10S ZmiFHatH & IS E SR

WA ERERFT LB FMSTRBIRITRE, MRSV IE ERENETAERTS
&, MEBEAENAOMENA-ERTRITHINBAR, i, AT RIAEBEERSITTIA
HIBRR AR R 77 5o

A ESNE

£iOS A, mIFNIREDAUTILE:

- fukbi2 (preprocessing) @ XFFTERMANMHSIN. REH. FRAE, FHEEFRE
- JAEDH (lexical analysis) @ RMIRJRUED, FHARMTH token, LB int, main 2,

- BED (semantic analysis) : R E—FEMTHB token AR MIRIBERM (AST) o
- HEB&RE (CodeGen) : B AST, &EpgAiEIfXES, HEMUISRARERATHAIE,
L4 (assembling) : LCHRARIBCHEAVIEIT, S object X (0) ©

- §5Z (linking) @ HIEZSEE o MEEE, £HAIHTIER (Mach-0) .

LLVM {877

ERRFRFER GCCENE ALRIESE, ERTN LLVM, LLVM :REZ Low Level Virtual Machine
N4E, EREMENERLTKR, XPMBIFELEREEER LLWM BERT ; Et LLVWM IMERE—
RS, ZREMBHNEHR,

LLVM S5 EMRZFB[BRAFTRN—RME AAMBN=ZEREN, Blalin. MesfER. siimiEig
R, HEE@AR LLVM IR XI5, b8 IR 53, P=EMHER IR X8, FEZEW IR
15, HEEFEMEXHNEE, SRINFEXF—NMNES, REEXNHEAR. GM—MRLAE
=, DEEXNKES. ESE—FEM CPU 221y, BBAMREELMEGIHRMRAIUT -

C - C Frontend X856 Backend — XBG6
e _________________a / e _____________________
Faortran —=| Fartran Frontend Car:nnlmn | PowerPC Backend |—#= PowerPC
Optimizer
. ________________

Ada = | Ada Frontend ARM Backend - ARM

FTANEIIEIE, BFTFEEM



WE LLVM, FLARISAIREI Pass, &1 Pass @— /&R, nlHAMILIIINEFHNIT. FriBEMIL,
FEHITEZ N Pass, &1 Pass LM AENMRLIE X LLVM tRHE T —Z5 API, RILILEENEES
#SCINE S B Passo

‘%5 LLVM Pass

BIRE — Pass, HMBHRRIF LLVM T2, BSEFALIRR, HTRMEATLURE — B LY Pass,
ETENREF RSN EREHRRIR, MM AR

1 #include "1llvm/Pass.h"

2 #include "llvm/IR/Function.h"

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

4 #include "1llvm/IR/LegacyPassManager.h"

5 #include "1lvm/Transforms/IPO/PassManagerBuilder.h"

6 using namespace llvm;

7 namespace {

8 struct MyPass : public FunctionPass {

9 static char ID;

10 MyPass() : FunctionPass(ID) {}

11 bool runOnFunction(Function &F) override {
12 errs() << "Hello: ";

13 errs().write_escaped(F.getName()) << '\n';
14 return false;

15 }

16 +s

17 }

18

19 char MyPass::ID = 0;
20 static RegisterPass<MyPass> X("hello", "my pass", false, false);

21 static RegisterStandardPasses Y(

22 PassManagerBuilder: :EP_EarlyAsPossible,
23 [1(const PassManagerBuilder &Builder,
24 legacy: :PassManagerBase &PM) { PM.add(new MyPass()); 1});

XA Pass 487 B FunctionPass, XE—MNARE A EAIR Pass, BIEXT IR NERN1ZRBERETF &
NI, MANZEBEEZ MR, HBIEEHITEI—NEE, runOnFunction HEMSWIAR.



IR Pass, 2E—NEIASE LLVMMyPass.dylib o Zf&, R load S FtEEEEMEZ!
ffifbas L.

1 opt -load LLVMMyPass.dylib -hello hello.ll > /dev/null

EHISMEITENE hello. |l REYENEREZ R,

££r%El Xcode

{£79i10S Developer, REMRLITHIERBENDE Pass EE A B, HiTHFE[EIETU4EE| Xcode
L

BT, E7E Build Settings FRIZE CC fl CXX &8, FEREMNEFEM clang REiFERF, AFLE
Other C Flags M Other C++ Flags 3k load A 1B EXHRY Pass. ZE4RiFiEF, MAIUBEXT Pass
BRI T

¥ Compile AppDelegate.m 0.6 seconds

CompileC /Users/wangluyuan/Library/Developer/Xcode/DerivedData/test—eurtcozdclpemgfxnumfljldtdjk/Build/
Intermediates.noindex/test.build/Debug-iphonesimulator/test.build/Objects—-normal/x86_64/AppDelegate.o /Users/
wangluyuan/Desktop/test/test/AppDelegate.m normal x86_64 objective-c com.apple.compilers.llvm.clang.1l @.compiler (in
target 'test' from project 'test')

cd /Users/wangluyuan/Desktop/test

export LANG=en_US.US-ASCII

/Users/wangluyuan/Documents/LLVM/install/bin/clang -x objective-c -target x86_64-apple-iosl3.2-simulator -fmessage-
length=0 -fdiagnostics-show-note-include-stack -fmacro-backtrace-limit=0 -std=gnull -fobjc-arc -fobjc-weak —fmodules
—gmodules -fmodules-cache-path=/Users/wangluyuan/Library/Developer/Xcode/DerivedData/ModuleCache.noindex -fmodules-
prune—interval=86400 —fmodules—prune-after=345600 —fbuild-session-file=/Users/wangluyuan/Library/Developer/Xcode/
DerivedData/ModuleCache.noindex/Session.modulevalidation -fmodules-validate-once-per-build-session -Wnon-modular-
include-in-framework-module —-Werror=non-modular-include-in—framework-module -Wno-trigraphs —fpascal-strings -00 -fno-
common -Wno-missing-field-initializers -Wno-missing-prototypes -Werror=return-type -Wdocumentation -Wunreachable-code
—Wno-implicit-atomic-properties —Werror=deprecated-objc-isa-usage -Wno-objc-interface-ivars -Werror=objc-root-class
-Wno-arc-repeated-use-of-weak -Wimplicit-retain-self -Wduplicate-method-match -Wno-missing-braces -Wparentheses
—Wswitch —Wunused-function -Wno-unused-label -Wno-unused-parameter -Wunused-variable —Wunused-value -Wempty-body
-Wuninitialized -Wconditional-uninitialized -Wno-unknown-pragmas -Wno-shadow -Wno-four-char—-constants -Wno-conversion
—Wconstant-conversion -Wint-conversion -Wbool-conversion -Wenum-conversion -Wno-float-conversion -Wnon-literal-null-
conversion -Wobjc-literal-conversion -Wshorten-64-to—-32 -Wpointer-sign -Wno-newline-eof -Wno-selector -Wno-strict-
selector-match -Wundeclared-selector -Wdeprecated-implementations -DDEBUG=1 -DOBJC_OLD_DISPATCH_PROTOTYPES=0
-isysroot /Applications/Xcode.app/Contents/Developer/Platforms/iPhoneSimulator.platform/Developer/SDKs/
iPhoneSimulatorl3.2.sdk -fasm-blocks -fstrict-aliasing -Wprotocol -Wdeprecated-declarations -g -Wno-sign-conversion
-Winfinite-recursion -Wcomma -Wblock-capture-autoreleasing -Wstrict-prototypes -Wno-semicolon-before-method-body
-Wunguarded-availability -fobjc-abi-version=2 —-fobjc-legacy-dispatch -iquote /Users/wangluyuan/Library/Developer/Xcode/
DerivedData/test—eurtcozdclpemgfxnumfljldtdjk/Build/Intermediates.noindex/test.build/Debug-iphonesimulator/test.build/
test-generated-files.hmap -I/Users/wangluyuan/Library/Developer/Xcode/DerivedData/test—eurtcozdclpemgfxnumfljldtdjk/
Build/Intermediates.noindex/test.build/Debug-iphonesimulator/test.build/test-own-target-headers.hmap -I/Users/
wangluyuan/Library/Developer/Xcode/DerivedData/test-eurtcozdclpemgfxnumfljldtdjk/Build/Intermediates.noindex/
test.build/Debug-iphonesimulator/test.build/test—-all-target-headers.hmap -iquote /Users/wangluyuan/Library/Developer/
Xcode/DerivedData/test-eurtcozdclpemgfxnumfljldtdjk/Build/Intermediates.noindex/test.build/Debug-iphonesimulator/
test.build/test-project-headers.hmap -I/Users/wangluyuan/Library/Developer/Xcode/DerivedData/test—
eurtcozdclpemgfxnumfljldtdjk/Build/Products/Debug-iphonesimulator/include -I/Users/wangluyuan/Library/Developer/Xcode/
DerivedData/test—eurtcozdclpemgfxnumfljldtdjk/Build/Intermediates.noindex/test.build/Debug-iphonesimulator/test.build/
DerivedSources-normal/x86_64 -I/Users/wangluyuan/Library/Developer/Xcode/DerivedData/test—eurtcozdclpemgfxnumfljldtdjk/
Build/Intermediates.noindex/test.build/Debug-iphonesimulator/test.build/DerivedSources/x86_64 -I/Users/wangluyuan/
Library/Developer/Xcode/DerivedData/test—eurtcozdclpemgfxnumfljldtdjk/Build/Intermediates.noindex/test.build/Debug-
iphonesimulator/test.build/DerivedSources -F/Users/wangluyuan/Library/Developer/Xcode/DerivedData/test-
eurtcozdclpemgfxnumfljldtdjk/Build/Products/Debug-iphonesimulator -Xclang -load -Xclang /Users/wangluyuan/Documents/
LLVM/1lvm—project/build/lib/LLVMMyPass.dylib -MMD -MT dependencies -MF /Users/wangluyuan/Library/Developer/Xcode/
DerivedData/test—eurtcozdclpemgfxnumfljldtdjk/Build/Intermediates.noindex/test.build/Debug-iphonesimulator/test.build/
Objects—normal/x86_64/AppDelegate.d —-serialize-diagnostics /Users/wangluyuan/Library/Developer/Xcode/DerivedData/test-
eurtcozdclpemgfxnumfljldtdjk/Build/Intermediates.noindex/test.build/Debug-iphonesimulator/test.build/0Objects-normal/
x86_64/AppDelegate.dia -c /Users/wangluyuan/Desktop/test/test/AppDelegate.m -o /Users/wangluyuan/Library/Developer/
Xcode/DerivedData/test-eurtcozdclpemgfxnumfljldtdjk/Build/Intermediates.noindex/test.build/Debug-iphonesimulator/
test.build/Objects—normal/x86_64/AppDelegate.o

Hello: \0@1-[AppDelegate application:didFinishLaunchingWithOptions:]
Hello: \@@1-[AppDelegate application:configurationForConnectingSceneSession:options:]
Hello: \@@1-[AppDelegate application:didDiscardSceneSessions:]

i0S R ESEZRIN



Xcode ARG MEM T HAIBEEEXTH gcove RFEETE Build Settings FITHLUTHNFF XA LUE
R

1 Instrument Program Flow = Yes

2 Generate Legacy Test Coverage Files = Yes
RIERT, LLVM =izfT— GCOVPass, EMIZRAMIRET X RA notes XXfF .gecno, FHEITHENE, 12
FiziTht, SFERRRBERITERDN data X4 .gcda, EEXTREXH, melUABTHABESER
To BIENTIE lcov, HRINMNEERTUERBIFEEM html RS

LCOV - code coverage report

Current view: top level - Users/wangluyuan/Desktop/test/test - ViewController.m (source / functions) Hit Total Coverage
Test: cov.info Lines: 15 18 83.3 %
Date: 2020-01-29 16:08:30 Functions: 2 30 667%

Line data Source code
1 2 A
2 : // ViewController.m
3| : ff test
4 Ly
5 : // Created by EE&E on 2020/1/27.
6 : // Copyright © 2028 EEii. All rights reserved.
7 HF
8 H
9 : #import "ViewController.h"
18 H
11 : @interface ViewController ()
12 H
13 : @end
14 H
15 : @implementation ViewController
16 3
17 8 : - (void)viewDidLoad {
13 8 [super viewDidLoad];
1
20 8 NSLog(@"%@", NSHomeDirectory());
21
22 8 UIButton =red = [[UIButton alloc] initWithFrame:CGRectMake(10@, 108, 108, 100)1;
23 8 [red addTarget:self action:@selector{onClickRedButton) forControlEvents:UIControlEventTouchUpInsidel;
24 8 red.backgroundColor = UIColor.redColor;
25 2
26 8 : UIButton #blue = [[UIButton alloc] initWithFrame:CGRectMake(1@@, 308, 108, 108)];
27 8 : [blue addTarget:self action:@selector(onClickBlueButton) forControlEvents:UIControlEventTouchUpInside];
28 8 blue.backgroundColor = UIColor.blueColor;
29
30 8 : [self.view addSubview: red];
31 8 : [self.view addSubview:blue];
32 8:1}
33 3
34 48 : - (void)onClickRedButton {
35 48 NSLog(@"red");
36 48
37 i
38
39
40
41 F
42 : @end

FEHXNRAIERFT, BABMEERMEH. BT, RBRARGTARKHE, MARREES
Billo MIREPHATAIUIFRE BB EIX —R.

BEEFRWINRE

—TRBHITESSE, FEEETRANE, XEERNTREHTRE, @SBRI —LETHEHA
=N

Basic Block (BB)

BAEART ESTREEE M RED, EXHLELE, BAFEIRFRITHERS, 171
BHiTE, FrEnABEMRE=HRIT. BB ERRBHITHNELSST, BBMEXE, RE—TAQHM—
NHA, FEBELEEME jump /branch FiEA), BE—MEFHHNBEERNR, MEFE—



ARC, X#— BBIMSBARW M AIRENA R, WRE BBEELE R, ARCEEL, RITMEBE—1E
mE, #A—1 Basic Block Graph,

A TN
ﬁa | | BB ,

Alkc L\ /\&C)

|»8 3

WMRENFES BB HRITIER, MAUSFHENMEFNIEEESR,
FEUTXNERNEFRS:

1 #include <stdio.h>

2

3 dnt main(int argc, char xxargv){

4 if (argec > 1) {

5 printf("Hello, how are you doing?\n");
6 } else {

7 printf("Haha, I'm doing great!\n");

8 +

9 return 0;

10 }

BT gcov AT LUE .gcda XHREMTHISR (gcda #1 geno #3@ Z# B, &XEARTR)

1 ===== main (0) @ hello.c:3

2 Block : 0 Counter : 1

3 Destination Edges : 1 (1),
4 Lines : 3,

5 Block : 1 Counter : 1

6 Source Edges : 0 (1),



7 Destination Edges : 2 (0), 3 (1),
8 Lines : 4,

9 Block : 2 Counter : 0

10 Source Edges : 1 (0),
11 Destination Edges : 4 (0),
12 Lines : 5,6,

13 Block : 3 Counter : 1

14 Source Edges : 1 (1),
15 Destination Edges : 4 (1),
16 Lines : 7,

17 Block : 4 Counter : 1

18 Source Edges : 2 (0), 3 (1),
19 Destination Edges : 5 (1),
20 Lines : 9,

21 Block : 5 Counter : 1

22 Source Edges : 4 (1),
23 File 'hello.c'

24 Lines executed:66.67% of 6

25 hello.c:creating 'hello.c.gcov'

RIEEFNESR, FATUELX BB Graph, EFEE T AENHRITIE LUK NIFEITS
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7£ GCOVPass 1, B .gcno XHRIIBIEIIT:

- BIEXXH, BN Magic Number

BB RE, SAXFE. REE, UNERHEILUEXNNHNITS

- BHEREFRY BB, EANBBS. BBi2lLSEE. BB EH#ERKRS, UK BBINHITSER
MER .gcda XHRIZHEINT !

- B, B Magic Number

- BITRNBEARBESR

- BITRNEAN BBHITER, MIREER .gecda X4, MEANEGHEHHITER

MEAHS
BRIV UEBIEIE HRIER R /5, REBEERIEHKS:



; Function Attrs: noinline nounwind gptnone ssp uwtable L <4 ; Attrs: noinline nounwind optnone ssp uwtable
i ] Emain (i3 j8e) #0 {| {7 ; 23 - el ginti3 i) #0 {
alloca i32, align 4 } %. i32, align 4
5 alloca i32, align 4 : ! 25 S i32, align 4
x5 = alloca i ali 8 || | 26 5. ca i8xk, alian 8
store 132 @, E 4 27
store 132 %@, i32% %4, align 4
store iB#k %1, i8#kk %5, align 8 ; 2¢ ; <label>:6: ; preds =
%6 = load 132, i32# %4, align 4
%7 = icmp sgt 132 %6, 1 L %7 = phi i64% [ getelementptr inbounds ([6 x i64], [6 x
br i1 %7, label %8, label %18 i64]% @__llvm_gcov_ctr, 164 0, i64 0), %2 ]
31 %8 = load i64, i64% %7
; <label>:8: ; preds = : 32 %9 = add i64 %8, 1
) : 33 i64 %9, i64* %7
%9 = call i32 (i8%, ...) @printf(iB8* getelementptr 137 @, 137% %3, align 4
inbounds ([27 x i8], [27 x i8]% @.str, i32 @, i32 0)) i32 %0, 132% %4, align 4
br label %12 36 store i8#% %1, 1i8xkk %5, align 8
3 load i32, i32% %4, align 4
; <label>:10: i preds = 38 icmp sgt i32 %1@, 1
%2 3¢ br il %11, label %12, label %17
%11 = call i32 (i8%, ...) @printf(i8% getelementptr : 10
inbounds ([24 x i8], [24 x iBl* @.str.1, i32 @, i32 @8)) : i1} <label>:12: ; preds =
br label %12 ! %6
%13 = phi i64% [ getelementptr inbounds ([6 x i64], [6 x
; <label>:12: ; preds = i64]* @  llvm_gcov_ctr, i64 @, i64 1), %6 ]
%10, %8 43 %14 = load i64, i64* %13
ret i32 0 %15 = add i64 %14, 1
hi ) store i64 %15, i64% %13
| %16 = call 132 (i8%, ...) @printf(i8% getelementptr

declare i32 @printf(is%, ...) #1 inbounds ([27 x i8], [27 x i8] ¢ 132 d 25 )
: . e o IVEArI>? Roadffid )\pp

B, EANREARE, GlANERE. BI AT UE LS ERCHREEEANNERE. AR,
BT HIREEENTS ! BB RATEAM.

BEIREBEEERTH

A RBVARIRF
WAREBE—LERNFENBEERINE TRRNIRER, BRT Xcode EFRMNBERT HIRFED RER
TEERE. MUMALREEESNRE, EHIINERSRFR, BLATUHE:

- BF commit BHHIRS - I EABE SN

- /E. @ik push EBEIFEIRS - X% & 1BEA

- QAMIRfE, BEXRIRSEMEI - RS IHATWEMENIRIEENEEE

SINEAWLARM?

BRI, BTE Xcode EMBRRTH LT —LHR. ERUNRKNFTEELTABR L, &
BRRMAR 2 ZE (FTWEARXRMWESSTRENEXEAI) , ATRSFEXFENEE: RIE Techni
cal Q&A QA1964 1REIMNZA, SNIRFBAT GCC-style coverage instrumentation 3% LLVM profiling
instrumentation , BBAIRI App HUEHESHIEL,

SNRAQET TestFlight 2 RNA, FIREREHKITE S EMIBEHIZLE,

=l


https://developer.apple.com/library/archive/qa/qa1964/_index.html

MRZESKU—NBERNNIE, ZOMEEMINBXIEHTER. XEREHT —TMEHENES

i - FNFTEN L R eR ER & FRBY RS -

1 extern void _mark_executed_func(char *funcName) {

2 NSString *string = [NSString stringWithUTF8String:funcName];
3 NSLog(@"%@", string);
4}

EERANRBRER, ERE—TREBINFAAE, FHECTEILR, T8 R GBI TENE A

X, BA—PMRBEANNBSZRENNTAEMTR—FT &
Pass Rz ORI (MBS T —LLnia B ARIHED) -

1

2 using namespace Lllvm;

3 namespace {

4 struct FuncCoverage : public FunctionPass {

5 static char ID;

6 FuncCoverage() : FunctionPass(ID) {}

7 bool runOnFunction(Function &F) override {

8 if (F.getName().startswith("_mark_executed_func")) {

9 return false;

10 }

11 LLVMContext &context = F.getParent()->getContext();

12 BasicBlock &bb = F.getEntryBlock();

13 Instruction *beginInstruction = dyn_cast<Instruction>(bb.begin());
14 FunctionType *type = FunctionType::get(Type::getVoidTy(context),

{Type::getInt8PtrTy(context)}, false);

15 Constant *beginFun = F.getParent()-
>getFunction("_mark_executed_func");

16
17 IRBuilder<> Builder (&bb);
18 CallInst *inst = CallInst::Create(fun,

{Builder.CreateGlobalStringPtr(F.getName())});

19 inst->insertBefore(beginInstruction);
20 return true;
21 }

22 iE



23 }
iFE. BTN LLERINELER MIHNER. X NMEHBIENERE D 59

1

2 - (void)onClickRedButton {
3 NSLog(@"red");

4 }

5 = (void)onClickBlueButton {
6 NSLog(@"blue™);

[

X RIEPER R R B R AT ENR IR TR R EEY, HENATRHEE, JUEIEH BN THE
H:

2020-02-02 20:59:31.747426+0800 test[46749:2365005]
\AA-[ViewController viewDidLoad]

2020-02-02 20:59:31.747609+0800 test[46749:2365005]
/Users/wangluyuan/Library/Developer/CoreSimulator/Devices/E49
1A587-0993-4C83-A2DC-6B7B3DOGEE99/data/Containers/Data/Applic
ation/7DB30CA4-D75C-4D1C-AB64-5CFOC54C11B6

2020-02-02 20:59:31.747732+0800 test[46749:2365005] CGRectMake

2020-02-02 20:59:31.748074+0800 test[46749:2365005] CGRectMake

2020-02-02 20:59:34.712812+0800 test[46749:2365005]
\AA-[ViewController onClickRedButton]

2020-02-02 20:59:34.713173+0800 test[46749:2365005] red

2020-02-02 20:59:39.062576+0800 test[46749:2365005]
\AA-[ViewController onClickBlueButton]

2020-02-02 20:59:39.062878+0800 test[46749:2365005]

2020-02-02 20:59:43.026294+0800 test[46749:2365005]
\AA-[ViewController onClickRedButton]

2020-02-02 20:59:43.026595+0800 test[46749:23656005]

AL IERRAEME AT T o

i ~
én Ta
HFHEEFIRZFRIE, I LLVM BHARHE, SEWXL demo HHMEEAEIB LT —LHEM¥, LLVM

NWEANXERILENFEHFRD, WK EBELIHRIRFNHZE. BFIRGEHN demo 1, BiFFE—LE
FPERVEREE (BHIAETEER) o WDEHBIHAERIFFNEFSHIFAR T



