BHEAP AT ARIETT7, R add IBHEAPR A BN, IR TR H br e 785
$rd. EXMRAALRGA RE R, POV MIPS 15844, SIAM L RAAEER IR A0 . N
T, iR EE M fAa . ERFNSEEES, BH mul #AEAFH MIPS %5
SE ) MipsMult #AERTEU, H TIRIZIZHEAM MipsMFLO ia%5, PLKE5 R~ —&6 2 #3) 358 A
A R T, AR R — i, BN s

{ let Pattern = [(set GPR64Opnd:$rd,
(add (MipsMFLO (MipsMult
GPR640pnd:$rs,

GPR640pnd:$rs)),
(MipsMFLO (MipsMult

GPR640pnd:$rt,

GPR640pnd:$rt)))

B % DAG 0 e 2B A i), miZai=05 480 DAG 75 A UCHS, Nk
PATRIHTE 4. BT SQSUM iFi, X HERHE SQSUM RRtERT &4 . FRATH — NIk 2 e

Mk FE e

WARY R T LLVM, AR A (M B sl aORKAEE . R AR S MY vTikes LLVM T
H, B4 2 A .

R LRI —ASFT ML R 2 25, AT AT P e A

o HYG, WAUGIER D2 I
o HIR, 2 DRARRS 2L e I T AT

LLVM I H{iH LIT(LLVM Integrated Tester) {EAMAR T H . FA L, WHHHE —MLE
N FELEAT I A A T ROZ AT IR 2 1 S o DB Il A5 0K — AN BT SO S i B0 H S —
FERT B N T IAEHTE 2 %A, f#H lvm-me TR 7 HAMIESS, 2T RIS LLEREL I
Patth o X TIEEIRT AL, AT DABRAT DA T & Bongmhdfia £



$ echo "sqsumu \$1,\$2,\$3" | \
llvm-me --triple=mips64-linux-gnu -mattr=+sqsum \

—show-encoding

KO SR 72 B B oz A7 13- A 2 o ZERIESE B, T LUMEH FileCheck
TH, llvm-me B4 HEEEEAR P AT AS . 5346, FileCheck BN SCH . H
B 5 H CHECK: 2% keyword FRICHIAT, G2 FUHHH T . FileCheck 211X L84T 5%
NEREIEHATILE . WA RBICA, SR — MR S WHH B sqgsumu.s JRE]
llvm /test/MC/Mips H FH:

# RUN: llvim-mc %s -triple=mips64-linux-gnu -mattr=-+sqsum \
# RUN: --show-encoding | FileCheck %s
# CHECK: sqsumu $1, $2, $3 # encoding: [0x70,0x43,0x08,0x28]

sqsumu $1, $2, $3

WARAL T vm/test/Mips/MC SCHFJet, AW BUEH LT dr 23847 MK, FAE fom i i ik
I

$ llvm-lit sqsumu.s
-- Testing: 1 tests, 1 workers —-
PASS: LLVM :: MC/Mips/sqsumu.s (1 of 1)
Testing Time: 0.11s
Passed: 1

LIT T Ef#F RUN:line, F 2417 X4 B 1 %s . FileCheck T HLiHUCCHE, HfENT CHECK:line,
SRV H KN o X e —FrEES A 20t 772

WERA TR H g, WA P PA R dr 2 A LLVM it

BN A by i — AN R, 75 Z G AH A 1 SR o sqsum. 1l SCAREL 3 TH RN ST 7 1
LLVM IR ffig:

define 164 @hyposquare(i64 %a, 164 %b) {
%asq = mul 164 %a, %a
%bsq = mul i64 %b, %b
Y%res = add i64 %asq, %bsq
ret 164 %res

BEAELRANCH NS, ATMER Lle T A



[ $ llc ~mtriple=mips64-linux-gnu -mattr=+sqsum < sqsum.ll

Bl e B TR sqsum 484 R BR-mattr=—+sqsum I, I %A R
KR

A7 XL, A U I 7 Xk, PN RUN:line: — ATk &5 ie & 2 R AR 5
— TR AT e FRATRT DU — MUK P SO P OB 5, DROTT A% UR FileCheck T4
FH5 “CHECK:” I HIFRE . IR sqsum 1l FILLF 4 25508 5] v /test/CodeGen /Mips
SIS

7

; RUN: llc -mtriple=mips64-linux-gnu -mattr=+sqsum < %s |\
: RUN: FileCheck -check-prefix=SQSUM %s

; RUN: llc -mtriple=mips64-linux-gnu < %s |\

; RUN: FileCheck —check-prefix=NOSQSUM %s

define i64 @hyposquare(i64 %a, i64 %b) {
; SQSUM-LABEL: hyposquare:
: SQSUM: sqsumu $2, $4, $5
; NOSQSUM-LABEL: hyposquare:
; NOSQSUM: dmult $5, $5
; NOSQSUM: mflo $1
: NOSQSUM: dmult $4, $4
; NOSQSUM: mflo $2
: NOSQSUM: addu $2, $2, $1
Y%asq = mul 164 %a, %a
%bsq = mul 164 %b, %b
%res = add i64 %asq, %bsq
ret 164 %res

55 HABI T DU T AR i 78 SO o Bz A7 Ik

$ llvm-lit squm.ll

o, ATLUE T DU T & WK i H 384T

$ ninja check-llvim-mips-codegen

XL B, AT LUE AR 9 LLVM IL Ry, fevrR QB NG S, R
LGS 75 IER, S 75 45 R TUY] e AR A R i) A



=+
IEI\ gl:l

A, 21T LLVM H b G W i iE . 4 MIR & 288 5 rpRaS, FEEHL
BIR BTGB .. A T IXEHAR, ERnT DO G b A i o 1)

T T T fE LLVM Wl L DAG Sk 2 1%48, &4 T {E A FastISel Al GloballSel
HATIRA RN BRI, WG4 TG TE, XA BT e ik — M E%.

YT LLVM DRI gnfe 7 fE 2 B KR NI 184, XA B T i A2 3¢
R CPU FRMERISCRE. A TIRIUEY T, RE VBRI A sl H 6.

T3, AT LLVM 5 — ARt — 5 A BB AR8S, HARh JIT ZmiF.



% 10 & JIT &HiF

LLVM #%0 FEF T T ExecutionEngine 144, RVFENAFEFH4miEMPAT IR AR5, XA
i, BATATLAR RIS (JIT) ey, &RV EEPAT IR ARG, JIT ik n TR R R
a5, UNASTEZDE H bR AR E G TR B 7 28

FEARTE S, B T JIT mikds N AR, BLAL LLVM JIT 4wifds iy i3l . BOR4RE LLVM
AR ISR DS, S T OS2 JIT 4aidas TE. VU JIT 4aiastE %
BYIEEI— 5, LS Z AR EIPk

AEHAE LT HNE:

o MR LLVM Ky JIT s3I

o M JIT gmik HEIAT

o FH T miedsdt i IS5

FEARBLORN, B FIEMATIT R JIT ikds, W LUEHFRRCE RIS, W DA &8
SRIVEBIRRCA . SEIEHG TR U A8 A% S A5 g BEaf AL JIT Wik es

NEPS AT

A PRI A fEhttps: //github. com/PacktPublishing/Learn-LLVM-12/tree/master/
Chapter103kHL,
PRA] LAERR AT b 3% #1488 ht tps: //bit . 1y/3n11hED.

B4k LLVM B9 JIT SCERA0F 451

HAoik, FATAWIF TIRAT (AOT) Zwikeds, XLLdmifas it BN ATERF. RARET
fJa s MR A REIEAT . QR PR AL MR 7 IS AT I AT I, B A9 RSB — A JIT %%
wo JIT i asfy — LAy R il

o MEWMLEISEIL: FTCLAH AOT Sk gt ih 5 el A fEig TS, A JIT dmikds
B ARSI LAY o XM RO ARG AL TR, T HoE T JIT 4mikds,
5 AOT ZwmiFasMHtl, WAL 5 KE Java A C# M XA, (H I H B I () 9E
AZE: 1977 ) USCD Pascal 4ifas D& A 7 RN 1%,

o RIAFANT: RS HEF AT CMEH JIT ks itz o HATIRZE N, XarbUmiE 4
ALl LLVM %8 LLDB s/ i Xl o7 s £ I v SR ik .

o EHE FEA: HUl B WEURE EE S WA HAT TR BT RIRR R AN ERERAE, XA
PATH SEEWE S PO JIT it ar ot R o bLEsag, A i & i)

LLVM HIFAmERAE JIT SR (B2 70 F AR AR R I K. LLVM F A 9 PR 28K
LLVM IR 4ai¥Rblashs, FR4 4 RARAE AN RO aniR H bR A R AT RETERLAE b 2 A7 TE
WA, IR AARRD A AT AT IS ? ANBE B BT, PRxt 42 5 o B0R0 42 J5 200 1) 51 F A FH 1 2
P77, AR 4 ik

MRS EF, BEALHR [T v b, Bl VRSN S AIIE R RS R a0 FRE S A T
Dk, BRI AL, AT AT HARRES . iEERS g IR RIS i%


https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter10
https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter10
https://bit.ly/3nllhED

N AF R B ROTAT 0 WA N RO AT RER D IR, R 11T 120, #ifs 3] 7 —A JIT %
PEAS . LLVM B0 R 1 JIT SEBL s T ax fh AR
&£ LLVM [FF R, A JUR JIT 23, BT RAANERRESE . BB JIT APL 2bEiE
K4 (ORC, on request compilation) 5%, XN EH AN /£ ELF (A $UAT FIEEE:AR% ) Fi
DWARF (i ik Frit) CAAFEZ )G, EEITRNRITHEANE 55— & T Tolkien universe HI4EE .
ORC GIHER I & T AENAEXT GO FAT F i as g e 2 B A B 2 1 AR . 2 Sl
SR, AN EEARZ IR
1. i)z
2. R

EGm R 2 AU — MRS g SR E . e E 0T DI S S M dn B 2 T e~
Jis RFIFRN VR IME B4, 83 RS R R a . XM E a2, JIT 515
A LVEEREAS[E] 0 75 SR IEAT i), 0. e AR UL AT REIE BETRSESn PR T A A, 1 AN FH 1 1 4
B HAR R SONLRE 58 5 Bl (A1 P Bma N, (8 Bl P 4 2 SE I — A

IH MCJIT 5158 T XA APTIRAH AN ZH. SEMIBRE) JIT 5%, FEE N [E
MIHERS, XA APT AR754 SMER, T H k= ORC API (RS FATH H FR2 MR AN SL
4 ORC 51 ZEIAERT LML T MCIIT 513K ATA Thee. #iimiH af LME A ORC API.

T, AT L i, LLVM RS FE0ASamEEds, A HIT0 JIT dmikasnisiil.

fEH JIT dmiFEEHNIT

EFEE JIT gk sent, HoeERN2EEIE/T LLVM IR, XHi2 i TH. LLVM fiR2 5
BHRIFERIHA TE. BATBE T - HER i THE, R — MR UK T A,

W& i TR

EFRATH —ANEH B ] 7k 1 TR K DL A& hello.l SO, BEAHST
C /7 hello world, HFEHITRE C FEM printf() B, hellostr # &S ESTEHINHE . £
main() ERE AN, T getelementptr 182 THEH B — TR IF8E, FRRZEAEIES printf()
PR, PR EAZIRE 0. SEEPUEARS IR

declare i32 @printf(i8*, ...)

@hellostr = private unnamed_addr constant [13 x i8] ¢"Hello
world\0A\00"

define 132 @main(i32 %arge, i8** %argv) {
Yores = call 132 (i8%, ...) @printf(
i8* getelementptr inbounds ([13 x i8],
[13 x i8]* @hellostr, i64 0, i64 0))
ret i32 0 }




ZAS LLVM IR XA r, S FEEA K. JATT LB L M ar S B A i TR
AT IR:

$ 11i hello.ll
Hello world

X R — R W RS printf() B IR AR IFE NG, FHAART printf 755 H &
o BT IR FHRAR], OB Re. i TR C &, W UHERER T
Fo

IR, i TEASERECERE. 7 AR, 1 THSCREMBGEEEMX R . T
(K] C PEACHS RITEN T — AN A T B

#include <stdio.h>

void greetings () {
puts ("Hi!");

FETE greeting.c SCHFEH, FRAVE A ek i THEERZXS REME. Kb IR %% 3% N 5)
BJE . -fPIC IETIFE/R clang A2 A B JC R AT, IXZBNA T4 7 1. it 25 %€ 1-shared £,
YR A B4 greetings.so BN E:

[ $ clang -fPIC -shared -o greetings.so greetings.c

AT M Z SR N — A greetings.o X B CAF:

$ clang -c¢ -0 greetings.o greetings.c

WATBAEB A, greetings.so Ml greetings.o XA, BB TS i T HA,
BAVETFE— LLVM IR XX, B greetings() B%. Ak, B8 mainll XfF, Hig
BT BRI B

r

declare void @greetings(...)

define dso_local i32 @main(i32 %argc, i8** %argv) {
call void (...) @greetings()
ret i32 0

IR LA —FEHAT IR, FB4 Wi TRETEENL greetings 75, o i




$ 1li main.ll
PLEASE submit a bug report to https://bugs.llvm.org/ and

include the crash backtrace.

greeting() BAHECE AE—DMHMRICAE, O TR BTN LAUE R 0 TR EAN RIS S
N TAEHBNAPE, Al H-load IR, “e0R BhASFE I BRARAE NS HL:

$ 1li -load ./greetings.so main.ll
Hi!

IR E B FE ) H FAESN S MBS R AR, A8 EshS E MBS IR EEN. 4
R, WA S,
o #, LA -extrobject ETORIES i T HANF XS R LA

$ 1li —extra-object greetings.o main.ll
Hi!

HoAh S F7 1L T2 -extra-archive (WGBS FE SCF) » Fl-extramodule (N4 FE RS SCHF) o IX AN
ETUHER LR SRR E NS L
BUE, S00E 7 fAER i THERESRIT LLVM IR. £ F—%F, B E i JIT TH.

A LLJIT XIBE2H JIT 4miFss

i THRANE R LLVM APL f—/Mudedt. AN aEF, T TR ORC 514 H 4
JZ 771, ExecutionSession ZEK Rz —/NMELEIBAITH JIT #25. B 7 HABIAL, XA ORA7A8 FH 1
JITDylib 5. JITDylib SGl& — NP 53R, HAF5 BBk, Flan: aTLiZ LLVM IR
PR SLFES, AT DU gk sh 2 PE 755 .

BHPAT LIVM IR, AFEE OO A JIT Hi4E, LLIIT R34t TiXATRE. Sk n] LIZEM
IHA MCIIT SEPUERE R FHIX AN, XA B34t THFRIThRE. /£ F—/ 1, AT
JIT 51T T 4R S B

ARIE LLVM IR #]351¢ JIT 5%
BAT B E JIT 518 0RE, 4k LLVM IR B, FR/E AR P 3AT main() %L
fJE, BATRAE X AL O IR E — /N JIT TH. S/ jitmain() B3
L. R EAA IR ) LLVM BHORHAT . IXMEPUE T2 LLVM context 28, K4 context
FREEHEENRMGEE. BB Z WA main() BE, AILWER T arge fl argy S

Error jitmain(std::unique_ptr<Module> M,
2 std::unique_ptr<LLVMContext> Ctx, int
argc,

1 char *argv[]) A




2. FAMEH LLJITBuilder 2867 —/ LLJIT 6. R A4, WHRFEESR. — /N RER)
HAR RN G IEA T JIT 40

| auto JIT = orc::LLJITBuilder () .create();
2 if ('JIT)

3 return JIT.takeError () ;

3. ARG KBRS 3= JITDylib s2#ld. tnREE 17, 4 JIT Fhika] bUEH 2 N2 .
I, FEGAIER | SCfdEAE ThreadSafeModule SE 4. an5 kA b, T3 [A] 4 %

| if (auto Err = (*JIT)->addIRModule(
2 orc::ThreadSafeModule (std::move (M),
3 std::move (Ctx))))

| return Err;

4. 51 TH—F,BATESRERE C FEMFFS . DefinitionGenerator 28/ 7 £ 5, DynamicLibrary
SearchGenerator [ RATFESNAFE R BIMLAFR. XA IR 7PN J7%: Load() 77
ERTH T INEEIE #E, 1 GetForCurrentProcess() HiE AT YAT M5, X H, AT
fEHE— . fFo8a LA, XBRTFE. JATR 283 i R JF 5 Al ik s 45
GetForCurrentprocess() Bi#. S35 LAIERR 7 AL BERT 544, ATAFTEROE . BIEF —
FE, WRRAEE R, IR 8] R 3L

1 const DatalLayout &DL = (*JIT)->getDatalLayout () ;

2 auto DLSG = orc::DynamiclibrarySearchGenerator::
GetForCurrentProcess (DL.getGlobalPrefix ());

if (!DLSG)
return DLSG.takeError () ;

5. AR BATR A AR INE] F JITDylib SEfId . INRFEEK DTS, W RMBHIzhS
JE R AT S

1 (*JIT)->getMainJITDylib () .addGenerator (

2 std::move (xDLSG)) ;

6. BNk, WMFEAKRENF T IMFTLAEMHTHEEHMN IR Brh, E#Alk IR #
B . Nk IR A 5| Y 7 AT S, WS AT — 20 s in 5 25 iieas b e 41T, 45 R3E
4 J& JITEvaluatedSymbol 2:

] auto MainSym = (*JIT)->lookup("main");
2 if (!MainSym)

3 return MainSym.takeError ();

7. FATEGR A JIT 775 ) i B R ik, FRX M k805 C main() BR & JEAY:

auto *Main = (int (%) (

o/ int, char *x))MainSym->getAddress();




8. HAEFRATAT LU IR B ) main() AL, JfA&iE arge Ml argy 8. XH, ZB&GIR[EE:

(void)Main (argc, argv);

9. T oA AU RE B B 15 AT D

! return Error::success();

N
-

i JIT WBEILIER T o B T AT AT R 5 BB R EE h AT S 41, 1A V2 HAt i 7
A LA % FK . StaticLibraryDefinitionGenerator 28/ FF7E B A IHARS U R B FTS, W DS
DynamicLibrarySearchGenerator 28 —#ffif . LLJIT ZKi&H —14 addObjectFile() 775K A FFXT
FRIAIFT T . R SEIARER R I FR 2, EW] L2t 2 DefinitionGenerator SEHL
FEN /N, K SEIYT RS JIT dmikdet .

B8 JIT &wiFFILHE
jitmain() B MRE G N — /DT B EACHRTELE JIT.cpp XAEH, AN
[ JIT 4 as:
1o AT E LA SO LLJIT b Sk 3CfFE 7 LLJIT 28481 ORC APT 4% :0»36 . IRReader.h
L, 8 T —AMEH LLVM IR SCAFI 2. CommandLine.h 0¥ LA LLVM RS @ AT fy
AT, H)5, InitLLVM.h FF L EMIEAWIHL, TargetSelect.h HFHIUGLANL B F5:

i|#include "llvm/ExecutionEngine/Orc/LLJIT.h"
o|#include "llvm/IRReader/IRReader.h"
s|#include "llvm/Support/CommandLine.h"
if#include "llvm/Support/InitLLVM.h"
s|#include "1llvm/Support/TargetSelect.h"

9. 4 Thvin 4% % A 0050 24 4 F 3

ilusing namespace 1llvm;

3. WA JIT THEHAGFE NS, H cliopt<> KFEHE:

i|static cl::opt<std::string>
2 InputFile(cl::Positional, cl::Required,

cl::desc("<input-file>"));

4. B IR S0, A parselRFile() BREL. Z AT LU A TR, W] DURALES SO, 3L
IR [EI 45 7] T G 4REE . FRRACFRNE A ANE], BRSO IR ST AT LARERT, (HIEEA—E
1Eff. SMDiagnostic SEHIERAABEERNRI ARG S, MHEREE, JRRH M HET:

1|std::unique_ptr <Module>
loadModule (StringRef Filename, LLVMContext &Ctx,

&)

const char *ProgName) {



"

N

SMDiagnostic Err;

std::unique_ptr <Module> Mod =
parselRFile(Filename, Err, Ctx);

if ('Mod.get()) {
Err.print (ProgName, errs());
exit (-1);

}

return std::move (Mod) ;

}

. jitmain() FREURAEIX H:

Error jitmain(-) { - }

L SRRV main() BRAL, ERIAILCRAANL A bR, HER 417

int main(int argc, char *argv[]) {

InitLLVM X(argc, argv);

InitializeNativeTarget ();
InitializeNativeTargetAsmPrinter () ;

InitializeNativeTargetAsmParser () ;

cl::ParseCommandLineOptions (argc, argv,

"JIT\H") ;

. BERSR, WItE4k LLVM context 25:

auto Ctx = std::make_unique<LLVMContext >() ;

- ARIEINE A AT R A 4 ) TR AR

std::unique_ptr <Module> M =
loadModule (InputFile, *Ctx, argv[0]);

9. ZXJE P LA A jitmain() %L, FAVE A ExitOnError SCHFEF IR R . MK EHRET,

&)

10.

&)

ZRAT BV R SO IR N RE Y . e R VLR T — AN MR P A AR IIAR IR, Bk
HITER A RV JE AT B R

ExitOnError ExitOnErr(std::string(argv[0]) + ": ");
ExitOnErr (jitmain(std::move (M), std::move(Ctx),

argc, argv));

IR R EIA AL, WIRIIPAT T IR IR[E] 0 HigoR s

return O;




RO EBNSEI 1 WATA FERI .

I CMake ¥J52
T FEXNE S, BATETE EC#E— N A W EIR R CMakeLists.txt 34, BRALE
JIT.cpp A2 4b:

1. AT RARERE) CMake AR E N LLVM Frifi KA, FHRITH 44409 jit:

cmake_minimum required (VERSION 3.13.4)
project ("jit")

2. TEANE LLVM A, ¥ LLVM $#24E1 CMake #id H St In 3138 R #5421 . SRJ5 .25 Choose
MSVCCRT #i3, #i{f5E LLVM {1 C E47AH [E):

find_package(LLVM REQUIRED CONFIG)
list(APPEND CMAKE MODULE _PATH ${LLVM _DIR})
include(ChooseMSVCCRT)

3. MFEEMN LLVM #sine XA & #E. M LLVM 2430 53 oR 200 B i 21 22 44 -

add_definitions(${LLVM_DEFINITIONS})

include_directories(SYSTEM ${LLVM_INCLUDE_DIRS})

llvimn_map_components_to_libnames(llvm_libs Core OrcJIT
Support

native)

4. B, B CATPAT ORI PR EE 40 T AU ST AN EERE 1 D 1R

add_executable(JIT JIT.cpp)
target_link libraries(JIT ${llvm _libs})

5. KAtE JIT THEPrFHEK—V). U EKE build Hx, SRJIE1T LN i R EIE MG 1%
R

$ cmake -G Ninja <path to source directory>

$ ninja

B AR JIT TE, FFH T PLH hello.ll ##F T B ThieE:

$ JIT hello.ll
Hello world




G JIT J i A ix 4 fif !

ZoRBIER LLVM IR fENHA, (HIXAZ AN . LLIIT FKAEH ircompillayer 38, #1504
IR % ppLastig. & LLE LECH)R, ML HZERMA, Bl Java 795,

i FUE S LLITT KAR77 1, (ERFR#I T RiEE. F—4id, RAOTEHem A ORC
API $2 L[ /2R SEI JIT Jifds.

MELFFatagE JIT HmiFssd
fiiHl ORC W73 27578, PILMRAZS G it gl — AN il JIT fwieds. WHESHA AR JIT %
B, AEMEE WA TRl IERNTE B U RE JIT 9hikds.
ORC API ¥iXLeZ RSN, I — 22X R4 ZE, H llvm:orc::RTDyldObject
LinkingLayer 2837, U STHERE WAF B SOFR EA TR O P HAT A . UAT 55 i i B9 A A7 i
MemoryManager % F 1 —/NSCFEEE, H—PBOASEHL, WERFTEE, WarUEH A & R,
EXNREEZZE 2 PRz, e nstl@NaEH IR0, vm:orc:IRCompileLayer Z544
—AN IR BEEAE NH N, F0 Hogw PR N3 % S0 F . IRCompileLayer 2852 IRLayer 25f1F3%, IRLayer
FKr—MEHZE, HTH#Z LLVM IR HZE5E.
RWZCEMER T JIT FiiFas iz . #IN—" LLVM IR BHAEMIN, £ 77 g i A
o ATININEZRIThEE, AR A2 B nE 2=, #i: CompileOnDemandLayer Z8454)
—AMEEER, DU R g BT R B B AT AR SEIAE IR 4 1 . CompileOnDemandLayer Z5/&
IRLayer K72, Dl—MIEREH I, IRTransformLayer 28 (#/2 IRLayer 2K172K) R0F
FRA TR R S FH A 46
5N EEHER ExecutionSession K, RXANFKEIR—NIEEBTH JIT #f7. AL, XE
WK IZREH JITDylib 753, fREFFSERThae, IRl s E S .
JIT JiPRas i) — AR W T
1. ¥4k ExecutionSession 2811541 .
2. WIEHZE, #/DAFE RTDyldObjectLinkingLayer 251 IRCompileLayer 2.
3. B —A JITDylib £ 53%, EH M main BRI AR,
ERHES LR 21 LLIIT KA AL

4. ¥ IR BHURINB R 53R H .
5. TR —MFFT, AR SCHRRR IRk, I REICAH BT
6. AT R

PN, TSR MR B IT Gk,

B JIT miFses

NTORFE JIT SRieas st s, BATHEFTAE AAAE] JIT.h k0. RMWILE 1A
E A2, T ELEER, FEA L] ik i A R 2 ar P f e — et 5. gk
iR I

1. ESE, (A JIT_H AL ERE 2 SORTRY SRS A B R A

i|#ifndef JIT_H



2| #define JIT_H

N

L WE A B K SRR T 5304 26, Coreh SSCPHREET WA

FHARZ, AFE ExecutionSession 5. ExecutionUtils.h k3L T DynamicLibrarySearch
Generator FORMZRFE P FT S, WATCEAEMA LLIIT SEEHRATE QK JIT g 1345 58 20 18
it . CompileUtils.h Sk £ T ConcurrentIRCompiler 2:

#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include

#include

"llvm/Analysis/AliasAnalysis.h"
"llvm/ExecutionEngine/JITSymbol.h"
"llvm/ExecutionEngine/Orc/CompileUtils.h"
"llvm/ExecutionEngine/0Orc/Core.h"
"llvm/ExecutionEngine/Orc/ExecutionUtils.h"
"llvm/ExecutionEngine/Orc/IRCompileLayer.h"
"llvm/ExecutionEngine/Orc/IRTransformLayer.h"
"llvm/ExecutionEngine/Orc/JITTargetMachineBuilder . .h"
"llvm/ExecutionEngine/Orc/Mangling.h"
"llvm/ExecutionEngine/Orc/RTDyldObjectLinkinglLayer .h"
"llvm/ExecutionEngine/Orc/TargetProcessControl.h"
"llvm/ExecutionEngine/SectionMemoryManager .h"
"llvm/Passes/PassBuilder.h"

"llvm/Support/Error.h"

TATRIH IS JIT 2K

class JIT {

FAHHE B 8 ORC JE AT — N BhF25 . ExecutionSession Object Linking Layer. CompileLayer «
OptIRLayer 1 MainJITDylib S 378 IE/EIZAT R JIT #2/7. & EMFF 5K . TargetProcess
Control SLHIH T5 JIT BT ZH, XAl LU AR, W& R—&h4E -
PR —A R, B RA LSS BRI E (TR R A AN F A RL5). DataLayout £
MangleAndInterner 2875 %2 LLIE#A I 77 NEL T 5 4 7R fF5 %2 WAL, X EWRE A M
W AEA ML 8 TR ENANT T ARG, B 2% T, XRIEER
P ERAE:

std::unique_ptr<llvm::orc::TargetProcessControl >
TPC;
std::unique_ptr<llvm::orc::ExecutionSession> ES;

llvm::DatalLayout DL;
llvm::orc::MangleAndInterner Mangle;

std::unique_ptr<llvm::orc::RTDyldObjectLinkinglLayer >

ObjectLinkinglLayer;
std:

:unique_ptr<llvm::orc::IRCompilelLayer>

Compilelayer;




10 std::unique_ptr<llvm::orc::IRTransformLayer>
11 OptIRLayer;
12 llvm::orc::JITDylib &MainJITDylib;

5. WAL N=AEGr o 8 C++ 1 MG R BN RRIR (A1 . — AN ] 5 HARESR RO ok 7 222 8
E—ANERES L) 5k, ZITE DAERIE R R BT HEATHR AL . E I GR A IR A%,
AT AENGIN T LT J7ik,
1t create() L) A, B AIE—1 SymbolStringPool S, %524 FH T SEHLF 15 5 9 38
th, FHHJUNRILE, N T 2 Er i e, 808 7 —4 SelfTargetProcessControlinstance. 4l
FABZERHE— DA F R, 75 25 XA A
WRJG, HiE— JITTargetMachineBuilder S, SAULFEEAIE JIT HEREM HFs —Jod. #
ok, AT HARHLG A s A B AT R, Bl R A AR A BE AR TR A B = Ju A s
WCHFRHLES, XN DR RE S R, BEAREXAS H AR SRR A gt 2] LLVM .

public:
static llvm::Expected<std::unique_ptr<JIT>> create() {

N

auto SSP =
std::make_shared<llvm::orc::SymbolStringPool >() ;

5 auto TPC =

6 llvm::orc::SelfTargetProcessControl::Create (SSP) ;

7 if (!TPC)

8 return TPC.takeError () ;

9 llvm::orc::JITTargetMachineBuilder JTMB(

10 (*TPC) ->getTargetTriple ());

1 auto DL = JTMB.getDefaultDataLayoutForTarget () ;

| if (!DL)

13 return DL.takeError () ;

6. Uk, ATCELE T RTA T RERMIPIAR, BEREW WAL ExecutionSession S£6. )&,
R BT A SEA T R A JIT RIAIE R, Fs 45 SRR [R5 18 FH &

1 auto ES =

N

std::make_unique<llvm::orc::ExecutionSession>(

3 std::move (SSP));

return std::make_unique<JIT>(

6 std::move (*xTPC), std::move(ES),
7 std::move (*DL),

8 std::move (JTMB)) ;

o ¥

7. JIT SERAIMIE R ECR AR S M S B S BIR A B i1, JRX GBI A A AT create ATZRI



FS L ARORIER . N2 kAT BN ExecutionSession SEHI 51 H, ¥iZEE
BB EEIBATH JIT 2. B T TERIKHEN @825, 8 —EEFHESE L —Z:

1 JIT(std::unique_ptr<llvm::orc::TargetProcessControl >
2 TPCtrl,

3 std::unique_ptr<llvm::orc::ExecutionSession> ExeS,
llvm::DatalLayout Datal,

5 llvm::orc::JITTargetMachineBuilder JTMB)

6 : TPC(std::move(TPCtrl)), ES(std::move (ExeS)),

7 DL(std::move(Datal)), Mangle (*ES, DL),

8 ObjectLinkinglLayer (std::move(

9 createObjectlLinkinglLayer (xES, JTMB))),

10 CompilelLayer (std::move(createCompileLayer (

11 *ES, *0ObjectLinkinglayer,

12 std::move (JTMB)))),

13 OptIRLayer (std::move (

14 createOptIRLayer (*ES, *CompilelLayer))),

15 MainJITDylib(ES->createBareJITDylib ("<main>")) {

8. it B AR, AT I T — AN AR R R BT R T AT - GetForCurrentProcess()
TTF R RER ), RINIR [FME A ZETE— Expected<> AR+, XFHW T LUR [F]— Error
%%, AR RERATAIE A 2R A R, R TR A 2T UL, AT cantFail()
PREURITAE R, WIRHILET IR, ZeR R 2 b N R

] MainJITDylib.addGenerator (llvm::cantFail (
2 llvm::orc::DynamiclLibrarySearchGenerator::

3 GetForCurrentProcess (DL.getGlobalPrefix ())));

9. NTRIEXNGEREE, TERME-DNAEHES . XERNBEEHBIAT SectionMemory
Manager 28, HUIRFE, ] DR HEA R SLHL:

1 static std::unique_ptr<

2 llvm::orc::RTDyldObjectlLinkinglLayer>

3 createObjectLinkingLayer (

4 llvm::o0rc::ExecutionSession &ES,

5 llvm::orc::JITTargetMachineBuilder &JTMB) {
6 auto GetMemoryManager = []1() {

7 return std::make_unique<

8 llvm::SectionMemoryManager >() ;

9 };

10 auto OLLayer = std::make_unique<

11 llvm::orc::RTDyld0ObjectLinkingLayer >(




10.

N

10

11.

o

12.

ES, GetMemoryManager) ;

COFF X G0 R0 s 52 44, ‘B 7E Windows FAEH o IXFpSCAFAS A S V4 2R 2R ic
N RSO R R N R S R AR S AR SR S IR bR BT EE
B, IRt ok T AR I P ENILAC . Al Ry S R i 12U R AR S . X RS
TR RIZ G, R GOk R 25 ]

if (JTMB.getTargetTriple () .is0SBinFormatCOFF()) {
OLLayer
->setOverrideObjectFlagsWithResponsibilityFlags(
true) ;
OLLayer
->setAutoClaimResponsibilityForObjectSymbols (
true) ;
}
return std::move(OLLayer);

}

BB PR =, T2 IRCompiler 45|, IRCompiler S T4 IR A% H
P3CAEe R JIT Zwikas AMEHZRE, AT LMEH SimpleCompiler 28, EA#H 45 € 1 H
FRblas KgmPF IR 15, TargetMachine A ZELIE LA, SimpleCompiler ZRtLE k. A
TR R REmIE, AT ConcurrentIRCompiler K, CNEGANEYm PRI ELA]E 7R
TargetMachine S5 IX PP IEMRL T 22 Lo FE ]

static std::unique_ptr<llvm::orc::IRCompilelLayer>
createCompilelLayer (
llvm::o0rc::ExecutionSession &ES,
llvm::orc::RTDyldObjectLinkinglLayer &OLLayer,
llvm::orc::JITTargetMachineBuilder JTMB) {
auto IRCompiler = std::make_unique<
llvm::orc::ConcurrentIRCompiler >(
std::move (JTMB) ) ;
auto IRCLayer =
std::make_unique<llvm::orc::IRCompileLayer >(
ES, OLLayer, std::move(IRCompiler));
return std::move (IRCLayer);

3

AN ERR IR BRI LAY, 152 E e e — ML IR /E . X —MRERUE
RIBCTHRHE: A JIT Z ik as e 4iou it JIT 9iidds, R A AR AACRS, (B 72 A A
IR R, IO PR VLR RE S5 . AT B IETER 2, B L& MES, =
G PR, R SRS IAT 2T, X AT RE R BRI IE]




TR, SIAEMEG I AR A OL T IR % .

P P G 126 2 0 T R BR RS B B E B R ST, AR A 4R R E 4 B AT
Beo IXPHIE T RS RR AR AL, RN P B 36 75 7 Il D A BT O FH ) R i f . DAL, i
BB, HP BB ERE N, (HA R I A 2 L. X e e 5 Y
T UHE A&, FA1voe PR, B2 B8 0 B it (Al AL E1E N )2 SE B,
IRTransformLayer JR 3 Z 04— DR %L, ATRIGI 7, 22464 optimizeModule B
e

static std::unique_ptr<llvm::orc::IRTransformlLayer >

createOptIRLayer (

N

3 llvm::orc::ExecutionSession &ES,
llvm::orc::IRCompilelLayer &CompileLayer) A

auto OptIRLayer =

6 std::make_unique<llvm::orc::IRTransformLayer >(

7 ES, Compilelayer,

optimizeModule) ;

9 return std::move (OptIRLayer) ;

o}

13. optimizeModule() B%Z TR B I 1) — NSRBI . 1% R BORIE e (AU E v S5, I
IR Al B M S AR R . Ry JIT W] DL FH 2 AN 2R R *ﬁ, IR #idef 3 7E ThreadSafeModule 52
i

I static llvm::Expected<llvm::orc::ThreadSafeModule>
2|  optimizeModule (

llvm::o0rc:: ThreadSafeModule TSM,

const 1llvm::orc::MaterializationResponsibility

&R) {

4. R THAL IR, FATEEE 8 = —LF 5, fEmdmitssmimiiEE —17. RINFE A
PassBuilder SEFRAIE —MUATIK. B, TAVE XA ITE L, RJSTE Pass Mg
eEMEA]. Ak, R 02 HZARERNC LT /KIETE ModulePassManager SEf] . 1X X j&
AR RFE02 B4 A T IS, B AL 03 Bk, 25, FATESS LT
o ffa, PUALE BIRRERIR (o) 45 1 FH 4

TSM.withModuleDo ([]J(1llvm::Module &M) {
2 bool DebugPM = false;
llvm::PassBuilder PB(DebugPM);

4 llvm::LoopAnalysisManager LAM(DebugPM) ;
llvm::FunctionAnalysisManager FAM(DebugPM) ;
6 llvm::CGSCCAnalysisManager CGAM(DebugPM);




7 llvm::ModuleAnalysisManager MAM(DebugPM) ;

8 FAM.registerPass (

9 [&] { return PB.buildDefaultAAPipeline(); 1});
10 PB.registerModuleAnalyses (MAM) ;

11 PB.registerCGSCCAnalyses (CGAM) ;

12 PB.registerFunctionAnalyses (FAM);

13 PB.registerLoopAnalyses (LAM);

14 PB.crossRegisterProxies (LAM, FAM, CGAM, MAM);
15 1lvm::ModulePassManager MPM =

16 PB.buildPerModuleDefaultPipeline (

17 llvm::PassBuilder::OptimizationLevel::02,

18 DebugPM) ;

19 MPM.run (M, MAM);

200 });

2

22 return std::move (TSM) ;
23| }

15. JIT 8% F i s B — AN IR A 773, [ addIRModule() PREGRAEZAE, 1d/F
B EHERR: O IR BEHGRIMBITE, SSAMLSd —8E, ZE2—MAESK
W ZwmAEE R W CompileLayer B 5 1] A #t OptIRLayer B i, A4 JIT AR LLT
15, (EAREA— ML JIT, BONSESE TIX— 2 X TRXAVNSEEL, X% A HF80E
(1), fHRAE—A KM JIT e, FFEIIAN—DRECRIR [T Z:

! llvm::Error addIRModule (
llvm::orc::ThreadSafeModule TSM,

N

llvm::orc::ResourceTrackerSP RT = nullptr) {

if (!RT)

5 RT = MainJITDylib.getDefaultResourceTracker ();
6 return OptIRLayer->add(RT, std::move(TSM));

16. [FEFE, FATH JIT SRA0% P o s B —Fh B RST5 1 777, #EEZRIES ExecutionSession 52471,
N EFF5 R 5] HAE R FF5 1 AL FR:

1 llvm::Expected<llvm::JITEvaluatedSymbol>

N

lookup(llvm::StringRef Name) {
return ES->lookup ({&MainJITDylib},
Mangle (Name.str ()));




B JIT gL —lARE R 5 . VHIRRA FOlT, BUVEW & JIT KM L) J5iEA
R BORA, Uk R Jrik. REMRIEASRM R, HILEZEDY C+4 BIBRHIE M .
T/, AT TR JIT 485 28R LB — D AT L EFF .

{ERFH JIT HiFeE
WATH JIT ikse2liiz i, 20T (H LLIIT SEBERATE O/ JIT Ya %54 oh i A
(F)LLJIT 2%, A 7 WARIRATHI LB, AT P E—F5 & H] LIT.cpp H I, FHak T LU e

1. A TR HIRATRE R, ATEE T JIT.h L30fF. X & llvin/ExecutionEngine/
Orc/LLJIT.h k30, PRORIZEAFATH LLIIT 38, B AN R XA kot
2. {E jitmain() BREH, H—DH1 JIT:create() LR B AT ore: LLITTBuilder().create() )
WH
3. [EFE, 7E jitmain() BREF, MIBR T ¥ DynamicLibrarySearchGenerator J5[1AXAS . #f U]
Ui, XA RAE JIT 2K
BATTLME b5 — R i s T UG N R, 45 RAEAHER . ENES, B 7 E
FEMILAG], BRI T 288 KRS, v LA S 2R S A A7 I ) 22 5+t
T —A JIT Gaieasit, ] DURE I SE g A8 E . £~ e, JATHBE A JIT
G e E RS IR PR — 8B 2, 7RG RN T SACRS .

MA JIT HiFSF[HEITRBEHE

G a5 E N T A UR AR AT T ER 55 7o — B i A R et ik i s S 4
REBEHN P DNEROFEARZHE. N TREIITHHE, IRA TR EREXRMRES. N TR
HIGER, R S BL S R LA AR AR R R 245K, XA RE e H A ) S AL

T R R R AR AL B vEA W Rk g B 2 IR, ARJm L JIT 4 IF304T IR.
RAMEEEET U D Beehxt TR, R 2 MR R M EES
FRIBREL XA E 7o — I T2 rand() B, EONRERIRAIR R ANEENUE. THREPLE S+
7 R 505 M v ) R BOR A AR TR R, MOMAERR . AEDLARIB RS, FRATTATEL JIT 2 i A 3A
fralipn e (RAHESE), M JIT $ATIR B EE R Hoxt e B R AT . SR b, BATTRE s i
PAT MIZAT I % 51 51| 2 128 1

R JIT ik asfE NS IFR IR — N EBIIER. (B2, WRGIFSECFFRLX
Gk, IABNAZATANE BT 5. SIRSRRETH WARIEE ZIF 2R, CIET PN
R B TR AR E RS . ARG 128 AiiF s, MALLRSE R 64 fiF
FE 80 AT AR ITE x86 P& LT, 8% HIE Windows L. DIAE MR EHAT
HFRMF e H TR SHERMES . EXFHER T AR @ JIT 4mikidEiT 5.

T RBEEA LT G RE, H LIRS S R JE R e R e BOAN I I e e A 45 1
RERMBIEEG AN AF, IF B R 8, A e D, JTRN AT LR
G PR PR ICAERR K, lan: FIHFIRISCHE 7 BT 5 o FETE X BT B, g s v] LUe & /e 5 A7 A2 1



Mo
FEN /N, BATHEEE— 2D W FOAE G 1IN 20 JTT $hAT B8 EUN 15 S0

WRATEX

PRI HE (A58 70 R AR5 X ], T B e v 5 IR 30 i & 7R 2 PRI U 55 HEBR X HE N A7 1 1 )
AEH M, EHERR T EAF R . MR NAELE JIT AT BB A o R B N TSR A AE T, A FH 3
NAFFL LA . X — MR RIRAS, FIRES oM A S R . 53— J71, WRA X malloc() Al
free() BREIVLACIAT, HANAZRHTNETHE. EXMIELT, [EHENFRZER. HFT]
i, XIFAREGIUE .

FERARI ) b, JIT AT B E0N B0 0 TG FRAE IR AT RE 2 TR 45w B 2 - 1936 4F, 48 « KR (Alan
Turing) UEH], AP LARGE —DRBGR B AEGR, B RGN T LRIERIERR. 20
SR H — L[Sy ity it A X BRG OL, i fEISATIN PRS2 S, JIT $0AT 1 R 2R 245 1k

wJE, RUFRIDIReERZ, B AUE 2 S e, BN RS IUAE AT 0\ 9 5 ACRS . A8
F—F, XA EEM EREIREAT SO, s R A T JIT $UT Rk, Rvrm
WREKRZ T, FIIRA T RIX 5.

EAEEIFA . D WlEiE S A — DI e AT R BRI R . 5L g B4 dmd SIS AE
AST 25 | R B Bk SC LI AN R . 2T LLVM 19 LDC 1228 S50 (e, AT LU~ E A
LLVM JIT 5%, nlU{Ehttps://dlang.org/IREIHE LK T1E S MmIFaEME B,

BBETE B, SIS AWM. 7ENFTF IR EE JIT eds KM &, RAMEA JIT
KIFR T —A JIT Jweds. fERPRA—A IR Bk, RGP DLNXAMEIRERFIATRE. BE
tinylang 4aifas S, FATTAT LAV EHL UM 2 U7, B2 AST H —/> ConstantAccess
. Bl

if (auto *Const = llvm::dyn_cast<ConstantAccess>(Expr)) {

// Do something with the constant.

ANTREMBEREXTEERMESEE0ME, AT UL #E:
1. BEE—NH IR BB,
2. fEALH A —A IR REL IR — A FHUHASE R
3. AR emitExpr() RECARIEAXOIE IR, FHEHEG —&ELSREFEAME.,
4. JIT $ATERECKR T EAE.

KRS A ARARKIN —#5r, LLVM $UTH BRI R B A . 4 4+5 XFEH)
fa B RIA AR IR I OB i 17, BB s A L EOXFE )/ s O IR . W SR BT ZS40AT
R, o WA RE I F B L.

AW, RAMEA S HIE S RE AT RS AT, XM ORI SEIA AR . RE
XFE, BAfEH S E RS R E A A S KL T .

TN LLVM ) JIT 4 s A Re S LL a0y S0 LLVM. BR 7 SEIE Java
VM XFER] JIT Giassh, JIT g aeidn] DR A ISR FFE R o IX SV I B3GR I TV,
Blhn: AFFSmESTEHNE (X -Whoandid ).



https://dlang.org/

=+
IEI\ gl:l

Az, S TAEIE R JIT gaides. M JIT geidas IR, KR T LLVM 3hA%w %4
AR Wi ff FTUE W LLJIT 28, &nrblE SMad— N i T E. N TEEBFIH ORC
API W3 2451, SEBL T — Mk JIT 26, BE4E T rEXERRE, T T ESSRESTEH
JIT RikasiImraet:, A B S AN 2 5.

T, R TR LLVM I ANH CPU R R4 1 e it



F11 = FH LLVM TEHFER

LLVM Bt 7 —H TR, wLLA B A4k N AR 7 o B L4 ik . BT A7 3 28 T HL A 2 f A
LLVM F1 Clang [P
g, BOR S WAE A sanitizer RASII N FHAE R, aifer A H 45 UL sanitizer SRR &
PSRRI R IR, DASAAT s i N S e SR (fuzz testing) . X 75 B AR ) B o ) iie
IR I bug. BEILKE A ST WHRTAE R AR 7 R RON PERE RSN, I8 AT B AT AR 7 SR 1R i 12 2
HEEAE R RS, PARAEEE K T Clang) B TE, ETUEHERY E Clang FIHT
B5) )it
A TR R DL WA
i F sanitizer £ 7% N 27
H libFuzzer %! bug
i H xRay HEATHERE AT
i Clang #arHr f ke A I AR
BIER T Clang W T HE

ATELERI, W T WA & Fh LLVM A1 Clang T B SR IR S R FR 3 AR . Sdds
RIS FE IIREY & Clang AR, Bll: AT v 44 205 B I RS 204 T B .

NEPS AT

BAEATH] XRay HITERE BT #87> BE K K], 7 % Mhttps://github. com/brendangregg/
FlameGraphZZE A, HL RS, W Fedora Fl FreeBSD, AXULHIAFEML 722286, v DLEH A
R TTaN

LA Chrome HJFAL, T 2 %23 Chrome W Y45 . 1 LLMhttps: //www.google . com/chrome/ |
A, EMHRANOEEIE K% Chrome WA A3 FAAE AT LifEhttps: //
github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter113KH.

A LLZEALA R 6 B4 ht tps: //bit . 1y/3n11hED,

5 sanitizer RENBIZF

LLVM H7i—£¢ sanitizer. X% Pass DAFERII7 kil B R (IR), DA AR R 0 228
AT N 18, FTEESCR, X2 compiler-rt WH 11—, AT LALE Clang #1/3 H sanitizer, X
BT R E T . NN, AT HAT K sanitizer, BiMilb, NAEFZRE. &
1156k E F itk sanitizer.

FAtstt sanitizer ¥MMTEIf(0)[E]RE

A LME L sanitizer SRASIN R FFE Py o B0 RS S A D T R . X ELEE — BB LD AR, LE
. RIS SN RS, BTN AL 25 N T N AE -

25 i sanitizer I, #idik sanitizer & H CHIRRAE Hx malloc() F free() BREUHIHH,
AR A R R A BT AF DT Ao 2498, X R FRE 3N AR 2 008, 160k R AE R AR P
R B AT R H By 5575 o i ST SEELAH 15 B0, 1] ALE 1lvm/lib/ Transforms /Instrumentation /


https://github.com/brendangregg/FlameGraph
https://github.com/brendangregg/FlameGraph
https://www.google.com/chrome/
https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter11
https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter11
https://bit.ly/3nllhED

~

AddressSanitzer.cpp X E] Pass I, FH{Ehttps://github.com/google/sanitizers/wiki/
AddressSanitizerAlgorithmEPﬁﬁﬁ&ﬁﬁﬁo

EBATE AT — AR R R R il sanitizer FIhEE. K7~ BN HFEF outfbounds.c
SPEL T 12 FATINAE, BAIGH T 14 T

#include <stdlib.h>

#include <string.h>

int main(int argc, char x*argv[]) {
char *p = malloc (12);
memset (p, 0, 14);

return (int)*p;

TR AR P Is AT RO AR, AN S BUEAT r) @ o 323X PR iR i M AR AE . BV FER
KE SRR, X PR AT REAEAR K — Bt [l A . (H2, WiZR A H-fsanitize=address
IEIE L sanitizer, 4 N FH AR - EAG I 21085 15 5 #4451

8 H-g U AR S WRE H, AR BT RBIIE SO AR A B . R TH AR 7R 41
YLBA T anfel 7 JE A bk v 2 AR B LT R B ST A

7

$ clang -fsanitize=address -g outofbounds.c -0 outofbounds

BUE, Risfr MR, 2/ 8- NIUKI R

$ ./outofbounds

==1067==ERROR: AddressSanitizer: heap-buffer-overflow on
address 0x60200000001c¢ at pc 0x00000023a6ef bp 0x7fttttifeb10
sp OxT7ftffffe2d8
WRITE of size 14 at 0x60200000001c thread TO
#0 0x23abee in _asan memset /usr/src/contrib/llvm-project/
compiler-rt /lib/asan/asan_interceptors_memintrinsics.cpp:26:3
#1 0x2b2a03 in main /home/kai/sanitizers/outofbounds.c:6:3
#2 0x23331f in _start /usr/src/lib/csu/amd64/crtl.c:76:7

WELE G R T NAEARENIEMEE . EENE SRR (EARG] 2 L b X H)
A EIIRAT . B BEALAT, WA AN E #1 MMERRIRES, X EHE sanitizer $2805 2 744
ITZ AT — M. B8R T outfbounds.c SXAFHIIEE 6 17, X—47HE 7% memset() i
F—3Ebr b, Xl KA A A7 AL

BB E memset(p, 0, 14); 7£ outfbounds.c XA # FH LL RS, SR EREIN A7 JG 51 A%



https://github.com/google/sanitizers/wiki/AddressSanitizerAlgorithm
https://github.com/google/sanitizers/wiki/AddressSanitizerAlgorithm

WAEIIVT o TR RSB /E useafterfree.c H1:

memset (p, 0, 12);
o| free (p);

FIRE, WRGFIFIEAT, 2RR| P AERRUE TR RIS DL

$ clang -fsanitize=address -g useafterfree.c -o useafterfree

$ ./useafterfree

==1118==ERROR: AddressSanitizer: heap-use-after-free on address
0x602000000010 at pc 0x0000002b2a5¢ bp 0x7fifftfeb00 sp
Ox7{tttfffeafs
READ of size 1 at 0x602000000010 thread T0

#0 0x2b2abb in main /home/kai/sanitizers/
useafterfree.c:8:15

#1 0x23331f in _start /usr/src/lib/csu/amd64/crtl.c:76:7

Xk, WERAE 8 1T, HPEE p BEHIR
7E x86_64 Linux Ml macOS I+, W rT LLJF F IR A 25 . a0 AL 1247 B HFE T 2 3% ASAN_OPTIONS
NS =W E N detect leaks=1, B3 — R T NAMIRRIRS . A PLXEE:

$ ASAN_OPTIONS=detect_leaks=1 ./useafterfree

Motk sanitizer AEHATH, BUVERIR 7 —RHA AT IEARMER I BB bug. WAF sanitizer $1
fTRAAESS, AP — Pt E .

EARNTF sanitizer BRI/ LIAFITIE]

fEH RV N AE 2 o — R LRI R R . £ C Al C++ 1, — RN BLEIFEA 2
FERMMERIIEAC A A G P IX, X Tk b AR &2 it

HBERIPLSIRZ, TAAE sanitizer A B THRBVEE R WSRO SEILANT RO, 7T LLAE
llvmn/lib/Transforms/Instrumentation /MemorySanitizer.cpp F 4 E| A7 sanitizer Pass I 1.
SCAFTRR BV E R AR 1 SR

ERATIBAT Al IR N T ARG IR AN memory.c XXM ARBIZIER S x RERH
WIdaAk, T AR [ :

int main(int argc, char *argv[]) {

2 int x;

3 return Xx;




BOH sanitizer, NHFREFFRSATRAMRE . R IRE H-fsanitize=memory I, MEGH—4
BRI

$ clang -fsanitize=memory -g memory.c -0 memory

$ ./memory

==1206==WARNING: MemorySanitizer: use-of-uninitialized-value
#0 0x10a8f49 in main /home/kai/sanitizers/memory.c:3:3
#1 0x1053481 in start /usr/src/lib/csu/amd64/crtl.c:76:7

SUMMARY: MemorySanitizer: use-of-uninitialized-value /home/kai/
sanitizers/memory.c:3:3 in main

Exiting

EHuht sanitizer —#E, WAE sanitizer £ &I — MG RFZ LN R
T, FRATE T e H 26 FE sanitizer AN 22 2255 N FFE 7 v B B0HE v & o

%12 sanitizer IEHHIBER S

N T RAAHBA CPU BTheE, MAREFBEMEH 2 4H8 . X2 — B KPHoR, HEWIIA
T TRV R . 20 SRS BRI R PP Hh — AN LK) e B, o4 Jmy 80 B0 U5 Tl VA IR AP, B I
I EFBiEE 5 & R A ROV EHE E 4. 2085 sanitizer A LA T pthread WM FHAR R F1
/] LLVM libe-++ SEI0 R R AL 7 AR 3R 354+ . 7] DAZE 1lvin/lib/ Transforms /Instrumentation/
ThreadSanitize.cpp - 2] 5LH

N TIH7REAE sanitizer BIDBE, AT G — AN R A4 3 /T a2
PRSI — A4 A, T R LR A — AR W RARE R R AZ R, EIX AR
— TS 1E thread.c X ERAFE LR IEACRS:

#include <pthread.h>

int data = 0;

sl void *producer (void *x) {

for (int i = 0; i < 10000; ++i) ++data;

return x;

void *consumer (void *x) {
for (int i = 0; i < 10000; ++i) --data;

return Xx;

int main() {




pthread_t t1, t2;

pthread_create(&tl, NULL, producer, NULL);
pthread_create (&t2, NULL, consumer, NULL);
pthread_join(tl, NULL);

pthread_join(t2, NULL);

return data;

ATTEIARED B R B AW AR A X B, R int 88, DUERGIF R, & W
RfE B AE A std:vector SRERBIM AR L . X PN FRIZIT producer() Al consumer() B,

producer() B A INEHE L&, 1 consumer() BRER/DEHE AL & . B SLPLVG R AR, R
XA T — 358 5e 4 . main() BETH pthread_create() BR%LE I AN2EFE, f#H pthread_join()
PRECEAF RIS, JFIR B HE AR B 2 1A

ARG PEIFISAT R AR P, WA R BUEATER, R BB R 0. WERPAT BIPEF X E G
100 5, WEHI— AR A, REEAET 0, KA R LRHAME.

] LU 4R sanitizer RARREIETE S ZAEJG M T 4HE sanitizer IO N EATHRE, &
Fff-fsanitize=thread EWfE#4: Clang. i/H-g AR5 7 IER & PR 4T 5, IR
AW, EE, BT EER pthread JE:




$ clang -fsanitize=thread -g thread.c -o thread -Ipthread
$ ./thread

WARNING: ThreadSanitizer: data race (pid=1474)
Write of size 4 at 0x000000cdf8f8 by thread T2:
#0 consumer /home/kai/sanitizers/thread.c:11:35 (thread40x2b0fb2)

Previous write of size 4 at 0x000000cdf8{8 by thread T1:

#0 producer /home/kai/sanitizers/thread.c:6:35 (thread+0x2b0f22)
Location is global ’data’ of size 4 at 0x000000cdf8f8 (thread-+0x000000cdf8f8)
Thread T2 (tid=100437, running) created by main thread at:

#0 pthread_create /usr/src/contrib/llvm-project/

compiler-rt/lib/tsan/rtl/tsan_interceptors_posix.cpp:962:3 (thread+0x271703)

#1 main /home/kai/sanitizers/thread.c:18:3 (thread+0x2b1040)

Thread T1 (tid=100436, finished) created by main thread at:
#0 pthread_create /usr/src/contrib/llvm-project/
compiler-rt /lib/tsan/rtl/tsan_interceptors_posix.cpp:962:3 (thread+0x271703)

#1 main /home/kai/sanitizers/thread.c:17:3 (thread+0x2b1021)

SUMMARY: ThreadSanitizer: data race /home/kai/sanitizers/ thread.c:11:35 in consumer

ThreadSanitizer: reported 1 warnings

AR AR SO SE 6 ATFIEE 11 47, Hrp Ui )R E. SRR T4 T1 M T2 1)
LAEVi A TR, VLSl pthread create() BRI SCAFAIFT 56

AT, JATE S T AR = sanitizer SREHN FFEFF B H WA L. Hikik sanitizer
BU3RATR B 8 W) A A7 5 R AR, 0. 5 i SAE RS I A7 . {8 N AF sanitizer, 7] LA
B ARYIEGAEHIVT I, ZiAE sanitizer HBEATE AR 25+

b, BT R AR RENLEEE B T N R (MO kAKX sanitizer.

F libFuzzer X Bug

TN R, RS Ronill. KRR IR RE Tk, R, ATRfmAR
e, RATRE S I R AR N, DA —2E bug.

BORTIA T DAE X B LA B . L RARR 9 B FHAR P 3R A BE AL AR RO B8, B T A 8um A A
BEAL S O B o I — 0 S —am H EAT I, DRGSR R R o R S N AT DA X —
FhAEH SRR AR ¥ I BRI, BT 4 0 T %R AR A v AN

LLVM B 7 H CRIBERIRZE . libFuzzer SEIEAMIZ LIVM O FER—#45r, JERBE T



compiler-rt . iZ;EEEWVVJ‘ PRI ) bR L

EBATEIT — AR, FERME LLVMFuzzerTestOnelnput() B XK fuzzer K
AT IRA Fjilf@fxef,\*‘ébiﬁu)\o N RO R N RIESE ASCIL 27, AR EFRATE REAL
MANTANGE . TERRGIRIAAE fuzzer.c XM -

#include <stdint.h>
#include <stdlib.h>

int count(const uint8_t *Data, size_t Size) {
int cnt = 0;
if (Size)
while (Datal[cnt] >= 20’ && Datalcnt] <= ’9’) ++cnt;

return cnt;

int LLVMFuzzerTestOneInput (const uint8_t *Data, size_t
Size) {
count (Data, Size);

return O;

/

R, count() BBCHEL Data A8 HEFFE 1 f Py £2 TP 0B8R A SR 1/ LA R &
AT, 7 while (B3R, RRAHIRKCHE.

5 C Frrs RN, A BIER, KA C FR R EZDL 0 9545 . LLVMFuzzer
TestOnelnput() B 3UH R fuzz FBR, B2 libFuzzer i/ RIEA, VI HA TR Z IR B8 O HE
0, KA H HE— S VRO -

ZAFH libFuzzer Jmie X f, T B N-fsanitize=fuzzer &I, WL B F bl sanitizer F1iH
45 10 2

$ clang -fsanitize=fuzzer,address -g fuzzer.c -o fuzzer

BIBAT I, 27 NIRRT . S A HERERER T 2 152, Bt AR AT 20
KEF:
L S —AT SRS T I A BN A AR (b 1o o] LU -seed= SREE R AT

INFO: Seed: 1297394926

2. BUAEDL T, libFuzzer FAABRSI NERZ 4,096 577, AT LMEH-max len= K5 SR IAA:

INFO: -max_len is not provided; libFuzzer will not

generate inputs larger than 4096 bytes




3. BAE, EARMRBIE ARG FIZT MR FraEARRARESTONERE, X IEIT

FrEREN:

INFO: A corpus is not provided, starting from an empty corpus

4. TR T ARMMRBIEEE . 2T 28 MaA, KRBT 6 MaA, BKEN 19
T, BERE T 6 D REEADL

#28 NEW cov: 6 ft: 9 corp: 6/19b lim: 4 exec/s: 0
rss: 29Mb L: 4/4 MS: 4 CopyPart-PersAutoDict-CopyPart-
ChangeByte- DE: "1\x00"-

5. ZJa, RMBINAFRH, REHEHNE sanitizer PSR . BE, W ERFEN AR H 1
NAENRHE:

artifact_prefix="/"; Test unit written to ./crash-17ba0791499db908433b80£37c5fbc89Ib87
0084b

TRAF T o, UAT AR 58 A4 A R RAT U3 481

$ ./fuzzer crash-17ba0791499db908433b80£37c5fbc89Ib870084b

X AR R ) @A AR R HS Bl . 2, A8 FHBEATL S 18 8 AN R AR FE ) . RIS tinylang
WL A g BT SR AT RO, BROATCER R BIE AbRad, it DAABBE LA -5 S A S R B
fH .

XFESL T, Sept—/NAFCHERERE SN E A 285, WERE I SO TR AR
FIENTIN . BT DA NIEAR PRG0N, REE 7L X WiE T AR B A R e
FEABEA, Flan: X TAE JPEG 1 PNG SCHFIPE, AT BLES it —28/ MK JPEG M1 PNG U
YERERLE

TR DU E B SR AFAE — AN A B, FE0T BLE printf a2 BT A fuzz WK EY
AR TR

$ mkdir corpus
$ printf "012345\0" >corpus/12345.txt
$ printf "987\0" >corpus/987.txt

HIAT IS, PR A AT _EARALERE H 3%

$ ./fuzzer corpus/

SR FE R ZE A D A B LA A B2, i3 &5 o



INFO: seed corpus: files: 2 min: 4b max: 7b total: 11b rss: 29Mb

IR IEAE N —ME A T s A B (2 AR1E 5) MR, A aw] DUE Rt —4
WA T HARINPUZA AR ST RmAETE S, TS %IE S A AT 8 7 AR IR TF
T UE SGEAE BRI, Blan. BRSPS if %8, TRLIRINEL T WA

kwl="if"

{E2, XA, TTLLEG. SR DUE-dict= £ 47 LR E 7o fF . N,
AR T libFuzzer S FRAFIE AT %

PR&IFEE X
libFuzzer SEHLEEEARGL, (HXTM B AA ¥ 2 FR

o DA ok Hi 0 AUAE N A7 TP DAECH T SN 32 BN o A 6 PR ek 2R, B0 1 Sk i A, ANREH
libFuzzer M EA T,

o RRIZA exit() E%L

o BRPRENPKAL

o ANPEAZAT FAE A BEAL AR A o

MATTHIEE 2 IR A AT LA, BTN BR S libFuzzer /BN FESEILI — A8 Lo TE/E AR
il 5 B, DARE S AE A SR P BTG o R T R b — AN BRI, IS AR H AR 8 O
[7) 4 F AT e 49 BUAN R ) 5

35 2 BT B L B2 AFL, Al PAfEhttps://github.com/google/AFLIkE|, AFL &
FE— ANl ) kS (FRAE T AN TSI LLVM 4difF), 2R R R R A ARy fm 2
17 ERSCRER AT . AFL A libFuzzer ] DAL= A0 8] B35 81 EE A7 0. BRI, AT RAAS 3 iy T
HORMAN AR . £E libFuzzer AEHKIENL T, AFL £ —MREEFHEATT X

HIRZ J7750] LA libFuzzer [ TAE 7730, AT LAfEhttps: //11lvm. org/docs/LibFuzzer . html |
il B8 22 A o

T, AT SRR AT REAEAE I — A B AR ), R R R

£ XRay #ITIERETHT

WER R TI81T 5218, B AR AT Be AR S TE AR Hh iR I [B) &R AL PR AEAT A M0 T T o FERXFRIGOLT,
i XRay falfCH G BB FaA b, ERNREANDME D, #HaflAN— DT ER
FEoR A o X ARVFTHR BB FH B0, DLAAE R P AR 2R I 8] . P RAZE llvim/lib/XRay/ H 5%
R Pass MISEIL, 1B4THT 2 compiler-rt [)—#45) o

T R EIE ARS8 usleep () RRECRAINSE Br TAE o R HIVE FH 2 ARHR 10s. func2()
PREE AP funcl(), ZEAKER 100s, XRRT n SZHEHGEILZHEE. £ main() R+, W
MNRBESRAETEAF AT 78 xraydemo.c SCHHRAE L T ARAY:

i|#include <unistd.h>



https://github.com/google/AFL
https://llvm.org/docs/LibFuzzer.html

void funcl() { usleep(10); }

sl void func2(int n) {

if (n % 2) funcil();
else usleep (100);

int main(int argc, char x*xargv[]) {
for (int i = 0; i < 100; i++) { func1(); func2(i); I}

return O;

B EER B H XRay K, 75 B 45 € -fxray-instrument &30, APIR/NT 200 2454 HIpR
o XRAHITRANGE LHREERE, E679, REBASEN. ZEE 7] LE-fxrayin
struction-threshold= #85%€, B{E A LT — function J& PRI HI R &L T MAZAAI, Flin. W
IR AB M 2k ek s 2 AT A

void funcl() __attribute__ ((xray_always_instrument));

[FFE, WILfER xray never_instrument J&, T LA e&E A I ZhRE
PAE, A A 2 ATIED YR B xraydemo.c XA

$ clang -fxray-instrument -fxray-instruction-threshold=1 -g \

xraydemo.c -o xraydemo

BUAE, A5 Ay ATIE TG I xraydemo.c SCIFAEAE B 3 SCPF AR, AT REERIASCHT . 4
RIBAT % S SO, B AR B S R IE R B SRR X . XRA_OPTIONS A&
M B ridsk. 20 AEdEIREE, BT HRER T Bos:

$ XRAY_OPTIONS= "patch_premain=true xray_mode=xray-basic "\

./xraydemo

xray_mode=xray-basic 5 VR AT I FATAE LT EEAR . ERXFEATS, KB EmEa 1
IEATHIEARE, XArRetE s E R H &S . 44 H patch_premain=true &K, AFATE main() i
AT AT B R BB S A I

PATZ A2 )n, KA R B T AE R B b A B ASE O, @ E ] vim-xray TR X
A A PR BT LR

llvim-xray T HZFEFFad. ATUATH account Fay &l —LIE A G5 8, Flan. Z
AR 5 2 BIRT 10 D eREL, 7T LA I0-top=10 JETURFR B4 H, FHF AR IN-sort=count &Ik T
5 BRSO T E N HE R bR . AT LA P -sortorder= B TUEZMTHEF T« $04T W0 R iy 43RG it

==

=Ry




$ llvm-xray account xray-log.xraydemo.xVsWiE -sort=count
-sortorder=dsc -instr_map ./xraydemo

Functions with latencies: 3

funcid count sum function
1 150 0.166002 demo.c:4:0: funcl
2 100 0.543103 demo.c:9:0: func2
3 1 0.655643 demo.c:17:0: main

ATUVEE], funcl() BRECRAMEERMNE, UUKAEXADREPIER I St XA R Ra =
ANEREL FTlA-top= FEIX BRATHILR MRCR, (EXF T SEPa BN HRE R UL, EARR A A

MR R h R DL RIS AT I R AL I B AT HERR L. T DA stack Tar & BFEHEA AT 10
MIMER . N 7RI IL, AL BoR i fafe 1

$ llvm-xray stack xray-log.xraydemo.xVsWiE -instr_map\
./xraydemo

Unique Stacks: 3

Top 10 Stacks by leaf sum:

Sum: 1325516912

vl function count sum
#0 main 1 1777862705
#1 func?2 50 1325516912

Top 10 Stacks by leaf count:

Count: 100

vl function count sum
#0 main 1 1777862705
#1 funcl 100 303596276

HERRMIURE — AR EOR A T 5. func2() BRECH main() BREOHA, 142 RAFER B 1 HERR .
REEICR T 2 /0 s, HERIGE 1R K.

A 238 W] LA T AN HERR T 612 S ], P DR 25 2 3 R MR 6 R K5 B A 0K 1 R AR s AT
o 2SS ERE T E B HERR M. {HH flamegraph.pl BIA, B LUK 4 v o] 46 i
KEEIE (Scalable Vector Graphics, SVG) 3CF, Ff H o] PLZERX W 2% 1 & 1% A

4 R T A A4, 1T BLFEZR Dvm-xray 18 F-all-stacks 28 0% BTG HERR I . 48 F-stack-format=
flame I, i K LA lamegraph.pl A BT I EE A% X B 7R . {4 H-aggregationtype 26T, ] LLik
P2 F R i TR) I A 8 IR B A eI . Llvm-xray %0 H @ & B AL 5 2 flamegraph.pl A
g B ARAFAE flame.svg U



$ llvm-xray stack xray-log.xraydemo.xVsWiE -all-stacks\
-stack-format=flame --aggregation-type=time\

-instr_map ./xraydemo | flamegraph.pl >flame.svg

TENEAR FFT IR ) flame.svg SCHF. IR WT Bk

Flame Graph

func2

rea

11.1 -/ lvm-x HF2RA4 R K JE i

KIGEEE —IRE KT Re 2 NN, By x BhscA @ & i a3 e MR, B 2
fal B4 AR HE P o PO R BB RPN b, 3 oAl o A TR K, AT DUR 2 5 s
SE W FH 2 IR G5 G A AE BR B R AR B (R I 1]

WA bR 2R R HERRMT B HETE b, A 2 BoRHERR MUK AR OGS B F AR BT AE 4, W] DATEOR
I HERRAMESE ot SR A S s (AR R B K R AR B A8 1 58 2 0 T K I BRI AE R 1
Vil K IGEE I/E# Brendan Gregg HIM U, http://www.brendangregg.com/flamegraphs.html.

BT LMEH convert -y & FdE 4y . yam] #% 8 Chrome FREFE A 25 0] AL A FH A #% =0
J& 5 7e — F B R A BRI 7. AR RAPAE xray.evt SCHFH:

$ llvm-xray convert -output-format=trace_event\
-output=xray.evt -symbolize —sort\

-instr_map=./xraydemo xray-log.xraydemo.xVsWiE

WIER AR % -symbolic £, W& REh A< ERRE 4.
—H 58/, FTHF Chrome W¥%i#s, A Chrome:///BRER. 85, mdiEIRHKMEL xray.evt
A K B LUT AT AR E


http://www.brendangregg.com/flamegraphs.html

| Record | Save | Load ‘ trace.evt l Flow events H Processes H View Options || ‘ — ‘ — ‘

|00 ms ) ) ) [oms ) ) ) [100 ms ) ) ) [200 ms
ISl 28 |-
v 100477 main z
func2 fun func2 func2 func2 %
@
a
O
7
R =
o
+ 5
v o
1 item selected. Slice (1) |
Title main Q
User Friendly Category  other
Start O0ns
Wall Duration 655,643,286 ns
Self Time 579,953 ns
Start+End Stack Trace Title

main

K] 11.2 ~Chrome FREZEF 4% il AL AE B llvim-xray

FERRANALE T, HEAR TS bR BOR AT B I R HEF . SR T AT ML RO — 2D R, 1 B 1B 2

https://www.chromium.org/developers/how-tos/trace-event-profiling-tool,

Ilvm-xray LHEEZMINEE. ATLLTE LLVM Mk 4R 3e, Mik&https://11vm. org/
docs/XRay.htmlflhttps://11vm.org/docs/XRayExample.html.,

Ak, BAIES T E R XRay BN HEERE, W ERIZATINAE R, LR T Al ML
B o FRATTRT LA P I SRR A BN, PR Py v (2 BE TS
PRI N PR e P R DR 1) 3 — b5 V2 S I i a0 i 2 0 A A

€M Clang &SR EIRE

Clang Static Analyzer &£ —/MX} C. C++ Fl Objective-C JFAVEBHATHIMEE R T B, #HE
TR AT DR 5 Lo G PR AR PAT IR A SEAR o AV THE BN (R R0 BT 75 B35 7 T RO B v RS
TR A —ARERF, HTRERLE bug.

2 LRI AT RS MR, RN IR R IrA AR, I IRA SRR e Hh A
MHMERIZIR . 755 R g P TP B —Fh R, flan: Tl &E. EmSaotham LT
b, RN A TURAE .

B, WERERIERIBREGE 0, ARSI B &S JATT LU F XA (e
div.c SCIFAH B3R A A :

int divbyzero(int a, int b) { return a / b; }

sint bug() { return divbyzero(5, 0); }

ERAMIIT BB SR 0 BRI 4. AT, fEGIRIT, 56 clang -Wall o
div.c 4 HISCIRETS & BT T8



https://www.chromium.org/developers/how-tos/trace-event-profiling-tool
https://llvm.org/docs/XRay.html
https://llvm.org/docs/XRay.html
https://llvm.org/docs/XRayExample.html

AFFETT LA AT RS R T . I TRZ2A#ME, 857 LLVM F, "LA
TR . ¥ L H&Z CodeChecker, FJ{Ehttps://github.com/Ericsson/codechecker/. X
THEE A, PR T HRE R PRI T R RFH compile i 121848 T H, HAh TAF
iz B alse

$ scan-build clang -c div.c
scan-build: Using ’/usr/local/llvin12/bin/clang-12’ for static
analysis
div.c:2:12: warning: Division by zero [core.DivideZero]
return a / b;
1 warning generated.
scan-build: Analysis run complete.
scan-build: 1 bug found.
scan-build: Run ’scan-view /tmp/scanbuild-2021-03-01-023401-8721-1’

to examine bug reports.

B B ORI T AN, Bk 74409 core.DivideZero A S . (HIXEA 24
#B, ATLALE /tmp H AT H KB — A58 HTML k%o 7T UEH scan-view i 2T E K,
AT PLE N Y 25 ()7 H s P 4T JF index.html 3Cff.

A5 B — TR R T bug [P

sanitizers - scan-build results

User: kai@freebsd
Working Directory: /usrhomelkai/sanitizers
Command Line: clang-12 -c div.c
Clang Version: clang version 12.0.0
Date: Sat Apr 3 22:47:20 2021
Bug Summary
Bug Type Quantity Display?
All Bugs 1
Logic error
Division by zero 1
Reports
Bug Group Bug Type ~ File Function/Method Line Path Length
Logic error Division by zero  dive divbyzero 2 3 \iew Report

11.3 ~ 5 E v

TR, R IR AR PR RIALE, DL AR BRI AR K. 2
BT R R IR TR R B
AR SRR TR R A VRS


https://github.com/Ericsson/codechecker/

Bug Summary

File: /home/kai/sanitizers/div.c
Warning: line 2, column 12
Division by zero

Annotated Source Code
Press '?' to see keyboard shortcuts
Show analyzer invocation

| Show only relevant lines
1 | int divbyzero(int a, int b) {
return a / b;

3 — Division by zero J

3 1}
4
s | int bug() {
3 return divbyzero(5, 0);
1 Passing the value 0 via 2nd parameter ‘b’ — J
2 « Calling ‘divbyzero® — J
H

Kl 11.4 -TE4HR S

A T VRAR, AURENSIE I ERER S 5 RIS IE R R . AR BT, =D RER T
iferRe 0 AR NS HUEARIE T EER 0 HF iR

BN A FRZEN LT o dRIRAE L2 A0 T2 M B8 R ARG, A W] A2 BRI .
W2 v, T BRI AR IR X O, AT DU N TR e R 1

EART1Z TR ES, S IR S . T R A X — s,

@ Clang 57 HRRMIMEERS

%A Clang Static Analyzer ¥ I — ¥R A&, T 2260 E — 1 checker ZKIHT 13§
TR 22 ARG P BT A AT BE R BR A o 70 BT 2 51 BEAE L6 fUA B AF, 491« 6 pR B0 P 22 AT B o SR
5 LA IR L H A, RN AR EAT IR 1  Checker ZEANFAF 7 MAE clang/include/clang/Stat
icAnalyzer/Core/Checker.h Sk 314t

W, KA RS (HRAASAREIRE, FAEARE S5 84022
AR AR R, EREFPIRES SO 51 by, FFH R G T ProgramStateRef 541

V2 FEARAL 7 Ao 5 R BR R, 540 s C ARHEESR ML T malloc() F free() BiEL. HH malloc()
BT BC I N A7 LA free() RREBURHAHUBETE — K. AT free() ¥, B Z A E, &—
AN RFEEE R . XM IC A IR 2 S, FRS A ds oy Hrh —SuR gt TR A ds .

iconv PEARPL 7R SCAR N — P i e 4y oy — Mg B RR B, B AN AN Latin-1 9S8
UTF-16 bt . EHAT 4, SCBL TR S0 BE N AT o A 1 32 WU 2 N B 205 icony PEAR M 17 iconv_open)()
A iconv_close() BRI, EATLAS M o A LASEHl— MG E s R TR .

N7 R R, R A A R EERER A iconv_open() BREUR BIFHIATRT. 434751 %N iconv_open()



N

K3 [Bl{ER 8] — > SymbolRef SEB. BATRIZ AT 55— AR RBGER, LU 758 H

T iconv_close(). X TARES, Al T IconvState 25, HH HE 2 T —4 bool {H.

1 IconvChecker 2875 AR DYASFfF

PostCall, KAETEREHHZ 5. A iconv open() HEUGE, MZRRFEMERKTTS, K
FIIPIRES .

PreCall, KALEREHAH AT fEIAH iconv_close() B2 |, MERBFTHIFF S 2EAT
FIFRES . WRAZ, MUHRERTCAL A T iconv_close() BREL, F H AN Z KT
XE P

DeadSymbol, AR HKFT SERE KA . AT ERB R AL H T T2 5048 T+ TR
o WHEE, WA ZEIXT iconv_close() MR, X&—ANTEUHME.

PointerEscape, 47341 #s ANREFHERERAT ST, FRATHRESHMER 7775, KoAAREH
HERT R T2 55 1 .

Bk & ERAE Clang WH tS2Hl. iERATAKE R ERB MBI AR ESE SIS, B

of

A

\
/

clang/include/clang/StaticAnalyzer /Checkers/Checkers.td X ff. AR a5 -5 WAHICES, KA

1R

unix

K BT &%, Bik'e)ET alpha . iconv API /& posix #rEI] API, FrCLEWMET
fil, 7E Checkers.td XfH$#k 2] UnixAlpha #5r, FFEIN LR AR M #T Y IconvChecker:

def
H
D

IconvChecker : Checker<"Iconv">,
elpText <"Check handling of iconv functions">,

ocumentation<NotDocumented >;

Ry

N

RRATF A A AR N B Sl AR AT, dr SATIR IR B ISR, IR IR LTI
AR .
BTk, fE clang/lib/StaticAnalyzer/Checkers /IconvChecker.cpp A H SHAS 21 28

N TSE, BATFEEEAE LA LS. MM A AR TR E BuiltinCheckerRegistration.h 3CAF.

Checker.h SCAFFEME T Checker 28107 BHATH AR EE . CallEvent.h SCAF 7 B3 FT-if F S 4
2%, CheckerContext 5 A 7 CheckerContext.h X4, CheckerContext Z52 34k
) 3 BT 2 TR 28 ) A a2k

#include "clang/StaticAnalyzer/Checkers/

BuiltinCheckerRegistration.h"

si#include "clang/StaticAnalyzer/Core/Checker.h"

#include "clang/StaticAnalyzer/Core/
PathSensitive/CallEvent.h"

#include "clang/StaticAnalyzer/Core/PathSensitive/
CheckerContext.h"

VSRS iRk PN GEA AR S

using namespace clang;

using namespace ento;




3. FATRHIRE 5L iconv MRFFIIRFMT 5 RIBGEAR . IREFTLUEATIT 1, AT B R,
FAMEH 7> boolean KA E, 12 BN HALRRITIFIRE o IRESEBEAE TeonvState
gifgfh. WSS FoldingSet M4ty —ile i, e 2 I8 ER % HMHSIR. N1 1#
XA RSB, X BN T Profile() Jii%k, EBEX N IIME L, FATKE L5 H4
RN N f A 2 6], DA e Xt 4 ) iy 44 2 8] R3S B

i|namespace {

struct IconvState {

¥

const bool IsOpen;

4 public:

IconvState (bool IsOpen) : IsOpen(IsOpen) {}
6 bool isOpen() const { return IsOpen; 1}

7 bool operator==(const IconvState &0) const {

8 return IsOpen == 0.IsOpen;

of ¥

10 void Profile(llvm::FoldingSetNodeID &ID) const {
1 ID.AddInteger (IsOpen) ;

ol )

4. IconvState ZEMMAR IR iconv HIATFHPIRAS, ZHERFH SymbolRef KFF 5 RN XHUTF
i R SR R SE A, KRS RN, BOIRSTENE. WRiiTid, MEHRARERRRE. Mk, R
BTN B4 AR PRES, X &ifid REGISTER MAP_ with PROGRAMSTATE % 58 F
o XAZEEINT IconvStateMap ZFK, FA TR JG KA & et il e 5

REGISTER_MAP_WITH_PROGRAMSTATE (IconvStateMap, SymbolRef,

2 IconvState)

5. ATLAERE & 4 2 s28 T IconvChecker 28, 153K ] PostCall. PreCall. DeadSymbols
F1 PointerEscape FHf7& Checker &R Z44:

namespace {

class IconvChecker
3 : public Checker<check::PostCall, check::PreCall,
4 check::DeadSymbols,

N

check::PointerEscape> {

6. IconvChecker 28 CallDescription KR 7B, TR iconv_open(). iconv() Al
iconv_close() ER%LIHH:

1 CallDescription IconvOpenFn, IconvFn, IconvCloseFn;




7.

&)

&)

9.

10.

1

report() FIfEM2: AR . AN EESECR AT SHEH . HIRFMMEHR R . %
ik, BTSRRI, PR SR LSRR BOGB AT S . RIS
B RS HaRtt, KismaEsd. &5, LRk

void
report (ArrayRef <SymbolRef > Syms, const BugType &Bug,
StringRef Desc, CheckerContext &C,
ExplodedNode *ErrNode,
Optional <SourceRange> Range = None) const {
for (SymbolRef Sym : Syms) {
auto R = std::make_unique
<PathSensitiveBugReport >(
Bug, Desc, ErrNode);
R->markInteresting (Sym) ;
if (Range)
R->addRange (*Range) ;
C.emitReport (std::move(R));

. IconvChecker 214418 o 20 R 38 FH R B0 W46 46 CallDescription B

public:
IconvChecker ()
IconvOpenFn("iconv_open"), IconvFn("iconv"

IconvCloseFn("iconv_close", 1) {}

checkPostCall() fE 2 HrasHATRECRA M F M . IR AT EA R — N2 /1 C Kk, IF
HEH 4N iconv_open, ISAFEE A E T

void checkPostCall (const CallEvent &Call,
CheckerContext &C) const {
if (!'Call.isGlobalCFunction() ||
ICall.isCalled(IconvOpenFn))

return;

E, K2R AR5 R AR R B IR e . A TR R IRS R A A T HIRER
545, BAIFTFEM CheckerContext SLHIH RN —> ProgramStateRef 5245, RS A AIAE
B, FrLLBRF S mMEBPRE S — RS . A addTransition() 777k, r#rds 5l
BEOHHNRE:

if (SymbolRef Handle =
Call.getReturnValue () .getAsSymbol ()) {
ProgramStateRef State = C.getState();




11.

10

12.

N

13.

State = State->set<IconvStateMap>(
Handle, IconvState(true));
C.addTransition(State) ;

P H checkDeadSymbols() 772K IE BN FHIRT 5 o FRATEIA I I JATIRER I A 775, I
117 SymbolReaper S 24 Fi 117555 A& 75 CLAE:

void checkDeadSymbols (SymbolReaper &SymReaper,
CheckerContext &C) const {
ProgramStateRef State = C.getState();
SmallVector <SymbolRef, 8> LeakedSyms;
for (auto SymbolState
State->get<IconvStateMap>()) {
SymbolRef Sym = SymbolState.first;
IconvState &St = SymbolState.second;

if (SymReaper.isDead(Sym)) {

RIS 4L, MATERERE. MARETIIRRITITH, AR 2 — AR BRI -
H—"M1 4 iconv_open() 78 HILET RN IR [B]-1. 40 F 55 B 88 40 T AL B A R AR g A b, 0]
v B st 2 B R, O RR O R AT 2 ConstraintManager S ZRBUZ AT
SHME, WRAZEN-1, WA IZRE S AAAE SRR - 17 SmallVector SEEH II— MR
g, DMERRERET RIS . Ba, FATRIERT 5 MAZFPIRES TR Bk

if (St.isOpen()) {

bool IsLeaked = true;

if (const 1llvm::APSInt *Val =
State->getConstraintManager ()

.getSymVal (State, Sym))

IsLeaked = Val->getExtValue () != -1;

if (IsLeaked)
LeakedSyms .push_back (Sym) ;

State = State->remove<IconvStateMap>(Sym) ;

EPEZ G, FATMA generateNonFatalErrorNode() 7775, M7 AR 238 IR IRAS, W
R AARIRE AR A, IR El—ANMER T A . LeakedSyms & #HRAFMR AT 5 IFIZR (7T




)

14.

~

e NA), WH report() JikA AE 1Rk

if (ExplodedNode *N =
C.generateNonFatalErrorNode (State)) {
BugType LeakBugType (this, "Resource Leak",
"iconv API Error", true);
report (LeakedSyms, LeakBugType,
"Opened iconv descriptor not closed", C,

N) ;

253 BT 2 A I B G R B R S HOK e O AT, KA checkPointerEscape() Bi%. XM il
N, DA ENE RN E R G RKM T iconv KT, ME— B ANE A iconv() %L, %
PREIAT 4, I H AN A iconv close() %, XH5EH I IconvChecker Z ]S

ProgramStateRef
checkPointerEscape (ProgramStateRef State,
const InvalidatedSymbols &Escaped,
const CallEvent *xCall,
PointerEscapeKind Kind) const {
if (Kind == PSK_DirectEscapeOnCall &&
Call->isCalled(IconvFn))
return State;
for (SymbolRef Sym : Escaped)
State = State->remove<IconvStateMap>(Sym) ;

return State;

. WG, T EAE CheckerManager S| i IEET AR A28 . shouldRegisterlconvChecker() 777

RIA] true, FomERIANE DL R RZ7FEM IconvChecker, registerlconvChecker() A ¥EHATH M . X
P T AR IE T Checkers.td SCAA BEIACAS 8 FH -

void ento::registerIconvChecker (CheckerManager &Mgr) {

Mgr.registerChecker <IconvChecker>();

bool ento::shouldRegisterIconvChecker (
const CheckerManager &Mgr) {

return true;




e 7R A ARSI . R ZR A2 U INE] clang/1ib/StaticAnalyzer /Checkers/
CmakeLists.txt SC/FH AUESCIF 42 51 & -

add_clang library(clangStaticAnalyzerCheckers

IconvChecker.cpp

[ $ ninja

A PME R ORAFAE conf.e SCAFA I BN ARSI OB A & 4%, 1230 IR iconv_close() bR
Hr i

#include <iconv.h>

slvoid doconv () {
iconv_t id = iconv_open("Latinl", "UTF-16");
iconv_close (id);

iconv_close (id);

F T AR E SRR B A Clang §FA80HT4%,  #URT DUE AT I SRR R 61 i 3 (1 38 A
Krdas, Bk eIk AR, ST A L TN B R R E e i s, Ds E O i iE .
AT ERAM Clang R MAER, T8N AUFEH B SEFRY & Clang.

fiEZBCHET Clang HITE

FRS AR — N NEDRIERZI BT, B8 7 Clang ZERES5 AT LAEH 4 o ] DL
kY Clang, XFEARELAT LK B CH)ZhREAINE] Clang H1. Z$AR 578 LLVM N Pass
SRR A AL

F— AR B R AR R BB . LLVM gufidbrit B R R A4 LU/NS Z 8T k. SR, BEE
I R HERS , gmbDPRiEtRE AW KR . 2N T, [ERBLRGFRI L, — ARk
A2 R U] ) 5 4 7 T AT B R A 1R, P DALE AT 25— T SRR A

KN AR R IEVEN (AST) LizsAT 7 sE CHIHRAE, FrbA6 225E X PluginASTAction 3]
—AF, WM Clang FoR%S H AR L HE, 7] PLEsh1E € XN ASTFrontendAction ZEH]F
. PluginASTAction 28/ ASTFrontendAction 2K —/NF2, HA MMy 4TIE U4 DI 6E -

TEA ) — A& ASTConsumer 28135, AST WHFE = — 1K, WM B AST Liz
ITEAE, TIANE AST HIRIERH 4 o« FRATIE — DA F7 K 2 A%, 7 LA#E NamingPlugin.cpp
S B AN SR




¥

¥

~

6.

L EHRORELRENSE. BT BRI ASTConsumer 38, 30 75 E— AN B85 1) S5 A4

PHEM R

#include "clang/AST/ASTConsumer.h"
#include "clang/Frontend/CompilerInstance.h"

#include "clang/Frontend/FrontendPluginRegistry.h"

- MEH clang dr 450, FRRESCBURE] —NEA Gy AL A, DOB R AR R

using namespace clang;

namespace {

LTk, X ASTConsumer KR 72K, M, WERKI RS Sdr 20, BAEEES. N
I, 7FE-—AX) DiagnosticsEngine S H 5] H o
T ELAER T LEME— A CompilerInstance S, #AJ5 ] LK —4> DiagnosticsEngine S

class NamingASTConsumer : public ASTConsumer {

CompilerInstance &CI;

public:
NamingASTConsumer (CompilerInstance &CI) : CI(CI) {}

. ASTConsumer 614 JLAN A H 5% . HandleTopLevelDecl() i G IATHIEE R, ET1E

A A R 207V . AU SR R 8, Bl Ag& . KL, ATRUEH] LLVM RTTI
dyn_cast<>() BRECRHE 1% 75 W& 5 Nk #5 B . HandleTopLevelDecl() 7727 — 4 A H4H
VERZHL, E R DA 3 20 75 B o X 75 200 A5 B EAT R 30 . N T AR ) AT 7= 7 HandleTop
LevelDecl() F7% 1S3

bool HandleTopLevelDecl (DeclGroupRef DG) override {
for (DeclGroupRef::iterator I = DG.begin(),
E = DG.end();
I '=E; ++I) {
const Decl *D = xI;
if (const FunctionDecl *FD =

dyn_cast <FunctionDecl>(D)) {

HPIRBEW 2 )5, & ER R T EH R IRA

std::string Name =
FD->getNameInfo () .getName () .getAsString();
assert (Name.length() > 0 &&
"Unexpected empty identifier");

IR R B AR LUNG TRk, s T dr AR

char &First = Name.at (0);




7. BRHEZL, FE— DiagnosticsEngine SEB. HAh, BFEE—
IR ID E SCAMZE . BRURIEEAZ Clang 1I—#5r, fRZA1@#HE X ID, AEMHE K H

¥

&)

¥

10.

¥

if ('(First >= ’a’ && First <= ’z’)) {

==
Ei

DiagnosticsEngine &Diag =
CI.getDiagnostics ();

unsigned ID = Diag.getCustomDiagID (
DiagnosticsEngine::Warning,
"Function name should start with "
"lowercase letter");

Diag.Report (FD->getLocation (), ID);

B 1 RHPTA LSS 540, R EMNZARBOR ] true, FaRAbFEA] DLGESE:

}

}
return true;
}
I

ok, FHEAIE PluginASTAction 128, 28T Clang A 11

class PluginNamingAction : public PluginASTAction {
public:

WAIRSEIL I 36— T8/ CreateASTConsumer() /3%, iZ[A] NamingASTConsumer ] —
ASEH . IXANTTEH Clang A, ## R CompilerInstance SE 0] P in) 412 25 ) T B E

%:

std::unique_ptr <ASTConsumer >
CreateASTConsumer (CompilerInstance &CI,
StringRef file) override {

return std::make_unique<NamingASTConsumer >(CI) ;

AT T CATT 1) fiy AT IR T . BATRIEFBCA @r AT 28, AT EIRE] true RKKRHKID:

bool ParseArgs(const CompilerInstance &CI,
const std::vector<std::string> &args)
override {

return true;

MHEE ID. 7E Clang 3,




11, A A B AR R YRR 1 TR 1% 48 . BRME 2 Cmdline, X EWRAE AT L i 247 F
A REM . T EE S IZNEIFR L EE SN AddAfterMainAction, #7468 H2hiE1T:

1 PluginASTAction::ActionType getActionType () override {
2 return AddAfterMainAction;

3

12. PluginNamingAction ZEISEILTERL T

1 };
ol }

13. fJm, TEGEMHEME. B ANSHCRE AR, B oA S R SOR:

static FrontendPluginRegistry::Add<PluginNamingAction>

2 X("naming-plugin", "naming plugin");

XSS TR SE . BRI, 7F CMakeLists.txt SO AIEE — MYEHIR . Zidl:
A ¥ Clang WA Z 4k, HFIMTERE D7 BMIH. 7T LT PR

1. HHEE X1 CMake WA #1350 H 4 F5:

cmake_minimum required(VERSION 3.13.4)

project(naminglugin)

2. MK, 85 LLVM 3. Wik CMake 4G HZ03REI S0, FEWE LLVM_DIR &, LA
RIS CMake CHFEH) LLVM H 3¢

find_package(LLVM REQUIRED CONFIG)

3. K CMake SCIFH) LLVM HRi N EHE R AR T, IR0 — L 7 i

list(APPEND CMAKE_MODULE_PATH ${LLVM_DIR})
include(ChooseMSVCCRT)

include(AddLLVM)

include(HandleLLVMOptions)

4. 3RJ5, N# Clang 1) CMake & X . WH CMake 468 H 21324, A4 1% B Clang DIR
AEIR MY CMake AR Clang H 3%:

find_package(Clang REQUIRED)

5. TR, &SGR RZESCIF AL, BLR A IR 5E X



N

include_directories("${LLVM_INCLUDE_DIR}"
'${CLANG_INCLUDE DIRS}")

add_definitions("${LLVM_DEFINITIONS}")

link_directories("${LLVM_LIBRARY DIR}")

6. HIMIAE LBE TS, mALLT a4, SRR, mIFRESCH, B IIE

&—A Clang #fif4:

add_llvm_library(NamingPlugin MODULE NamingPlugin.cpp
PLUGIN_TOOL clang)

7£ Windows I, 2T Unix P&, DO TR LLVM 1 Clang fF:

if(LLVM_ENABLE_PLUGINS AND (WIN32 OR CYGWIN))
set(LLVM_LINK_COMPONENTS Support)
clang_target_link libraries(NamingPlugin PRIVATE
clangAST clangBasic clangFrontend clangLex)
endif()

7. WGIXA S RAEAE NamingPlugin HH . 8J#—4~5 NamingPlugin H3%[FZ 1)

build-NamingPlugin H 3%, F£A#H LLF iy &0 i idift:

$ mkdir build-naming-plugin
$ cd build-naming-plugin
$ cmake -G Ninja ../NamingPlugin

$ ninja

XL D IRG) 3 NamingPlugin, #% H R RIBI&E .
ENARELE, VR i YRS R AF N named.c SCAF. Funcl BB a0, HER

OB A -

int Func1() { returm 0; }

int main() { return Func1(); }

LR, 7248 M -fplugin= 7€ :




$ clang -fplugin=./NamingPlugin.so naming.c
naming.c:1:5: warning: Function name should start with
lowercase letter

int Funcl() return 0;

~

1 warning generated.

X FH 75 2278 55 PluginASTAction 251 get ActionType() 7732, H HiR Al —/N A AT Cmdline
BREHIE -
U SR XA, AEIE AR AT AR B A B8 2 f Az, 84T DA G 685 dr AT B AT # 1F

$ clang -ccl -load ./NamingPlugin.so -plugin naming-plugin

naming.c

R, i 7 — Clang !

XA S AT A — R RR . ASTConsumer A AR N F 7732, BT ATES &AL
FERY, XA LAl 8 RecursiveAST Visitor ZERARR . XA FTA AST 155, A LA &K
MR VisitXXX() k. "TLUZRR LU N PR AR “Uiina” E S

1. & X RecursiveAST Visitor 875 Z— /M4 include:

|#include "clang/AST/RecursiveASTVisitor.h"

2. RJE, RUr e SOV A RRS RS — A28 R AST BRSOl H, A ys
WA T AST #HAEMEE T, AR K HES 71 DiagnosticsEngine S

i|class NamingVisitor

¥

public RecursiveASTVisitor<NamingVisitor> {
sjprivate:

1 ASTContext &ASTCtx;

5| public:

explicit NamingVisitor (CompilerInstance &CI)

7 : ASTCtx (CI.getASTContext ()) {}

3. P, RERIMREGER, A VisitFunctionDecl() %o N IEI I 344 i
#| HandleTopLevelDecl() B

1 virtual bool VisitFunctionDecl (FunctionDecl *FD) A{

V]

std::string Name =

FD->getNameInfo () .getName () .getAsString () ;
| assert (Name.length() > 0 &&
"Unexpected empty identifier");

6 char &First = Name.at (0) ;




7 if (! (First >= ’a’ && First <= ’z’)) {
8 DiagnosticsEngine &Diag =

0 ASTCtx.getDiagnostics () ;

10 unsigned ID = Diag.getCustomDiagID(
11 DiagnosticsEngine::Warning,

12 "Function name should start with "
13 "lowercase letter");

14 Diag.Report (FD->getLocation (), ID);
15 }

16 return true;

|k

1s| };

4. IXERFER T Vi & SEH . 7E NamingASTConsumer 2574, IAE R S — N5 W] & SEH41:

1 std::unique_ptr<NamingVisitor > Visitor;

N

public:
3 NamingASTConsumer (CompilerInstance &CI)

4 : Visitor(std::make_unique<NamingVisitor>(CI)) {}

5. #&¥MIFE HandleTopLevelDecl() 7732, PFUAZIIREIELED M 289, Bl 2 E S Handle
TranslationUnit() J7%6. BMHERICHH—X, SEXEIFME AST &

1 void

HandleTranslationUnit (ASTContext &ASTCtx) override A{

N

3 Visitor ->TraverseDecl (

1 ASTCtx.getTranslationUnitDecl ());

ARSI E MR DI a2 EHELY R, flln. A sEs, nfRlsiil
VisitVarDecl() 77i%. Bi#, WRAAMHER), AR LSEI VisitStmt() 77k #EA L, T C.
C++ F1 Objective-C 1 F MR LAREA — A visitor J7i2-.

Vi) AST RVFMEPATEFATLS M. WA g, @7 dr % 20E £ X Clang f1—4
TR AT LMEtd R Se A - B IhRe & v R A B, bhln. RIS R R LR
nEiE e AST W ad, Blln: SRVFRINSATRAI . WIS ALARER 73, X Clang #H479”
&,

&4 4k

ICNEA

AEE A, 3] T A F & F sanitizer . 8 F HiE sanitizer #5003 F8 5T 1%, 4 FH N AF sanitizer
K B RPN AV ), FH FHZFE sanitizer F 2535 74, N AR REE ZEHA L
3 N fi & 1T, SIZERL T RSB DN ke A5 R I AL 2500 I 4 N F R 7



] XRay %R HIREFFHEAT 7K, DABEPERE A, & 1M 1 AT BE i & M1k, AT
Hr, JEAE T Clang ##A M as Rl R IR AU R E T RERIE R, JF ) T i 3 2
Clang #61F.

TXBERG Rek 5 B A e P A () B R R I B & 7E N R R P H P B AR AT I A iR 2 A, 3
BRI H . BHA TR P SRAFHFIR, AT LAFRENZ BH WA R, Er AR TRy
Clang.

T, R ST WA AR LLVM I — N i 5 i



£ 12 & HENRIESER

LLVM 5 —/MER RIGMEER . 0T A e i il — /N i, 5 i A% O HARfi iR, K
SRS ER & BRI o (R, AT REA B — AN SE B fa v, FF HLScBL R N 75 24T T 3h d
e Az, ALK WA CPU 32 #F.

REF, FTATHZEILTHE:

o WEANHINEmN, FRATEHENH M8Sk CPU & REEM), FFm 45 FE/RTEME B ny LR B 48

mERER.

o KEETHIRRGMVSINE] Triple 2K, F ATk LLVM 1 8 CPU 1A K284,

o {E¥E LLVM Hi) ELF SO U, AT BARALEE ELD X G SCAR 0 A0 T B s st

m%k%%E%ﬁMi%

o QU HPRHIRRS, Hﬁ%Tﬂ%&mmmﬁkaﬁﬁ SR

-iWDm3%A@%£H IOV ETE 2B I Pass FISCRFIIK.

o R YWTR AN, A””T%@ﬁ*%&ﬁﬂw A I G A

o ARUINLASADIT, N T L SR ARSI 2R A BRAE LAY (MC) ER AR BN B bR S

o UNIMSI SCHFIT, 0K 1 et e SE IR S 2 R e 1R SCRF

o JIXEETRe RS AE I, A AT DLRERT S i VR AR R B B R i .

AT, B T AT R — AR A S B e . 0K T RS S ARG 4, A
BRI T i LLVM 1R R 458

PSR
A PRI AT fEhttps: //github. com/PacktPublishing/Learn-LLVM-12/tree/master/

Chapter123kH.,
PR DAERR AT FR 3% #1488 ht tps: //bit . 1y/3n11hED.

AN EIREERES

T AR EFESLRE B CPU, s g — AR H 75 BRI — 5 [H 30 1 3,
N LINM B In—AN8 G il e — T E AT 45 . DU R SR 7 R e B fe N 25 . AT N
BEFLZ H M8k LRI —AN G i, X — 20 42 80 EARHT RISC 4844,


https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter12
https://github.com/PacktPublishing/Learn-LLVM-12/tree/master/Chapter12
https://bit.ly/3nllhED
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WHBASEMITNEERX CPU F M, A SystemV ABI MS88k 4k # 2% #b 78
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OpenBSD # %4t I, R%& %~ M88k i —4 GCC & X %iiF#s. GXemul 7] fEhttp:
//gavarese/gxemul /B H AN T KL, FHHEA — ML RS IZ T4 XS M88k & R 45 A1)
HAEE OpenBSD A .

SR, M8Sk AR CAEWIKIBA T, HAEARNKE T EAWHEEMIE, nfLUNER
A=A~ LLVM JGoi. FATEMN—DNEFEZRARRAESTG, H R R Triple K.

RV IA RLEEFRINE Triple K9

Triple 219 ASBIFER LIVM ARG H R T 6. A T TR REN, B4
{25 2P & Triple 5. fE llvm/include/llvm/ADT /Triple.h 3CAFH, WA ArchType MU0 T
— N R — N 3 B

class Triple {
public:
enum ArchType {
// Many more members
m88k, // M88000 (big endian): m88k
};
/// Tests whether the target is M88k.
bool isM88k () const {
return getArch() == Triple::m88k;
}
// Many more methods
3

£ llvm/lib/Support/Triple.cpp X9, HYFZEH ArchType MZEMHLTT . FEY R EAT,
Bl £ getArchTypeName() J75EH, EWII—ANH case:

switch (Kind) {
// Many more cases

case m88k: return "m88k";
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RLZHNEOT, RS R EUH AL BHT ) m88k MK iy, HiFS A ES . Tk,
FAVREY AT PAT AR A X (ELF) 2 X

£ LLVM &4 ELF XHRAENX

ELF {402 LLVM SCRESLS B i o4& Nz —. ELF A2 112 CPU 424
ghrt e S, 0T M88k M RAUMAT — A8 o FRATTE ZEAN Il A2 8 0 H 5L (1) SR — SR
Eo HIENATE System V ABI M88k AbFRZSFMHIZE 4 TAE 2

1. #EA4E llvm/include/llvm/BinaryFormat /ELFRelocs/M88k.def LA H i A LA R P 45

|#ifndef ELF_RELOC

o|#error "ELF_RELOC must be defined"
s|#endif

+|ELF_RELOC(R_88K_NONE, 0)

5| ELF_RELOC (R_88K_COPY, 1)

6| // Many more ‘-

2. 7 EAE llvm/include/llvin/BinaryFormat /ELF.h SCAH N 7 —2br &, HAS 7 EEM
5E X

1| // M88k Specific e_flags

2l enum : unsigned {

3 EF_88K_NABI = 0x80000000, // Not ABI compliant
4 EF_88K_M88110 = 0x00000004 // File uses 88110-
// specific

6 // features

71}

s|// M88k relocations.

ol enum {

io|#include "ELFRelocs/M88k.def"
1] };

AR A] DL B SCA R AR 7, (B RS HEP Y, JFE MIPS 7K &R 450 RS 2 /il
HNE.

3. THEY R HAL—LTF57%, 7 llvim/include/llvm/Object /ELFObjectFile.h (A, H—L&77
VET] DAE R 28 O AN 277 B 2 A AT i, N A ZAE getFileFormatName() 7795
) case & H):

1 switch (EF.getHeader ()->e_ident [ELF::EI_CLASS]) {
2 // Many more cases

3 case ELF::EM_88K:

4 return "elf32-m88k";




4.
5.

FKAlth, § R T getArch() J7i%.
)5, fE llvi/lib/Object/ELF.cpp X1 getELFRelocationTypeName() 7712 H 4 F 5 &
BrrE X:

9

10

switch (Machine) {
// Many more cases
case ELF::EM_88K:
switch (Type) {

s/#include "llvm/BinaryFormat/ELFRelocs/M88k.def"

default:
break;

}

break;

3

6.

7.

N T SRS HE, AT LAZE 1lvm/lib/Object YAML/ELFYAML.cpp SC {4+, W ELFYAML:
ELF REL #2418 77 75 s N e g fr o

2, ATEALLL ELF U CGE R T X6 m88k & R KIS HF. 7 LA ] llvm-readobj T
B ®E ELF %4 0ff, #in: i OpenBSD EIAS X gnikde Gl (o tb. [FRE, m LUE
yaml2obj T E N m88k & R — ELF Xt R34,

T 75 WA ZBS NN o G SO A A 2R S R ?

IR FFERE] ELF SO Rl AR 2 TS .. i AHA# LLVM 5 i
KR REERER ELF #3, AN ZRAL . B—05m, @ nst4s# ks o
AT REARG R —IE TS EXFEN T, —F a5 r 7722 R vl 2
TR SO, FRAd SNSRI g AR e B2 6 5 3018

R IX LRI, ELF SCHERE A SEBUIAE SR M88k 1R R4ty . F—Fd, A6 M8sk
RARGHIIR, ZHIRN AT 2R RGNS T8 AN, PUR AR .

Bl B Artiik

Hbr b 2 e s S B Lo BRARSE DL, W DL H At A2 BB e o o IX A HARIE B 14

B, Pk, FELEEY RABRKIAMND . ERATATE ST HIT H 5.

SCE E FRidR 9IRS S
AV )5 B SO UN Llvin /1ib/ Target /M88k H3x, HArfiik e M88k.td S HFH:

1.

XA F, BEFEASH LLVM HiE LA B AR, SRIGRA N TR ZEal g
A



include "llvin/Target/Target.td"

include "M88kRegisterInfo.td"
include "M88kCallingConv.td"
include "M88kSchedule.td"
include "M8&88kInstrFormats.td"
include "M88kInstrInfo.td"

ROk, BB SRR S . BRILZ A, WA PAFE I N-mepu=option FISEL:

def : ProcessorModel<"mc88110", M88kSchedModel, []>;

. SERTE XY g, BT D HARPHETE —2 1. N VI, SN TR DB SCERIAE
MS88kInstrInfo ZR{RAF T R TS MIFTEE B

def M88kInstrInfo : InstrInfo;

- N GRS LT AT, P A AR AR A RRIN O L% 1F DY RTZR:

def M88kAsmParser : AsmParser;
def M88kAsmParserVariant : AsmParserVariant {
let RegisterPrefix = "%";

IR, NREFPEMEAE NI, IS s I

def M88kAsmWriter : AsmWriter;

B R IR LSRR R E SCH B

def M88k : Target {
let InstructionSet = M88kInstrInfo;
let AssemblyParsers = [M88kAsmParser|;
let AssemblyParserVariants = [M88kAsmParserVariant|;
let AssemblyWriters = [M88kAsmWriter];
let AllowRegisterRenaming = 1;

—

BUE O SLHL 7 IR S, BATRKR IR0 S RIS, W fras € TR



CPU AR JME T & L —Harfras, RLEAFF RIS LA . — 5300 seVF)
o] FAf7as, Bl: x86 K REMIARFIRN A 74840, RAEVT M AF A7 (a i — &7y, Hthik R a5
WAL — o B 7B I8 7 R A A M B AR Ah, R R G HE ] LUE SURFIR A7 A7 4% »
Blhn: AR A7 A BT RARIFICE A A4 . 2N LLVM € SUX (5 .

MS88k MR R LM E T B A A A 7 R A AF Ay MR AP A9 4% o O 1 R, AR HE
SCEM A as . AT R AR L NITTS, A feasigntd R 5 A, IXABPRE] 1 ORA7 S
PR 7 BLe JATEE AL C++ AR R AZ AL M88k i 44 22 [H] -

class M88kReg<bits<5> Enc, string n> : Register<n> {
let HWEncodingl5-5 = 0;
let HWEncoding4-0 = Enc;
let Namespace = "MS&8K";

M88kReg KM T A & A7 as kM, il FI& A7 858 LT — MRk

class GRi<bits<5> Enc, string n> : M88kReg<Enc, n>;

BUERT DL XA A A9 4% (32 1) 1

foreach I = 0-31 in {
def R#1 : GRi<I, "t"#I>;

AT AE AR T B B A7 32K, AR A AR IO IE € SL T A7 A7 e 0 e 25 P K 20 OO X B,
AJ DA ] SR NN T A A s

def GPR : RegisterClass<"M88k", [i32], 32,
(add (sequence "R%u", 0, 31))>;

BJa, R AT A R BRI TIE B 5 A S LK) DAG 7 51,
B R CAY R ONAETL G AR R T BV RIUL FL 35 47 3 10 5 9244 -

def GPROpnd : RegisterOperand<GPR>;

K SE M T A AFAR IR E Lo TR, Rl I R SORE SR LU -

TSGR AN

TR E ST iy S 8L an s . W, B NS EE AR RS, KRS
B AR o IR A 5T R U] s R 5 A A i A o iR [BIMEL AR RN o AR I L5 HH IR S, A A A
MRS, MR R E AT



& AT LLFE System V. ABI M88k Processor MV 3 &=, “RERGELE” HIEEH R MSSk
By EAEFIRA R . X B, FRATIEE#IE A TableGen 1E74:

L AR E SCT —AMdsk:

def CC_M88k : CallingConv<|

2. M88k ZH A 32 Mrarfids, [RIEL/INAEE AL A =5 25T 21 32 AL

CClIfType<]il, i8, i116], CCPromoteToType<i32»,

3. WAMNALE, X TRERBUE, 8N LS r12 F7aEF:

CCIfSRet<CCIfType<|i32], CCAssignToReg<[R12]»>,

4. FAFE 2 3 r9 H TS E

CCIfType<|[i32,i64,£32,64],
CCAssignToReg<[R2, R3, R4, R5, R6, R7, RS,
R9]»,

5. BEASMIINSHAEHERR LT 238, FRE 4 7005

CCAssignToStack<4, 4>,
>3

6. 53— 20 A g AL s o i H R . 32 AIAEAE r2 FAEA T ALIE, 64 AEAH r2 A1
r3 A AT ae:

def RetCC_M88k : CallingConv<|
CClIfType<][i32,f32], CCAssignToReg< [R2]»,
CClIfType<][i64,f64], CCAssignToReg<[R2, R3]»
]>;

7. A, UGBS RE 1R e Ben TR B R AL H A7 4

def CSR_M88k :
CalleeSavedRegs<(add (sequence "R%d", 14,
25), R30)>;

WMRFLE, LT LLE L2 R, JRA TR R 20 G A



AEIFEER

A5 FH R EERARLACE A i, 7T AL 7 AR 2 #EATHER o 58 30— 1A BEAR A R LB e P A
BB TERE, BRI AT Bk, JATOVEARE C—A AR, TR CPU
—XREZA LR PIRIESHIER, JFHERARF CPU:

def M88kSchedModel : SchedMachineModel {
let IssueWidth = 2;
let MicroOpBufferSize = 0;
let CompleteModel = 0;
let NoModel = 1;

A LAYE YouTube [ “ZiSH KA RET” (Writing Great Schedulers) i 148 2 5¢F4n
Ay B 2 SE R FE AR 1) 771, Ak 2 https: //wuw. youtube. com/watch?v=brpomKUynEA.
TR, RE AR AR

EXIESHRAMIESER

BATCLAAS 9 &=, FRFHHLSIRSHMET T T TR AMELE LS. 7 E X Ms8k
RARGHITES, FAPRAMFART % B, NIRLILIE MK, INREEEN TG
Inst 7B RAFFEQMISAS . K2 BOHAl 7 Bog U4 18- e b e SO B

7

class InstM88k<dag outs, dag ins, string asmstr,
list<dag> pattern, InstrltinClass itin =
Noltinerary>
: Instruction {

field bits<32> Inst;

field bits<32> SoftFail = 0;

let Namespace = "M&8k";

let Size = 4;

dag OutOperandList = outs;

dag InOperandList = ins;

let AsmString = asmstr;

let Pattern = pattern;

let DecoderNamespace = "M88k";

let Itinerary = itin;

XANFERH T FrA A4, BT AT FIMP M0, &2 328 FH P F M4,
XA ER AT RS . RAPINSEL (RHSH— &), func ZHUE LT HfSIIEE 11 A7 2155 15 47,
ERAE L E SOV B RAFIR B E B . T~ — SR AL, B N KRR B A


https://www.youtube.com/watch?v=brpomKUynEA

PEAT. XIEBAT MIPS SR AE LA,

BHIEE X T 12 T, ST BRI F RIS 1 B . SRS HUELIE DAG A
R A SORICR 0 FIER%9R 4 10 DAG BER, BLRR T IR EER2 PP BRI itinerary
%:

class F_JMP<bits<5> func, bits<1> next,
dag outs, dag ins, string asmstr,
list<dag> pattern,
InstrltinClass itin = Noltinerary>
: InstM88k<outs, ins, asmstr, pattern, itin> {

bits<5> rs2;

let Inst31-26 = 0b111101;

let Inst25-16 = 0b0000000000;

let Inst15-11 = func;

let Inst10 = next;

let Inst9-5 = 0b00000;

let Inst4-0 = rs2;

BT IEA AT PLUE AR A T B4R 2 B AR (K 5 f5 — 2648 4, L 75 2% & isTerminator
br&. BONEERIMAREITIXZIES, LR Ai% E isBarrier br&. FRATMALEERS I H & F Mt
FEREL func A1 next ZEHIME .

BN DAG BAEHUE — MBS, B HATH 27 A2 28 005 B R E R S EAHAE rs2
FEBA, REFHRZEE X, RHEREEONT . LR R G BIR 2RI, W5 248
1E3. DAG B A FE X brind HAERF, @R DAG & —ANEES T A, Hisbk A7
AR, kR4

let isTerminator = 1, isBarrier = 1 in
def JMP : F_JMP<0b11000, 0, (outs), (ins GPROpnd:$rs2),
"jmp $rs2", [(brind GPROpnd:$rs2)]>;

AT ZE LR T SO 4R 23473 o

A, BB T TR R A AR A — AN IR B N AR AN AR, M8k 1A R
B FE 32 ALE, (HRT DU IR R RO $R & B RESCRR 16 AR & . ik, Eazina 5Ll k&
AN 32 MLH RIS HE, AU EIMAMER 16 A BEAIHE 2

SEIEHAE, and FEL P MREE LT —NRIERZM T w25 0 T 002 L. fE
FI#RAEFT LO16 A HIT6 REZH— A H B NP5 B 387y, AT IOy — A7 8> 32
B 58 H B2 R RIS S 37— DAG #at:



def : Pat<(and GPR:$rsl, uimm32:$imm),
(ANDri (ANDriu GPR:$rs1, (HI16 i32:$imm)),
(LO16 i32:$imm))>;

ANDri 18 FAF /R B HON 227 4748 1~ FA0 1) and $54, ANDriu 855768 & 47 a8 Lo
e MR, FEAEHIXER AT, BAUMEE X jmp FEL—HE LIRS . I A and
YR 32 frH EORMR il B, AR L FIYIE A HAE B AL AR 2

AT A ER T LA TUE LK) DAG 9 mioREoR, Billn: M88k MR RE5H & S T A5 AF,
A LUK AL IEH AN /B AT — B o 0 TR R A T, WTRASIGET T iR, 4. set 154

def m88k_set : SDNode<"MS&8KISD::SET", SDTIntBinOp>;

XE X T —A SDNode EHIHFILF. B NMSHEUEFRIRFRIEN C++ MR £ NS
ST RMEZCAE, EE T SHUNRA FE Mg M. #ilE L) SDTIntBinOp K& X
TN BESHA — ARG R, v PAE llvin/include/llvin/Target / TargetSelectionDAG.td
AR IUE IS WA S IE R TE SCRBUE A SO, I8 ] BASE SL—ANHT

P R E, LLVM 75 28T R UE € S, BN BATTA R 228 T HFs ), .
X T returns, AT EIEE — retflag id3%:

def retflag : SDNode<"MS88KISD::RET FLAG", SDTNone,
[SDNPHasChain, SDNPOptInGlue, SDNP Variadic|>;

5 m88k_set ML, Xty DAG T miE X 1 —Lebnis: M THEAIBKFS, SR T L%
BRI S

PSR AL Bl 4

B CPU "I UMRA Z A BT 23682, A RIEKIFIARSRAEXN. Mk, &
PLZE S REFEAIR S, B AR AI AR B4R 4 o X2 DM — MR R A f5 5 LA,
SRR AE XA FE Al B IR ABROR B 2 195 2 e SCRITR K

BASER T HARR ISz, A B AR AT, 4 lvin-tblgen T H ARG, KT
SE RS AR BERUS G ISy, FRATY T B A AE R IR TR & C++ RS, F—Tidh, AT
SEHL DAG F84 1k £
LI DAG 354 %EFH

DAG 54 F2 IRk — B4 A2 1 lvm-tblgen T EAERRK . AT, 759k 75 B0 A A O F R BD
BIEES, FRBHTE N AE . AEIRAMYIG L B .

stk BFrtl 25



¥

-

N

B e i A AR A /b — /> TargetMachine 28, 8% /& LLVMTargetMachine Z5f#)F 25, M88k
TargetMachine 28L& AR A B BT 75 IV 2 40795, & 78 M HAR G 52 ), JGHJZ Subtarget 251
TargetPassConfig 2. Subtarget ZRORAFARAEAE AL E, thin)a A T WFLeE: . TargetPassConfig
KB G impL s ) IEA T UE . M88kTargetMachine ZEH BH7E M88kTargetMachine.h A4

class M88kTargetMachine : public LLVMTargetMachine {
public:
M88kTargetMachine (/* parameters */);
~M88kTargetMachine () override;
const M88kSubtarget *getSubtargetImpl (const Function &)
const override;
const M88kSubtarget *getSubtargetImpl() const = delete;
TargetPassConfig *createPassConfig(PassManagerBase &PM)

override;

WIER, AT LU R T AR

MS88kTargetMachine.cpp XA A SZHL AR 8. BeE BRI XA G bl Es Pass IR E . X
SOIERIERE DAG &R (MRFE, EOIER &R EEMIER). ERTEERN Pass B
JEUINE] Pass JiKH, PMEM IR A5 H bR OB gL e

namespace {

class M88kPassConfig : public TargetPassConfig {

sipublic:

M88kPassConfig (M88kTargetMachine &TM, PassManagerBase
&PM)
TargetPassConfig(TM, PM) {}
M88kTargetMachine &getM88kTargetMachine () const {
return getTM<M88kTargetMachine >() ;

bool addInstSelector () override {
addPass (createM88kISelDag(getM88kTargetMachine (),
getOptLevel (0));
return false;
}
3

1} // namespace

ol TargetPassConfig *M88kTargetMachine::createPassConfig(

PassManagerBase &PM) {
return new M88kPassConfig(*this, PM);




M M88kTargetMachine Z5i% [A ) SubTarget SZIN 01 i) HiAih FE S, M88kInstrInfo Z¥ik
FRTHRAHMER, BFETF4E. m88ktargetlower FIRAL T 5 AR HIFE L HIBRAL, & ARVFH
B X DAG BN, XA RE /> 2 H lvm-tblgen T HEA R, 1 H 752 A& A sl ik .

M88kSubTarget.h SCH: & LI1R:

#define GET_SUBTARGETINFO_HEADER
#include "M88kGenSubtargetInfo.inc"

namespace llvm {

class M88kSubtarget : public M88kGenSubtargetInfo {

Triple TargetTriple;

virtual void anchor () ;

M88kInstrInfo InstrInfo;
M88kTargetLowering TLInfo;

M88kFramelLowering Framelowering;

public:

};
}

M88kSubtarget (const Triple &TT, const std::string &CPU,
const std::string &FS,
const TargetMachine &TM);

void ParseSubtargetFeatures (StringRef CPU, StringRef FS);

const TargetFramelLowering *getFrameLowering() const
override

{ return &Framelowering; }

const M88kInstrInfo *getInstrInfo() const override

{ return &InstrInfo; }

const M88kRegisterInfo *getRegisterInfo() const override

{ return &InstrInfo.getRegisterInfo(); 1}

const M88kTargetLowering *getTargetLowering() const
override

{ return &TLInfo; 1}

// end namespace 1llvm

R, LI EE DAG.




RINERE DAG HSEI

% DAG ETER A SO ) M8SKDAGtoDAGIsel ZEASZI) . X H, FRATAT LA EIZE H Ax
LA R 2 25 K2 B ReE XA IR P A R . B — i, HFRZEE Select() MR%L
Tk HoE R 45 HE ) SelectCode ME. FELetiiL T, WTLAE S H 2 4L, . W TR EY & DAG
ITRALER, B W 5 s B DRI 1) Y BRI G 25 RN

REAE AN — MWL BT Pass, FrRARATHON Pass 345 T — AN 2FK. SCILM EZH K
B AR SO, AL B RS )

class M88kDAGToDAGISel : public SelectionDAGISel {
const M88kSubtarget *Subtarget;

N

sipublic:

1 M88kDAGToDAGISel (M88kTargetMachine &TM,
CodeGenOpt::Level OptLevel)

6 : SelectionDAGISel (TM, OptLevel) {3}

s StringRef getPassName() const override {

9 return "M88k DAG->DAG Pattern Instruction Selection";

12|#include "M88kGenDAGISel.inc"
13 void Select (SDNode *Node) override {
14 SelectCode (Node) ;

FATEAIN T L) R ECR B IZA S ) Pass:

i|FunctionPass *1lvm::createM88kISelDag (M88kTargetMachine &TM,

¥

CodeGenOpt::Level
3 OptLevel) {
4 return new M88kDAGToDAGISel (TM, OptLevel);

BUETT CLSE IR E T H AR I3RAE, XSS A RELE HARid 8.

SRS XA IRAE

17 m88ktargetlower 2%, 7E M88kISelLowering.h XA E X o IXARECE 154 DAG ik FFid
T, IR R Z 0 R E T B AR AR

H gk, A€ L THH DAG 5. Uik e 7 5 M — i ks, gk
S FH B e — A TIE ST AT

|namespace M88kISD {

2| enum NodeType : unsigned {



N

FIRST_NUMBER = ISD::BUILTIN_OP_END,
RET_FLAG,
SET,

};

} // end namespace M88kISD

KA E N R HOH IR I TR B K070, T R, REREUE. KIEFTDUNHEHE X
AL P45 AE 72 L LowerOperation() #F ik, A LG H B E X DAG HAE 77, AHIEATE X
T PerformDAGCombine() i

class M88kTargetLowering : public TargetLowering {
const M88kSubtarget &Subtarget;

public:
explicit M88kTargetLowering(const TargetMachine &TM,
const M88kSubtarget &STI);

SDValue LowerOperation(SDValue Op, SelectionDAG &DAG) const

override;

SDValue PerformDAGCombine (SDNode *N, DAGCombinerInfo &DCI)

const override;

SDValue LowerReturn(SDValue Chain, CallingConv::ID CallConv,
bool IsVarArg,
const SmallVectorImpl<ISD::QOutputArg> &Outs,
const SmallVectorImpl<SDValue> &QOutVals,
const SDLoc &DL,
SelectionDAG &DAG) const override;

R SEHAE m88kisellowering.cpp 1o HHE, HATHEE WHATFFFOR EIA:
L DA RO A= RS ) R B8 75 220D, DR P 7 5 2l R S

i/#include "M88kGenCallingConv.inc"

2. LowerReturn() /G2 2 S8, XESHEH targetlower HIKE Lo R EZEMZ out [
&, (RAF VIREISEINHIR, LK outval &, ELRAF IR EMER DAG 5 A:

SDValue M88kTargetLowering::LowerReturn(SDValue Chain,
2 CallingConv::ID CallConv,

3 bool IsVarArg,
const SmallVectorImpl<ISD::QOutputArg>




5
6

3.

4.

5.

N
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&0uts,
const SmallVectorImpl<SDValue> &0OutVals,
const SDLoc &DL, SelectionDAG &DAG) const A{

HAIHE CCState KHIH BT HTIREIZHL K5I LS AT RetCC_M88k % [,
i B X AT AR B S HGHAT 00 2K

MachineFunction &MF = DAG.getMachineFunction();

SmallVector <CCValAssign, 16> RetLocs;

CCState RetCCInfo(CallConv, IsVarArg, MF, RetLocs,
*DAG.getContext ());

RetCCInfo.AnalyzeReturn (Outs, RetCC_M88k) ;

5T void BREL, WEH AT, REIET. HEE, REWTSEA R RET FLAG. 7
H br ik vpofs g SCAHTH ret_flag 35 s

if (RetLocs.empty())
return DAG.getNode (M88kISD::RET_FLAG, DL,
MVT::0ther, Chain);

B0, s FEEEARE DGR ESH . W TEANRESE, #E 4 CCValAssign KHSE2H], &
SR REAT I A FE S R

SDValue Glue;
SmallVector <SDValue, 4> RetOps;
RetOps.push_back (Chain) ;
for (unsigned I = 0, E = RetLocs.size(); I != E;
++I) {
CCValAssign &VA = RetLocs[I];
SDValue RetValue = QutVals[I];

XA AT REFR ER T MARAH L E, WL — A TRy R ERIER) DAG 7 Al

switch (VA.getLocInfo ()) {
case CCValAssign::SExt:
RetValue = DAG.getNode(ISD::SIGN_EXTEND, DL,
VA.getLocVT (), RetValue);
break;
case CCValAssign::ZExt:
RetValue = DAG.getNode (ISD::ZERO_EXTEND, DL,
VA.getLocVT (), RetValue);
break;
case CCValAssign::AExt:
RetValue = DAG.getNode (ISD::ANY_EXTEND, DL,




12 VA.getLocVT (), RetValue);

13 break;
14 case CCValAssign::Full:
15 break;
16 default:

17 llvm_unreachable ("Unhandled VA.getLocInfo()");
18 }

7. HEEA ISR, RIZEE 6 RIS PR ENZAE, IF S RIA BRI G,
AR BAT A T

] Register Reg = VA.getLocReg();

2 Chain = DAG.getCopyToReg(Chain, DL, Reg, RetValue,
Glue);

Glue = Chain.getValue (1);

5 RetOps.push_back (DAG.getRegister (Reg,

6 VA.getLocVT ()));

.

8. fhm, AT B EHNERAR &

RetOps [0] = Chain;
if (Glue.getNode ())
RetOps.push_back(Glue) ;

¥

9. )5, IR re flag 951, EREFELUE RIS

1 return DAG.getNode (M88kISD::RET_FLAG, DL,
MVT: :0ther,
Ret0Ops) ;

&)

T REM IR R AL, 2SI LowerFormal Arguments() A1 LowerCall() 777%. X PR 7 14#
WIERI 775, X BEA R

PELLBCE B

R 2 R B AN S E 0 7 iR s B, RO EATTRHS T H br . HABERAE nT BB 1E H bnih RE5H
BRI, MRENE. N TIERZOERE TE, FATE m88ktargetlower ZRHIHIE R H X E T
fit & -

1. H4if pR ks TargetMachine F1 M88kSubtarget SEHIAE NS, HH CATWIMEIL T H N 1) 7 B

1| M88kTargetLowering:: M88kTargetLowering (
2 const TargetMachine &TM, const M88kSubtarget &STI)
TargetLowering (TM), Subtarget (STI) {



2. BRI A REM . X8, HEX 7@, Be R 24 iE

1 addRegisterClass (MVT::i32, &M88k::GPRRegClass) ;

3. NI &AL IR A, AR E, Bl BT afrdas i 32 A9Er, XA
¥ 64 ML B IIBRIC N TR A 274745

i computeRegisterProperties (Subtarget.getRegisterInfo());

4. T EEURHERAREH N TN E A RS . A MBSk MR, fEH] r31 WAFAY:

] setStackPointerRegisterToSaveRestore (M88k::R31);

5. M EE ARER MRS FA L, w2 BARRMER 0 A 1. HALFTRERIEIHZ
HREEERIE 0 AL, BUgHAITAN, IRERTEMBREN 0 5 1:

1 setBooleanContents (ZeroOrOneBooleanContent) ;

6. X T BT ERR B ERAE, UAUAHA setOperationAction() /7%, %7K HE K H T

BAE . ERBIAEAEE NN . W R EAEG 2 MER Legal action {H. 1SR NIZIET,
MM H Promote #4E(H, RIRIEFEEMH, WATH LibCall XA AT HAE.
WSS E Expand AR, W EE o 20Uy oy A AR . wRAEE, WIfEH
FEA . 5efa, AR Custom #EAEE, FATATCASCELE CREAE. KB, K8 EA I
YEE)TT S LowerOperation() 7732, Fl: K CTTZ tHEURK R NER#IE R E N Expand
BAE . XA ERIERATH — RVVEAR AL ERAE AR

1 setOperationAction(ISD::CTTZ, MVT::i32, Expand);

7. M88k fh RE M BA M B aRAE, £ EAniid e WS HFAR S . XH, HiIFELSIERE, &
IIAEEAEE, DAG 5 5 _EHATAA I ULEC:

1 setTargetDAGCombine (ISD::0R) ;

R H bRk R4, EMGEREh W ERE T REKSZ . ATAE L T R/ME, ZB8ME,
. FRIEE

PAE BTHFRIC 7 BRI RIAT H € XAH G TR, $5-2 B a 7 A AR i s 21k 5w
H PerformDAGCombine() /7%, XABRESESRSEER SN BOAH, (H@ % RAERESEN
JEPATUCHED WL B SE 32 A R AR R A B 3 S PR 4L

SDValue M88kTargetLowering::PerformDAGCombine (SDNode *N,

2| DAGCombinerInfo &DCI) const {

if (DCI.isBeforeLegalizeOps())
return SDValue () ;
switch (N->getOpcode()) {




default:
break;
case ISD::0R:
return performORCombine (N, DCI);
}
return SDValue ();

performcombine() J77EH, A E RS AT LLA or #/EAE KA set $8%. set 82 MIEE
A e S IT IR LA B E N 1. X2 or #AEM—MREIRIE DL, 58 Z MRMEHUR ULRCIX Mtk
KXW ER. By M88k K REMI or 184 HBELE 16 frH & L TAE, PrblXMULEC A M &
W, HEEUE R, AT or 484 120515 H] isShiftedMask () 5 B e& HOR A 2 1 E AL A TS
HA P fs B8 -

IR — AR L FIE AR &, WZ R BOR [ — D RIR set FEAHITT Al BN, iR [EE
SDValue() FR&AHRBIVLE B, 7 E AR DAG QUL &

SDValue performORCombine (SDNode *N,
TargetLowering::DAGCombinerInfo &DCI) {
SelectionDAG &DAG = DCI.DAG;
uint64_t Width, Offset;
ConstantSDNode *Mask =
dyn_cast<ConstantSDNode >(N->getOperand (
1))
if (!Mask ||
lisShiftedMask (Mask->getZExtValue (), Width, Offset))
return SDValue () ;

EVT ValTy = N->getValueType (0);
SDLoc DL(N);
return DAG.getNode (M88kISD::SET, DL, ValTy,
N->getOperand (0) ,
DAG.getConstant (Width << 5 | Offset, DL,
MVT::1i32));

N T FERIFEA PR FE Y SEE, 75 B S M8SkFrameLowering 28, 1X N4 57 AL EEHEAR T, 1X
BTG A RN R AANAD . A2 A7 A i A4

XMFH—AEI, aTURRAE R B8, Oy T SEI S RRIThAE, DAEIIXARE, XHE
BT ARSI . TR, BE RS HIESA .
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11

F LRI

AL TR SEILE 48 218 £ IR 5 4 F% ?'J Machinelnstr SEfFH1. X2 —NEHEIKERNTES, H
A RS . 5o Pass RGP RER MRS, ZEAERNERTE, EAENER
. M88kAsmPrinter Hl# Pass ﬁ%i‘zlﬁ&&

FALE, XA Pass ¥ —1 Machinelnstr SZ61[%E]—4~ MClnst 3261, 851252600 & 2] —A
streamer H1. A4 Machinelnstr 283G PTG K40, Frbl MClnst 2ERIR SEPRAL AR 454

XS —Forik, BATAT LB SR )24 emitInstruction() ik 752 5 H 2 VR CREL
PR, FEE RN TR IEFIEEN . X NRIENITEE NI mIE T, WRRE, M2
SEI A BRI RART

A5 M88kAsmPrinter @M a5 BREL Pass, FTUAEMNIIEEE | getPassName() 7%, FKHH
BN

class M88kAsmPrinter : public AsmPrinter {
public:
explicit M88kAsmPrinter (TargetMachine &TM,
std::unique_ptr <MCStreamer >
Streamer)
AsmPrinter (TM, std::move(Streamer)) {}
StringRef getPassName () const override

{ return "M88k Assembly Printer"; 1}

void emitInstruction(const MachineInstr *MI) override;

};

%ZIKJ: WAZIAE emitInstruction() 515 ALEE RIS [E 115 . Machinelnstr SEBIA358 AT LA
PAEHL, XAREIEFNLZRTES, Bli: XT RET #/EMSERTIRFEl ret_flag 17 54, B2 XFHE
£ M88k 4H b, BAIRMEES. Frbl, 2Bk R vl AP bk . ik, i3 RET
ERAERDIY, FREME S 2. BUAEOLR, Mg R T 2R E Machinelnstr SEHII(E S, FATRHX
AMT % Z4E4 M8SkMClnstLower 2%

void M88kAsmPrinter::emitInstruction(const MachineInstr *MI) {
MCInst LoweredMI;
switch (MI->getOpcode ()) {
case M88k::RET:
LoweredMI = MCInstBuilder (M88k::JMP).addReg(M88k::R1);

break;

default:
M88kMCInstLower Lower (MF->getContext (), *this);
Lower .lower (MI, LoweredMI);

break;
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N

}

EmitToStreamer (x0QutStreamer , LoweredMI) ;

M88kMCInstLower &I A TUE XA BRI TEH KR EMEEELSEM. b HEl
HSCR—HIARFEAT IRIRAE RS, wl DR IXAS SR8 AT — A7k lower() J57% B E MClnst
KBRS AN B RS R AR o A7 A5 AN R B, AR AR ALK 2 . X T 58 A SE i,
I T AL B A

void M88kMCInstLower::lower (const MachineInstr *MI, MCInst
&0utMI) const {
OutMI.setOpcode (MI->getOpcode ());
for (unsigned I = 0, E = MI->getNumOperands(); I != E; ++I)
{
const MachineOperand &MO = MI->getOperand(I);
switch (MO.getType()) {
case MachineOperand::MO_Register:
if (MO.isImplicit())
break;
OutMI.addOperand (MCOperand::createReg(MO.getReg()));

break;

case MachineOperand::MO_Immediate:
OutMI.addOperand (MCOperand::createImm(MO.getImm()));

break;

default:

break;

IERATEN SR R E AL 50k, 2T EEYISRAR A, 0. £ InitializeAllAsmPrinters()
HhAIaR1L:

extern "C" LLVM_EXTERNAL_VISIBILITY void
LLVMInitializeM88kAsmPrinter () {
RegisterAsmPrinter <M88kAsmPrinter> X(getTheM88kTarget ());

R R BEREIE WL TR S, (KB RA R, RAITFEER MC 2SI
A A R AT




N

T E 4w

MC JZ 5 57 ISCA B @k Ok ML AR5 . R ZHINEEE AL & Fl MC sl (A 7 EAC
&), EoMNEPRR AR

MC ZH1EH4E MCTargetDesc/M88kMCTargetDesc.cpp Hi#i 7. LA NRIETE targeregistry
BRG] P

1. M88kMCAsmlinfo: ZHKIBMIEARGF R, WHCRLFRE R/ HEARM K7 M BT 580
R RS R i1
MB88MClInstrInfo: ZKMEFRLMEL, FlUn: LR,
M88kReglnfo: ZHKIEUA RAFFAMAIIE LR, Hlun: FAHEMAIR, B 27 228 2 HERR IR 5L .
M88kSubtargetInfo: XANFEORAF A O E R, DL E CPU R IT5E.
MB88kMCAsmBackend: XANEERME T B F 75 RIS HbsA S s E L s . B
NEBERBR LT Tk,

6. M8SkMCInstPrinter: %I & LAISCATE 24T B4R 2 FIHRAE R Bh T 077 i REREREH

FrfiR g ST HE STEN T, WA R Sz 7 v .

7. M88kMCCodeEmitter: %K 54 M 4ibL 5 N i«

MR J5 v SEIL ) YE ], RATTAN T3 SN SEIL A X2 . A SR ORI gwdsfanth, AT R
ZHEEM MClnstPrinter 2. WA B AN SR CFE, 7T LI #E MCAsmBackend Fl
MCCodeEmitter §3%.

SCAF T B B4 AR PR 3 AN A & 1) T 7 vk

Al o

#define GET_INSTRINFO_MC_DESC
#include "M88kGenInstrInfo.inc"
#define GET_SUBTARGETINFO_MC_DESC
#include "M88kGenSubtargetInfo.inc"

|#define GET_REGINFO_MC_DESC

#include "M88kGenRegisterInfo.inc"

static MCInstrInfo *createM88kMCInstrInfo () {
MCInstrInfo *X = new MCInstrInfo();
InitM88kMCInstrInfo (X);

return X;

static MCRegisterInfo *createM88kMCRegisterInfo (
const Triple &TT) {
MCRegisterInfo *X = new MCRegisterInfo ();
InitM88kMCRegisterInfo (X, M88k::R1);

return X;




static MCSubtargetInfo *createM88kMCSubtargetInfo (
const Triple &TT, StringRef CPU, StringRef
Fs) {
return createM88kMCSubtargetInfoImpl (TT, CPU, FS);

FATIE N AEFAR ST P SEOL SRR T — 28 ) T ik

static MCAsmInfo *createM88kMCAsmInfo (
const MCRegisterInfo &MRI, const Triple &TT,
const MCTargetOptions &Options) {
return new M88kMCAsmInfo (TT);

static MCInstPrinter *createM88kMCInstPrinter (
const Triple &T, unsigned SyntaxVariant,
const MCAsmInfo &MAI, const MCInstrInfo &MII,
const MCRegisterInfo &MRI) A

return new M88kInstPrinter (MAI, MII, MRI);

}

RTHIEEN MC |2, RTEERRFTA R L) 753 M 2] TargetRegistry S50 - R A]:

extern "C" LLVM_EXTERNAL_VISIBILITY
void LLVMInitializeM88kTargetMC () {
TargetRegistry::RegisterMCAsmInfo (getTheM88kTarget (),
createM88kMCAsmInfo) ;
TargetRegistry::RegisterMCCodeEmitter (getTheM88kTarget (),
createM88kMCCodeEmitter) ;
TargetRegistry::RegisterMCInstrInfo (getTheM88kTarget (),
createM88kMCInstrInfo) ;
TargetRegistry::RegisterMCRegInfo (getTheM88kTarget (),
createM88kMCRegisterInfo);
TargetRegistry::RegisterMCSubtargetInfo (getTheM88kTarget (),
createM88kMCSubtargetInfo);
TargetRegistry::RegisterMCAsmBackend (getTheM88kTarget (),
createM88kMCAsmBackend) ;
TargetRegistry::RegisterMCInstPrinter (getTheM88kTarget (),
createM88kMCInstPrinter) ;




¥

N

A4N, #E MCTargetDesc/M88kTargetDesc.h Sk 3AFH, 3 75 BAL & A B AIVE SCEF IR Sk ST
g3

#define GET_REGINFO_ENUM
#include "M88kGenRegisterInfo.inc"
#define GET_INSTRINFO_ENUM

s|#include "M88kGenInstrInfo.inc"

#define GET_SUBTARGETINFO_ENUM
#include "M88kGenSubtargetInfo.inc"

FRA TR AU 2 R0V ST A 4 AE MCTargetDese H3gkHt o %1285 — NS, AR LLI (1)
IR 1, Bl AR NAFHLIE SCRFERIN R H AR R A, A 2 AN T . M88KkMC AsmInfo
RATDMARPRSEHL, A Z A G R b e B — 2 1k

M88kMCAsmInfo::M88kMCAsmInfo (const Triple &TT) {
CodePointerSize = 4;
IsLittleEndian = false;
MinInstAlignment = 4;

CommentString = "#";

KT MC RIS A, AT DORILEs S A s B S T s
N, FATTSEBURICG F 7 AO2E, 3K S A (AR RS SO R (B G SCAS

X Fr RGO YR

H sk i s 2 18 LR VAIE RIS e R, MRS 28R FH T8 H b SO SO G OCAS T G FE T o
FR 5 2R RS 25 R O B llvim-tblgen T HARM . i 1 AE ARG AN, FeATT A 75 ZE v i A
WItEAE M88kDisassembler ZEIAAY, DL K — LEfiht 25 1745 AR A £ 5 B R 25

PATH LI AE Disassembler /M88kDisassembler.cpp X4 H'. M88kDisassembler FE[] get
Instruction() J7VEPATIEIS TAE. E8#2 D HAERBAN, T %4845 3] MClnst
HKESLF . EAEHLTR:

using DecodeStatus = MCDisassembler::DecodeStatus;

namespace {

5 class M88kDisassembler : public MCDisassembler {
j|public:

M88kDisassembler (const MCSubtargetInfo &STI, MCContext &Ctx)
MCDisassembler (STI, Ctx) {}

~M88kDisassembler () override = default;




¥

DecodeStatus getInstruction(MCInst &instr, uint64_t &Size,
ArrayRef <uint8_t > Bytes,
uint64_t Address,
raw_ostream &CStream) const

override;

A R LR R 2 (177 51 DecodeStatus A&, PRtk 26 Zifd 22 Bk AT W, o
N TSI g, BATE LT — ML) wE, RSB — DR

static MCDisassembler
createM88kDisassembler (const Target &T,
const MCSubtargetInfo &STI,
MCContext &Ctx) {
return new M88kDisassembler (STI, Ctx);

LLVMInitializeM88kDisassembler() BREH, 5 T] sREEM 2] B ARiEM R+

extern "C" LLVM_EXTERNAL_VISIBILITY void
LLVMInitializeM88kDisassembler () {
TargetRegistry::RegisterMCDisassembler (
getTheM88kTarget (), createM88kDisassembler) ;

M LLVM 0 FEYIIE R, 2 initializealldisassemers() B#{EL InitializeNativeTarget
Disassembler() E&%L.

A FCIP)FFRE 4 bR T B T R BOCR AR RY P A A AR R, X e R I g i d i v 2 B AR IR
BARRIRFERIE DL, BN W54 Z IR PE B SR AR, I DA NI AL AT A2, RN B
=%,

B A78s, W€ X DecodeGPRRegisterClass() %, 32 MarfrasH 0 2 31 Z [ %L
F AT IS, FRATAT LA A GPRDecoderTable 3R BIR I 2 i Rl A= Bl R 23 A7 2 A28 2 TR 5K &

static const uint16_t GPRDecoderTablel[] = {
M88k::R0O, M88k::R1, M88k::R2, M88k::R3,
M88k::R4, M88k::Rb5, M88k::R6, M88k::R7,
M88k::R8, M88k::R9, M88k::R10, M88k::R11,
M88k::R12, M88k::R13, M88k::R14, M88k::R15,
M88k::R16, M88k::R17, M88k::R18, M88k::R19,
M88k::R20, M88k::R21, M88k::R22, M88k::R23,
M88k::R24, M88k::R25, M88k::R26, M88k::R27,




M88k::R28, M88k::R29, M88k::R30, M88k::R31,
I

static DecodeStatus

s)DecodeGPRRegisterClass (MCInst &Inst, uint64_t RegNo,

uint64_t Address,
const void *Decoder) {
if (RegNo > 31)

return MCDisassembler::Fail;

unsigned Register = GPRDecoderTable[RegNo];
Inst.addOperand (MCOperand::createReg(Register));

return MCDisassembler::Success;

P HoAh B 75 B b 25 B BB 5 DecodeGPRRegisterClass() BRIEAH 7] AR

1. A A BRI PE 2 B AT A T R RNBR# . W SANZ, N3 [B] MCDisassembler::Fail o
2. fRAIZAE IR LIS N2 MClnst SEIH
3. 1R[] MCDisassembler::Success 78I .

SRA, 7 R DL AL B A 2 R A bR K

#include "M88kGenDisassemblerTables.inc"

BJa, WRLE X getInstruction() 77 XANTHEAPIAEIRME, SRR MR8 K. 0
R AT, WD RNEN 0. ZKIREE, FOYHEMIL R, size ZH A5 fa5HHE
prist: 21 I N M R VAT 8

£ M88k ZEMIRITE UL, JHEART L, BUONIT AR AR 4 D iik. Bk, MBI 4
AN, AT CAIE A R R 25 R £

DecodeStatus M88kDisassembler::getInstruction (
MCInst &MI, uint64_t &Size, ArrayRef<uint8_t> Bytes,
uint64_t Address, raw_ostream &CS) const {
if (Bytes.size() < 4) {
Size = 0;
return MCDisassembler::Fail;
}

Size = 4;

uint32_t Inst = 0;
for (uint32 t I = 0; I < Size; ++1I)
Inst = (Inst << 8) | Bytes[I];




13 return decodeInstruction(DecoderTableM88k32, MI, Inst,
14 Address, this, STI);

15 F

B3 R T RIS
ESLT P A2 IR, NSRRI RSO0 EFRE o, A 7E T — i,
B E X RimaC R

FATRIH HFFALT Llvin/lib/Target/M88k HgH, FRELEMBIME RS . N T MWK, K
AT HAE 2 B AR IN S lvin/CMakeLists.txt SCEEH . B0 12 745 5 B 3o B AR 4 75

set(LLVM_EXPERIMENTAL_TARGETS_TO_BUILD "M88k" +-+)

PATIE 7 ELHZ AL 1lvim /1ib/ Target /M88k /CMakeLists.txt KA H¥r. B 17 FIH Birl) C++
AL, 3B SCT H Artid A BRI SO 5

M H b fifiid 2B BT A R A R Y

llvm-tblgen TRKIAFIZTT A, SEM C++ RBMAFE D . HE, EUCKITA IR
RN INE] CMakeLists.txt SCHFH . XA R A2 BESE i T EAF R 2, flan: dnRELE
BRGS0 T AR, B4R N AE I Ae e A AR IR R . R, BIEANIT 5 SC
FESALRRERY, THER N H A SRS -

IR FTR:
1. B4, X%~ M88k Hr LLVM 244

add_llvm_component_group(M88k)

2. BENOR, & HindEiR e, WiniE e LLE A TableGen A& MR A B, JEANHE X —10
I H b5



set(LLVM_TARGET DEFINITIONS M88k.tdtablegen(LLVM
M88kGenAsmMatcher.inc -gen-asm-matcher)
tablegen(LLVM M88kGenAsmWriter.inc -gen-asm-writer)
tablegen(LLVM M88kGenCallingConv.inc -gen-callingconv)
tablegen(LLVM M88kGenDAGISel.inc -gen-dag-isel)
tablegen(LLVM M88kGenDisassemblerTables.inc
-gen-disassembler)
tablegen(LLVM M88kGenlInstrInfo.inc -gen-instr-info)
tablegen(LLVM M88kGenMCCodeEmitter.inc -gen-emitter)
tablegen(LLVM M88kGenRegisterInfo.inc -gen-register-info)
tablegen(LLVM M88kGenSubtargetInfo.inc -gen-subtarget)
add_public_tablegen_target(M88kCommonTableGen)

3. WAZRA HE AL R B AT PRSP

add_llvm_target(M88kCodeGen
M88kAsmPrinter.cpp M88kFrameLowering.cpp
M8&8kISelDAGToDAG.cpp M88kISelLowering.cpp
M8&8kRegisterInfo.cpp M88kSubtarget.cpp
M88kTargetMachine.cpp )

4w, EMETEEAE MC MR Hx:

add_subdirectory(MCTargetDesc)
add_subdirectory(Disassembler)

DLTEFRATTHE & PR 5 oty H AR 3 LLVM. fEMEEHR T, o LS T an F AR

[ $ ninja

R AN B i) CMakeLists. txt SCfF, FHRIZATRCE DR, I am. ERELG VI
1EH, ATRAGBAT A R a4

$ bin/llc -version

TESE A 0

m88k - M88k

WRHRY FAT158 % 153 S . N1 LLVM IR H 1 R EE oR R A S 30 (BT — AN % AL
1] AND #fEFFiR g5 R . B HARTFERL example.ll S



target triple = "m88k-openbsd"
define i32 @f1(i32 %a, 132 %b) {
%res = and i32 %a, %b
ret i32 %res

1247 e TR, {EIEH G _EEE AR SO

$ llc < example.ll

text
file "<stdin>"
.globl  fl1 # —-- Begin
function f1
.align 3
type f1,@function
f1: # Qfl
.cfi_startproc
# %bb.0:
and %r2, %r2, %r3
jmp %rl
.Lfunc_endO:
.size f1, .Lfunc_end0-f1
.cfi_endproc

# — End function
.section ".note.GNU-stack","" @progbits

A GNU Bk, X f1 &%, AR jmp $84 . SEAE%r2 M%r3 ZF 725+
i, XA and FEATER . 25 RAFMESr2 FAAas, A8t 2R 32 AZ{H K
PAEEE . PREAIR B 4 S B %orl ZFAERE ) hold MuhbsEEl, ZMbhbth 5 ABI L. —VIE#
KABIR 4T

ST AREGRIAS, BE LIS E O LLVM JGi. XF Y2 AR R CPU, . %
FAS S AL (DSP), RBRZELIXLTRemtie H 1. 2448, M88k CPU & RE5 M I LBLIEA L HF
AR RPN FTE R, Bl 1R, A, MAECE T T LLVM 5 JF & H T E 2
o, B TR, KRR IS DA AT R R 43
&4 4t

ICNEH

AR, %30T LIVM TR AN B bR, 56U T BFm B SoRs, it 5
Triple 6 LLVM T #8 T 5 Mk R45H) . 20CRiB a4 ELF SCHERs 052 5 S, FEF LLVM
AN T X RS



THRT HARR A IR, FFEAEAER Crt 01D, TIRT M 9olia k. AT
RIS, TERT —NCARITERSE, 6 TR T T EIRS Bk S A BB SC R, 76%5) T
PRI S 3R RIS T4 ERR SRR S Sk SR, 7R T W R DME R
SR eI

BTE, fEELEE T T b OE M LLVM Fi V). LLVM A& RS R
BAGERK, — ELACVRIBTIRE, BT OIS AR L R

(ST R AR, RRE A ST LLVM [0, FER R d Rl T — L
HORHPE. AR BAREEE LLVM B Ir )
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